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嵌入式软件工程方法与实践丛书 



上海分公司
地址：上海市北京东路668号科技京城东座12E室
电话：021-53865720-801

南京分公司
地址： 南京市秦淮区汉中路27号友谊广场17层F、G区 
电话： 025-68123936

杭州分公司
地址：杭州市西湖区紫荆花路2号杭州联合大厦A座4单元508
电话：0571-86483297

北京分公司
地址：北京市海淀区紫金数码园3号楼(东华合创大厦) 8层0802室
电话：010-62536178

天津办事处
地址：天津市河东区津塘路与十一经路交口鼎泰大厦1004
电话：022-24216606

青岛办事处
地址：山东省青岛市李沧区青山路689号宝龙公寓3号楼701室 
电话：17660216799

西安办事处 
地址：西安市长安北路54号太平洋大厦1201室
电话：029-87881295

广州销售部
地址：广州市天河区车陂路黄洲工业区7栋2楼 
电话：020-22644261   020-28872342

深圳分公司
地址：深圳市福田区深南中路2072号电子大厦12楼1203室
电话：0755-82941683   0755-82907445 

武汉分公司
地址：湖北省武汉市洪山区民族大道江南家园1栋3单元602 
电话：027-62436478   13006324181

郑州分公司
地址：河南省郑州市中原区建设西路与百花路东南角锦绣华庭A座
1502  
电话：0371-66868897

成都分公司
地址：成都市一环路南2段1号数码科技大厦319室
电话：028-85439836-805

重庆分公司
地址：重庆市九龙坡区石桥铺科园一路二号大西洋国际大厦2705室
电话：023-68797619

厦门办事处：18650195588
沈阳办事处：18940035738

华南地区
广州周立功单片机科技有限公司(广州总部)
地址：广州市天河区龙怡路117号银汇大厦16楼 
电话：020-38730916 38730917 38730976 38730977 

深圳周立功
深圳一部： 
地址：深圳市福田区深南中路2072号电子大厦1203室 
电话：(0755)82941683/82907445 
深圳二部： 
地址：深圳市坪山区比亚迪路大万文化广场A座1705 
电话：(0755)83781788/83782922 

周立功厦门办
地址：厦门市思明区厦禾路855号英才商厦618室 
电话：18650195588 

周立功长沙办
地址：湖南省长沙市岳麓区奥克斯广场国际公寓A栋2309房 
电话：0731-85161853

华东地区
南京周立功
地址：南京市秦淮区汉中路27号友谊广场17层F、G区 
电话：025-68123901/68123902/68123919 

杭州周立功
地址：杭州市西湖区紫荆花路2号杭州联合大厦A座4单元508 
电话：0571-89719484/89719499/89719498 

上海周立功
地址：上海市黄浦区北京东路668号科技京城东座12E室 
电话：021-53083451/53083452/53083453 

周立功苏州办
地址：江苏省苏州市广济南路258号（百脑汇科技中心1301室） 
电话：0512-68266786 & 18616749830 

周立功宁波办
地址：浙江省宁波市高新区聚贤路587弄研发园A2幢12B18 
电话：(0574) 87228513 87229313

周立功合肥办
地址：安徽省合肥市蜀山区黄山路665号汇峰大厦1607 
电话：13851513746 

华北地区
北京周立功
地址： 北京市海淀区紫金数码园3号楼(东华合创大厦)8层0802室 
电话：010-62635033/62635573/62635884 

周立功天津办
地址：天津市河东区十一经路与津塘公路交口鼎泰大厦1004室 
电话：18622359231 

周立功山东办
地址： 山东省青岛市李沧区青山路689号 宝龙公寓3号楼311 
电话：13810794370

华中地区
武汉周立功
地址： 武汉市武昌区武珞路282号思特大厦807室 
电话：027-87168497/87168297/87168397 

周立功郑州办
地址：河南郑州市中原区百花路与建设路东南角锦绣华庭A座1502室 
电话：13816047639

东北地区
周立功沈阳办
地址： 沈阳市浑南新区营盘西街17号万达广场A4座2722室 
电话：18940293816

西南地区
重庆周立功
地址：重庆市九龙坡区石桥铺科园一路二号大西洋国际大厦2705室 
电话：023-68796438/68796439/68797619 

成都周立功
地址： 成都市一环路南二段1号数码科技大厦403室 
电话：028-85439836/85432683/85437446 
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1 AM824-Core  

 

✍  

MCU MCU  

AMetal

MCU  

1.1 LPC824  
1.1.1  

�  

ARM Cortex-M0+ NVIC  

30 MHz  

SWD JTAG BSDL  

� 32kB Flash 8kB SRAM 64  

�  

32 I/O /

GPIO / /  

4 20mA 2 20mA  

GPIO 8 GPIO  

I/O  

CRC 18 9 DMA  

�  

SCTimer/PWM  

PWM  

MRT 4  

WKT IRC  

always-on  

WWDT  

�  

12- ADC 12  

1.2Msamples/s ADC  

4  

�  

3 USART  

2 SPI  

4 I2C I2C plus  

1Mbit/s I2C 400kbit/s  
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�  

1.5% 12MHz RC  

1MHz 25MHz  

9.4kHz 2.3MHz  

WKT 10 kHz  

PLL CPU CPU  

RC  

 

�  

PMU  

 

USART SPI I2C  

 

POR BOD  

� 1.8V 3.6V -40 +105  

1.1.2  

1.1 LPC824 MCU GPIO

DMA 12

ADC 3

UART 2 SPI 4 I2C

12MHz RC

 

LPC824 MCU

90uA/MHz 4

1uA  

 

 

LPC812/824 LPC800 MCU LPC824 LPC812

1.1  

 

1.1  LPC824  
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1.1  LPC800 MCU  

 
Flash 

KB  

RAM 

KB  
UART I2C SPI  I/O ADC  

LPC811M001JDH16 8 2 2 1 1 1 14 - TSSOP16 

LPC812M101JDH16 16 4 3 1 2 1 14 - TSSOP16 

LPC812M101JTB16 16 4 3 1 2 1 14 - XSON16 

LPC812M101JDH20 16 4 3 1 2 1 18 - TSSOP20 

LPC822M201JDH20 16 4 3 4 2 1 16 5/12bit TSSOP20 

LPC824M201JDH20 32 8 3 4 2 1 16 5/12bit TSSOP20 

LPC822M201JHI33 16 4 3 4 2 1 29 12/12bit HVQFN33 

LPC824M201JHI33 32 8 3 4 2 1 29 12/12bit HVQFN33  

LPC824 MCU TSSOP20 HVQFN33 1.2  

 

1.2   

LPC824 MCU 1.2  

1.2  LPC824  

 
 

 
 

TSSOP20 HVQFN33 

PIO0_0/ACMP_11/TDO 19 24 

I/O 
PIO0_0: /

ISP U0_RXD  

A ACMP_11 11 

O TDO JTAG  

P0_1/ACMP_I2/CLKIN/TDI 12 16 

I/O PIO0_1 /  

A ACMP_12 12 

I CLKIN  

I TDI JTAG  

SWDIO/PIO0_2/TMS 8 7 

I/O SWDIO /  

I/O PIO0_2  

I TMS JTAG  

SWDCLK/PIO0_3/TCK 7 6 

I SWDCLK  

I/O PIO0_3  

I TCK JTAG  
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PIO0_4/ADC_11/ 

TRSTN/WAKEUP 
6 4 

I/O 
PIO0_4 / ISP

U0_TXD  

A ADC_11 A/D 11 

I TRSTN JTAG  

I 

WAKEUP

 

RESET
____________

/PIO0_5 5 3 
I RESET

____________

 

I/O PIO0_5 /  

PIO0_6/ADC_1/ 

VDDCMP 
- 23 

IO PIO0_6 /  

A ADC_1 A/D 1 

A VDDCMP  

PIO0_7/ADC_0 - 22 
I/O PIO0_7 /  

A ADC_0 A/D 0 

PIO0_8/XTALIN 14 18 
I/O PIO0_8 /  

I XTALIN  

PIO0_9/XTALOUT 13 17 
I/O PIO0_9 /  

O XTALOUT  

PIO0_10/I2C0_SCL 10 9 
I/O PIO0_10 /  

I/O I2C0_SCL I2C /  

PIO0_11/I2C0_SDA 9 8 
I/O PIO0_11 /  

I/O I2C0_SDA I2C /  

PIO0_12 4 2 I/O PIO0_12 /  

PIO0_13/ADC_10 3 1 
I/O PIO0_13 /  

A ADC_10 A/D 10 

PIO0_14/ACMP_I3/ 

ADC_2 
20 25 

I/O PIO0_14 /  

A ACMP_13 13 

A ADC_2 A/D 2 

PIO0_15 11 15 I/O PIO0_15 /  

PIO0_16 - 10 I/O PIO0_16 /  

PIO0_17/ADC_9 2 32 
I/O PIO0_17 /  

A ADC_9 A/D 9 

PIO0_18/ADC_8 - 31 
I/O PIO0_18 /  

A ADC_8 A/D 8 

PIO0_19/ADC_7 - 30 
I/O PIO0_19 /  

A ADC_7 A/D 7 

PIO0_20/ADC_6 - 29 
I/O PIO0_20 /  

A ADC_6 A/D 6 

PIO0_21/ADC_5 - 28 
I/O PIO0_21 /  

A ADC_5 A/D 5 
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PIO0_22/ADC_4 - 27 
I/O PIO0_22 /  

A ADC_4 A/D 4 

PIO0_23/ADC_3/ 

ACMP_I4 
1 26 

I/O PIO0_23 /  

A ADC_3 A/D 3 

A ACMP_14 14 

PIO0_24 - 14 I/O PIO0_24 /  

PIO0_25 - 13 I/O PIO0_25 /  

PIO0_26 - 12 I/O PIO0_26 /  

PIO0_27 - 11 I/O PIO0_27 /  

PIO0_28/WKTCLKIN - 5 
I/O PIO0_28 /  

I WKTCLKIN WKT  

VDD 15 19 - 3.3V  

VSS 16 33 - 

VREFN 17 20 - A/D  

VREFP 18 21 - A/D VDD 

1.2 LPC84x  
1.2.1  

�  

ARM Cortex-M0+ 30 MHz  

I/O  

NVIC  

 

AHB  

SWD JTAG BSDL  

MTB  

�  

64kB Flash  64  

FAIM  

(CRP) 

16 KB SRAM 2 8 KB SRAM 8 KB

SRAM MTB  

 

� ROM API  

Bootloader  

Flash (IAP)  

(ISP) USART SPI I2C  

API  
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�  

32 I/O /  

GPIO / /  

4 20mA  

2 20mA  

GPIO 8 GPIO  

I/O  

CRC  

25 13 DMA  

 

�  

SCTimer/PWM  

PWM 8 / 8 8  

1 4 3 PWM  

DMA  

MRT 4  

WKT IRC

always-on  

WWDT  

�  

12- ADC 12

1.2Msamples/s ADC  

4  

2 10 DAC  

�  

5 USART  

2 SPI  

4 I2C I2C plus  

1Mbit/s I2C 400kbit/s  

�  

FRO 1% 18MHz 24MHz  

30MHz 9MHz 12MHz 15MHz  

FAIM 3MHz  

1MHz 25MHz  

 

9.4kHz 2.3MHz  

PLL CPU CPU  
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RC  

 

�  

90uA/MHz  

PMU  

 

USART SPI I2C  

 

POR BOD  

� 1.8V 3.6V -40 +105  

�  LQFP64 LQFP48 HVQFN48 HVQFN33  

1.2.2  

1.3 LPC84x

MCU GPIO

DMA

12 ADC

2 10 DAC 5 UART 2

SPI 4 I2C

 

LPC84x MCU

90uA/MHz 4

1uA

 

LPC84x MCU 4 1.3  

1.3  LPC84x MCU  

 
Flash 

KB  

RAM 

KB  
UART I2C SPI DAC GPIO 

Cap 

Touch 
 

LPC844M201JBD48 64 8 2 2 2 - 42 - LQFP48 

LPC844M201JBD64 64 8 2 2 2 - 54 - LQFP64 

LPC844M201JHI33 64 8 2 2 2 - 29 - HVQFN33 

LPC844M201JHI48 64 8 2 2 2 - 42 - HVQFN48 

LPC845M201JBD48 64 16 5 4 2 2 42 yes LQFP48 

LPC845M201JBD64 64 16 5 4 2 2 54 yes LQFP64 

LPC845M201JHI33 64 16 5 4 2 2 29 yes HVQFN33 

LPC845M201JHI48 64 16 5 4 2 2 42 yes HVQFN48 

 

1.3  LPC84x  
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LPC84x MCU 1.4  

1.4   

 

 

  LQFP 

64 

LQFP 

48 

HVQFN 

48 

HVQFN 

33 

PIO0_0 48 36 36 24 
I/O PIO0_0 /  

A ACMP_I1 1 

PIO0_1 32 24 24 16 

I/O PIO0_1 /  

A ACMP_I2 2 

I CLKIN  

PIO0_2 14 10 10 7 
I/O PIO0_2 /  

IO SWDIO  

PIO0_3 12 8 8 6 
I/O PIO0_3 /  

I SWCLK  

PIO0_4 6 6 6 4 
I/O PIO0_4 /  

A ADC_11 11 

PIO0_5 5 5 5 3 I/O PIO0_5 /  

PIO0_6 46 34 34 23 I/O PIO0_6 /  

PIO0_7 45 34 34 23 

I/O PIO0_7 /  

A ADC_1 1 

A ACMPVREF  

PIO0_8 34 26 26 18 
I/O PIO0_8 /  

A XTALIN  

PIO0_9 33 25 25 17 
I/O PIO0_9 /  

A XTALOUT  

PIO0_10 17 13 13 9 
I/O PIO0_10 /  

I/0 I2C0_SCL  I2C0  

PIO0_11 16 12 12 8 
I/O PIO0_11 /  

I/O I2C0_SDA  I2C0  

PIO0_12 4 4 4 2 I/O PIO0_12 /  

PIO0_13 2 2 2 1 
I/O PIO0_13 /  

A ADC_10 10 

PIO0_14 49 37 37 25 

I/O PIO0_14 /  

A ACMP_I3 3 

A ADC_2 2 

PIO0_15 30 22 22 15 I/O PIO0_15 /  

PIO0_16 19 15 15 10 I/O PIO0_16 /  

PIO0_17 63 48 48 32 
I/O PIO0_17 /  

A ADC_9 9 
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PIO0_18 61 47 47 31 
I/O PIO0_18 /  

A ADC_8 8 

PIO0_19 60 46 46 30 
I/O PIO0_19 /  

A ADC_7 7 

PIO0_20 58 45 45 29 
I/O PIO0_20 /  

A ADC_6 6 

PIO0_21 57 44 44 28 
I/O PIO0_21 /  

A ADC_5 5 

PIO0_22 55 43 43 27 
I/O PIO0_22 /  

A ADC_4 4 

PIO0_23 51 39 39 26 

I/O PIO0_23 /  

A ADC_3 3 

A ACMP_I4 4 

PIO0_24 28 20 20 14 I/O PIO0_24 /  

PIO0_25 27 19 19 13 I/O PIO0_25 /  

PIO0_26 23 18 18 12 I/O PIO0_26 /  

PIO0_27 21 17 17 11 I/O PIO0_27 /  

PIO0_28 10 7 7 5 
I/O PIO0_28 /  

I WKTCLKIN  

PIO0_29 50 38 38 - 
I/O PIO0_29 /  

A DACOUT_1 1 

PIO0_30 54 42 42 - 
I/O PIO0_30 /  

A ACMP_5 5 

PIO0_31 13 9 9 - I/O PIO0_31 /  

PIO1_0 15 11 11 - I/O PIO1_0 /  

PIO1_1 18 14 14 - I/O PIO1_1 /  

PIO1_2 20 16 16 - I/O PIO1_2 /  

PIO1_3 29 21 21 - I/O PIO1_3 /  

PIO1_4 31 23 23 - I/O PIO1_4 /  

PIO1_5 35 27 27 - I/O PIO1_5 /  

PIO1_6 38 28 28 - I/O PIO1_6 /  

PIO1_7 47 35 35 - I/O PIO1_7 /  

PIO1_8 1 1 1 - I/O PIO1_8 /  

PIO1_9 3 3 3 - I/O PIO1_9 /  

PIO1_10 64 - - - I/O PIO1_10 /  

PIO1_11 62 - - - I/O PIO1_11 /  

PIO1_12 9 - - - I/O PIO1_12 /  

PIO1_13 11 - - - I/O PIO1_13 /  
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PIO1_14 22 - - - I/O PIO1_14 /  

PIO1_15 24 - - - I/O PIO1_15 /  

PIO1_16 36 - - - I/O PIO1_16 /  

PIO1_17 37 - - - I/O PIO1_17 /  

PIO1_18 43 - - - I/O PIO1_18 /  

PIO1_19 44 - - - I/O PIO1_19 /  

PIO1_20 56 - - - I/O PIO1_20 /  

PIO1_21 59 - - - I/O PIO1_21 /  

VDD 7;26;39 29 29 19 - VDD  

VDDA 52 40 40 - - VDDA  

VSS 8;25;40 30 30 33 - VSS  

VSSA 53 41 41 - - VSSA  

VREFN 41 31 31 20 - VREFN  ADC  

VREFP 42 32 32 21 - VREFP  ADC  

1.3 SWM  
1.3.1 SWM  

1.4 Switch Matrix NXP MCU

 

LPC824

 

�  

GPIOx RESET VDDCMP ACMP_I1~ACMP_I4 ADC_0~ADC_11 SWDIO SWCLK

XTALIN XTALOUT CLKIN I2C I2C0_SDA I2C0_SCL

 SWM  

�  

USART0 USART1 USART2 SPI0 SPI1 CTIN CTOUT I2C1 I2C2 I2C3  

ACMP_O CLKOUT  SWM /  

1.3.2 SWM  

MCU

 

1 PCB  

PCB  

 

1.4  SWM  
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2  

3  

SWM  

1.  

TXD

PCB

SWM PCB  

 

1.5   

1.5 a MCU SPI Flash

SPI Flash MOSI/MISO MCU

1.5 a MCU LPC824 SWM

SPI 1.5 b  

2.  

3.3V 5V

3.3V 5V TXD RXD

 

LPC824 1.8 V~3.6 V 3.3V LPC824

5V LPC824 TXD RXD

5V

LPC824 8 9

I2C0 I2C0_SDA I2C0_SCL

SWM UART TXD RXD

5V 5V 1.6  
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1.6  SWM  

1.4 AM824-Core 
AM824 AM824-Core MiniCK100 1.7 AM824-Core

MCU NXP LPC824M201JHI33 2 MiniPort 1 MicroPort

1 2 10

MCU

I/O

MiniPort MicroPort

2 LED 1

1 1

LM75B 1

1 TL431 1

1

 

AM824-Core

LPC824 MCU 32 Cortex -M0+

 

1.4.1  

1   

AM824 5V USB

3.3V LPC824 5V 3.3V

AM824 EXAR

SPX1117M3-L-3.3V

4.7V~10V 800mA

800mA 1.1V  

 

1.7  AM824-Core  

 
1.8  LDO  
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SOT223 SPX1117M3-L-3.3V 1.8

 

AM824-Core Micro-USB

LPC824 USB

5V  

Micro-USB USB2.0 Mini-USB  

� Micro-USB USB Mini-USB  

� 10000  

�  

� USB1.1 ( 1.5Mb/s :12Mb/s) USB 2.0( :480Mb/s)  

� 

2   

AM824-Core TL431

 

� 2.5V~36V

� +/-0.4%@25  

� 0.22  

� 1.0mA 100mA  

TL431 2.5V 1.9 R13

TL431 1~100mA  

1.4.2  

LPC824

1.10 LPC824

IRC  

12MHz

C9 C11  

1.4.3  

1   

�  

LED  

� RC  

 
1.9   

 
1.10   

 
1.11  RC  
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MCU 1.11

1.11 MCU C

VC VC C

VC 1.11

R C VC MCU

MCU VC MCU

MCU

MCU  

1.12 AM824-Core RC

D2 C1

J8

 

2   

AM824-Core SWD JTAG SWD

I/O AM824-Core SWD

1.13 1.5  

1.4.4 

1  LED  

AM824-Core LED

1.14

GPIO_LED0 GPIO_LED1 PIO0_8

PIO0_9 LED

LED I/O

J9 J10 R3 R4 LED

1.5k LED  

2   

 
1.12   

1.5   

  

1 3.3V 3.3V 

2 SWDIO PIO0_2 

3 SWCLK PIO0_3 

4 RST PIO0_5  

5 GND   
1.13   

 

1.14  LED
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AM824-Core

1.15 PIO_BEEP

PIO0_2 AM824-Core

D1

D1

D1 

J7

I/O  

3   

AM824-Core /

20~50

2W

1.16 GPIO_KEY PIO0_1

R32

J14

 

4   

AM824-Core LM75B LM75B LM75A

1.17

PIO_SDA PIO_SCL PIO0_11

PIO0_10 LM75B

LM75B  

� 0.125  

� 2.8V~5.5V  

� Tamb=-55 ~+125  

� 1 A  

� I2C 8  

R5 R6 I2C LM75B

A0~A2 OS

 

5   

AM824-Core

MF52E-103F3435FB-A 0~85

 

1.15   

 

1.16   

 

1.17  LM75B  

 
1.18   
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27.6~1.45K 1.18 PIO_ADC PIO_14

C8 ADC

ADC

 

1.4.5  

MCU

1.19 MCU

1.6  

 

1.19  

1.6   

   

 J12 1 - 2 VREF  - 2.5V 

 J6 1 - 2 PIO0_19 -  

 J7 1 - 2 PIO0_24 -  

 J8 1 - 2 PIO0_5 -  

LED 
J9 1 - 2 PIO0_20 - LED0  

J10 1 - 2 PIO0_21 - LED1  

LM75B 
J11 1 - 2 PIO0_16 - I2C SCL  

J13 1 - 2 PIO0_18 - I2C SDA  

 J14 1 – 2 - 3 PIO0_1 -  -  

1.4.6 MiniPort  

MiniPort 2 10

� 2 10 2.54mm 90  

� 

� 16 I/O  

� 1 SPI  

� 1 I2C

� 1 UART  

� 3.3V 5V  
 

1.20  MiniPort 2 10  
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MiniPort 2 10 1.20 MiniPort 2 10

2.54mm 2 10 / 90 1.21

90 90

90

 

MiniPort 90 90

A1 - B20 A2 - B19……A19 – B2 A20 - B1

A B MiniPort 2 10

MiniPort-Key MiniPort-LED

MiniPort-View MiniPort-595

MiniPort

 

AM824-Core 2 MiniPort J3 J4 J3 J4

1.7  

1.7  MiniPort  

 

 
 

 

 
 

 

 
 

 

 
 

1 3.3V 6 PIO0_23 11 PIO0_12 16 PIO0_1 

2 5V 7 PIO0_14 12 PIO0_4 17 PIO0_9 

3 GND 8 PIO0_17 13 PIO0_11 18 PIO0_7 

4 GND 9 PIO0_13 14 PIO0_5 19 PIO0_8 

5 PIO0_15 10 PIO0_0 15 PIO0_10 20 PIO0_6 

1.4.7 2 10  

LPC824M201JHI33 33 I/O 29

MiniPort 16 I/O I/O  

AM824-Core 2 10

MiniPort I/O

VREF 1.22  

1.4.8 MicroPort  

ZLG MicroPort MicroPort

MCU

 

�  

� UART I2C SPI PWM ADC DAC  

� 

�  

MicroPort  

1.21  MiniPort 2 10   

 

1.22  2 10  
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MicroPort 2.54 1 9

7.5mm MicroPort

MicroPort

U 9 27

1.23 MicroPort

22 I/O 1 UART 1 I2C

1 SPI 2 ADC 1 DAC 4 PWM

I/O MicroPort

3.3V 5V VREF

MCU  

MicroPort MicroPort

U 1 9 9 SDIO USB

I/O MCU

MicroPort

MicroPort

1.24 MicroPort SDIO

USB OTG  

AM824-Core 1 MicroPort

MicroPort

LPC824 MicroPort

I/O AM824-Core MicroPort 1.8  

1.8  AM824-Core MicroPort  

 

 
 

 

 
 

 

 
 

 

 
 

1 GND 10 PIO0_10 19 PIO0_15 28 NC 

2 PIO0_5 11 PIO0_11 20 PIO0_13 29 NC 

3 PIO0_6 12 PIO0_16 21 PIO0_12 30 NC 

4 PIO0_7 13 PIO0_18 22 PIO0_14 31 PIO0_3 

5 PIO0_1 14 PIO0_22 23 PIO0_24 32 PIO0_2 

6 PIO0_9 15 PIO0_21 24 PIO0_17 33 PIO0_28 

7 PIO0_8 16 PIO0_20 25 PIO0_23 34 PIO0_27 

8 PIO0_4 17 PIO0_19 26 3.3V 35 PIO0_26 

9 PIO0_0 18 VREF 27 5V 36 PIO0_25 

1.5 MicroPort  
MicroPort

MicroPort SPI Flash MicroPort-Flash

EEPROM MicroPort-EEPROM RTC MicroPort-RTC  

 

1.23  MicroPort  

 
1.24  MicroPort  
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1.5.1 SPI Flash  

SPI Flash MicroPort - Flash

MicroPort

MicroPort 1.25

a MicroPort-Flash Flash

MX25L1608D SPI

16Mb 100 000

20 SPI Flash MicroPort 

- Flash MicroPort P1

1.25 b MCU

MicroPort SPI Flash MicroPort - Flash Flash

1.9  

1.9  SPI Flash  

           

1 GND 6 NC 11 NC 16 NC 21 MOSI 26 3.3V 

2 NC 7 NC 12 NC 17 NC 22 nCS[2] 27 5V/3.3A

3 NC 8 NC 13 NC 18 AGND 23 nWP[1]   

4 NC 9 NC 14 HOLD[1] 19 SCK 24 NC   

5 nCS 10 NC 15 NC 20 MISO 25 NC   

[1] 

0  

[2] 5

5

0 nCS

 

SPI Flash MicroPort-Flash

1.26 R3

R4 nWP

HOLD R3 R4  

1.5.2 EEPROM  

EEPROM MicroPort-EEPROM

MicroPort

MicroPort

1.27 a EEPROM MicroPort-EEPROM

MicroPort P1

1.27 b

MCU MicroPort EEPROM

MicroPort -EEPROM

EEPROM 1.10  

 

1.25  SPI Flash  

 

1.26  SPI Flash  

 

1.27  EEPROM  
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1.10  EEPROM  

            

1 GND 6 NC 11 NC 16 NC 21 NC 26 3.3V 

2 NC 7 NC 12 SCL 17 NC 22 NC 27 5V/3.3A 

3 NC 8 NC 13 SDA 18 AGND 23 NC - - 

4 NC 9 NC 14 NC 19 NC 24 NC - - 

5 NC 10 NC 15 NC 20 NC 25 NC - - 

MicroPort – EEPROM FM24C02C 2048 256

I2C 7bit 0x50 1.28  

 
1.28  EEPROM  

1.5.3 RTC  

RTC MicroPort-RTC NXP

PCF85063AT

CMOS

I²C

400 kbit/s

MicroPort

MicroPort

1.29 a MicroPort-RTC

MicroPort P1

1.29 b MCU MicroPort MicroPort-RTC

PCF85063 1.11  

1.11   

            

1 GND 6 NC 11 NC 16 NC 21 NC 26 3.3V 

2 RST 7 INT[2] 12 SCL 17 NC 22 NC 27 5V/3.3A 

3 NC 8 NC 13 SDA 18 AGND 23 CLKOUT[1] - - 

4 NC 9 NC 14 NC 19 NC 24 NC - - 

5 INT[2] 10 NC 15 NC 20 NC 25 NC - - 

 

 

1.29   
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0  

MCU I2C MicroPort - RTC 7bit 0x51

1.30 R1 R2 R3 CLKOUT INT

INT

 

 

1.30  RTC  

PCF85063/PCF8563 SDA SCL INT  

1.30 C2 PCF85063

PCF8563 PCF8563 C2 D1

J1 3.3V 3.3V

3.3V  

1.5.4 USB  

USB MicroPort-USB EXAR

XR21V1410IL16TR-F USB-UART

USB USB2.0

12Mbps

MicroPort

MicroPort

1.31 a USB MicroPort-USB

MicroPort P1

1.31 b MCU MicroPort

USB MicroPort-USB USB 1.12  

1.12  USB  

            

1 GND 6 NC 11 NC 16 NC 21 NC 26 3.3V 

2 NC 7 NC 12 NC 17 NC 22 NC 27 5V/3.3A 

3 NC 8 RXD 13 NC 18 AGND 23 NC - - 

4 NC 9 TXD 14 NC 19 NC 24 NC - - 

5 NC 10 NC 15 NC 20 NC 25 NC - - 

XR21V1410IL16TR-F USB-UART USB USB2.0

12Mbps 1.32 MicroUSB

MCU USB 5V 3.3V

 

 

1.31  USB  
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U3 300mA, XR21V1410IL16TR-F

ESD U2 USB ESD  

 

1.32  USB  

1.5.5 RX8025T  

RX8025T MicroPort-RX8025T

EPSON I C

RX-8025T 32.768KHz

DTCXO

MicroPort 

MicroPort 1.33

a RX8025T MicroPort - RX8025T MicroPort P1

1.33 b MCU MicroPort RX8025T MicroPort-RX8025T

RX8025T 1.13  

1.13  RX8025T  

            

1 GND 6 NC 11 NC 16 NC 21 NC 26 3.3V 

2 NC 7 NC 12 SCL 17 NC 22 NC 27 5V/3.3A 

3 NC 8 NC 13 SDA 18 AGND 23 NC - - 

4 NC 9 NC 14 NC 19 NC 24 NC - - 

5 nINT 10 CLK_EN 15 NC 20 NC 25 NC - - 

 

1.33  RX8025T  
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MCU I2C MicroPort - RX8025T 0x65h, 0x64h

1.34 RX8025SA RX-8025T

MicroPort P1 Pin5 RX-8025T 32.768kHz

D1

P1 3.3V 3.3V

3.3V  

 

1.34  RX8025T  

1.5.6 DS1302  

DS1302 MicroPort-DS1302

DALLAS RAM

2.0V~5.5V

MicroPort 

MicroPort 

1.35 a DS1302 MicroPort - 

DS1302 MicroPort P1

1.35 b  

MCU MicroPort DS1302 MicroPort-DS1302 DS1302

1.14  

1.14  DS1302  

            

1 GND 6 NC 11 NC 16 NC 21 MOSI 26 3.3V 

2 NC 7 NC 12 NC 17 NC 22 CS 27 5V/3.3A 

3 NC 8 NC 13 NC 18 AGND 23 NC - - 

4 NC 9 NC 14 NC 19 SCK 24 NC - - 

5 NC 10 NC 15 NC 20 MISO 25 NC - - 

 

1.35  DS1302  
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DS1302 MCU 32.768kHz

/

VCC2 3.3V_DS1302 VCC1

 DS1302 VCC1 VCC2 VCC2 VCC1+0.2V

VCC2 VCC2 VCC1 VCC1

1.36  

 

1.36  DS1302  

1.5.7 Analog  

Analog MicroPort-Analog

3Peak LMV358A

Analog

MicroPort P1

1.37 b  

MCU MicroPort Analog

MicroPort-Analog AD

DA

1.15  

1.15  Analog  

            

1 GND 6 NC 11 NC 16 ADC1[1] 21 NC 26 3.3V 

2 NC 7 NC 12 NC 17 ADC0[1] 22 NC 27 5V/3.3A 

3 PWM[2] 8 NC 13 NC 18 AGND 23 NC - - 

4 NC 9 NC 14 NC 19 NC 24 NC - - 

5 NC] 10 NC 15 NC 20 NC 25 NC - - 

[1] 0~3.3V -3dB 10kHz  

    [2] 0~3.3V -3dB 200Hz  

MicroPort - Analog 2 ADC 3 1

PWM DAC 6 MCU MCU ADC

ADC

0~3.3V 1.38  

 

 

1.37  Analog  
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1.38  ADC  

PWM DAC

DAC 0~3.3V

1.39  

 

1.39  DAC  

1.6 MiniPort  
1.6.1 LED

LED MiniPort-LED 8 LED

MiniPort

MiniPort 8 I/O

LED MiniPort

J4B 1.40 MCU

MiniPort LED MiniPort- 

LED 1.16  

1.16  LED  

       

1 NC 6 NC 11 LED4 16 NC 

2 LED0 7 LED6 12 NC 17 LED1 

3 GND 8 NC 13 LED3 18 NC 

4 GND  9   LED5 14 NC 19 5V 

5 LED7 10 NC 15 LED2 20 3.3V 

 

 

 

1.40  LED  
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LED MiniPort - LED 4.7 LED

MiniPort B MiniPort A LED MiniPort - LED

 

 

1.41  LED  

LED MiniPort B I/O

MiniPort A L1~L15 A/B

 

1.6.2  

MiniPort-View 2

MiniPort

MiniPort

COM0 COM1 seg A~seg 

DP SEG

MiniPort J4

1.42 MCU MiniPort

MiniPort-View 1.17  

1.17   

        

1 3.3V 6 COM1 11 SEGE 16 NC 

2 5V 7 SEGG 12 NC 17 SEGB 

3 GND 8 COM0 13 SEGD 18 NC 

4 GND 9   SEGF 14 NC 19 SEGA 

5 SEGDP 10 NC 15 SEGC 20 NC 

MiniPort - View LN3461BS 1.43

seg A~seg DP 8 470

a b c d e f g dp COM0 COM1 5.1K

PNP 3.3V

8 COM MCU I/O

COM  

 

1.42   
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1.43   

MiniPort B I/O MiniPort 

A L1~L11 A/B

 

1.6.3  

MiniPort - Key 4

MiniPort

MiniPort

MiniPort J4

1.44 MCU

MiniPort MiniPort-Key

1.18  

1.18   

        

1 3.3V 6 KL1 11 NC 16 NC 

2 5V 7 NC 12 NC 17 NC 

3 GND 8 KL0 13 NC 18 KR1 

4 GND 9 NC 14 NC 19 NC 

5 NC 10 NC 15 NC 20 KR0 

MiniPort - Key 1.45 KR0

KR1 KL0 KL1 COM

COM0 COM1 KL0 KL1

COM0 COM1 KL0 KL1  

KR0 KR1 KL0  KL1

COM0 COM1 I/O  

1.45 R3 R4 R3 R4 KL0 KL1

KL0 0

KL1 1 KEY0 KEY1 KEY2 KEY3 KL0 KL1

I/O  

 

1.44   
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1.45   

MiniPort B I/O MiniPort A

L1~L16 A/B

 

1.6.4 595  

595 MiniPort - 595 I/O 74HC595

8 I/O 595

LED

COM0 COM1

74HC595

CP D

STR 595

MiniPort J4 1.46 b 595

MiniPort A MiniPort-595 J2A 1.46 c MCU

MiniPort 595 MiniPort - 595 1.19  

1.19  595  

        

1 3.3V 6 NC 11 NC 16 NC 

2 5V 7 STR 12 NC 17 NC 

3 GND 8 NC 13 CP 18 NC 

4 GND  9   NC 14 NC 19 NC 

5 NC 10 NC 15 D 20 NC 

595 1.47 MiniPort B 595 MiniPort A

595 LED  

 

1.47  595  

595 MiniPort A MiniPort B

 
1.46  595  
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L1~L15 595 A/B  

1.6.5 ZLG72128  

MiniPort-ZLG72128 2 2 2

10 2 AMetal824 AMetal824 I2C

ZLG72128 ZLG72128

 

� 12 1 96 LED  

� 32 8  

� 1  

�  

� 10 21  

� I2C  

I/O  

� 3.0 5.5V  

� 40 85  

� TSSOP28  

ZLG72128 MiniPort A

MiniPort-595 J2A

 1.48 ZLG72128 I2C

SDA SCL

:1100000 / 1/0 1.49  

 
1.49  MiniPort-ZLG72128  

 

 1.48  MiniPort-ZLG72128  
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2 ADC  

 

✍  

 

MCU

MCU

MCU ADC

2.1  
2.1.1  

LPC824 12 SAR ADC 12

1.2MS/s 12 ADC

2.1

ADC ADC  

2.1  LPC82x ADC  

 
LPC82x NXP  ADS7822 TI  

min type max min type max 

INL  ±2.5   ±0.5 ±2 

DNL  ±2.5   ±0.5 ±2 

 1.2Msps 0.2Msps 

 12ch 1ch 

 0 $1.82 

2.1.2  

2.1 LPC82x ADC

ADC  
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2.1  ADC  

2.1.3  

MCU ADC SAR

SAR ADC

SAR ADC 2.2  

ADC

SW+

SW-

IN+ IN-

SW+ SW-

SAR MSB

REF REFGND

 

bit 0 1

ADC 2.3  

SAR ADC

ADC  

 

2.3  SAR ADC  

 
2.2  SAR ADC  
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2.2  
SAR ADC 2.4  

 

2.4  ADC  

80%

5% 5% 10%  

2.2.1  

ADC

2.5  

 

2.5   

C2 C1 ADC R2 R3 NCP431

R1 NCP431 FB1 R1 C2

3.3V  

 

NCP431 10uVpp 0.2Ω

12 0.2Ω 2.5 C2 C1

ADC
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VREF 10uF

C2 SAR

ADC

ADC ESR C2 X5R

VREFP VREFN 2.6  

 

NCP431

2.7

R1

R1

 

NCP431 I(KA)min

1mA NCP431 R2 R3

I(FB) 0.5mA LPC82x REF

I(REF) 100uA 1.5mA 3mA

R1  

( ) min ( ) ( )1 ( ) / ( )DD KA KA FB REFR V V I I I� � � �
(3.3 3 )

1 0.5 1.5

V V
mA mA mA

�
�

� �
100� �  

 

LPC82x VREFP VREFN VDD VSS

VREFP VREFN VDD VSS 

 

(V V ) / 2 V V / 2REFP REFN REFN DD� � �  

3.0V LPC82x

3.3V ADC INL R2 R3 NCP431

 

2
(1 ) 1.25

3KA
RV V
R

� � �
1

(1 ) 1.25
4.99

k V
k
�

� � �
�

3V�  

 

25ppm LPC82x 2.2  

 

2.6  VREF /  

 

2.7  
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2.2   

NCP431BI 50ppm max 0.50% $0.13   

NCV1009 35ppm max 0.2% $0.53   

REF33xx 30ppm max 0.15% $0.68  

REF50xx 8ppm max 0.1% $1.35  

NCP431 ONSemi TL431

92 ppm/℃ 50 ppm/℃ 0.5% 25 -40 ~+85

0.3%

12 ADC  

R2 R3

NCP431 25ppm

2.8

2.5V  

3V 2.5V

LPC82x ADC INL  

2.2.2  

2.9  

 

2.9   

FB2 R4 C5 1117

R3 C5 1.59KHz

3.3V 100kHz 10dB

FB2 C5 3.3V

 

SPX1117 2.10 10kHz

 
2.8  NCP431  



ARM AMetal  

37 

-60dB 100kHz  

 

2.10  SPX1117  

U2 LPC82x MCU 3.3V

LC  

2.2.3  

SAR ADC

ADC

RC 2.11  

 
2.11  ADC  

SAR ADC 2.12

S1 CSH CSH

S2 ADC

S2 S1  

S1 CSH

ADC 

ADC 

CSH

1/2-LSB  

RO RO RS1

CSH RC CSH

2.12

 
2.12  SAR ADC  
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RO  

ADC S1

ADC ADC

Rin Cin Cin ADC 

Rin  

2.2.4  

1/2  

 

ADC 2.13  

 

2.13   

9kHz

2.13 3 Sallen-Key

LMV358A

2.14  

 

2.14   

 

1kΩ Johnson
1/2

1~10kΩ
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ADC

LMV358A

2.15  

RC

2.13 R4 C7

RC 1.6kHz  

 

LPC82x ADC

LM358  

LM358 2.3  

2.3   

 
NS(TI) TI Onsemi 3peak 

LM358 LMV358 LMV358 LMV358A 

 × × × √ 

 × √ √ √ 

 BJT BJT BJT FET 

max 7mV 7mV 9mV 1.4mV 

max 250nA 250nA 1nA 0.01nA 

 $0.07  $0.24  $0.27  $0.07 

3peak LMV358A

FET LM358

LMV358A  

2.2.5  

 

2.15  LMV358A  
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ADC MCU AGND

GND AGND

GND

AGND GND

2.16  

IC

IC

2.17

IC

LP RP IC

B

IC  

 

2.17  IC  

B CSTRAY A IC

0.2 pF AGND

DGND DGND

B  

2.2.6 I/O  

LPC82x MCU ADC

I/O MCU

ADC

 

� I/O 2.18  

� ADC  

 

2.16  AGND GND  
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2.18  I/O  

2.3  
2.19 ADC

ADC

 

 

2.19   

 

� ADC  

� ADC  

�  

�  

2.3.1  

ADC

ADC ADC

0V 2V

VREF 3V ADC

2729 2.0V 2.20 1366

 

ADC

LMV358A 10 0~300mV

0~3V  

 

2.3.2  

ADC LPC82x 12

2.21  

 
2.20  ADC  
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2.21  LPC82x  

 

�  

�  

ADC  

2.22

 

 

2.22   

LPC82x

2.23  

RS

CPIN RSWITCH

+

CSAMPLE

RS RSWITCH CSAMPLE RC

 

 

2.23  LPC82x  
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( )RC S SWITCH SAMPLEt R R C� � �  

0  

( )(1 )S SWITCH SAMPLE

t
R R C

inV e � �� �  

RS 0 99.32% 0.68%

0.68% 7.2 ADC 

ADC log2(1/ )

2.4  

2.4  ADC  

n 1 5 8 9 10 

( ) ( )S SWITCH SAMPLEn R R C nSEC� � �  25 125 200 225 250 

SAMPLEC  63.2 99.3 99.996 99.9877 99.9955 

 36.8 0.67 0.034 0.0123 0.0045 

ADC  1.4 7.2 11.5 13 14.43 

ADC ADC 

1Msps 12 ADC 750ns RS 0 750ns 200ns

12 5KΩ

13bits ADC 1350ns  

9 9 ( )RC S SWITCH SAMPLEt R R C� � � � � 9 (5 1 ) 25k k pF� � � � � � 1350ns�  

750ns ADC 

LPC82x 1Msps

1/2LSB  

750 9 ( )S SWITCH SAMPLEns R R C� � � � 750 9 ( 1 ) 25Sns R k pF� � � � � 2.3SR k� �  

2.22

2kΩ  

2.24

2.5

 

2.24   
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2.5   

   

 
 

2.10 

2kΩ

2.22 

 
 

2.10 2.24 

2.3.3  

2.25  

 

2.25   

2.3.4 PCB  

 

� 2.26  

 

2.26   

�  

2.27  
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2.27   

�  

2.28  

 

a)                      b)                    c)  

2.28   

2.4  
LPC824 ADC

AM824

INL  

2.4.1  

ADC

 

AM824 200 2.29  

 

2.29  AM824  
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200

2.30  

 

2.30   

6 3

9

3 10  

2.4.2 INL  

INL ADC ADC

ADC

ADC AM824  

2.6 Vref=2.5V  

 2.6  AM824 INL  

 

mV  

ADC 

 

ADC 

mV  

 

mV  

INL 

LSB  

249.65 409 248.9786252 247.528489 2.36703 

375.51 613 373.1635629 373.7736206 0.995786 

500.31 817 497.3485006 498.9555086 2.623089 

625.16 1028 625.7946862 624.1875496 2.623299 

750.01 1231 749.3708742 749.4195906 0.079519 

874.86 1435 873.555812 874.6516316 1.788686 

999.71 1639 997.7407497 999.8836726 3.497853 

1124.61 1843 1121.925687 1125.165867 5.288884 

1249.51 2060 1254.024371 1250.448061 5.837545 

1375.49 2264 1378.209309 1376.813559 2.278256 

1500.48 2468 1502.394247 1502.186029 0.33987 

1625.39 2673 1627.187934 1627.478253 0.473883 
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1750.37 2883 1755.02537 1752.840692 3.566009 

1875.32 3088 1879.819057 1878.173039 2.686765 

2000.19 3291 2003.395245 2003.425141 0.048799 

2124.89 3495 2127.580183 2128.506723 1.512374 

2249.83 3699 2251.765121 2253.82904 3.368896 

 AM824 INL 2.31  

 

2.31  AM824 INL  

2.7 Vref=3V  

2.7  INL  

 

mV  

ADC 

 

ADC 

mV  

 

mV  

INL 

LSB  

300.82 401 297.8103126 296.6604518 1.54866 

450.64 602 447.0868034 446.7036836 0.515995 

600.24 803 596.3632943 596.5265876 0.219927 

750.08 1005 746.3824542 746.5898492 0.279324 

899.94 1207 896.4016142 896.6731406 0.365698 

1050.91 1410 1047.163443 1047.868086 0.949029 

1200.59 1611 1196.439934 1197.771109 1.792858 

1350.53 1812 1345.716425 1347.93452 2.987382 

1500.48 2014 1495.735585 1498.107945 3.195151 

1650.43 2223 1650.953429 1648.281371 3.59879 

1800.51 2424 1800.229919 1798.58499 2.21543 
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1950.45 2626 1950.249079 1948.748401 2.02115 

2100.02 2828 2100.268239 2098.54126 2.325937 

2250.78 3030 2250.287399 2249.525892 1.025616 

2399.74 3230 2398.821221 2398.707843 0.152701 

2549.79 3431 2548.097712 2548.981417 1.190195 

2699.67 3632 2697.374203 2699.084738 2.30379 

 INL 2.32  

 

2.32  INL  

 2.6 2.7 INL

5.3  LSB 3.6 LSB  

2.4.3  

1.  

0.5 LSB EO  

mV ADC

1 2.44mV 3047.56mV 1LSB = 

3047.56/(4096*2)=0.74mV  

2.44 0.5 0.74
2.8

1 0.74

� � �
� � �OE LSB

LSB
 

2.  

VREF-0.5LSB 0xFFE 0xFFF EG

Vref ADC

0xFFF 3046.35mV  

(3046.35 ) (3047.56 0.5 0.74)
3.9

1 0.74

� � � ��
� � � �O

G
EE LSB

LSB
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2.5  
AM824 2.8  

2.8  AM824 ADC  

 AM824   

 6LSB  3LSB  

INL LSB  5.3 3.6 

LSB  1.2 2.8 

LSB  6.7 3.9 

ADC

AM824

log2(1/ LSB) 9 INL log2(1/

LSB) 9  

ADC

INL 10 0.5%  

2.9  

2.9   

1ch 2.5  

9kHz 2.12 100kHz 

500Ksps 1Msps  

0~3V 2.12  

 
2.12
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3 PWM DAC  

 

 

3.1  
3.1.1 PWM  

PWM Pulse Width Modulation PWM

3.1

PWM  

 

3.1  PWM  

PWM

PWM

PWM DAC 3.2  

 

3.2  PWM  

3.1.2 PWM  

PWM DAC

PWM  

3.3 p PWM (0 p 1) T

 3.3

 

 

 3.3  PWM  
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f(t)  

0
1

2 2
( ) [ cos( ) sin( )]n n

n

n t n tf t A A B
T T
� �	

�

� � �
                 (1) 

0

1
( )

2

T

T
A f t dt

T �
� �                                       (2) 

1 2
( )cos

2

T

n T

n tA f t dt
T T

�
�

� � � �
� ��                             (3) 

1 2
( )sin

2

T

n T

n tB f t dt
T T

�
�

� � � �
� ��                             (4) 

K PWM f(t) (2)~(4) f(t)  

0A K p� �                                           (5) 

1
[sin( ) sin(2 (1 / 2))]nA K n p n p

n
� �

�
� � � �                   (6) 

    0nB �                                              (7) 

A0 PWM PWM

D/A 0~K D/A

 

An PWM D/A

PWM 1MHz 1MHz

2MHz 3MHz 1MHz 1MHz

DAC DAC  

DACV K p� �                                          (8) 

3.2  
PWM DAC DAC

RC LC

 3.4  

 

 3.4   PWM DAC  

LPC824 PWM

12 DAC  
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3.2.1 DAC  

DAC PWM DAC PWM

PWM DAC

PWM 100kHz PWM PWM

100MHz PWM 1000

PWM 1000 PWM  

PWM  3.5

1/2 LSB DAC  

 

 3.5  PWM DAC  

PWM

100kHz 50kHz 100MHz PWM 2000

6

50kHz 100kHz

 

PWM PWM

LPC824 PWM 12 DAC  

PWM LPC824 30MHz

10MHz 100ns  

100clkT ns�  

PWM 4096

 

4096 100 409.6PWMT us� � �  

PWM 409600ns DAC 1

100ns PWM

2.44KHz  

PWM

50% 1/2LSB

PWM 1/2LSB

50%  

n=1 6 An=1  
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1

1 2
[sin( ) sin(2 (1 1/ 4))]

2n
KA K � �

� �� � � � � �  

1/2LSB Afilter  

1 12

1

2 2n filter
KA A� � � �  

0.00019 74filterA dB� � �  

12 DAC LPC824 PWM 10MHz

2.44kHz 2.44KHz 74dB  

3.2.2  

PWM DAC

0.707 PWM 

DAC

 

-20dB

1/10 0.244KHz -74dB 4

200Hz 3 6

 3.6  

 

 3.6  6  

 3.7 2.44kHz 100dB

10 DAC  

 

 3.7  6  

LPC824 ADC
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5 10

PWM 100ns 10MHz

50M~100MHz DAC

 

 3.6 3peak 1MHz LMV358A  

 

3.3  
12 PWM DAC

DNL INL  

3.3.1 DNL 

DNL

DAC LSB DNL=0  

DAC DNL 1LSB=3.3V/212=0.81mV

 3.1 DNL 0.02 LSB  

 3.1  PWM DAC DNL  

DAC 

 

 

DAC 

 

 

 

 

mV  

DNL 

LSB  

DAC 

 

 

DAC 

 

 

 

 

mV  

DNL 

LSB  

50 43.38   2000 1608.43   

51 44.19 0.81 0.00 2001 1609.22 0.79 -0.02 

52 44.99 0.8 -0.01 2002 1610.02 0.8 -0.01 

53 45.81 0.82 0.01 2003 1610.82 0.8 -0.01 

54 46.60 0.79 -0.02 2004 1611.63 0.81 0.00 

500 404.55   4091 3284.85   

501 405.35 0.8 -0.01 4092 3285.67 0.82 0.01 

502 406.15 0.8 -0.01 4093 3286.47 0.8 -0.01 

503 406.96 0.81 0.00 4094 3287.28 0.81 0.00 

504 407.76 0.8 -0.01 4095 3288.11 0.83 0.02 

3.3.2 INL 

INL DAC DAC

DAC

DAC  

INL  3.2 INL 1 LSB  
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 3.2  PWM DAC INL  

 

%  

DAC 

 

DAC 

 

 

mV  

INL 

LSB  

3.125 128 106.03 106.6065 0.72 

6.25 256 208.76 209.2497 0.61 

9.375 384 311.49 311.8929 0.50 

12.5 512 414.22 414.5361 0.39 

15.625 640 516.96 517.1793 0.27 

18.75 768 619.64 619.8225 0.23 

21.875 896 722.38 722.4657 0.11 

25 1024 825.09 825.1089 0.02 

28.125 1152 927.82 927.7521 0.08 

31.25 1280 1030.58 1030.3953 0.23 

34.375 1408 1133.31 1133.0385 0.34 

37.5 1536 1236.05 1235.6817 0.46 

40.625 1664 1338.78 1338.3249 0.57 

43.75 1792 1441.49 1440.9681 0.65 

46.875 1920 1544.23 1543.6113 0.77 

50 2048 1646.93 1646.2545 0.84 

53.125 2176 1749.64 1748.8977 0.92 

56.25 2304 1852.37 1851.5409 1.03 

59.375 2432 1954.88 1954.1841 0.86 

62.5 2560 2056.88 2056.8273 0.07 

65.625 2688 2158.81 2159.4705 0.82 

68.75 2816 2261.37 2262.1137 0.92 

71.875 2944 2364.11 2364.7569 0.80 

75 3072 2466.86 2467.4001 0.67 

78.125 3200 2569.59 2570.0433 0.56 

81.25 3328 2672.32 2672.6865 0.46 

84.375 3456 2775.07 2775.3297 0.32 

87.5 3584 2877.81 2877.9729 0.20 
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90.625 3712 2980.52 2980.6161 0.12 

93.75 3840 3083.25 3083.2593 0.01 

96.875 3968 3185.98 3185.9025 0.10 

100 4096 3288.39 3288.5457 0.19 

3.3.3  

DAC

 3.8  

 

 3.8  PWM DAC  

    ΔX 10ms  

3.4  
 3.3 AD5623 12 DAC  

 3.3  PWM DAC  

 PWM DAC LPC824  AD5623 ADI  

 12bit 12bit 

DNL ±0.02 LSB ±0.25LSB 

INL ±1 LSB ±1 LSB 

  10 ms 4.5 us 

LPC824 PWM DAC

DNL INL DAC
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4  

 

✍  

 

 

4.1  
4.1.1  

 

 

 

 

BOM

 

ZLG MCU

 

ARM9 A9 DSP μC/OS-II Linux SysBIOS

 

4.1.2 AWorks 

MCU MCU AWorks

MCU  

AWorks  

1  AWorks  

4.1 AWorks ZLG IoT

 

4.1  AWorks 
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ZLG

IoT  

AWorks AWorks

AWorks

4.2  

AWorks

MCU OS

 

 

AWorks malloc()  

AWorks

<1s  

2  AMetal  

AMetal AWorks API AWorks  

�  

� AMetal AWorks  

�  

 

� AMetal  

demo  

�  

 

�  

 

AMetal

4.3

AMetal AMetal API AMetal  

 

4.2  AMetal AWorks  

 

4.3  AMetal  
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AMetal API MCU GPIO SPI UART I2C

AMetal

E2PROM SPI NOR Flash PCF85063 RTC zigbee BLE LED

 

AMetal

MCU

AMetal

MCU ARM

DSP

 

4.4 AMetal

API

MCU

AMetal API

MCU API  

GPIO

4.5 AMetal

HW

HW

.h

HW .h

.c

HW

API GPIO  

API

API GPIO

API API  

4.2  
4.2.1 I/O  

 

I/O

LPC824 MCU GPIO 4.1  

 

4.4  AMetal  

 

4.5  GPIO  
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4.1  GPIO  

 GPIO0 

TSSOP20  PIO0_0~PIO0_5 PIO0_8~PIO0_15 PIO0_17 PIO0_23  

HVQFN33  PIO0_0~PIO0_28 

1 GPIO 2 GPIO

3 4

LPC824 MCU I/O /

I/O /

I/O 1

2 3

4

 

I2C P0_10 P0_11 /

GPIO GPIO

GPIO

XTALIN/XTALOUT

 

4.2.2  

AMetal

 

projects_keil5\applications  template

led_blinking led_blinking

led_blinking led_blinking.uvprojx

 

user_config user_code

user_code main.c

am_main() MCU

am_main() MCU am_main()

while(1)  

4.2.3  

4.6 AM824-Core 2 LED

MCU I/O J9 J10

LED0 J9 MCU PIO0_20

LED1 J10 MCU PIO0_21 I/O

0 LED 3.3V

1

LED LED I/O 1 LED

LED  

 

4.6  LED  
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R3 R4 LED LED

LED LED 1.5V

LED

3 led.h

4.1 4  

4.1  led.h  

1 #pragma once 

2 

3 void led_init (void);       //  

4 int led_on(int led_id);       // LED 

5 int led_off(int led_id);       // LED 

6 int led_toggle(int led_id);      // I/O LED  

led_id LED AM824-Core LED 0 1

led_on() led_off()

LED I/O

LED 4.2  

4.2  LED  

1 #include "ametal.h" 

2 #include "led.h" 

3 

4 int am_main (void) 

5 { 

6  led_init();       // LED0 

7  led_on(0);       // LED0 

8  while (1) { 

9  } 

10 } 

LED LED

LED

LED LED

LED LED LED

LED C

MCU

4.3 MCU 1000000  

4.3   

1 int delay (void) 

2 { 

3  volatile int i, j; 

4 
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5 for (i = 0; i < 1000; i++) 

6  for (j = 0; j < 1000; j++); 

7 } 

MCU

AMetal

2 am_delay.h  

void am_mdelay (uint32_t nms);      // ms  

void am_udelay (uint32_t nus);      // us  

LED 4.4  

4.4  LED 1  

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "led.h" 

4  

5 int am_main (void) 

6 { 

7  led_init();        // LED0 

8  while (1) { 

9   led_on(0);       // LED0 

10   am_mdelay(200);                // 200ms 200ms 

11   led_off(0);             // LED0 

12   am_mdelay(200);                // 200ms 200ms 

13  } 

14 } 

LED I/O AMetal LED

LED led_toggle() 4.5  

4.5  LED 2  

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "led.h" 

4  

5 int am_main (void) 

6 { 

7  led_init();        // LED0 

8  while (1){ 

9   led_toggle(0);      // I/O LED0  

10   am_mdelay(200);                // 200ms 
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11  } 

12 } 

MiniPort-LED 8 LED

PIO0_8~PIO0_15 R1~R8

LED 4.7  

LED MiniPort B AM824-Core

I/O MiniPort A

AM824-Core

MiniPort J4 4.8  

LED

LED

LED

GPIO

LED

LED0 LED0

LED1 LED1......

LED7 LED7

LED0 LED0……

4.6  

4.6  LED 1  

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "led.h" 

4  

5 int am_main (void) 

6 { 

7  int i = 0; 

8 

9  led_init();        //  

10  while(1) { 

11   led_on(i);       // LED i  

12       am_mdelay(100);                // 100ms 

13   led_off(i);       // LED i  

14   i ++;        // LED 

15   if(i == 8){      // LED i = 8 

16    i = 0;       // i 0 

17   } 

18  } 

 

4.7  LED  

 

4.8  LED  
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19 } 

MiniPort-LED 8 LED AM824-Core

LED MiniPort-LED led.h

USE_MINIPORT_LED 1 MiniPort-LED 0

AM824-Core LED  

LED

4.7  

4.7  LED 2  

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "led.h" 

4  

5 int am_main (void) 

6 { 

7  int i = 0; 

8 

9  led_init();        //  

10  while(1) { 

11   led_on(i);       // LED i  

12       am_mdelay(100);                // 100ms 

13   led_off(i);       // LED i  

14   i = (i + 1) % 8; 

15  } 

16 } 

4.9 J7_1 J7_2

PIO0_24 PIO0_24

PIO0_24

PIO0_24

PIO0_24

 

1KHz 1KHz T=1/1000 s =1 ms

500us 500us

buzzer.h

!  

4.8  buzzer.h  

 

4.9   
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1 #pragma once 

2 

3 void buzzer_init(void);       // 1KHz  

4 void buzzer_freq_set(uint32_t freq);    // freq  

5 void buzzer_on(void);       //  

6 void buzzer_off(void);       //  

7 // ms  

8 void buzzer_beep(unsigned int ms); 

buzzer_init() 1KHz

2.5KHz buzzer_freq_set(2500); 4.9  

4.9   

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "buzzer.h" 

4 

5 int am_main(void) 

6 { 

7     buzzer_init();     // 1KHz  

8     while (1) { 

9         buzzer_on();     //  

10         am_mdelay(100);    // 100ms 

11         buzzer_off();     //  

12         am_mdelay(100);    // 100ms 

13     } 

14 } 

4.3 LED  
4.3.1  

4.10 2

LN3161BS LED

R1 R8 c1 c2

a

dp com0 com1

AM824-Core PIO0_8~PIO0_15

PIO0_17 PIO0_23

8 com

com LPC824 GPIO

com c1 c2

 

 

4.10  LED  
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MiniPort-View MiniPort B AM824-core

I/O MiniPort A

AM824-Core MiniPort J4

4.11  

10 0 9

16 AbCdEF

8 256

dp

128 27 0 9 10

0

com0 b c LED 1

10 0 9 10

10 4.2  

4.2   

 dp g f e d c b a  

0 1 1 0 0 0 0 0 0 0xC0 

1 1 1 1 1 1 0 0 1 0xF9 

2 1 0 1 0 0 1 0 0 0xA4 

3 1 0 1 1 0 0 0 0 0xB0 

4 1 0 0 1 1 0 0 1 0x99 

5 1 0 0 1 0 0 1 0 0x92 

6 1 0 0 0 0 0 1 0 0x82 

7 1 1 1 1 1 0 0 0 0xF8 

8 1 0 0 0 0 0 0 0 0x80 

9 1 0 0 1 0 0 0 0 0x90 

8 0 bit7~0

dp~a bit0 0 a  

const uint8_t g_segcode_list[10] = {0xC0, 0xF9, 0xA4, 0xB0, 0x99, 0x92, 0x82, 0xF8, 0x80, 0x90}; 

AMetal

4.10  

4.10  digitron0.h  

1 #pragma once 

2 

3 // com  

 

4.11   
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4 void digitron_init(); 

5 //  

6 // code bit0~bit7 a ~ dp 0 1  

7 void digitron_segcode_set(uint8_t code); 

8 //  

9 // pos 0 com0 pos 1 com1  

10 void digitron_com_sel(uint8_t pos); 

11 //  

12 // pos 0 com0 pos 1 com1  

13 // num 0 ~ 9 

14 void digitron_disp_num(uint8_t pos, uint8_t num); 

code 0~9 pos com0 com1 0~1

num 0~9 #include "digitron0.h"

com0 1 4.11  

4.11  1  

1 #include "ametal.h" 

2 #include "digitron0.h" 

3 

4 int am_main (void) 

5 { 

6     digitron_init();       //  

7     digitron_disp_num(0, 1);     // com0 1 

8     while(1) { 

9     } 

10 } 

0~9 1s 1s

4.12  

4.12   

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "digitron0.h" 

4 int am_main (void) 

5 { 

6     int i = 0;        // 0 

7 

8  digitron_init(); 

9  while(1) { 

10         digitron_disp_num(0, i);        // com0 i 

11         am_mdelay(1000);      // 1s 
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12         i = (i + 1) % 10;      // +1  

13     } 

14 } 

4.12 9 i = (i + 1) % 10;

LED i 

= ((i – 1) + 10) % 10; 9 i 9

0~9 0~99  

4.3.2  

2 8 16 LPC824 16 I/O

 

2 com 2

0 com0 com1

0 1 com1 com0

1 12 com0 1 com1

2 4.13  

4.13  12  

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "digitron0.h" 

4 int am_main (void) 

5 { 

6     digitron_init(); 

7     while(1) { 

8         digitron_disp_num(0, 1);        // com0 1 

9         am_mdelay(5);      // 5ms 

10         digitron_disp_num(1, 2);        // com1 2 

11         am_mdelay(5);      // 5ms 

12     } 

13 } 

 

12 1 2

com0 1 2  

digitron_disp_num() digitron_com_sel () digitron_segcode_set()

com
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digitron_segcode_set (0xFF);           // --  

0 ~ 59 1 4.14  

4.14  0~59 1  

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "digitron0.h" 

4 int am_main (void) 

5 { 

6  int i  = 0; 

7  int num   = 0; 

8 

9  digitron_init();       //  

10  while(1) { 

11        digitron_segcode_set (0xFF);   // --  

12   digitron_disp_num(0, num / 10);    // com0 num  

13            am_mdelay(5);      // 5ms 

14            digitron_segcode_set (0xFF);   // --  

15            digitron_disp_num(1, num % 10);   // com1 num  

16            am_mdelay(5); 

17            i++; 

18            if (i == 100) {                  // 100 1s 

19               i = 0; 

20               num = (num + 1) % 60;      // num 0 ~ 59  

21            } 

22  } 

23 } 

 

uint8_t g_digitron_disp_buf[2]; 

4.15  

4.15   

1 void digitron_disp_scan (void) 

2 { 

3  static uint8_t  pos = 0; 

4 

5  digitron_segcode_set(0xFF); 
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5  digitron_com_sel(pos);                      //  

6  digitron_segcode_set(g_digitron_disp_buf[pos]);  //  

7  pos = (pos + 1) % 2;                         //  

8 } 

pos

 

digitron1.c

digitron1.h  

(1) digitron_init()  

(2) digitron_disp_scan()  

3

0~9 4.16  

4.16   

1 void digitron_disp_code_set (uint8_t pos, uint8_t code)  //  

2 { 

3     g_digitron_disp_buf[pos] = code;     //  

4 } 

5 

6 void digitron_disp_num_set (uint8_t pos, uint8_t num)  // 0~9  

7 { 

8     if (num >= 0 && num <= 9) { 

9         g_digitron_disp_buf[pos] = g_segcode_list[num];  //  

10     } 

11 } 

12 

13 uint8_t digitron_num_decode(uint8_t num)    //  

14 { 

15     return g_segcode_list[num]; 

16 } 

com0 3.  

digitron_disp_code_set(0, digitron_num_decode(3) & 0x7F); 

4.17 digitron1.h

AMetal digitron1.c  

4.17  digitron1.h  

1 #pragma onc 

2 #include <stdint.h> 

3 

4 void  digitron_init(void);       //  



ARM AMetal  

71 

5 void  digitron_disp_scan(void);      //  

6 void  digitron_disp_code_set(uint8_t pos, uint8_t code);  //  

7 void  digitron_disp_num_set(uint8_t pos, uint8_t num);  // 0 ~ 9  

8 uint8_tdigitron_num_decode(uint8_t num);    // 0~9  

digitron1.h digitron_disp_num_set () digitron_disp_code_set()

digitron_disp_num() digitron_disp_code() 4.18

0~59  

4.18  0~59 2  

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "digitron1.h" 

4 int am_main (void) 

5 { 

6     int i    = 0; 

7     int sec  = 0;                            // 0 

8 

9     digitron_init(); 

10     digitron_disp_num_set(0, 0);             // 0 

11     digitron_disp_num_set(1, 0);              // 0 

12     while(1) { 

13           digitron_disp_scan();                // 5ms  

14           am_mdelay(5); 

15           i++; 

16           if (i == 200) {                  // 200 1s 

17               i = 0; 

18               sec = (sec + 1) % 60;           // +1 

19               digitron_disp_num_set(0, sec / 10);   //  

20               digitron_disp_num_set(1, sec % 10);  //  

21           } 

22     } 

23 } 

4.3.3  

 

2 4.19  

4.19  1  

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "digitron1.h" 
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4 int am_main (void) 

5 { 

6     int sec = 0;                             // 0 

7     int i  = 0; 

8 

9     digitron_init();       //  

10     digitron_disp_num_set(0, 0);      // 0 

11     digitron_disp_num_set(1, 0);     // 0 

12     while(1) { 

13          for (i = 0; i < 2; i++) { 

14               digitron_disp_num_set(1, sec % 10); //  

15    for (j = 0; j < 50; j++) {   // 50 250ms 

16                       digitron_disp_scan(); 

17                       am_mdelay(5); 

18               } 

19                digitron_disp_code_set(1, 0xFF);  // 250ms  

20    for (j = 0; j < 50; j++) {   // 50 250ms 

21                       digitron_disp_scan(); 

22                       am_mdelay(5); 

23               } 

24          } 

25            sec = (sec + 1) % 60;              // +1 

26            digitron_disp_num_set(0, sec / 10);    //  

27            digitron_disp_num_set(1, sec % 10);  //  

28     } 

29 } 

1s 2 500ms 250ms 250ms

1

0xFF digitron_segcode_set()

digitron_disp_scan()

0xFF 4.20  

4.20  digitron_disp_scan() 1  

1 void digitron_disp_scan (void) 

2 { 

3      static uint8_t  pos = 0; 

4      static uint8_t  cnt = 0;         // 5ms 1 

5 

6      digitron_segcode_set(0xFF);  
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7     digitron_com_sel(pos); 

8     if (pos == 1) {                                 // com1  

9  if (cnt <= 49) { 

10             digitron_segcode_set(g_digitron_disp_buf[pos]);   // 250ms 

11   } else { 

12    digitron_segcode_set(0xFF);       // 250ms 

13         } 

14     } else { 

15         digitron_segcode_set(g_digitron_disp_buf[pos]);    //  

16     } 

17      cnt = (cnt + 1) % 100;                 // cnt 1 0 ~ 99 

18     pos = (pos + 1) % 2;                                // com  

19 } 

500ms 250ms 250ms

5ms digitron_disp_scan() cnt +1

if(pos == 1) if(pos == 0)  

0 1

bit0 bit1 com0 com1  

static uint8_t g_blink_flag = 0; 

bit1 bit1 1  

static uint8_t g_blink_flag = 0x02; 

4.21

g_blink_flag 1 0  

4.21 digitron_disp_scan() 2  

1 void digitron_disp_scan (void) 

2 { 

3  static uint8_t  pos = 0; 

4  static uint8_t  cnt = 0;        // 5ms 1 

5 

6  digitron_segcode_set(0xFF);  

7     digitron_com_sel(pos); 

8  if (g_blink_flag & (1 << pos)) {           //  

9   if (cnt <= 49) { 

10    digitron_segcode_set(g_digitron_disp_buf[pos]); // 250ms 

11   } else { 

12             digitron_segcode_set(0xFF);       // 250ms 

13   } 

14  }else { 

15   digitron_segcode_set(g_digitron_disp_buf[pos]);  //  

16  } 

17  cnt = (cnt + 1) % 100;        // cnt 1 0 ~ 99 

18  pos = (pos + 1) % 2;                           // com  

19 } 
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if-else 4.22  

4.22  digitron_disp_scan() 3  

1 void digitron_disp_scan (void) 

2 { 

3  static uint8_t  pos = 0; 

4  static uint8_t  cnt = 0;       // 5ms 1 

5 

6  digitron_segcode_set(0xFF);  

7  digitron_com_sel(pos); 

8  if (((g_blink_flag & (1 << pos)) && (cnt <= 49)) ||((g_blink_flag & (1 << pos)) == 0)) { 

9   digitron_segcode_set(g_digitron_disp_buf[pos]);   // 250ms 250ms 

10  } 

11     cnt = (cnt + 1) % 100; 

12     pos = (pos + 1) % 2; 

13 } 

g_blink_flag

4.23  

4.23  digitron_disp_blink_set()  

1 static uint8_t g_blink_flag = 0x00; 

2 void digitron_disp_blink_set (uint8_t pos, am_bool_t isblink) 

3 { 

4     if (isblink) { 

5   g_blink_flag |= (1 << pos);     // 1 

6     } else { 

7   g_blink_flag &= ~(1 << pos);    // 0 

8     } 

9 } 

digitron_disp_blink_set() pos isblink

AM_TRUE AM_FALSE am_bool_t AMetal

am_types.h AM_TRUE AM_FALSE

com0  

digitron_disp_blink_set(0, AM_TRUE); 

com0  

digitron_disp_blink_set(0, AM_FALSE); 

digitron_disp_blink_set() 4.24 digitron1.h  

4.24  digitron1.h  

1 #pragma once 

2 #include <am_types.h> 

3 

4 void   digitron_init(void);        //  

5 void  digitron_disp_scan(void);       //  

6 void   digitron_disp_code_set(uint8_t pos, uint8_t code);   //  
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7 void   digitron_disp_num_set(uint8_t pos, uint8_t num);   // 0 ~ 9  

8 uint8_t digitron_num_decode(uint8_t num);     //  

9 void digitron_disp_blink_set(uint8_t pos, am_bool_t isblink); //  

4.25  

4.25  (2) 

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "digitron1.h" 

4 int am_main (void) 

5 { 

6  int sec  = 0;                             // 0 

7  int i   = 0; 

8 

9  digitron_init(); 

10  digitron_disp_num_set(0, 0);       // 0 

11  digitron_disp_num_set(1, 0);     // 0 

12  digitron_disp_blink_set(1, AM_TRUE);   // com1  

13  while(1) { 

14   digitron_disp_scan();                 // 5ms  

15   am_mdelay(5); 

16   i++; 

17   if (i == 200) {                   // 200 1s 

18               i = 0; 

19               sec = (sec + 1) % 60;           // +1 

20    digitron_disp_num_set(0, sec / 10);    //  

21    digitron_disp_num_set(1, sec % 10);  //  

22   } 

23  } 

24 } 

4.18

 

4.4  
4.4.1  

MCU
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MCU

MCU MCU

 

 

 

 

MCU MCU 1

 

 

 

Windows

Windows

 

 

 

 

keyDown
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mouseMove  

 

 

main() 1

 

4.4.2  

5ms digitron_disp_scan()

MCU

 

5ms

digitron_disp_scan() MCU

4.3

 

4.3   

  

int am_softimer_init(am_softimer_t *p_timer, am_pfnvoid_t p_func, void *p_arg);  

void am_softimer_start(am_softimer_t *p_timer, unsigned int ms);  

void am_softimer_stop(am_softimer_t *p_timer);  

1  am_softimer_t  

C am_softimer_t typedef

 

typedef struct am_softimer am_softimer_t; 

 

am_softimer_t timer;                           //  

 timer am_softimer_t  

2   

p_func p_func

 

int am_softimer_init(am_softimer_t *p_timer, am_pfnvoid_t p_func, void *p_arg); 
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p_timer am_softimer_t

p_func am_pfnvoid_t AMetal

am_types.h  

typedef void (*am_pfnvoid_t) (void *); 

p_func void* p_arg

p_arg

NULL AM_OK

-AM_EINVAL

4.26  

4.26  am_softimer_init ()  

1 void timer_callback (void *p_arg) 

2 { 

3     //  

4 } 

5 

6 am_softimer_t timer;       //  

7 int am_main (void) 

8 { 

9  am_softimer_init(&timer,timer_callback, NULL); //  

10 } 

 am_softtimer_init() A C

timer_callback() B timer_callback()

time_callback p_func am_softtimer_init() timer_callback()

timer_callback()

p_arg A B

C timer_callback()

timer_callback()  

3   

ms

am_softimer_init() p_func  

void am_softimer_start(am_softimer_t *p_timer, unsigned int ms); 

p_timer am_softimer_t ms ms

AM_OK -AM_EINVAL

4.27  

4.27   

1 static am_softimer_t g_timer;                //  

2 static void timer_callback(void *p_arg) 

3 { 

4     digitron_disp_scan();                  // 5ms  
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5 } 

6 

7 void digitron_softimer_set(void)      //  

8 { 

9  am_softimer_init(&g_timer,timer_callback, NULL); //  

10  am_softimer_start(&g_timer, 5); // 5ms  

11 } 

digitron_softimer_set()

 

digitron_softimer_set() digitron_init()

digitron_init_with_softimer()

4.28  

4.28  digitron1.h  

1 #pragma once 

2 #include <am_types.h> 

3 

4 void  digitron_init(void);       //  

5 void  digitron_init_with_softimer(void);    //  

6 void   digitron_disp_code_set(uint8_t pos, uint8_t code);  //  

7 void   digitron_disp_num_set(uint8_t pos, uint8_t num);  // 0 ~ 9  

8 uint8_t digitron_num_decode(uint8_t num);    //  

9 void   digitron_disp_blink_set(uint8_t pos, am_bool_t isblink); //  

4.29 0~59  

4.29  0~59 3  

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "digitron1.h" 

4 int am_main (void) 

5 

6 { 

7  int sec   = 0;                             // 0 

8 

9  digitron_init_with_softimer ();     // 5ms  

10  digitron_disp_num_set(0, 0);              // 0 

11  digitron_disp_num_set(1, 0);               // 0 

12  digitron_disp_blink_set(1, AM_TRUE);    // com1  

13  while(1) { 

14   am_mdelay(1000); 

15   sec = (sec + 1) % 60;               // +1 

16   digitron_disp_num_set(0,sec / 10);    //  

17   digitron_disp_num_set(1,sec % 10);   //  

18     } 
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19 } 

1s 1

1 4.30  

4.30  0~59 4  

1 #include "ametal.h" 

2 #include "digitron1.h" 

3 #include "am_softimer.h" 

4 am_softimer_t timer_sec; 

5 void timer_sec_callback (void *p_arg) 

6 { 

7     static int sec = 0;                         // 0 

8 

9     sec = (sec + 1) % 60;                 // +1 

10     digitron_disp_num_set(0,sec / 10);       //  

11     digitron_disp_num_set(1,sec % 10);     //  

12 } 

13 

14 int am_main (void) 

15 { 

16  digitron_init_with_softimer (); 

17  am_softimer_init(&timer_sec, timer_sec_callback, NULL);   //  

18  am_softimer_start(&timer_sec,1000);                     // 1s 

19  digitron_disp_num_set(0,0);        // 0 

20  digitron_disp_num_set(1,0);       // 0 

21  while(1) { 

22     } 

23 } 

1 timer_sec_callback()

while(1) 0~59

while(1)

 

438 Flash 12 RAM

24

 

4   

am_softimer_start()  

void am_softimer_stop(am_softimer_t *p_timer); 

p_timer am_softimer_t AM_OK

-AM_EINVAL 4.31  

4.31  am_softimer_stop ()  
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1 void timer_callback (void *p_arg) 

2 { 

3     //  

4 } 

5 

6 am_softimer_t timer;        //  

7 int am_main () 

8 { 

9  am_softimer_init(&timer,timer_callback, NULL);  //  

10  am_softimer_start(&timer, 5);                     // 5ms 

11        // ... 

12  am_softimer_stop(&timer);                      //  

13 } 

4.30

4.32  

4.32  0~59 + 1  

1 #include "ametal.h" 

2 #include "digitron1.h" 

3 #include "buzzer.h" 

4 #include "am_softimer.h" 

5 

6 am_softimer_t timer_sec; 

7 void timer_sec_callback (void *p_arg) 

8 { 

9  static int sec = 0;                        // 0 

10  buzzer_beep(100);         // 100ms  

11  sec = (sec + 1) % 60;                // +1 

12  digitron_disp_num_set(0, sec / 10);      //  

13  digitron_disp_num_set(1, sec % 10);    //  

14 } 

15 

16 int am_main (void) 

17 { 

18  buzzer_init(); 

19  digitron_init_with_softimer(); 

20  am_softimer_init(&timer_sec, timer_sec_callback, NULL);   //  

21  am_softimer_start(&timer_sec, 1000);                     // 1s 

22  digitron_disp_num_set(0, 0);        // 0 

23  digitron_disp_num_set(1, 0);      // 0 

24  while(1) { 

25      } 

26 } 

1
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500ms

 

main() while(1)

MCU

buzzer_beep()

100ms MCU while(1)

100ms

 

buzzer_beep_async()

4.33  

4.33   

1 #include "ametal.h" 

2 #include "buzzer.h" 

3 

4 static void beep_timer_callback (void *p_arg);  //  

5 static am_softimer_t beep_timer;     //  

6 void buzzer_init (void) 

7 { 

8     am_softimer_init(&beep_timer,__beep_timer_callback, &beep_timer); //  

9 } 

10 

11 static void beep_timer_callback (void *p_arg) 

12 { 

13     am_softimer_t *p_timer = (am_softimer_t *)p_arg; 

14     am_softimer_stop(p_timer); 

15     buzzer_off(); 

16 } 

17 

18 //  

19 void buzzer_beep_async (unsigned int ms) 

20 { 

21     am_softimer_start(&beep_timer, ms); 

22     buzzer_on(); 

23 } 

buzzer_beep_async() buzzer.h 4.34  

4.34  0~59 + 2  



ARM AMetal  

83 

1 #include "ametal.h" 

2 #include "digitron1.h" 

3 #include "buzzer.h" 

4 #include "am_softimer.h" 

5 

6 am_softimer_t timer_sec; 

7 void timer_sec_callback (void *p_arg) 

8 { 

9      static int sec = 0;                         // 0 

10  buzzer_beep_async(100);        // 100ms  

11      sec = (sec + 1) % 60;                 // +1 

12      digitron_disp_num_set(0, sec / 10);       //  

13      digitron_disp_num_set(1, sec % 10);     //  

14 } 

15 

16 int am_main (void) 

17 { 

18  buzzer_init(); 

19  digitron_init_with_softimer(); 

20  am_softimer_init(&timer_sec, timer_sec_callback, NULL);   //  

21  am_softimer_start(&timer_sec, 1000);                     // 1s 

22  digitron_disp_num_set(0, 0);        // 0 

23  digitron_disp_num_set(1, 0);      // 0 

24  while(1) { 

25      } 

26 } 

4.5  
4.5.1  

1   

 

4.12(a)

Y Y

Y

4.12 (b)  

 

 

4.12  
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4.13 td

 

2   

LPC824 P0_10 P0_11

14 GPIO

MCU K

 

4.14 AM824-Core

J14_1 J14_2 KEY PIO0_1  

MCU

10ms GPIO

1 0  

1 PIO0_1 PIO0_1 1  

2 KEY PIO0_1 0 10ms  

PIO0_1 1 PIO0_1 0  

3 KEY PIO0_1 1 10ms

PIO0_1 0 PIO0_1 1  

3. Key  

AMetal key1.h 5.43  

4.35  key1.h  

1 #pragma once 

2 void  key1_init(void);        //  

3    // 10ms  

4 // 0xFF 0 1  

5 uint8_t key1_scan(void);       //  

4.36

LED0  

4.36   

1 #include "ametal.h" 

2 #include "led.h" 

3 #include "buzzer.h" 

4 #include "key1.h" 

5 #include "am_delay.h" 

6 int am_main() 

7 { 

 

4.13   

 

4.14   
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8  uint8_t key_return;       // key1_scan()  

9 

10  key1_init(); 

11  led_init(); 

12  buzzer_init(); 

13  while(1) { 

14   key_return = key1_scan();     //  

15         if (key_return == 0) { 

16    buzzer_beep(100); 

17         }else if (key_return == 1) { 

18    led_toggle(0); 

19   } 

20   am_mdelay(10); 

21  } 

22 } 

10ms key1_scan() key_return

while(1)

10ms key1_scan() 4.37  

4.37   

1 #include "ametal.h" 

2 #include "led.h" 

3 #include "buzzer.h" 

4 #include "key1.h" 

5 

6 static am_softimer_t g_key1_timer;                  //  

7 void key1_process(uint8_t key_return)          //  

8 { 

9  if (key_return == 0) { 

10   buzzer_beep_async(100); 

11  } else if (key_return == 1) { 

12   led_toggle(0); 

13  } 

14 } 

15 

16 void key1_softimer_callback(void *p_arg) 

17 { 

18  uint8_t key_return = key1_scan(); 

19     if (key_return != 0xFF) { 

20         key1_process(key_return); 

21     } 
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22 } 

23 

24 void key1_softimer_set (void) 

25 { 

26     am_softimer_init(&g_key1_timer, key1_softimer_callback, NULL); 

27     am_softimer_start(&g_key1_timer, 10); 

28 } 

29 

30 int am_main() 

31 { 

32  led_init(); 

33  buzzer_init(); 

34     key1_init(); 

35  key1_softimer_set(); 

36     while(1) { 

37     } 

38 } 

key1_softimer_set() 10ms

key1_softimer_callback() key1_scan()

0xFF key1_process()

key1_process()

LED0 key1_process()

buzzer_beep_async()  

key1.c key1.h  

void key1_init_with_softimer(void); 

 

typedef void (*pfn_key1_callback_t) (void *p_arg, int code);    //  

 

void key1_init_with_softimer(pfn_key1_callback_t p_func, void *p_arg); 

4.38 key1.h

4.39 key1.c  

4.38  key1.h  

1 #pragma once 

3 //  
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4 //  

5 //  

6 // p_arg  

7 // code 0 code 1  

8 typedef void (*pfn_key1_callback_t) (void *p_arg, uint8_t code); //  

9 void  key1_init(void);         //  

10 // 10ms  

11 // 0xFF 0 1  

12 uint8_t key1_scan(void); 

13   //  

14 // p_func  

15 // p_arg NULL 

16 void key1_init_with_softimer(pfn_key_callback_t p_func, void *p_arg); 

4.39  key1.c  

1 static pfn_key1_callback_t  g_key1_callback = NULL;   //  

2 static void               *g_key1_arg   = NULL;  //  

3 static am_softimer_t       g_key1_timer;                //  

4 

5 void key1_softimer_callback(void *p_arg) 

6 { 

7     uint8_t key_return = key1_scan(); 

8     if (key_ return!= 0xFF) { 

9   //  

10   g_key1_callback(g_key1_arg, key_return); 

11     } 

12 } 

13 

14 void key1_softimer_set (void) 

15 { 

16     am_softimer_init(&g_key1_timer, key1_softimer_callback, NULL); 

17     am_softimer_start(&g_key1_timer,10);              // 10ms  

18 } 

19 

20 void key1_init_with_softimer(pfn_key1_callback_t p_func, void *p_arg) 

21 { 

22      key1_init(); 

23  g_key1_callback  = p_func; 

24  g_key1_arg      = p_arg; 

25      key1_softimer_set(); 

26 } 

LED0

4.40  

4.40   
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1 #include "ametal.h" 

2 #include "led.h" 

3 #include "buzzer.h" 

4 #include "key1.h" 

5 

6 void key1_process(void *p_arg, uint8_t key_return)       //  

7 { 

8  if (key_return == 0) {       //  

9   buzzer_beep_async(100); 

10  } else if (key_return == 1) {      //  

11   led_toggle(0); 

12  } 

13 } 

14 

15 int am_main() 

16 { 

17  led_init(); 

18  buzzer_init(); 

19     key1_init_with_softimer(key1_process, NULL);  // NULL 

20     while(1) { 

21     } 

22 } 

4.5.2  

I/O

I/O

4.15

2 2

KR0 KR1 KL0 KL1  

row

column

16 I/O 6 10 5 11 8 8

8 8 64  

MiniPort-Key 4 MiniPort B AM824-Core

I/O AM824-Core MiniPort J4

4.16  

 

4.15  2 2  
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2 2 4 KEY0 KEY3 KR0 KR1 row KL0

KL1 column KL0

KL1

KEY0 KL1

KL0 KR0

KR0 KR1

KL0 KL1

AMetal

matrixkey.h 4.41 

4.41   matrixkey.h  

1 #pragma once 

2 void matrixkey_init(void);         //  

3 // 10ms  

4 // 0xFF  

5 // 0 1 7 0 ~ N - 1  

6 uint8_t matrixkey_scan(void); 

7 // 10ms  

8 // 0xFF  

9 // 0 1 7 0 ~ N - 1  

10 uint8_t matrixkey_scan_with_digitron(void);  //  

11 //  

12 //  

13 //  

14 // p_arg  

15 // code 0 1 7 0 ~ N - 1  

16 typedef void (*pfn_matrixkey_callback_t) (void *p_arg, uint8_t code); //  

17 //  

18 // p_func  

19 // * p_arg NULL 

20 void matrixkey_init_with_softimer(pfn_matrixkey_callback_t p_func, void *p_arg); 

4.42

LED0 LED1 KEY0 LED

KEY1 01 LED0 LED1  

4.42   

1 #include "ametal.h" 

2 #include "buzzer.h" 

3 #include "led.h" 

4 #include "am_delay.h" 

 

4.16   
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5 #include "matrixkey.h" 

6 void key_process (uint8_t code)           //  

7 { 

8     if ((code & 0x80) == 0) {             //  

9         buzzer_beep_async(100); 

10     } 

11     switch (code) { 

12     case 0:                               // KEY0 00 

13         led_off(0); led_off(1);break; 

14     case 1:                               // KEY1 01 

15         led_on(0); led_off(1);break; 

16     case 2:                               // KEY2 10 

17         led_on(1); led_off(0);break; 

18     case 3:                                 // KEY3 11 

19         led_on(0); led_on(1);break; 

20     default: 

21         break; 

22     } 

23 } 

24 

25 int am_main() 

26 { 

27     uint8_t key_return; 

28 

29  buzzer_init(); led_init();   matrixkey_init(); 

30  while(1) { 

31   key_return = matrixkey_scan(); 

32   if (key_return!= 0xFF) { 

33    //  

34    key_process(key_ return); 

35   } 

36   am_mdelay(10); 

37     } 

38 } 

4.17 2

com

PIO0_17

PIO0_23

com0 com1

KL0 KL1
 

4.17   LED  
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com  

 

uint8_t matrixkey_scan_with_digitron(void); 

10ms 5ms

10ms 2  

4  

� KEY0  

 

� KEY2  

 

� KEY1 +1 1  

� KEY3 -1 1  

4.43  

4.43  + 2  

1 #include "ametal.h" 

2 #include "matrixkey.h" 

3 #include "digitron1.h" 

4 #include "am_delay.h" 

5  uint8_t g_disp_num = 0; 

6 void key_process (uint8_t code) 

7 { 

8     static uint8_t adj_state = 0;           // 0 1 

9     static uint8_t adj_pos;                //  

10     uint8_t   num_single;         //  

11     uint8_t   num_ten;            //  

12 

13     switch (code) { 

14     case 0:  

15          adj_state = !adj_state;                 //  

16          if (adj_state == 1) {                   //  

17              digitron_disp_blink_set(1, AM_TRUE);   //  

18          } else {                              //  

19              digitron_disp_blink_set(adj_pos, AM_FALSE);//  

20              adj_pos = 1; 

21          } 

22         break; 

23     case 1:                                         // 1 

24          if (adj_state == 1) { 

25              num_single = g_disp_num % 10; 

26              num_ten   = g_disp_num / 10; 

27              if (adj_pos == 1) { 
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28                  num_single = (num_single + 1) % 10; // 1 0 ~ 9 

29              } else { 

30                  num_ten   = (num_ten + 1) % 10;      // 1 0 ~ 9 

31              } 

32    g_disp_num = num_ten * 10 + num_single; 

33              digitron_disp_num_set(0,num_ten);        //  

34              digitron_disp_num_set(1,num_single);     //  

35         } 

36         break; 

37     case 2:                                          //  

38         if (adj_state == 1) { 

39              digitron_disp_blink_set(adj_pos, AM_FALSE); 

40              adj_pos = !adj_pos; 

41              digitron_disp_blink_set(adj_pos, AM_TRUE); 

42          } 

43          break; 

44     case 3:                                          // 1 

45          num_single = g_disp_num % 10; 

46          num_ten   = g_disp_num / 10; 

47          if (adj_state == 1) { 

48             if (adj_pos == 1) { 

49                 num_single = (num_single - 1 + 10) % 10;  // 1 0 ~ 9 

50             } else { 

51                 num_ten   = (num_ten - 1 + 10) % 10;    // 1 0 ~ 9 

52             } 

53          } 

54   g_disp_num = num_ten * 10 + num_single; 

55          digitron_disp_num_set(0,num_ten);         //  

56          digitron_disp_num_set(1,num_single);      //  

57          break; 

58     default: 

59          break; 

60     } 

61 } 

62 

63 int am_main() 

64 { 

65     uint8_t key_return; 

66     int i; 

67 

68     matrixkey_init(); 

69     digitron_init(); 

70     digitron_disp_num_set(0,g_disp_num / 10);     //  

71     digitron_disp_num_set(1,g_disp_num % 10);     //  
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72     while(1) { 

73   key_return = matrixkey_scan_with_digitron(); 

74          if (key_return!= 0xFF) { 

75    //  

76    key_process(key_return); 

77          } 

78          for (i = 0; i < 2; i++) { 

79    // 10ms 

80    digitron_disp_scan(); 

81    am_mdelay(5); 

82          } 

83      } 

84 } 

4.6 SPI  
/ MCU

SPI 4

 

4.6.1 SPI  

LPC824 SPI  

� SSEL  

SPI SSEL

SSEL

SPI SSEL  

� MOSI  

MOSI SPI MOSI

SPI MOSI  

� MISO  

MISO SPI MISO

SPI MISO  

� SCK  

SCK SPI 

 

4.6.2 74HC595  

74HC595

/ 8

74HC595 5 OE
MR OE

Q7~ Q0 MR
VCC 74HC595 3 CP

D STR MCU SCK MOSI SSEL 4.18  

 

4.18  74HC595  
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CP D 74HC595

STR Q7~ Q0

 

MiniPort-595 74HC595 8 I/O LED

AM824-Core MiniPort J4 4.19 b MiniPort-595

J2 4.19 c  

1000 0000 74HC595 Q7 Q0

D7 D0

D 8

10000000 Q7

Q0 AMetal

74HC595

hc595.h

4.44  

4.44  hc595.h  

1 #pragma once 

2 

3 void hc595_init(void);        // 74HC595  

4  // 8 data  

5 void hc595_send_data(uint8_t data);     //  

74HC595

hc595_send_data()

8 74HC595 8

I/O 8 LED

8 I/O 74HC595

I/O  

AM824-Core

MiniPort-595 MiniPort A

MiniPort-LED MiniPort B

4.20

4.21 a

MCU MiniPort J4

4.21 b MCU STR CP

D 3 74HC595

8 LED 4.45  

4.45  74HC595  

1 #include "ametal.h" 

2 #include "hc595.h" 

3 

4 int am_main() 

 

4.19  595  

 

4.20  8 I/O  

 
4.21   
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5 { 

6     uint8_t data = 0x01;                 // bit0 1 LED0 

7 

8  hc595_init(); 

9      while(1) { 

10   hc595_send_data(~data);     // data LED 

11          am_mdelay(100); 

12          data <<= 1; 

13          if (data == 0) {       // 8 0x01  

14    data = 0x01; 

15          } 

16      } 

17 } 

74HC595 8 4.22  

AM824-Core MiniPort-595 MiniPort A MiniPort-View MiniPort 

B 3

4.23 a MCU

MiniPort J4 4.23 b

MCU STR CP D

74HC595 COM0 COM1

 

74HC595 I/O

digitron1.c

4.46  

4.46  74HC595  

1 #include "hc595.h" 

2 #include "digitron1.h" 

3 

4 void digitron_hc595_segcode_set (uint8_t code)    //  

 

4.22  2  

 

4.23   
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5 { 

6     hc595_send_data(code);       //  

7 } 

8 

9 void digitron_hc595_init (void)       //  

10 { 

11     int i; 

12 

13     for (i = 0; i < 2; i++) { 

14   // com  

15   am_gpio_pin_cfg(g_digitron_com[i], AM_GPIO_OUTPUT_INIT_HIGH); 

16     } 

17     digitron_disp_code_set(0, 0xFF);                 //  

18     digitron_disp_code_set(1, 0xFF);                 //  

19     hc595_init(); 

20 } 

21 

22 void digitron_hc595_disp_scan (void)      //  

23 { 

24     static uint8_t pos = 0;        // com  

25     static uint8_t cnt = 0;          //  

26 

27     digitron_hc595_segcode_set(0xFF);            //  

28     digitron_com_sel(pos);                        //  

29     if (((g_blink_flag & (1 << pos)) && (cnt <= 49)) ||((g_blink_flag & (1 << pos)) == 0)) { 

30            digitron_hc595_segcode_set(g_digitron_disp_buf[pos]); //  

31  } 

32     cnt = (cnt + 1) % 100;                  // cnt 1 0 ~ 99 

33     pos = (pos + 1) % 2;                        //  

34 } 

digitron_hc595_segcode_set() digitron_hc595_init()

digitron_hc595_disp_scan() 4.47 digitron1.h  

4.47  digitron1.h 

1 #pragma once 

2 #include <am_types.h> 

3 

4 // GPIO  

5 void  digitron_init(void);       //  

6 void  digitron_init_with_softimer(void);     //  

7 void  digitron_disp_scan(void);      //  

8 // 74HC595  

9 // digitron_hc595_init() digitron_init() 
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10 // digitron_hc595_disp_scan() digitron_disp_scan() 

11 void digitron_hc595_init(void);      //  

12 void digitron_hc595_disp_scan(void);     // 5ms  

13 // GPIO 74HC595  

14 void  digitron_disp_code_set(uint8_t pos, uint8_t code);  //  

15 void  digitron_disp_num_set(uint8_t pos, uint8_t num);  // 0 ~ 9  

16 uint8_tdigitron_num_decode(uint8_t num);    //  

17 void digitron_disp_blink_set(uint8_t pos, am_bool_t isblink); //  

74HC595 4.48  

4.48  74HC595  

1 #include "ametal.h" 

2 #include "digitron1.h" 

3 #include "am_delay.h" 

4 int am_main (void) 

5 { 

6      int i    = 0; 

7      int sec   = 0;                             // 0 

8 

9  digitron_hc595_init();       //  

10      digitron_disp_num_set(0, 0);              // 0 

11      digitron_disp_num_set(1, 0);               // 0 

12      while(1) { 

13   digitron_hc595_disp_scan();    // 5ms  

14   am_mdelay(5); 

15   i ++; 

16   if (i == 200) {                        // 200 1s 

17    i = 0; 

18    sec = (sec + 1) % 60;              // +1 

19    digitron_disp_num_set(0,sec / 10);   //  

20    digitron_disp_num_set(1,sec % 10);  //  

21   } 

22     } 

23 } 

4.7 I2C  
4.7.1 I2C  

I2C Inter Integrated Circuit NXP

I2C

I2C  

� 2  
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� I2C

I/O  

� I2C  

� I2C I/O

3V/5V  

� 
 

� 100Kbps 100K 400Kbps  

3.4Mbps  

4.7.2 LM75B

AM824-Core LM75A LM75B

1 A  

1   

LM75B NXP I2C

� 1001xxx 8  

� 2.8 5.5V -55 125  

� 11 ADC 0.125  

� 2 -25 100 3 -55 125  

LM75B 4.24 0x90 A0~A2 0~2

SCL SDA

 

2   

LM75B 4.25 R5 R6 I2C

LM75B

A0~A2

OS

MCU

J13_1 J13_2 J11_1

J11_2 SDA SCL PIO0_18 PIO0_16  

4.26 AM824-Core R32 20~50 2W J14_2

J14_3 LM75B R32 KEY

KEY R32

LM75B

LM75B

 

3   

LM75B AMetal  

void lm75_init(void);        //  LM75B  

 

4.24  LM75B  

 
4.25  LM75B  

 

4.26   
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 int16_t lm75_read (void); //  LM75 16 256  

4.49  

4.49  LM75  

1 #include "ametal.h" 

2 #include "digitron.h" 

3 #include "lm75.h" 

4 #include "am_delay.h" 

5 int am_main() 

6 { 

7  int16_t temp;                        //  

8  int i = 0; 

9 

10  digitron_hc595_init(); 

11  lm75_init(); 

12  while(1) { 

13          temp = lm75_read();      //  

14          if (temp < 0) 

15    temp = -1 * temp;     //  

16          digitron_disp_num_set(0, (temp >> 8) / 10);  //  

17          digitron_disp_num_set(1, (temp >> 8) % 10);  //  

18          for (i = 0; i < 100; i++) { 

19    // 100 500ms, 500ms  

20    digitron_hc595_disp_scan(); 

21    am_mdelay(5); 

22          } 

23      } 

24 } 

28 28

R32  

8 lm75_read()

256 256.0

8 256  

4.7.3  

LED

 

1   

I2C LM75B

 

 

2   

LED J9 J10  
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� LED0  

� LED1  

�  

3   

4  

� SET  

 

� / /  

 

� 1  

1  

� 1  

1  

1  

SET LED0

1 1 /

 

2  

SET LED1

1 1

/  

4   

4.50

3 KEY0 KEY2

KEY1 KEY3 3 key_process()

while(1) 3

500ms 10ms 5ms  

4.50   

1 #include "ametal.h" 

2 #include "buzzer.h" 

3 #include "led.h" 

4 #include "matrixkey.h" 

5 #include "digitron1.h" 

6 #include "lm75.h" 

7 #include "am_delay.h" 

8 static uint8_t g_temp_high  = 30;        // 30  

9 static uint8_t g_temp_low  = 28;        // 28  

10 static uint8_t adj_state     = 0;          // 0- 1- , 2-  

11 static uint8_t adj_pos;                 //  

12 

13 void key_state_process (void)           // KEY0 
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14 { 

15     adj_state = (adj_state + 1) % 3;                   // 0 ~ 2 

16     if (adj_state == 1) { 

17   //  

18   led_on(0);  led_off(1); 

19   adj_pos = 1; 

20   digitron_disp_blink_set(adj_pos,AM_TRUE);   //  

21   digitron_disp_num_set(0, g_temp_high / 10);    //  

22   digitron_disp_num_set(1, g_temp_high % 10);    //  

23     } else if (adj_state == 2) { 

24   //  

25   led_on(1);  led_off(0); 

26   digitron_disp_blink_set(adj_pos, AM_FALSE);   //  

27   adj_pos = 1;                                //  

28   digitron_disp_blink_set(adj_pos, AM_TRUE); 

29   digitron_disp_num_set(0,g_temp_low / 10); 

30   digitron_disp_num_set(1,g_temp_low % 10); 

31     } else { 

32   //  

33   led_off(0);  led_off(1);  

34   digitron_disp_blink_set(adj_pos, AM_FALSE); //  

35   adj_pos = 1;                                //  

36     } 

37 } 

38 

39 #define VAL_ADJ_TYPE_ADD  1 

40 #define VAL_ADJ_TYPE_SUB  0 

41 

42 void key_val_process(uint8_t type)                    // 1- 0-  

43 { 

44     uint8_t num_single;                               //  

45     uint8_t num_ten;                                  //  

46 

47     if (adj_state == 0)  //  

48   return; 

49     if (adj_state == 1) { 

50   num_single = g_temp_high % 10;   //  

51   num_ten   = g_temp_high / 10; 

52     } else if (adj_state == 2){ 

53   num_single = g_temp_low % 10;    //  

54   num_ten   = g_temp_low / 10; 

55     } 

56     if (type == 1) {                                 // 1  

57   if (adj_pos == 1) { 
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58    num_single = (num_single + 1) % 10;      // 1 0 ~ 9 

59   } else { 

60    num_ten   = (num_ten + 1) % 10;         // 1 0 ~ 9 

61   } 

62      } else {                                        // 1  

63   if (adj_pos == 1) { 

64    num_single = (num_single - 1 + 10) % 10;    // 1 0 ~ 9 

65   } else { 

66    num_ten   = (num_ten - 1 + 10) % 10;    // 1 0 ~ 9 

67   } 

68  } 

69  if (adj_state == 1) { 

70   if (num_ten * 10 + num_single >= g_temp_low) { 

71    g_temp_high = num_ten * 10 + num_single; //  

72   } else { 

73    num_ten   = g_temp_high / 10;    //  

74    num_single = g_temp_high % 10;  

75   } 

76  } else if (adj_state == 2){ 

77   if (num_ten * 10 + num_single <= g_temp_high) { 

78    g_temp_low = num_ten * 10 + num_single; //  

79   } else { 

80    num_ten   = g_temp_low / 10;   //  

81    num_single = g_temp_low % 10; 

82   } 

83  } 

84  digitron_disp_num_set(0, num_ten);                //  

85  digitron_disp_num_set(1, num_single);             //  

86 } 

87 

88 void key_pos_process(void)                           //  

89 { 

90     if (adj_state != 0) { 

91   //  

92   digitron_disp_blink_set(adj_pos, AM_FALSE); 

93   adj_pos = !adj_pos; 

94   digitron_disp_blink_set(adj_pos, AM_TRUE); 

95     } 

96 } 

97 

98 void key_process (uint8_t code) 

99 { 

100     switch (code) { 

101     case 0:  
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102   key_state_process();                       //  

103   break; 

104      case 1:                                          // 1 

105   key_val_process(VAL_ADJ_TYPE_ADD); 

106   break; 

107      case 2:                                         //  

108   key_pos_process(); 

109   break; 

110     case 3:                                        // 1 

111   key_val_process(VAL_ADJ_TYPE_SUB); 

112   break; 

113      default: 

114   break; 

115     } 

116 } 

117 

118 int am_main() 

119 { 

120     uint8_t key_code; 

121     int16_t temp;                        //  

122     int i = 0; 

123  // GPIO digitron_init() digitron_disp_scan()  

124     buzzer_init(); 

125     led_init(); 

126     matrixkey_init(); 

127     digitron_hc595_init();       // digitron_init(); 

128     lm75_init(); 

129     while(1) { 

130   // , 500ms  

131          if (adj_state == 0) { 

132              temp = lm75_read(); 

133              if (temp < 0) { 

134     temp = -1 * temp;    //  

135              } 

136              temp = temp >> 8;                  //  temp  

137              digitron_disp_num_set(0, temp / 10); 

138              digitron_disp_num_set(1, temp % 10); 

139              if (temp > g_temp_high || temp < g_temp_low) { 

140     buzzer_on(); 

141              } else { 

142     buzzer_off(); 

143              } 

144          } 

145          for (i = 0; i < 50; i++) { 
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146    // 10ms 50 500ms 

147    key_code = matrixkey_scan_with_digitron(); 

148    if (key_code != 0xFF) { 

149     if ((key_code & 0x80) == 0) {    //  

150      buzzer_beep_async(100);  //  

151      key_process(key_code);  //  

152     } 

153    } 

154    if (adj_state == 0 && (i == 24 || i == 49)) { 

155     // LED0 LED1 500ms  

156     led_toggle(0); led_toggle(1); 

157    } 

158    digitron_hc595_disp_scan();    // digitron _disp_scan(); 

159    am_mdelay(5); 

160    digitron_hc595_disp_scan();    // digitron _disp_scan(); 

161    am_mdelay(5); 

162   } 

163      } 

164 } 

  



ARM AMetal  

105 

5 AMetal 

 

✍  

 AMetal AMetal

MCU

MCU AMetal

AMetal  

AMetal

AMetal  

5.1  
5.1.1 GPIO  

AMetal GPIO GPIO

ametal_am824_core_1.00\ametal\common\interface\am_gpio.h
GPIO  

� int am_gpio_pin_cfg(int pin, uint32_t flags) 

� int am_gpio_get(int pin) 

� int am_gpio_set(int pin, int value) 

� int am_gpio_toggle(int pin) 

1   
int am_gpio_pin_cfg(int pin, uint32_t flags); 

pin PIOx_x PIO0_0 GPIO 

pin

ametal_easy_arm_lpc8xx\ametal\lpc8xx\drivers\include\lpc8xx_pin.h  

flags  |  |  | | C

am_gpio.h

GPIO AM_GPIO_* 5.1

5.2  

5.1  

  

AM_GPIO_INPUT  

AM_GPIO_OUTPUT  

AM_GPIO_OUTPUT_INIT_HIGH  

AM_GPIO_OUTPUT_INIT_LOW  
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5.2   

  

AM_GPIO_PULLUP  

AM_GPIO_PULLDOWN  

AM_GPIO_FLOAT  

AM_GPIO_OPEN_DRAIN  

AM_GPIO_PUSH_PULL  

lpc8xx_pin.h

PIO*_*_* PIO0_4_UART0_TX PIO0_4

0  

PIO0_0

lpc8xx_pin.h PIO0_0

PIO0_0

5.3 5.4  

5.4  PIO0_0  

  

PIO0_0_INACTIVE /  

PIO0_0_PULLDOWN  

PIO0_0_PULLUP  

PIO0_0_REPEATER  

PIO0_0_HYSDISABLE  

PIO0_0_HYSENABLE  

PIO0_0_INVDISABLE  

PIO0_0_INVENABLE  

PIO0_0_ODDISABLE  

PIO0_0_ODENABLE  

PIO0_0_S_MODEDISABLE  

PIO0_0_S_MODED1CK 1  

PIO0_0_S_MODED2CK 2  

PIO0_0_S_MODED3CK 3  

PIO0_0_CLK_DIV0 IOCONCLKDIV0 

5.3  PIO0_0  

  

PIO0_0_INPUT  

PIO0_0_OUTPUT  
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PIO0_0_CLK_DIV1 IOCONCLKDIV1 

PIO0_0_CLK_DIV2 IOCONCLKDIV2 

PIO0_0_CLK_DIV3 IOCONCLKDIV3 

PIO0_0_CLK_DIV4 IOCONCLKDIV4 

PIO0_0_CLK_DIV5 IOCONCLKDIV5 

PIO0_0_CLK_DIV6 IOCONCLKDIV6 

 

GPIO

 

AM_OK - AM_ENOTSUP  

GPIO 5.1  

5.1  GPIO  

am_gpio_pin_cfg(PIO0_8, AM_GPIO_OUTPUT);                //  

am_gpio_pin_cfg(PIO0_8, AM_GPIO_OUTPUT_INIT_HIGH);     //  

am_gpio_pin_cfg(PIO1_1, AM_GPIO_INPUT | AM_GPIO_PULLUP);  //  

AD 5.2  

5.2 AD  

am_gpio_pin_cfg(PIO0_2, PIO0_2_AD0_7 |  PIO0_2_FLOAT);        // PIO0_2 AD0 7 

UART 5.3  

5.3  UART  

am_gpio_pin_cfg(PIO0_2,PIO0_2_TXD0 | AM_GPIO_PULLUP);       // PIO0_2 UART0 TX 

am_gpio_pin_cfg(PIO0_3,PIO0_3_RXD0 | AM_GPIO_PULLUP);      // PIO0_3 UART0 TX 

2   
int am_gpio_get(int pin); 

pin PIOx_x PIO0_0  

5.4  

5.4  am_gpio_get()  

1 if (am_gpio_get(PIO0_5)  ==  0) { 

2  // PIO0_5  

3 } 
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3   
int am_gpio_set(int pin, int value); 

pin PIOx_x PIO0_0 PIO0.0  

Value 0- 1- AM_OK

5.5  

5.5  am_gpio_set()  

am_gpio_pin_cfg(PIO0_8, AM_GPIO_OUTPUT);         // PIO0_8  

am_gpio_set(PIO0_8, 0);                                 // PIO0_8  

4   

 GPIO GPIO GPIO

 

int am_gpio_toggle(int pin); 

 Pin PIOx_x PIO0_0 PIO0.0

AM_OK 5.6  

5.6  am_gpio_toggle()  

am_gpio_pin_cfg(PIO0_8, AM_GPIO_OUTPUT);      // PIO0_8  

am_gpio_set(PIO0_8, 0);                              // PIO0_8  

am_gpio_toggle (PIO0_8);                             // PIO0_8  

5   

LED0 GPIO 0 1

am_gpio_pin_cfg() GPIO LED0

am_gpio_set() PIO0_20 LED0

5.7  

5.7  LED  

1 #include "ametal.h" 

2 #include "am_gpio.h" 

3 int am_main (void) 

4 { 

5  // GPIO  

6  am_gpio_pin_cfg(PIO0_20,AM_GPIO_OUTPUT_INIT_HIGH); 

7  am_gpio_set(PIO0_20,0);      // LED 

8  while (1) { 

9  } 

10 } 

LED I/O 5.8  

5.8  LED 1  

1 #include "ametal.h" 

2 #include "am_gpio.h" 

3 int am_main (void) 
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4 { 

5  // GPIO  

6  am_gpio_pin_cfg(PIO0_20,AM_GPIO_OUTPUT_INIT_HIGH); 

7  while (1) { 

8   am_gpio_set(PIO0_20,0);           // LED 

9   am_mdelay(200);                 // 200ms 

10   am_gpio_set(PIO0_20,1);           // LED 

11   am_mdelay(200);                 // 200ms 

12  } 

13 } 

AMetal I/O am_gpio_toggle() 5.9  

5.9  LED 2  

1 #include "ametal.h" 

2 #include "am_gpio.h" 

3 int am_main (void) 

4 { 

5  // GPIO  

6  am_gpio_pin_cfg(PIO0_20,AM_GPIO_OUTPUT_INIT_HIGH); 

7  while (1) { 

8   am_gpio_toggle (PIO0_20);     // LED  

9   am_mdelay(200);                 // 200ms 

10  } 

11 } 

1KHz 1KHz T=1/1000 s =1 ms

500us 500us

5.10  

5.10   

1 #include "ametal.h" 

2 #include "am_gpio.h" 

3 int am_main (void) 

4 { 

5  // PIO0_24  

6  am_gpio_pin_cfg(PIO0_24, AM_GPIO_OUTPUT_INIT_HIGH); 

7  while(1) { 

8   am_gpio_toggle(PIO0_24);     // PIO0_24  

9   am_udelay(500); 

10  } 

11 } 
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5.1.2 LED  

LED LED

.h

.c .h .c

led.c led.h .c  

LED 3

AMetal LED LED

LED  

1 void led_init (void);       //  

2 int led_on(int led_id);       // LED 

3 int led_off(int led_id);       // LED 

4 int led_toggle(int led_id);      // I/O LED  

 led_id LED LED

GPIO 5.11  

5.11  LED GPIO  

const int led_gpio_tab[] = {PIO0_8,PIO0_9,PIO0_10,PIO0_11,PIO0_12,PIO0_13,PIO0_14,PIO0_15}; 

I/O 8 led_id

0 ~ 7 led_id 5.12  

5.12  led.c (1) 

1 int led_on (int led_id) 

2 { 

3     if (led_id >= sizeof(led_gpio_tab) / sizeof(led_gpio_tab[0])) { 

4         return AM_ERROR; 

5  } 

6     am_gpio_set(led_gpio_tab[led_id],0);     // LED 

7     return AM_OK; 

8 } 

9 

10 int led_off (int led_id) 

11 { 

12     if (led_id >= sizeof(led_gpio_tab) / sizeof(led_gpio_tab[0])){ 

13         return AM_ERROR; 

14     } 

15     am_gpio_set(led_gpio_tab[led_id],0);     // LED 

16     return AM_OK; 

17 } 
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18 

19 int led_toggle (int led_id) 

20 { 

21     if (led_id >= sizeof(led_gpio_tab) / sizeof(led_gpio_tab[0])) { 

22         return AM_ERROR; 

23     } 

24     am_gpio_toggle(led_gpio_tab[led_id],0);    // LED  

25     return AM_OK; 

26 } 

LED GPIO

5.13  

5.13   

1 void led_init (void) 

2 { 

3  int i; 

4 

5  for (i = 0; i < sizeof(led_gpio_tab) / sizeof(led_gpio_tab[0]); i++) { 

6   // GPIO LED 

7   am_gpio_pin_cfg (led_gpio_tab[i], AM_GPIO_OUTPUT_INIT_HIGH); 

8  } 

9 } 

GPIO GPIO

LED led.h

5.14  #include "led.h"  

5.14  led.h  

1 #pragma once 

2 

3 void led_init (void);       //  

4 int led_on(int led_id);       // LED 

5 int led_off(int led_id);       // LED 

6 int led_toggle(int led_id);      // I/O LED  

led.h LED

LED led_id

5.15  

5.15  LED_ID  

1 #define LED0  0 

2 #define LED1  1 
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3 #define LED2  2 

4 #define LED3  3 

5 #define LED4  4 

6 #define LED5  5 

7 #define LED6  6 

8 #define LED7  7 

LED0 led_on(LED0)

LED GPIO I/O

LED  

LED

typedef led_info

5.16 3 ~ (8  

5.16  led.c (2) 

1 #include "ametal.h" 

2 #include "led.h" 

3 #include "am_gpio.h" 

4 #include "am_lpc82x.h" 

5 

6 typedef struct led_info { 

7     int           pin;              // LED  

8     unsigned char  active_level;       // 0 1  

9 } led_info_t; 

10 static const led_info_tg_led_info[] = {{ PIO0_8, 0},{ PIO0_9, 0},{ PIO0_10, 0},{ PIO0_11, 0}, 

11          { PIO0_12, 0},{ PIO0_13, 0},{ PIO0_14, 0},{ PIO0_15, 0}}; 

12 

13 void led_init (void) 

14 { 

15  int i; 

16 

17  for (i = 0; i < sizeof(g_led_info) / sizeof(g_led_info[0]); i++) { 

18   // GPIO LED 

19   am_gpio_pin_cfg(g_led_info[i].pin, AM_GPIO_OUTPUT_INIT_HIGH); 

20  } 

21 } 

22 

23 int led_on (uint8_t led_id) 

24 { 
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25  if (led_id >= sizeof(g_led_info) / sizeof(g_led_info[0])) { 

26         return AM_ERROR; 

27  } 

28  am_gpio_set(g_led_info[led_id].pin, g_led_info[i].active_level); 

29  return AM_OK; 

30 } 

31 

32 int  led_off (uint8_t led_id) 

33 { 

34  if (led_id >= sizeof(g_led_info) / sizeof(g_led_info[0])) { 

35         return AM_ERROR; 

36  } 

37  am_gpio_set(g_led_info[led_id].pin, !g_led_info[i]. active_level); 

38  return AM_OK; 

39 } 

40 

41 int  led_toggle (uint8_t led_id) 

42 { 

43  if (led_id >= sizeof(g_led_info) / sizeof(g_led_info[0])) { 

44         return AM_ERROR; 

45  } 

46  am_gpio_toggle(g_led_info[led_id].pin); 

47  return AM_OK; 

48 } 

led.h led.c

led.c  

LED AM824-Core

LED MiniPort-LED 8 LED

led.h USE_MINIPORT_LED 0

LED 1 MiniPort-LED g_led_info  

1 static const led_info_t g_led_info[] = { 

2 #if (USE_MINIPORT_LED == 1) 

3      {PIO0_8, 0}, {PIO0_9, 0}, {PIO0_10, 0}, {PIO0_11, 0}, 

4      {PIO0_12,0}, {PIO0_13, 0}, {PIO0_14, 0}, {PIO0_15, 0} 

5 #else 

6     {PIO0_20, 0}, {PIO0_21, 0} 

7 #endif 
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8 }; 

 

5.1.3 I/O  

GPIO GPIO 5.5  

5.5  GPIO  

  

int am_gpio_trigger_cfg(int pin, uint32_t flag);  

int am_gpio_trigger_connect(int pin, am_pfnvoid_t pfn_callback, void *p_arg);  

int am_gpio_trigger_disconnect(int pin, am_pfnvoid_t pfn_callback, void *p_arg);  

int am_gpio_trigger_on(int pin);  

int am_gpio_trigger_off(int pin);  

1   

 

int am_gpio_trigger_cfg(int pin, uint32_t flag); 

pin PIOx_x PIO0_0 Flag

5.6  

 5.6  GPIO  

  

AM_GPIO_TRIGGER_OFF  

AM_GPIO_TRIGGER_HIGH  

AM_GPIO_TRIGGER_LOW  

AM_GPIO_TRIGGER_RISE  

AM_GPIO_TRIGGER_FALL  

AM_GPIO_TRIGGER_BOTH_EDGES  

GPIO

flag

am_gpio_pin_cfg() flag

C

|  



ARM AMetal  

115 

AM_OK -AM_ENOTSUP

5.17  

5.17  am_gpio_trigger_cfg ()  

1 // PIO0_5  

2 if (am_gpio_trigger_cfg(PIO0_5, AM_GPIO_TRIGGER_RISE)  != AM_OK) { 

3  //  

4 } 

2   

 

int am_gpio_trigger_connect(int pin, am_pfnvoid_t pfn_callback, void *p_arg); 

pin PIOx_x PIO0_0

pfn_callback am_pfnvoid_t (void (*)(void *) ) void 

* p_arg void *

AM_OK 5.18  

5.18  am_gpio_trigger_connect()  

1 // \brief  

2 void gpio_isr (void *p_arg) 

3 { 

4     // I/O  

5 } 

6 am_gpio_trigger_connect(PIO0_5, gpio_isr, (void *)0);       //  

7 am_gpio_trigger_cfg(PIO0_5, AM_GPIO_TRIGGER_RISE);  //  

3   

am_gpio_trigger_connect()

 

int am_gpio_trigger_disconnect(int pin, am_pfnvoid_t pfn_callback, void *p_arg); 

Pin PIOx_x PIO0_0

pfn_callback p_arg

void * AM_OK

5.19  

5.19  am_gpio_trigger_disconnect()  

1 // \brief  

2 void gpio_isr (void *p_arg) 

3 { 

4     // I/O  

5 } 

6 am_gpio_trigger_connect(PIO0_5, gpio_isr, (void *)0);  //  
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7 am_gpio_trigger_cfg(PIO0_5, AM_GPIO_TRIGGER_RISE);  //  

8 .... 

9 am_gpio_trigger_disconnect(PIO0_5, gpio_isr, (void *)0);     //  

4   

 

int am_gpio_trigger_on(int pin); 

pin PIOx_x PIO0_0  

AM_OK 5.20  

5.20  am_gpio_trigger_on ()  

1 // \brief  

2 void gpio_isr (void *p_arg) 

3 { 

4     // I/O  

5 } 

6 am_gpio_trigger_connect(PIO0_5, gpio_isr, (void *)0);        //  

7 am_gpio_trigger_cfg(PIO0_5, AM_GPIO_TRIGGER_RISE);   //  

8 am_gpio_trigger_on(PIO0_5);                            //  

5   

am_gpio_trigger_on()  

int am_gpio_trigger_off(int pin); 

pin PIOx_x PIO0_0

AM_OK 5.21  

5.21  am_gpio_trigger_off()  

1 // \brief  

2 void gpio_isr (void *p_arg) 

3 { 

4     // I/O  

5 } 

6 am_gpio_trigger_connect(PIO0_5, gpio_isr, (void *)0);        //  

7 am_gpio_trigger_cfg(PIO0_5, AM_GPIO_TRIGGER_RISE);   //  

8 am_gpio_trigger_on(PIO0_5);                            //  

9 //.... 

10 am_gpio_trigger_off(PIO0_5);                            //  

5.2 LED  
5.2.1  
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4.10 2 LN3161BS LED

com0 b c LED 1

5.22  

5.22  1 1  

1 #include "ametal.h" 

2 #include "am_gpio.h" 

3 // com  

4 const int g_digitron_com[2] = {PIO0_17,PIO0_23}; 

5 // 0 ~ 7  a, b, c, d, e, f, g, dp 

6 const int g_digitron_seg[8]={PIO0_8, PIO0_9, PIO0_10, PIO0_11, PIO0_12, PIO0_13, PIO0_14, IO0_15}; 

7 int main (void) 

8 { 

9  int i; 

10 

11  for (i = 0; i < 2; i++) { 

12   // com  

13   am_gpio_pin_cfg(g_digitron_com[i], AM_GPIO_OUTPUT_INIT_HIGH); 

14  } 

15  for (i = 0; i < 8; i++) { 

16   //  

17   am_gpio_pin_cfg(g_digitron_seg[i], AM_GPIO_OUTPUT_INIT_HIGH); 

18  } 

19  am_gpio_set(g_digitron_com[0], 0);    // com0 0  

20  am_gpio_set(g_digitron_seg[1], 0);   // b LED 

21  am_gpio_set(g_digitron_seg[2], 0);       // c LED 

22  while(1) { 

23  } 

24 } 

5.23  

5.23   

1 const uint8_t g_segcode_list[10] = {0xC0, 0xF9, 0xA4, 0xB0, 0x99, 0x92, 0x82, 0xF8, 0x80, 0x90}; 

2 void digitron_segcode_set(uint8_t code) 

3 { 

4  int i; 

5 

6  for (i = 0; i < 8; i++) { 

7   am_gpio_set(g_digitron_seg[i], ((code & (1 << i)) >> i));  // i  
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8  } 

9 } 

3  

digitron_segcode_set (g_segcode_list[3]); 

0x7F  

digitron_segcode_set (g_segcode_list[3] & 0x7F); 

 

digitron_segcode_set (0x8E);     // F  

5.24  

5.24   

1 void digitron_com_sel(uint8_t pos) 

2 { 

3     int i; 

4 

5     for (i = 0; i < 2; i++) { 

6   // i pos 0( ) 1( ) 

7   am_gpio_set(g_digitron_com[i], !(pos == i));  

8     } 

9 } 

com0 1 5.25  

5.25  1 2  

1 #include "ametal.h" 

2 

3 int main (void) 

4 { 

5  int i; 

6 

7  for (i = 0; i < 2; i++) { 

8   // com  

9   am_gpio_pin_cfg(g_digitron_com[i], AM_GPIO_OUTPUT_INIT_HIGH); 

10  } 

11  for (i = 0; i < 8; i++) { 

12   //  

13   am_gpio_pin_cfg(g_digitron_seg[i], AM_GPIO_OUTPUT_INIT_HIGH); 

14  } 

15  digitron_com_sel(0);       // com0  

16  digitron_segcode_set(g_segcode_list[1]);  // 1  
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17  while (1) { 

18  } 

19 } 

5.26  

5.26  digitron_disp_code()  

1 void digitron_disp_code (uint8_t pos, uint8_t code)  // code 0~9  

2 { 

3  digitron_com_sel(pos);     // pos 0 1 

4  digitron_segcode_set(code);     // 0~9  

5 } 

5.27  

5.27  digitron_disp_num()  

1 void digitron_disp_num (uint8_t pos, uint8_t num)  // num 0~9 

2 { 

3     if (num <= 9) { 

4         digitron_disp_code (pos, g_segcode_list[num]); 

5     } 

6 } 

0~9 num 9

0 num

0 5.28  

5.28   

1 void digitron_init (void) 

2 { 

3     int i; 

4 

5     for (i = 0; i < 2; i++) { 

6   // com  

7   am_gpio_pin_cfg(g_digitron_com[i], AM_GPIO_OUTPUT_INIT_HIGH); 

8     } 

9     for (i = 0; i < 8; i++){ 

10   //  

11   am_gpio_pin_cfg(g_digitron_seg[i], AM_GPIO_OUTPUT_INIT_HIGH); 

12     } 

13 } 

digitron0.h 5.29

#include "digitron0.h"  

5.29  digitron0.h  

1 #pragma once 

2 #include <am_types.h> 
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3 

4 void digitron_init();       //  

5 //  

6 // code bit0~bit7 a ~ dp 0 1  

7 void digitron_segcode_set(uint8_t code); 

8 //  

9 // pos 0 com0 pos 1 com1  

10 void digitron_com_sel(uint8_t pos); 

11 //  

12 // pos 0 com0 pos 1 com1  

13 // num 0 ~ 9 

14 void digitron_disp_num(uint8_t pos, uint8_t num); 

5.2.2  

5.30 digitron1.h

5.31  

5.30  digitron1.h  

1 #pragma once 

2 #include <am_types.h> 

3 

4 void digitron_init(void);      //  

5 // digitron_init()  

6 //  

7 // digitron_disp_code_set() digitron_disp_num_set()  

8 //  

9 void digitron_init_with_softimer(void); 

10 //  

11 // digitron_init() 5ms  

12 // digitron_init_with_softimer()  

13 void  digitron_disp_scan(void); 

14 //  

15 // pos 0 com0 pos 1 com1  

16 // code bit0~bit7 a ~ dp 0 1  

17 void  digitron_disp_code_set(uint8_t pos, uint8_t code); 

18 //  

19 // pos 0 com0 pos 1 com1  

20 // num 0 ~ 9 

21 void  digitron_disp_num_set(uint8_t pos, uint8_t num); 

22 // num num 0 ~ 9 

23 uint8_tdigitron_num_decode(uint8_t num); 
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24 //  

25 // pos 0 com0 pos 1 com1  

26 // isblink AM_TRUE isblink AM_FALSE  

27 void digitron_disp_blink_set(uint8_t pos, am_bool_t isblink); //  

5.31  digitron1.c  

1 #include "ametal.h" 

2 #include "digitron1.h" 

3 static const int g_digitron_com[2] = {PIO0_17,PIO0_23}; // com0 com1 

4 // 0 ~ 7 a, b, c, d, e, f, g, dp 

5 static const int g_digitron_seg[8]={PIO0_8,PIO0_9,PIO0_10,PIO0_11, 

6       PIO0_12,PIO0_13,PIO0_14,PIO0_15}; 

7 static const uint8_t g_segcode_list[10] = {0xC0, 0xF9, 0xA4, 0xB0, 0x99, 0x92, 0x82, 0xF8, 0x80, 0x90}; 

8 static uint8_t g_digitron_disp_buf[2];     //  

9    static am_softimer_t g_timer;                //  

10   static uint8_t g_blink_flag = 0;      //  

11 

12 void digitron_segcode_set (uint8_t code)    //  

13 { 

14     int i; 

15 

16     for (i = 0; i < 8; i++) 

17   am_gpio_set(g_digitron_seg[i], ((code & (1 << i)) >> i));  // i  

18 } 

19 

20 void digitron_com_sel (uint8_t pos)     //  

21 { 

22     int i; 

23 

24     for (i = 0; i < 2; i++)                          //  

25   am_gpio_set(g_digitron_com[i], !(pos == i)); // i pos 0 1 

26 } 

27 

28 void digitron_init (void)       //  

29 { 

30     int i; 

31 

32     for (i = 0; i < 2; i++) 
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33   // com  

34   am_gpio_pin_cfg(g_digitron_com[i], AM_GPIO_OUTPUT_INIT_HIGH); 

35     for (i = 0; i < 8; i++) 

36   // 8  

37   am_gpio_pin_cfg(g_digitron _seg[i], AM_GPIO_OUTPUT_INIT_HIGH); 

38     digitron_disp_code_set(0,0xFF);                 //  

39     digitron_disp_code_set(1,0xFF);                 //  

40 } 

41 

42 void digitron_disp_scan (void) 

43 { 

44     static uint8_t  pos = 0; 

45     static uint8_t  cnt = 0;        // 5ms 1 

46 

47     digitron_segcode_set(0xFF);             //  

48     digitron_com_sel(pos);                       //  

49     if (((g_blink_flag & (1 << pos)) && (cnt <= 49)) || ((g_blink_flag & (1 << pos)) == 0)) 

50            digitron_segcode_set(g_digitron_disp_buf[pos]);  //  

51     cnt = (cnt + 1) % 100;                 // 500ms 0 ~ 99  

52     pos = (pos + 1) % 2;                       //  

53 } 

54 

55 static void timer_callback(void *p_arg) 

56 { 

57     digitron_disp_scan();                  // 5ms  

58 } 

59 

60 void digitron_softimer_set (void) 

61 { 

62  am_softimer_init(&g_timer, timer_callback, NULL); //  

63      am_softimer_start(&g_timer, 5);                 // 5ms  

64 } 

65 

66 void digitron_init_with_softimer (void) 

67 { 

68  digitron_init ();        //  

69  digitron_softimer_set();                   //  
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70 } 

71 

72 void digitron_disp_code_set (uint8_t pos, uint8_t code)  //  

73 { 

74     g_digitron_disp_buf[pos] = code; 

75 } 

76 

77 void digitron_disp_num_set (uint8_t pos, uint8_t num)  // 0 ~ 9  

78 { 

79  if (num <= 9) {  

80   g_digitron_disp_buf[pos] = g_segcode_list[num]; 

81  } 

82 } 

83 

84 uint8_t digitron_num_decode (uint8_t num)    //  

85 { 

86     return g_segcode_list[num]; 

87 } 

88 

89 void digitron_disp_blink_set (uint8_t pos, am_bool_t isblink) //  

90 { 

91     if (isblink) { 

92         g_blink_flag |= (1 << pos); 

93     } else { 

94         g_blink_flag &= ~(1 << pos); 

95     }  

96 } 

5.2.3  

 

C

.c

 

1 LED 0 LED

1 1 LED

~  

0123456789.-ABCDEFabcdefORPNorpn



ARM AMetal  

124 

O o

5.32  

5.32   

1 static const uint8_t segcodeTab[][2] = { 

2      {'0', 0x3F}, {'1', 0x06}, {'2', 0x5B}, {'3', 0x4F}, {'4', 0x66}, {'5', 0x6D}, {'6', 0x7D},  

3  {'7', 0x07}, {'8', 0x7F}, {'9', 0x6F}, {'A', 0x77}, {'B', 0x7C}, {'C', 0x39}, {'D', 0x5e},  

4  {'E', 0x79}, {'a', 0x77}, {'b', 0x7C}, {'c', 0x39}, {'d', 0x5E}, {'e', 0x79}, {'F', 0x71},  

5  {'O', 0x3F}, {'R', 0x50}, {'P', 0x73}, {'N', 0x37}, {'f', 0x71}, {'o', 0x3F}, {'r', 0x50}, 

6  {'p', 0x73}, {'n', 0x37},{' ', 0x00}, {'-', 0x40}, {'.', 0x80}, 

7 }; 

5.33  

5.33   

1 uint8_t digitron_char_decode (char ch) 

2 { 

3  int i; 

4 

5  for (i = 0; i < sizeof(segcodeTab) / sizeof(segcodeTab[0]); i++){ 

6   if (segcodeTab[i][0] == ch){ 

7    return segcodeTab[i][1]; 

8   } 

9  } 

10     return 0x00;         //  

11 } 

12 

13 void digitron_disp_char_set (uint8_t pos, char ch) 

14 { 

15  digitron_disp_code_set(pos, digitron_char_decode(ch)); 

16 } 

digitron_char_decode() for

 

 

ASCII ASCII

5.7 32 ~ 126 95 0 ~ 31 127
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5.7  ASCII 95  

          

32  51 3 70 F 89 Y 108 l 

33 ! 52 4 71 G 90 Z 109 m 

34 " 53 5 72 H 91 [ 110 n 

35 # 54 6 73 I 92 \ 111 o 

36 $ 55 7 74 J 93 ] 112 p 

37 % 56 8 75 K 94 ^ 113 q 

38 & 57 9 76 L 95 _ 114 r 

39 ' 58 : 77 M 96 ` 115 s 

40 ( 59 ; 78 N 97 a 116 t 

41 ) 60 < 79 O 98 b 117 u 

42 * 61 = 80 P 99 c 118 v 

43 + 62 > 81 Q 100 d 119 w 

44 , 63 ? 82 R 101 e 120 x 

45 - 64 @ 83 S 102 f 121 y 

46 . 65 A 84 T 103 g 122 z 

47 / 66 B 85 U 104 h 123 { 

48 0 67 C 86 V 105 i 124 | 

49 1 68 D 87 W 106 j 125 } 

50 2 69 E 88 X 107 k 126 ~ 

ASCII 5.34  

5.34   

1 static const uint8_t segcodeTab[][2] = { 

2     {' ', 0x00},  {'-', 0x40}, {'.', 0x40},                    // (32)  (45) 46  

3     {'0', 0x3F}, {'1', 0x06}, {'2', 0x5B},{'3', 0x4F}, {'4', 0x66},  // 48 ~ 52 

4     {'5', 0x6D}, {'6', 0x7D},{'7', 0x07}, {'8', 0x7F}, {'9', 0x6F},    // 53 ~ 57    

5     {'A', 0x77}, {'B', 0x7C},{'C', 0x39}, {'D', 0x5e}, {'E', 0x79},   // 65 ~ 69     

6     {'F', 0x71}, {'N', 0x37}, {'O', 0x3F}, {'P', 0x73}, {'R', 0x50},  // 70 78 79 80 82  

7     {'a', 0x77}, {'b', 0x7C}, {'c', 0x39}, {'d', 0x5E}, {'e', 0x79},    // 97 ~ 101   

8     {'f', 0x71},  {'n', 0x37}, {'o', 0x3F}, {'p', 0x73}, {'r', 0x50}, // 102 110 111 112 114 

9 }; 

5.35  

5.35   

1 uint8_t digitron_char_decode (char ch) 

2 { 

3     int  high = sizeof(segcodeTab) / sizeof(segcodeTab[0]) - 1;   //  

4     int  low  = 0;                             //  

5     int  mid; 

6     int  cmp; 

7     while (low <= high) { 

8         mid = (high + low) / 2; 
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9         cmp = segcodeTab[mid][0]; 

10         if (ch == cmp) {                  //  

11             return segcodeTab[mid][1]; 

12         } else if (ch < cmp ) {           //  

13             high = mid - 1; 

14         } else {                      //  

15             low  = mid + 1; 

16         } 

17     } 

18     return 0x00; 

19 } 

33  

2 66  

ASCII 95 32 ~ 126

0 32 1

33 !

5.36  

5.36  1  

1 static const uint8_t segcodeTab[] = { 

2     0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00,    // 32 ~ 41  

3     0x00, 0x00, 0x00, 0x40, 0x80, 0x00, 0x3F, 0x06, 0x5B, 0x4F,    // 42 ~ 51  

4     0x66, 0x6D, 0x7D, 0x07, 0x7F, 0x6F, 0x00, 0x00, 0x00, 0x00,    // 52 ~ 61  

5     0x00, 0x00, 0x00, 0x77, 0x7C, 0x39, 0x5e, 0x79, 0x71, 0x00,    // 62 ~ 71  

6     0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x37, 0x3F, 0x73, 0x00,    // 72 ~ 81  

7     0x50, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00,    // 82 ~ 91  

8     0x00, 0x00, 0x00, 0x00, 0x00, 0x77, 0x7C, 0x39, 0x5E, 0x79,    // 92 ~ 101  

9     0x71, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x37, 0x3F,    // 102 ~ 111  

10     0x73, 0x00, 0x50, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00,    // 112 ~ 121  

11     0x00, 0x00, 0x00, 0x00, 0x00,        // 122 ~ 126  

12 }; 

14 

15 uint8_t digitron_char_decode (char ch) 

16 { 

17     if (ch >= ' ' && (ch < ' ' + sizeof(segcodeTab))) {            //  

18         return segcodeTab[ch - ' ']; 

19     } 

20     return 0x00; 

21 } 
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ASCII

0x00

95

95 29  

0x00 13

0x00 12 0x00

0x00 '-' 45 0x40

0x00 5.37  

5.37  2  

1 static const uint8_t segcodeTab[] = { 

2     0x40, 0x80, 0x00, 0x3F, 0x06, 0x5B, 0x4F, 0x66, 0x6D, 0x7D,   // 45 ~ 54 

3     0x07, 0x7F, 0x6F, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00,    // 55 ~ 64 

4     0x77, 0x7C, 0x39, 0x5e, 0x79, 0x71, 0x00, 0x00, 0x00, 0x00,    // 65 ~ 74 

5     0x00, 0x00, 0x00, 0x37, 0x3F, 0x73, 0x00, 0x50, 0x00, 0x00,    // 75 ~ 84 

6     0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00,    // 85 ~ 94 

7     0x00, 0x00, 0x77, 0x7C, 0x39, 0x5E, 0x79, 0x71, 0x00, 0x00,   // 95 ~ 104 

8     0x00, 0x00, 0x00, 0x00, 0x00, 0x37, 0x3F, 0x73, 0x00, 0x50     // 105 ~ 114 

9 }; 

10  

11 uint8_t digitron_char_decode (char ch) 

12 { 

13     if (ch >= '-' && (ch < '-' + sizeof(segcodeTab))) {            // '-'  

14         return segcodeTab[ch - '-']; 

15     } 

16     return 0x00; 

17 } 

70

4 4  

3

3 3  

digitron_disp_char_set(0, '3'); 

 

digitron_disp_code_set(0,0x1E);   // 1 bit0 a  

'3.'  

digitron_disp_code_set(0, digitron_char_decode('3') | digitron_char_decode('.'));  //  

1 LED MiniPort-View

digitron_disp_scan() 5.38  

5.38   

1 void digitron_disp_scan (void) 

2 { 

3  static uint8_t  pos = 0; 
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4        static uint8_t  cnt = 0;         //  

5 

6  digitron_segcode_set(~0x00);                   // 0x00  

7  digitron_com_sel(pos);       //  

8     if ( ((g_blink_flag & (1 << pos))  && (cnt <= 49)) ||((g_blink_flag & (1 << pos)) == 0)) { 

9         digitron_segcode_set(~g_digitron_disp_buf[pos]);    //  

10     } 

11     cnt = (cnt + 1) % 100;                  // 500ms 0 ~ 99  

12     pos = (pos + 1) % 2;                        //  

13 } 

5.39 digitron2.h

5.40 digitron2.c  

5.39  digitron2.h  

1 #pragma once 

2 #include <am_types.h> 

3 

4 void  digitron_init(void);                           //  

5 // digitron_init()  

6 //  

7 // digitron_disp_code_set() digitron_disp_num_set()  

8 //  

9 void  digitron_init_with_softimer(void);                   //  

10 //  

11 // digitron_init() 5ms  

12 // digitron_init_with_softimer()  

13 void  digitron_disp_scan(void);                       //  

14 //  

15 // pos 0 com0 pos 1 com1  

16 // code bit0~bit7 a ~ dp 0 1  

17  void digitron_disp_code_set(uint8_t pos, uint8_t code);   //  

18 //  

19 // pos 0 com0 pos 1 com1  

20 //ch 123456789-ABCDEFabcdefORPNorpn  

21 void  digitron_disp_char_set(uint8_t pos, char ch);       //  

22 // ch  

23 // 123456789-ABCDEFabcdefORPNorpn  

24 uint8_t digitron_char_decode(char ch);              //  

25 //  
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26 // pos 0 com0 pos 1 com1  

27 // isblink AM_TRUE isblink AM_FALSE  

28 void digitron_disp_blink_set(uint8_t pos, am_bool_t isblink); //  

5.40  digitron2.c  

1 #include "ametal.h" 

2 #include "digitron2.h" 

3 static const int g_digitron_com[2] = {PIO0_17,PIO0_23}; 

4 // 0 ~ 7 a, b, c, d, e, f, g, dp 

5 static const int g_digitron_seg[8] = { 

6  PIO0_8, PIO0_9, PIO0_10, PIO0_11, PIO0_12, PIO0_13, PIO0_14, PIO0_15}; 

7 

8 static const uint8_t segcodeTab[] = {       // '-'  

9     0x40, 0x80, 0x00, 0x3F, 0x06, 0x5B, 0x4F, 0x66, 0x6D, 0x7D,   // 45 ~ 54 

10     0x07, 0x7F, 0x6F, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00,    // 55 ~ 64 

11     0x77, 0x7C, 0x39, 0x5e, 0x79, 0x71, 0x00, 0x00, 0x00, 0x00,    // 65 ~ 74 

12     0x00, 0x00, 0x00, 0x37, 0x3F, 0x73, 0x00, 0x50, 0x00, 0x00,    // 75 ~ 84 

13     0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00,    // 85 ~ 94 

14     0x00, 0x00, 0x77, 0x7C, 0x39, 0x5E, 0x79, 0x71, 0x00, 0x00,   // 95 ~ 104 

15     0x00, 0x00, 0x00, 0x00, 0x00, 0x37, 0x3F, 0x73, 0x00, 0x50     // 105 ~ 114 

16 }; 

17   static am_softimer_t g_timer;                 //  

18   static uint8_t g_blink_flag = 0;                       //  

19 static uint8_t g_digitron_disp_buf[2];      //  

20 

21 uint8_t digitron_char_decode (char ch) 

22 { 

23     if (ch >= '-' && (ch < '-' + sizeof(segcodeTab)))           // '-'  

24         return segcodeTab[ch - '-']; 

25     return 0x00; 

26 } 

27 

28 void digitron_segcode_set (uint8_t code)     //  

29 { 

30      int i; 

31 

32  for (i = 0; i < 8; i++) 

33         am_gpio_set(g_digitron_seg[i], ((code & (1 << i)) >> i)); 

34 } 
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35 

36 void digitron_com_sel (uint8_t pos)      //  

37 { 

38      int i; 

39 

40     for (i = 0; i < 2; i++) 

41         am_gpio_set(g_digitron_com[i], !(pos == i)); 

42 } 

43 

44 void digitron_init (void)        //  

45 { 

46     int i; 

47 

48     for (i = 0; i < 2; i++) 

49   // com  

50         am_gpio_pin_cfg(g_digitron_com[i], AM_GPIO_OUTPUT_INIT_HIGH); 

51     for (i = 0; i < 8; i++) 

52   //  

53         am_gpio_pin_cfg(g_digitron_seg[i], AM_GPIO_OUTPUT_INIT_HIGH); 

54      digitron_disp_code_set(0,0x00);                 //  

55      digitron_disp_code_set(1,0x00);                 //  

56 } 

57 

58 void digitron_disp_scan (void) 

59 { 

60      static uint8_t  pos = 0; 

61       static uint8_t  cnt = 0;         //  

62 

63  digitron_segcode_set(~0x00);                   // 0x00  

64      digitron_com_sel(pos);                    //  

65      if ( ((g_blink_flag & (1 << pos))  && (cnt <= 49)) || ((g_blink_flag & (1 << pos)) == 0)) { 

66             digitron_segcode_set(~g_digitron_disp_buf[pos]);   //  

67      } 

68      cnt = (cnt + 1) % 100;                  // 500ms 0 ~ 99  

69      pos = (pos + 1) % 2;                        //  

70 } 

71 
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72 static void timer_callback(void *p_arg) 

73 { 

74     digitron_disp_scan();                   // 5ms  

75 } 

76 

77 void digitron_softimer_set (void) 

78 { 

79     am_softimer_init(&g_timer, timer_callback, NULL);    //  

80     am_softimer_start(&g_timer, 5);                   // 5ms  

81 } 

82 

83 void digitron_init_with_softimer (void) 

84 { 

85     digitron_init ();         //  

86     digitron_softimer_set();                     //  

87 } 

88  

89 void digitron_disp_code_set (uint8_t pos, uint8_t code)    //  

90 { 

91      g_digitron_disp_buf[pos] = code; 

92 } 

93 

94 uint8_t digitron_char_decode (char ch)        //  

95 { 

96     int i; 

97 

98    for (i = 0; i < sizeof(segcodeTab) / sizeof(segcodeTab[0]); i++) { 

99         if (segcodeTab[i][0] == ch) { 

100             return segcodeTab[i][1]; 

101        } 

102     } 

103     return 0x00;            //  

104 } 

105 

106 void digitron_disp_char_set (uint8_t pos, char ch)     //  

107 { 

108     digitron_disp_code_set(pos, digitron_char_decode(ch)); 
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109 } 

110 

111 void digitron_disp_blink_set (uint8_t pos, am_bool_t isblink) 

112 { 

113     if (isblink) { 

114         g_blink_flag |= (1 << pos); 

115     } else { 

116         g_blink_flag &= ~(1 << pos); 

117     }  

118 } 

digitron2.h 0~59 5.41  

5.41  0~59 4  

1 #include"amteal.h" 

2 #include "digitron2.h" 

3 #include "am_delay.h" 

4 int am_main (void) 

5 { 

6  int i = 0, sec = 0;                             // 0 

7 

8  digitron_init(); 

9  digitron_disp_char_set(0, '0');              // 0 

10  digitron_disp_char_set(1, '0');               // 0 

11  while(1) { 

12      digitron_disp_scan();                 // 5ms  

13      am_mdelay(5); 

14          i++; 

15          if (i == 200) {                    // 5ms 200 1s 

16    i = 0; 

17              sec = (sec + 1) % 60;          // +1 

18             digitron_disp_char_set(0,sec / 10 + '0');  //  

19           digitron_disp_char_set(1,sec % 10 + '0'); //  

20          } 

21      } 

22 } 

5.41 17~18 '0'  

5.3  
5.3.1  
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1   

5.1 3

ret_flag

3 0xFF 0 1 0xFF

ret_flag 0xFF  

MCU

10ms GPIO 1 0  

1 PIO0_1 PIO0_1 1  

2 KEY PIO0_1 0 10ms

PIO0_1 1 PIO0_1 0 ret_flag

0  

 3 KEY PIO0_1 0 1 10ms

PIO0_1 0 PIO0_1 1 ret_flag

1  

10ms GPIO

key_current_value

key_current_value key_last_value

key_last_value key_current_value

key_last_value

key_final_value  

2  GPIO  

GPIO 1/1 1/0 0/0 0/1  

key_last_value = 1 key_final_value = 1 ret_flag = 0xFF 

1/0 1 0 ret_flag

0xFF  

1 1/1 GPIO  

key_last_value = 1 key_current_value = 1 key_final_value = 1 ret_flag = 0xff 

2 1/0 GPIO 1 0 10ms  

key_last_value = 1 key_current_value = 0 key_final_value = 1 ret_flag = 0xff 

0/0 GPIO 0  

key_last_value = 0 key_current_value = 0 

key_current_value 0 key_final_value  

ret_flag 0 key_final_value = 0 ret_flag = 0

 

3 0/1 GPIO 0 1 10ms  

key_last_value = 0 key_current_value = 1 key_final_value = 0 ret_flag = 0xff 

1/1 GPIO 1  

 

5.1   
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key_last_value = 1 key_current_value = 1 

key_current_value 1 key_final_value  

ret_flag 1 key_final_value = 1 ret_flag = 1

 

3   

5.42  

5.42  key1.c  

1 #include "ametal.h" 

2 #include "key1.h" 

3 #include "am_gpio.h" 

4 

5 static uint8_t key_last_value;          //  

6 static uint8_t key_final_value;         //  

7    static const int key_pin = PIO0_1;                        //  

8 void key1_init (void)        //  

9 { 

10      am_gpio_pin_cfg(key_pin, AM_GPIO_INPUT);  // PIO0_1 1 

11  key_final_value = key_last_value = am_gpio_get(key_pin,);// 1 

12 } 

13 

14 uint8_t key_scan (void)                  //  

15 { 

16  uint8_t ret_flag = 0xFF;                           // 0xFF 

17 

18  uint8_t key_current_value = am_gpio_get(PIO0_1);  //  

19  if (key_last_value == key_current_value) { 

20   //  

21   if (key_current_value!= key_final_value) { 

22    //  

23    key_final_value = key_current_value;       //  

24    if (key_current_value == 0) { 

25     ret_flag = 0;      // ret_flag 0 

26    } else { 

27     ret_flag = 1;      // ret_flag 1 

28    } 

29   } 

30  } 

31  key_last_value = key_current_value;           //  
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32        return ret_flag;                               // ret_flag 

33 } 

 

10ms MCU

key1.c key1.h 5.43  

5.43  key1.h  

1 #pragma once 

2 void  key1_init(void);       //  

3    // 10ms  

4 // 0xFF 0 1  

5 uint8_t key1_scan(void); 

key_scan() 0 key_scan() 1

0xFF 5.44

LED0  

5.44   

1 #include "ametal.h" 

2 #include "led.h" 

3 #include "buzzer.h" 

4 #include "key1.h" 

5 #include "am_delay.h" 

6 int am_main() 

7 { 

8  uint8_t key_return;     // key1_scan()  

9 

10  key1_init(); 

11  led_init(); 

12  buzzer_init(); 

13  while(1) { 

14   key_return = key1_scan();   // key_return  

15         if (key_return == 0) { 

16    // 0  

17    buzzer_beep(100); 

18         } else if (key_return == 1) { 

19    // 1 LED0  

20    led_toggle(0); 

21   } 

22   am_mdelay(10);     // 10ms  

23  } 

24 } 

5.3.2  

0 1 2
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1 typedef  struct  key_info { 

2     int              pin;             // GPIO 

3     unsigned char     active_level;      //  

4 } key_info_t; 

5 const  key_info_t  g_key_info[] = {{ PIO0_1, 1}, { PIO0_2, 0}, { PIO0_3, 1}, { PIO0_5, 0}}; 

4 PIO0_1 PIO0_2 PIO0_3 PIO0_5

1 0 1 0

 

 const  key_info_t  g_key_info[] = {{ PIO0_1, 0}}; 

key1.c

keyn.c 5.45  

5.45  keyn.c  

1 #include "ametal.h" 

2 #include "keyn.h" 

3 

4 typedef  struct  key_info { 

5     int             pin;                //  

6     unsigned char active_level;         //  

7 } key_info_t; 

8 static const  key_info_t g_key_info[] = {{ PIO0_1, 0}}; 

9 static const int key_num = sizeof(g_key_info)/sizeof(g_key_info[0]); //  

10 static uint32_t key_last_value;       //  

11 static uint32_t key_final_value;       //  

12 

13 uint32_t keyn_read (void)              //  

14 { 

15     uint32_t key_current_value = 0;      // 0 

16     int      i; 

17 

18  for (i = 0; i < key_num; i++) { 

19   key_current_value |= am_gpio_get(g_key_info[i].pin) << i;// i  

20  } 

21  return key_current_value;       //  

22 } 

23 

24 void keyn_init (void) 

25 { 

26     int i; 

27 
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28  for (i = 0; i < key_num; i++) { 

29   am_gpio_pin_cfg(g_key_info[i].pin,AM_GPIO_INPUT); // i  

30  } 

31  key_final_value = key_last_value = key_read(); 

32 } 

33 

34 uint8_t keyn_scan (void)                   //  

35 { 

36  int i; 

37  uint8_t  ret_flag  = 0xFF; 

38  uint32_t key_current_value  = 0; 

39  uint32_t change      = 0;                  //  

40 

41  key_current_value = keyn_read();                  //  

42  if (key_last_value == key_current_value) { 

43   //  

44   if (key_current_value != key_final_value) { 

45    //  

46    change = key_final_value ^ key_current_value; //  

47    key_final_value = key_current_value;            //  

48    for (i = 0; i < key_num; i++) { 

49     if (change & (1 << i)) { 

50      //  

51      if (((key_current_value & (1 << i)) >> i) == g_key_info[i].active_level){ 

52       //  

53       ret_flag = i; 

54      } else { 

55       ret_flag = (1 << 7) | i;       // 1 

56      } 

57     } 

58    } 

59   } 

60  } 

61  key_last_value = key_current_value;                 //  

62  return ret_flag;         // ret_flag 

63 } 

keyn.h 5.46  

5.46  keyn.h  

1 #pragma once 

2 //  

3 //  

4 //  

5 // p_arg  
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6 // code 0 1 7 0 ~ N - 1  

7 typedef void (*pfn_keyn_callback_t) (void *p_arg, uint8_t code);  

8 void  keyn_init(void);          //  

9 // 10ms  

10 // 0xFF  

11 // 0 1 7 0 ~ N - 1  

12 uint8_t keyn_scan(void); 

change

0 1

 

8 0 1 7

 0 ~ N-1 N 0~N-1 g_key_info[]

i i ret_flag = i; i

i 1 ret_flag = (1 << 7) | i;  

key.h

LED0

5.47  

5.47   

1 #include "ametal.h" 

2 #include "led.h" 

3 #include "buzzer.h" 

4 #include "keyn.h" 

5 

6 int main() 

7 { 

8  uint8_t key_return; 

9 

10  led_init(); 

11  keyn_init(); 

12  buzzer_init(); 

13  while(1) { 

14   key_return = keyn_scan(); 

15   if (key_return == 0) { 

16    buzzer_beep(100); 

17   } else if (key_return == 0x80) { 

18    led_toggle(0); 

19   } 

20   am_mdelay(10); 

21  } 

2 } 
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void keyn_init_with_softimer(void); 

keyn_scan()

 

typedef void (*pfn_key_callback_t) (void *p_arg, int code);  //  

 

void key_init_with_softimer(pfn_key_callback_t p_func, void *p_arg); 

keyn.h 5.48

keyn.c 5.49  

5.48  keyn.h  

1 #pragma once 

2 //  

3 //  

4 //  

5 // p_arg  

6 // code 0 1 7 0 ~ N - 1  

7 typedef void (*pfn_keyn_callback_t) (void *p_arg, uint8_t code);  

8 void  keyn_init(void);          //  

9 // 10ms  

10 // 0xFF  

11 // 0 1 7 0 ~ N - 1  

12 uint8_t keyn_scan(void); 

13 //  

14 // p_func  

15 // p_arg NULL 

16 void keyn_init_with_softimer(pfn_keyn_callback_t p_func, void *p_arg); 

 

5.49   

1 static pfn_keyn_callback_t       g_keyn_callback = NULL; 

2 static void                 *g_keyn_arg  = NULL; 

3 static am_softimer_t        g_keyn_timer;             //  

4 

5 void keyn_softimer_callback(void *p_arg) 

6 { 

7     uint8_t key_return = keyn_scan(); 

8     if (key_return != 0xFF) { 

9   g_keyn_callback(g_keyn_arg, key_return); 

10  } 

11 } 

12 
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13 void keyn_softimer_set (void) 

14 { 

15  am_softimer_init(&g_keyn_timer, keyn_softimer_callback, NULL); 

16  am_softimer_start(&g_keyn_timer,10); 

17 } 

18 

19 void keyn_init_with_softimer(pfn_keyn_callback_t p_func, void *p_arg) 

20 { 

21  keyn_init(); 

22   g_keyn_callback  = p_func; 

23   g_keyn_arg  = p_arg; 

24  keyn_softimer_set(); 

25 } 

5.3.3  

I/O

4.15 2 2

5.50

matrixkey.h 5.51 matrixkey.c  

5.50  matrixkey.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 void matrixkey_init(void);    //  

5 // 10ms  

6 // 0xFF  

7 // 0 1 7 0 ~ N - 1  

8 uint8_t matrixkey_scan(void); 

9 //  

10 //  

11 //  

12 // p_arg  

13 // code 0 1 7 0 ~ N - 1  

14 typedef void (*pfn_matrixkey_callback_t) (void *p_arg, uint8_t code);    //  

15 //  

16 // p_func  

17 // p_arg NULL 

18 void matrixkey_init_with_softimer(pfn_matrixkey_callback_t p_func, void *p_arg); 

5.51  matrixkey.c  

1 #include "ametal.h" 

2 #include "matrixkey.h" 

3 

4 const int g_matrixkey_row[] = {PIO0_6, PIO0_7};   //  

5 const int g_matrixkey_col[] = {PIO0_17, PIO0_23};         //  
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6 const uint8_t matrixkey_row_num = sizeof(g_matrixkey_row)/sizeof(g_matrixkey_row[0]); //  

7 const uint8_t matrixkey_col_num = sizeof(g_matrixkey_col)/sizeof(g_matrixkey_col[0]); //  

8 const uint8_t matrixkey_num = matrixkey_row_num *matrixkey_col_num;    //  

9 

10 static uint32_t matrixkey_last_value;       //  

11 static uint32_t matrixkey_final_value;      //  

12 

13 static uint32_t matrixkey_read (void)     //  

14 { 

15  uint32_t matrixkey_value = 0xFFFFFFFF;    // 1 0 

16  int  i, j; 

17 

18  for (i = 0; i < matrixkey_row_num; i++) {   //  

19         am_gpio_set(g_matrixkey_row[i], 0);     // i  

20         for (j = 0; j < matrixkey_col_num; j++) { 

21    //  

22             if (am_gpio_get(g_matrixkey_col[j]) == 0) { 

23     //  

24     matrixkey_value &= ~(1 << (i * matrixkey_row_num + j)); // 0 

25             } 

26         } 

27         am_gpio_set(g_matrixkey_row[i], 1);   // i  

28  } 

29     return matrixkey_value; 

30 } 

31 

32 void matrixkey_init (void)       //  

33 { 

34  int i; 

35 

36  for (i = 0; i < matrixkey_col_num; i++) { 

37   //  

38   am_gpio_pin_cfg(g_matrixkey_col[i], AM_GPIO_INPUT | AM_GPIO_PULLUP); 

39  } 

40     for (i = 0; i < matrixkey_row_num; i++) { 

41   //  

42         am_gpio_pin_cfg(g_matrixkey_row[i], AM_GPIO_OUTPUT_INIT_HIGH); 

43     } 

44     matrixkey_final_value = matrixkey_last_value = matrixkey_read(); 

45 } 

46 

47 uint8_t matrixkey_scan (void)       //  

48 { 

49  int i; 
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50  uint8_t  ret_flag = 0xFF; 

51  uint32_t matrixkey_current_value = 0; 

52  uint32_t change = 0;                    //  

53 

54     matrixkey_current_value = matrixkey_read(); 

55  if (matrixkey_last_value == matrixkey_current_value) { 

56   //  

57   if (matrixkey_current_value != matrixkey_final_value) { 

58    //  

59             change = matrixkey_final_value ^ matrixkey_current_value; //  

60             matrixkey_final_value = matrixkey_current_value;      //  

61             for (i = 0; i < matrixkey_num; i++) { 

62                  if (change & (1 << i)) { 

63      //  

64                      if (((matrixkey_current_value & (1 << i)) >> i) == 0) { 

65                          ret_flag = i;      //  

66      }else{ 

67                          ret_flag = (1 << 7) | i;    // 1 

68                      } 

69                  } 

70             } 

71         } 

72     } 

73     matrixkey_last_value = matrixkey_current_value;               //  

74  return ret_flag; 

75 } 

76 

77 static pfn_matrixkey_callback_t   g_matrixkey_callback = NULL; 

78 static void                 *g_matrixkey_arg    = NULL; 

79 static am_softimer_t            g_matrixkey_timer;                //  

80 

81 void matrixkey_softimer_callback(void *p_arg) 

82 { 

83  uint8_t matrixkey_return = matrixkey_scan(); 

84  if (matrixkey_return != 0xFF) { 

85   //  

86   g_matrixkey_callback(g_matrixkey_arg, matrixkey_return); 

87  } 

88 } 

89 

90 void matrixkey_softimer_set (void) 

91 { 

92     am_softimer_init(&g_matrixkey_timer, matrixkey_softimer_callback, NULL); 

93     am_softimer_start(&g_matrixkey_timer, 10); 
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94 } 

95 

96 void matrixkey_init_with_softimer(pfn_matrixkey_callback_t p_func, void *p_arg) 

97 { 

98  matrixkey_init(); 

99  g_matrixkey_callback  = p_func; 

100  g_matrixkey_arg      = p_arg; 

101  matrixkey_softimer_set(); 

102 } 

KEY0 bit0

KEY1 bit1

0

1

0 1  

5.2 2 com PIO0_17 PIO0_23

com0 com1 KL0 KL1

com

matrixkey_scan_with_digtron() 5.52 matrixkey.c

5.53 matrixkey.h  

5.52  matrixkey_scan_with_digtron()  

1 static int g_col_level[matrixkey_col_num] = {0,0};     //  

2 uint8_t matrixkey_scan_with_digitron (void) 

3 { 

4     int i; 

5     uint8_t key_return; 

6 

7     for (i = 0; i < matrixkey_col_num; i++) { 

8   g_col_level[i] = am_gpio_get(g_matrixkey_col[i]); 

9     } 

10     for (i = 0; i < matrixkey_col_num; i++) { 

11         am_gpio_pin_cfg(g_matrixkey_col[i],AM_GPIO_INPUT | AM_GPIO_PULLUP); 

12     } 

13     key_return = matrixkey_scan(); 

14     for (i = 0; i < matrixkey_col_num; i++) { 

 

5.2  LED  
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15         if (g_col_level[i] == 0) { 

16             am_gpio_pin_cfg(g_matrixkey_col[i],AM_GPIO_OUTPUT_INIT_LOW); 

17         } else { 

18             am_gpio_pin_cfg(g_matrixkey_col[i],AM_GPIO_OUTPUT_INIT_HIGH); 

19         } 

20     } 

21     return key_return; 

22 } 

g_col_level[]

 

5.53  matrixkey.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 void matrixkey_init(void);     //  

5 // 10ms  

6 // 0xFF  

7 // 0 1 7 0 ~ N - 1  

8 uint8_t matrixkey_scan(void); 

9 // 10ms  

10 // 0xFF  

11 // 0 1 7 0 ~ N - 1  

12 uint8_t matrixkey_scan_with_digitron(void); //  

13 //  

14 //  

15 //  

16 // p_arg  

17 //code 0 1 7 0 ~ N - 1  

18 typedef void (*pfn_matrixkey_callback_t) (void *p_arg, uint8_t code);    //  

19 //  

20 // p_func  

21 //  p_arg NULL 

22 void matrixkey_init_with_softimer(pfn_matrixkey_callback_t p_func, void *p_arg); 

5.4 PWM  
 

 

PWM Pulse Width Modulation

/

0~100% PWM

LED  
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 PWM

0

I/O PWM 5.3  

 

5.3 PWM  

45 100 PWM

0 I/O I/O

0  

5.4.1  

PWM PWM PWM

LPC82x PWM SCT State Configurable Timer

PWM

PWM AMetal SCT PWM

 

am_pwm_handle_t  am_lpc82x_sct0_pwm_inst_init (void); 

am_pwm_handle_t PWM PWM

handle am_pwm_handle_t am_pwm.h  

typedef struct am_pwm_serv *am_pwm_handle_t; 

PWM PWM

NULL  

SCT  

am_pwm_handle_t  pwm_handle = am_lpc82x_sct0_pwm_inst_init (); 

SCT PWM 6 6 PWM I/O

5.8  

5.8   I/O  

 I/O   I/O  

0 PIO0_13 3 PIO0_10 

1 PIO0_24 4 PIO0_2 

2 PIO0_9 5 PIO0_15 

5.4.2 PWM  

AMetal 3 PWM 5.9  
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5.9  PWM  

  

int am_pwm_config ( 

am_pwm_handle_t  handle, 

int               chan, 

unsigned long      duty_ns, 

unsigned long      period_ns); 

PWM  

int am_pwm_enable (am_pwm_handle_t handle, int chan);  

int am_pwm_disable (am_pwm_handle_t handle,intchan);  

1  PWM  

PWM  

int am_pwm_config ( 

am_pwm_handle_t  handle,    // PWM  

int     chan,     // PWM  

unsigned long  duty_ns,    // ns  

unsigned long   period_ns);    // PWM ns 

AM_OK -AM_EINVAL

5.54  

5.54  am_pwm_config()  

1 // PWM 1000000ns 1ms 500000ns 0.5ms  

2 am_pwm_config (pwm_handle, 0, 500000, 1000000); 

2   

 

int am_pwm_enable ( 

am_pwm_handle_t  handle,     // PWM  

int     chan);    // PWM  

 AM_OK -AM_EINVAL

5.55  

5.55  am_pwm_enable()  

1 // PWM 1000000ns 1ms 500000ns 0.5ms  

2 am_pwm_config (pwm_handle, 0, 500000, 1000000);  

3 am_pwm_enable(pwm_handle, 0);         // PWM 0 

3   

 

int am_pwm_disable ( 

am_pwm_handle_t  handle,     // PWM  
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int     chan);    // PWM  

AM_OK -AM_EINVAL

5.56  

5.56  am_pwm_disable()  

1 // PWM 1000000ns 1ms 500000ns 0.5ms  

2 am_pwm_config (pwm_handle, 0, 500000, 1000000);  

3 am_pwm_enable(pwm_handle, 0);         // PWM 0 

4 //... 

5 am_pem_disable(pwm_handle, 0);            // PWM 0 

5.4.3  

500us MCU

MCU PWM

PWM 1ms

50% 5.57  

5.57   

1 #include "ametal.h" 

2    #include "am_pwm.h" 

3 #include " am_lpc82x_inst_init.h" 

4 

5 int am_main() 

6 { 

7  am_pwm_handle_t  pwm_handle = am_lpc82x_sct0_pwm_inst_init (); 

8 

9  am_pwm_config(pwm_handle, 0, 500000, 1000000);  // PWM 0 PIO0_13 

10  am_pwm_enable(pwm_handle, 0);               // PWM0 

11  while(1) { 

12  } 

13 } 

PWM

buzzer.h buzzer.c

buzzer.h 5.58  

5.58   

1 #pragma once 

2 #include <stdint.h> 

3 

4 void buzzer_init(void);       // 1KHz  

5 void buzzer_freq_set(uint32_t freq);    // freq  

6 void buzzer_on(void);       //  
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7 void buzzer_off(void);       //  

8 // ms  

9 void buzzer_beep(unsigned int ms); 

10 // ms  

11 void buzzer_beep_async(unsigned int ms); 

buzzer.c 5.59  

5.59   

1 #include "ametal.h" 

2 #include " am_lpc82x_inst_init.h" 

3 #include "buzzer.h" 

4 static am_pwm_handle_t g_pwm_handle;      // PWM handle  

5 static void beep_timer_callback (void *p_arg);   //  

6 static am_softimer_t beep_timer;      //  

7 

8 void buzzer_init (void) 

9 { 

10  g_pwm_handle  = am_lpc82x_sct0_pwm_inst_init (); 

11      am_pwm_config(g_pwm_handle, 0, 500000, 1000000);       // 1KHz 

12      am_softimer_init(&beep_timer,__beep_timer_callback, &beep_timer); //  

13 } 

14 

15 void buzzer_freq_set (uint32_t freq) 

16 { 

17     uint32_t period_ns = 1000000000 / freq; 

18     am_pwm_config(g_pwm_handle, 0, period_ns / 2, period_ns);   // 0 PIO0_13 

19 } 

20 

21 void buzzer_on (void) 

22 { 

23     am_pwm_enable(g_pwm_handle, 0);     // PWM  

24 } 

25 

26 void buzzer_off (void) 

27 { 

28     am_pwm_disable(g_pwm_handle, 0);                  // PWM  

29 } 

30 
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31 void buzzer_beep (unsigned int ms)      // ms  

32 { 

33     buzzer_on(); 

34     am_mdelay(ms); 

35     buzzer_off(); 

36 } 

37 

38 static void beep_timer_callback (void *p_arg) 

39 { 

40     am_softimer_t *p_timer = (am_softimer_t *)p_arg; 

41     am_softimer_stop(p_timer); 

42     buzzer_off(); 

43 } 

44 

45 void buzzer_beep_async (unsigned int ms) 

46 { 

47     am_softimer_start(&beep_timer, ms); 

48     buzzer_on(); 

49 } 

5.5 SPI  
5.5.1  

SPI SPI SPI LPC82x

SPI SPI0 SPI1 AMetal

5.10  

5.10  SPI am_lpc82x_inst_init.h  

  

am_spi_handle_t  am_lpc82x_spi0_inst_init (void); SPI0  

am_spi_handle_t  am_lpc82x_spi1_inst_init (void); SPI1  

am_spi_handle_t SPI SPI

handle am_spi_handle_t am_spi.h  

typedef struct am_spi_serv  *am_spi_handle_t; 

SPI SPI

NULL

 

SPI0 SPI0  

am_spi_handle_t  spi0_handle = am_lpc82x_spi0_inst_init(); 
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5.5.2  

MCU SPI AMetal 8 5.11  

5.11  SPI  

  

void am_spi_mkdev( 

am_spi_device_t  *p_dev, 

am_spi_handle_t  handle, 

uint8_t          bits_per_word, 

uint16_t         mode, 

      uint32_t         max_speed_hz, 

      int             cs_pin, 

      void           (*pfunc_cs)(am_spi_device_t *p_dev, int state)); 

SPI  

int am_spi_setup (am_spi_device_t *p_dev); SPI  

void am_spi_mktrans( 

am_spi_transfer_t  *p_trans, 

const void        *p_txbuf, 

      void             *p_rxbuf, 

uint32_t          nbytes, 

      uint8_t           cs_change, 

uint8_t           bits_per_word, 

      uint16_t          delay_usecs, 

      uint32_t          speed_hz, 

      uint32_t          flags); 

SPI  

void am_spi_msg_init( 

am_spi_message_t  *p_msg, 

am_pfnvoid_t      pfn_complete, 

      void             *p_arg); 

SPI  

void am_spi_trans_add_tail( 

am_spi_message_t  *p_msg, 

      am_spi_transfer_t   *p_trans);  

 

int am_spi_msg_start ( 

am_spi_device_t   *p_dev, 

      am_spi_message_t  *p_msg); 

SPI  
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int am_spi_write_then_read( 

am_spi_device_t  *p_dev, 

      const uint8_t     *p_txbuf, 

      size_t           n_tx, 

      uint8_t          *p_rxbuf, 

      size_t           n_rx); 

SPI  

int am_spi_write_then_write ( 

am_spi_device_t  *p_dev, 

      const uint8_t     *p_txbuf0, 

      size_t           n_tx0, 

      const uint8_t     *p_txbuf1, 

      size_t           n_tx1); 

SPI  

1   

SPI MCU SPI

SPI SPI

 

void am_spi_mkdev ( 

 am_spi_device_t  *p_dev,      //  

 am_spi_handle_t  handle,     // SPI SPI  

 uint8_t          bits_per_word,    // 0 8bit 

 uint16_t         mode,     // 5.12 

 uint32_t    max_speed_hz,   //  

 int              cs_pin,     //  

 void     (*pfunc_cs)(am_spi_device_t *p_dev, int state)); 

p_dev SPI am_spi_device_t am_spi.h  

typedef  struct  am_spi_device  am_spi_device_t; 

 

am_spi_device_t  spi_dev;                  // SPI  

mode SPI 4 5.12

CPOL CPHA CPOL CPHA

4 0~3 CPOL 0

CPHA 0 1

2  
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cs_pin pfunc_cs pfunc_cs

pfunc_cs NULL

cs_pin

pfunc_cs NULL

cs_pin

pfunc_cs

state 1

pfunc_cs state

0 pfunc_cs NULL cs_pin

PIO0_13 5.60  

5.60   am_spi_mkdev()  

1 am_spi_handle_t  spi0_hanlde = am_lpc82x_spi0_inst_init(); // LPC824 SPI0 SPI  

2 am_spi_device_tspi_dev;       //  

3 am_spi_mkdev( 

4  &spi_dev,         //  

5      spi0_handle,        // SPI0  

6      8,                                      // 8-bit 

7      AM_SPI_MODE_0,                       // 0 

8     3000000,                                // 3000000Hz 

9      PIO0_13,                               // PIO0_13 

10    NULL);                              // NULL 

2   

SPI MCU SPI

 

int am_spi_setup (am_spi_device_t *p_dev); 

p_dev SPI AM_OK  

-AM_ENOTSUP 5.61  

5.61  am_spi_setup()  

1 am_spi_handle_t  spi0_handle = am_lpc82x_spi0_inst_init(); // LPC824 SPI0 SPI  

2 am_spi_device_t  spi_dev; 

3 am_spi_mkdev( 

4  &spi_dev, 

5  spi0_handle, 

6  8,                             // 8-bit 

7  AM_SPI_MODE_0,               // 0 

8  3000000,                        // 3000000Hz 

5.12  SPI  

   

AM_SPI_MODE_0 SPI 0 CPOL=0 CPHA=0 

AM_SPI_MODE_1 SPI 1 CPOL=0 CPHA=1 

AM_SPI_MODE_2 SPI 2 CPOL=1 CPHA=0 

AM_SPI_MODE_3 SPI 3 CPOL=1 CPHA=1 
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9  PIO0_13,                       // PIO0_13 

10  NULL);                         // NULL 

11 am_spi_setup(&spi_dev);                       // SPI  

3   

AMetal

 

void am_spi_mktrans( 

 am_spi_transfer_t   *p_trans,     // SPI  

 const void    *p_txbuf,     // NULL  

 void     *p_rxbuf,     // NULL  

 uint32_t    nbytes,     //  

 uint8_t          cs_change,     // 0- 1-  

 uint8_t    bits_per_word,    // 0  

 uint16_t    delay_usecs,    // us  

 uint32_t    speed_hz,      // 0 max_speed_hz 

uint32_t   flags);     // 5.13 

p_trans SPI am_spi_transfer_t am_spi.h

 

typedef struct am_spi_transfer am_spi_transfer_t; 

 

am_spi_transfer_t spi_trans;                  // SPI  

5.13   

  

AM_SPI_READ_MOSI_HIGH MOSI  

SPI

p_txbuf p_rxbuf nbytes

p_rxbuf NULL p_txbuf NULL  

cs_change

cs_change 0

cs_change 1

5.62  

5.62  am_spi_mktrans()  

1 uint8_t    tx_buf[8]; 

2 uint8_t   rx_buf[8]; 

3 am_spi_transfer_t  spi_trans; 
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4 

5 am_spi_mktrans( 

6  &spi_trans, 

7  tx_buf,                      //  

8  rx_buf,                      //  

9  8,                          // 8 

10  0,                          //  

11  0,                          // 0  

12  0,                         //  

13  0,                         //  

14  0);         //  

4   

SPI +

AMetal

SPI  

 

void am_spi_msg_init ( 

 am_spi_message_t  *p_msg,     // SPI  

 am_pfnvoid_t       pfn_complete,    //  

 void              *p_arg);     //  

p_msg SPI am_spi_message_t am_spi.h

 

typedef struct am_spi_message am_spi_message_t; 

 

am_spi_message_t spi_msg;                  // SPI  

pfn_callback

am_pfnvoid_t am_types.h  

typedef void (*am_pfnvoid_t) (void *); 

void *

void* p_arg 5.63  

5.63  am_spi_msg_init()  

1 static void __spi_msg_complete_callback (void *p_arg) 

2 { 

3   //  

4 } 

5 
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6 int am_main() 

7 { 

8     am_spi_message_t   spi_msg;            // SPI  

9 

10     am_spi_msg_init ( 

11   &spi_msg,  

12   __spi_msg_complete_callback,   //  

13   NULL);       // p_arg NULL 

14 } 

5   

 

void am_spi_trans_add_tail ( 

 am_spi_message_t   *p_msg,     //  

 am_spi_transfer_t  *p_trans);     //  

p_msg am_spi_msg_init() p_trans am_spi_mktrans()

5.64  

5.64  am_spi_trans_add_tail()  

1 static void __spi_msg_complete_callback (void *p_arg) 

2 { 

3   //  

4 } 

5 

6 int am_main() 

7 { 

8     am_spi_message_t    spi_msg;            // SPI  

9     uint8_t    tx_buf[8]; 

10     uint8_t   rx_buf[8]; 

11     am_spi_transfer_t  spi_trans;    // SPI  

12 

13     am_spi_mktrans(&spi_trans, tx_buf, rx_buf, 8, 0, 0, 0, 0, 0); 

10     am_spi_msg_init (&spi_msg,  __spi_msg_complete_callback, NULL); 

11     am_spi_trans_add_tail(&spi_msg, &spi_trans); 

13 } 

6  SPI  

 

int am_spi_msg_start( 
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 am_spi_device_t    *p_dev, 

 am_spi_message_t   *p_msg); 

p_dev SPI

p_msg SPI AM_OK

-AM_EINVAL 5.65  

5.65  am_spi_msg_start ()  

1 static void __spi_msg_complete_callback (void *p_arg) 

2 { 

3     (uint8_t *) p_arg = 1;      // 1 

4 } 

5 

6 int am_main() 

7 { 

8     am_spi_message_t    spi_msg;            // SPI  

9     uint8_t    tx_buf[8]; 

10     uint8_t   rx_buf[8]; 

11     am_spi_transfer_t  spi_trans;    // SPI  

12     volatile  uint8_t  complete_flag = 0;  //  

13     am_spi_handle_t  spi0_hanlde  = am_lpc82x_spi0_inst_init(); 

14     am_spi_device_t  spi_dev; 

15 

16     am_spi_mkdev(&spi_dev, spi0_handle, 8, AM_SPI_MODE_0, 3000000, PIO0_13, NULL);  

17     am_spi_setup(&spi_dev);                 // SPI  

18     am_spi_mktrans(&spi_trans, tx_buf, rx_buf, 8, 0, 0, 0, 0, 0); 

19     am_spi_msg_init (&spi_msg,  __spi_msg_complete_callback, &complete_flag); 

20     am_spi_trans_add_tail(&spi_msg, &spi_trans); 

21     am_spi_msg_start(&spi_dev, &spi_msg) 

22     while (complete_flag == 0);                 //  

23     while(1){ 

24     } 

25 } 

0 complete_flag

p_arg complete_flag

complete_flag 1 complete_flag 1  

7   

SPI SPI SPI

SPI SPI
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AMetal

 

 

int am_spi_write_then_read ( 

 am_spi_device_t  *p_dev,      // SPI  

 const uint8_t    *p_txbuf,     //  

 size_t     n_tx,      //  

     uint8_t     *p_rxbuf,     //  

 size_t     n_rx);      //  

AM_OK -AM_EINVAL

-AM_EIO

5.66  

5.66  am_spi_write_then_read()  

1 uint8_t  tx_buf[2]; 

2 uint8_t  rx_buf[8]; 

3 

4 am_spi_write_then_read (&spi_dev, tx_buf, 2, rx_buf, 8); // 2 8  

8   

0 1

NULL

n_tx1 0

 

int am_spi_write_then_write ( 

 am_spi_device_t  *p_dev,      // SPI  

 const uint8_t    *p_txbuf0,     // 0 

 size_t         n_tx0,      // 0  

 const uint8_t    *p_txbuf1,     // 1 

 size_t     n_tx1);      // 1  

AM_OK -AM_EINVAL

-AM_EIO 5.67  

5.67  am_spi_write_then_write()  

1 // tx_buf0[] tx_buf1  

2 uint8_t  tx_buf0[2]; 

3 uint8_t  tx_buf1[8]; 

4 am_spi_write_then_write (&spi_dev, tx_buf0, 2, tx_buf1, 8); // 2 8  
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5.5.3 SPI  

LPC824 74HC595 5.14

74HC595 SPI MCU

SPI MCU

MISO 74HC595

MCU SCK MOSI SSEL

8  

SPI 74HC595 am_spi_mkdev() 74HC595 SPI

SPI  

� 74HC595 8 8  

� SPI 8 CP 74HC595  

CPOL=0

CPHA=0 0

(CPOL=1) CPHA=1 3

0 3 3  

� 74HC595 100MHz MCU  

30MHz 3000000Hz 3MHz  

� PIO0_13  

74HC595 SPI 5.68  

5.68  74HC595  

1 am_spi_handle_t  spi0_hanlde  = am_lpc82x_spi0_inst_init(); 

2 am_spi_device_t  hc595_dev;     // HC595  

3 // 74HC595 SPI  

4 am_spi_mkdev(  

5  &hc595_dev,       //  

6  spi0_handle,       // SPI0  

7  8,                                 // 8-bit 

8  AM_SPI_MODE_3,                  // 3 

9  3000000,                            // 3MHz 

10  PIO0_13,                           // PIO0_13 

11  NULL);                             // NULL 

12 am_spi_setup(&hc595_dev);             // SPI  

am_spi_write_then_write() am_spi_write_then_read()

MCU 74HC595 am_spi_write_then_write()

5.69  

5.69  74HC595  

1 #include "ametal.h" 

5.14  74HC595  

74HC595 SPI  LPC824 

CP  SCK PIO0_15 

D  MOSI PIO0_12 

STR  SSEL PIO0_13 
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2    #include "am_spi.h" 

3 #include "am_lpc82x_inst_init.h" 

4 

5 int am_main() 

6 { 

7      am_spi_handle_t  spi0_hanlde  = am_lpc82x_spi0_inst_init(); 

8      am_spi_device_t   hc595_dev;   // HC595  

9      uint8_t     tx_buf[1] = {0x55};     // 8 0x55 

10     // 74HC595 SPI  

11      am_spi_mkdev( 

12   &hc595_dev,     //  

13      spi0_handle,     // SPI0  

14   8,                            // 8-bit 

15   AM_SPI_MODE_3,              // 3 

16   3000000,                       // 3MHz 

17   PIO0_13,                       // PIO0_13 

18   NULL);                        // NULL 

19   am_spi_setup(&hc595_dev);       // SPI  

20   am_spi_write_then_write(&hc595_dev, //  

21   tx_buf,      // 0  

22   1,       // 1  

23   NULL,      // 1  

24   0);       // 0 

25  while(1) { 

26  } 

27 } 

74HC595 74HC595 8

I/O 74HC595

74HC595 SPI 8

5.70 hc595.h 5.71 hc595.c  

5.70  hc595.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 void hc595_init(void);         // 74HC595  

5 //  8 data  

6 void hc595_send_data(uint8_t data);      //  

5.71  hc595.c  
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1 #include "ametal.h" 

2    #include "am_spi.h" 

3 #include " am_lpc82x_inst_init.h" 

4 #include "hc595.h" 

5 

6 static am_spi_device_t  g_hc595_dev; 

7 void hc595_init(void)       //  

8 { 

9     am_spi_handle_t  spi0_hanlde  = am_lpc82x_spi0_inst_init(); 

10     // 74HC595 SPI  

11     am_spi_mkdev( 

12   &g_hc595_dev,      //  

13   spi0_handle,      // SPI0  

14   8,                              // 8-bit 

15   AM_SPI_MODE_3,               // 3 

16   3000000,                        // 3MHz 

17   PIO0_13,                       // PIO0_13 

18   NULL);                         // NULL 

18       am_spi_setup(&g_hc595_dev);            // SPI  

19 } 

20 

21 void hc595_send_data (uint8_t data)    //  

22 { //  

23  am_spi_write_then_write( 

24   &g_hc595_dev, 

25   &data,       // 0  

26   1,        //  

27   NULL,       // 1  

28   0);        // 0 

29 } 

74HC595 74HC595

I/O 5.72  

5.72   

1 static void timer_hc595_callback(void *p_arg) 

2 { 

3     digitron_hc595_disp_scan();                    // 5ms  

4 } 
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5 

6 void digitron_hc595_softimer_set (void) 

7 { 

8  am_softimer_init(&g_timer, timer_hc595_callback, NULL); 

9  am_softimer_start(&g_timer, 5);     // 5ms  

10 } 

11 

12 void digitron_hc595_init_with_softimer (void) 

13 { 

14  digitron_hc595_init(); 

15  digitron_hc595_softimer_set(); 

16 } 

digitron1.c 4.47

digitron1.h 5.73  

5.73  digitron1.h  

1 #pragma once 

2 #include <am_types.h> 

3 

4 // GPIO  

5 void  digitron_init(void);       //  

6 void  digitron_init_with_softimer(void);     //  

7 void  digitron_disp_scan(void);      //  

8 // 74HC595  

9 // digitron_hc595_init() digitron_init() 

10 //digitron_hc595_disp_scan() digitron_disp_scan() 

11 //digitron_hc595_init_with_softimer() digitron_init_with_softimer() 

12 void digitron_hc595_init(void);      //  

13 void digitron_hc595_disp_scan(void);     //  

14 void  digitron_hc595_init_with_softimer(void);   //  

15 // GPIO 74HC595  

16 void  digitron_disp_code_set(uint8_t pos, uint8_t code);  //  

17 void  digitron_disp_num_set(uint8_t pos, uint8_t num);  // 0 ~ 9  

18 uint8_tdigitron_num_decode(uint8_t num);    //  

19 void digitron_disp_blink_set(uint8_t pos, am_bool_t isblink); //  

5.74  

5.74   
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1 #include "ametal.h" 

2 #include "digitron1.h" 

3 

4 int main (void) 

5 { 

6      int sec  = 0;                            // 0 

7 

8  digitron_hc595_init_with_softimer();    //  

9      digitron_disp_num_set(0, 0);              // 0 

10      digitron_disp_num_set(1, 0);               // 0 

11      while(1) { 

12   am_mdelay(1000); 

13   sec = (sec + 1) % 60;               // +1 

14   digitron_disp_num_set(0, sec / 10);     //  

15   digitron_disp_num_set(1, sec % 10);   //  

16      } 

17 } 

am_spi_write_then_write()

hc595_send_data()

SPI

hc595_send_data() hc595_send_data_async() 5.75  

5.75  hc595_send_data_async()  

1 static am_spi_transfer_t  g_spi_trans;   //  

2 static am_spi_message_t g_spi_msg;    //  

3 static uint8_t    g_tx_buf[1];   // 8  

4 

5 void hc595_send_data_async (uint8_t data) 

6 { 

7  g_tx_buf[0] =  data;                     //  

8     am_spi_mktrans( 

9   &g_spi_trans, 

10    g_tx_buf,                   //  

11             NULL,                     // NULL 

12            1,                         // 1 

13            0,                         //  

14            8,                         // 8 

15            0,                         //  

16          3000000,                   // 3MHz 
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17        0);         //  

18     am_spi_msg_init ( 

19   &g_spi_msg,  

20   NULL,       //  

21   NULL); 

22  am_spi_trans_add_tail(&g_spi_msg, &g_spi_trans); 

23  am_spi_msg_start(&g_spi_dev, &g_spi_msg); 

24 } 

data g_tx_buf SPI

data

am_spi_write_then_write()

data  

2 transfer

SPI

SPI 5.76  

5.76  hc595_send_data_async()  

1 static am_spi_transfer_t  g_spi_trans;   //  

2 static am_spi_message_t g_spi_msg;    //  

3 static uint8_t    g_tx_buf[1];   // 8  

4 

5 void hc595_send_data_async ( 

6  uint8_t         data,      //  

7  am_pfnvoid_t   pfn_complete,    //  

8  void   *p_arg)     //  

8 { 

9  g_tx_buf[0] =  data;                     //  

10     am_spi_mktrans( 

11   &g_spi_trans, 

12    g_tx_buf,                   //  

13   NULL,                     // NULL 

14   1,                         // 1 

15   0,                         //  

16   8,                         // 8 

17   0,                         //  
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18   3000000,                   // 3MHz 

19   0);         //  

20     am_spi_msg_init ( 

21   &g_spi_msg, 

22   pfn_callback,      //  

23   p_arg);       //  

24     am_spi_trans_add_tail(&g_spi_msg, &g_spi_trans); 

25     am_spi_msg_start(&g_spi_dev, &g_spi_msg); 

26 } 

5.70 hc595.h

5.77  

5.77  hc595.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 void hc595_init(void);       // 74HC595  

6 // 8 data  

7 void hc595_send_data(uint8_t data); 

8 // 8 data  

9 void hc595_send_data_async( 

10  uint8_t         data,      //  

11  am_pfnvoid_t   pfn_callback,    //  

12  void   *p_arg);     //  

digitron_hc595_disp_scan() hc595_send_data_async()

1 5.78  

5.78  digitron_hc595_disp_scan() 1  

1 uint8_t  g_flag = 0; 

2 void hc595_callback(void *p_arg) 

3 { 

4  g_flag = 1;                 //  

5 } 

6 

7 void digitron_hc595_disp_scan (void) 

8 { 

9     static uint8_t  pos = 0; 

10     static uint8_t  cnt = 0;       // 5ms 1 

11 
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12       g_flag = 0; 

13     hc595_send_data_async(0xFF, hc595_callback, NULL); 

14       while(g_flag == 0);                           //  

15     digitron_com_sel(pos);                      //  

16     if (((g_blink_flag & (1 << pos)) && (cnt <= 49)) || ((g_blink_flag & (1 << pos)) == 0)) { 

17   hc595_send_data_async(g_digitron_disp_buf[pos], NULL, NULL); 

18       } 

19     cnt = (cnt + 1) % 100;                // cnt 1 0 ~ 99 

20     pos = (pos + 1) % 2;                      //  

21 } 

g_flag

while()

hc595_send_data_async()

 

0xFF

2

5.79  

5.79  digitron_hc595_disp_scan() 2  

1 static uint8_t  pos = 0; 

2 static uint8_t  cnt = 0;        // 5ms 1 

3 

4 void hc595_callback(void *p_arg) 

5 { 

6  digitron_com_sel(pos);                      //  

7  if (((g_blink_flag & (1 << pos)) && (cnt <= 49)) || ((g_blink_flag & (1 << pos)) == 0)) { 

8              hc595_send_data_async(g_digitron_disp_buf[pos], NULL, NULL); 

9       } 

10     cnt = (cnt + 1) % 100;                // cnt 1 0 ~ 99 

11     pos = (pos + 1) % 2;                  //  

12 } 

13 

14 void digitron_hc595_disp_scan (void) 

15 { 

16  //  

17       hc595_send_data_async(0xFF, hc595_callback, NULL); 

18 } 
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5ms SPI 3MHz 8

5ms

5.74  

5.6 I2C  
MCU I2C I2C AMetal

I2C  

5.6.1  
I2C I2C I2C

LPC824 I2C I2C0 I2C1 I2C2 I2C3 I2C

5.15  

5.15  I2C am_lpc82x_inst_init.h  

  

am_i2c_handle_t  am_lpc82x_i2c0_inst_init (void); I2C0  

am_i2c_handle_t  am_lpc82x_i2c1_inst_init (void); I2C1  

am_i2c_handle_t  am_lpc82x_i2c2_inst_init (void); I2C2  

am_i2c_handle_t  am_lpc82x_i2c3_inst_init (void); I2C3  

am_i2c_handle_t I2C I2C

handle am_i2c_handle_t am_i2c.h  

typedef struct am_i2c_serv *am_i2c_handle_t; 

I2C I2C

NULL  

I2C0 I2C0  

am_i2c_handle_t  i2c_handle = am_lpc82x_i2c0_inst_init(); 

5.6.2  

AMetal MCU I2C I2C 5.16  
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5.16  I2C  

  

int am_i2c_mkdev( 

am_i2c_device_t    *p_dev,  

am_i2c_handle_t    handle 

      uint16_t           dev_addr, 

      uint16_t           dev_flags); 

I2C  

int am_i2c_write( 

am_i2c_device_t   *p_dev, 

      uint32_t          sub_addr, 

      const void        *p_buf,  

uint32_t          nbytes); 

I2C  

int am_i2c_read( 

am_i2c_device_t   *p_dev, 

      uint32_t           sub_addr, 

      void              *p_buf,  

      uint32_t           nbytes); 

I2C  

1   

I2C LM75 E2PROM

MCU I2C I2C

 

void am_i2c_mkdev( 

am_i2c_device_t   *p_dev,     //  

    am_i2c_handle_t    handle     // I2C  

uint16_t           dev_addr,     // I2C  

    uint16_t           dev_flags);     // I2C  

p_dev am_i2c_device_t am_i2c.h I2C  

 

typedef struct am_i2c_device  am_i2c_device_t; 

I2C  

am_i2c_device_t  dev;                     // I2C  

dev p_dev dev_flags

3

5.17 |
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5.17   

 I2C   

 
AM_I2C_ADDR_7BIT 7Bit( ) 

AM_I2C_ADDR_10BIT 10Bit 

 AM_I2C_IGNORE_NAK  

 

AM_I2C_SUBADDR_MSB_FIRST ( ) 

AM_I2C_SUBADDR_LSB_FIRST  

AM_I2C_SUBADDR_NONE  

AM_I2C_SUBADDR_1BYTE 1  

AM_I2C_SUBADDR_2BYTE 2  

5.80  

5.80  am_i2c_mkdev()  

1 am_i2c_handle_t  i2c1_hanlde = am_lpc82x_i2c1_inst_init(); // LPC824 I2C1 I2C  

2 am_i2c_device_t   dev;                     // I2C  

3 am_i2c_mkdev( 

4  &dev,                    //  

5  i2c1_handle,                            // I2C  

6    0x48,                                  // 7bit  

7    AM_I2C_ADDR_7BIT | AM_I2C_SUBADDR_1BYTE); // 7bit 1  

2   

I2C  

int am_i2c_write( 

 am_i2c_device_t  *p_dev,   // am_i2c_mkdev()  

 uint32_t           sub_addr,   //  

 const void         *p_buf,    //  

 uint32_t     nbytes);   //  

 AM_OK

5.81  

5.81  am_i2c_write()  

1 am_i2c_handle_t  i2c1_hanlde = am_lpc82x_i2c1_inst_init(); // LPC824 I2C1 I2C  

2 am_i2c_device_t   dev;                     // I2C  

3 uint8_t     wr_buf[10];                      //  

4 

5 am_i2c_mkdev( 
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6  &dev,                       // I2C  

7  i2c1_handle,                           // I2C  

8  0x48,                                 // 7bit  

9  AM_I2C_ADDR_7BIT | AM_I2C_SUBADDR_1BYTE); // 7bit 1  

10 am_i2c_write(&dev, 0x02, wr_buf,10);         // 0x02 10  

3   

I2C  

int am_i2c_read( 

 am_i2c_device_t  *p_dev,   // am_i2c_mkdev()  

     uint32_t        sub_addr,   //  

     void            *p_buf,   //  

 uint32_t         nbytes);   //  

AM_OK

5.82  

5.82  am_i2c_read()  

1 am_i2c_handle_t  i2c1_hanlde = am_lpc82x_i2c1_inst_init(); // LPC824 I2C1 I2C  

2 am_i2c_device_t   dev;                     // I2C  

3 uint8_t    rd_buf[10];                        //  

4 

5 am_i2c_mkdev( 

6  &dev,                       // I2C  

7  i2c0_handle,                            // I2C  

8  0x48,                                  // 7bit  

9  AM_I2C_ADDR_7BIT | AM_I2C_SUBADDR_1BYTE); // 7bit 1  

10 am_i2c_read (&dev, 0x02, rd_buf,10);            // 0x02 10  

5.6.3 I2C  

am_i2c_read() am_i2c_mkdev() LM75B I2C

LPC824

 

LM75B 7

1001xxx 0~2

A0~A2

A0~A2

xxx 0 LM75B

0x48  

LM75B 7 AM_I2C_ADDR_7BIT

5.18   

   /  

 0x00 2   

 0x01 1  /  

THYST 0x02 2  /  

TOS 0x03 2  /  
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AM_I2C_IGNORE_NAK I2C

 

LM75B 4 5.18 8

AM_I2C_SUBADDR_1BYTE

AM_I2C_SUBADDR_MSB_FIRST

AM_I2C_SUBADDR_LSB_FIRST  

am_i2c_mkdev() LM75 5.83  

5.83  LM75 I2C  

1 am_i2c_handle_t   i2c1_hanlde = am_lpc82x_i2c1_inst_init(); // LPC824 I2C1 I2C  

2 am_i2c_device_t  lm75_dev;                 // LM75B  

3 

4 am_i2c_mkdev( 

5  &lm75_dev,              // LM75B  

6  i2c1_handle,        // I2C  

7  0x48,                     // 7bit 0x48 

8  AM_I2C_ADDR_7BIT | AM_I2C_SUBADDR_1BYTE); // 7bit 1  

am_i2c_read() 5.18

0x00

am_i2c_read() 0x00 5.84  

5.84   

uint8_t  temp_buf[2];                             //  

am_i2c_read (&lm75_dev, 0x00, temp_buf, 2);            // 0x00 2  

16 0

1 0 0 1

3 1/23 = 0.125  

0 1 16 16

256 28  

= 0 28 + 1 / 256.0 

MCU

LM75 5.85  

5.85  LM75 lm75.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 void lm75_init(void);      //  LM75  
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5 int16_t lm75_read (void); 

 lm75_read() LM75 16

256 lm75.c 5.86  

5.86  LM75 lm75.c  

1 #include "ametal.h" 

2 #include "am_i2c.h" 

3 #include "lm75.h" 

4 #include "am_lpc82x_inst_init.h" 

5 

6 static am_i2c_device_t  g_lm75_dev;  

7 

8 void lm75_init (void) 

9 { 

10     am_i2c_handle_t i2c1_hanlde = am_lpc82x_i2c1_inst_init(); 

11     am_i2c_mkdev( 

12   &g_lm75_dev,           // LM75B  

13   i2c1_handle,      // I2C  

14   0x48,                   // 7bit 0x48 

15   AM_I2C_ADDR_7BIT | AM_I2C_SUBADDR_1BYTE); 

16 } 

17 // 256.0 

18 int16_t  lm75_read (void) 

19 { 

20     uint8_t  temp_value[2];        //  

21     int16_t  temp;                // 16  

22 

23     am_i2c_read(&g_lm75_dev, 0x00, temp_value, 2) ; 

24     temp_value[1] &= 0xE0;           // 0xE0 = 1110 0000 3 5  

25     temp = temp_value[0] << 8 | temp_value[1]; 

26     return temp; 

27 } 

5.7 A/D  
5.7.1  

1   

5.4  
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2

 

5.4

0~0.5 0.5~1.5 1.5~2.5 0 1 2……

201.6 201.5~202.5 202 123.4 122.5~123.5 123

 

 

S/N  

0 1 1

0 64

6 256 8  

2   

8 A/D  

0V

4096 /256 5/256 19.5mV  

 10 A/D

A/D

 

MCU A/D

5V 3V

/ 255 3/5 255 99H

1% 3/5.05 255 97H 2~3%

A/D  

3   

 A/D A/D

A/D

5V 8 A/D 19.5mV

19.5mV 0 19.5mV~39mV

 
5.4   
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1 39mV~58.6mV 3  

 5V 2.5V

2.5/256 9.7mV 2.5V

A/D 5V 12 A/D

4096 1.22mV  

 12 A/D 1.22mV

10mV

10mV  

4   

 5% 12 A/D

A/D

MCU

 

5   

 

12 A/D 1LSB 1/212=244ppm 10

0.01% 100ppm 10ppm/

100ppm 200ppm

15℃  

6   

1  

 n ADC

1/2n 1LSB  

1/2n 1/2n 102  

 

1/2LSB 2  

1/2n+1 1/2n+1 102  

2  

 

ADC

n 1LSB T TC  

��
�  

TC ΔT
25℃ -40 ~+85 ΔT 60 85℃-25℃

25℃  
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5.5

25

1 ~00 8~20

ADC 1LSB

TC

TC  

TL431 REF3325/3330

5.19 TL431

2.5~36V

1~100mA

REF3325

2.5V REF3330 3.0V  

5.19   

 
 

%  

 

V  

 

mA  

 

V  

 

mA  

 

ppm/℃  

 

℃  

TL431 0.5 2.495~36 1 ~100  100 50 -40~85℃ 

REF3325 0.15 2.5  2.7~5.5 5 30 -40~125℃ 

REF3330 0.15 3.0  3.2~5.5 5 30 -40~125℃ 

REF33xx SC70-3

SOT23-3 5μA REF33xx

REF33xx

180mV REF3312 1.8V  

REF3325/3330 TL431 TL431

LDO

12bits

AD 0.1%

1LSB

5.6

-10 ~50

60 0.1% 50ppm REF3325/3330  

5.7.2  

ADC ADC ADC

LPC82x ADC ADC0 AMetal ADC0

 

5.5  TC  

 
5.6  12bits  



ARM AMetal  

175 

 

am_adc_handle_t am_lpc82x_adc0_inst_init (void); 

am_adc_handle_t ADC ADC

handle am_adc_handle_t am_adc.h  

typedef struct am_adc_serv *am_adc_handle_t; 

ADC ADC

NULL  

ADC0 ADC0 ADC0

 

am_adc_handle_t  adc0_handle = am_lpc82x_adc0_inst_init(); 

ADC0 12 12

LPC824 I/O ADC0 I/O 5.20  

5.20  I/O  

 IO   IO  

0 PIO0_7 6 PIO0_20 

1 PIO0_6 7 PIO0_19 

2 PIO0_14 8 PIO0_18 

3 PIO0_23 9 PIO0_17 

4 PIO0_22 10 PIO0_13 

5  PIO0_21 11 PIO0_4 

5.7.3  

AMetal 5 ADC 5.21  

5.21  ADC  

  

int am_adc_rate_get(am_adc_handle_t handle, int chan, uint32_t *p_rate); ADC  

int am_adc_rate_set(am_adc_handle_t handle, int chan, uint32_t rate); ADC  

int am_adc_vref_get(am_adc_handle_t handle, int chan);  

int am_adc_bits_get(am_adc_handle_t handle, int chan); ADC  

int am_adc_read_mv( 

am_adc_handle_t  handle, 

      int              chan, 

      am_adc_val_t     *p_mv, 

      uint32_t         count); 
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1  ADC  

ADC  

int  am_adc_rate_get( 

am_adc_handle_t  handle,              // ADC  

int              chan,      // ADC  

uint32_t        *p_rate);     //  

Samples/s AM_OK

-AM_EINVAL 5.87  

5.87  am_adc_rate_get()  

1 uint32_t rate;        //  

2 am_adc_rate_get(adc0_handle, 7, &rate);       // ADC0 7  

handle ADC handle  

2  ADC  

ADC

am_adc_rate_get() ADC

 

int am_adc_rate_set ( 

am_adc_handle_t  handle,           // ADC  

int              chan,                 // ADC  

uint32_t          rate);      // Samples/s 

AM_OK -AM_EINVAL

5.88  

5.88  am_adc_rate_set()  

1 am_adc_rate_set(adc0_handle, 7, 1000000);      // ADC0 7 1Msamples/s 

3  ADC  

ADC  

int am_adc_vref_get( 

am_adc_handle_t  handle,      // ADC  

int              chan);              // ADC  

0 mV

-AM_EINVAL 5.89  

5.89  am_adc_vref_get()  

1 int vref = am_adc_vref_get(adc0_handle, 7);   // 7  

2 if (vref < 0 ) { 

3  //  

4 } 

4. ADC  

ADC  
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int am_adc_bits_get( 

am_adc_handle_t  handle,     // ADC  

int              chan);     // ADC  

0 -AM_EINVAL

5.90  

5.90  am_adc_bits_get()  

1 int bits = am_adc_bits_get(adc0_handle, 7);   // 7  

2 if (bits < 0 ) { 

3  //  

4 } 

5.  

ADC mV

 

int am_adc_read_mv( 

am_adc_handle_t handle,      // ADC  

     int               chan,      // ADC  

     am_adc_val_t      *p_mv,     //  

     uint32_t   length);     //  

p_mv am_adc_val_t am_adc.h  

typedef uint32_t am_adc_val_t; 

length AM_OK

-AM_EINVAL

5.91  

5.91  am_adc_read_mv()  

1 am_adc_val_t vol_buf[10];                    //  

2 am_adc_read_mv(adc0_handle, 7, vol_buf, 10);  // ADC0 7 10  

5.7.4  

1   

PTC NTC

PTC

 

AM824-Core

RT1 5.7 RT1 2K R14

MF52E-103F3435FB-A C8 0~85

27.6~1.45K ADC

J6 R14 PIO0_19 ADC

 

5.7   
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7 ADC  

5.92 ntc.c

ntc.h  

5.92  ntc.c  

1 #include "ametal.h" 

2 #include "am_lpc82x_inst_init.h" 

3 #include "ntc.h" 

4 

5 static am_adc_handle_t  g_adc0_handle; 

6 void ntc_init (void) 

7 { 

8  g_adc0_handle = am_lpc82x_adc0_inst_init(); 

9 } 

10 

11 uint32_t ntc_vol_get (void) 

12 { 

13     am_adc_val_t vol_buf[12];                 // ADC  

14     uint32_t max,min;                    // 12  

15     uint32_t sum_vol = 0;               // 0 

16     uint8_t i; 

17 

18     am_adc_read_mv(g_adc0_handle, 7, vol_buf,12);  // ADC0 7 12  

19 

20     max = vol_buf[0]; 

21     min = vol_buf[0]; 

22     for (i = 0; i < 12; i++) { 

23   sum_vol += vol_buf[i];              //  

24   if (vol_buf[i] > max) {               //  

25    max = vol_buf[i]; 

26   } 

27   if (vol_buf[i] < min) {               //  

28    min = vol_buf[i]; 

29     } 

30     } 

31  // 12  

32  return (sum_vol - max - min) / 10;      

33 } 
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ntc_init() ADC ADC ntc_vol_get()

ADC 7 am_adc_read_mv()  

am_adc_read_mv() 12

10  

2   

vol RT1 R14

114

143.3
TRR

Rvol
�

��  

vol
RvolRT 14

1

)3.3( ��
�  

RT1 5.93

ntc.c  

5.93  ntc.c  

1 uint32_t ntc_res_get (void) 

2 { 

3     uint32_t vol = ntc_vol_get(); 

4     return (3300 - vol) * 2000 / vol; 

5 } 

mV  

3   

RT T  

)/1/1( NTTB
NT eRR ����  

RT T K NTC RN

TN K NTC B NTC 

 TN  RN 

 

B

 T1  K RT1  T2  K RT2

25

R25 NTC  

T1 RT1 T2 RT2  

)/1/1(
1

1 NTTB
NT eRR ���� )/12/1(

2
1 NTB

NT eRR ����  
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21

12

2

1

)/1/1(

)/1/1(

2

1 TT
TTB

TTB
N

TTB
N

T

T e
eR
eR

R
R

N

N
�

�

��

��

�
�
�

�  

e ln  

21

12

2

1ln
TT
TTB

R
R

T

T �
��  

B  

2

1

12

21 ln
T

T

R
R

TT
TTB �
�

� K  

B

AM824-Core

R25 = 10000 R85 = 1451  

B  

)(3435
1451

10000
ln

)15.27325()15.27385(
)15.27385()15.27325(

ln
2

1

12

21 K
R
R

TT
TTB

T

T ��
���
���

��
�

�  

K

 

T15.273 ttT ��  

B

RN TN K R25 RN=10000

TN= 25+273.15 K 60  

)(298110000 ))15.27325/(1)15.27360/(1(3435)/1/1( ������ ������ eeRR NTTB
NT  

 

AM824-Core 5.22 R-T

-20 ~ 87 -40 ~125  

5.22  R-T  

T  R  T  R  T  R  T  R  

-20 70988 7 20482 34 7173 61 2910 

-19 67491 8 19642 35 6920 62 2822 

-18 64191 9 18842 36 6677 63 2737 

-17 61077 10 18078 37 6444 64 2655 

-16 58135 11 17350 38 6220 65 2576 

-15 55356 12 16656 39 6005 66 2500 
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-14 52730 13 15993 40 5799 67 2426 

-13 50246 14 15360 41 5600 68 2355 

-12 47896 15 14756 42 5410 69 2286 

-11 45672 16 14178 43 5227 70 2220 

-10 43567 17 13627 44 5050 71 2156 

-9 41572 18 13100 45 4881 72 2094 

-8 39682 19 12596 46 4718 73 2034 

-7 37891 20 12114 47 4562 74 1976 

-6 36192 21 11653 48 4411 75 1920 

-5 34580 22 11212 49 4267 76 1866 

-4 33050 23 10790 50 4127 77 1813 

-3 31597 24 10387 51 3995 78 1763 

-2 30218 25 10000 52 3867 79 1714 

-1 28907 26 9630 53 3744 80 1666 

0 27662 27 9275 54 3626 81 1621 

1 26477 28 8936 55 3512 82 1576 

2 25351 29 8610 56 3402 83 1533 

3 24279 30 8298 57 3296 84 1492 

4 23259 31 7999 58 3194 85 1451 

5 22288 32 7712 59 3096 86 1412 

6 21363 33 7437 60 3002 87 1375 

60 3002 2981

2981

60 1

0 -20 107 87

20  

70988 32

uint32_t -20 ~87 108 108 108

4 108*4 = 423 -20 -19

65535 16

-20 -19

ntc.c 5.94  

5.94   
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static const uint32_t g_temp_res_val [] = { 

70988, 67491, 64191, 61077, 58135, 55356, 52730, 50246, 47896, 45672, 43567, 41572,// -20 ~ -9  

39682, 37891, 36192, 34580, 33050, 31597, 30218, 28907, 27662, 26477, 25351, 24279, // -8 ~ 3  

23259, 22288, 21363, 20482, 19642, 18842, 18078, 17350, 16656, 15993, 15360, 14756, // 4 ~15  

14178, 13627, 13100, 12596, 12114, 11653, 11212, 10790, 10387, 10000, 9630, 9275,  // 16 ~ 27  

8936, 8610, 8298, 7999, 7712, 7437, 7173, 6920, 6677, 6444, 6220, 6005,    // 28 ~ 39  

5799, 5600, 5410, 5227, 5050, 4881, 4718, 4562, 4411, 4267, 4127, 3995,    // 40 ~51  

3867, 3744, 3626, 3512, 3402, 3296, 3194, 3096, 3002, 2910, 2822, 2737,    // 52 ~ 63  

2655, 2576, 2500, 2426, 2355, 2286, 2220, 2156, 2094, 2034, 1976, 1920,    // 64 ~75  

1866, 1813, 1763, 1714, 1666, 1621, 1576, 1533, 1492, 1451, 1412, 1375,    // 76 ~87  

}; 

-20  

� = 20 

� = 20 

20 25

20  

r25 = ntc_res_val[25 + 20]; 

4.  

5.95  

5.95  1  

1 int16_t ntc_temp_read (void) 

2 { 

3     int i; 

4     uint32_t res; 

5     int16_t    temp; 

6 

7     res  = ntc_res_get();      //  

8     for (i = 0; i < 108; i++) { 

9   if (res == g_temp_res_val[i]) { 

10    temp =  i - 20;                  // 20  

11    break; 

12   } 

13    } 

14     return temp; 

15 } 
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7500 32 ~ 33

7500 32 7712 212 33 7437

63 33 33

 

-

- 1

- R1 T1 (R2 T2)

R R1 R R2  

11
12

12 )( TRR
RR
TTT ���

�
�

�  

7500 7712 32

7437 33  

)(77.3232)77127500(
77127437
3233

)( 11
12

12 ����
�
�

����
�
�

� TRR
RR
TTT  

5.96  

5.96   

1 int16_t ntc_temp_get_from_range (int t1,int t2, uint32_t res) 

2 { 

3  int r1 = g_temp_res_val[t1 + 20];      // 1  

4  int r2 = g_temp_res_val[t2 + 20];      // 2  

5  int r  = res; 

6  int temp; 

7  // 8  

8  temp =  (((t2 - t1) * (r - r1)) << 8) / (r2 - r1) + (t1 << 8);  

9  return temp; 

10 } 

 

    uint32_t  a = 96; 

    int  b = -32; 

int  c; 

c = a / b;                 // c = -3 0 

0 a a/b -32

4294967264 96 0

256 -20 ~87

256 16 16  

256 100 100 100

2 0.01 256 1/256 
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= 0.00390625 LM75B

lm75_read() 256

256  

ntc_temp_get_from_range()

7500 33 7437 33

32 5.97  

5.97  2  

1 int16_t ntc_temp_read (void) 

2 { 

3     int   i; 

4     uint32_t res; 

5     int16_t   temp; 

6     int   t1,  t2;                 //  t1 ~ t2 

7 

8     res  = ntc_res_get(); 

9     for (i = 0; i < 108; i++) { 

10   if (res == g_temp_res_val[i]) { 

11    temp = (i - 20) << 8;                // 256  

12    break; 

13   } 

14   if (res > g_temp_res_val[i]) {               //  

15    t2 = i - 20;                         //  

16    t1 = i - 1 - 20;                       //  

17    temp = ntc_temp_get_from_range(t1, t2, res); 

18    break; 

19   } 

20     } 

21  return temp; 

22 } 

87 108

 

7500 108 0 ~ 107 low

high mid  

(1) low = 0 high = 107 low+high /2 = 53 C

53 33 5.22 7437 7437
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7500 high = 53  

(2) low = 0 high = 53 mid = 26 26 21363 21363

7500 low = 26  

(3) low = 26 high = 53 mid = 39 39 12596 12596 7500

low = 39  

(4) low = 39 high = 53 mid = 46 46 9630 9630 7500

low = 46  

(5) low = 46 high = 53 mid = 49 49 8610 8610 7500

low = 49  

(6) low = 49 high = 53 mid = 51 51 7999 7999 7500

low = 51  

(7) low = 51 high = 53 mid = 52 52 7712 7712 7500

low = 52 low high 1

52 53

32 ~ 33  

108 7 5.98  

5.98  3  

1 int16_t ntc_temp_read (void) 

2 { 

3     uint32_tres; 

4     int16_t  temp; 

5     int  low, high, mid; 

6     int  t1,t2; 

7 

8  res  = ntc_res_get(); 

9  low  = 0;                 //  low = 0 

10  high = 107;               // high  

11  while(1) {          //  

12   mid = (low + high) >> 1;          //  (low + high)/2 

13   if (res == g_temp_res_val[mid]) {       //  

14    temp = (mid - 20) << 8;           // 256  

15    break;                         //  

16   } 

17   if (res > g_temp_res_val[mid]) { 

18    // high  

19    high = mid; 

20   } else { 

21    // low  
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22    low = mid; 

23   } 

24   if (high - low == 1) { 

25    // 1  

26    t2 = high - 20;                     //  

27    t1 = low - 1 - 20;                    //  

28    temp = ntc_temp_get_from_range(t1, t2, res); 

29    break;        //  

30   } 

31  } 

32  return temp; 

33 } 

ntc_temp_read() ntc_init()

ntc_temp_read() 5.99 ntc.h 5.100 ntc.c  

5.99  ntc.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 void   ntc_init(void);          // NTC  

5 int16_t  ntc_temp_read (void);      //  

5.100  ntc.c  

1 #include "ametal.h" 

2 #include "am_lpc82x_inst_init.h" 

3 #include "ntc.h" 

4 

5 static const uint32_t g_temp_res_val [] = { 

6  70988, 67491, 64191, 61077, 58135, 55356, 52730, 50246, 47896, 45672, 43567, 41572,// -20 ~-9  

7  39682, 37891, 36192, 34580, 33050, 31597, 30218, 28907, 27662, 26477, 25351, 24279,// -8 ~ 3  

8  23259, 22288, 21363, 20482, 19642, 18842, 18078, 17350, 16656, 15993, 15360, 14756,// 4 ~15  

9  14178, 13627, 13100, 12596, 12114, 11653, 11212, 10790, 10387, 10000, 9630, 9275, // 16 ~ 27  

10  8936, 8610, 8298, 7999, 7712, 7437, 7173, 6920, 6677, 6444, 6220, 6005,    // 28 ~ 39  

11  5799, 5600, 5410, 5227, 5050, 4881, 4718, 4562, 4411, 4267, 4127, 3995,    // 40 ~51  

12  3867, 3744, 3626, 3512, 3402, 3296, 3194, 3096, 3002, 2910, 2822, 2737,    // 52 ~ 63  

13  2655, 2576, 2500, 2426, 2355, 2286, 2220, 2156, 2094, 2034, 1976, 1920,    // 64 ~75  

14  1866, 1813, 1763, 1714, 1666, 1621, 1576, 1533, 1492, 1451, 1412, 1375,    // 76 ~87  

15 }; 

16 const int res_val_num = sizeof(g_temp_res_val) / sizeof(g_temp_res_val[0]);   //  
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17 

18 static am_adc_handle_t    adc0_handle; 

19 void ntc_init (void) 

20 { 

21     amhw_plfm_adc0_init(); 

22     adc0_handle = amdr_adc_init(&g_adc0_dev, &g_adc0_devinfo); 

23 } 

24 

25 uint32_t ntc_vol_get (void) 

26 { 

27  am_adc_val_t vol_buf[12];                 // ADC  

28  uint32_t     max,min;                    // 12  

29  uint32_t     sum_vol = 0;              // 0 

30  uint8_t      i; 

31 

32  am_adc_read_mv(adc0_handle, 7, vol_buf,12);   // ADC0 7 12  

33  max = vol_buf[0]; 

34  min = vol_buf[0]; 

35  for (i = 0; i < 12; i++) { 

36   sum_vol += vol_buf[i]; 

37   if (vol_buf[i] > max) { 

38    max = vol_buf[i]; 

39   } 

40   if (vol_buf[i] < min) { 

41    min = vol_buf[i]; 

42   } 

43  } 

44  return (sum_vol - max - min) / 10; 

45 } 

46 

47 uint32_t ntc_res_get(void) 

48 { 

49  uint32_t vol = ntc_vol_get(); 

50  return (3300 - vol) * 2000 / vol; 

51 } 

52 

53 int16_t ntc_temp_get_from_range (int t1,int t2, uint32_t res) 
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54 { 

55      int r1 = g_temp_res_val[t1 - temp_start];    // 1  

56      int r2 = g_temp_res_val[t2 - temp_start];    // 2  

57  int r  = res; 

58  int temp; 

59 

60  temp =  (((t2 - t1) * (r - r1)) << 8) / (r2 - r1) + (t1 << 8); // 8  

61  return temp; 

62 } 

63 

64 int16_t ntc_temp_read (void) 

65 { 

66  uint32_t res; 

67  int16_t  temp; 

68  int   low, high, mid; 

69  int   t1,t2; 

70 

71  res = ntc_res_get();      // NTC  

72  low= 0;                 // low = 0 

73  high = res_val_num ;            // high  

74  while(1) {         //  

75   mid = (low + high) >> 1;         //  (low + high)/2 

76   if (res == g_temp_res_val[mid]) {      //  

77    temp = (mid - 20) << 8;          // 256  

78    break;                        //  

79   } 

80   if (res > g_temp_res_val[mid]) { 

81    // high  

82    high = mid; 

83   } else { 

84    // low  

85    low = mid; 

86   } 

87   if (high - low == 1) { 

88    // 1  

89            t2 = high + temp_start;                 //  

90           t1 = low - 1 + temp_start;               //  
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91    temp = ntc_temp_get_from_range(t1, t2, res); 

92    break;        //  

93   } 

94      } 

95  return temp; 

96 } 

ntc.c  

(1) res_val_num  

107

-20 ~125  

(2) temp_start  

-20 -40 ~125

temp_start  

 = temp_start  = temp_start 

LM75 3 #include "lm75.h"  #include 

"ntc.h" am_main() lm75_init() ntc_init() am_main() lm75_read()

ntc_temp_read()  

5.8 UART  
UART Universal Asynchronous Receiver/Transmitter

RXD TXD  

5.8.1  

UART UART UART

LPC82x UART USART0 USART1 USART2 USART

UART USART UART S Synchronous USART

UART

AMetal LPC824 USART

UART AMetal 5.23  

5.23   UART am_lpc82x_inst_init.h  

  

am_uart_handle_t am_lpc82x_usart0_inst_init (void); 0  

am_uart_handle_t am_lpc82x_usart1_inst_init (void); 1  

am_uart_handle_t am_lpc82x_usart2_inst_init (void); 2  

am_uart_handle_t UART UART
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handle am_uart_handle_t am_uart.h  

typedef struct am_uart_serv *am_uart_handle_t; 

UART UART

NULL

0 0  

am_uart_handle_t uart0_handle = am_lpc82x_usart0_inst_init(); 

5.8.2  

AMetal 5 UART am_uart.h 5.24  

5.24  UART  

  

int am_uart_ioctl( 

am_uart_handle_t  handle, 

int              request,  

void            *p_arg); 

UART  

int am_uart_poll_send( 

am_uart_handle_t   handle, 

const uint8_t       *p_txbuf, 

uint32_t           nbytes); 

UART  

int am_uart_poll_receive( 

am_uart_handle_t   handle, 

uint8_t           *p_rxbuf, 

uint32_t          nbytes); 

UART  

int am_uart_callback_set ( 

am_uart_handle_t   handle, 

int               callback_type, 

void             *pfn_callback, 

void             *p_callback_arg); 

 

int am_uart_tx_startup (am_uart_handle_t handle); UART  

1  UART  

UART  

int am_uart_ioctl( 

am_uart_handle_t handle,     // UART handle 

 int    request,     // UART  

 void    *p_arg);          // 115200 

p_arg UART UART 5.25 5.26
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5.27  

5.25  UART  

 request p_arg  

 AM_UART_BAUD_SET uint32_t 115200 

 AM_UART_BAUD_GET uint32_t *  

 AM_UART_OPTS_SET uint32_t 5.26 |  

 AM_UART_OPTS_GET uint32_t * 5.26 |  

 AM_UART_MODE_SET uint32_t 5.27  

 AM_UART_MODE_GET uint32_t * 5.27  

RS485 AM_UART_RS485_SET 
 am_bool_t AM_TRUE AM_FALSE

RS485  

5.26  UART  

  

AM_UART_CS5 5  

AM_UART_CS6 6  

AM_UART_CS7 7  

AM_UART_CS8 8  

AM_UART_STOPB 2 1  

AM_UART_PARENB  

AM_UART_PARODD  

5.27  UART  

  

AM_UART_MODE_POLL  

AM_UART_MODE_INT  

p_arg void *

uint32_t  uint32_t * AM_OK

-AM_EINVAL

UART 115200 8 1

5.101  

5.101  am_uart_ioctl()  

// 115200 8 1  

am_uart_ioctl(uart0_handle,AM_UART_MODE_SET, (void *)AM_UART_MODE_POLL); 
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am_uart_ioctl(uart0_handle,AM_UART_BAUD_SET, (void *)115200); 

am_uart_ioctl(uart0_handle,AM_UART_OPTS_SET, (void *)AM_UART_CS8); 

uint32_t void *

uint32_t  void *  

2  UART  

UART  

int am_uart_poll_send( 

 am_uart_handle_t   handle,     // UART handle 

 const uint8_t *  p_txbuf,     //  

 uint32_t            nbytes);     //  

UART

"Hello World! " 5.102  

5.102  am_uart_poll_send()  

uint8_t str[] = "Hello World!"; 

am_uart_poll_send(uart0_handle, str, sizeof(str));   // "Hello World!" 

3  UART  

UART

 

int am_uart_poll_receive( 

 am_uart_handle_t   handle,     // UART handle 

 uint8_t *   p_rxbuf,     //  

 uint32_t           nbytes);     //  

UART

0 10 5.103  

5.103  am_uart_poll_receive()  

uint8_t rxbuf[10]; 

am_uart_poll_receive(uart0_handle, rxbuf, 10);   // 10  

4   

 

int am_uart_callback_set ( 

am_uart_handle_t   handle,     // UART handle 

 int    callback_type,    //  

    void *    pfn_callback,    //  

    void *    p_arg);     //  

callback_type

5.28  
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5.28   callback_type am_uart.h  

callback_type  pfn_callback  

AM_UART_CALLBACK _TXCHAR_GET  am_uart_txchar_get_t 

AM_UART_CALLBACK _RXCHAR_PUT  am_uart_rxchar_put_t 

pfn_callback am_uart_txchar_get_t  

typedef int (*am_uart_txchar_get_t)(void *p_arg, char *p_char); 

UART p_arg

p_arg p_char

5.104  

5.104   

1 static int __uart_txchar_get (void *p_arg, char *p_outchar) 

2 { 

3      // *p_outchar = ?  0x55 *p_outchar = 0x55; 

4 } 

5 

6 int am_main (void) 

7 { 

8     am_uart_handle_t uart_handle = am_lpc82x_usart0_inst_init(); 

9     am_uart_callback_set( 

10   uart_handle, AM_UART_CALLBACK_TXCHAR_GET, __uart_txchar_get, NULL); 

11  while(1) { 

12  } 

13 } 

pfn_callback am_uart_rxchar_put_t  

typedefint (*pfn_uart_rxchar_put_t)(void *p_arg, char ch); 

UART p_arg

p_arg ch 5.105  

5.105   

1 static int __uart_rxchar_put (void *p_arg, char ch) 

2 { 

3      // ch  

4 } 

5 

6 int am_main (void) 

7 { 

8     am_uart_handle_t uart_handle = am_lpc82x_usart0_inst_init(); 

9     am_uart_callback_set( 
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10   uart_handle, AM_UART_CALLBACK_RXCHAR_PUT, __uart_rxchar_put, NULL); 

11  while(1) { 

12  } 

13 } 

5   

UART UART

 

int am_uart_tx_startup (am_uart_handle_t handle); 

5.106  

5.106   

1 #include "ametal.h" 

2 #include "am_lpc82x_inst_init.h" 

3 #include "am_uart.h" 

4 

5 uint8_t  g_buf0[10] = {0}; 

6 uint8_t  g_buf1[10] = {0}; 

7 int   g_rx_index = 0; 

8 int   g_tx_index = -1; 

9 int   g_rx_cnt = 0; 

10 int   g_tx_cnt = 0; 

11 

12 static int __uart_txchar_get (void *p_arg, char *p_outchar) 

13 { 

14      if (g_tx_index == -1)  return -AM_EEMPTY; 

15      if (g_tx_cnt == 10) {         //  

16          g_tx_cnt = 0; 

17          return -AM_EEMPTY; 

18      } 

19      if (g_tx_index == 0) { 

20          *p_outchar = g_buf0[g_tx_cnt++]; 

21      } else { 

22          *p_outchar = g_buf0[g_tx_cnt++]; 

23      } 

24      return AM_OK; 

25 } 

26 

27 static int __uart_rxchar_put (void *p_arg, char inchar) 
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28 { 

29     if (g_rx_index == 0) {           // 0 

30         g_buf0[g_rx_cnt++] = inchar; 

31     } else {                        // 1 

32         g_buf1[g_rx_cnt++] = inchar; 

33     } 

34     if (g_rx_cnt == 10) {              //  

35         g_rx_cnt   = 0; 

36         g_tx_index = g_rx_index;       //  

37         g_rx_index = !g_rx_index;      //  

38         am_uart_tx_startup(p_arg);       //  

39     } 

40     return AM_OK; 

41 } 

42 

43 int am_main (void) 

44 { 

45     am_uart_handle_t uart_handle = am_lpc82x_usart0_inst_init(); 

46     am_uart_callback_set( 

47   uart_handle, AM_UART_CALLBACK_TXCHAR_GET, __uart_txchar_get, uart_handle); 

48  am_uart_callback_set( 

49   uart_handle, AM_UART_CALLBACK_RXCHAR_PUT, __uart_rxchar_put, uart_handle); 

50     //  

51     am_uart_ioctl(uart_handle,AM_UART_MODE_SET, (void *)AM_UART_MODE_INT); 

52     while(1) { 

53     } 

54 } 

10 am_main()

 

5.8.3 UART  

UART

AMetal UART

UART

 

UART UART

UART
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AMetal UART 5.29

UART  

5.29  UART am_uart_rngbuf.h  

  

am_uart_rngbuf_handle_t am_uart_rngbuf_init( 

am_uart_rngbuf_dev_t  *p_dev, 

am_uart_handle_t      handle, 

uint8_t               *p_rxbuf, 

uint32_t              rxbuf_size, 

uint8_t               *p_txbuf, 

uint32_t              txbuf_size); 

 

int am_uart_rngbuf_send( 

am_uart_rngbuf_handle_t  handle, 

const uint8_t            *p_txbuf, 

uint32_t                nbytes); 

 

int am_uart_rngbuf_receive( 

am_uart_rngbuf_handle_t  handle, 

    uint8_t                 *p_rxbuf, 

    uint32_t                nbytes); 

 

int am_uart_rngbuf_ioctl( 

am_uart_rngbuf_handle_t  handle, 

int                     request, 

void                   *p_arg); 

 

1   

handle

 

am_uart_rngbuf_handle_t am_uart_rngbuf_init( 

 am_uart_rngbuf_dev_t  *p_dev,      // UART  

 am_uart_handle_t       handle,    // UART handle 

 char                  *p_rxbuf,    //  

 uint32_t               rxbuf_size,    //  

 char                  *p_txbuf,    //  

 uint32_t               txbuf_size);    //  

 p_dev am_uart_rngbuf_dev_t

am_uart_rngbuf_dev_t am_uart_rngbuf.h  

am_uart_rngbuf_dev_t  g_uart0_rngbuf_dev; 
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g_uart0_rngbuf_dev p_dev handle

 UART p_rxbuf rxbuf_size

p_txbuf txbuf_size  

handle

am_uart_rngbuf_handle_t am_uart_rngbuf.h  

typedef struct am_uart_rngbuf_dev * am_uart_rngbuf_handle_t; 

NULL 5.107  

5.107  am_uart_rngbuf_init()  

1 static uint8_t uart_rxbuf[128];     // 128 

2 static uint8_t uart_txbuf[128];     // 128 

3 am_uart_rngbuf_dev_t  g_uart_rngbuf_dev; 

4 am_uart_rngbuf_handle_t   g_uart_rngbuf_handle; 

5 

6 g_uart_rngbuf_handle = am_uart_rngbuf_init( 

7  &g_uart_rngbuf_dev, 

8  uart_handle,        // UART handle 

9  uart_rxbuf,               //  

10  128,         // 128 

11  uart_txbuf,        //  

12  128);         // 128 

128

 

2   

am_uart_rngbuf_init()

 

int am_uart_rngbuf_send( 

 am_uart_rngbuf_handle_t  handle,    //  

 const uint8_t            *p_txbuf,    //  

 uint32_t                nbytes);    //  

Hello World! 5.108  

5.108  am_uart_rngbuf_send()  

1 uint8_t str[] = "Hello World!"; 

2 am_uart_rngbuf_send(g_uart0_rngbuf_handle, str, sizeof(str)); // "Hello World!" 
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3   

am_uart_rngbuf_init()

 

int am_uart_rngbuf_receive( 

 am_uart_rngbuf_handle_t   handle,    //  

 uint8_t                 *p_rxbuf,         //  

 uint32_t                 nbytes);     //  

5.109  

5.109  am_uart_rngbuf_receive()  

1 uint8_t rxbuf[10]; 

2 am_uart_rngbuf_receive(g_uart0_rngbuf_handle, rxbuf,10);// 10  

4   

UART  

int am_uart_rngbuf_ioctl( 

 am_uart_rngbuf_handle_t  handle,    //  

 int     request,    //  

 void     *p_arg);       //  

UART am_uart_ioctl()

UART UART UART

UART

5.30  

5.30  UART  

 request p_arg  

 AM_UART_RNGBUF_NREAD uint32_t * 

 AM_UART_RNGBUF_NWRITE uint32_t * 

 AM_UART_RNGBUF_FLUSH  

 AM_UART_RNGBUF_WFLUSH  

 AM_UART_RNGBUF_RFLUSH  

 AM_UART_RNGBUF_TIMEOUT uint32_t 50 50ms  

5

5.110  

5.110  am_uart_rngbuf_ioctl()  

1 uint32_t rx_len; 
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2 uint32_t tx_len; 

3    //  

4 am_uart_rngbuf_ioctl(g_uart_rngbuf_handle, AM_UART_RNGBUF_NREAD, (void *) &rx_len); 

5 //  

6 am_uart_rngbuf_ioctl(g_uart_rngbuf_handle, AM_UART_RNGBUF_NWRITE, (void *) &tx_len);                      

7 //  

8 am_uart_rngbuf_ioctl(g_uart_rngbuf_handle, AM_UART_RNGBUF_FLUSH, (void *) &tx_len); 

am_uart_rngbuf_receive()

50ms 50ms

5.111  

5.111   

1 uint8_t  rxbuf[10]; 

2 uint8_t  len; 

3 

4 am_uart_rngbuf_ioctl( 

5  g_uart_rngbuf_handle,      // handle 

6  AM_UART_RNGBUF_TIMEOUT,   //  

7  (void *)50);           // 50ms 

8 len = am_uart_rngbuf_receive(g_uart_rngbuf_handle, rxbuf,10);// 10  

9 if (len < 10) {          // 10  

10  //  

11 } 

AM_NO_WAIT am_common.h

AM_WAIT_FOREVER am_common.h  
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6  

 

✍

 

 

 

AWorks

Aworks—Nano AMetal

 

ZLG

MCU AMetal

 

6.1 E2PROM  
E2PROM Electrically Erasable Programable Read-Only Memory

FM24C02 AMetal

 

6.1.1  

FM24C02 2K 2048 bits 256 2048/8

0x00 ~ 0xFF FM24C02 page

8 0x08

0x10 0x18

6.1  

FM24C02

I2C

SDA SCL

8PIN SOIC

6.1

WP

 

A2 A1 A0 FM24C02 I2C 7-bit 0101 0A2A1A0

I2C FM24C02 A2 A1 A0 0x50  

 

6.1  FM24C02  

6.1  FM24C02  

 
 

  

0 0x00 0x07 

1 0x08 0x0F 

   

30 0xF0 0xF7 

31 0xF8 0xFF 
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AMetal / 7-bit  

MicroPort-EEPROM MicroPort

AM824-Core 6.2 E2PROM

256 FM24C02C  

6.1.2  

AMetal FM24C02 FM24C04

FM24C08 I2C E2PROM

FM24C02

am_ep24cxx.h  

am_ep24cxx_handle_t am_ep24cxx_init ( 

am_ep24cxx_dev_t   *p_dev, 

 const am_ep24cxx_devinfo_t *p_devinfo, 

 am_i2c_handle_t    i2c_handle); 

fm24c02_handle p_dev am_ep24cxx_dev_t

p_devinfo am_ep24cxx_devinfo_t  

1.  

FM24C02 EP24Cxx EP24Cxx

E2PROM FM24C02 EP24Cxx I2C

FM24C02 am_ep24cxx_dev_t am_ep24cxx.h  

am_ep24cxx_dev_t g_at24c02_dev;     // ep24cxx FM24c02  

g_at24c02_dev p_dev

I2C 2 FM24C02 3  

am_ep24cxx_dev_t g_24c02_dev0;     // FM24C02 

am_ep24cxx_dev_t g_24c02_dev1;     // FM24C02 

handle

handle  

2.  

I2C

am_ep24cxx_devinfo_t am_ep24cxx.h  

typedef struct am_ep24cxx_devinfo { 

uint8_t  slv_addr;       // 7-bit  

 uint32_t  type;        //  

} am_ep24cxx_devinfo_t; 

am_ep24cxx.h FM24C02

AM_EP24CXX_FM24C02  

const am_ep24cxx_devinfo_t _g_24c02_devinfo = { 

 0x50, 

 AM_EP24CXX_FM24C02 

}; 

 g_24c02_devinfo p_devinfo  

 
6.2  E2PROM  
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3. I2C i2c_handle 

I2C1 am_lpc82x_i2c1_inst_init()

i2c_handle  

i2c_handle = am_lpc82x_i2c1_inst_init (); 

4. fm24c02_handle 

FM24C02 am_ep24cxx_init () fm24c02_handle

am_ep24cxx_handle_t am_ep24cxx.h  

typedef struct am_ep24cxx_dev *am_ep24cxx_handle_t; 

NULL NULL handle  

6.1 6.2  

6.1  am_hwconf_ep24cxx.c  

1 #include "ametal.h" 

2 #include "am_ep24cxx.h" 

3 #include "am_lpc82x_inst_init.h" 

4 

5 static const am_ep24cxx_devinfo_t __g_24c02_devinfo = { //  

6        0x50,                     // I2C  

7     AM_EP24CXX_FM24C02       //  

8 }; 

9 static am_ep24cxx_dev_t   __g_24c02_dev;    // FM24C02  

10 

11 am_ep24cxx_handle_t am_fm24c02_inst_init (void) 

12 { 

13  am_i2c_handle_t i2c_handle = am_lpc82x_i2c1_inst_init(); 

14      return am_ep24cxx_init(&__g_24c02_dev, &__g_24c02_devinfo, i2c_handle); 

15 } 

6.2  am_hwconf_ep24cxx.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_ep24cxx.h" 

4 

5 am_ep24cxx_handle_t am_fm24c02_inst_init (void); 

FM24C02  

am_ep24cxx_handle_t fm24c02_handle = am_fm24c02_inst_init(); 

i2c_handle I2C0 I2C1 I2C2 I2C3
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6.1.3  

EP24Cxx 6.2  

6.2  ep24cxx am_ep24cxx.h  

  

int am_ep24cxx_write ( 

am_ep24cxx_handle_t  handle, 

      int                  start_addr, 

      uint8_t              *p_buf, 

int                  len); 

 

int am_ep24cxx_read (  

am_ep24cxx_handle_t  handle, 

int                  start_addr, 

uint8_t              *p_buf, 

int                  len); 

 

API AM_OK  

am_errno.h API

 

1   

 

int am_ep24cxx_write ( 

am_ep24cxx_handle_t  handle,     // ep24cxx  

     int                  start_addr,    //  

     uint8_t            *p_buf,     //  

     int               len);     //  

AM_OK 0x20

16 6.3  

6.3   

1 uint8_t data[16] = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15}; 

2 am_ep24cxx_write(fm24c02_handle, 0x20, &data[0], 16);  

2   

 

int am_ep24cxx_read ( 

am_ep24cxx_handle_t  handle,     // ep24cxx  

     int                  start_addr,    //  

     uint8_t            *p_buf,     //  

     int               len);     //  

AM_OK 0x20
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16 6.4  

6.4   

1 uint8_t data[16]; 

2 am_ep24cxx_read (fm24c02_handle, 0x20, &data[0], 16);  

6.5 20  

6.5  FM24C02  

1 #include "ametal.h" 

2 #include "am_led.h" 

3 #include "am_delay.h" 

4 #include "am_lpc82x_inst_init.h" 

5 #include "am_ep24cxx.h" 

6 #include "am_hwconf_ep24cxx.h" 

7 

8 int app_test_ep24cxx (am_ep24cxx_handle_t handle) 

9 { 

10      int  i; 

11  uint8_t data[20]; 

12 

13     for (i = 0; i < 20; i++)       //  

14         data[i] = i; 

15     am_ep24cxx_write(handle, 0, &data[0], 20);    // 0 20  

16     for (i = 0; i < 20; i++)      //  

17         data[i] = 0; 

18     am_ep24cxx_read(handle, 0, &data[0], 20);    // 0 20  

19     for (i = 0; i < 20; i++) {      //  

20         if (data[i] != i)  return AM_ERROR; 

21     } 

22     return AM_OK; 

23 } 

24 

25 int am_main (void) 

26 { 

27     am_ep24cxx_handle_t fm24c02_handle = am_fm24c02_inst_init(); 

28     if (app_test_ep24cxx(fm24c02_handle) != AM_OK) { 

29         am_led_on(0);  while(1); 

30     } 

31     while (1) { 

32         am_led_toggle(0);  am_mdelay(100); 

33     } 

34 } 

app_test_ep24cxx() handle EP24Cxx
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6.1.4 NVRAM  

FM24C02 E2PROM NVRAM

am_prj_config.h AM_CFG_NVRAM_ENABLE 1 6.3  

6.3  NVRAM  

  

int am_ep24cxx_nvram_init ( 

am_ep24cxx_handle_t   handle, 

am_nvram_dev_t       *p_dev, 

const char             *p_dev_name); 

NVRAM  

am_ep24cxx.h  

int am_nvram_get ( 

char      *p_name,  

int       unit,  

uint8_t   *p_buf,  

int       offset, 

int       len); 

 

am_nvram.h  

int am_nvram_set ( 

char      *p_name,  

int       unit, 

uint8_t   *p_buf, 

int       offset, 

int       len); 

 

am_nvram.h  

1   

NVRAM FM24C02 NVRAM NVRAM

 

int am_ep24cxx_nvram_init( 

am_ep24cxx_handle_t  handle,   // ep24cxx  

     am_nvram_dev_t  *p_dev,   // NVRAM  

     const char    *p_dev_name);  // NVRAM  

ep24cxx fm24c02_handle handle p_dev

am_nvram_dev_t p_dev_name FM24C02 NVRAM

FM24C02  

1 NVRAM  

NVRAM FM24C02 NVRAM

am_nvram_dev_t am_nvram.h  

am_nvram_dev_t  g_24c02_nvram_dev;   // NVRAM  
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g_24c02_nvram_dev p_dev  

2  

p_dev_name

"fm24c02" FM24C02

FM24C02 "fm24c02_0" "fm24c02_1" "fm24c02_2"…… 

FM24C02 NVRAM

6.6 6.7  

6.6  NVRAM am_hwconf_ep24cxx.c  

1 #include "ametal.h" 

2 #include "am_ep24cxx.h" 

3 #include " am_hwconf_ep24cxx.h" 

4 

5 static am_nvram_serv_t  __g_24c02_nvram_dev;     // NVRAM  

6 int am_fm24c02_nvram_inst_init (void)     // NVRAM  

7 { 

8  am_ep24cxx_handle_t fm24c02_handle = am_fm24c02_inst_init(); 

9  am_ep24cxx_nvram_init(fm24c02_handle, &__g_24c02_nvram_dev, "fm24c02");    

10      return  AM_OK; 

11 } 

6.7  am_hwconf_ep24cxx.h  

1 #pragma once 

2 #include "ametal.h" 

2 #include "am_ep24cxx.h" 

3 

5 am_ep24cxx_handle_t am_fm24c02_inst_init (void); 

4 int am_fm24c02_nvram_inst_init (void); 

NVRAM FM24C02

"fm24c02" NVRAM  

am_fm24c02_nvram_inst_init(); 

2   

NVRAM NVRAM

am_nvram_segment_t am_nvram.h  

typedef struct am_nvram_segment { 

char       *p_name;    //  

int         unit;     //  

 uint32_t    seg_addr;    //  

 uint32_t    seg_size;    //  

     const char   *p_dev_name;     //  



ARM AMetal  

207 

} am_nvram_segment_t; 

p_name unit

"ip" IP "temp_limit"

seg_addr seg_size

p_dev_name  

FM24C02 p_dev_name "fm24c02"

FM24C02

am_nvram_cfg.c  

static const am_nvram_segment_t __g_nvram_segs[] = { 

    {NULL, 0, 0, 0, NULL}              //  

}; 

FM24C02 4

2 IP 4 2 4 50

 

static const am_nvram_segment_t __g_nvram_segs[] = { 

    {"ip", 0, 0, 4, "fm24c02"},   // IP 0 0 4 0~3 

    {"ip", 1, 4, 4, "fm24c02"},   // IP 1 4 4 4~7 

    {"temp_limit", 0, 8, 4, "fm24c02"},   // 8 4 8~11 

    {"system", 0, 12, 50, "fm24c02"},   // 12 50 12~61 

    {"test", 0, 62, 194, "fm24c02"},   // 62 194 62~255 

    {NULL, 0, 0, 0, NULL}    //  

}; 

am_nvram_inst_init () am_nvram_cfg.h

 

void am_nvram_inst_init (void); 

am_prj_config.h

AM_CFG_NVRAM _ENABLE 6.10  

6.8  NVRAM 

1 void am_board_init (void) 

2 { 

3  // ...... 

4  #if (AM_CFG_NVRAM _ENABLE== 1) 

5   am_nvram_inst_init(); 

6  #endif 

7  // ...... 

8 } 

NVRAM am_nvram_cfg.c 5

6.4 NVRAM
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6.4  NVRAM  

    

1 "ip" 0 4 

2 "ip" 1 4 

3 "temp_limit" 0 4 

4 "system" 0 50 

5 "test" 0 194 

3   

 

int am_nvram_set (char*p_name, intunit, uint8_t *p_buf,int offset, intlen); 

p_name unit p_buf

offset len

AM_OK IP IP

6.9  

6.9   

unit8_t ip[4] = {192, 168, 40, 12}; 

am_nvram_set("ip", 0, &ip[0], 0, 4);        // "ip" 

4   

 

int am_nvram_get (char*p_name, intunit, uint8_t *p_buf,int offset,intlen); 

p_name unit p_buf

offset len

AM_OK IP IP

6.10  

6.10   

unit8_t ip[4]; 

am_nvram_get("ip", 0, &ip[0], 0, 4);        // "ip" 

NVRAM

6.11 6.12  

6.11  app_test_nvram.c  

1 #include "ametal.h" 

2 #include "am_nvram.h" 

3 #include "app_test_nvram.h" 

4 

5 int app_test_nvram (char *p_name, uint8_t unit) 

6 { 
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7     int      i; 

8     uint8_t  data[20]; 

9 

10     for (i = 0; i < 20; i++)      //  

11         data[i] = i; 

12     am_nvram_set(p_name, unit, &data[0], 0, 20);    // "test"  20  

13       for (i = 0; i < 20; i++)      //  

14         data[i] = 0; 

15     am_nvram_get(p_name, unit, &data[0], 0, 20);  // "test"  20  

16     for (i = 0; i < 20; i++) {      //  

17         if (data[i] != i) { 

18             return AM_ERROR; 

19         } 

20     } 

21     return AM_OK; 

22 } 

6.12  app_test_nvram.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 int app_test_nvram(char *p_name, uint8_t unit); 

NVRAM

AM_OK AM_ERROR  

NVRAM

AMetal

NVRAM 6.13  

6.13  NVRAM  

1 #include "ametal.h" 

2 #include "am_led.h" 

3 #include "am_delay.h" 

4 #include "am_hwconf_ep24cxx.h" 

5 #include "app_test_nvram.h" 

6 

7 int am_main (void) 

8 { 

9  am_fm24c02_nvram_inst_init(); 

10     if (app_test_nvram("test", 0) != AM_OK) { 

11         am_led_on(1); 
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12         while(1); 

13     } 

14     while (1) { 

15         am_led_toggle(0);  am_mdelay(100); 

16     } 

17 } 

NVRAM  

EP24Cxx NVRAM CPU

EP24Cxx  

6.2 SPI NOR Flash  
SPI NOR Flash SPI MX25L1606

AMetal Flash  

6.2.1  

MX25L1606 16M

16 1024 1024 bits 2M

0x000000 ~ 0x1FFFFF  

MX25L1606

block sector

page

256 16

4K 4096

16

64K 65536

6.5  

MX25L1606 4 SPI

0 3 CS MOSI MISO CLK

6.3 CS #1 SO #2 SI #5 SCLK

#6 SPI CS MISO MOSI CLK

WP #3 HOLD #7

MicroPort-NorFlash

MicroPort AM824-Core  

6.2.2  

AMetal MX25L8006 MX25L1606 SPI Flash

am_mx25xx.h  

am_mx25xx_handle_t am_mx25xx_init( 

 am_mx25xx_dev_t         *p_dev, 

 const am_mx25xx_devinfo_t   *p_devinfo, 

6.5  MX25L1606  

 

block  

 

sector  

 

page  

 

  

0 

0 

0 0x000000 0x0000FF 

   

15 0x000F00 0x000FFF 

    

15 

240 0x00F000 0x00F0FF 

   

255 0x00FF00 0x00FFFF 

 

6.3  SPI Flash  
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 am_spi_handle_t               spi_handle); 

mx25xx_handle p_dev am_mx25xx_dev_t

p_devinfo am_mx25xx_devinfo_t  

1  

am_mx25xx_dev_t am_mx25xx.h  

am_mx25xx_dev_t    g_mx25xx_dev;                  // mx25xx  

g_mx25xx_dev p_dev  

2  

SPI SPI SPI

am_mx25xx_devinfo_t am_mx25xx.h  

typedef struct am_mx25xx_devinfo { 

 uint16_t       spi_mode;         // SPI  

 int            spi_cs_pin;        // SPI  

 uint32_t       spi_speed;         // SPI  

 am_mx25xx_type_t   type;          //  

} am_mx25xx_devinfo_t; 

spi_mode SPI MX25L1606 0 AM_SPI_MODE_0 3

AM_SPI_MODE_3 spi_cs_pin MicroPort-NorFlash

MicroPort AM824-Core PIO0_1 spi_speed

MX25L1606 86MHz

86000000 LPC824 30MHz SPI 30MHz type

am_mx25xx.h MX25L1606 AM_MX25XX_MX25L1606  

 

const am_mx25xx_devinfo_t  g_mx25xx_devinfo = {   // mx25xx  

 AM_SPI_MODE_0,                       // 0 

 PIO0_1,                                 //  

 30000000,                               //  

 AM_MX25XX_MX25L1606     //  

}; 

 g_mx25xx_devinfo p_devinfo  

3 SPI spi_handle 

LPC824 SPI0 MX25L1606 LPC82x SPI0

am_lpc82x_spi0_inst_init() SPI  

am_spi_handle_t  spi_handle = am_lpc82x_spi0_inst_init (); 

SPI spi_handle  

4  

MX25L1606 am_mx25xx_init () MX25L1606

handle  
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am_mx25xx_handle_t am_mx25xx.h  

typedef struct am_mx25xx_dev *am_mx25xx_handle_t; 

NULL NULL handle  

6.14 6.15  

6.14  am_hwconf_mx25xx.c  

1 #include "ametal.h" 

2 #include "am_lpc82x_inst_init.h" 

3 #include "lpc82x_pin.h" 

4 #include "am_mx25xx.h" 

5 #include "am_mtd.h" 

6 

7 static const am_mx25xx_devinfo_t  __g_mx25xx_devinfo = { // mx25xx  

8     AM_SPI_MODE_0,                               // 0 

9     PIO0_1,                                       //  

10     30000000,                                       //  

11     AM_MX25XX_MX25L1606      //  

12 }; 

13 static am_mx25xx_dev_t     __g_mx25xx_dev;         // mx25xx  

14 

15 am_mx25xx_handle_t am_mx25xx_inst_init (void) 

16 { 

17     am_spi_handle_t spi_handle = am_lpc82x_spi0_inst_init();// SPI0  

18     return am_mx25xx_init(&__g_mx25xx_dev, &__g_mx25xx_devinfo, spi_handle); 

19 } 

6.15  am_hwconf_mx25xx.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_mx25xx.h" 

4 

5 am_mx25xx_handle_t am_mx25xx_inst_init (void); 

MX25xx  

am_mx25xx_handle_t  mx25xx_handle = am_mx25xx_inst_init(); 

spi_handle SPI0 SPI1 mx25xx_handle

MX25xx  

6.2.3  

SPI Flash
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6.6  

6.6  MX25xx  

  

int am_mx25xx_erase(  

am_mx25xx_handle_t   handle,   

uint32_t              addr, 

uint32_t              len); 

 

int am_mx25xx_write( 

am_mx25xx_handle_t   handle, 

uint32_t              addr, 

uint8_t               *p_buf, 

uint32_t              len); 

 

int am_mx25xx_read( 

am_mx25xx_handle_t   handle, 

    uint32_t              addr, 

uint8_t               *p_buf, 

    uint32_t              len); 

 

API AM_OK  

am_errno.h API

 

 

0xFF 1

 

int am_mx25xx_erase(am_mx25xx_handle_thandle,uint32_taddr, uint32_t  len); 

handle MX25L1606 addr

0x000000 0 0x001000 4096

0x002000 2 4096  

AM_OK 0x001000

2 6.16  

6.16   

1 am_mx25xx_erase(mx25xx_handle, 0x001000, 2 * 4096); //  

0x001000 ~ 0x3FFF  

 

0 0

0 1 0x55 bit1 bit3 bit5 bit7 0

0x55 0xAA 0xAA bit0 bit2 bit4 bit6

0 0x00 0xAA
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int am_mx25xx_write( 

 am_mx25xx_handle_t  handle,     // mx25xx  

 uint32_t                addr,      //  

 uint8_t                *p_buf,     //  

 uint32_t                len);      //  

AM_OK 0x001000

128 6.17  

6.17   

1 uint8_t  buf[128]; 

2 int  i; 

3 for (i = 0 ; i < 128; i++) buf[i] = i;           //  

4 am_mx25xx_erase(mx25xx_handle, 0x001000, 4096);  //  

5 am_mx25xx_write(mx25xx_handle, 0x001000, buf, 128);  // 128  

128 4096

128

128 6.18  

6.18   

1 am_mx25xx_write(mx25xx_handle, 0x001000 + 128, buf, 128);   // 128  

0x001000 128

 

 

 

int am_mx25xx_read( 

 am_mx25xx_handle_t   handle,     // mx25xx  

 uint32_t                addr,      //  

 uint8_t                *p_buf,     //  

uint32_t                len);      //  

AM_OK 0x001000

128 6.19  

6.19   

1 uint8_tdata[128]; 

2 am_mx25xx_read(mx25xx_handle, 0x001000, buf, 128);  // 128  

6.20 6.21  

6.20  MX25XX app_test_mx25xx.c  

1 #include "ametal.h" 

2 #include "am_mx25xx.h" 

3 

4 int app_test_mx25xx (am_mx25xx_handle_t mx25xx_handle) 

5 { 
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6     int i; 

7     static uint8_t buf[128]; 

8 

9     am_mx25xx_erase(mx25xx_handle, 0x001000, 4096);   // 1 

10     for (i = 0; i < 128; i++)  buf[i] = i;               //  

11     am_mx25xx_write(mx25xx_handle, 0x001000, buf, 128); 

12     for (i = 0; i < 128; i++)  buf[i] = 0x0;            // 0 

13     am_mx25xx_read(mx25xx_handle, 0x001000, buf, 128); 

14     for(i = 0; i < 128; i++) { 

15         if (buf[i] != i) { 

16             return AM_ERROR; 

17         } 

18     } 

10     return AM_OK; 

20 } 

128 static

128

 

6.21  MX25XX app_test_mx25xx.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_mx25xx.h" 

4 

5 int app_test_mx25xx (am_mx25xx_handle_t mx25xx_handle); 

6.22  

6.22  MX25L1602  

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "am_led.h" 

4 #include "am_mx25xx.h" 

5 #include "am_hwconf_mx25xx.h" 

6 #include "app_test_mx25xx.h" 

7 

8 int am_main (void) 

9 { 

10     am_mx25xx_handle_t mx25xx_handle = am_mx25xx_inst_init(); 

11     if (app_test_mx25xx(mx25xx_handle) != AM_OK) { 
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12         am_led_on(0); 

13         while(1); 

14     } 

15     while(1) { 

16         am_led_toggle(0);  am_mdelay(200); 

17     } 

18     return 0; 

19 } 

app_test_mx25xx() MX25XX handle MX25xx

 

6.2.4 MTD  

MX25L1606 FLASH MX25L1606

MTD Memory Technology Device

6.7  

6.7  MTD  

  

am_mtd_handle_t am_mx25xx_mtd_init( 

am_mx25xx_handle_t  handle, 

am_mtd_serv_t       *p_mtd, 

uint32_t             reserved_nblks); 

MTD  

am_mx25xx.h  

int am_mtd_erase (  

am_mtd_handle_t    handle, 

    uint32_t            addr, 

uint32_t            len); 

 

am_mtd.h  

int am_mtd_read (  

am_mtd_handle_t    handle, 

    uint32_t            addr, 

    void               *p_buf, 

    uint32_t            len); 

 

am_mtd.h  

int am_mtd_read (  

am_mtd_handle_t    handle, 

    uint32_t            addr, 

    void               *p_buf, 

    uint32_t            len); 

 

am_mtd.h  

1 MTD  

MTD MTD  
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am_mtd_handle_t am_mx25xx_mtd_init( 

am_mx25xx_handle_t   handle, 

am_mtd_serv_t        *p_mtd, 

uint32_t          reserved_nblks); 

MX25L1606 mx25xx_handle handle p_mtd

am_mtd_serv_t reserved_nblks  

� MTD  

am_mtd_serv_t am_mtd.h  

am_mtd_serv_t  g_mx25xx_mtd;                   //  MTD  

g_mx25xx_mtd p_mtd  

�  

reserved_nblks MX25L1606

MTD 5 MX25XX

0~ 4 MTD MTD 5

0  

MTD

6.23 6.24  

6.23  MTD am_hwconf_mx25xx.c  

1 static am_mtd_serv_t  __g_mx25xx_mtd;             //  MTD  

2 

3 am_mtd_handle_t am_mx25xx_mtd_inst_init(void) 

4 { 

5      am_mx25xx_handle_t   mx25xx_handle = am_mx25xx_inst_init(); 

6  return am_mx25xx_mtd_init(mx25xx_handle, &__g_mx25xx_mtd, 0); 

7 } 

6.24  am_hwconf_mx25xx.h 1  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_mx25xx.h" 

4 

5 am_mx25xx_handle_t am_mx25xx_inst_init (void); 

6 am_mtd_handle_t am_mx25xx_mtd_inst_init(void); 

am_mx25xx_mtd_inst_init()

MTD  

am_mtd_handle_t mtd_handle = am_mx25xx_mtd_inst_init(); 

MTD mtd_handle

handle  

MX25XX am_mx25xx_inst_init() MX25XX

MTD am_mx25xx_mtd_inst_init() MTD  
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int am_mtd_erase( 

am_mtd_handle_t handle,     // MTD  

 uint32_t   addr,      //  

 uint32_t           len);      //  

AM_MTD_ERASE_UNIT_SIZE_GET()  

uint32_t erase_size = AM_MTD_ERASE_UNIT_SIZE_GET(mtd_handle); 

addr len

MX25L1606 4096

addr 0x000000 0 0x001000 4096 0x002000 2 4096  

AM_OK 0x001000 2

6.25  

6.25   

am_mtd_erase(mx25xx_handle, 0x001000, 2 * 4096);  //  

0x001000 ~ 0x3FFF

 

 

 

int am_mtd_write( 

am_mtd_handle_t handle,     // MTD  

uint32_t   addr,      //  

uint8_t   *p_buf,     //  

uint32_t   len);      //  

AM_OK 0x001000

128 6.26  

6.26   

1 uint8_t  buf[128]; 

2 int  i; 

3 for (i = 0 ; i < 128; i++) 

4     buf[i] = i;              //  

5 am_mtd_erase(mtd_handle, 0x001000, 4096);   //  

6 am_mtd_write(mtd_handle, 0x001000, buf, 128);  // 128  

 

 

int am_mx25xx_read(  

am_mx25xx_handle_t   handle,    // MTD  

uint32_t                addr,     //  

uint8_t                *p_buf,    //  

uint32_t                len);     //  

AM_OK 0x001000

128 6.27  

6.27   
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1 uint8_tdata[128]; 

2 am_mtd_read(mtd_handle, 0x001000, buf, 128);   // 128  

MTD 6.28 6.29  

6.28  MTD app_test_mtd.c  

1 #include "ametal.h" 

2 #include "am_mtd.h" 

3  

4 int app_test_mtd (am_mtd_handle_t mtd_handle) 

5 { 

6     int i; 

7     static uint8_t buf[128]; 

8 

9     am_mtd_erase(mtd_handle, 0x001000, 4096);  // 1 

10   for (i = 0; i < 128; i++) 

11         buf[i] = i;                               //  

12     am_mtd_write(mtd_handle, 0x001000 + 67, buf, 128); 

13  for (i = 0; i < 128; i++) 

14         buf[i] = 0x0;                       //  

15  am_mtd_read(mtd_handle, 0x001000 + 67, buf, 128); 

16  for(i = 0; i < 128; i++) { 

17   if (buf[i] != i) { 

18    return AM_ERROR; 

19   } 

20  } 

21      return AM_OK; 

22 } 

6.29  app_test_mtd.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_mtd.h" 

4 

5 int app_test_mtd (am_mtd_handle_t mtd_handle); 

MTD

AM_OK AM_ERROR 6.30  

6.30  MTD  

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "am_led.h" 

4 #include "am_mx25xx.h" 

5 #include "am_hwconf_mx25xx.h" 

6 #include "app_test_mtd.h" 

7 

8 int am_main (void) 
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9 { 

10     am_mtd_handle_t mtd_handle = am_mx25xx_mtd_inst_init(); 

11     if (app_test_mtd(mtd_handle) != AM_OK) { 

12         am_led_on(0);  

13         while(1); 

14     } 

15     while(1) { 

16         am_led_toggle(0); 

17         am_mdelay(200); 

18     } 

19     return 0; 

20 } 

6.2.5 FTL  

MX25L1606 10

 

0x001000~0x001FFF 4K

MX25L1606

AMetal FTL Flash Translation Layer 6.8  

6.8  FTL am_ftl.h  

  

am_ftl_handle_tam_ftl_init( 

am_ftl_serv_t      *p_ftl, 

    uint8_t            *p_buf, 

uint32_t           len, 

am_mtd_handle_t   handle); 

FTL  

int am_ftl_write ( 

am_mtd_handle_t  handle, 

uint32_t          addr, 

void             *p_buf, 

uint32_t          len); 

 

int am_ftl_read ( 

am_mtd_handle_t   handle, 

uint32_t           addr, 

    void              *p_buf, 

uint32_t           len); 

 

1. FTL  

FTL FTL  

am_ftl_handle_t am_ftl_init(am_ftl_serv_t *p_ftl, uint8_t *p_buf, uint32_t len, am_mtd_handle_t mtd_handle); 

p_ftl am_ftl_serv_t p_buf len FTL
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RAM MTD mtd_handle MTD  

1  

am_ftl_serv_t am_mtd.h  

am_ftl_serv_t  g_ftl;        //  FTL  

g_ftl p_ftl  

2  

FTL RAM FTL

 

44)512(516 _ ������� erasechipmtderase sizesizesizelen  

sizeerase MX25L1606 4096 sizemtd_chip

MTD MX25L1606 MTD

0 MX25L1606 2M  

259644096)102410242(4)5124096(516 ����������len  

MX25L1606 FTL 2.5KB RAM

RAM FTL RAM

Flash FTL am_ftl.h  

AM_FTL_RAM_SIZE_GET(chip_size, erase_size) 

RAM  

FTL MX25L1606 FTL  

uint8_t  g_ftl_buf[AM_FTL_RAM_SIZE_GET(2 * 1024 * 1024, 4096)]; 

g_ftl_buf p_buf

len  

3 MTD mtd_handle 

MTD MTD  

am_mtd_handle_t mtd_handle = am_mx25xx_mtd_inst_init(); 

MTD mtd_handle  

4  

FTL am_ftl_init () FTL

handle am_ftl_handle_t am_ftl.h  

typedef am_ftl_serv_t *am_ftl_handle_t; 

NULL NULL handle  

FTL

6.31 6.32  

6.31  FTL am_hwconf_mx25xx.c  

1 #include "am_ftl.h" 

2 static am_ftl_serv_t  __g_ftl;                 //  FTL  

3 static uint8_t       __g_ftl_buf[AM_FTL_RAM_SIZE_GET(2 * 1024 * 1024, 4096)]; 

4 
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5 am_ftl_handle_t am_mx25xx_ftl_inst_init(void) 

6 { 

7     am_mtd_handle_t mtd_handle = am_mx25xx_mtd_inst_init(); 

8     return am_ftl_init(&__g_ftl, &__g_ftl_buf[0], AM_NELEMENTS(__g_ftl_buf), mtd_handle); 

9 } 

6.32  am_hwconf_mx25xx.h 2  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_mx25xx.h" 

4 #include "am_ftl.h" 

5 

6 am_mx25xx_handle_t am_mx25xx_inst_init (void); 

7 am_mtd_handle_t am_mx25xx_mtd_inst_init(void); 

8 am_ftl_handle_t  am_mx25xx_ftl_inst_init(void); 

am_mx25xx_ftl_inst_init()

FTL  

am_ftl_handle_t ftl_handle = am_mx25xx_ftl_inst_init(); 

FTL ftl_handle

handle  

2.  

FTL 512

 

int am_ftl_write ( 

am_ftl_handle_t handle,       // FTL  

unsigned int  lbn,        //  

uint8_t    *p_buf);      // 512  

Flash

lbn

512 MX25L1606  

MX25L1606 512 4096 2

1024 1024 512 lbn 0 ~ 4095

MX25L1606 4096 512 FTL 512

3584 4096~512 lbn 0~3583  

FTL 2.5K RAM 256K MX25L1606 512

512 FTL AM_OK

512 2

6.33  

6.33   

1 uint8_t  buf[512]; 

2 int  i; 

3 for (i = 0 ; i < 512; i++) 

4     buf[i] = i & 0xFF;             //  
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5 am_ftl_write(ftl_handle, 2, buf, 512);    // 2 512  

 

 

int am_ftl_read (  

 am_ftl_handle_t handle,       // FTL  

 unsigned int  lbn,        //  

 uint8_t    *p_buf);      // 512  

AM_OK 2 512

6.34  

6.34   

1 uint8_tbuf [512]; 

2 am_ftl_read(ftl_handle, 2, buf, 512);    // 2 512  

FTL 6.35 6.36  

6.35  FTL app_test_ftl.c  

1 #include "ametal.h" 

2 #include "am_ftl.h" 

3 

4 int app_test_ftl (am_ftl_handle_t ftl_handle) 

5 { 

6     int  i; 

7     static  uint8_t buf[512]; 

8 

9     for (i = 0; i < 512; i++)  buf[i] = i & 0xFF;   //  

10     am_ftl_write(ftl_handle, 2, buf); 

11     for (i = 0; i < 512; i++)  buf[i] = 0x0;        //  

12     am_ftl_read(ftl_handle, 2, buf); 

13     for(i = 0; i < 512; i++) { 

14         if (buf[i] != (i & 0xFF)) { 

15             return AM_ERROR; 

16         } 

17     } 

18     return AM_OK; 

19 } 

6.36  FTL app_test_ftl.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_ftl.h" 

4 

5 int app_test_ftl (am_ftl_handle_t ftl_handle); 

FTL FTL

6.37  
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6.37  FTL  

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "am_led.h" 

4 #include "am_mx25xx.h" 

5 #include "am_hwconf_mx25xx.h" 

6 #include "app_test_mtd.h" 

7 

8 int am_main (void) 

9 { 

10  am_ftl_handle_t ftl_handle = am_mx25xx_ftl_inst_init(); 

11      if (app_test_ftl(ftl_handle) != AM_OK) { 

12         am_led_on(0);  while(1); 

13     } 

14     while(1) { 

15         am_led_toggle(0);  am_mdelay(200); 

16     } 

17     return 0; 

18 } 

6.2.6  

malloc

 

AMetal

6.9  

6.9  hash_kv.h  

  

int hash_kv_init ( 

hash_kv_t    *p_hash, 

      uint16_t      size, 

      uint16_t      key_size, 

      uint16_t      value_size, 

      hash_func_t   hash, 

      const char    *file_name); 

 

int hash_kv_add (hash_kv_t *p_hash, const void *key, const void *value);  

int hash_kv_search (hash_kv_t *p_hash, const void *key, void *value);  

int hash_kv_del (hash_kv_t *p_hash, const void *key);  

int hash_kv_deinit (hash_kv_t *p_hash);  
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 hash_db_* hash_kv_*

malloc

hash_kv_t

hash_kv_t  hash;  

6.38  

6.38   

1     #include <stdio.h> 

2     #include <stdlib.h> 

3     #include "hash_kv.h" 

4 

5     typedef struct _student{ 

6         char  name[10];               //  

7         char  sex;                      //  

8         float  height, weight;                   //  

9     } student_t; 

10 

11    int db_id_to_idx (unsigned char id[6])               // ID  

12    { 

13        int i; 

14        int sum = 0; 

15        for (i = 0; i < 6; i++) 

16            sum += id[0]; 

17        return sum % 250; 

18    } 

19 

20    int student_info_generate (unsigned char *p_id, student_t *p_student) //  

21    { 

22        int i; 

23        for (i = 0; i < 6; i++)      //  

24            p_id[i] = rand(); 

25        for (i = 0; i < 9; i++)                        //  'a' ~ 'z'  

26            p_student->name[i] = (rand() % ('z' - 'a')) + 'a'; 

27        p_student->name[i]= '\0';                    //  

28        p_student->sex    = (rand() & 0x01) ? 'F' : 'M';   //  

29        p_student->height = (float)rand() / rand(); 

30        p_student->weight = (float)rand() / rand(); 

31        return 0; 

32    } 

33 

34    int main () 

35    { 

36        student_t      stu; 
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37        unsigned char  id[6]; 

38        int            i; 

39     hash_kv_t      hash_students; 

40 

41        hash_kv_init(&hash_students, 250, 6, sizeof(student_t), (hash_func_t)db_id_to_idx, "hash_students"); 

42        for (i = 0; i < 100; i++){                 // 100  

43            student_info_generate(id, &stu);         //  

44            if (hash_kv_search(&hash_students, id, &stu) == 0){ // ID  

45                printf(" ID \n"); 

46                continue; 

47            } 

48            printf(" ID : %02x%02x%02x%02x%02x%02x",id[0],id[1],id[2],id[3],id[4],id[5]); 

49            printf("  %s  %c %.2f %.2f\n", stu.name, stu.sex, stu.height, stu.weight); 

50            if (hash_kv_add(&hash_students, id, &stu) != 0){ 

51                printf(" "); 

52            } 

53        } 

54        printf(" ID %02x%02x%02x%02x%02x%02x \n",id[0],id[1],id[2],id[3],id[4],id[5]); 

55        if (hash_kv_search(&hash_students, id, &stu) == 0) 

56            printf("  %s  %c %.2f %.2f\n", stu.name, stu.sex, stu.height, stu.weight); 

57        else 

58            printf(" ID \r\n"); 

59        hash_kv_deinit(&hash_students); 

60        return 0; 

61    } 

6.3 RTC  
PCF85063 RTC

RTC RX8025T DS1302 PCF85063

RTC  

6.3.1 PCF85063 

1   

PCF85063 /

/ /

/  

NXP PCF85063 6.4

SCL SDA I2C VDD VSS

OSCI OSCO 32.768KHz PCF85063 CLKOUT

INT  

PCF85063 7 I2C 0x51 MicroPort-RTC MicroPort

AM824-Core SCL SDA PIO0_16 PIO0_18 6.5 R1

INT PIO0_1 R3 INT PIO0_8 R2 CLKOUT

PIO0_24  

 

6.4  PCF85063  
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2   

PCF85063 PCF85063

PCF85063 am_pcf85063.h  

am_pcf85063_handle_t am_pcf85063_init(am_pcf85063_dev_t *p_dev, int int_pin, am_i2c_handle_t i2c_handle); 

PCF85063 p_dev am_pcf85063_dev_t

int_pin PCF85063 INT MCU  

1  

am_pcf85063_dev_t am_pcf85063.h  

am_pcf85063_dev_t  g_pcf85063_dev;                  // PCF85063  

g_pcf85063_dev p_dev  

2  

PCF85063 INT MCU

PIO0_1 PIO0_1 int_pin  

3 I2C i2c_handle 

I2C1 am_lpc82x_i2c1_inst_init ()

i2c_handle  

am_i2c_handle_t  i2c_handle = am_lpc82x_i2c1_inst_init (); 

4  

PCF85063 am_pcf85063_init ()

handle am_pcf85063_handle_t am_pcf85063.h  

typedef struct am_pcf85063_dev *am_pcf85063_handle_t; 

NULL NULL handle  

6.39 6.40  

6.39  am_hwconf_pcf85063.c  

1 #include "ametal.h" 

2 #include "am_lpc82x_inst_init.h" 

3 #include "lpc82x_pin.h" 

 

6.5  PCF85063  
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4 #include "am_pcf85063.h" 

5 

6 #define __PCF85063_INT_PIN   PIO0_1 

7 static am_pcf85063_dev_t     __g_pcf85063_dev;         // pcf85063  

8 

9 am_pcf85063_handle_t am_pcf85063_inst_init (void) 

10 { 

11     am_i2c_handle_ti2c_handle = am_lpc82x_i2c1_inst_init ();  // I2C1  

12     return am_pcf85063_init(&__g_pcf85063_dev, __PCF85063_INT_PIN, i2c_handle); 

13 } 

6.40  am_hwconf_pcf85063.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_pcf85063.h" 

4 

5 am_pcf85063_handle_t am_pcf85063_inst_init (void); 

PCF85063  

am_pcf85063_handle_t  pcf85063_handle = am_pcf85063_inst_init(); 

6.3.2 RTC  

PCF85063 RTC RTC Real-Time Clock

6.10  

6.10  RTC am_rtc.h  

  

int am_rtc_time_set (am_rtc_handle_t handle, am_tm_t *p_tm);  

int am_rtc_time_get (am_rtc_handle_t handle, am_tm_t *p_tm);  

am_rtc_handle_t RTC

PCF85063 am_pcf85063_handle_t  

RTC PCF85063 PCF85063

PCF85063 PCF85063 RTC

RTC PCF85063  

am_rtc_handle_t am_pcf85063_rtc_init (am_pcf85063_handle_t handle, am_rtc_serv_t *p_rtc); 

RTC PCF85063 pcf85063_handle

handle p_rtc am_rtc_serv_t am_rtc_serv_t

am_rtc.h  

am_rtc_serv_t  g_pcf85063_rtc;      //  RTC  

g_pcf85063_rtc p_rtc  

6.41 6.42  

6.41  PCF85063 RTC am_hwconf_pcf85063.c  
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1 static am_rtc_serv_t  __g_pcf85063_rtc;              //  RTC  

2 

3 am_rtc_handle_t am_pcf85063_rtc_inst_init(void) 

4 { 

5     am_pcf85063_handle_t  pcf85063_handle = am_pcf85063_inst_init(); 

6     return am_pcf85063_rtc_init(pcf85063_handle, &__g_pcf85063_rtc); 

7 } 

6.42  am_hwconf_pcf85063.h 1  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_pcf85063.h" 

4 

5 am_pcf85063_handle_t am_pcf85063_inst_init (void); 

6 am_rtc_handle_t   am_pcf85063_rtc_inst_init(void); 

RTC RTC  

am_rtc_handle_t  rtc_handle = am_pcf85063_rtc_inst_init(); 

1.  

RTC  

int am_rtc_time_set (am_rtc_handle_t  handle, am_tm_t *p_tm); 

handle RTC p_tm

AM_OK am_tm_t am_time.h

/ / / / /  

typedef struct am_tm { 

 int  tm_sec;           // 0 ~59 

 int  tm_min;          // 0 ~ 59 

 int  tm_hour;         // 0 ~ 23 

 int  tm_mday;           // 1 ~ 31 

 int  tm_mon;           // 0 ~ 11 

 int  tm_year;            //  

 int  tm_wday;           //  

 int  tm_yday;           //  

 int  tm_isdst;           //  

} am_tm_t; 

tm_mon 1~12 tm_year 1900

1900 tm_wday; 0~6 ~ tm_yday

1 1 0~365 0 1 1 tm_isdst 1

-1 / / / / / 6.43

 

6.43   

1 am_tm_t tm = { 

2     30,                   // 30  

3     32,                   // 32  
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4     9,                    // 09  

5     26,                   // 26  

6     8 - 1,                 // 08  

7     2016 - 1900,           // 2016  

8     0,                    //  

9     0,                    //  

10     -1                    //  

11 }; 

12 am_rtc_time_set(pcf85063_handle, &tm);   // 2016 8 26 09:32:30 

 

 

am_rtc_time_get(am_rtc_handle_t  handle, am_tm_t *p_tm);  

handle RTC p_tm

AM_OK 6.44  

6.44   

1 am_tm_t tm; 

2 am_rtc_time_get(rtc_handle, &tm); 

RTC 1s

6.45 6.46  

6.45  RTC app_rtc_time_show.c  

1 #include "ametal.h" 

2 #include "am_rtc.h" 

3 #include "am_vdebug.h" 

4 #include "am_delay.h"  

3 

4 int app_rtc_time_show (am_rtc_handle_t rtc_handle) 

5 { 

6     // 2016 8 26 09:32:30 

7     am_tm_t tm = {30, 32, 9, 26, 8 - 1, 2016 - 1900, 0, 0, -1}; 

8     // 2016 8 26 09:32:30 

9     am_rtc_time_set(rtc_handle, &tm); 

10     while(1) { 

11         am_rtc_time_get(rtc_handle, &tm); 

12         AM_DBG_INFO("%04d-%02d-%02d %02d:%02d:%02d \r\n", 

13                      tm.tm_year+1900, tm.tm_mon + 1, tm.tm_mday, 

14                      tm.tm_hour,      tm.tm_min,     tm.tm_sec); 

15         am_mdelay(1000); 

16     } 

17     return 0; 

18 } 

6.46  RTC app_rtc_time_show.h  

1 #pragma once 
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2 #include "ametal.h" 

3 #include "am_rtc.h" 

4 

5 int app_rtc_time_show (am_rtc_handle_t rtc_handle); 

RTC RTC

PCF85063 RTC am_pcf85063_rtc_inst_init()

6.47  

6.47  RTC PCF85063  

1 #include "ametal.h" 

2 #include "app_rtc_time_show.h" 

3 #include "am_hwconf_pcf85063.h" 

4 

5 int am_main (void) 

6 { 

7     am_rtc_handle_t rtc_handle = am_pcf85063_rtc_inst_init(); 

8     app_rtc_time_show(rtc_handle); 

9     while(1) { 

10     } 

11 } 

6.3.3  

PCF85063 RTC

6.11  

6.11  am_alarm_clk.h  

  

int am_alarm_clk_time_set ( 

am_alarm_clk_handle_t  handle,  

am_alarm_clk_tm_t     *p_tm); 

 

int am_alarm_clk_callback_set ( 

am_alarm_clk_handle_t   handle, 

      void                   *pfn_callback, 

      void                   *p_arg); 

 

int am_alarm_clk_on (am_alarm_clk_handle_t handle);  

int am_alarm_clk_off (am_alarm_clk_handle_t handle);  

am_alarm_clk_handle_t

PCF85063 PCF85063

PCF85063  

am_alarm_clk_handle_t  am_pcf85063_alarm_clk_init ( 

am_pcf85063_handle_t     handle,    // PCF85063  

 am_alarm_clk_serv_t   *p_alarm_clk);   //  
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PCF85063 pcf85063_handle

handle p_alarm_clk am_alarm_clk_serv_t

am_alarm_clk_serv_t am_alarm_clk.h  

am_alarm_clk_serv_t  g_pcf85063_alarm_clk;   //  

g_pcf85063_alarm_clk p_alarm_clk  

6.48 6.49  

6.48  PCF85063 am_hwconf_pcf85063.c  

1 static am_alarm_clk_serv_t  __g_pcf85063_alarm_clk; //  

2 

3 am_alarm_clk_handle_t  am_pcf85063_alarm_clk_inst_init(void) 

4 { 

5     am_pcf85063_handle_t  pcf85063_handle = am_pcf85063_inst_init(); 

6     return am_pcf85063_alarm_clk_init (pcf85063_handle, &__g_pcf85063_alarm_clk); 

7 } 

6.49  am_hwconf_pcf85063.h 2  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_pcf85063.h" 

4 

5 am_pcf85063_handle_t am_pcf85063_inst_init (void); 

6 am_rtc_handle_t   am_pcf85063_rtc_inst_init(void); 

7 am_alarm_clk_handle_t   am_pcf85063_alarm_clk_inst_init(void); 

 

am_alarm_clk_handle_t  alarm_handle = am_pcf85063_alarm_clk_inst_init(); 

1   

 

int am_alarm_clk_time_set ( 

am_alarm_clk_handle_t    handle,    //  

am_alarm_clk_tm_t   *p_tm);   //  

handle p_tm

AM_OK am_alarm_clk_tm_t am_alarm_clk.h

 

typedef struct am_alarm_clk_tm { 

 int  min;          // 0 ~ 59 

 int  hour;         // 0 ~ 23 

 int  wdays;          //  

} am_alarm_clk_tm_t; 

min hour wdays

 

AM_ALARM_CLK_SUNDAY AM_ALARM_CLK_MONDAY
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AM_ALARM_CLK_TUESDAY AM_ALARM_CLK_WEDNESDAY

AM_ALARM_CLK_THURSDAY AM_ALARM_CLK_FRIDAY

AM_ALARM_CLK_SATURDAY AM_ALARM_CLK_WORKDAY

AM_ALARM_CLK_EVERYDAY  

|

 

AM_ALARM_CLK_MONDAY | AM_ALARM_CLK_TUESDAY  

 

AM_ALARM_CLK_WORKDAY  

AM_ALARM_CLK_EVERYDAY

6.50  

6.50   

1 am_alarm_clk_tm_t  alarm_tm = { 

2     34,                   // 34  

3     9,                    // 09  

4     AM_ALARM_CLK_EVERYDAY,       //  

5 }; 

6 am_alarm_clk_time_set(alarm_handle, &alarm_tm); // 09:34 

2   

PCF85063

 

int am_alarm_clk_callback_set ( 

am_alarm_clk_handle_t   handle, 

     am_pfnvoid_t           pfn_callback, 

     void                   *p_arg); 

handle pfn_callback p_arg

AM_OK  

am_pfnvoid_t am_types.h  

typedef void (*am_pfnvoid_t)(void *); 

pfn_callback

void* p_arg 6.51  

6.51   

1 static void alarm_callback (void *p_arg) 

2 { 

3     am_buzzer_beep_async(60 * 1000);      // 1  

4 } 

5 

6 int am_main() 

7 { 

8     // alarm_callback p_arg NULL 
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9  am_alarm_clk_callback_set(alarm_handle, alarm_callback, NULL); 

10  while (1) { 

11      } 

12 } 

3   

 

int am_alarm_clk_on (am_alarm_clk_handle_t handle); 

handle AM_OK

6.52  

6.52   

1 am_alarm_clk_on(alarm_handle); 

4   

 

int am_alarm_clk_off (am_alarm_clk_handle_t handle); 

handle AM_OK

6.53  

6.53   

am_alarm_clk_off(alarm_handle); 

09:32:30

09:34 1

6.54 6.55  

6.54  app_alarm_clk_test.c  

1 #include "ametal.h" 

2 #include "am_rtc.h" 

3 #include "am_vdebug.h" 

4 #include "am_delay.h"  

3 

4 int app_rtc_time_show (am_rtc_handle_t rtc_handle) 

5 { 

6     // 2016 8 26 09:32:30 

7     am_tm_t tm = {30, 32, 9, 26, 8 - 1, 2016 - 1900, 0, 0, -1}; 

8     // 2016 8 26 09:32:30 

9     am_rtc_time_set(rtc_handle, &tm); 

10     while(1) { 

11         am_rtc_time_get(rtc_handle, &tm); 

12         AM_DBG_INFO("%04d-%02d-%02d %02d:%02d:%02d \r\n", 

13                      tm.tm_year+1900, tm.tm_mon + 1, tm.tm_mday, 

14                      tm.tm_hour,      tm.tm_min,     tm.tm_sec); 

15         am_mdelay(1000); 

16     } 
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17     return 0; 

18 } 

6.55  app_alarm_clk_test.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_rtc.h" 

4 #include "am_alarm_clk.h" 

4  

5 int app_alarm_clk_test (am_rtc_handle_t rtc_handle, am_alarm_clk_handle_t alarm_handle); 

RTC

PCF85063 RTC am_pcf85063_rtc_inst_init()

am_pcf85063_alarm_clk_inst_init() 6.56  

6.56  PCF85063  

1 #include "ametal.h" 

2 #include "app_alarm_clk_test.h" 

3 #include "am_hwconf_pcf85063.h" 

4 

5 int am_main (void) 

6 { 

7     am_rtc_handle_t       rtc_handle    = am_pcf85063_rtc_inst_init(); 

8     am_alarm_clk_handle_t alarm_handle  = am_pcf85063_alarm_clk_inst_init(); 

9     app_alarm_clk_test(rtc_handle, alarm_handle); 

10     while(1) { 

11     } 

12 } 

6.3.4  

AMetal 6.12  

6.12  am_time.h  

  

int am_time_init ( 

am_rtc_handle_t   rtc_handle, 

unsigned int     update_sysclk_ns,, 

unsigned int     update_rtc_s); 

 

am_time_t am_time(am_time_t *p_time);  

int am_timespec_get(am_timespec_t *p_tv);  

int am_timespec_set(am_timespec_t *p_tv);  

int am_tm_get (am_tm_t *p_tm);  

int am_tm_set (am_tm_t *p_tm);  
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1.  

3

 

�  

C 1970 1 1 1 0 0 

am_time_t  

typedef time_t am_time_t; 

�  

am_timespec_t am_time.h  

typedef struct am_timespec { 

 am_time_t     tv_sec;      //  

 unsigned long  tv_nsec;      //  

} am_timespec_t; 

 1000000000 1 0  

2.  

 

int am_time_init ( 

 am_rtc_handle_t  rtc_handle,     // RTC  

 unsigned int   update_sysclk_ns,   // ns  

 unsigned int   update_rtc_s);    // RTC s  

rtc_handle RTC RTC

update_sysclk_ns  update_rtc_s  

� RTC rtc_handle 

RTC RTC rtc_handle  

am_rtc_handle_t  rtc_handle = am_pcf85063_rtc_inst_init(); 

� update_sysclk_ns  update_rtc_s  

MCU LPC824 30MHz

MCU I2C

RTC RTC

1ms

1000000

RTC

 

update_sysclk_ns ns

1~100ms 1000000~100000000 update_rtc_s RTC

1 RTC

10~ 60  

6.57 6.58  



ARM AMetal  

237 

6.57  PCF85063 am_hwconf_pcf85063.c  

1 #define __UPDATE_SYSCLK_NS    1000000  // 1ms  

2 #define __UPDATE_RTC_S    10     // 10s RTC  

3 

4 int am_pcf85063_time_inst_init(void) 

5 { 

6     am_rtc_handle_t rtc_handle = am_pcf85063_rtc_inst_init(); 

7     return am_time_init(rtc_handle, __UPDATE_SYSCLK_NS, __UPDATE_RTC_S); 

8 } 

6.58  am_hwconf_pcf85063.h 2  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_pcf85063.h" 

4 #include "am_time.h" 

5 

6 am_pcf85063_handle_t am_pcf85063_inst_init (void); 

7 am_rtc_handle_t   am_pcf85063_rtc_inst_init(void); 

8 int      am_pcf85063_time_inst_init(void); 

 

am_pcf85063_time_inst_init(); 

3.  

2  

�  

int am_timespec_set(am_timespec_t *p_tv); 

p_tv AM_OK

6.59  

6.59   

1 am_timespec_t  tv = {1472175150, 0}; 

2 am_timespec_set(&tv); 

1472175150 1970 1 1 0 0 0

2016 8 26 09 32 30 2016 8 26 09 32

30  

�  

int am_tm_set (am_tm_t *p_tm); 

p_tm AM_OK

6.60  

6.60   

1 am_tm_t tm; 

2 // 2016 8 26 09:32:30 

3 am_tm_t tm = {30, 32, 9, 26, 8 - 1, 2016 - 1900, 0, 0, -1}; 

4 am_tm_set(&tm); 
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2016 8 26 09:32:30

tm_wday, tm_yday -1  

 

3  

�  

am_time_t am_time(am_time_t *p_time); 

p_time

-1 6.61  

6.61   

1 am_time_t  time; 

2 time = am_time(NULL); 

6.62  

6.62   

1 am_time_t  time; 

2 am_time(&time); 

�  

int am_timespec_get(am_timespec_t *p_tv); 

p_tv AM_OK

6.63  

6.63   

1 am_timespec_t  tv; 

2 am_timespec_get(&tv); 

�  

int am_tm_get (am_tm_t *p_tm); 

p_tm AM_OK

6.64  

6.64   

1 am_tm_t tm; 

2 am_tm_get(&tm); 

1s

6.65

6.66  

6.65  app_sys_time_show.c  

1 #include "ametal.h" 

2 #include "am_rtc.h" 

3 #include "am_vdebug.h" 

4 #include "am_delay.h"  

3 

4 int app_sys_time_show (void) 

5 { 
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6     // 2016 8 26 09:32:30 

7     am_tm_t tm = {30, 32, 9, 26, 8 - 1, 2016 - 1900, 0, 0, -1}; 

8     // 2016 8 26 09:32:30 

9     am_tm_set(&tm); 

10     while(1) { 

11         am_tm_get(&tm); 

12         AM_DBG_INFO("%04d-%02d-%02d %02d:%02d:%02d \r\n", 

13                      tm.tm_year+1900, tm.tm_mon + 1, tm.tm_mday, 

14                      tm.tm_hour,      tm.tm_min,     tm.tm_sec); 

15         am_mdelay(1000); 

16     } 

17     return 0; 

18 } 

6.66  app_sys_time_show.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_time.h" 

4 

5 int app_sys_time_show (void);  

PCF85063 RTC

am_pcf85063_time_inst_init () 6.67  

6.67  PCF85063  

1 #include "ametal.h" 

2 #include "app_sys_time_show.h" 

3 #include "am_hwconf_pcf85063.h" 

4 

5 int am_main (void) 

6 { 

7     am_pcf85063_time_inst_init(); 

9     app_sys_time_show (); 

10     while(1) { 

11     } 

12 } 

6.3.5  

PCF85063

1 RAM PCF85063

1 RAM 6.13  
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6.13  RAM am_pcf85063.h  

  

int am_pcf85063_ram_write (am_pcf85063_handle_t handle, uint8_t data); RAM 

int am_pcf85063_ram_read (am_pcf85063_handle_t handle, uint8_t *p_data); RAM 

1  RAM 

1 PCF85063 RAM  

int am_pcf85063_ram_write (am_pcf85063_handle_t handle, uint8_t data); 

handle PCF85063 data AM_OK

0x55 RAM 6.68  

6.68  RAM  

1 am_pcf85063_ram_byte_write (pcf85063_handle,  0x55); 

2  RAM 

PCF85063 RAM  

int am_pcf85063_ram_read (am_pcf85063_handle_t handle, uint8_t *p_data); 

handle PCF85063 p_data

AM_OK 6.69  

6.69   

1 uint8_t data; 

2 am_pcf85063_ram_read (pcf85063_handle, &data); 

RAM PCF85063 6.70  

6.70  RAM  

1 #include "ametal.h" 

2 #include "am_hwconf_pcf85063.h" 

3 #include "am_led.h" 

4 

5 int am_main (void) 

6 { 

7     am_pcf85063_handle_t  pcf85063_handle  =  am_pcf85063_inst_init(); 

8     uint8_t               data            =  0x00; 

9      

10     am_pcf85063_ram_write (pcf85063_handle,  0x55); // 0x55 

11     am_pcf85063_ram_read (pcf85063_handle,  &data); //  

12 

13     if (data != 0x55) {      // 0x55 LED0 

14         am_led_on(0); 

15     } 

16     while(1) { 

17     } 

18 } 
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6.3.6 RX8025T 

MicroPort PCF85063 RTC RX8025T

DS1302 RTC 6.14  

6.14  RTC  

 PCF85063 RX8025T DS1302 

 I2C I2C 3  

 1  1   

    

    

RAM 1  1  31  

    

    

    

    

 

1   

RX8025T 32.768KHz  DTCXO  

I2C 

 I2C 

400kbps  

RX8025T 6.6 SCL SDA

I2C VDD VSS CLKOUT

T1(CE) TEST T2(Vpp)

NC

INT

CLK_EN

CLKOUT  

RX8025T 7 I2C 0x32 6.7 MicroPort-RX8025T

MicroPort AM824-Core SCL SDA PIO0_16 PIO0_18

INT PIO0_1 FOE PIO0_10  

 

6.6  RX8025T  
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6.7  RX8025T  

2   

RX8025T RX8025T

RX8025T am_rx8025t.h  

am_rx8025t_handle_t am_rx8025t_init ( 

am_rx8025t_dev_t       *p_dev, 

    const am_rx8025t_devinfo_t  *p_devinfo,, 

am_i2c_handle_t          i2c_handle); 

RX8025T p_dev am_rx8025t_dev_t

p_devinfo am_rx8025t_devinfo_t  

1  

am_rx8025t_dev_t am_rx8025t.h  

am_rx8025t_dev_t  g_rx8025t_dev;                  // RX8025T  

g_rx8025t_dev p_dev  

2  

RX8025T CLK_EN INT

am_rx8025t_devinfo_t am_rx8025t.h  

typedef struct am_rx8025t_devinfo { 

    uint8_t nt_pin;                 // INT IO  

    uint8_t clk_en_pin;                 // CE IO  

} am_rx8025t_devinfo_t; 

MicroPort-RX8025T MicroPort AM824-Core  INT CLK_EN

PIO0_1 PIO0_10  

const am_rx8025t_devinfo_t  g_rx8025t_devinfo = {   // RX8025T  

 PIO0_1,                           // INT I/O  

 PIO0_10,                                 // CLK_EN I/O  

}; 

 g_rx8025t_devinfo p_devinfo  
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3 I2C i2c_handle 

I2C1 am_lpc82x_i2c1_inst_init ()

i2c_handle  

am_i2c_handle_t  i2c_handle = am_lpc82x_i2c1_inst_init(); 

4  

RX8025T am_rx8025t_init ()

handle am_rx8025t_handle_t am_rx8025t.h  

typedef struct am_rx8025t_dev *am_rx8025t_handle_t; 

NULL NULL handle  

6.39 6.40  

6.71  am_hwconf_rx8025t.c  

1 #include "ametal.h" 

2 #include "am_lpc82x_inst_init.h" 

3 #include "lpc82x_pin.h" 

4 #include "am_rx8025t.h" 

5 

6 static am_rx8025t_dev_t      __g_rx8025t_dev;        // RX8025T  

7 

8 static const am_rx8025t_devinfo_t  __g_rx8025t_devinfo = {  // RX8025T  

9  PIO0_1,                           // INT IO  

10  PIO0_10,                                 // CLK_EN IO  

11 }; 

12 

13 am_rx8025t_handle_t am_rx8025t_inst_init (void) 

14 { 

15     am_i2c_handle_ti2c_handle = am_lpc82x_i2c1_inst_init (); // I2C1  

16     return am_rx8025t_init(&__g_rx8025t_dev, &__g_rx8025t_devinfo, i2c_handle); 

17 } 

6.72  am_hwconf_rx8025t.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_rx8025t.h" 

4 

5 am_rx8025t_handle_t  am_rx8025t_inst_init (void); 

RX8025T  

am_rx8025t_handle_t  rx8025t_handle = am_rx8025t_inst_init(); 

3  RTC  

RTC RTC RX8025T RTC

am_rtc_handle_t RTC RX8025T
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RX8025T RTC RTC RX8025T

 

am_rtc_handle_t am_rx8025t_rtc_init (am_rx8025t_handle_t  handle, am_rtc_serv_t *p_rtc);  

RTC RX8025T rx8025t_handle

handle p_rtc am_rtc_serv_t am_rtc_serv_t

am_rtc.h  

am_rtc_serv_t  g_rx8025t_rtc;       //  RTC  

g_rx8025t_rtc p_rtc  

6.73 6.74  

6.73  RX8025T RTC am_hwconf_rx8025t.c  

1 static am_rtc_serv_t  __g_rx8025t_rtc;               //  RTC  

2 

3 am_rtc_handle_t am_rx8025t_rtc_inst_init(void) 

4 { 

5     am_rx8025t_handle_t  rx8025t_handle = am_rx8025t_inst_init(); 

6     return am_rx8025t_rtc_init(rx8025t_handle, &__g_rx8025t_rtc); 

7 } 

6.74  am_hwconf_rx8025t.h 1  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_rx8025t.h" 

4 

5 am_rx8025t_handle_t    am_rx8025t_inst_init (void); 

6 am_rtc_handle_t        am_rx8025t_rtc_inst_init(void); 

RTC RTC  

am_rtc_handle_t rtc_handle = am_rx8025t_rtc_inst_init(); 

handle RTC

RX8025T 6.45 RTC

6.75  

6.75  RTC RX8025T  

1 #include "ametal.h" 

2 #include "app_rtc_time_show.h" 

3 #include "am_hwconf_rx8025t.h" 

4 

5 int am_main (void) 

6 { 

7     am_rtc_handle_t rtc_handle = am_rx8025t_rtc_inst_init(); 

8     app_rtc_time_show(rtc_handle); 

9     while(1) { 

10     } 

11 } 
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RTC PCF85063 RX8025T  

4   

RX8025T

am_alarm_clk_handle_t RX8025T

RX8025T RX8025T  

am_alarm_clk_handle_t  am_rx8025t_alarm_clk_init ( 

am_rx8025t_handle_t     handle,     // RX8025T  

 am_alarm_clk_serv_t   *p_alarm_clk);    //  

RX8025T rx8025t_handle

handle p_alarm_clk am_alarm_clk_serv_t

am_alarm_clk_serv_t am_alarm_clk.h  

am_alarm_clk_serv_t  g_rx8025t_alarm_clk;     //  

g_rx8025t_alarm_clk p_alarm_clk  

6.76 6.77  

6.76  RX8025T am_hwconf_rx8025t.c  

1 static am_alarm_clk_serv_t  __g_rx8025t_alarm_clk;     //  

2 

3 am_alarm_clk_handle_t  am_rx8025t_alarm_clk_inst_init(void) 

4 { 

5     am_rx8025t_handle_t  rx8025t_handle = am_rx8025t_inst_init(); 

6     return am_rx8025t_alarm_clk_init (rx8025t_handle, &__g_rx8025t_alarm_clk); 

7 } 

6.77  am_hwconf_rx8025t.h 2  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_rx8025t.h" 

4 

5 am_rx8025t_handle_t     am_rx8025t_inst_init (void); 

6 am_rtc_handle_t   am_rx8025t_rtc_inst_init(void); 

7 am_alarm_clk_handle_t   am_rx8025t_alarm_clk_inst_init(void); 

 

am_alarm_clk_handle_t  alarm_handle = am_rx8025t_alarm_clk_inst_init(); 

handle

RX8025T 6.54 6.78  

6.78  RX8025T  

1 #include "ametal.h" 

2 #include "app_alarm_clk_test.h" 

3 #include "am_hwconf_rx8025t.h" 

4 

5 int am_main (void) 
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6 { 

7     am_rtc_handle_t       rtc_handle    = am_rx8025t_rtc_inst_init(); 

8     am_alarm_clk_handle_t alarm_handle  = am_rx8025t_alarm_clk_inst_init(); 

9 

10     app_alarm_clk_test(rtc_handle, alarm_handle); 

11     while(1) { 

12     } 

13 } 

RTC PCF85063 RX8025T  

5  RTC  

RX8025T RTC  

RX8025T RTC rtc_handle  

am_rtc_handle_t rtc_handle = am_rx8025t_rtc_inst_init(); 

am_time_init(rtc_handle, 1000000, 10);  

6.79 6.80  

6.79  RX8025T am_hwconf_rx8025t.c  

1 #define __UPDATE_SYSCLK_NS    1000000  // 1ms  

2 #define __UPDATE_RTC_S    10     // 10s RTC  

3 

4 int am_rx8025t_time_inst_init(void) 

5 { 

6     am_rtc_handle_t rtc_handle = am_rx8025t_rtc_inst_init(); 

7     return am_time_init(rtc_handle, __UPDATE_SYSCLK_NS, __UPDATE_RTC_S); 

8 } 

6.80  am_hwconf_rx8025t.h 3  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_rx8025t.h" 

4 #include "am_time.h" 

5 

6 am_rx8025t_handle_t     am_rx8025t_inst_init (void); 

7 am_rtc_handle_t         am_rx8025t_rtc_inst_init(void); 

8 am_alarm_clk_handle_t   am_rx8025t_alarm_clk_inst_init(void); 

9 int                     am_rx8025t_time_inst_init(void); 

 

am_rx8025t_time_inst_init(); 

RX8025T 6.65

6.81  

6.81  RX8025T  

1 #include "ametal.h" 
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2 #include "app_sys_time_show.h" 

3 #include "am_hwconf_rx8025t.h" 

4 

5 int am_main (void) 

6 { 

7     am_rx8025t_time_inst_init(); 

8     app_sys_time_show (); 

9     while(1) { 

10     } 

11 } 

RTC PCF85063 RX8025T  

6   

RX8025T

1 RAM RX8025T

1 RAM 6.15  

6.15  RAM am_rx8025t.h  

  

int am_rx8025t_ram_write (am_rx8025t_handle_t handle, uint8_t data); RAM 

int am_rx8025t_ram_read (am_rx8025t_handle_t handle, uint8_t *p_data); RAM 

1 RAM 

1 RX8025T RAM  

int am_rx8025t_write_ram (am_rx8025t_handle_t handle, uint8_t data); 

handle RX8025T data AM_OK

0x55 RAM 6.82  

6.82  RAM  

1 am_rx8025t_ram_write (rx8025t_handle,  0x55); 

2 RAM 

RX8025T RAM  

int am_rx8025t_ram_read (am_rx8025t_handle_t handle, uint8_t *p_data); 

handle RX8025T p_data

AM_OK 6.83  

6.83  RAM  

1 uint8_t data; 

2 am_rx8025t_ram_read (rx8025t_handle, &data); 

RAM RX8025T 6.84  

6.84  RAM  

1 #include "ametal.h" 

2 #include "am_hwconf_rx8025t.h" 

3 #include "am_led.h" 
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4 

5 int am_main (void) 

6 { 

7     am_rx8025t_handle_t  rx8025t_handle  = am_rx8025t_inst_init(); 

8     uint8_t              data       = 0x00; 

9 

10     am_rx8025t_ram_write (rx8025t_handle,  0x55); // 0x55 

11     am_rx8025t_ram_read (rx8025t_handle, &data);  //  

12     if (data != 0x55) {       // 0x55 LED0 

13         am_led_on(0); 

14     } 

15     while(1) { 

16     } 

17 } 

LED0 6.70

RTC  

6.3.7 DS1302 

1   

DS1302 31  RAM

DS1302 , 1 W

DS1302

VCC1  

DS1302  DS1302 

CE I/O SCLK DS1302

6.8 X1 X2 32.768kHz

SCLK CE I/O GND VCC1 VCC2

DS1302

VCC2 VCC1 DS1302 VCC1 VCC2

VCC2 VCC1+0.2V VCC2 VCC2 VCC1

VCC1 VCC2 VCC1

VCC2 VCC1 VCC1 VCC1

VCC2 VCC1

 

DS1032 6.9 MicroPort-DS1302 MicroPort

AM824-Core SCLK I/O CE PIO0_15 PIO0_13 PIO0_14  

 

6.8  DS1302  
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6.9  DS1302  

2   

DS1302 DS1302

DS1302 am_ds1302.h  

am_ds1302_handle_t am_ds1302_gpio_init ( 

am_ds1302_gpio_dev_t        *p_dev, 

    const am_ds1302_gpio_devinfo_t  *p_devinfo); 

DS1302 p_dev am_ds1302_gpio_dev_t

p_devinfo am_ds1302_gpio_devinfo_t  

1  

am_ds1302_gpio_dev_t am_ds1302.h  

am_ds1302_gpio_dev_t  g_ds1302_gpio_dev;           // DS1302  

g_ds1302_gpio_dev p_dev  

2  

DS1302 SCLK I/O CE

am_ds1302_gpio_devinfo_t am_ds1302.h  

typedef struct am_ds1302_gpio_devinfo { 

    uint8_t sck_pin;                 // SCLK I/O  

    uint8_t ce_pin;                 // CE I/O  

uint8_t  io_pin;                 // I/O I/O  

} am_ds1302_gpio_devinfo_t; 

MicroPort-DS1302 MicroPort AM824-Core  SCLK I/O

CE PIO0_15 PIO0_13 PIO0_14  

const am_ds1302_gpio_devinfo_t  g_ds1302_gpio_devinfo = { // DS1302  

 PIO0_15,                          // SCLK I/O  

 PIO0_14,                                 // CE I/O  

 PIO0_13,                                // I/O I/O  

}; 

 g_ds1302_gpio_devinfo p_devinfo

 

3  

DS1302 am_ds1302_gpio_init()

handle am_ds1302_handle_t am_ds1302.h  

typedef struct am_ds1302_dev *am_ds1302_handle_t; 

 



ARM AMetal  

250 

NULL NULL handle  

6.85 6.86  

6.85  am_hwconf_ds1302.c  

1 #include "ametal.h" 

2 #include "am_lpc82x_inst_init.h" 

3 #include "lpc82x_pin.h" 

4 #include "am_ds1302.h" 

5 

6 static am_ds1302_dev_t  __g_ds1302_dev;            // DS1302  

7 

8 static const am_ds1302_gpio_devinfo_t  __g_ds1302_gpio_devinfo = {  // DS1302  

9  PIO0_15,                            // SCLK I/O  

10  PIO0_14,                                   // CE I/O  

11  PIO0_13,                                  // I/O I/O  

12 }; 

13 

14 am_ds1302_handle_t  am_ds1302_inst_init (void) 

15 { 

17     return  am_ds1302_gpio_init(&__g_ds1302_dev, &__g_ds1302_gpio_devinfo); 

18 } 

6.86  am_hwconf_ds1302.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_ds1302.h" 

4 

5 am_ds1302_handle_t  am_ds1302_inst_init (void); 

DS1302  

am_ds1302_handle_t  ds1302_handle = am_ds1302_inst_init(); 

3  RTC  

RTC RTC DS1302 RTC

am_rtc_handle_t RTC DS1302

DS1302 RTC RTC DS1302

 

am_rtc_handle_t am_ds1302_rtc_init (am_ds1302_handle_t handle, am_rtc_serv_t *p_rtc);  

RTC DS1302 ds1302_handle

handle p_rtc am_rtc_serv_t am_rtc_serv_t

am_rtc.h  

am_rtc_serv_t  g_ds1302_rtc;      //  RTC  

g_ds1302_rtc p_rtc  
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6.87 6.88  

6.87  DS1302 RTC am_hwconf_ds1302.c  

1 static am_rtc_serv_t  __g_ds1302_rtc;              //  RTC  

2 

3 am_rtc_handle_t am_ds1302_rtc_inst_init(void) 

4 { 

5     am_ds1302_handle_t ds1302_handle = am_ds1302_inst_init(); 

6     return am_ds1302_rtc_init(ds1302_handle, &__g_ds1302_rtc); 

7 } 

6.88  am_hwconf_ds1302.h 1  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_ds1302.h" 

4 

5 am_ds1302_handle_t    am_ds1302_inst_init (void); 

6 am_rtc_handle_t        am_ds1302_rtc_inst_init(void); 

RTC RTC  

am_rtc_handle_t  rtc_handle = am_ds1302_rtc_inst_init(); 

handle RTC

DS1302 6.45 RTC  

6.89  RTC DS1302  

1 #include "ametal.h" 

2 #include "app_rtc_time_show.h" 

3 #include "am_hwconf_ds1302.h" 

4 

5 int am_main (void) 

6 { 

7     am_rtc_handle_t rtc_handle = am_ds1302_rtc_inst_init(); 

8     app_rtc_time_show(rtc_handle); 

9     while(1) { 

10     } 

11 } 

RTC PCF85063 DS1302  

4  RTC  

DS1302 DS1302

DS1302 RTC  DS1302

RTC rtc_handle  

am_rtc_handle_t rtc_handle = am_ds1302_rtc_inst_init(); 

am_time_init(rtc_handle, 1000000, 10);  

6.90 6.91  
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6.90  DS1302 am_hwconf_ds1302.c  

1 #define __UPDATE_SYSCLK_NS    1000000  // 1ms  

2 #define __UPDATE_RTC_S    10     // 10s RTC  

3 

4 int am_ds1302_time_inst_init(void) 

5 { 

6     am_rtc_handle_t rtc_handle = am_ds1302_rtc_inst_init(); 

7     return am_time_init(rtc_handle, __UPDATE_SYSCLK_NS, __UPDATE_RTC_S); 

8 } 

6.91  am_hwconf_ds1302.h 2  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_ds1302.h" 

4 #include "am_time.h" 

5 

6 am_ds1302_handle_t     am_ds1302_inst_init (void); 

7 am_rtc_handle_t         am_ds1302_rtc_inst_init(void); 

9 int                     am_ds1302_time_inst_init(void); 

 

am_ds1302_time_inst_init(); 

DS1302 6.65 6.92  

6.92  DS1302  

1 #include "ametal.h" 

2 #include "app_sys_time_show.h" 

3 #include "am_hwconf_ds1302.h" 

4 

5 int am_main (void) 

6 { 

7     am_ds1302_time_inst_init(); 

9     app_sys_time_show (); 

10     while(1) { 

11     } 

12 } 

RTC PCF85063 DS1302  

5   

DS1302 31

RAM DS1302 RAM

6.16  
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6.16  DS1302 am_ds1302.h  

  

int am_ds1302_ram_write ( 

am_ds1302_handle_t  handle,  

uint8_t             *p_data, 

uint8_t              data_len, 

uint8_t              pos); 

RAM 

int am_ds1302_ram_read ( 

am_ds1302_handle_t  handle,  

uint8_t             *p_data, 

uint8_t              data_len, 

uint8_t              pos); 

RAM 

int am_ds1302_trickle_enable( 

am_ds1302_handle_t   handle,  

uint8_t              set_val); 

 

int am_ds1302_trickle_disable(am_ds1302_handle_t handle);  

1 RAM 

DS1302 RAM 31  

int am_ds1302_ram_write ( 

am_ds1302_handle_t  handle,  

uint8_t            *p_data, 

uint8_t             data_len, 

uint8_t             pos); 

handle DS1302 p_data data_len

31 pos RAM DS1302 RAM

31 0 ~ 30 pos 0 ~ 30 AM_OK

31 RAM 6.93  

6.93  RAM  

1 uint8_t  data[31]; 

2 int     i; 

3 for (i = 0; i < 31; i++) { 

4     data[i] = i; 

5 } 

6 am_ds1302_ram_write (ds1302_handle, data, 31, 0);  // 0 31  

2 RAM 

DS1302  RAM  

int am_ds1302_ram_read ( 

am_ds1302_handle_t  handle,  
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uint8_t             *p_data, 

uint8_t             data_len, 

uint8_t             pos); 

handle DS1302 p_data data_len

pos 0 ~ 30 AM_OK

6.94  

6.94  RAM  

1 uint8_t data[31] = {0}; 

2 am_ds1302_ram_read(ds1302_handle, data, 31, 0);   // 0 31  

RAM DS1302 6.95  

6.95  RAM  

1 #include "ametal.h" 

2 #include "am_hwconf_ds1302.h" 

3 #include "am_led.h" 

4  

5 int am_main (void) 

6 { 

7     am_ds1302_handle_t  ds1302_handle  =  am_ds1302_inst_init(); 

8     uint8_t              data[31]; 

9     int     i; 

10     for (i = 0; i < 31; i++) { 

11         data[i] = i; 

12     } 

13     am_ds1302_ram_write (ds1302_handle, data, 31, 0);  // 0 31  

14     for (i = 0; i < 31; i++) { 

15         data[i] = 0; 

16     } 

17     am_ds1302_ram_read (ds1302_handle, data, 31, 0);  // 0 31  

18     for (i = 0; i < 31; i++) { 

19         if (data[i] != i) { 

20             am_led_on(0); 

21         } 

22     } 

23     while(1) { 

24     } 

25 } 

3  

DS1302 VCC2 VCC2

VCC1 VCC1  

int am_ds1302_trickle_enable(am_ds1302_handle_t handle, uint8_t set_val); 
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handle DS1302

set_val

6.10

1 2

2KΩ 4KΩ 8KΩ

 

 

set_val

6.17

set_val  

1 2K

set_val  

AM_DS1302_TRICKLE_1D_2K 

MicroPort-DS1302

VCC2 3.3V

 

 

VCC1 0  

 

1.3mA

VCC1 6.96  

6.96   

1 am_ds1302_trickle_enable(ds1302_handle, AM_DS1302_TRICKLE_1D_2K); 

3  

 

int am_ds1302_trickle_disable(am_ds1302_handle_t handle); 

handle DS1302 6.97  

6.97   

1 am_ds1302_trickle_disable(ds1302_handle); 

6.4  
6.4.1  

 
6.10  DS1302  

6.17   

  

AM_DS1302_TRICKLE_1D_2K 1 2K  

AM_DS1302_TRICKLE_2D_2K 2 2K  

AM_DS1302_TRICKLE_1D_4K 1 4K  

AM_DS1302_TRICKLE_2D_4K 2 4K  

AM_DS1302_TRICKLE_1D_8K 2 8K  

AM_DS1302_TRICKLE_2D_8K 2 8K  
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ZLG600A ZLG 14443 13.56MHz Plus CPU

Mifare DesfireCPU Mifare 1 S50/S70

Mifare 0 ultralight Mifare Pro

ISO7816 IC

127 I2C

UART RS-232C RS-485

I2C  

ZLG600A

6.18 5V

77mA TypeA TypeB PLUS CPU

7.5cm 4cm 5cm  

RS-232C RS-485 UART

I2C UART 6.19  

6.19   

     

J1-1 /INT   

I2C

 

J1-2 SCL   I2C 4.7K  

J1-3 SDA /   I2C / 4.7K  

J1-4 GND PWR   

J1-5 VCC PWR   

J1-6 RXD   UART TTL  

J1-7 TXD   UART TTL  

J1-8 CON   RS-485 0 1  

1 3.3V J1-5 3.3V 5V J1-5 5V  

UART J1 TXD RXD

LPC824 USART0 USART1 USART2 ZLG600A I2C

J1 SCL SDA I2C I2C

INT 10K

LPC824 I2C0 I2C1 I2C2 I2C3 ZLG600A SCL

SDA I2C  

6.4.2  

AMetal ZLG600A

6.20  

6.18   

   

 

ZLG600A-T2 5V I2C UART RS-232C 

ZLG600A-T4 5V I2C UART RS-485 

ZLG600A-LT2 3.3V I2C UART RS-232C 

ZLG600A-LT4 3.3V I2C UART RS-485 

ZLG600A-LT 3.3V I2C UART 

 

ZLG600A 5V I2C UART 

ZLG600A-L 3.3V I2C UART 
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6.20  ZLG600A  

  

am_zlg600_handle_t am_zlg600_uart_init ( 

am_zlg600_uart_dev_t            *p_dev, 

    const am_zlg600_uart_devinfo_t    *p_devinfo, 

    am_uart_handle_t                uart_handle); 

ZLG600A  

UART  

am_zlg600_handle_t am_zlg600_i2c_init ( 

am_zlg600_i2c_dev_t             *p_dev, 

    const am_zlg600_i2c_devinfo_t     *p_devinfo, 

    am_i2c_handle_t                 i2c_handle); 

ZLG600A  

I2C  

ZLG600A ZLG600A handle

ZLG600A handle

I2C UART

 

1  UART  

UART  

am_zlg600_handle_t am_zlg600_uart_init( 

am_zlg600_uart_dev_t           *p_dev, 

     const am_zlg600_uart_devinfo_t   *p_devinfo, 

     am_uart_handle_t               uart_handle); 

� p_dev am_zlg600_uart_dev_t  

� p_devinfo am_zlg600_uart_devinfo_t  

1  

am_zlg600_uart_dev_t am_zlg600.h  

am_zlg600_uart_dev_t  g_zlg600_uart_dev;      // ZLG600A UART  

g_zlg600_uart_dev p_dev  

2  

ZLG600A UART UART

am_zlg600_uart_devinfo_t am_zlg600.h  

typedef struct am_zlg600_uart_devinfo { 

uint8_t frame_fmt;    //  

 uint8_t now_mode;     //  

 uint32_t baudrate;     // ZLG600A  

 uint8_t *p_uart_rxbuf;    // 64  

 uint8_t *p_uart_txbuf;   // 64  

 uint16_t rxbuf_size;    //  

 uint16_t  txbuf_size;    //  
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} am_zlg600_uart_devinfo_t; 

ZLG600A  

�  

frame_fmt ZLG600A ZLG600A

6.21

ZLG600A ZLG600A

frame_fmt AM_ZLG600_FRAME_FMT_OLD  

ZLG600A frame_fmt

 

� ZLG600A  

now_mode ZLG600A 3 I2C

UART 6.22  

UART I2C ZLG600A UART

Host 0x20 30us

ZLG600 UART I2C

I2C

 

UART

UART I2C Host

0x20 ZLG600A

I2C UART

ZLG600A

ZLG600A

now_mode

AM_ZLG600_MODE_AUTO_CHECK  

�  

baudrate UART 6.23

ZLG600A UART

6.21  am_zlg600.h  

  

AM_ZLG600_FRAME_FMT_OLD  

AM_ZLG600_FRAME_FMT_NEW  

6.22  am_zlg600.h  

  

AM_ZLG600_MODE_AUTO_CHECK  

AM_ZLG600_MODE_I2C I2C  

AM_ZLG600_MODE_UART UART  

6.23  UART am_zlg600.h  

  

AM_ZLG600_BAUDRATE_9600 9600 

AM_ZLG600_BAUDRATE_19200 19200 

AM_ZLG600_BAUDRATE_28800 28800 

AM_ZLG600_BAUDRATE_38400 38400 

AM_ZLG600_BAUDRATE_57600 57600 

AM_ZLG600_BAUDRATE_115200 115200 

AM_ZLG600_BAUDRATE_172800 172800 

AM_ZLG600_BAUDRATE_230400 230400 
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ZLG600A UART  

115200 AM_ZLG600_BAUDRATE_115200  

�  

UART

64 128 p_uart_rxbuf rxbuf_size

p_uart_txbuf txbuf_size

128  

uint8_t   g_zlg600_uart_txbuf[128]; 

uint8_t   g_zlg600_uart_rxbuf[128]; 

g_zlg600_uart_txbuf[128]

g_zlg600_uart_txbuf & g_zlg600_uart_txbuf[0]

p_uart_txbuf 128 txbuf_size

g_zlg600_uart_rxbuf[128] p_uart_rxbuf

rxbuf_size  

1 uint8_t   g_zlg600_uart_txbuf[128]; 

2 uint8_t   g_zlg600_uart_rxbuf[128]; 

3 

4 const am_zlg600_uart_devinfo_t g_zlg600_uart_devinfo = { 

5  AM_ZLG600_FRAME_FMT_OLD,     //  

6     AM_ZLG600_MODE_AUTO_CHECK,   //  

7     AM_ZLG600_BAUDRATE_115200,     // ZLG600A 115200 

8     g_zlg600_uart_rxbuf,           //  

9     g_zlg600_uart_txbuf,           //  

10     128,                           //  

11     128                            //  

12 }; 

3 UART uart_handle 

LPC824 USART1 ZLG600A LPC82x USART1

am_lpc82x_usart1_inst_init() UART  

am_uart_handle_t uart_handle = am_lpc82x_usart1_inst_init(); 

UART uart_handle  

4  

ZLG600A am_zlg600_uart_init() ZLG600A

handle  

am_zlg600_handle_t am_zlg600.h  

typedef am_zlg600_serv_t  *am_zlg600_handle_t; 

NULL NULL handle  
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6.98 6.99  

6.98  ZLG600A am_hwconf_zlg600.c  

1 #include "ametal.h" 

2 #include "am_lpc82x_inst_init.h" 

3 #include "lpc82x_pin.h" 

4 #include "am_zlg600.h" 

5 

6 static uint8_t g_zlg600_uart_txbuf[128]; 

7 static uint8_t g_zlg600_uart_rxbuf[128]; 

8 

9 static const am_zlg600_uart_devinfo_t __g_zlg600_uart_devinfo = { 

10      AM_ZLG600_FRAME_FMT_OLD,     //  

11      AM_ZLG600_MODE_AUTO_CHECK,  //  

12      AM_ZLG600_BAUDRATE_115200,     // ZLG600A 115200 

13  g_zlg600_uart_rxbuf,           //  

14  g_zlg600_uart_txbuf,           //  

15     128,                           //  

16     128                            //  

17 }; 

18 

19 static am_zlg600_uart_dev_t  __g_zlg600_uart_dev; 

20 

21 am_zlg600_handle_t am_zlg600_uart_inst_init(void) 

22 { 

23     am_uart_handle_t uart_handle = am_lpc82x_usart1_inst_init(); 

24     return am_zlg600_uart_init(&__g_zlg600_uart_dev, &__g_zlg600_uart_devinfo, uart_handle); 

25 } 

6.99  ZLG600A am_hwconf_zlg600.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_zlg600.h" 

4 

5 am_zlg600_handle_t  am_zlg600_uart_inst_init (void); 

ZLG600A  

am_zlg600_handle_t zlg600_handle = am_zlg600_uart_inst_init(); 
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2  I2C  

I2C  

am_zlg600_handle_t am_zlg600_i2c_init( 

am_zlg600_i2c_dev_t           *p_dev, 

 const am_zlg600_i2c_devinfo_t   *p_devinfo, 

 am_i2c_handle_t               i2c_handle); 

� p_dev am_zlg600_i2c_dev_t  

� p_devinfo am_zlg600_i2c_devinfo_t  

1  

am_zlg600_i2c_dev_t am_zlg600.h  

am_zlg600_i2c_dev_t  g_zlg600_i2c_dev;         // ZLG600A I2C  

g_zlg600_i2c_dev p_dev  

2  

ZLG600A I2C I2C

am_zlg600_i2c_devinfo_t am_zlg600.h  

typedef struct am_zlg600_i2c_devinfo { 

AM_ZLG600_FRAME_FMT_OLD,      //  

AM_ZLG600_MODE_AUTO_CHECK,    //  

 0x59,                           // 7 I2C  

PIO0_13                         // INT LPC824 PIO0_13  

} am_zlg600_i2c_devinfo_t; 

ZLG600A 7 I2C  

frame_fmt UART frame_fmt

AM_ZLG600_FRAME_FMT_OLD  

now_mode UART now_mode

AM_ZLG600_MODE_AUTO_CHECK

I2C ZLG600A

now_mode I2C  

slv_addr ZLG600A 7 I2C 0x59 0xB2

8 0x59

I2C ZLG600A

slv_addr I2C  

int_pin ZLG600A INT LPC824

LPC824 PIO0_13 ZLG600A  INT PIO0_13  

 

const am_zlg600_i2c_devinfo_t g_zlg600_i2c_devinfo = { 

AM_ZLG600_FRAME_FMT_NEW,      //  

 AM_ZLG600_MODE_AUTO_CHECK,    //  

 0x69,                           // 7 I2C  
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 PIO0_13                         //  

}; 

3 I2C i2c_handle 

LPC824 I2C1 ZLG600A LPC82x I2C1

am_lpc82x_i2c1_inst_init() I2C  

am_i2c_handle_t i2c_handle = am_lpc82x_i2c1_inst_init(); 

I2C i2c_handle  

4  

am_zlg600_i2c_init() am_zlg600_uart_init() ZLG600A

handle NULL

NULL handle  

6.100 6.101  

6.100  ZLG600A I2C am_hwconf_zlg600.c  

1 static const am_zlg600_i2c_devinfo_t __g_zlg600_i2c_devinfo = { 

2     AM_ZLG600_FRAME_FMT_OLD,      //  

3     AM_ZLG600_MODE_AUTO_CHECK,   //  

4     0x59,                          // 7 I2C  

5     PIO0_13                        // INT LPC824 PIO0_13  

6 }; 

7 

8 static am_zlg600_uart_dev_t  __g_zlg600_i2c_dev; 

9 

10 am_zlg600_handle_t am_zlg600_i2c_inst_init(void) 

11 { 

12     am_i2c_handle_t i2c_handle = am_lpc82x_i2c1_inst_init(); 

13     return am_zlg600_i2c_init(&__g_zlg600_i2c_dev, &__g_zlg600_i2c_devinfo, i2c_handle); 

14 } 

6.101  am_hwconf_zlg600.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_zlg600.h" 

4 

5 am_zlg600_handle_t  am_zlg600_uart_inst_init(void); 

6 am_zlg600_handle_t  am_zlg600_i2c_inst_init(void); 

ZLG600A  

am_zlg600_handle_t zlg600_handle = am_zlg600_i2c_inst_init(); 
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6.4.3  
ZLG600A IC Mifare S50/S70 ISO7816-3 ISO14443 PICC PLUS 

CPU ZLG600A

5 Mifare S50/S70 ISO7816-3

ISO14443 PICC PLUS CPU  

ZLG600A

ZLG600A IC 6.24  

6.24  ZLG600A am_zlg600.h  

  

int am_zlg600_info_get ( 

am_zlg600_handle_t   handle, 

char                *p_info); 

ZLG600A 

 

int am_zlg600_ic_key_load ( 

am_zlg600_handle_t  handle, 

uint8_t             key_type, 

uint8_t             key_sec, 

uint8_t             *p_key, 

uint8_t             key_length); 

IC  

1   

ZLG600A

ZLG600A V1.00  

int am_zlg600_info_get ( 

 am_zlg600_handle_t   handle,     // ZLG600A  

 char               *p_info);     //  

p_info 20

20 AM_OK

6.102  

6.102  ZLG600A  

1 #include "ametal.h" 

2 #include "am_zlg600.h" 

3 #include "am_hwconf_zlg600.h" 

4 #include "string.h" 

5 

6 int am_main (void) 

7 { 

8     int   ret; 

9     char  info[20]; 

10 

11  am_zlg600_handle_t  zlg600_handle = am_zlg600_uart_inst_init(); 
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12      ret = am_zlg600_info_get(zlg600_handle, &info[0]); 

13      if ((ret != AM_OK) || (strcmp((char *)info, "ZLG600A V1.02"))) != 0 ) { 

14         am_led_on(0); 

15         while(1); 

16      } 

17      while (1) { 

18         am_led_toggle(0);  am_mdelay(100); 

19     } 

20 } 

UART am_zlg600_uart_inst_init()

ZLG600A C string.h strcmp()

ZLG600A V1.00  

ZLG600A V1.00 ZLG600A V1.00

 

2  IC  

ZLG600A

E2PROM IC E2PROM

 

int am_zlg600_ic_key_load ( 

 am_zlg600_handle_t  handle, 

 uint8_t             key_type, 

 uint8_t             key_sec, 

 uint8_t             *p_key, 

 uint8_t             key_length); 

key_type 2 TypeA TypeB

6.25 ZLG600A A 16

B 16  

TypeA TypeB

 

key_sec ZLG600A

A 16 B 16 16 0 ~ 15

p_key key_length 16

6 A 0 6.103  

6.103   

1 #include "ametal.h" 

6.25  am_zlg600.h  

  

AM_ZLG600_IC_KEY_TYPE_A A  

AM_ZLG600_IC_KEY_TYPE_B B  
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2 #include "am_zlg600.h" 

3 #include "am_hwconf_zlg600.h" 

4 uint8_t g_key[6] = {0xFF, 0xFF, 0xFF, 0xFF, 0xFF, 0xFF}; 

5 

6 int am_main (void) 

7 { 

8      am_zlg600_handle_t zlg600_handle = am_zlg600_uart_inst_init(); 

9      am_zlg600_ic_key_load ( 

10   zlg600_handle, 

11   AM_ZLG600_IC_KEY_TYPE_A,  // A  

12   0,        // 0  

13   g_key,       //  

14   6);        // 6  

15  while (1) { 

16  } 

17      return 0; 

18 } 

E2PROM 0

ZLG600A  

6.4.4  
Mifare ISO14443 A 6.26  

6.26  Mifare S50/S70 am_zlg600.h  

   

 

 

int am_zlg600_mifare_card_auto_detect_cb_set ( 

am_zlg600_handle_t   handle, 

am_pfnvoid_t         pfn_callback, 

      void                *p_arg); 

 

 

 

int am_zlg600_mifare_card_auto_detect_start ( 

am_zlg600_handle_t               handle, 

const am_zlg600_auto_detect_info_t  *p_info); 

 

 

int am_zlg600_mifare_card_auto_detect_read ( 

am_zlg600_handle_t           handle, 

am_zlg600_mifare_card_info_t  *p_card_info); 

 

 

 

 

int am_zlg600_mifare_card_e2_authent ( 

am_zlg600_handle_t  handle, 

uint8_t             key_type, 

      uint8_t             *p_uid, 

      uint8_t             key_sec, 

      uint8_t             nblock); 

E2  
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int am_zlg600_mifare_card_direct_authent ( 

am_zlg600_handle_t  handle, 

uint8_t             key_type, 

      uint8_t             *p_uid, 

      int8_t              *p_key, 

      uint8_t             key_len, 

      uint8_t             nblock); 

 

 

 

 

int am_zlg600_mifare_card_read ( 

am_zlg600_handle_t  handle, 

      uint8_t             nblock, 

      uint8_t             *p_buf); 

 

 

 

 

int am_zlg600_mifare_card_write ( 

am_zlg600_handle_t  handle, 

      uint8_t             nblock, 

      uint8_t             *p_buf); 

 

Mifare S50 S70

S50 1Kbyte 16 4 16 S70 4K 

byte 40 32 4 16 8 16

16  

1   

�  

ZLG600A

 

int am_zlg600_mifare_card_auto_detect_cb_set ( 

 am_zlg600_handle_t  handle, 

 am_pfnvoid_t        pfn_callback, 

 void                *p_arg); 

pfn_callback p_arg AM_OK

6.104  

6.104   

1 static void __zlg600_callback (void *p_arg)  

2 { 

3  // p_arg  detect_flag p_arg  

4  // detect_flag uint8_t * detect_flag 1 

5  (uint8_t *)p_arg = 1; 

6 } 

7 

8 am_main() 

9 { 
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10      uint8_t    detect_flag  = 0; 

11      am_zlg600_handle_t  zlg600_handle  = am_zlg600_uart_inst_init(); 

12      am_zlg600_mifare_card_auto_detect_cb_set(zlg600_handle, __zlg600_callback, &detect_flag);    

13  // p_arg detect_flag  

14 } 

detect_flag 0

p_arg

p_arg detect_flag detect_flag 1

 

�  

 

int am_zlg600_mifare_card_auto_detect_start ( 

 am_zlg600_handle_t               handle, 

 const am_zlg600_auto_detect_info_t  *p_info); 

p_info am_zlg600_auto_detect_info_t

 

typedef struct am_zlg600_auto_detect_info { 

 uint8_t   ad_mode;                 //  

uint8_t   tx_mode;                 //  

 uint8_t   req_mode;                //  

 uint8_t   auth_mode;               //  

 uint8_t   key_type;                //  

 uint8_t   key[16];                 //  

 uint8_t   key_len;                 //  

 uint8_t   nblock;                  //  

} am_zlg600_auto_detect_info_t; 

 

�  

ad_mode 

ad_mode AM_ZLG600_MIFARE_CARD_AD_HALT am_zlg600.h

ZLG600A ad_mode 0

 

 

ad_mode AM_ZLG600_MIFARE_CARD_AD_HALT

 

�  
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tx_mode ZLG600A 2 TX1 TX2 4

TX1 TX2 TX1 TX2 TX1 TX2

tx_mode 6.27  

6.27  am_zlg600.h  

  

AM_ZLG600_MIFARE_CARD_TX_IN_TURN TX1 TX2  

AM_ZLG600_MIFARE_CARD_TX_TX1 TX1 

AM_ZLG600_MIFARE_CARD_TX_TX2 TX2 

AM_ZLG600_MIFARE_CARD_TX_ALL TX1 TX2  

�  

req_mode

6.28  

6.28  am_zlg600.h  

  

AM_ZLG600_MIFARE_CARD_REQ_IDLE  

AM_ZLG600_MIFARE_CARD_REQ_ALL  

�  

1 16

 

auth_mode 3 6.29  

6.29  am_zlg600.h  

  

AM_ZLG600_MIFARE_CARD_AUTH_E2 E2  

AM_ZLG600_MIFARE_CARD_AUTH_DIRECT  

AM_ZLG600_MIFARE_CARD_AUTH_NO  

auth_mode

AM_ZLG600_MIFARE_CARD_AUTH_NO key_type key[16]

key_len nblock  

auth_mode AM_ZLG600_MIFARE_CARD_AUTH_E2

AM_ZLG600_MIFARE_CARD_AUTH_DIRECT  

AM_ZLG600_MIFARE_CARD_AUTH_DIRECT

key[16] key_len  

E2 AM_ZLG600_MIFARE_CARD_AUTH_E2

ZLG600A E2PROM key[16] key[0]

E2PROM 0 ~ 15 ZLG600A E2PROM

key_len E2



ARM AMetal  

269 

am_zlg600_ic_key_load() ZLG600A E2PROM  

nblock

Mifare S50 Mifare S70 6.30  

6.30  am_zlg600.h  

   

Mifare S50 64 0 ~ 63 

Mifare S70 256 0 ~ 255 

 

const am_zlg600_auto_detect_info_t g_zlg600_auto_detect_info = { 

 AM_ZLG600_MIFARE_CARD_AD_HALT,       //  

 AM_ZLG600_MIFARE_CARD_TX_ALL,   // TX1 TX2  

 AM_ZLG600_MIFARE_CARD_REQ_IDLE,   //  

 AM_ZLG600_MIFARE_CARD_AUTH_NO,       //  

 AM_ZLG600_IC_KEY_TYPE_A,    //  

 {0},          //  

 0,          //  

 0          //  

}; 

 

am_zlg600_mifare_card_auto_detect_start(zlg600_handle, &g_zlg600_auto_detect_info); 

�  

 

int am_zlg600_mifare_card_auto_detect_read ( 

 am_zlg600_handle_t            handle, 

 am_zlg600_mifare_card_info_t  *p_card_info); 

p_card_info

am_zlg600_mifare_card_info_t am_zlg600.h  

typedef struct am_zlg600_mifare_card_info { 

 uint8_t  tx_mode;              //  

 uint8_t  uid_len;              // UID( ) 4 7 10 

 uint8_t  uid[10];              // UID 

 uint8_t  card_data[16];         //  

} am_zlg600_mifare_card_info_t; 

 

�  

tx_mode 4 TX1
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TX2 TX1 TX2 TX1 TX2

TX1 TX2 tx_mode

6.31  

6.31  am_zlg600.h  

   

AM_ZLG600_MIFARE_CARD_TX_TX1 TX1  TX1 TX1 TX2  

AM_ZLG600_MIFARE_CARD_TX_TX2 TX2  TX2 TX1 TX2  

AM_ZLG600_MIFARE_CARD_TX_ALL TX1 TX2  TX1 TX2  

TX1 TX2  

�  

UID UID

4 7 10 uid_len UID uid[10]

UID  

�  

auth_mode

AM_ZLG600_MIFARE_CARD_AUTH_NO

nblock nblock

card_data[16] 6.105  

6.105   

1 int  ret; 

2 int  i; 

3 am_zlg600_mifare_card_info_t card_info; 

4 

5 ret = am_zlg600_mifare_card_auto_detect_read(zlg600_handle, &card_info); 

6 if (ret == AM_OK) { 

7     AM_DBG_INFO(" ID  %d bytes  \r\n", card_info.uid_len); 

8     for (i = 0; i < card_info.uid_len; i++) 

9         AM_DBG_INFO("%02x   ", card_info.uid[i]); 

10     AM_DBG_INFO ("\r\n"); 

11     am_led_toggle(1); 

12 } 

UID LED1

 

2   

E2

 

� E2  

ZLG600A E2PROM  
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int am_zlg600_mifare_card_e2_authent ( 

am_zlg600_handle_t  handle,     // ZLG600  

     uint8_t             key_type,     //  

     uint8_t             *p_uid,     // UID 4  

     uint8_t             key_sec,     // ZLG600 E2PROM  

     uint8_t             nblock);     //  

key_type AM_ZLG600_IC_KEY_TYPE_A

AM_ZLG600_IC_KEY_TYPE_B A B  

p_uid UID 4 UID 4 UID

&card_info.uid[0] UID 7 UID 3

&card_info.uid[3] UID 10 UID 6

&card_info.uid[6] key_sec ZLG600A E2PROM

am_zlg600_ic_key_load()  

nblock AM_OK

0 A 1 6.106  

6.106  E2  

1 uint8_t *p_uid; 

2 int      ret; 

3 

4 p_uid = &(card_info.uid[card_info.uid_len - 4]);  // UID 4  

5 ret = am_zlg600_mifare_card_e2_authent ( 

6  zlg600_handle, 

7      AM_ZLG600_IC_KEY_TYPE_A, 

8      p_uid, 

9      0, 

10      1); 

11 if (ret == AM_OK) 

12     AW_DBG_INFO(" \r\n"); 

13 else 

14     AW_DBG_INFO(" \r\n"); 

card_info 6.101 am_zlg600_ic_key_load()

0 E2PROM 6.103  

4 7 10 UID

UID 4 p_uid &card_info.uid[0]  

�  

 

int am_zlg600_mifare_card_direct_authent ( 

 am_zlg600_handle_t  handle,     // ZLG600  

 uint8_t             key_type,     //  

 uint8_t            *p_uid,     // UID 4  
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 uint8_t            *p_key,     //  

 uint8_t             key_len,     //  

 uint8_t             nblock);     //  

key_type p_uid nblock E2

p_key key_len AM_OK

6 6.107  

6.107   

1 uint8_t *p_uid; 

2 int     ret; 

3 uint8_t  key[6] = {0xFF, 0xFF, 0xFF, 0xFF, 0xFF, 0xFF}; 

4 

5 p_uid = &(card_info.uid[card_info.uid_len - 4]);  // UID 4  

6 ret = am_zlg600_mifare_card_direct_authent ( 

7  zlg600_handle, 

8      AM_ZLG600_IC_KEY_TYPE_A, 

9      p_uid, 

10      key, 

11      6, 

12      1); 

13 if (ret == AM_OK) 

14     AW_DBG_INFO(" \r\n"); 

15 else 

16     AW_DBG_INFO(" \r\n"); 

6 0xFF 1 Mifare S50/S70

0xFF 6 A B

A B

 

3   

16  

�  

 

int am_zlg600_mifare_card_read (am_zlg600_handle_t handle, uint8_t nblock, uint8_t *p_buf); 

 nblock p_buf 16

AM_OK 6.108 1

 

6.108   

1    uint8_t  buf[16]; 

2    am_zlg600_mifare_card_read(zlg600_handle, 1, &buf[0]); 

�  

 

int am_zlg600_mifare_card_write (am_zlg600_handle_t handle, uint8_t nblock, uint8_t *p_buf); 



ARM AMetal  

273 

nblock p_buf 16

AM_OK 6.109 16

1  

6.109   

1 uint8_t  buf[16]; 

2    int     i; 

3 

4 for (i = 0; i < 16; i++) 

5     buf[i] = i; 

6 am_zlg600_mifare_card_write(zlg600_handle, 1, &buf[0]); 

6.110  

6.110   ZLG600  

1 #include "ametal.h" 

2 #include "am_zlg600.h" 

3 #include "am_hwconf_zlg600.h" 

4    #include "am_vdebug.h" 

5 #include "string.h" 

6 

7 static void __zlg600_callback (void *p_arg) 

8 { 

9  // p_arg  detect_flag p_arg  

10   // detect_flag uint8_t * detect_flag 1 

11      (uint8_t *)p_arg = 1; 

12 } 

13 

14 static int __zlg600_rw_test( 

15  am_zlg600_handle_t            zlg600_handle, 

16  am_zlg600_mifare_card_info_t   *p_card_info) 

17 { 

18     int       ret; 

19     uint8_t  *p_uid; 

20     int       i; 

21     uint8_t   key[6] = {0xFF, 0xFF, 0xFF, 0xFF, 0xFF, 0xFF}; 

22     uint8_t   buf[16]; 

23 

24     for (i = 0; i < 16; i++)  buf[i] = i; 

25     p_uid = &( p_card_info->uid[p_card_info->uid_len - 4]); 
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26     ret = am_zlg600_mifare_card_direct_authent( 

27   zlg600_handle, 

28            AM_ZLG600_IC_KEY_TYPE_A, 

29            p_uid, 

30            key, 

31            6, 

32            1); 

33     if (ret == AM_OK) { 

34         AW_DBG_INFO(" \r\n"); 

35     } else { 

36         AW_DBG_INFO(" \r\n"); 

37         return ret; 

38     } 

39     am_zlg600_mifare_card_write(zlg600_handle, 1, &buf[0]); 

40     for (i = 0; i < 16; i++)   buf[i] = 0; 

41     am_zlg600_mifare_card_read(zlg600_handle, 1, &buf[0]); 

42     for (i = 0; i < 16; i++) { 

43         if (buf[i] != i) { 

44             return AM_ERROR; 

45         } 

46     } 

47     return AM_OK; 

48 } 

49 

50 const am_zlg600_auto_detect_info_t g_zlg600_auto_detect_info = { 

51     AM_ZLG600_MIFARE_CARD_AD_HALT,      //  

52     AM_ZLG600_MIFARE_CARD_TX_ALL,  // TX1 TX2  

53     AM_ZLG600_MIFARE_CARD_REQ_IDLE,  //  

54     AM_ZLG600_MIFARE_CARD_AUTH_NO,      //  

55     AM_ZLG600_IC_KEY_TYPE_A,    //  

56     {0},         //  

57     0,         //  

58     0         //  

59 }; 

60 

61 int am_main() 

62 { 
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63     int   ret, i; 

64     uint8_t detect_flag = 0; 

65 

66     am_zlg600_handle_t  zlg600_handle  = am_zlg600_uart_inst_init();// ZLG600  

67  // p_arg detect_flag  

68     am_zlg600_mifare_card_auto_detect_cb_set(zlg600_handle, __zlg600_callback,  &detect_flag); 

69     //  

70     am_zlg600_mifare_card_auto_detect_start(zlg600_handle, &g_zlg600_auto_detect_info); 

71     while (1) { 

72   if (detect_flag == 1) {     //  

73    detect_flag = 0;     // 0  

74             ret = am_zlg600_mifare_card_auto_detect_read(zlg600_handle, &card_info); 

75              if (ret == AM_OK) { 

76                  AM_DBG_INFO(" ID  %d bytes  \r\n", card_info.uid_len); 

77                  for (i = 0; i < card_info.uid_len; i++) 

78      AM_DBG_INFO("%02x   ", card_info.uid[i]); 

79                  if (__zlg600_rw_test(zlg600_handle, &card_info) != AM_OK) 

80      AM_DBG_INFO(" "); 

81                  AM_DBG_INFO ("\r\n"); 

82               am_led_toggle(1); 

83              } 

84              //  

85              am_zlg600_mifare_card_auto_detect_start(zlg600_handle, &g_zlg600_auto_detect_info); 

86         } 

87         am_led_toggle(0);  am_mdelay(200); 

89     } 

89     return 0; 

90 } 

detect_flag 1

UID

 

UID

ZLG600A UID

 

6.4.5  



ARM AMetal  

276 

Mifare S50/S70 0xFF

A

B

A

B

Mifare S50

 

S50 16

4 16 3

6 A 6

B 4 6.11  

6 7 8 9

3 24 6 C1 C2 C3 C1 C2 C3

4 0 1 2 3 0 1 2 3   C10 0

C1 C10

1 C10 0  

C1 C2 C3

A B

6.32  

6.32   

 
 

A   B  

C1 C2 C3       

0 0 0  KeyA KeyA  KeyA KeyA 

0 1 0   KeyA  KeyA  

1 0 0  KeyB KeyA | B   KeyB 

1 1 0   KeyA | B    

0 0 1  KeyA KeyA KeyA KeyA KeyA 

0 1 1  KeyB KeyA | B KeyB  KeyB 

1 0 1   KeyA | B KeyB   

1 1 1   KeyA | B    

KeyA A

 

6.11   
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KeyB B KeyA | B A B

A

C1C2C3 000 010 001 A B  

A

C1 C2 C3

C1 C2 C3 0 1 1

A B B

6 KeyA A  

C1 C2 C3 6.33  

6.33    

  

C1 C2 C3     

0 0  KeyA | B KeyA | B KeyA | B KeyA | B 

0 1 0 KeyA | B    

1 0 0 KeyA | B KeyB   

1 1 0 KeyA | B KeyB KeyB KeyA | B 

0 0 1 KeyA | B   KeyA | B 

0 1 1 KeyB KeyB   

1 0 1 KeyB    

1 1 1     

KeyA A

KeyB B KeyA | B A

B  

1 C1 C2 C3

0 0 0 A B

 

B B

C1 C2 C3 000 010 001

KeyB 6.32 B

B B  

6.5  
6.5.1 ZLG72128  

2

ZLG72128 ZLG

12 96 LED

32 8 Ctrl Shift Alt

 

ZLG72128
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1   

� 12 1 96 LED  

� 32 8  

� 1  

�  

� 10 21  

 

� 0~12  

� MCU I2C  

� 3.0 5.5V  

� 40 85  

� TSSOP28  

2   

6.12 ZLG72128 6.34  

6.34   

1 RST 

2 GND 

3 VCAP 

 4 VDD 3.0~5.5V

5 NC 

6 KEY_INT 

7 SDA I2C

 8 SCL I2C

9 COM11/KR3 

10 COM10/KR2 

11 COM9/KR1 

12 COM8/KR0 

13 COM7/KC7 

14 COM6/KC6 

15 COM5/KC5 

16 COM4/KC4 

17 COM3/KC3 

18 COM2/KC2 

19 COM1/KC1 

20 COM0/KC0 

21~28 SEG0~SEG7 a~dp

 

 

6.12  ZLG72128  
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6.13 ZLG72128 32 4 8

COM8 ~ COM11 COM0 ~ COM7 3 24

INT

8 8 8 F0 ~ F7

bit0 ~ bit 7 0 1 8 8

INT

 

ZLG72128 1K

3 3  

 

6.13   

6.14 2 2

 

 

6.14   

6.15 ZLG72128

ZLG72128 12

ZLG72128 270

ZLG72128

200 ZLG72128

http://www.zlgmcu.com  

ZLG72128 VCC GND 47~470μF
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I2C SCL SDA

4.7K 100kbps RST

MCU I/O KEY_INT

MCU I/O  

 

6.15  ZLG72128  

3   

ZLG72128 12 DispBuf0 DispBuf11

ZLG72128 2

I2C

ZLG72128 I2C 60H 61H

 

1 SystemReg 00H  

0 LSB KeyAvi 0  

1 SystemReg

ZLG72128 KEY_INT

KeyAvi MCU

KEY_INT KeyAvi

I/O I2C  

2 Key 01H  

K1 K24 Key
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1 24 ZLG72128 KEY_INT Key

0 Key 0  

3 RepeatCnt 02H  

ZLG72128 K1 K24

RepeatCnt 0

RepeatCnt 1 RepeatCnt 

255  

4 FunctionKey 03H  

ZLG72128 8 F0 F7

Shift Ctrl Alt F1 F12

KEY_INT

FunctionKey FunctionKey FFH

0 LSB F0 1 F1 7 MSB

F7 FunctionKey

 

5 CmdBuf0 CmdBuf1 07H 08H  

 

6 FlashOnOff 0BH  

FlashOnOff 0111 0111B 4

4 FlashOnOff

FlashOnOff 00H  

T  N  50  150mS 

T N 4 4 0~15.

3.33Hz 300mS 0.55Hz 1.8S

FlashOnOff  

7 DispCtrl0( 0CH) DispCtrl1( 0DH) 

6.35 DispCtrl0 DispCtrl1

1 12 1 0x00

12

6.35   

DispCtrl0(0CH) DispCtrl1(0DH) 

D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0 

0 0 0 0 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 B0 

12 8 DispCtrl0

0x0F DispCtrl1 0x00 0~7 8

12  

8 Flash0( 0EH) Flash1( 0FH) 
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6.36 Flash0 Flash 1

1 12 1 0x00 12

 

6.36   

Flash0(0EH) Flash1(0FH) 

D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0 

0 0 0 0 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 B0 

2 Flash0

0x00 Flash1 0x03 1 2 3 12  

9 DispBuf0 DispBuf11 10H 1BH  

DispBuf0 DispBuf11 12

8 a b c d e f g dp MSB a LSB dp

H 6EH 6FH  

4   

CmdBuf0 07H CmdBuf1 08H

 

1 SegOnOff  

6.37 12 96

LED  

CmdBuff0 4 0001 CmdBuff0

on 0 1 CmdBuff0 B3B2B1B0 0~11

S3S2S1S0 4 0~7 a b c d e f g dp  

6.37   

CmdBuf0(07H) CmdBuf1(08H) 

D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0 

0 0 0 1 0 0 0 on B3 B2 B1 B0 S3 S2 S1 S0 

2 Download  

6.38 CmdBuff0 4

0010 A3A2A1A0

11 10 9 8 dp 0 1 Flash

0 1 d4d3d2d1d0 10 21

6.39  

6.38   

CmdBuf0(07H) CmdBuf1(08H) 

D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0 

0 1 1 0 A3 A2 A1 A0 dp Flash 0 d4 d3 d2 d1 d0 
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6.39   

2  16   2  16   2  16   

00H 0 0BH b 10110 16H p 

01H 1 0CH C 10111 17H q 

02H 2 01101 0DH d 11000 18H r 

03H 3 01110 0EH E 11001 19H t 

04H 4 01111 0FH F 11010 1AH U 

05H 5 10000 10H G 11011 1BH y 

06H 6 10001 11H H 11100 1CH c 

07H 7 10010 12H i 11101 1DH h 

08H 8 10011 13H J 11110 1EH T 

09H 9 10100 14H L 11111 

0AH A 10101 15H o  

 3 (Reset) 

4 0011

LED 6.40  

6.40   

 4 (Test) 

4 0100

LED 0.5S 6.41  

6.41   

 5 (ShiftLeft) 

4 0101 6.42

n LED

n 1~11 11 n 4

 

n = (b3 8)+( b2 4)+ (b1 2)+ b0 
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6.42   

 6 (CyclicShiftLeft) 

4 0110 6.43

n  

n 1~11 11 n

CmdBuf0 4  

n = (b3 8)+( b2 4)+ (b1 2)+ b0 

6.43   

 7 (ShiftRight) 

4 0111 6.44

n  

LED n 1~11

11 n 4  

n = (b3 8)+( b2 4)+ (b1 2)+ b0 

6.44   

8 (CyclicShiftRight) 

4 1000 6.45

n n

1~11 11 n 4  

n = (b3 8)+( b2 4)+ (b1 2)+ b0 

6.45   

9  (Scanning) 

4 1001

n 6.46 n 0~12 12 12 n 1
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n n CmdBuf0  

                      n = (b3 8)+( b2 4)+ (b1 2)+ b0 

6.46   

12

 

6.5.2 ZLG72128  

AMetal ZLG72128

ZLG72128 am_zlg72128.h  

am_zlg72128_handle_t am_zlg72128_init ( 

am_zlg72128_dev_t   *p_dev, 

const am_zlg72128_devinfo_t *p_devinfo, 

am_i2c_handle_t    i2c_handle); 

ZLG72128 p_dev am_zlg72128_dev_t

p_devinfo am_zlg72128_devinfo_t  

�  

am_zlg72128_dev_t am_zlg72128.h  

am_zlg72128_dev_t  g_zlg72128_dev;   //  ZLG72128  

g_zlg72128_dev p_dev  

�  

am_zlg72128_devinfo_t

am_zlg72128.h  

typedef struct am_zlg72128_devinfo { 

 bool_t    use_int_pin;    //  

 int  int_pin;     // ZLG72128 KEY_INT  

 uint32_t interval_ms;    //  

} am_zlg72128_devinfo_t; 

use_int_pin ZLG72128 KEY_INT TRUE

int_pin LPC824

FALSE interval_ms

 

I/O I/O

use_int_pin FALSE IO

ZLG72128 CPU

ZLG72128 LPC824 ZLG72128



ARM AMetal  

286 

KEY_INT LPC824 PIO0_17  

const am_zlg72128_devinfo_t g_zlg72128_devinfo = { 

    TRUE,     //  

    PIO0_17,  // ZLG72128 KEY_INT LPC824 PIO0_17  

    5       // 5 5ms 

}; 

� I2C i2c_handle 

LPC824 I2C1 ZLG72128 I2C LPC82x I2C1

am_lpc82x_i2c1_inst_init()  

am_i2c_handle_t i2c_handle = am_lpc82x_i2c1_inst_init(); 

I2C i2c_handle  

�  

am_zlg72128_init() ZLG72128

handle  

am_zlg72128_handle_t am_zlg72128.h  

typedef struct am_zlg72128_dev *am_zlg72128_handle_t; 

NULL NULL handle  

6.111 6.112  

6.111  ZLG72128 am_hwconf_zlg72128.c  

1 #include "ametal.h" 

2 #include "am_lpc82x_inst_init.h" 

3 #include "lpc82x_pin.h" 

4 #include "am_zlg72128.h" 

5 

6 static am_zlg72128_dev_t  __g_zlg72128_dev;  //  ZLG72128  

7 

8 static const am_zlg72128_devinfo_t __g_zlg72128_devinfo = { 

9     TRUE,     //  

10     PIO0_17,  // ZLG72128 KEY_INT LPC824 PIO0_17  

11     5       // 5 5ms 

12 }; 

13 

14 am_zlg72128_handle_t am_zlg72128_inst_init (void) 

15 { 

16     am_i2c_handle_t i2c_handle = am_lpc82x_i2c0_inst_init(); 

17     return am_zlg72128_init(&__g_zlg72128_dev, &__g_zlg72128_devinfo, i2c_handle); 

18 } 

6.112  ZLG72128 am_hwconf_zlg72128.h  

1 #pragma once 
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2 #include "ametal.h" 

3 #include "am_zlg72128.h" 

4 

5 am_zlg72128_handle_t am_zlg72128_inst_init(void); 

ZLG72128  

am_zlg72128_handle_t zlg72128_handle = am_zlg72128_inst_init(); 

6.5.3  

ZLG72128 32 4 8 3

 

 

int am_zlg72128_key_cb_set ( 

 am_zlg72128_handle_t   handle, 

 am_zlg72128_key_cb_t   pfn_key_cb, 

 void                  *p_arg); 

pfn_key_cb p_arg

p_arg  

am_zlg72128_key_cb_t am_zlg72128.h  

typedef void (*am_zlg72128_key_cb_t) ( 

 void     *p_arg,       //  

 uint8_t   key_val,       //  

 uint8_t   repeat_cnt,      //  

 uint8_t   funkey_val);     //  

4

p_arg p_arg  

key_val repeat_cnt funkey_val ZLG72128

3  

�  

key_val 1 ~ 24

am_zlg72128.h AM_ZLG72128_KEY_X_Y X

1 ~ 3 Y 1 ~ 8 2 5 AM_ZLG72128_KEY_2_5  

�  

2s 200ms

1 8 255 1

0 key_val

repeat_cnt  

�  

funkey_val 8 F0 ~ F7

funkey_val bit0 ~ bit7 0 1
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funkey_val 0xFF funkey_val

am_zlg72128.h

AM_ZLG72128_FUNKEY_CHECK(funkey_val, funkey_num)

funkey_num F0 ~ F7

AM_ZLG72128_FUNKEY_0 ~ AM_ZLG72128_FUNKEY_7 TURE

FALSE funkey_val F0  

if (AM_ZLG72128_FUNKEY_CHECK(funkey_val, AM_ZLG72128_FUNKEY_0) == TRUE) { 

 // F0  

} else { 

 //  F0  

} 

PC Ctrl Alt Shift

6.113  

6.113  ZLG72128  

1 #include “ametal.h” 

2 #include "am_led.h" 

3 #include “am_zlg72128.h” 

4 #include "am_hwconf_zlg72128.h" 

5 

6 //  

7 static void __key_callback (void *p_arg,uint8_t key_val,uint8_t repeat_cnt,uint8_t funkey_val) 

8 { 

9  if (key_val == AM_ZLG72128_KEY_1_1) {  // 1 1  

10          // F0  

11   if (AM_ZLG72128_FUNKEY_CHECK(funkey_val, AM_ZLG72128_FUNKEY_0)) { 

12    am_led_toggle(1); 

13   } else {         // F0  

14    am_led_toggle(0); 

15   } 

16  } 

17 } 

18 

19 int am_main (void) 

20 { 

21  am_zlg72128_handle_t zlg72128_handle = am_zlg72128_inst_init(); 

22  am_zlg72128_key_cb_set(zlg72128_handle, __key_callback, NULL);      

23  // _key_callback NULL 

24      while (1){ 

25      } 

26 } 

LED0

F0 LED1  

6.5.4  
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ZLG72128 12

 

1   

 

int am_zlg72128_digitron_flash_time_cfg( 

 am_zlg72128_handle_t   handle,    // ZLG72128  

 uint8_t    on_ms,    // ms  

 uint8_t    off_ms);    // ms  

500ms on_ms off_ms

150 200 250 800 850 900 150ms ~ 900ms 50ms

150ms  

am_zlg72128_digitron_flash_time_cfg( 

 zlg72128_handle,        // ZLG72128  

 150,          // 150ms 

 150);          // 150ms 

am_zlg72128_digitron_flash_ctrl()  

2   

 

int am_zlg72128_digitron_flash_ctrl( 

 am_zlg72128_handle_t   handle,    // ZLG72128  

 uint16_t             ctrl_val);    //  

ctrl_val bit0 ~ bit11 0 ~ 11 0

1 0x0000

 

am_zlg72128_digitron_flash_ctrl( 

 zlg72128_handle,       // ZLG72128  

 0x0FFF);          // bit0~bit11 1  

API  

3   

12 12

 

int am_zlg72128_digitron_disp_ctrl ( 

 am_zlg72128_handle_t   handle,    // ZLG72128  

 uint16_t             ctrl_val);    //  

ctrl_val bit0 ~ bit11 0 ~ 11 0
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1 0x0000

0 ~ 7 8 ~ 11  

am_zlg72128_digitron_disp_ctrl( 

 zlg72128_handle,       // ZLG72128  

 0x0F00);          // bit8~bit11 1  

 

4   

ZLG72128 0 ~ 9 10 21

 

int am_zlg72128_digitron_disp_char ( 

 am_zlg72128_handle_t  handle,      // ZLG72128  

 uint8_t               pos,     //  

 char                 ch,      //  

 bool_t               is_dp_disp,    //  

 bool_t               is_flash);     //  

ZLG72128 '0'~'9'

AbCdEFGHiJLopqrtUychT 1 ch '1'

1  

-AM_ENOTSUP AM_OK

 am_zlg72128_digitron_dispbuf_set()  

0 F  

am_zlg72128_digitron_disp_char( 

 zlg72128_handle,        // ZLG72128  

 0,          // 0  

 'F',                       // 'F' 

 FALSE,                  //  

 FALSE);         //  

5   

 

int am_zlg72128_digitron_disp_str ( 

 am_zlg72128_handle_t   handle,     // ZLG72128  

 uint8_t                start_pos,    //  

 const char            *p_str);    //  

'\0'

ZLG72128 '0'~'9'

AbCdEFGHiJLopqrtUychT

0 0123456789  

am_zlg72128_digitron_disp_str ( 
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 zlg72128_handle,        // ZLG72128  

 0,          // 0  

 "0123456789");        // "0123456789" 

6  0~9  

0~9  

int am_zlg72128_digitron_disp_num( 

 am_zlg72128_handle_t   handle,    // ZLG72128  

 uint8_t                pos,     //  

 uint8_t                num,     //  

 bool_t                is_dp_disp,    //  

bool_t    is_flash);    //  

0~9 9

num 0~9 '0'~'9' 0 8

 

am_zlg72128_digitron_disp_num( 

 zlg72128_handle,        // ZLG72128  

 0,          // 0  

 8,                       // 8 

 FALSE,                  //  

 FALSE);         //  

7   

 

int am_zlg72128_digitron_dispbuf_set ( 

 am_zlg72128_handle_t   handle,     // ZLG72128  

 uint8_t                start_pos,    //  

 uint8_t                *p_buf,    //  

 uint8_t                num);    //  

start_pos

0 ~ 11 num start_pos 

~ (start_pos + num -1)  

8 bit0~bit7 a ~ dp 1 0

1 b c bit1 bit2 1

00000110 0x06 0 ~ 9 0~9

 

uint8_t seg[10] = {0x3f, 0x06, 0x5b,0x4f,0x66,0x6d,0x7d,0x07,0x7f,0x6f};  // 0 ~ 9  

am_zlg72128_digitron_dispbuf_set ( 

 zlg72128_handle,        // ZLG72128  
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 0,           // 0  

 seg,           //  

 10);          // 10  

8   

ZLG72128  

int am_zlg72128_digitron_seg_ctrl( 

 am_zlg72128_handle_t  handle,     // ZLG72128  

 uint8_t              pos,     //  

 char     seg,     //  

 bool_t    is_on);    //  

pos 0~11 seg 0~7

a ~ dp am_zlg72128.h

0~7 a ~ dp AM_ZLG72128_DIGITRON_SEG_A ~ 

AM_ZLG72128_DIGITRON_SEG_DP 0

0 dp 

 

am_zlg72128_digitron_seg_ctrl( 

 zlg72128_handle,         // ZLG72128  

 0,          // 0 

 AM_ZLG72128_DIGITRON_SEG_DP,    // DP  

 TRUE);         //  

 

9   

ZLG72128 4

 

int am_zlg72128_digitron_shift ( 

 am_zlg72128_handle_t   handle,     // ZLG72128  

 uint8_t                dir,     //  

 bool_t                 is_cyclic,    //  

 uint8_t                num);    // 0~11 

dir am_zlg72128.h

dir AM_ZLG72128_DIGITRON_SHIFT_LEFT

AM_ZLG72128_DIGITRON_SHIFT_RIGHT  

is_cyclic TRUE

num  0 ~ 11

11  

am_zlg72128_digitron_shift( 
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 zlg72128_handle,        // ZLG72128  

 AM_ZLG72128_DIGITRON_SHIFT_LEFT,   //  

 TRUE,         //  

 1);          // 1  

 

� 0 11 10 9 8 7 6 5 4 3 2 1 0 

� 0 0 1 2 3 4 5 6 7 8 9 10 11 

 COM0 ~ COM11 

ZLG72128 COM0

0  

0 1 1 2

10 11  

11 10 1 2

10 11  

COM0

 

10   

 

int am_zlg72128_digitron_disp_reset(am_zlg72128_handle_t handle); 

11   

 

int am_zlg72128_digitron_disp_test(am_zlg72128_handle_t handle); 

8.8.8.8.8.8.8.8.8.8.8.8. 0.5s  

12   

8.8.8.8.8.8.8.8.8.8.8.8. 0.5s

3  

ZLG72128

3s 6.114  

6.114   

1 void digitron_test_process (am_zlg72128_handle_t handle) 

2 { 

3     am_zlg72128_digitron_disp_test(handle);  //  

4     am_mdelay(3000);      // 3 3  

5     am_zlg72128_digitron_disp_reset(handle);  //  

6 } 

13   

1~24  
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1~24

6.115  

6.115   

1 void normal_key_test_process ( 

2  am_zlg72128_handle_t  handle,     // ZLG72128  

3  uint8_t     key_val)    //  

4 { 

5     // 1 0  

6     if (g_key_event_info.key_val / 10 != 0) { 

7         am_zlg72128_digitron_disp_num(handle, 1,key_val / 10, FALSE, FALSE); 

8     } else { 

9         am_zlg72128_digitron_disp_char(handle, 1, ' ', FALSE, FALSE); 

10     } 

11     // 0  

12     am_zlg72128_digitron_disp_num(handle, 0, key_val % 10, FALSE, FALSE);    

13 } 

14   

ZLG72128 8 Ctrl Shift Alt

Ctrl+S Ctrl+A Ctrl+Z  

F0

 

� F0 + K1  

� F0 + K2  

� F0 + K3 /  

API 6.116  

6.116   

1 void combination_key_process( 

2  am_zlg72128_handle_t  handle,     // ZLG72128  

3  uint8_t     key_val,     //  

4  uint8_t     funckey_val)   //  

5 { 

6     static uint16_t flash = 0x0000;        //  

7     if ((funckey_val & (1 << 0)) == 0) {      // F0  

8      switch (key_val) { 

9          case 1:        //  

10               am_zlg72128_digitron_shift( 

11     handle, 

12     AM_ZLG72128_DIGITRON_SHIFT_LEFT, 

13     TRUE, 

14     1); 

15    break; 

16   case 2:        //  

17        am_zlg72128_digitron_shift( 
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18     handle,  

19     AM_ZLG72128_DIGITRON_SHIFT_RIGHT, 

20     TRUE, 

21     1); 

22    break; 

23   case 3:        // /  

24    flash = ~flash;        //  

25    am_zlg72128_digitron_flash_ctrl(handle, flash); 

26       break; 

27          default: 

28    break; 

29         } 

30     } 

31 } 

ZLG72128

 

am_main()

am_main() 6.117  

6.117   

1 //  

2 struct key_event_info { 

3     bool_t   key_event;        //  

4     uint8_t  key_val;          //  

5     uint8_t  repeat_cnt;       //  

6     uint8_t  funkey_val;       //  

7 }; 

8 static struct key_event_info g_key_event_info;  //  

9 //  

10 static void zlg72128_key_callback( 

11  void     *p_arg,      //  

12  uint8_t   key_val,      //  

13   uint8_t   repeat_cnt,      //  

14   uint8_t   funkey_val)     //  

15 { 

16  if (g_key_event_info.key_event == FALSE) {  //  

17   g_key_event_info.key_val   =  key_val; 

18   g_key_event_info.repeat_cnt  =  repeat_cnt; 

19   g_key_event_info.funkey_val  =  funkey_val; 

20   g_key_event_info.key_event  =  TRUE; 
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21  } 

22 } 

key_event TRUE 6.118  

6.118   

1  #include "ametal.h" 

2  #include "am_zlg72128.h" 

3 #include "am_delay.h" 

4 #include "am_hwconf_zlg72128.h" 

5 

6 struct key_event_info {      //  

7  bool_t    key_event;       //  

8  uint8_t   key_val;         //  

9         uint8_t   repeat_cnt;      //  

10  uint8_t   funkey_val;      //  

11 }; 

12 struct key_event_info g_key_event_info;   //  

13 

14 int am_main (void) 

15 { 

16  am_zlg72128_handle_t zlg72128_handle = am_zlg72128_inst_init(); 

17  am_zlg72128_key_cb_set(zlg72128_handle, key_callback, NULL); //  

18  digitron_test_process(zlg72128_handle);     //  

19  while (1) { 

20   if (g_key_event_info.key_event == TRUE) { 

21             //  

22    if ((g_key_event_info.funkey_val == 0xFF) && (g_key_event_info.key_val != 0)) { 

23     normal_key_test_process(zlg72128_handle, g_key_event_info.key_val); 

24    } 

25             //  

26    if ((g_key_event_info.funkey_val != 0xFF) && (g_key_event_info.key_val != 0)) { 

27     combination_key _process( 

28      zlg72128_handle, g_key_event_info.key_val, g_key_event_info.funkey_val); 

29    } 

30    g_key_event_info.key_event = FALSE; 

31   } 

32  } 

33 } 
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7  

 

✍

AMetal

 

7.1 LED  
7.1.1 LED  

AMetal LED 7.1  

7.1  LED am_led.h  

  

int am_led_set (int led_id, am_bool_t state); LED  

int am_led_on(int led_id); LED 

int am_led_off(int led_id); LED 

int am_led_toggle(int led_id); LED  

1  LED  

LED  

int am_led_set (int led_id, am_bool_t state); 

led_id LED AM824-Core LED LED0 LED1

0 1 LED state AM_TRUE LED state

AM_FALSE LED 7.1  

7.1  am_led_set()  

1 am_led_set(0, AM_TRUE); 

2  LED 

LED  

int am_led_on(int led_id); 

led_id LED 7.2  

7.2  am_led_on()  

1 am_led_on(0); 

3  LED 

LED  

int am_led_off(int led_id); 

led_id LED 7.3  

7.3  am_led_off()  
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1 am_led_off(0); 

4  LED  

LED LED

 

int am_led_off(int led_id); 

led_id LED 7.4  

7.4  am_led_toggle()  

1 while (1) { 

2     am_led_toggle(0);         // LED0  

3     am_mdelay(500);       // 500ms 

4 } 

LED AM824-Core LED 2 LED

7.5  

7.5  LED LED  

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "am_led.h" 

4 

5 int am_main (void) 

6 { 

7  int i = 0; 

8  while(1) { 

9         am_led_on(i);      // LED i  

10         am_mdelay(200);                // 200ms 

11         am_led_off(i);      // LED i  

12         i = (i + 1) % 2;                         // 2 LED 

13  } 

14 } 

7.1.2 LED  

LED LED

AMetal LED

LED LED  

int am_led_gpio_init(am_led_gpio_dev_t *p_dev, const am_led_gpio_info_t *p_info); 

� p_dev am_led_gpio_dev_t  

� p_info am_led_gpio_info_t  

1.  

am_led_gpio_dev_t am_led_gpio.h  

am_led_gpio_dev_t  g_led_gpio;      // LED GPIO  

g_led_gpio p_dev  

2.  
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LED GPIO LED

LED am_led_gpio_info_t am_key_gpio.h  

typedef struct am_led_gpio_info { 

 am_led_servinfo_t  serv_info; 

 const int          *p_pins; 

 am_bool_t          active_low; 

} am_led_gpio_info_t; 

1 serv_inf0 

serv_info LED am_led_servinfo_t  

typedef struct am_led_servinfo{ 

 int  start_id; 

 int       end_id; 

} am_led_servinfo_t; 

LED LED start_id LED end_id LED

LED end_id–start_id+1 AM824-Core LED0 LED1 LED

0 1  

2 p_pins 

p_pins LED AM824-Core LED0

J9 MCU PIO0_20 LED1 J10 MCU PIO0_21

 

const int g_led_pins[] = {PIO0_20, PIO0_21}; 

p_pins  

3 active_low 

LED active_low AM_TRUE

 

1 const int g_led_pins[] = {PIO0_20, PIO0_21}; 

2 const am_led_gpio_info_t g_led_gpio_info = { 

3     { 

4         0,        // 0 

5         1        // 1 

6     }, 

7     g_led_pins,       // LED  

8     AM_TRUE       // LED 

9 }; 

LED  

am_led_gpio_init(&g_led_gpio, &g_led_gpio_info); 

LED LED0 LED1 LED

LED
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7.6 7.7  

7.6  LED am_hwconf_led_gpio.c  

1 #include "ametal.h" 

2 #include "am_led_gpio.h" 

3 #include "lpc82x_pin.h" 

4 

5 static const int __g_led_pins[] = {PIO0_20, PIO0_21}; 

6 static const am_led_gpio_info_t __g_led_gpio_info = { 

7     { 

8         0,                              // 0 

9         1                              // 1 2 LED 

10     }, 

11     __g_led_pins,      // LED  

12     AM_TRUE       // LED 

13 }; 

14 

15 static am_led_gpio_dev_t  __g_led_gpio; 

16 int am_led_gpio_inst_init (void) 

17 { 

18  return am_led_gpio_init(&__g_led_gpio, &__g_led_gpio_info); 

19 } 

7.7  LED am_hwconf_led_gpio.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 int am_led_gpio_inst_init (void); 

LED  

am_led_gpio_inst_init(); 

AM824-Core LED0 LED1

LED0 LED1  

LED am_prj_config.h

AM_CFG_LED_ENABLE 0 LED

7.8  

7.8  LED  

1 void am_board_init (void) 

2 { 

3  // ...... 
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4  #if (AM_CFG_LED _ENABLE == 1) 

5   am_led_gpio_inst_init(); 

6  #endif 

7  // ...... 

8 } 

7.1.3 MiniPort-LED 

MiniPort-LED 8 LED MiniPort-LED AM824-Core  

PIO0_8~PIO0_15 GPIO LED MiniPort-LED

GPIO LED LED LED  

am_led_gpio_dev_t  g_miniport_led;  

LED Miniport-LED LED

2~9 LED0 LED1

AM_CFG_LED_ENABLE 0 MiniPort-LED  0~7

 

1 const int g_miniport_led_pins[] = { 

2     PIO0_8, PIO0_9, PIO0_10, PIO0_11, PIO0_12, PIO0_13, PIO0_14, PIO0_15}; 

3 

4 const am_led_gpio_info_t g_miniport_led_info = { 

5     { 

6         2,       // 2 

6         9       // 9 

7     }, 

8     g_miniport_led_pins,    // 8 LED  

9     AM_TRUE      // LED 

10 }; 

Miniport-LED  

am_led_gpio_init(&g_miniport_led, &g_miniport_led_info); 

LED LED2~LED9

Miniport-LED

Miniport-LED

7.9 7.10  

7.9  Miniport-LED am_hwconf_miniport_led.c  

1 #include "ametal.h" 

2 #include "am_led_gpio.h" 

3 #include "lpc82x_pin.h" 

4 

5 static const int __g_miniport_led_pins[] = { 

6     PIO0_8, PIO0_9, PIO0_10, PIO0_11, PIO0_12, PIO0_13, PIO0_14, PIO0_15}; 
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7 

8 static const am_led_gpio_info_t __g_miniport_led_info = { 

9     { 

10         2,                              // 2 

11         9                              // 9 8 LED 

12     }, 

13     __g_miniport_led_pins,     // 8 LED  

14     AM_TRUE       // LED 

15 }; 

16 

18 static am_led_gpio_dev_t  __g_miniport_led; 

17 int am_led_gpio_inst_init (void) 

18 { 

19  return am_led_gpio_init(&__g_miniport_led, &__g_miniport_led_info); 

20 } 

7.10  MiniPort-LED am_hwconf_miniport_led.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 int am_miniport_led_inst_init (void); 

Miniport-LED  

am_miniport_led_inst_init(); 

LED LED2~LED9 AM824-Core

MiniPort-LED LED0 LED1

MiniPort-LED MiniPort-LED  

7.2 HC595  
7.2.1 HC595  

AMetal HC595 7.2  

7.2  HC595 am_hc595.h  

  

int am_hc595_enable(am_hc595_handle_t handle); HC595  

int am_hc595_disable(am_hc595_handle_t handle); HC595  

int am_hc595_send( 

am_hc595_handle_t  handle, 

    const uint8_t       *p_data, 

    size_t             nbytes); 
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1  HC595  

HC595  

int am_hc595_enable (am_hc595_handle_t handle); 

handle HC595 HC595

am_hc595_handle_t am_hc595.h  

typedef am_hc595_serv_t *am_hc595_handle_t; 

HC595 0 1

7.11  

7.11  am_hc595_enable()  

1 am_hc595_enable(hc595_handle); 

hc595_handle HC595 HC595 SPI

 

am_hc595_handle_t  hc595_handle = am_miniport_595_inst_init(); 

am_miniport_595_inst_init()  

2  HC595  

HC595  

int am_hc595_disable (am_hc595_handle_t handle); 

handle HC595 7.12  

7.12  am_hc595_disable()  

1 am_hc595_disable(hc595_handle); 

3   

 

int am_hc595_send (am_hc595_handle_t handle, const uint8_t *p_data, size_t nbytes); 

handle HC595 p_data nbytes

HC595 8

7.13  

7.13   

1 uint8_t data = 0x55; 

2 am_hc595_send(handle, &data, 1); 

8 HC595

7.14  

7.14   

1 uint8_t data[2] = {0x55, 0x55}; 

2 am_hc595_send(handle, data, 2); 

MiniPort-HC595 HC595 1  

7.2.2 HC595  

AMetal SPI HC595

HC595 HC595  
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am_hc595_handle_t am_hc595_spi_init ( 

am_hc595_spi_dev_t *p_dev, const am_hc595_spi_info_t *p_info, am_spi_handle_t handle); 

� p_dev am_hc595_spi_dev_t  

� p_info am_hc595_spi_info_t  

1.  

am_hc595_spi_dev_t am_hc595_spi.h  

am_hc595_spi_dev_t  g_miniport_595;     // HC595 MiniPort-595  

g_miniport_595 p_dev  

2.  

HC595 SPI

am_hc595_spi_info_t am_hc595_spi.h  

typedef struct am_hc595_spi_info { 

 int          pin_lock; 

 int          pin_oe;  

 uint32_t     clk_speed; 

 am_bool_t    lsb_first; 

} am_hc595_spi_info_t; 

pin_lock HC595 STR LPC824

PIO0_14 pin_lock PIO0_14  

pin_oe HC595 LPC824

pin_oe -1  

clk_speed SPI HC595 LED

 300000 300KHz  

lsb_first 8 AM_TRUE

AM_FALSE

HC595 Q7 HC595 Q0

AM_TRUE

AM_FALSE  

const am_hc595_spi_info_t  miniport_595_info = { 

PIO0_14,        //  

     -1,                         //  

     300000,                     // SPI  300KHz 

 AM_TRUE                     //  

}; 

3. SPI handle 

LPC824 SPI0 HC595 LPC82x SPI0

am_lpc82x_spi0_inst_init() SPI  

am_spi_handle_t  spi_handle= am_lpc82x_spi0_inst_init (); 

SPI handle  

3.  
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HC595 am_hc595_spi_init () HC595 HC595

handle am_hc595_handle_t am_hc595.h  

typedef am_hc595_serv_t *am_hc595_handle_t; 

NULL NULL handle  

7.15

7.16  

7.15  am_hwconf_miniport_595.c  

1 #include "ametal.h" 

2 #include "am_lpc82x_inst_init.h" 

3 #include "am_hc595_spi.h" 

4 #include "lpc82x_pin.h" 

5 

6 am_hc595_handle_t am_miniport_595_inst_init (void) 

7 { 

8     static am_hc595_spi_dev_t     miniport_595; 

9     static const am_hc595_spi_info_t  miniport_595_info = { 

10         PIO0_14,      //  

11         -1,                        //  

12         300000,                    // SPI  300KHZ 

13         AM_TRUE                   //  

14     }; 

15     return am_hc595_spi_init(&miniport_595, &miniport_595_info, am_lpc82x_spi0_inst_init()); 

16 } 

7.16  am_hwconf_miniport_595.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_hc595.h" 

4 

5 am_hc595_handle_t am_miniport_595_inst_init (void); 

HC595  

am_hc595_handle_t  hc595_handle = am_miniport_595_inst_init(); 

AM824-Core MiniPort-LED

8 GPIO 8 LED

MiniPort GPIO

AM824-Core MiniPort-LED

MiniPort-595 595 LED

 

MiniPort-595 MiniPort-LED 7.1 HC595

LED 7.17  

7.17  74HC595 LED  

1 #include "ametal.h" 

 

7.1  MiniPort-595+MiniPort-LED 
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2 #include "am_hc595.h" 

3 #include "am_delay.h" 

4 #include "am_hwconf_miniport_595.h" 

5 

6 int am_main(void) 

7 { 

8     am_hc595_handle_t  hc595_handle = am_miniport_595_inst_init(); 

9     uint8_t             data        = 0x01;  // bit0 1 LED0 

10     while(1) { 

11        uint8_t temp = ~data;                     // data LED 

12        am_hc595_send(hc595_handle, &temp, 1); 

13        am_mdelay(100); 

14        data <<= 1; 

15        if (data == 0) {                            // 8 0x01  

16            data = 0x01; 

17        } 

18    } 

19 } 

LED GPIO MiniPort-LED

HC595 MiniPort-LED AMeatl

HC595 LED

LED  

7.2.3 HC595 LED 

AMetal HC595 LED

LED LED LED  

int am_led_hc595_init( 

am_led_hc595_dev_t *p_dev, const am_led_hc595_info_t *p_info, am_hc595_handle_t handle); 

� p_dev am_led_hc595_dev_t  

� p_info am_led_hc595_info_t  

1.  

am_led_hc595_dev_t am_led_hc595.h  

am_led_hc595_dev_t  g_miniport_led_595;   // LED 595  

g_miniport_led_595 p_dev  

2.  

HC595 LED LED

LED am_led_hc595_info_t am_led_hc595.h  

typedef struct am_led_hc595_info { 

    am_led_servinfo_t   serv_info;         // LED  

    int                hc595_num;        // HC595  

    uint8_t            *p_buf;            // HC595  
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    am_bool_t         active_low;       // LED  

} am_led_hc595_info_t; 

1 serv_info 

serv_info LED HC595

2~9  

2 hc595_num 

hc595_num HC595 HC595 8 8

LED LED 8 HC595

MiniPort-LED 8 LED HC595 8 LED hc595_num

1  

3 p_buf 

p_buf hc595_num 595

hc595_num 1 1  

uint8_t g_miniport_led_595_buf[1]; 

g_miniport_led_595_buf p_buf  

 

const am_led_hc595_info_t g_miniport_led_595_info = { 

    { 

     2,                              // 2 

     9                           // 9 8 LED  

    }, 

    1, 

    g_miniport_led_595_buf, 

    AM_TRUE 

}; 

3. HC595 handle 

Miniport-595 MiniPort-LED MiniPort-595

am_miniport_595_inst_init() HC595  

am_hc595_handle_t  hc595_handle = am_miniport_595_inst_init(); 

HC595 handle HC595

LED  

am_led_hc595_init(&g_miniport_led_595, &g_miniport_led_595_info, am_miniport_595_inst_init()); 

HC595 LED am_hwconf_miniport_led.c

am_hwconf_miniport_led.h

7.18 7.19  

7.18  am_hwconf_miniport_led.c  

1 #include "ametal.h" 

2 #include "am_lpc82x_inst_init.h" 

3 #include "am_led_hc595.h" 

4 #include "lpc82x_pin.h" 

5 
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6 static am_led_hc595_dev_t   __g_miniport_led_595;  // LED 595  

7 static uint8_t     __g_miniport_led_595_buf[1]; // 1 

8 static const am_led_hc595_info_t __g_miniport_led_595_info = { 

9     { 

10         2,                             // 2 

11         9                              // 9 8 LED  

12     }, 

13     1, 

14     __g_miniport_led_595_buf, 

15     AM_TRUE 

16 }; 

17 

18 int am_miniport_led_595_inst_init (void) 

19 { 

20     return am_led_hc595_init( 

21    &__g_miniport_led_595, &__g_miniport_led_595_info,  am_miniport_595_inst_init()); 

22 } 

7.19  am_hwconf_miniport_led.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 int  am_miniport_led_inst_init (void);   // MiniPort-LED  

5 int  am_miniport_led_595_inst_init (void);  // MiniPort-LED MiniPort595  

Miniport-LED  

am_miniport_led_595_inst_init(); 

LED LED~LED9 MiniPort-LED

GPIO HC595 MiniPort-LED

LED LED2~LED9  

7.3  
7.3.1  

AMetal 7.3  

7.3  am_buzzer.h  

  

void am_buzzer_on (void);  

void am_buzzer_off (void);  

void am_buzzer_beep (uint32_t ms);  

void am_buzzer_beep_async (uint32_t ms);  
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1   

 

void am_buzzer_on(void); 

7.20  

7.20  am_buzzer_on()  

1 am_buzzer_on(); 

2   

 

void am_buzzer_off(void); 

7.21  

7.21  am_buzzer_off()  

1 am_buzzer_off(); 

3   

 

void am_buzzer_beep(uint32_t ms); 

50 7.22  

7.22  am_buzzer_beep()  

1 am_buzzer_beep(50); 

50ms  

4   

am_buzzer_beep()

 

void am_buzzer_beep_async(uint32_t ms); 

50 7.23  

7.23  am_buzzer_beep_async()  

1 am_buzzer_beep_async(50); 

 

7.3.2  

AMetal

PWM  

int am_buzzer_pwm_init( 

am_pwm_handle_t  pwm_handle, 

     int              chan, 

     unsigned int     duty_ns, 
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     unsigned int     period_ns); 

pwm_handle PWM chan PWM duty_ns period_ns

PWM AM824-Core

J7_1 J7_2 PIO0_24  

LPC82x PWM SCT State Configurable Timer AMetal

 

am_pwm_handle_t am_lpc82x_sct0_pwm_inst_init (void); 

SCT PWM PWM

 

am_pwm_handle_t pwm_handle  = am_lpc82x_sct0_pwm_inst_init(); 

PWM am_buzzer_pwm_init() pwm_handle

SCT PWM 6

6 PWM I/O

7.4  

PIO0_24

1 chan

1 duty_ns period_ns PWM

2500Hz

400000ns 1000000000 / 2500

50% 200000ns

 

am_buzzer_pwm_init()  

am_buzzer_pwm_init(am_lpc82x_sct0_pwm_inst_init(),  1, 200000, 400000); 

 

am_prj_config.h

AM_CFG_BUZZER_ENABLE 0

7.24  

7.24   

1 void am_board_init (void) 

2 { 

3  // ...... 

4  #if (AM_CFG_BUZZER_ENABLE == 1) 

5       am_buzzer_pwm_init(am_lpc82x_sct0_pwm_inst_init(), 1, 200000, 400000); 

6  #endif 

7  // ...... 

8 } 

am_main()  

7.4  

7.4 IO  

 IO   IO  

0 PIO0_13 3 PIO0_10 

1 PIO0_24 4 PIO0_2 

2 PIO0_9 5 PIO0_15 
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7.4.1  

AMetal

am_temp.h  

int am_temp_read (am_temp_handle_t handle, int32_t *p_temp); 

handle LM75

p_temp

32 1000

0.001 7.25  

7.25  am_temp_read()  

1 am_temp_handle_t   handle = //...         //  

2 int32_t   temp = 0; 

3 am_temp_read(handle, &temp);   //  temp 1000  

handle

 

7.4.2 LM75B  

LM75B NXP I2C AMetal

am_temp_lm75.h  

am_temp_handle_t am_temp_lm75_init ( 

am_temp_lm75_t             *p_lm75, 

 const am_temp_lm75_info_t  *p_info, 

 am_i2c_handle_t             i2c_handle); 

LM75  

� p_lm75 am_temp_lm75_t  

� p_devinfo am_temp_lm75_info_t  

1.  

am_temp_lm75_t am_temp_lm75.h  

am_temp_lm75_t  g_temp_lm75;                   // LM75  

g_temp_lm75 p_lm75  

2.  

LM75 LM75 I2C

am_temp_lm75_info_t am_temp_lm75.h  

typedef struct am_temp_lm75_info { 

    uint8_t i2c_addr;             // 7-bit  

} am_temp_lm75_info_t; 

i2c_addr LM75 7-bit 8

 8 AMetal

AMetal 7-bit

LM75 7-bit 1001A2A1A0 A0~A2
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AM824-Core LM75 A0~A2

LM75 1001000 0x48  

1 const am_temp_lm75_info_t  g_temp_lm75_info = {  // LM75  

2  0x48                         // 7-bit  

3 }; 

 g_temp_lm75_info p_info  

3. I2C i2c_handle 

I2C1 am_lpc82x_i2c1_inst_init()

i2c_handle  

i2c_handle = am_lpc82x_i2c1_inst_init(); 

4.  

I2C LM75  

 am_temp_handle_t handle = am_temp_lm75_init(&g_temp_lm75, &g_temp_lm75_info, i2c_handle); 

NULL

NULL handle

LM75 7-bit

LM75

7.26 7.27  

7.26  LM75 am_hwconf_lm75.c  

1 #include "ametal.h" 

2 #include "am_temp_lm75.h" 

3 #include "lpc82x_pin.h" 

4 #include "am_lpc82x_inst_init.h" 

5 

6 static am_temp_lm75_t  __g_temp_lm75;     //  LM75  

7 

8 static const am_temp_lm75_info_t __g_temp_lm75_info = {  //  LM75  

9     0x48 

10 }; 

11 

12 am_temp_handle_t am_temp_lm75_inst_init (void) 

13 { 

14     return  am_temp_lm75_init( &__g_temp_lm75, &__g_temp_lm75_info, am_lpc82x_i2c1_inst_init()); 

15 } 

7.27  LM75 am_hwconf_lm75.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_temp.h" 
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4 

5 am_temp_handle_t am_temp_lm75_inst_init (void); 

LM75

 

am_temp_handle_t handle = am_temp_lm75_inst_init(); 

7.28  

7.28  LM75  

1 #include "ametal.h" 

2 #include "am_vdebug.h" 

3 #include "am_temp.h" 

4 #include "am_hwconf_lm75.h" 

5 

6 int am_main (void) 

7 { 

8     am_temp_handle_t   handle = am_temp_lm75_inst_init(); 

9     int32_t            temp; 

10     while (1) { 

11         am_temp_read(handle, &temp); 

12         am_kprintf("Current temperature : %d.%03d\r\n", temp / 1000, temp % 1000); 

13         am_mdelay(500); 

14     } 

15 } 

7.5  
7.5.1  

MCU

AMetal  

int am_input_key_handler_register( 

am_input_key_handler_t *p_handler, 

     am_input_cb_key_t  pfn_cb, 

     void                    *p_arg); 

p_handler pfn_cb

p_arg  

1. p_handler 

am_input_key_handler_t am_input.h typedef

 

typedef struct am_input_key_handler am_input_key_handler_t; 
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am_input_key_handler_t  key_handler;                 //  

&key_handler p_handler  

2. pfn_cb 

am_input_cb_key_t am_input.h typedef

 

typedef void (*am_input_cb_key_t) (void *p_arg, int key_code, int key_state); 

pfn_cb

p_arg

key_code

am_input_code.h

KEY_1

KEY_2 key_state 7.5  

AM824-Core KEY KEY_KP0 KEY

LED0 KEY LED0 7.29  

7.29   

1 static void __input_key_proc(void *p_arg, int key_code, int key_state) 

2 { 

3     if (key_code == KEY_KP0) { 

4        if (key_state == AM_INPUT_KEY_STATE_PRESSED) {  //  

5            am_led_on(0); 

6         }else if (key_state == AM_INPUT_KEY_STATE_RELEASED){ //  

7            am_led_off(0); 

8         } 

9     } 

10 } 

am_input_key_handler_register() pfn_cb  

3. p_arg 

am_input_key_handler_register() p_arg

p_arg  

am_input_key_handler_register() p_arg

NULL 7.30  

7.30   

1 #include "ametal.h" 

2 #include "am_input.h" 

3 #include "am_led.h" 

7.5   

  

AM_INPUT_KEY_STATE_PRESSED  

AM_INPUT_KEY_STATE_RELEASED  
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4 

5 static am_input_key_handler_t g_key_handler; //  

6 

7 int am_main (void) 

8 { 

9     am_input_key_handler_register(&g_key_handler, __input_key_proc, (void *)100); 

10     while (1) { 

11     } 

12 } 

7.29 __input_key_proc ()

7.31  

7.31   

1 #include "ametal.h" 

2 #include "am_input.h" 

3 #include "am_led.h" 

4 

5 static void __input_key1_proc(void *p_arg, int key_code, int key_state) 

6 { 

7     if (key_code == KEY_KP0) { 

8   // 1 

9     } 

10 } 

11 

12 static void __input_key2_proc (void *p_arg, int key_code, int key_state) 

13 { 

14     if (key_code == KEY_KP1){ 

15   // 2 

16     } 

17 } 

18 

19 static void __input_key3_proc (void *p_arg, int key_code, int key_state) 

20 { 

21     if (key_code == KEY_KP2){ 

22   // 3 

23     } 

24 } 
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25 

26 static am_input_key_handler_t g_key1_handler; 

27 static am_input_key_handler_t g_key2_handler; 

28 static am_input_key_handler_t g_key3_handler; 

29 

30 int am_main (void) 

31 { 

32     am_input_key_handler_register(&g_key1_handler, __input_key1_proc, NULL); 

33     am_input_key_handler_register(&g_key2_handler, __input_key2_proc, NULL); 

34     am_input_key_handler_register(&g_key3_handler, __input_key3_proc, NULL); 

35     while (1){ 

36     } 

37 } 

MCU

 

GPIO

PS/2 ZLG

I2C ZLG72128

PC

AMetal

 

7.5.2  

AMetal

 

int am_key_gpio_init(am_key_gpio_t *p_dev, const am_key_gpio_info_t *p_info); 

p_dev am_key_gpio_t p_info am_key_gpio_info_t

 

1.  

am_key_gpio_t am_key_gpio.h  

am_key_gpio_t  g_key_gpio;      //  

g_key_gpio p_dev  

2.  

GPIO

am_key_gpio_info_t am_key_gpio.h  

1 typedef struct am_key_gpio_info { 

2  const int    *p_pins;                  //  

3  const int  *p_codes;                 //  

4  int          pin_num;          //  
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5  am_bool_t    active_low;              //  

6  int          scan_interval_ms;        // 10ms  

7 } am_key_gpio_info_t; 

p_pins AM824-Core

J14 1 2 KEY PIO_KEY PIO0_1

KEY  

const int g_key_pins[] = {PIO0_1}; 

p_pins AM824

PIO0_1

const  

p_codes p_pins

AM824ZB

KEY_KP0  

const int g_key_codes[] = {KEY_KP0}; 

p_codes

KEY_F1 KEY_F1

KEY_KP0

am_input_code.h  

pin_num p_pins p_codes

AM824-Core 1  

active_low

AM_TRUE AM_FALSE GPIO

active_low AM_TRUE  

scan_interval_ms

10 ms

 

1 const int g_key_pins[] = {PIO0_1}; 

2 const int g_key_codes[] = {KEY_KP0}; 

3 

4 static const am_key_gpio_info_t g_key_gpio_devinfo = { //  

5      g_key_pins, 

6      g_key_codes, 

7  1, 

8      AM_TRUE,       // GPIO  

9      10 

10 }; 
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am_key_gpio_init(&g_key_gpio, &g_key_gpio_devinfo); 

KEY_KP0

7.32 7.33  

7.32  am_hwconf_key_gpio.c  

1 #include "ametal.h" 

2 #include "am_key_gpio.h" 

3 #include "lpc82x_pin.h" 

4 #include "am_input.h" 

5 

6 static const int __g_key_pins[]  = {PIO0_1};   //  

7 static const int __g_key_codes[]  = {KEY_KP0};   //  

8 

9 static const am_key_gpio_info_t __g_key_gpio_devinfo = { //  

10     __g_key_pins, 

11     __g_key_codes, 

12     AM_NELEMENTS(__g_key_pins), 

13     AM_TRUE, 

14     10 

15 }; 

16 

17 static am_key_gpio_t __g_key_gpio;     //  

18 int am_key_gpio_inst_init (void) 

19 { 

20     return am_key_gpio_init(&__g_key_gpio, &__g_key_gpio_devinfo); 

21 } 

7.33  am_hwconf_key_gpio.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 int am_key_gpio_inst_init (void); 

 

am_key_gpio_inst_init(); 

KEY_KP0  

AM824ZB

7.30
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am_prj_config.h

AM_CFG_KEY_GPIO_ENABLE 0

7.34  

7.34   

1 void am_board_init (void) 

2 { 

3  // ...... 

4  #if (AM_CFG_KEY_GPIO_ENABLE == 1) 

5   am_key_gpio_inst_init(); 

6  #endif 

7  // ...... 

8 } 

am_main()  

7.5.3  

AMetal

 

int am_key_matrix_gpio_softimer_init( 

am_key_matrix_gpio_softimer_t         *p_dev, 

const am_key_matrix_gpio_softimer_info_t  *p_info); 

p_dev am_key_matrix_gpio_softimer_t p_info

am_key_matrix_gpio_softimer_info_t  

1.  

am_key_matrix_gpio_softimer_t am_key_matrix_gpio.h  

am_key_matrix_gpio_softimer_t  miniport_key;  // MiniPort-Key  

miniport_key p_dev  

2.  

am_key_matrix_gpio_softimer_info_t

am_key_matrix_gpio.h  

typedef struct am_key_matrix_gpio_softimer_info{ 

    am_key_matrix_gpio_info_t  key_matrix_gpio_info; 

    int                    scan_interval_ms; 

} am_key_matrix_gpio_softimer_info_t; 

key_matrix_gpio_info GPIO

scan_interval_ms

5 ms  

key_matrix_gpio_info am_key_matrix_gpio_info_t am_key_matrix_gpio.h  

typedef struct am_key_matrix_gpio_info { 

    am_key_matrix_base_info_t base_info;          //  
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    const int                 *p_pins_row;     //  

    const int               *p_pins_col;    //  

} am_key_matrix_gpio_info_t; 

base_info

p_pins_row p_pins_col

 

MiniPort-Key AM824-Core KR0 KR1 PIO0_6

PIO0_7 KL0 KL1 PIO0_17 PIO0_23

 

const int g_key_pins_row[] = {PIO0_6, PIO0_7}; 

const int g_key_pins_col[] = {PIO0_17, PIO0_23}; 

p_pins_row p_pins_col  

base_info am_key_matrix_base_info_t am_key_matrix_base.h  

typedef struct am_key_matrix_base_info { 

    int           row;              //  

    int           col;            //  

    const int         *p_codes;          //  

    am_bool_t     active_low;       //  

    uint8_t       scan_mode;        //  

} am_key_matrix_base_info_t; 

row col MiniPort-Key

2 2 2  

p_codes

KEY_0 KEY_1 KEY_2 KEY_3  

const int g_key_codes[] = {KEY_0, KEY_1, KEY_2, KEY_3}; 

p_codes

active_low

AM_TRUE scan_mode

7.6 AM_KEY_MATRIX_SCAN_MODE_COL

 

1 static const int g_key_pins_row[]  = {PIO0_6,  PIO0_7}; 

2 static const int g_key_pins_col[]  = {PIO0_17, PIO0_23}; 

3 static const int g_key_codes[] = {KEY_0, KEY_1, KEY_2, KEY_3}; 

4 

7.6   

  

AM_KEY_MATRIX_SCAN_MODE_ROW  

AM_KEY_MATRIX_SCAN_MODE_COL  
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5 const am_key_matrix_gpio_softimer_info_t  miniport_key_info = { 

6     { 

7         { 

8             2,                                   //  

9             2,                                   //  

10             g_key_codes,                        //  

11             AM_TRUE,                             //  

12             AM_KEY_MATRIX_SCAN_MODE_COL,   //  

13         } 

14         g_key_pins_row,                        //  

15         g_key_pins_col                         //  

16     }, 

17     2                                           // 2ms 

18 }; 

MiniPort-Key  

am_key_matrix_gpio_softimer_init(&miniport_key, &miniport_key_info); 

KEY_0~KEY_3

7.35 7.36  

7.35   am_hwconf_miniport _key.c  

1 #include "ametal.h" 

2 #include "am_key_matrix_gpio.h" 

3 #include "lpc82x_pin.h" 

4 #include "am_input.h" 

5 

6 static const int __g_key_pins_row[]  = {PIO0_6, PIO0_7}; 

7 static const int __g_key_pins_col[]  = {PIO0_17, PIO0_23}; 

8 static const int __g_key_codes[]     = {KEY_0, KEY_1, KEY_2, KEY_3}; 

9 

10 static const am_key_matrix_gpio_softimer_info_t__g_miniport_key_info = { 

11     { 

12         { 

13             2,                                   //  

14             2,                                   //  

15             __g_key_codes,                       //  

16             AM_TRUE,                             //  

17             AM_KEY_MATRIX_SCAN_MODE_COL,   //  
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18         } 

19         __g_key_pins_row,                        //  

20         __g_key_pins_col                         //  

21     }, 

22     2                                           // 2ms 

23 }; 

24 

25 static am_key_matrix_gpio_softimer_t   __g_miniport_key; // MiniPort-Key  

26 int am_miniport_key_inst_init (void) 

27 { 

28     return am_key_matrix_gpio_softimer_init(&__g_miniport_key, &__g_miniport_key_info); 

29 } 

7.36  am_hwconf_miniport_key.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 int am_miniport_key_inst_init (void); 

 

int am_miniport_key_inst_init(); 

KEY_0~KEY_3

AM824-Core

 

LED0 LED1 KEY0 LED

KEY1 01 LED0 LED1

app_key_code_led_show.c app_key_code_led_show.h

7.37 7.38  

7.37  app_key_code_led_show.c  

1 #include "ametal.h" 

2 #include "am_input.h" 

3 #include "am_led.h" 

4 #include "am_buzzer.h" 

5 

6 static void __input_key_proc (void *p_arg, int key_code, int key_state) 

7 { 

8     if (key_state == AM_INPUT_KEY_STATE_PRESSED) {   //  

9         am_buzzer_beep_async(100);                    //  

10         switch (key_code) { 

11         case KEY_0:                                     // KEY0 00 

12             am_led_off(0);  am_led_off(1); break; 
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13         case KEY_1:                                     // KEY1 01 

14              am_led_on(0);  am_led_off(1);  break; 

15         case KEY_2:                                     // KEY2 10 

16              am_led_on(1);  am_led_off(0);  break; 

17         case KEY_3:                                     // KEY3 11 

18    am_led_on(0);  am_led_on(1);  break; 

19         default: 

20           break; 

21         } 

22     } 

23 } 

24 

25 int app_key_code_led_show (void)      //  

26 { 

27     static am_input_key_handler_t  key_handler; 

28     am_input_key_handler_register(&key_handler, __input_key_proc, NULL); 

29     return AM_OK; 

30 } 

7.38  app_key_code_led_show.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 int app_key_code_led_show (void);      //  

MiniPort-Key 4 7.39  

7.39   

1 #include "ametal.h" 

2 #include "am_hwconf_miniport_key.h" 

3 #include "app_key_code_led_show.h"  

4 

5 int am_main (void) 

6 { 

7     am_miniport_key_inst_init();      // MiniPort-ZLG72128  

8     app_key_code_led_show();        // LED0 LED1  

9     while (1) { 

10     } 

11 } 

7.6  
7.6.1  

AMetal 7.7  
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7.7  am_digitron_disp.h  

  

int am_digitron_disp_decode_set ( 

int id, uint16_t (*pfn_decode)(uint16_t ch)); 
 

int am_digitron_disp_blink_set (int id, int index, am_bool_t blink);  

int am_digitron_disp_at (int id, int index, uint16_t seg);  

int am_digitron_disp_char_at (int id, int index, const char ch);  

int am_digitron_disp_str (int id, int index, int len, const char *p_str);  

int am_digitron_disp_clr (int id);  

1   

 

int am_digitron_disp_decode_set (int id, uint16_t (*pfn_decode) (uint16_t ch)); 

id id

MiniPort-View

id 0  

pfn_decode uint16_t

uint16_t  

8 '0' ~ '9' AMetal

8 '0' ~ '9'  'A' 'B'  'C' 'D'  

'E'  'F' am_digitron_disp.h  

uint16_t am_digitron_seg8_ascii_decode (uint16_t ascii_char); 

pfn_decode 7.40  

7.40  am_digitron_disp_decode_set()  

1 am_digitron_disp_decode_set(0, am_digitron_seg8_ascii_decode); 

'O'  0xFC

 

1 uint16_t my_decode(uint16_t ch) 

2 { 

3     //…  

4     if (ch =='O') { 

5         return 0xFC; 

6     } 

7 } 

pfn_decode  

am_digitron_disp_decode_set(0, my_decode); 
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2   

 

int am_digitron_disp_blink_set (int id, int index, am_bool_t blink); 

id index MiniPort-View

 0 1 blink AM_TRUE

1

7.41  

7.41  am_digitron_disp_blink_set()  

1 am_digitron_disp_blink_set(0, 1, AM_TRUE); 

3   

 

int am_digitron_disp_at (int id, int index, uint16_t seg); 

id index seg 8

'-' g 0x02 0000 0010

7.42  

7.42  am_digitron_disp_at()  

1 am_digitron_disp_at(0, 1, 0x02); 

4   

 

int am_digitron_disp_char_at (int id, int index, const char ch); 

id index ch

'H' 7.43  

7.43  am_digitron_disp_char_at()  

1 am_digitron_disp_char_at (0, 1, 'H'); 

5   

 

int am_digitron_disp_str (int id, int index, int len, const char *p_str); 

id index

len p_str  

len  

"HELLO" 7.44  

7.44  am_digitron_disp_str()  

1 am_digitron_disp_str(0, 0, 5,"HELLO"); 

MiniPort-View "HE"  

am_digitron_disp_str()

i 7.45  
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7.45  am_digitron_disp_str()  

1 int     num = 53; 

2 char   buf[3]; 

3 am_snprintf(buf, 3, "%2d", num); 

4 am_digitron_disp_str(0, 0, 2, buf); 

am_snprintf() C snprintf()

am_vdebug.h  

int am_snprintf (char *buf, size_t sz, const char *fmt, ...); 

am_kprintf() am_kprintf()

am_snprintf() sz buf  

6   

 

int am_digitron_disp_clr (int id); 

id 7.46  

7.46  am_digitron_disp_clr()  

1 am_digitron_disp_clr(0); 

60s 5s

app_digitron_count_down.c

app_digitron_count_down.h 7.47 7.48  

7.47  app_digitron_count_down.c  

1     #include "ametal.h" 

2     #include "am_digitron_disp.h" 

3     #include "am_vdebug.h" 

4     #include "am_softimer.h" 

5 

6     static void __digitron_show_num (int id, int num) 

7     { 

8         char buf[3]; 

9         am_snprintf(buf, 3, "%2d", num); 

10        am_digitron_disp_str(id, 0, 2, buf); 

11    } 

12 

13    static void __count_down_timer_cb (void *p_arg)  //  

14    { 

15        static unsigned int num = 60; 

16 

17        if (num > 0) { 

18            num--; 
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19        } else { 

20            num = 60; 

21        } 

22        __digitron_show_num((int)p_arg, num); 

23        if (num < 5) { 

24            am_digitron_disp_blink_set(0, 1, AM_TRUE); 

25        } else { 

26            am_digitron_disp_blink_set(0, 1, AM_FALSE); 

27        } 

28    } 

29 

30    int app_digitron_count_down (int id)       //  

31    { 

32        static am_softimer_t timer; 

33 

34        am_digitron_disp_decode_set(0, am_digitron_seg8_ascii_decode);  //  

35        __digitron_show_num(id, 60);                            // 60 

36        am_softimer_init(&timer, __count_down_timer_cb, (void *)id); 

37        am_softimer_start(&timer, 1000);                           // 1s 

38        return AM_OK; 

39    } 

7.48  app_digitron_count_down.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 int app_digitron_count_down (int id);       //  

app_digitron_count_down()

MCU

AMetal  

AMetal MiniPort-View  

7.6.2  

AMetal

 

int am_digitron_scan_gpio_init ( 

am_digitron_scan_gpio_dev_t     *p_dev, 

     const am_digitron_scan_gpio_info_t  *p_info); 
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p_dev am_digitron_scan_gpio_dev_t p_info

am_digitron_scan_gpio_info_t  

1.  

am_digitron_scan_gpio_dev_t am_digitron_scan_gpio.h  

am_digitron_scan_gpio_dev_t   miniport_view;  // MiniPort-View  

miniport_view p_dev  

2.  

GPIO

am_digitron_scan_gpio_info_t am_digitron_scan_gpio.h  

1 typedef struct am_digitron_scan_info { 

2     am_digitron_scan_devinfo_t  scan_info;    //  

3     am_digitron_base_info_t     base_info;    //  

4     const int                  *p_seg_pins;   //  GPIO  

5     const int                  *p_com_pins;   //  GPIO  

6 } am_digitron_scan_gpio_info_t; 

scan_info

base_info p_seg_pins

p_com_pins

AM824-Core MiniPort-View PIO0_8 ~ PIO0_15

PIO0_17 PIO0_23  

1 const int g_digitron_seg_pins[] = { 

2     PIO0_8, PIO0_9, PIO0_10, PIO0_11, PIO0_12, PIO0_13, PIO0_14, PIO0_15}; 

3 

4 const int g_digitron_com_pins[] = {PIO0_17, PIO0_23}; 

g_digitron_seg_pins p_seg_pins g_digitron_com_pins

p_com_pins  

scan_info am_digitron_scan_devinfo_t am_digitron_scan.h  

typedef struct am_digitron_scan_devinfo { 

 am_digitron_devinfo_t devinfo;     // ID  

 uint8_t        scan_freq;     //  50Hz  

 uint16_t      blink_on_time;    //  500ms  

 uint16_t        blink_off_time;     //  500m 

 void           *p_disp_buf;    //  

 void   *p_scan_buf;    //  

} am_digitron_scan_devinfo_t; 

devinfo ID

am_digitron_dev.h  

typedef struct am_digitron_devinfo { 
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    uint8_t  id;              //  

} am_digitron_devinfo_t; 

id 0

id 0  

scan_freq 50Hz  

blink_on_time blink_off_time

1Hz

500ms  

p_disp_buf uint8_t

MiniPort-View 2  

uint8_t g_disp_buf[2]; 

g_disp_buf p_disp_buf  

p_scan_buf 8

uint8_t

MiniPort-View 1  

uint8_t g_scan_buf[1]; 

g_scan_buf p_scan_buf  

base_info am_digitron_base_info_t am_digitron_base.h  

typedef struct am_digitron_base_info { 

     uint8_t         num_segment;         //  

     uint8_t         num_rows;            //  

     uint8_t         num_cols;            //  

     uint8_t         scan_mode;           //  

     am_bool_t      seg_active_low;       //  

     am_bool_t      com_active_low;       //  

} am_digitron_base_info_t; 

num_segment MiniPort-View 8

num_segment 8 num_rows num_cols

MiniPort-View  1 2 num_rows num_cols

1 2  

7.8

scan_mode

MiniPort-View

scan_mode AM_DIGITRON_SCAN_MODE_COL  

seg_active_low MiniPort-View

seg_active_low AM_TRUE  

com_active_low

7.8   

  

AM_DIGITRON_SCAN_MODE_ROW  

AM_DIGITRON_SCAN_MODE_COL  
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GPIO

com_active_low AM_TRUE

 

1 const int g_digitron_seg_pins[] = { 

2     PIO0_8, PIO0_9, PIO0_10, PIO0_11, PIO0_12, PIO0_13, PIO0_14, PIO0_15 }; 

3 const int g_digitron_com_pins[] = { PIO0_17, PIO0_23 }; 

4 uint8_t  g_disp_buf[2];      // 2  

5 uint8_t  g_scan_buf[1];      //  

6 

7 const am_digitron_scan_gpio_info_t  miniport_view_info = { 

8  { 

9   { 

10                0              // ID 0 

11   }, 

12          50,                 //  50Hz  

13          500,                // 500ms 

14          500,                // 500ms 

15          g_disp_buf,       //  

16          g_scan_buf       //  

17       }, 

18  {      

19         8,                     // 8  

20         1,                   //  

21         2,                      //  

22         AM_DIGITRON_SCAN_MODE_COL,   //  

23         AM_TRUE,                      //  

24         AM_TRUE                      //  

25     } 

26  g_digitron_seg_pins, 

27   g_digitron_com_pins 

28 }; 

MiniPort-View  

am_digitron_scan_gpio_init(&miniport_view, &miniport_view_info); 

0

7.49 7.50  

7.49  am_hwconf_miniport_view.c  
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1 #include "ametal.h" 

2 #include "am_digitron_scan_gpio.h" 

3 #include "lpc82x_pin.h" 

4 

5 static const int  __g_digitron_seg_pins[] = { 

6     PIO0_8, PIO0_9, PIO0_10, PIO0_11, PIO0_12, PIO0_13, PIO0_14, PIO0_15 }; 

7 static const int  __g_digitron_com_pins[] = {PIO0_17, PIO0_23}; 

8 static uint8_t  __g_disp_buf[2];     // 2  

9 static uint8_t  __g_scan_buf[1];    //  

10 

11 static const am_digitron_scan_gpio_info_t  __g_miniport_view_info = { 

12  { 

13   { 

14                0              // ID 0 

15   }, 

16          50,                 //  50Hz  

17          500,                // 500ms 

18          500,                //  : 500ms 

19          __g_disp_buf,       //  

20          __g_scan_buf      //  

21      }, 

22  {      

23          8,                     // 8  

24          1,                  //  

25          2,                      //  

26          AM_DIGITRON_SCAN_MODE_COL,   //  

27          AM_TRUE,                      //  

28          AM_TRUE                      //  

29      }, 

30      __g_digitron_seg_pins, 

31       __g_digitron_com_pins 

32 }; 

33 

34 static am_digitron_scan_gpio_dev_t   __g_miniport_view;// MiniPort-View  

35 int am_miniport_view_inst_init (void) 

36 { 

37     return am_digitron_scan_gpio_init(&__g_miniport_view, &__g_miniport_view_info); 
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38 } 

7.50  am_hwconf_miniport_view.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 int am_miniport_view_inst_init (void); 

 

am_miniport_view_inst_init(); 

0

7.47 7.51  

7.51   

1 #include "ametal.h" 

2 #include "am_hwconf_miniport_view.h" 

3 #include "app_digitron_count_down.h" 

4 

5 int am_main (void) 

6 { 

7     am_miniport_view_inst_init();   // MiniPort-View  

8     app_digitron_count_down(0);   // 0  

9     while (1) { 

10     } 

11 } 

7.6.3 HC595  

GPIO AM824-Core MiniPort-View MiniPort-595

HC595  

8 GPIO HC595

AMetal HC595

 

int am_digitron_scan_hc595_gpio_init ( 

    am_digitron_scan_hc595_gpio_dev_t       *p_dev, 

    const am_digitron_scan_hc595_gpio_info_t  *p_info, 

    am_hc595_handle_t                    handle); 

� p_dev am_digitron_scan_hc595_gpio_dev_t  

� p_info am_digitron_scan_hc595_gpio_info_t  

1.  

am_digitron_scan_hc595_gpio_dev_t am_digitron_scan_hc595_gpio.h
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am_digitron_scan_hc595_gpio_dev_t   miniport_view_595;  // 595  

miniport_view_595 p_dev  

2.  

GPIO

am_digitron_scan_hc595_gpio_info_t am_digitron_scan_hc595_gpio.h  

typedef struct am_digitron_scan_hc595_gpio_info { 

    am_digitron_scan_devinfo_t   scan_info;     //  

    am_digitron_base_info_t      base_info;     //  

    const int                   *p_com_pins;    //  

} am_digitron_scan_hc595_gpio_info_t; 

GPIO am_digitron_scan_gpio_info_t

p_seg_pins 595

GPIO

GPIO HC595

 

1 const int g_digitron_com_pins[] = { PIO0_17, PIO0_23 }; 

2 uint8_t  g_disp_buf[2];      // 2  

3 uint8_t  g_scan_buf[1];      //  

4 

5 const am_digitron_scan_hc595_gpio_info_t  miniport_view_595_info = { 

6  { 

7   { 

8                0              // ID 0 

9   }, 

10          50,                 // 50Hz 

11          500,                // 500ms 

12          500,                // 500ms 

13          g_disp_buf,       //  

14          g_scan_buf       //  

15      }, 

16  {      

17          8,                     // 8  

18          1,                  //  

19          2,                      //  

20          AM_DIGITRON_SCAN_MODE_COL,   //  

21          AM_TRUE,                      //  

22          AM_TRUE                      //  
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23     }, 

25   g_digitron_com_pins 

26 }; 

3. HC595 handle 

Miniport-595 MiniPort-595 HC595

 

am_hc595_handle_t  hc595_handle = am_miniport_595_inst_init(); 

HC595 handle  

HC595  

am_digitron_scan_hc595_gpio_init( 

&miniport_view_595, &miniport_view_595_info, am_miniport_595_inst_init()); 

0

am_hwconf_miniport_view.c ,

am_hwconf_miniport_view.h 7.52 7.53  

7.52  am_hwconf_miniport_view.c  

1 #include "ametal.h" 

2 #include "am_digitron_scan_hc595_gpio.h" 

3 #include "lpc82x_pin.h" 

4 #include "am_hwconf_miniport_595.h" 

5 

6 static  const int __g_digitron_com_pins[] = {PIO0_17, PIO0_23};  //  

7 static  uint8_t  __g_disp_buf[2];    // 2  

8 static  uint8_t  __g_scan_buf[1];   //  

9 

10 static constam_digitron_scan_hc595_gpio_info_t  __g_miniport_view_595_info = { 

11  { 

12   { 

13          0              // ID 0 

14   }, 

15          50,                 // 50Hz 

16          500,                // 500ms 

17          500,                //  : 500ms 

18          __g_disp_buf,       //  

19          __g_scan_buf      //  

20      }, 

21  {      

22         8,                     // 8  
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23         1,                   //  

24         2,                      //  

25         AM_DIGITRON_SCAN_MODE_COL,   //  

26         AM_TRUE,                      //  

27         AM_TRUE                      //  

28     }, 

29      __g_digitron_com_pins 

30 }; 

31 

32 static am_digitron_scan_hc595_gpio_dev_t   __g_miniport_view_595; // 595  

33 int am_miniport_view_595_inst_init (void) 

34 { 

35  return am_digitron_scan_hc595_gpio_init( 

36   &miniport_view_595, &miniport_view_595_info, am_miniport_595_inst_init()); 

37 } 

7.53  am_hwconf_miniport_view.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 int am_miniport_view_inst_init (void);   // MiniPort-View  

5 int am_miniport_view_595_inst_init (void);  // MiniPort-View MiniPort-595  

 

am_miniport_view_595_inst_init(); 

0

7.47 7.54  

7.54   

1 #include "ametal.h" 

2 #include "am_hwconf_miniport_view.h" 

3 #include "app_digitron_count_down.h" 

4  

5 int am_main (void) 

6 { 

7     am_miniport_view_595_inst_init(); // MiniPort-View HC595  

8     app_digitron_count_down(0);  // 0  

9     while (1) { 

10     } 

11 } 
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7.7  
PIO0_17 PIO0_23 PIO0_17

PIO0_23

 

AMetal

 

GPIO MiniPort-View HC595

MiniPort-View + MiniPort-595

GPIO MiniPort-View + MiniPort-Key

HC595 MiniPort-View + MiniPort-595 + 

MiniPort-Key  

7.7.1 I/O  

MiniPort-View MiniPort-Key

am_miniport_view_key.h  

int am_miniport_view_key_init ( 

am_miniport_view_key_dev_t         *p_dev, 

     const am_miniport_view_key_info_t  *p_info); 

� p_dev am_miniport_view_key_dev_t  

� p_info am_miniport_view_key_info_t  

1.  

am_miniport_view_key_dev_t am_miniport_view_key.h  

am_miniport_view_key_dev_t  miniport_view_key;  //  

miniport_view_key p_dev  

2.  

am_miniport_view_key_info_t

am_miniport_view_key.h  

typedef struct am_miniport_view_key_info { 

    am_digitron_scan_gpio_info_t  scan_info;      //  

    am_key_matrix_base_info_t     key_info;    //  

    const int                    *p_pins_row;   //  

}am_miniport_view_key_info_t; 

scan_info am_digitron_scan_gpio_info_t GPIO

7.49  

key_info am_key_matrix_base_info_t

7.35  

am_key_matrix_base_info_t

p_pins_row p_pins_col
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p_pins_row

MiniPort-View+MiniPort-Key

 

1 static const am_miniport_view_key_info_t  miniport_view_key_info = { 

2     { 

3         { 

4             { 

5                 0,                          // ID 0 

6             }, 

7             50,                             // 50Hz 

8             500,                            // 500ms 

9             500,                            // 500ms 

10             __g_disp_buf,                   //  

11             __g_scan_buf,                   //  

12         }, 

13         { 

14             8,                             // 8  

15             1,                             //  

16             2,                             //  

17             AM_DIGITRON_SCAN_MODE_COL,  //  

18             AM_TRUE,                      //  

19             AM_TRUE,                      //  

20         }, 

21         __g_digitron_seg_pins, 

22         __g_digitron_com_pins, 

23      }, 

24      { 

25         2,                                 // 2  

26         2,                                 // 2  

27         __g_key_codes,                     //  

28         AM_TRUE,                          //  

29         AM_KEY_MATRIX_SCAN_MODE_COL,  //  

30      }, 

31      __g_key_pins_row, 

32 }; 

 

am_miniport_view_key_init(&miniport_view_key,&miniport_view_key_info); 

7.55 7.56  

7.55  am_hwconf_miniport_view_key.c  

1 #include "ametal.h" 

2 #include "am_miniport_view_key.h" 
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3 #include "lpc82x_pin.h" 

4 #include "am_input.h" 

5 

6 static  const int  __g_digitron_seg_pins[] = { 

7     PIO0_8, PIO0_9, PIO0_10, PIO0_11, PIO0_12, PIO0_13, PIO0_14, PIO0_15 }; 

8 static  const int __g_digitron_com_pins[] = {PIO0_17, PIO0_23};  //  

9 static  uint8_t  __g_disp_buf[2];     // 2  

10 static  uint8_t  __g_scan_buf[1];    //  

11 static const int __g_key_codes[]   = {KEY_0, KEY_1,KEY_2, KEY_3}; 

12 static const int __g_key_pins_row[] = {PIO0_6, PIO0_7}; 

13 

14 static const am_miniport_view_key_info_t  __g_miniport_view_key_info = { 

15     { 

16         { 

17             { 

18                 0,                          // ID 0 

19             }, 

20             50,                             //  50Hz 

21             500,                            // 500ms 

22             500,                            // 500ms 

23             g_disp_buf,                   //  

24             g_scan_buf,                   //  

25         }, 

26         { 

27             8,                             // 8  

28             1,                             //  

29             2,                             //  

30             AM_DIGITRON_SCAN_MODE_COL,  //  

31             AM_TRUE,                      //  

32             AM_TRUE,                      //  

33         }, 

34         __g_digitron_seg_pins, 

35         __g_digitron_com_pins, 

36      }, 

37     { 

38         2,                                 // 2  

39         2,                                 // 2  

40         __g_key_codes,                     //  

41         AM_TRUE,                          //  

42         AM_KEY_MATRIX_SCAN_MODE_COL,  //  

43     }, 

44     __g_key_pins_row, 

45 }; 
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46 

47 static am_miniport_view_key_dev_t   __g_miniport_view_key; //  

48 int am_miniport_view_key_inst_init (void) 

49 { 

50  am_miniport_view_key_init(&__g_miniport_view_key,&__g_miniport_view_key_info); 

51 } 

7.56  am_hwconf_miniport_view_key.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 int am_miniport_view_key_inst_init (void);  // MiniPort-View MiniPort-Key  

MiniPort-View + 

MiniPort-Key  

am_miniport_view_key_inst_init(); 

 

7.7.2 HC595  

MiniPort-View MiniPort-Key MiniPort-595

am_miniport_view_key_595.h  

int am_miniport_view_key_595_init ( 

am_miniport_view_key_595_dev_t         *p_dev, 

     const am_miniport_view_key_595_info_t  *p_info, 

     am_hc595_handle_t                     handle); 

� p_dev am_miniport_view_key_595_dev_t  

� p_info am_miniport_view_key_595_info_t  

1.  

am_miniport_view_key_595_dev_t am_miniport_view_key_595.h  

am_miniport_view_key_595_dev_t  miniport_view_key_595;  //  

miniport_view_key_595 p_dev  

2.  

am_miniport_view_key_595_info_t

am_miniport_view_key_595.h  

typedef struct am_miniport_view_key_595_info { 

 am_digitron_scan_hc595_gpio_info_t scan_info;     //  

 am_key_matrix_base_info_t      key_info;   //  

    const int                     *p_pins_row;  //  

} am_miniport_view_key_595_info_t; 

scan_info am_digitron_scan_gpio_info_t

am_digitron_scan_hc595_gpio_info_t



ARM AMetal  

340 

GPIO 595

 

MiniPort-View + MiniPort-Key + 

MiniPort-595  

1 static const am_miniport_view_key_595_info_tminiport_view_key_595_info = { 

2     { 

3         { 

4             { 

5                 0,                          // ID 0 

6             }, 

7             50,                             //  50Hz 

8             500,                            // 500ms 

9             500,                            // 500ms 

10             __g_disp_buf,                   //  

11             __g_scan_buf,                   //  

12         }, 

13         { 

14             8,                             // 8  

15             1,                             //  

16             2,                             //  

17             AM_DIGITRON_SCAN_MODE_COL,  //  

18             AM_TRUE,                      //  

19             AM_TRUE,                      //  

20         }, 

21         __g_digitron_com_pins, 

22      }, 

23      { 

24         2,                                 // 2  

25         2,                                 // 2  

26         __g_key_codes,                     //  

27         AM_TRUE,                          //  

28         AM_KEY_MATRIX_SCAN_MODE_COL,  //  

29      }, 

30      __g_key_pins_row, 

31 }; 

3. HC595 handle 

Miniport-595 MiniPort-595 HC595

 

am_hc595_handle_t  hc595_handle = am_miniport_595_inst_init(); 

HC595 handle  

HC595 MiniPort-View + MiniPort-Key + 

MiniPort-595  

am_miniport_view_key_595_init( 
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&miniport_view_key_595, &miniport_view_key_595_info, am_miniport_595_inst_init()); 

am_hwconf_miniport_view_key.c

am_hwconf_miniport_view_key.h 7.57 7.58  

7.57  am_hwconf_miniport_view_key.c  

1 #include "ametal.h" 

2 #include "lpc82x_pin.h" 

3 #include "am_miniport_view_key_595.h" 

4 #include "am_hwconf_miniport_595.h" 

5 #include "am_input.h" 

6 

7 static  const int __g_digitron_com_pins[] = {PIO0_17, PIO0_23}; //  

8 static  uint8_t  __g_disp_buf[2];     // 2  

9 static  uint8_t  __g_scan_buf[1];    //  

10 static const int  __g_key_codes[]    = {KEY_0, KEY_1, KEY_2, KEY_3}; 

11 static const int  __g_key_pins_row[]  = {PIO0_6, PIO0_7}; 

12 

13 static const am_miniport_view_key_595_info_t  __g_miniport_view_key_595_info = { 

14     { 

15         { 

16             { 

17                 0,                          // ID 0 

18             }, 

19             50,                             //  50Hz 

20             500,                            // 500ms 

21             500,                            // 500ms 

22             g_disp_buf,                   //  

23             g_scan_buf,                   //  

24         }, 

25         { 

26             8,                             // 8  

27             1,                             //  

28             2,                             //  

29             AM_DIGITRON_SCAN_MODE_COL,  //  

30             AM_TRUE,                      //  

31             AM_TRUE,                      //  

32         }, 

33         __g_digitron_com_pins, 

34     }, 

35     { 

36         2,                                 // 2  

37         2,                                 // 2  

38         __g_key_codes,                     //  
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39         AM_TRUE,                          //  

40         AM_KEY_MATRIX_SCAN_MODE_COL,  //  

41     }, 

42     __g_key_pins_row, 

43 }; 

44 

45 static am_miniport_view_key_595_dev_t   __g_miniport_view_key_595; //  

46 int am_miniport_view_key_inst_init (void) 

47 { 

48     return am_miniport_view_key_595_init( 

49    &__g_miniport_view_key_595, 

50    &__g_miniport_view_key_595_info, 

51    am_miniport_595_inst_init()); 

52 } 

7.58  am_hwconf_miniport_view_key.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 int am_miniport_view_key_inst_init(void);  // MiniPort-View MiniPort-Key  

5 int am_miniport_view_key_595_inst_init(void);// MiniPort-View MiniPort-Key MiniPort-595  

MiniPort-View + 

MiniPort-Key + MiniPort-595  

am_miniport_view_key_595_inst_init(); 

 

Miniport MiniPort

7.9 MiniPort-View MiniPort-Key MiniPort-595

 

7.9   

 

 
 

MiniPort-View MiniPort-key MiniPort-595 

1    int am_miniport_view_inst_init (void); 

2    int am_miniport_key_inst_init (void); 

3    int am_miniport_view_key_inst_init (void); 

4    int am_miniport_view_595_inst_init (void); 

5    int am_miniport_view_key_595_inst_init(void); 
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7.9 5

 

7.8 ZLG72128  
7.8.1 ZLG72128  

I/O

CPU

32 12 ZLG

MiniPort-ZLG72128 AM824-Core MiniPort-ZLG72128

2 4 2 2 MiniProt-ZLG72128 AM824-Core

7.2  

 

7.2  MiniPort-ZLG72128  

0 3 4

ZLG72128 LPC824 7.10  

7.10  ZLG72128 LPC824  

 LPC824   

KEY_INT PIO0_1 PIO0_1 

RST PIO0_6 PIO0_6 ZLG72128 

I2C_SDA PIO0_8 I2C  

I2C_SCL PIO0_9 I2C  

7.8.2 ZLG72128  

ZLG72128 I2C GPIO

AMetal ZLG72128
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ZLG MiniPort-ZLG72128 AM824-Core

am_zlg72128_std.h  

int am_zlg72128_std_init ( 

am_zlg72128_std_dev_t            *p_dev, 

const am_zlg72128_std_devinfo_t  *p_info, 

     am_i2c_handle_t                   i2c_handle); 

ZLG72128

p_dev am_zlg72128_std_dev_t

p_info am_zlg72128_std_devinfo_t i2c_handle

ZLG72128 I2C  

1  

am_zlg72128_std_dev_t am_zlg72128_std.h  

am_zlg72128_std_dev_t   g_miniport_zlg72128;  // MiniPort-ZLG72128  

g_miniport_zlg72128 p_dev  

2  

ZLG72128

ID am_zlg72128_std_devinfo_t am_zlg72128_std.h

 

typedef struct am_zlg72128_std_devinfo { 

     am_zlg72128_devinfo_t   base_info;          // ZLG72128  

     am_digitron_devinfo_t    id_info;         // ID 

     uint16_t                blink_on_time;      // 500ms  

     uint16_t                blink_off_time;     // 500ms  

     uint8_t                 key_use_row_flags;  //  

     uint8_t                 key_use_col_flags;  //  

     const int      *p_key_codes;     //  

uint8_t               num_digitron;    //  

} am_zlg72128_std_devinfo_t; 

base_info ZLG72128 am_zlg72128.h  

typedef struct am_zlg72128_devinfo{ 

     int                rst_pin;    //  

     am_bool_t         use_int_pin;   //  

     int             int_pin;    //  

    uint32_t           interval_ms;   //  

} am_zlg72128_devinfo_t; 

ZLG72128 rst_pin

RC -1 use_int_pin

ZLG72128 KEY_INT AM_TRUE
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int_pin LPC824

AM_FALSE interval_ms

CPU

AM824-Core MiniPort-ZLG72128 7.10

PIO0_6 AM_TRUE PIO0_1 0 id_info ID

am_digitron_dev.h  

typedef struct am_digitron_devinfo { 

    uint8_t         id;            //  

} am_digitron_devinfo_t; 

MiniPort-View ID 0

MiniPort-ZLG72128 MiniPort-View ID 0

MiniPort-ZLG72128 MiniPort-View

ID 0

blink_on_time blink_off_time

1Hz

500ms  

key_use_row_flags

ZLG72128 4

COM8~COM11 7.11

MiniPort-ZLG72128 0 3 key_use_row_flags  

AM_ZLG72128_STD_KEY_ROW_0| AM_ZLG72128_STD_KEY_ROW_3 

key_use_col_flags ZLG72128 8

COM0 ~ COM7 7.12

MiniPort-ZLG72128 0 1 key_use_col_flags  

AM_ZLG72128_STD_KEY_COL_0 | AM_ZLG72128_STD_KEY_COL_1 

p_key_codes

MiniPort-ZLG72128 2 2  

MiniPort-key MiniPort-key

KEY0 ~ KEY3

MiniPort-ZLG72128 MiniPort-Key

MiniPort-ZLG72128

KEY0~KEY3 MiniPort-ZLG72128

MiniPort-Key

num_digitron

MiniPort-ZLG72128 2

num_digitron 2  

1 static const int g_key_codes[] = {KEY_0, KEY_1, KEY_2, KEY_3}; 

2  

7.11  

  

AM_ZLG72128_STD_KEY_ROW_0 0 

AM_ZLG72128_STD_KEY_ROW_1 1 

AM_ZLG72128_STD_KEY_ROW_2 2 

AM_ZLG72128_STD_KEY_ROW_3 3 

7.12  

  

AM_ZLG72128_STD_KEY_COL_0 0 

AM_ZLG72128_STD_KEY_COL_1 1 

……  

AM_ZLG72128_STD_KEY_COL_6 6 

AM_ZLG72128_STD_KEY_COL_7 7 
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3 static const am_zlg72128_std_devinfo_t g_miniport_zlg72128_info = { 

4     { 

5         PIO0_6,           //  

6         AM_TRUE,          //  

7         PIO0_1,            //  

8         5                //  

9     }, 

10     { 

11         0                   //  

12     }, 

13     500,                   // 500ms 

14     500,                  // 500ms 

15     AM_ZLG72128_STD_KEY_USE_ROW_0 | AM_ZLG72128_STD_KEY_USE_ROW_3,    

16     AM_ZLG72128_STD_KEY_USE_COL_0 | AM_ZLG72128_STD_KEY_USE_COL_1,   

17     g_key_codes,        //  KEY_0 ~ KEY3 

18 }; 

3 I2C i2c_handle 

LPC824 I2C1 ZLG72128 I2C LPC82x I2C1

am_lpc82x_i2c1_inst_init()  

am_i2c_handle_t i2c_handle = am_lpc82x_i2c1_inst_init(); 

I2C i2c_handle  

I2C MiniPort-ZLG72128  

am_zlg72128_std_init(&g_miniport_zlg72128, &g_miniport_zlg72128_info, am_lpc82x_i2c1_inst_init()); 

ZLG72128 3

ZLG72128

7.59 7.60  

7.59  am_hwconf_miniport_zlg72128.c  

1 #include "ametal.h" 

2 #include "am_lpc82x_inst_init.h" 

3 #include "lpc82x_pin.h" 

4 #include "am_zlg72128_std.h" 

5 

6 static const int  __g_key_codes[]   = {KEY_0, KEY_1,KEY_2, KEY_3}; 

7  
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8 static const am_zlg72128_std_devinfo_t __g_miniport_zlg72128_info = { 

9     { 

10         PIO0_6,            //  

11         AM_TRUE,           //  

12         PIO0_1,             //  

13         5                 //  

14     }, 

15     { 

16         0                    //  

17     }, 

18     500,                    // 500ms 

19     500,                   // 500ms 

20     AM_ZLG72128_STD_KEY_USE_ROW_0 | AM_ZLG72128_STD_KEY_USE_ROW_3,    

21     AM_ZLG72128_STD_KEY_USE_COL_0 | AM_ZLG72128_STD_KEY_USE_COL_1,   

22     __g_key_codes,              //  KEY_0 ~ KEY3 

23 }; 

24 static am_zlg72128_std_dev_t  __g_miniport_zlg72128;  // MiniPort-ZLG72128  

25 

26 int am_key_matrix_inst_init (void) 

27 { 

28     return  am_zlg72128_std_init( 

29    &__g_miniport_zlg72128, &__g_miniport_zlg72128_info, am_lpc82x_i2c1_inst_init()); 

30 } 

7.60  am_hwconf_miniport_zlg72128.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 int am_miniport_zlg72128_inst_init (void); 

MiniPort-ZLG72128

 

am_miniport_zlg72128_inst_init(); 

ID MiniPort-Key Miport-View

MiniPort-ZLG72128 MiniPort-Key MiniPort-View

7.61  

7.61   

1 #include "ametal.h" 

2 #include "am_hwconf_miniport_zlg72128.h" 
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3 #include "app_digitron_count_down.h" 

4    #include "app_key_code_led_show.h" 

5 

6 int am_main (void) 

7 { 

8     am_miniport_zlg72128_inst_init();   // MiniPort-ZLG72128  

9     app_key_code_led_show();    // LED0 LED1  

10     app_digitron_count_down(0);   // 60s  

11     while (1){ 

12     } 

13 } 

 

7.9  
LED

7.62  

7.62   

1      #include "ametal.h" 

2      #include "am_vdebug.h" 

3      #include "am_delay.h" 

4      #include "am_buzzer.h" 

5      #include "am_led.h" 

6      #include "am_input.h" 

7      #include "am_digitron_disp.h" 

8      #include "am_temp.h" 

9      #include "am_hwconf_lm75.h" 

10     #include "am_hwconf_miniport_view_key.h" 

11     #include "string.h" 

12 

13     static uint8_t g_temp_high = 30;         // 30  

14     static uint8_t g_temp_low  = 28;        // 28  

15     static uint8_t adj_state   = 0;          // 0- 1- , 2-  

16     static uint8_t adj_pos;                  //  

17 

18     static void __digitron_disp_num (int num) 

19     { 

20         char buf[3]; 
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21         am_snprintf(buf, 3, "%2d", num); 

22         am_digitron_disp_str(0, 0, strlen(buf), buf); 

23     } 

24 

25     static void key_state_process (void)               // KEY0 

26     { 

27         adj_state = (adj_state + 1) % 3;               // 0 ~ 2 

28         if (adj_state == 1) { 

29             //  

30             am_led_on(0); 

31             am_led_off(1); 

32             adj_pos = 1; 

33             am_digitron_disp_blink_set(0, adj_pos, AM_TRUE);  //  

34             __digitron_disp_num(g_temp_high);             //  

35         } else if (adj_state == 2) { 

36             //  

37             am_led_on(1); 

38             am_led_off(0); 

39             am_digitron_disp_blink_set(0, adj_pos, AM_FALSE); //  

40             adj_pos = 1;                             //  

41             am_digitron_disp_blink_set(0, adj_pos, AM_TRUE); 

42             __digitron_disp_num(g_temp_low);          //  

43         } else { 

44             //  

45             am_led_off(0); 

46             am_led_off(1); 

47             am_digitron_disp_blink_set(0, adj_pos, AM_FALSE); //  

48             adj_pos = 1;                            //  

49         } 

50     } 

51 

52     #define VAL_ADJ_TYPE_ADD 1 

53     #define VAL_ADJ_TYPE_SUB    0 

54 

55     static void key_val_process(uint8_t type)              // 1- 0-  

56     { 

57         uint8_t num_single =  0;                //  
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58         uint8_t num_ten  =  0;                   //  

59 

60         if (adj_state == 0)                                    //  

61             return; 

62         if (adj_state == 1) { 

63             num_single = g_temp_high % 10;               //  

64             num_ten    = g_temp_high / 10; 

65         } else if (adj_state == 2){ 

66             num_single = g_temp_low % 10;            //  

67             num_ten    = g_temp_low / 10; 

68         } 

69         if (type == VAL_ADJ_TYPE_ADD) {                // 1  

70             if (adj_pos == 1) { 

71                 num_single = (num_single + 1) % 10;          // 1 0 ~ 9 

72             } else { 

73                 num_ten   = (num_ten + 1) % 10;              // 1 0 ~ 9 

74             } 

75         } else {                                            // 1  

76             if (adj_pos == 1) { 

77                 num_single = (num_single - 1 + 10) % 10;     // 1 0 ~ 9 

78             } else { 

79                 num_ten   = (num_ten - 1 + 10) % 10;         // 1 0 ~ 9 

80             } 

81         } 

82 

83         if (adj_state == 1) { 

84             if (num_ten * 10 + num_single >= g_temp_low) { 

85                 g_temp_high = num_ten * 10 + num_single;     //  

86             } else { 

87                 num_ten    = g_temp_high / 10;               //  

88                 num_single = g_temp_high % 10; 

89             } 

90             __digitron_disp_num(g_temp_high);                //  

91         } else if (adj_state == 2) { 

92             if (num_ten * 10 + num_single <= g_temp_high) { 

93                 g_temp_low = num_ten * 10 + num_single;      //  

94             } 
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95             __digitron_disp_num(g_temp_low);                //  

96         } 

97    } 

98 

99    static void key_pos_process(void)                  //  

100   { 

101        if (adj_state != 0) { 

102            //  

103            am_digitron_disp_blink_set(0, adj_pos, AM_FALSE); 

104            adj_pos = !adj_pos; 

105            am_digitron_disp_blink_set(0, adj_pos, AM_TRUE); 

106        } 

107    } 

108 

109    static void key_callback (void *p_arg,int key_code, int key_state) 

110    { 

111        if (key_state == AM_INPUT_KEY_STATE_PRESSED) { 

112            switch (key_code) { 

113            case KEY_0:                       //  

114                key_state_process(); 

115                break; 

116            case KEY_1:                       // 1 

117                key_val_process(VAL_ADJ_TYPE_ADD); 

118                break; 

119            case KEY_2:                      //  

120                key_pos_process(); 

121                break; 

122            case KEY_3:                      // 1 

123                key_val_process(VAL_ADJ_TYPE_SUB); 

124                break; 

125            default: 

126                break; 

127            } 

128        } 

129    } 

130 

131    int am_main (void) 
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132    { 

133        am_temp_handle_t   temp_handle = am_temp_lm75_inst_init();; //  

134        am_input_key_handler_t  key_handler; 

135        int32_t    temp; 

136 

137        // 8 ASCII  

138        am_miniport_view_key_inst_init(); 

139        am_digitron_disp_decode_set(0, am_digitron_seg8_ascii_decode); 

140        am_input_key_handler_register(&key_handler, key_callback, NULL); 

141        while(1) { 

142            // , 500ms LED  

143            if (adj_state == 0) { 

144                am_temp_read(temp_handle, &temp); 

145                if (temp < 0) { 

146                    temp = -1 * temp;            //  

147                } 

148                temp = temp / 1000;              //  temp_cur  

149                __digitron_disp_num(temp); 

150                if (temp > g_temp_high || temp < g_temp_low ) { 

151                    am_buzzer_on(); 

152                } else { 

153                    am_buzzer_off(); 

154                } 

155                am_led_toggle(0); 

156                am_led_toggle(1); 

157                am_mdelay(500); 

158            } 

159        } 

160    } 
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8 AMetal 

 

✍

8.1 LED  
LED  

8.1.1  

AMetal  

1   

AMetal am_ LED

am_led_  

LED LED LED

set LED  

� am_led_set 

LED LED

 

am_led_set()

on off

 

� am_led_on 

� am_led_off 

LED

LED toggle LED

 

� am_led_toggle 

2   

AMetal

LED LED LED ID

ID LED ID 0 int

int led_id  

am_led_set led_id LED

LED LED

am_bool_t AM_TRUE LED AM_FALSE

LED am_led_set  



ARM AMetal  

354 

am_led_set (int led_id, am_bool_tstate); 

am_led_on am_led_off am_led_toggle

LED

led_id  

am_led_on(int led_id); 

am_led_off(int led_id); 

am_led_toggle(int led_id); 

AMetal ID

 

3   

led_id

led_id LED

led_id LED  

AMetal int

AM_OK

am_errno.h

 

AM_OK am_common.h

 

#define AM_OK  0 

am_errno.h

8.1 LED

led_id led_id

LED

-AM_ENODEV AM_ENODEV

 

LED int LED

8.2 8.1  

 

 

8.1.2  

8.1 am_errno.h  

  

AM_ENODEV  

AM_EINVAL  

AM_ENOTSUP  

AM_ENOMEM  

8.2  LED am_led.h  

  

int am_led_set (int led_id, am_bool_t state); LED  

int am_led_on(int led_id); LED 

int am_led_off(int led_id); LED 

int am_led_toggle(int led_id); LED  

 

8.1  LED  
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LED  

1   

LED 4 am_led_on() am_led_off() am_led_set()

8.1  

8.1  am_led_on() am_led_off()  

1 int am_led_on (int led_id) 

2 { 

3     return am_led_set(led_id, AM_TRUE); 

4 } 

5 

6 int am_led_off (int led_id) 

7 { 

8     return am_led_set(led_id, AM_FALSE); 

9 } 

am_led_set() am_led_toggle()

LED

GPIO HC595 LED LED LED

LED  

GPIO LED GPIO AM824-Core LED

LED0 J9 MCU PIO0_20 LED1 J10 MCU PIO0_21

J9 J10 PIO0_20 PIO0_21 LED0 LED1

LED LED GPIO

am_led_set() 8.2  

8.2  am_led_set() GPIO LED  

1 static const int g_led_pins[] = {PIO0_20, PIO0_21}; 

2 int am_led_set (intled_id,am_bool_t state) 

3 { 

4  if (led_id >= sizeof(g_led_pins) / sizeof(g_led_pins[0])) { 

5         return -AM_ENODEV;    // ID LED 

6  } 

7  am_gpio_set(g_led_pins[led_id], !state); 

8  return AM_OK; 

9 } 

HC595 LED MiniPort-595 MiniPort-LED

HC595 LED

LED LED HC595

am_led_set() 8.3  

8.3  am_led_set() HC595 LED  

1 static am_hc595_handle_t  __g_hc595_handle; 

2 static uint8_t            __g_output = 0x00;  // 0 
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3 

4 int am_led_set (int  led_id, am_bool_t state) 

5 { 

6  if (led_id >= sizeof(g_led_pins) / sizeof(g_led_pins[0])) { 

7         return -AM_ENODEV;     // ID LED 

8  } 

9     if (!state) { 

10         __g_output |= (1 << (led_id & 0x07)); 

11     } else { 

12         __g_output &= ~(1 << (led_id & 0x07)); 

13     } 

14     am_hc595_send(__g_hc595_handle, &__g_output, 1); 

15     return AM_OK; 

16 } 

__g_hc595_handle 8.2

8.3 LED

8.2 8.3

GPIO LED HC595 LED  

2  LED  

LED am_led_set() am_led_toggle()

LED

LED

 

int (*pfn_led_set) (void *p_cookie, int led_id, am_bool_t state); 

int (*pfn_led_toggle) (void *p_cookie, int led_id); 

p_cookie

p_this C

p_cookie  

 

typedef struct am_led_drv_funcs { 

    int (*pfn_led_set)(void *p_cookie, int led_id, am_bool_t state); 

    int (*pfn_led_toggle)(void *p_cookie, int led_id); 

} am_led_drv_funcs_t; 

LED LED

GPIO LED

8.4 HC595 LED 8.5  

8.4  GPIO LED  

1 static int __led_gpio_set (void *p_cookie, int led_id, am_bool_t state) 

2 { 

3     // LED am_gpio_set() 
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4     return AM_OK; 

5 } 

6 

7 static int __led_gpio_toggle (void *p_cookie, int led_id) 

8 { 

9     // LED  am_gpio_toggle() 

10     return AM_OK; 

11 } 

12 

13 static const am_led_drv_funcs_t __g_led_gpio_drv_funcs = { 

14     __led_gpio_set, 

15     __led_gpio_toggle 

16 }; 

8.5  HC595 LED  

1 static int __led_hc595_set (void *p_cookie, int led_id, am_bool_t state) 

2 { 

3     // LED am_hc595_send() HC595  

4     return AM_OK; 

5 } 

6 

7 static int __led_hc595_toggle (void *p_cookie, int led_id) 

8 { 

9     // LED am_hc595_send() HC595  

10     return AM_OK; 

11 } 

12 

13 static const am_led_drv_funcs_t __g_led_hc595_drv_funcs = { 

14     __led_hc595_set, 

15     __led_hc595_toggle 

16 }; 

__g_led_gpio_drv_funcs __g_led_hc595_drv_funcs GPIO HC595

LED

am_led_set()

pfn_led_set pfn_led_set()

p_cookie p_cookie p_cookie

LED p_cookie

LED  

typedef struct am_led_dev { 

  const am_led_drv_funcs_t *p_funcs;     //  

     void                    *p_cookie;     //  

} am_led_dev_t; 

p_funcs __g_led_gpio_drv_funcs

__g_led_hc595_drv_funcs p_cookie  
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am_led_set() LED

pfn_led_set 8.6  

8.6   am_led_set() 1  

1 am_led_dev_t *__gp_led_dev; 

2 int am_led_set (int led_id, am_bool_t state) 

3 { 

4     am_led_dev_t *p_dev = __gp_led_dev;  

5     if (p_dev == NULL) { 

6         return -AM_ENODEV; 

7     } 

8     if (p_dev->p_funcs->pfn_led_set) { 

9         return p_dev->p_funcs->pfn_led_set(p_dev->p_cookie, led_id, state); 

10     } 

11     return -AM_ENOTSUP; 

12 } 

LED __gp_led_dev pfn_led_set

LED GPIO LED HC595

LED LED

am_led_dev_t p_next

 

typedef struct am_led_dev { 

const am_led_drv_funcs_t *p_funcs;     //  

    void                *p_cookie;     //  

struct am_led_dev *p_next;    // LED  

} am_led_dev_t; 

LED

LED led_id LED

LED led_id led_id

LED LED  

LED LED AM824-Core GPIO 2 LED

HC595 8 LED 10 LED

0~9 LED LED

 0~1 2~9 LED LED LED

LED led_id  

typedef struct am_led_servinfo { 

    int start_id;             // LED  

    int   end_id;               // LED  

} am_led_servinfo_t; 

LED p_info led_id

LED  

typedef struct am_led_dev { 

    const am_led_drv_funcs_t *p_funcs;    //  

    void                     *p_cookie;    //  
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const am_led_servinfo_t     *p_info;      // LED  

struct am_led_dev         *p_next;   // LED  

} am_led_dev_t; 

am_led_set() 8.7  

8.7  am_led_set() 2  

1 int am_led_set (int led_id, am_bool_t state) 

2 { 

3     am_led_dev_t *p_dev = __led_dev_find_with_id(led_id);  // led_id  

4     if (p_dev == NULL) { 

5         return -AM_ENODEV; 

6     } 

7     if (p_dev->p_funcs->pfn_led_set) { 

8         return p_dev->p_funcs->pfn_led_set(p_dev->p_cookie, led_id, state); 

9     } 

10     return -AM_ENOTSUP; 

11 } 

__led_dev_find_with_id() ID

led_id LED 8.8  

8.8  led_id LED  

1 static am_led_dev_t *__gp_head= NULL; 

2 static am_led_dev_t * __led_dev_find_with_id (int id) 

3 { 

4     am_led_dev_t *p_cur   = __gp_head; 

5     while (p_cur != NULL) { 

6         if ((id >= p_cur->p_info->start_id) && (id <= p_cur->p_info->end_id)) { 

7             break;       // ID  

8         } 

9         p_cur = p_cur->p_next; 

10     } 

11     return p_cur;       // NULL 

12 } 

__gp_head NULL LED

am_led_toggle() 8.9  

8.9  am_led_toggle()  

1 int am_led_toggle (int led_id) 

2 { 

3     am_led_dev_t *p_dev = __led_dev_find_with_id(led_id);  // led_id  

4     if (p_dev == NULL) { 

5         return -AM_ENODEV; 

6     } 

7     if (p_dev->p_funcs->pfn_led_toggle) { 

8         return p_dev->p_funcs->pfn_led_toggle(p_dev->p_cookie, led_id); 

9  } 
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10     return -AM_ENOTSUP; 

11 } 

LED __led_dev_find_with_id()

NULL -AM_ENODEV  

LED LED

LED p_funcs p_cookie p_info 

LED GPIO LED

LED  

int am_led_dev_add ( 

am_led_dev_t            *p_dev, 

 const am_led_servinfo_t   *p_info, 

 const am_led_drv_funcs_t  *p_funcs, 

 void                    *p_cookie) 

LED

8.10  

8.10  LED  

1 int am_led_dev_add ( 

2  am_led_dev_t       *p_dev, 

3  const am_led_servinfo_t *p_info, 

4  const am_led_drv_funcs_t  *p_funcs, 

5  void                    *p_cookie) 

6 { 

7     if ((p_dev == NULL) || (p_funcs == NULL) || (p_info == NULL)) { 

8         return -AM_EINVAL; 

9     } 

10     if (__led_dev_find_with_id(p_info->start_id) != NULL) { 

11         return -AM_EPERM; 

12     } 

13     if (__led_dev_find_with_id(p_info->end_id) != NULL) { 

14         return -AM_EPERM; 

15     } 

16     p_dev->p_info   = p_info; 

17     p_dev->p_funcs  = p_funcs; 

18     p_dev->p_next   = NULL; 

19     p_dev->p_cookie = p_cookie; 

20     p_ dev->p_next  = __gp_head; 

21     __gp_head    = p_dev; 

22     return AM_OK; 

23 } 
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LED LED

ID LED ID LED

8.10

21~22 2  

LED

am_led_dev_add()

LED LED  

LED

LED 8.2

LED pfn_led_set pfn_led_toggle

LED

LED

8.11 LED

am_led_dev.h  

8.11  am_led_dev.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 typedef struct am_led_drv_funcs { 

5     int (*pfn_led_set)(void *p_cookie, int led_id, am_bool_t state); 

6     int (*pfn_led_toggle)(void *p_cookie, int led_id); 

7 } am_led_drv_funcs_t; 

8 

9 typedef struct am_led_servinfo { 

10     int start_id;             // LED  

11     int   end_id;               // LED  

12 } am_led_servinfo_t; 

13 

14 typedef struct am_led_dev { 

15   const am_led_drv_funcs_t *p_funcs;    //  

16      void                  *p_cookie;    //  

17      const am_led_servinfo_t    *p_info;      // LED  

18  struct am_led_dev  *p_next;   // LED  

19 } am_led_dev_t; 

20 

21 int am_led_dev_add ( 

22  am_led_dev_t         *p_dev, 

23  const am_led_servinfo_t   *p_info, 

24  const am_led_drv_funcs_t  *p_funcs, 

25  void                   *p_cookie); 

3  LED  

LED pfn_led_set pfn_led_toggle

 

8.2 LED  
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LED LED

 

GPIO LED HC595 LED LED

LED

LED  

1  GPIO LED  

LED

8.3

LED  

typedef struct am_led_gpio_dev { 

    am_led_dev_t isa; 

} am_led_gpio_dev_t; 

am_led_gpio_dev_t LED

LED  

am_led_gpio_dev_t  g_led_gpio; 

GPIO LED

LED

LED ID ID ID

LED ID

 

typedef struct am_led_gpio_info { 

    am_led_servinfo_t   serv_info;       // LED  

    const int          *p_pins;     // GPIO  

    am_bool_t           active_low;      // LED  

} am_led_gpio_info_t; 

AM824_Core LED 0~1

 

1 const int g_led_pins[] = {PIO0_20, PIO0_21}; 

2 const am_led_gpio_info_t g_led_gpio_info = { 

3     { 

4         0,        // 0 

5         1        // 1 

6     }, 

7     g_led_pins,       // LED  

8     AM_TRUE       // LED 

9 }; 

 

typedef struct am_led_gpio_dev { 

    am_led_dev_t          isa; 

 

8.3  GPIO  
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    const am_led_gpio_info_t   *p_info; 

} am_led_gpio_dev_t; 

GPIO LED

LED LED

 

int am_led_gpio_init (am_led_gpio_dev_t *p_dev,const am_led_gpio_info_t *p_info); 

p_dev am_led_gpio_dev_t p_info am_led_gpio_info_t

 

am_led_gpio_init(&g_led_gpio, &g_led_gpio_info); 

8.12  

8.12  GPIO LED  

1 int am_led_gpio_init (am_led_gpio_dev_t *p_dev,const am_led_gpio_info_t *p_info) 

2 { 

3     int i; 

4     int num; 

5 

6     if ((p_dev == NULL) || (p_info == NULL)) { 

7         return -AM_EINVAL; 

8     } 

9     num = p_info->serv_info.end_id - p_info->serv_info.start_id + 1; 

10     if (num <= 0) { 

11         return -AM_EINVAL; 

12     } 

13     p_dev->p_info = p_info; 

14     for (i = 0; i < num; i++) { 

15         if (p_info->active_low) {   // LED 

16             am_gpio_pin_cfg(p_info->p_pins[i], AM_GPIO_OUTPUT_INIT_HIGH); 

17         } else {      // LED 

18             am_gpio_pin_cfg(p_info->p_pins[i], AM_GPIO_OUTPUT_INIT_LOW); 

19         } 

20     } 

21     return am_led_dev_add(&p_dev->isa, &p_info->serv_info, &__g_led_gpio_drv_funcs, p_dev); 

22 } 

LED LED GPIO

LED GPIO

LED

am_led_dev_add() LED  

LED LED  ID ID

__g_led_gpio_drv_funcs 8.4 p_cookie

p_cookie

p_cookie GPIO

LED 8.4 8.13  
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8.13  GPIO LED  

1 static int __led_gpio_set (void *p_cookie, int led_id, am_bool_t state) 

2 { 

3     am_led_gpio_dev_t *p_dev = (am_led_gpio_dev_t *)p_cookie; 

4     led_id = led_id - p_dev->p_info->serv_info.start_id; 

5     am_gpio_set(p_dev->p_info->p_pins[led_id], state ^ p_dev->p_info->active_low); 

6     return AM_OK; 

7 } 

8 

9 static int __led_gpio_toggle (void *p_cookie, int led_id) 

10 { 

11     am_led_gpio_dev_t *p_dev = (am_led_gpio_dev_t *)p_cookie; 

12     led_id = led_id - p_dev->p_info->serv_info.start_id; 

13     am_gpio_toggle(p_dev->p_info->p_pins[led_id]); 

14     return AM_OK; 

15 } 

16 

17 static const am_led_drv_funcs_t __g_led_gpio_drv_funcs = { 

18     __led_gpio_set, 

19     __led_gpio_toggle 

20 }; 

p_cookie

LED

LED ^

active_low

active_low AM_TRUE

state active_low

GPIO GPIO state

active_low 8.3 state active_low GPIO 0

state active_low GPIO 1  

8.14 LED am_led_gpio.h  

8.14  am_led_gpio.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_led_dev.h" 

4 

5 typedef struct am_led_gpio_info { 

6      am_led_servinfo_t   serv_info;       // LED  

7     const int         *p_pins;     // GPIO  

8     am_bool_t           active_low;      // LED  

9 } am_led_gpio_info_t; 

10   

8.3  GPIO  

state active_low GPIO  

0 0 0 

0 1 1 

1 0 1 

1 1 0 



ARM AMetal  

365 

11 typedef struct am_led_gpio_dev { 

12     am_led_dev_t             isa; 

13     const am_led_gpio_info_t   *p_info; 

14 } am_led_gpio_dev_t; 

15 

16 int am_led_gpio_init (am_led_gpio_dev_t*p_dev,const am_led_gpio_info_t *p_info); 

2  HC595 LED  

8.4

LED  

typedef struct am_led_hc595_dev { 

    am_led_dev_t isa; 

} am_led_hc595_dev_t; 

am_led_hc595_dev_t LED

LED  

am_led_hc595_dev_t  g_led_hc595; 

HC595 LED LED HC595

LED HC595

MiniPort-595 HC595

 

HC595 HC595

8 1 LED LED

LED LED

HC595

HC595  

ID ID ID

 

typedef struct am_led_hc595_info { 

 am_led_servinfo_t   serv_info;    // LED  

 int                 hc595_num;   // HC595  

 uint8_t            *p_buf;    // HC595 hc595_num 

 am_bool_t           active_low;   // LED  

} am_led_hc595_info_t; 

MiniPort-595 MiniPort-LED 8 LED

2~9  

1 uint8_t  g_miniport_led_595_buf[1]; 

2 

3 const am_led_hc595_info_t g_miniport_led_595_info = { 

4     { 

5      2,                             // 2  

6      9                          // 9 8 LED  

7     }, 

 

8.4  HC595  
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8     1,        // 1 595 

9     g_miniport_led_595_buf, 

10     AM_TRUE 

11 }; 

HC595 LED

HC595 handle 595

handle  

typedef struct am_led_hc595_dev { 

    am_led_dev_t                isa; 

    am_hc595_handle_t      handle;  

    const am_led_hc595_info_t  *p_info; 

} am_led_hc595_dev_t; 

HC595

 

am_hc595_handle_t  hc595_handle = am_miniport_595_inst_init(); 

handle

 

GPIO LED LED

LED

 

int am_led_hc595_init ( 

 am_led_hc595_dev_t          *p_dev, 

     const am_led_hc595_info_t   *p_info, 

     am_hc595_handle_t            handle); 

p_dev am_led_hc595_dev_t p_info

am_led_hc595_info_t  

am_led_hc595_init(&g_miniport_led_595,&g_miniport_led_595_info,am_miniport_595_inst_init()); 

8.15  

8.15 HC595 LED  

1 int am_led_hc595_init ( 

2  am_led_hc595_dev_t   *p_dev, 

3  const am_led_hc595_info_t  *p_info, 

4  am_hc595_handle_t        handle) 

5 { 

6     if ((p_dev == NULL) || (p_info == NULL)) { 

7         return -AM_EINVAL; 

8     } 

9     p_dev->p_info = p_info; 

10     if (p_info->active_low) { 

11         memset(p_info->p_buf, 0xFF, p_info->hc595_num); 

12     } else { 

13         memset(p_info->p_buf, 0x00, p_info->hc595_num); 



ARM AMetal  

367 

14     } 

15     am_hc595_send(handle, p_info->p_buf, p_info->hc595_num); 

16     return am_led_dev_add(&p_dev->isa, &p_info->serv_info, &__g_led_hc595_drv_funcs, p_dev); 

17 } 

LED am_hc595_send()

LED am_led_dev_add() LED

 

LED LED  ID ID

__g_led_hc595_drv_funcs 8.5 p_cookie

p_cookie

p_cookie HC595 HC595

LED 8.5 8.16  

8.16  HC595 LED  

1 static int __led_hc595_set (void *p_cookie, int led_id, am_bool_t state) 

2 { 

3     am_led_hc595_dev_t *p_dev = (am_led_hc595_dev_t *)p_cookie; 

4     led_id = led_id - p_dev->p_info->serv_info.start_id; 

5     if (state ^ p_dev->p_info->active_low) { 

6         p_dev->p_info->p_buf[led_id >> 3] |= (1 << (led_id & 0x07)); 

7     } else { 

8         p_dev->p_info->p_buf[led_id >> 3] &= ~(1 << (led_id & 0x07)); 

9     } 

10     am_hc595_send(p_dev->handle, p_dev->p_info->p_buf, p_dev->p_info->hc595_num); 

11     return AM_OK; 

12 } 

13 

14 static int __led_hc595_toggle (void *p_cookie, int led_id) 

15 { 

16     am_led_hc595_dev_t *p_dev = (am_led_hc595_dev_t *)p_cookie; 

17     led_id = led_id - p_dev->p_info->serv_info.start_id; 

18     p_dev->p_info->p_buf[led_id >> 3] ^= (1 << (led_id & 0x07)); 

19     am_hc595_send(p_dev->handle, p_dev->p_info->p_buf, p_dev->p_info->hc595_num); 

20     return AM_OK; 

21 } 

22 

23 static const am_led_drv_funcs_t __g_led_hc595_drv_funcs = { 

24     __led_hc595_set, 

25     __led_hc595_toggle 

26 }; 

p_cookie

LED 8.17

LED am_led_hc595.h  

8.17  am_led_hc595.h  
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1 #pragma once 

2 #include "ametal.h" 

3 #include "am_led_dev.h" 

4 #include "am_hc595.h" 

5 

6 typedef struct am_led_hc595_info{ 

7  am_led_servinfo_t   serv_info;   // LED  

8  int                 hc595_num;  // HC595  

9  uint8_t            *p_buf;   // HC595 hc595_num 

10  am_bool_t           active_low;  // LED  

11 }am_led_hc595_info_t; 

12 

13 typedef struct am_led_hc595_dev{ 

14     am_led_dev_t               isa; 

15     am_hc595_handle_t      handle; 

16     const am_led_hc595_info_t   *p_info; 

17 }am_led_hc595_dev_t; 

18 

19 int am_led_hc595_init( 

20  am_led_hc595_dev_t          *p_dev, 

21  const am_led_hc595_info_t   *p_info, 

22  am_hc595_handle_t          handle); 

8.2 HC595  
HC595 GPIO

SPI MCU SPI HC595

LED HC595

 

8.2.1  

1   

HC595 am_hc595_ HC595

 

� am_hc595_send 

HC595 OE

 

� am_hc595_enable 

� am_hc595_disable 

2   

LED LED ID led_id

LED hc595_id HC595  

LED ID LED led_id

LED ID LED LED
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ID LED  

LED LED LED

LED

HC595

GPIO

MHz us

 

HC595

 

HC595

 

typedef void * am_hc595_handle_t; 

HC595

HC595  

� am_hc595_enable (am_hc595_handle_t  handle); 

� am_hc595_disable (am_hc595_handle_t  handle); 

� am_hc595_send (am_hc595_handle_t    handle); 

am_hc595_send()

am_hc595_send()  

� am_hc595_send (am_hc595_handle_t  handle, const void *p_data, size_t nbytes) ; 

p_data

void *

const

nbytes

HC595

8

HC595 n 

n HC595 8 n  

HC595 8

HC595

HC595

HC595

HC595  

3   

8.4  HC595 am_hc595.h  

  

int am_hc595_enable( 

am_hc595_handle_t  handle); 
HC595  

int am_hc595_disable( 

am_hc595_handle_t  handle); 
HC595  

int am_hc595_send ( 

am_hc595_handle_t  handle, 

    const uint8_t       *p_data, 

    size_t              nbytes); 
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int

HC595 8.4

8.5  

am_hc595_handle_t void *

 

8.2.2  

1  HC595  

LED

 

struct am_hc595_drv_funcs {        //  

int (*pfn_hc595_enable) (void *p_cookie);     // 1 HC595  

int (*pfn_hc595_disable) (void *p_cookie);     // 2 HC595  

int (*pfn_send) (void *p_cookie, const void *p_data, size_t nbytes);  // 3  

}; 

p_cookie HC595  

typedef struct am_hc595_dev { 

    const struct am_hc595_drv_funcs  *p_funcs;    //  

    void                         *p_cookie;   //  

} am_hc595_dev_t; 

HC595 HC595 HC595

3  

LED LED

p_cookie p_cookie

8.18  

8.18   

1 typedef struct am_[name]_drv_funcs {    //  

2   int (*pfn_function1) (void *p_cookie, ...);   // 1 

3   int (*pfn_ function2) (void *p_cookie, ...);   // 2 

4   // ......          // n 

5 } am_[name]_drv_funcs_t; 

6 

7 typedef struct am_[name]_dev { 

8     const am_led_drv_funcs_t   *p_funcs;   //  

9     void                     *p_cookie;  //  

10     // ...         // LED p_next 

11 } am_[name]_dev_t; 

[name] led

LED LED p_next

 

8.5  HC595  
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HC595 handle

HC595 handle  

typedef  am_hc595_dev_t * am_hc595_handle_t; 

HC595 HC595 8.19  

8.19  HC595  

1 int am_hc595_enable (am_hc595_handle_t handle) 

2 { 

3     if (handle && handle->p_funcs && handle->p_funcs->pfn_hc595_enable) { 

4         return handle->p_funcs->pfn_hc595_enable(handle->p_cookie); 

5     } 

6     return -AM_EINVAL; 

7 } 

8  

9 int am_hc595_disable (am_hc595_handle_t handle) 

10 { 

11     if (handle && handle->p_funcs && handle->p_funcs->pfn_hc595_disable) { 

12         return handle->p_funcs->pfn_hc595_disable(handle->p_cookie); 

13     } 

14     return -AM_EINVAL; 

15 } 

16  

17 int am_hc595_send (am_hc595_handle_t handle, const void *p_data, size_t nbytes) 

18 { 

19     if (handle && handle->p_funcs && handle->p_funcs->pfn_send) { 

20         return handle->p_funcs->pfn_send(handle->p_cookie, p_data, nbytes); 

21     } 

22     return -AM_EINVAL; 

23 } 

handle handle

handle

HC595

LED

LED  

HC595

.h  

8.20 HC59 am_hc595.h

8.6  

8.20  am_hc595.h  

 

8.6  HC595  
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1 #pragma once 

2  

3 #include "am_common.h" 

4  

5 struct am_hc595_drv_funcs {       //  

6     int (*pfn_hc595_enable) (void *p_cookie);    // 1 HC595  

7     int (*pfn_hc595_disable) (void *p_cookie);    // 2 HC595  

8     int (*pfn_send) (void *p_cookie, const void *p_data, size_t nbytes);  // 3  

9 }; 

10  

11 typedef struct am_hc595_dev { 

12     const struct am_hc595_drv_funcs  *p_funcs;     //  

13     void                         *p_cookie;    //  

14 } am_hc595_dev_t; 

15 

16 typedef  am_hc595_dev_t * am_hc595_handle_t; 

17  

18 am_static_inline 

19 int am_hc595_enable (am_hc595_handle_t handle) 

20 { 

21     if (handle && handle->p_funcs && handle->p_funcs->pfn_hc595_enable) { 

22         return handle->p_funcs->pfn_hc595_enable(handle->p_cookie); 

23    } 

24    return -AM_EINVAL; 

25 } 

26 

27 am_static_inline 

28 int am_hc595_disable (am_hc595_handle_t handle) 

29 { 

30     if (handle && handle->p_funcs && handle->p_funcs->pfn_hc595_disable) { 

31         return handle->p_funcs->pfn_hc595_disable(handle->p_cookie); 

32     } 

33     return -AM_EINVAL; 

34 } 

35 

36 am_static_inline 

37 int am_hc595_send (am_hc595_handle_t handle, const void *p_data, size_t nbytes) 

38 { 

39     if (handle && handle->p_funcs && handle->p_funcs->pfn_send) { 

40         return handle->p_funcs->pfn_send(handle->p_cookie, p_data, nbytes); 

41       } 

42     return -AM_EINVAL; 

43 } 

am_static_inline am_types.h
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GCC  

#define  am_static_inline  static inline 

AMetal

am_static_inline

 

2  HC595  

SPI HC595 HC595

8.7

HC595  

typedef struct am_hc595_spi_dev { 

    am_hc595_dev_t        isa;       // HC595  

} am_hc595_spi_dev_t; 

am_hc595_spi_dev_t HC595

HC595  

am_hc595_spi_dev_t   g_hc595_spi; 

SPI HC595 HC595

SPI  

SPI

HC595 Q7 HC595

Q0 HC595

 

 

typedef struct am_hc595_spi_info { 

 int          pin_lock;      //  

 int          pin_oe;       //  

 uint32_t     clk_speed;      // SPI  

 am_bool_t    lsb_first;      //  

} am_hc595_spi_info_t; 

MiniPort-595 AM824-Core

 

const am_hc595_spi_info_t  g_hc595_spi_info = { 

    PIO0_14,         //  

    -1,                           //  

    300000,                       // SPI  300KHz 

    AM_TRUE                    //  

}; 

SPI HC595

HC595 SPI SPI HC595

SPI HC595  

typedef struct am_hc595_spi_dev { 

    am_hc595_dev_t              isa;          // HC595  

 

8.7  HC595  
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    am_spi_device_t             spi_dev;      // SPI  

    const am_hc595_spi_info_t      *p_info;   //  

} am_hc595_spi_dev_t; 

SPI HC595

 

am_hc595_handle_t am_hc595_spi_init ( 

 am_hc595_spi_dev_t           *p_dev, 

 const am_hc595_spi_info_t   *p_info, 

 am_spi_handle_t             handle); 

 

� p_dev am_hc595_spi_dev_t  

� p_info am_hc595_spi_info_t  

� handle SPI SPI HC595  

 

am_hc595_handle_t  handle =  

 am_hc595_spi_init(&g_hc595_spi, &g_hc595_spi_info, am_lpc82x_spi0_inst_init ()); 

HC595 HC595 handle

8.21  

8.21  SPI HC595  

1 am_hc595_handle_t am_hc595_spi_init ( 

2  am_hc595_spi_dev_t   *p_dev, 

3  const am_hc595_spi_info_t    *p_info, 

4  am_spi_handle_t             handle) 

5 { 

6     if ((p_dev == NULL) || (handle == NULL) || (p_info == NULL)) { 

7         return NULL; 

8     } 

9     am_spi_mkdev( 

10   &(p_dev->spi_dev), 

11   handle, 

12   8, 

13   AM_SPI_MODE_3 | ((p_info->lsb_first) ? AM_SPI_LSB_FIRST : 0), 

14   p_info->clk_speed, 

15   p_info->pin_lock, 

16   NULL); 

17  if (am_spi_setup(&(p_dev->spi_dev)) < 0) { 

18         return NULL; 

19     } 

20     p_dev->p_info      = p_info; 

21     p_dev->isa.p_funcs  = &__g_hc595_spi_drv_funcs; 

22     p_dev->isa.p_cookie = p_dev; 

23     return &p_dev->isa; 
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24 } 

SPI SPI

p_info HC595 p_funcs p_cookie

HC595 pfuncs &__g_hc595_spi_drv_funcs

3 8.22  

8.22  SPI HC595  

1 static int __hc595_spi_enable (void *p_cookie) 

2 { 

3     am_hc595_spi_dev_t *p_dev = (am_hc595_spi_dev_t *)p_cookie; 

4     if (p_dev->p_info->pin_oe == -1) {      // OE  

5         return AM_OK; 

6     } 

7     return am_gpio_set(p_dev->p_info->pin_oe, 0);   //  

8 } 

9 

10 static int __hc595_spi_disable (void *p_cookie) 

11 { 

12     am_hc595_spi_dev_t *p_dev = (am_hc595_spi_dev_t *)p_cookie; 

13     if (p_dev->p_info->pin_oe == -1) { 

14         return -AM_ENOTSUP; 

15     } 

16     return am_gpio_set(p_dev->p_info->pin_oe, 1); 

17 } 

18  

19 static int __hc595_spi_data_send (void  *p_cookie,  const void *p_data, size_t  nbytes) 

20 { 

21     am_hc595_spi_dev_t *p_dev = (am_hc595_spi_dev_t *)p_cookie; 

22     return am_spi_write_then_write(&(p_dev->spi_dev), p_data, nbytes, NULL, 0);  //  

23 } 

24  

25 static const struct am_hc595_drv_funcs __g_hc595_spi_drv_funcs = { 

26     __hc595_spi_enable, 

27     __hc595_spi_disable, 

28     __hc595_spi_data_send, 

29 }; 

GPIO am_gpio_set() OE HC595

SPI am_spi_write_then_write()  

8.23 HC595 am_hc595_spi.h

 

8.23  am_hc595_spi.h  

1 #pragma once 

2 #include "am_common.h" 

3 #include "am_hc595.h" 
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4 #include "am_spi.h" 

5 

6 typedef struct am_hc595_spi_info { 

7      int          pin_lock;     //  

8      int          pin_oe;      //  

9      uint32_t     clk_speed;     // SPI  

10  am_bool_t    lsb_first;     //  

11 } am_hc595_spi_info_t; 

12 

13 typedef struct am_hc595_spi_dev { 

14     am_hc595_dev_t              isa;         // HC595  

15     am_spi_device_t             spi_dev;     // SPI  

16     const am_hc595_spi_info_t      *p_info;  //  

17 } am_hc595_spi_dev_t; 

18 

19 am_hc595_handle_t am_hc595_spi_init ( 

20  am_hc595_spi_dev_t        *p_dev, 

21  const am_hc595_spi_info_t   *p_info, 

22  am_spi_handle_t             handle); 

8.3  
8.3.1  

1   

buzzer am_buzzer_

 

� am_buzzer_on 

� am_buzzer_off 

 

� am_buzzer_beep 

� am_buzzer_beep_async 

am_buzzer_beep am_buzzer_beep_async

 

am_buzzer_beep_async

am_buzzer_beep_async  

2   

LED LED

LED ID led_id LED

buzzer_id  
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buzzer_id

 

� am_buzzer_on(void); 

� am_buzzer_off(void); 

am_buzzer_beep am_buzzer_beep_async

 

� am_buzzer_beep(uint32_t ms); 

� am_buzzer_beep_async (uint32_t ms); 

ms  

3   

int

8.5

8.8  

8.3.2  

1   

4 am_buzzer_beep() am_buzzer_beep_async()

am_buzzer_on() am_buzzer_off() am_buzzer_beep()

8.24  

8.24  am_buzzer_beep()  

1 int am_buzzer_beep (uint32_t ms) 

2 { 

3     int ret = am_buzzer_on(); 

4     if (ret < 0) { 

5         return ret; 

6     } 

7     am_mdelay(ms); 

8     return am_buzzer_off(); 

9 } 

am_buzzer_on()

am_mdelay()

 

8.8   

8.5  am_buzzer.h  

  

void am_buzzer_on (void);  

void am_buzzer_off (void);  

void am_buzzer_beep (uint32_t ms);  

void am_buzzer_beep_async (uint32_t ms);  
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am_buzzer_beep_async()

8.25  

8.25  am_buzzer_beep_async()  

1 static am_softimer_t      __g_beep_timer; 

2 static void __beep_timer __callback (void *p_arg) 

3 { 

4     am_softimer_stop((am_softimer_t *)p_arg); 

5     am_buzzer_off(); 

6 } 

7  

8 int am_buzzer_beep_async (uint32_t ms) 

9 { 

10     int ret = am_buzzer_on(); 

11     if (ret < 0) { 

12         return ret; 

13     } 

14     am_softimer_start(&__g_beep_timer, ms); 

15     return AM_OK; 

16 } 

am_buzzer_on()

__beep_timer_callback()  

__beep_timer_callback()

 

    am_softimer_init(&__g_beep_timer, __beep_timer_callback,  &__g_beep_timer); 

am_buzzer_beep_async()

 

am_buzzer_beep() am_buzzer_beep_async() am_buzzer_on()

am_buzzer_off() am_buzzer_on() am_buzzer_off()

LED HC595  

int (*pfn_buzzer_on) (void *p_cookie); 

int (*pfn_buzzer_off) (void *p_cookie); 

on off

 

int (*pfn_buzzer_set) (void *p_cookie, am_bool_t on); 

 

 

typedef struct am_buzzer_drv_funcs { 
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    int (*pfn_buzzer_set) (void *p_cookie, am_bool_t on); //  

} am_buzzer_drv_funcs_t; 

p_cookie  

typedef struct am_buzzer_dev { 

    const am_buzzer_drv_funcs_t     *p_funcs;     //  

    void                          *p_cookie;    //  

} am_buzzer_dev_t; 

am_buzzer_beep_async()

 

typedef struct am_buzzer_dev { 

    const am_buzzer_drv_funcs_t *p_funcs;     //  

    void                         *p_cookie;    //  

    am_softimer_t                 timer;       //  

} am_buzzer_dev_t; 

am_buzzer_on()

am_buzzer_off()  

ID

am_buzzer_on() am_buzzer_off() 8.26  

8.26  am_buzzer_on am_buzzer_off ()  

1 static am_buzzer_dev_t  *__gp_buzzer_dev = NULL; 

2 int am_buzzer_on (void) 

3 { 

4     if ((NULL != __gp_buzzer_dev) && (NULL != __gp_buzzer_dev->p_funcs)) { 

5         return __gp_buzzer_dev->p_funcs->pfn_buzzer_set(__gp_buzzer_dev->p_cookie, AM_TRUE); 

6     } 

7     return -AM_ENODEV; 

8 } 

9 

10 int am_buzzer_off (void) 

11 { 

12     if ((NULL != __gp_buzzer_dev) && (NULL != __gp_buzzer_dev->p_funcs)) { 

13         return __gp_buzzer_dev->p_funcs->pfn_buzzer_set(__gp_buzzer_dev->p_cookie, AM_FALSE); 

14     } 

15     return -AM_ENODEV; 

16 } 

__gp_buzzer_dev

NULL __gp_buzzer_dev

pfn_buzzer_set  

__gp_buzzer_dev
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int am_buzzer_dev_register ( 

 am_buzzer_dev_t              *p_dev, 

 const am_buzzer_drv_funcs_t *p_funcs, 

 void                        *p_cookie); 

8.27  

8.27   

1 int am_buzzer_dev_register ( 

2  am_buzzer_dev_t            *p_dev, 

3  const am_buzzer_drv_funcs_t  *p_funcs, 

4  void                   *p_cookie) 

5 { 

6     if ((p_dev == NULL) || (p_funcs == NULL) || (p_funcs->pfn_buzzer_set == NULL)) { 

7         return -AM_EINVAL; 

8     } 

9     p_dev->p_funcs  = p_funcs; 

10     p_dev->p_cookie = p_cookie; 

11     __gp_buzzer_dev = p_dev; 

12     am_softimer_init(&p_dev->timer,__beep_timer_callback, &p_dev->timer); 

13     return AM_OK; 

14 } 

p_cookie __gp_buzzer_dev

 

pfn_buzzer_set am_buzzer_dev_register()

 

8.28 am_buzzer_dev.h

8.9  

8.28  am_buzzer_dev.h  

1 #pragma once 

2 #include "am_common.h" 

3 

4 typedef struct am_buzzer_drv_funcs { 

5     int (*pfn_buzzer_set) (void *p_cookie, am_bool_t on); //  

6 } am_buzzer_drv_funcs_t; 

7 

8 typedef struct am_buzzer_dev { 

 

8.9   
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9     const am_buzzer_drv_funcs_t     *p_funcs;     //  

10     void                          *p_cookie;    //  

11     am_softimer_t                  timer;       //  

12 } am_buzzer_dev_t; 

13  

14 int am_buzzer_dev_register ( 

15  am_buzzer_dev_t              *p_dev, 

16  const am_buzzer_drv_funcs_t *p_funcs, 

17  void                        *p_cookie); 

2   

PWM

8.7

 

typedef struct  am_buzzer_pwm_dev { 

    am_buzzer_dev_t        isa; //  

} am_buzzer_pwm_dev_t; 

am_buzzer_pwm_dev_t

 

am_buzzer_pwm_dev_t   g_buzzer_pwm; 

am_buzzer_pwm_dev_t .c

am_buzzer_pwm_dev_t

__ am_buzzer_pwm.c  

typedef struct __buzzer_pwm_dev {     //  

    am_buzzer_dev_t       isa;     //  

} __buzzer_pwm_dev_t; 

 

static struct __buzzer_pwm_dev __g_buzzer_pwm_dev;  //  

PWM PWM

 

typedef struct __buzzer_pwm_dev { 

    am_buzzer_dev_t    isa;      //   

    int                 chan;      //  PWM  

    am_pwm_handle_t    handle;     //  PWM  

} __buzzer_pwm_dev_t; 

 

int am_buzzer_pwm_init ( 

 am_pwm_handle_t  pwm_handle, 

 int               chan, 

 unsigned int       duty_ns, 

 

8.10   
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 unsigned int       period_ns); 

pwm_handle PWM chan PWM duty_ns period_ns

PWM

AM824-Core  

SCT PWM PIO0_24 SCT 1

 

am_buzzer_pwm_init(am_lpc82x_sct0_pwm_inst_init(), 1, 200000, 400000); 

am_lpc82x_sct0_pwm_inst_init() PWM

1 PWM 400000ns  2.5KHz 1000000000 / 400000

PWM 50% 8.29  

8.29   

1 int am_buzzer_pwm_init ( 

2  am_pwm_handle_t  pwm_handle, 

3  int               chan, 

4  unsigned int       duty_ns, 

5  unsigned int       period_ns) 

6 { 

7     if (pwm_handle == NULL) { 

8         return -AM_EINVAL; 

9     } 

10     __g_buzzer_pwm_dev.chan  = chan; 

11     __g_buzzer_pwm_dev.handle = pwm_handle; 

12     am_buzzer_dev_register( 

13   &__g_buzzer_pwm_dev.isa, &__g_buzzer_pwm_drv_funcs, &__g_buzzer_pwm_dev); 

14     return am_pwm_config(pwm_handle, chan, duty_ns, period_ns); 

15 } 

am_buzzer_dev_register() PWM

p_funcs &__g_buzzer_pwm_drv_funcs p_cookie

p_cookie __g_buzzer_pwm_drv_funcs

8.30  

8.30   

1 static int __buzzer_pwm_set (void *p_cookie, am_bool_t on) 

2 { 

3     struct __buzzer_pwm_dev *p_this = (struct __buzzer_pwm_dev *)p_cookie; 

4     if (p_this != NULL && p_this->handle != NULL) { 

5         if (on) { 

6             return am_pwm_enable(p_this->handle, p_this->chan); 

7         } else { 

8             return am_pwm_disable(p_this->handle, p_this->chan); 

9         } 

10     } 

11     return -AM_ENODEV; 
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12 } 

13 

14 static const am_buzzer_drv_funcs_t  __g_buzzer_pwm_drv_funcs = { 

15     __buzzer_pwm_set, 

16 }; 

8.31 am_buzzer_pwm.h

 

8.31  am_buzzer_pwm.h  

1 #pragma once 

2 #include "am_common.h" 

3 #include "am_pwm.h" 

4 

5 int am_buzzer_pwm_init ( 

6  am_pwm_handle_t   pwm_handle, 

7  int               chan, 

8  unsigned int      duty_ns, 

9  unsigned int      period_ns); 

8.14 8.17

8.23

 

LED HC595 AMetal

3  

� LED ID  

� HC595  

�  

8.4  
8.4.1  

1   

temperature temperature temp

am_temp_

 

� am_temp_read 

2   

HC595

am_temp_dev_t handle

 

typedef am_temp_dev_t *am_temp_handle_t; 
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1 37.5

float  

AMetal Cortex-M0 Cortex-M0+ Cortex-M3

AMetal

1000 37.5 37500

32

int32_t  

int

int32_t  

� am_temp_read(am_temp_handle_t handle, int32_t *p_temp) 

handle p_temp

1000  

3   

int

 

int am_temp_read (am_temp_handle_t handle, int32_t *p_temp); 

8.11  

8.4.2  

1   

 

struct am_temp_drv_funcs {        //  

int (*pfn_temp_read) (void *p_cookie, int32_t *p_temp);  //  

}; 

p_cookie  

typedef struct am_temp_dev { 

    const struct am_temp_drv_funcs  *p_funcs;     //  

    void                         *p_cookie;    //  

} am_temp_dev_t;  

 

handle

8.32  

8.32   

1 int am_temp_read (am_temp_handle_t handle, int32_t *p_temp) 

2 { 

 

8.11   
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3     return handle->p_funcs->pfn_temp_read(handle->p_drv, p_temp); 

4 } 

.h  

8.33

am_temp.h

8.12  

8.33  am_temp.h  

1 #pragma once 

2 #include "am_common.h" 

3 

4 struct am_temp_drv_funcs {        //  

5     int (*pfn_temp_read) (void *p_cookie, int32_t *p_temp);  //  

6 }; 

7 

8 typedef struct am_temp_dev { 

9     const struct am_temp_drv_funcs  *p_funcs;     //  

10     void                         *p_cookie;    //  

11 } am_temp_dev_t; 

12 typedef am_temp_dev_t  *am_temp_handle_t; 

13 

14 am_static_inline 

15 int am_temp_read (am_temp_handle_t handle, int32_t *p_temp) 

16 { 

17     return handle->p_funcs->pfn_temp_read(handle->p_drv, p_temp); 

18 } 

2   

LM75B

8.13  

typedef struct am_temp_lm75 { 

am_temp_dev_t       isa;  //  

} am_temp_lm75_t; 

am_temp_lm75_t

 

am_temp_lm75_t   g_temp_lm75; 

LM75B I2C LM75B I2C

LM75B LM75 LM75

 

8.12   

 

8.13   
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typedef struct am_temp_lm75_info { 

    uint8_t i2c_addr;            // 7-bit  

} am_temp_lm75_info_t; 

AM824-Core LM75B LM75B 7 I2C 1001A2A1A0

A0 A1 A2 LM75B 7 1001000

0x48 LM75B  

const am_temp_lm75_info_t  g_temp_lm75_info = {  

     0x48                         // 7-bit  

}; 

I2C LM75B

LM75B I2C I2C

LM75B I2C  

typedef struct am_temp_lm75 { 

    am_temp_dev_t                isa;    //  

    am_i2c_device_t              dev;    // I2C  

    const am_temp_lm75_info_t  *p_info;   // LM75B  

} am_temp_lm75_t; 

I2C LM75B

 

am_temp_handle_t am_temp_lm75_init ( 

 am_temp_lm75_t             *p_lm75, 

    const am_temp_lm75_info_t  *p_info, 

    am_i2c_handle_t               handle); 

� p_lm75 am_temp_lm75_t  

� p_devinfo am_temp_lm75_info_t  

handle I2C I2C

 

am_temp_handle_t handle = 

 am_temp_lm75_init(&g_temp_lm75, &g_temp_lm75_info, am_lpc82x_i2c1_inst_init ()); 

handle

8.34  

8.34   

1 am_temp_handle_t am_temp_lm75_init ( 

2  am_temp_lm75_t             *p_lm75, 

3      const am_temp_lm75_info_t  *p_info, 

4      am_i2c_handle_t            handle) 

5 { 

6     if ((p_lm75 == NULL) || (p_info == NULL)) { 

7         return NULL; 

8     } 

9     am_i2c_mkdev( 



ARM AMetal  

387 

10   &p_lm75->dev, 

11           handle, 

12          p_info->i2c_addr, 

13           AM_I2C_ADDR_7BIT | AM_I2C_SUBADDR_1BYTE); 

14     p_lm75->p_info      = p_info; 

15     p_lm75->isa.p_funcs  = &__g_temp_lm75_drv_funcs; 

16     p_lm75->isa.p_cookie = p_lm75; 

17     return  &p_lm75->isa; 

18 } 

I2C I2C

p_info p_funcs p_cookie

pfuncs &__g_temp_lm75_drv_funcs

8.35  

8.35   

1 static int __temp_lm75_read (void *p_arg, int32_t *p_temp) 

2 { 

3     am_temp_lm75_t *p_lm75 = (am_temp_lm75_t *)p_arg; 

4     int16_t         temp; 

5     uint8_t         temp_value[2]; 

6     int ret = am_i2c_read(&p_lm75->dev, 0x00, temp_value, 2); 

7     if (ret < 0) { 

8         return ret; 

9     } 

10     temp_value[1] &= 0xE0;      // 3  

11     temp = temp_value[0] << 8 | temp_value[1]; 

12     if (p_temp) { 

13         *p_temp = temp * 125 / 32; 

14     } 

15     return AM_OK; 

16 } 

17 

18 static const struct am_temp_drv_funcs __g_temp_lm75_drv_funcs = { 

19     __temp_lm75_read, 

20 }; 

__temp_lm75_read() I2C LM75B

8.35 6

16 temp 8.35 10 ~ 11 p_temp

temp 125 32  

temp 125 32 LM75B
256 256/temp�  

1000  

256/10001000256/temp1000_* ������ temptempp  
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32
125

832
8125

256
1000

_*
�

�
�

��
�

�
�

temptemptemptempp  

8.36 LM75B

am_temp_lm75.h  

8.36  am_temp_lm75.h  

1 #pragma once 

2 #include "am_common.h" 

3 #include "am_temp.h" 

4 #include "am_i2c.h" 

5 

6 typedef struct am_temp_lm75_info { 

7     uint8_t i2c_addr;            // 7-bit  

8 } am_temp_lm75_info_t; 

9 

10 typedef  struct am_temp_lm75 { 

11     am_temp_dev_t            isa;   //  

12     am_i2c_device_t          dev;   // I2C  

13     const am_temp_lm75_info_t   *p_info;  // LM75B  

14 } am_temp_lm75_t; 

15 

16 am_temp_handle_t am_temp_lm75_init ( 

17  am_temp_lm75_t             *p_lm75, 

18  const am_temp_lm75_info_t  *p_info, 

19   am_i2c_handle_t             handle); 

8.5  
8.5.1  

1   

key

input am_input_key_  
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8.14  

 

� am_input_key_handler_register 

 

� am_input_key_report 

2   

am_input_key_handler_register()

 

AMetal void * p_arg

void*

 

key_code 0 1 2

PC

KEY_A ~ KEY_Z KEY_0 ~ KEY_9 KEY_KP0 ~ KEY_KP9

am_input_code.h KEY_0 ~ KEY_9

8.37  

8.37  am_input_code.h  

1 #define KEY_1  2 

2 #define KEY_2      3 

3 #define KEY_3      4 

4 #define KEY_4      5 

5 #define KEY_5      6 

6 #define KEY_6      7 

7 #define KEY_7      8 

 

8.14   



ARM AMetal  

390 

8 #define KEY_8      9 

9 #define KEY_9      10 

10 #define KEY_0      11 

0 0

11 0 12

0 KEY_0

11 12  

key_state key_state

am_input.h  

#define  AM_INPUT_KEY_STATE_PRESSED     0       //  

#define  AM_INPUT_KEY_STATE_RELEASED    1       //  

3 p_arg key_code

key_state

 

typedef void (*am_input_key_cb_t) (void *p_arg, int key_code, int key_state); 

void* p_arg

am_input_key_handler_register()  

am_input_key_handler_register (am_input_key_cb_t pfn_cb, void *p_arg); 

p_arg

am_input_key_handler_t

am_input_key_handler_register()  

am_input_key_handler_register( 

am_input_key_handler_t *p_handler,   //  

     am_input_cb_key_t  pfn_cb,    //  

     void                    *p_arg);    //  

 

am_input_key_report

key_code key_state  
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am_input_key_report (int key_code, int key_state); 

3   

int

8.6

8.15  

8.5.2  

1  am_input_key_handler_register()  

 

am_input_key_handler_t

p_arg  

typedef struct am_input_key_handler { 

    am_input_key_cb_t     pfn_cb;                 //  

    void                 *p_usr_data;             //  

} am_input_key_handler_t; 

A KEY_1

B KEY_2

KEY_1 KEY_2 A B

 

p_next  

typedef struct am_input_key_handler { 

    am_input_key_cb_t      pfn_cb;         //  

void                    *p_usr_data;         //  

    struct am_input_key_handler  *p_next;      //  

} am_input_key_handler_t; 

8.38  

8.38  am_input_key_handler_register()  

 

8.15   

8.6  am_input.h  

  

int am_input_key_handler_register( 

am_input_key_handler_t  *p_handler 

am_input_key_cb_t      pfn_cb, 

void                  *p_arg); 

 

 

int am_input_key_report( 

int   key_code, int   key_sate); 
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1 static am_input_key_handler_t *__gp_handler_head = NULL; 

2 

3 int am_input_key_handler_register ( 

4  am_input_key_handler_t   *p_handler, 

5  am_input_key_cb_t       pfn_cb, 

6      void                   *p_arg) 

7 { 

8     if ((p_handler == NULL) || (pfn_cb == NULL)) { 

9         return -AM_EINVAL; 

10     } 

11     p_handler->pfn_cb    = pfn_cb; 

12     p_handler->p_usr_data = p_arg; 

13     p_handler->p_next   = __gp_handler_head; 

14     __gp_handler_head   = p_handler; 

15     return AM_OK; 

16 } 

pfn_cb p_usr_data

8.38

14 ~ 15 2 __gp_handler_head

NULL  

2  am_input_key_report()  

8.39  

8.39  am_input_key_report()  

1 int am_input_key_report (int key_code, int key_sate) 

2 { 

3     static am_input_key_handler_t *p_handler = __gp_handler_head; 

4     while (p_handler != NULL) { 

5         if (p_handler->pfn_cb != NULL) { 

6             p_handler->pfn_cb(p_handler->p_usr_data, key_code, key_sate); 

7         } 

8         p_handler = p_handler->p_next; 

9     } 

10     return AM_OK; 

11 } 

p_usr_data

key_code key_state  

am_input_key_report()  
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8.40 am_input.h  

8.40  am_input.h  

1 #pragma once 

2 #define  AM_INPUT_KEY_STATE_PRESSED     0 //  

3 #define  AM_INPUT_KEY_STATE_RELEASED    1    //  

4 

5 typedef void (*am_input_key_cb_t) (void *p_arg, int key_code, int key_state); 

6 

7 typedef struct am_input_key_handler { 

8     am_input_key_cb_t      pfn_cb;         //  

9     void                    *p_usr_data;         //  

10     struct am_input_key_handler  *p_next;      //  

11 } am_input_key_handler_t; 

12 

13 int am_input_key_handler_register ( 

14  am_input_key_handler_t   *p_handler, 

15  am_input_key_cb_t  pfn_cb, 

16     void     *p_arg); 

17 

18 int am_input_key_report (int key_code, int key_sate); 

8.5.3  

am_input_key_report()

 

am_key_gpio_t  

typedef struct am_key_gpio { 

    //  

} am_key_gpio_t; 

timer

key_prev

key_press

 

typedef struct am_key_gpio { 

    am_softimer_t  timer;    //  

    uint32_t             key_prev;    //  

    uint32_t         key_press;    //  

} am_key_gpio_t; 

am_key_gpio_t
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am_key_gpio_t  g_key_gpio;          //  

 

typedef struct am_key_gpio_info { 

    const int  *p_pins;                 //  

    int         pin_num;               //  

    am_bool_t   active_low;              //  

    int         scan_interval_ms;        // 10ms 

} am_key_gpio_info_t; 

am_input_key_report()

ID

p_codes  

typedef struct am_key_gpio_info { 

const int        *p_pins;            //  

    const int        *p_codes;                //  

    int          pin_num;            //  

    am_bool_t    active_low;    //  

    int        scan_interval_ms;     // 10ms 

} am_key_gpio_info_t; 

AM824-Core J14 1 2 KEY PIO_KEY PIO0_1

KEY_KP0  

1 const int g_key_pins[] = {PIO0_1}; 

2 const int g_key_codes[] = {KEY_KP0}; 

3 

4 static const am_key_gpio_info_t g_key_gpio_devinfo = { //  

5     g_key_pins,        //  

6     g_key_codes,       //  

7     1,         // 1  

8     AM_TRUE,        // GPIO  

9     10         // 10ms 

10 }; 

 

typedef struct am_key_gpio { 

am_softimer_t             timer;    //  
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    const am_key_gpio_info_t *p_info;    //  

    uint32_t                  key_prev;    //  

    uint32_t                  key_press;    //  

} am_key_gpio_t; 

 

int am_key_gpio_init(am_key_gpio_t *p_dev, const am_key_gpio_info_t *p_info); 

p_dev am_key_gpio_t p_info am_key_gpio_info_t

 

am_key_gpio_init(&g_key_gpio, &g_key_gpio_devinfo); 

8.41  

8.41   

1 int am_key_gpio_init (am_key_gpio_t *p_dev, const am_key_gpio_info_t *p_info) 

2 { 

3     int i; 

4     if ((p_dev == NULL) || (p_info == NULL)) { 

5         return -AM_EINVAL; 

6     } 

7     if (p_info->pin_num > 32) { 

8         return -AM_ENOTSUP; 

9     } 

10     if (p_info->active_low) { 

11         p_dev->key_prev = p_dev->key_press = 0xFFFFFFFF; 

12         for (i = 0; i < p_info->pin_num; i++) { 

13             am_gpio_pin_cfg(p_info->p_pins[i], AM_GPIO_INPUT | AM_GPIO_PULLUP); 

14         } 

15     } else { 

16         p_dev->key_prev = p_dev->key_press = 0x00000000; 

17         for (i = 0; i < p_info->pin_num; i++) { 

18             am_gpio_pin_cfg(p_info->p_pins[i], AM_GPIO_INPUT | AM_GPIO_PULLDOWN); 

19         } 

20     } 

21     p_dev->p_info = p_info; 

22     am_softimer_init(&p_dev->timer, __key_gpio_timer_cb, p_dev); 

23     am_softimer_start(&p_dev->timer, p_info->scan_interval_ms); 

24     return AM_OK; 

25 } 

uint32_t

key_prev key_press 32

32
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key_prev key_press

__key_gpio_timer_cb 8.42  

8.42   

1 static uint32_t __key_val_read (am_key_gpio_t *p_dev) 

2 { 

3     int       i; 

4     uint32_t  val = 0x00; 

5     for (i = 0; i < p_dev->p_info->pin_num; i++) { 

6         if (am_gpio_get(p_dev->p_info->p_pins[i])) { 

7             val |= (1 << i); 

8         } 

9     } 

10     return val; 

11 } 

12  

13 static void __key_gpio_timer_cb (void *p_arg) 

14 { 

15     am_key_gpio_t  *p_dev   = (am_key_gpio_t *)p_arg; 

16     uint32_t        key_value = __key_val_read(p_dev); 

17     uint32_t        key_change; 

18     int            i; 

19     if (p_dev->key_prev == key_value) { 

20         if (key_value != p_dev->key_press) { 

21             key_change = p_dev->key_press ^ key_value; 

22             for (i = 0; i < p_dev->p_info->pin_num; i++) { 

23                 if (key_change & (1u << i)) { 

24                     if (!!(key_value & (1u << i)) == !!p_dev->p_info->active_low) { 

25                         am_input_key_report( 

26       p_dev->p_info->p_codes[i], AM_INPUT_KEY_STATE_RELEASED);                   

27                     } else { 

28                         am_input_key_report( 

29       p_dev->p_info->p_codes[i], AM_INPUT_KEY_STATE_PRESSED); 

30                     } 

31                 } 

32             } 

33             p_dev->key_press = key_value; 

34         } 

35     } 

36     p_dev->key_prev = key_value; 

37 } 

__key_val_read() __key_val_read()
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key_value  

key_value p_dev->key_prev

key_value key_value

p_dev->key_press

key_change  

key_change key_change

1

active_low

8.7

active_low

 !! 0 1  

p_dev->key_press key_value

p_dev->key_prev key_value  

8.43 am_key_gpio.h  

8.43  am_key_gpio.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_types.h" 

4 #include "am_softimer.h" 

5 

6 typedef struct am_key_gpio_info { 

7     const int        *p_pins;            //  

8     const int        *p_codes;                //  

9     int          pin_num;            //  

10     am_bool_t    active_low;    //  

11     int        scan_interval_ms;     // 10ms 

12 } am_key_gpio_info_t; 

13 

14 typedef struct am_key_gpio { 

15     am_softimer_t             timer;  //  

16     const am_key_gpio_info_t *p_info;  //  

17     uint32_t                  key_prev;  //  

18     uint32_t                  key_press;  //  

19 } am_key_gpio_t; 

20 

21 int am_key_gpio_init(am_key_gpio_t *p_dev, const am_key_gpio_info_t *p_info); 

8.7   

 active_low  

0 0  

0 1  

1 0  

1 1  
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8.6  
8.6.1  

1   

digitron am_digitron_

 

� am_digitron_disp_char_at 

� am_digitron_disp_str 

 

� am_digitron_disp_decode_set 

 

� am_digitron_disp_at 

 

� am_digitron_disp_clr 

 

� am_digitron_disp_blink_set 

2   

MiniPort-View MiniPort-ZLG72128

MiniPort-View MiniPort-ZLG72128

 

ID

ID  

am_digitron_disp_char_at() ID

ID

0 ~

–1 MiniPort-View  0 ~ 1

 

am_digitron_disp_char_at (int id, int index, const char ch); 

am_digitron_disp_str() ID

 

int am_digitron_disp_str (int id, int index, int len, const char *p_str); 

len p_str

len  

am_digitron_disp_decode_set()
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ID index

 

am_digitron_disp_decode_set (int id, uint16_t(*pfn_decode) (uint16_t ch)); 

pfn_decode 16

ch 16 16

8 14 16

8  

am_digitron_disp_at()

ID

 

am_digitron_disp_at (int id, int index, uint16_t seg); 

am_digitron_disp_clr()

ID

 

am_digitron_disp_clr (int id); 

am_digitron_disp_blink_set()

ID

 

am_digitron_disp_blink_set (int id, int index, am_bool_t blink); 

index blink

AM_TRUE AM_FALSE  

3   

int

8.8 8.16  

 

8.16   

8.8  am_digitron_disp.h  

  

int am_digitron_disp_decode_set ( 

int       id, 

uint16_t  (*pfn_decode)(uint16_t ch)); 

 

int am_digitron_disp_blink_set (int id, int index, am_bool_t blink);  

int am_digitron_disp_at (int id, int index, uint16_t seg);  

int am_digitron_disp_char_at (int id, int index, const char ch);  

int am_digitron_disp_str (int id, int index, int len, const char *p_str);  

int am_digitron_disp_clr (int id);  
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8.6.2  

1   

 

int (*pfn_disp_char_at)(void *p_cookie, int id, int index, const char ch); 

p_cookie

ID p_cookie id

p_cookie

p_cookie ID

ID  

int (*pfn_disp_char_at)(void *p_cookie, int index, const char ch); 

ID

p_cookie  

 

typedef struct am_digitron_disp_ops { 

    int (*pfn_decode_set) (void *p_cookie, uint16_t (*pfn_decode) (uint16_t ch)); //  

    int (*pfn_blink_set)(void *p_cookie, int index, am_bool_t blink);   //  

    int (*pfn_disp_at)(void *p_cookie, int index, uint16_t seg);    //  

    int (*pfn_disp_char_at)(void *p_cookie, int index, const char ch);   //  

    int (*pfn_disp_str)(void *p_cookie, int index, int len, const char *p_str);  //  

    int (*pfn_clr)(void *p_cookie);         //  

} am_digitron_disp_ops_t; 

LED p_cookie led_id

 

typedef struct am_led_drv_funcs { 

    int (*pfn_led_set)(void *p_cookie, int led_id, am_bool_t state);  // LED  

    int (*pfn_led_toggle)(void *p_cookie, int led_id);    // LED 

} am_led_drv_funcs_t; 

LED ID LED

LED AM824-Core 2 LED MiniPort-LED 8 LED

LED 10 LED LED 0~9

p_cookie LED LED

LED LED  

ID MiniPort-View

MiniPort-ZLG72128 4

0~1 ID

index  

p_cookie  

typedef struct am_digitron_dev { 

    const am_digitron_disp_ops_t  *p_ops;      //  
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    void                         *p_cookie;   //  

} am_digitron_dev_t; 

LED

am_digitron_dev_t p_next

 

typedef struct am_digitron_dev { 

    const am_digitron_disp_ops_t  *p_ops;      //  

void                         *p_cookie;   //  

    struct am_digitron_dev        *p_next;     //  

} am_digitron_dev_t; 

id

ID

LED

ID ID  

ID ID  

typedef struct am_digitron_devinfo { 

    uint8_t         id;            // ID 

} am_digitron_devinfo_t; 

ID p_info ID

 

typedef struct am_digitron_dev { 

    const am_digitron_disp_ops_t  *p_ops;      //  

void                         *p_cookie;   //  

    const am_digitron_devinfo_t   *p_info;     // ID  

    struct am_digitron_dev        *p_next;     //  

} am_digitron_dev_t; 

am_digitron_disp_char_at() 8.44  

8.44  am_digitron_disp_char_at()  

1 int am_digitron_disp_char_at (int id, int index, const char ch) 

2 { 

3     am_digitron_dev_t *p_dd = __digitron_dev_find_with_id(id); 

4     if (p_dd == NULL) { 

5         return -AM_ENODEV; 

6     } 

7     if (p_dd->p_ops->pfn_disp_char_at) { 

8         return p_dd->p_ops->pfn_disp_char_at(p_dd->p_cookie, index, ch); 

9     } 

10     return -AM_ENOTSUP; 

11 } 

__digitron_dev_find_with_id() ID

ID 8.45  

8.45  id  
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1 static am_digitron_dev_t *__gp_head; 

2 

3 static am_digitron_dev_t * __digitron_dev_find_with_id (int id) 

4 { 

5     am_digitron_dev_t *p_cur   = __gp_head; 

6     while (p_cur != NULL) { 

7         if (p_cur->p_info->id == id) { 

8             break;      // ID  

9         } 

10         p_cur = p_cur->p_next; 

11     } 

12     return p_cur;      // NULL 

13 } 

__gp_head NULL

8.46

__digitron_dev_find_with_id() ID

 

8.46   

1 int am_digitron_disp_decode_set (int id, uint16_t (*pfn_decode) (uint16_t ch)) 

2 { 

3     am_digitron_dev_t *p_dd = __digitron_dev_find_with_id(id); 

4     if (p_dd == NULL) { 

5         return -AM_ENODEV; 

6     } 

7     if (p_dd->p_ops->pfn_decode_set) { 

8         return p_dd->p_ops->pfn_decode_set(p_dd->p_cookie, pfn_decode); 

9     } 

10     return -AM_ENOTSUP; 

11 } 

12 

13 int am_digitron_disp_blink_set (int id, int index, am_bool_t blink) 

14 { 

15     am_digitron_dev_t *p_dd = __digitron_dev_find_with_id(id); 

16     if (p_dd == NULL) { 

17         return -AM_ENODEV; 

18     } 

19     if (p_dd->p_ops->pfn_blink_set) { 

20         return p_dd->p_ops->pfn_blink_set(p_dd->p_cookie, index, blink); 

21     } 

22     return -AM_ENOTSUP; 

23 } 

24 

25 int am_digitron_disp_at (int id, int index, uint16_t seg) 

26 { 
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27     am_digitron_dev_t *p_dd = __digitron_dev_find_with_id(id); 

28     if (p_dd == NULL) { 

29         return -AM_ENODEV; 

30     } 

31     if (p_dd->p_ops->pfn_disp_at) { 

32         return p_dd->p_ops->pfn_disp_at(p_dd->p_cookie, index, seg); 

33     } 

34     return -AM_ENOTSUP; 

35 } 

36 

37 int am_digitron_disp_str (int id, int index, int len, const char *p_str) 

38 { 

39     am_digitron_dev_t *p_dd = __digitron_dev_find_with_id(id); 

40     if (p_dd == NULL) { 

41         return -AM_ENODEV; 

42     } 

43     if (p_dd->p_ops->pfn_disp_str) { 

44         return p_dd->p_ops->pfn_disp_str(p_dd->p_cookie, index, len, p_str); 

45     } 

46     return -AM_ENOTSUP; 

47 } 

48 

49 int am_digitron_disp_clr (int id) 

50 { 

51     am_digitron_dev_t *p_dd = __digitron_dev_find_with_id(id); 

52     if (p_dd == NULL) { 

53         return -AM_ENODEV; 

54     } 

55     if (p_dd->p_ops->pfn_clr) { 

56         return p_dd->p_ops->pfn_clr(p_dd->p_cookie); 

57     } 

58     return -AM_ENOTSUP; 

59 } 

__digitron_dev_find_with_id()

NULL -AM_ENODEV  

p_ops p_cookie p_info 

 

int am_digitron_dev_add( 

am_digitron_dev_t             *p_dd, 

     const am_digitron_devinfo_t   *p_info, 

     const am_digitron_disp_ops_t  *p_ops, 

     void                         *p_cookie); 
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8.47  

8.47   

1 int am_digitron_dev_add( 

2  am_digitron_dev_t             *p_dd, 

3  const am_digitron_devinfo_t   *p_info, 

4      const am_digitron_disp_ops_t  *p_ops, 

5      void                       *p_cookie) 

6 { 

7      if ((p_dd == NULL) || (p_ops == NULL) || (p_info == NULL)) { 

8         return -AM_EINVAL; 

9      } 

10      if (__digitron_dev_find_with_id(p_info->id) != NULL) { 

11         return -AM_EPERM; 

12      } 

13      p_dd->p_info = p_info; 

14      p_dd->p_ops = p_ops; 

15      p_dd->p_next = NULL; 

16      p_dd->p_cookie = p_cookie; 

17  p_dd->p_next  = __gp_head; 

18     __gp_head    = p_dd; 

19     return AM_OK; 

20 } 

__digitron_dev_find_with_id()

ID ID

-AM_EPERM

ID

ID

8.47 17~18 2

 

am_digitron_dev_add()

8.48

am_digitron_dev.h  

8.48  am_digitron_dev.h  

1 #pragma once 

2 #include "ametal.h" 

3 

4 typedef struct am_digitron_disp_ops{ 

5     int (*pfn_decode_set)(void *p_cookie, uint16_t (*pfn_decode) (uint16_t ch)); //  

6     int (*pfn_blink_set)(void *p_cookie, int index, am_bool_t blink);   //  

7     int (*pfn_disp_at)(void *p_cookie, int index, uint16_t seg);   //  

 

8.17  
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8     int (*pfn_disp_char_at)(void *p_cookie, int index, const char ch);  //  

9     int (*pfn_disp_str)(void *p_cookie, int index, int len, const char *p_str); //  

10     int (*pfn_clr)(void *p_cookie);        //  

11 }am_digitron_disp_ops_t; 

12 

13 typedef struct am_digitron_devinfo { 

14     uint8_t         id;            // ID 

15 } am_digitron_devinfo_t; 

16 

17 typedef struct am_digitron_dev { 

18     const am_digitron_disp_ops_t  *p_ops;      //  

19     void                         *p_cookie;   //  

20     const am_digitron_devinfo_t   *p_info;     // ID  

21     struct am_digitron_dev        *p_next;     //  

22 } am_digitron_dev_t; 

23 

24 int am_digitron_dev_add ( 

25  am_digitron_dev_t         *p_dd, 

26  const am_digitron_devinfo_t   *p_info, 

27  const am_digitron_disp_ops_t  *p_ops, 

28  void              *p_cookie); 

2   

GPIO MiniPort-View

8.18  

typedef struct am_digitron_miniport_view { 

    am_digitron_dev_t  isa;    //  

} am_digitron_miniport_view_t; 

am_digitron_miniport_view_t

 

am_digitron_scan_gpio_dev_t   g_digitron_miniport_view; 

 

timer

scan_idx

 

typedef struct am_digitron_miniport_view { 

am_digitron_dev_t  isa;        //  

    am_softimer_t      timer;              //  

 

8.18  
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    uint8_t            scan_idx;           //  

} am_digitron_miniport_view_t; 

blink_flags

1

blink_cnt

 

typedef struct am_digitron_miniport_view { 

am_digitron_dev_t  isa;        //  

    am_softimer_t      timer;              //  

uint8_t            scan_idx;           //  

    uint32_t           blink_flags;        //  

uint16_t           blink_cnt;          //  

    uint16_t   (*pfn_decode)(uint16_t code); //  

} am_digitron_miniport_view_t; 

 

typedef struct am_digitron_miniport_view_info { 

     uint8_t  num_digitron;           //  

     uint8_t         num_segment;          //  

     am_bool_t  seg_active_low;         //  

     am_bool_t  com_active_low;        //  

     const int  *p_seg_pins;            //  GPIO  

     const int       *p_com_pins;            //  GPIO  

} am_digitron_miniport_view_info_t; 

p_disp_buf

25Hz

CPU

CPU

scan_freq

50Hz

20ms MiniPort-View

10ms 1000 / scan_freq / digitron_num  

blink_on_time

blink_off_time

 

ID

ID ID dev_info

 

typedef struct am_digitron_miniport_view_info { 

am_digitron_devinfo_t  devinfo;       // ID  
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     uint8_t    scan_freq;            // 50Hz 

     uint16_t    blink_on_time;        // 500ms 

     uint16_t    blink_off_time;       // 500ms 

     uint8_t    *p_disp_buf;          //  

     uint8_t    num_digitron;         //  

     uint8_t    num_segment;        //  

     am_bool_t    seg_active_low;       //  

     am_bool_t    com_active_low;      //  

     const int             *p_seg_pins;          //  GPIO  

     const int             *p_com_pins;          //  GPIO  

} am_digitron_miniport_view_info_t; 

AM824-Core MiniPort-View ID

0 50Hz 500ms

MiniPort-View  

1 uint8_t g_disp_buf[2]; 

2 

3 static const int g_digitron_seg_pins[] = { 

4     PIO0_8, PIO0_9, PIO0_10, PIO0_11, PIO0_12, PIO0_13, PIO0_14, PIO0_15 

5 }; 

6 

7 static const int g_digitron_com_pins[] = { 

8     PIO0_17, PIO0_23 

9 }; 

10 

11 am_digitron_miniport_view_t           g_miniport_view; 

12 const am_digitron_miniport_view_info_t  g_miniport_view_info = { 

13     { 

14         0,        // ID 0 

15     }, 

16     50,                         //  50Hz 

17     500,                        // 500ms 

18     500,                        // 500ms 

19     g_disp_buf,                 //  

20     2,                          //  

21     8,                          // 8  

22     AM_TRUE,        //  

23     AM_TRUE,        //  

24     g_digitron_seg_pins,      //  

25     g_digitron_com_pins      //  

26 }; 

 

typedef struct am_digitron_miniport_view { 

am_digitron_dev_t  isa;        //  
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     am_softimer_t      timer;              //  

uint8_t            scan_idx;           //  

    uint32_t           blink_flags;        //  

uint16_t           blink_cnt;          //  

uint16_t   (*pfn_decode)(uint16_t code); //  

     const am_digitron_miniport_view_info_t *p_info;  //  

} am_digitron_miniport_view_t; 

 

 

int am_digitron_miniport_view_init ( 

 am_digitron_miniport_view_t    *p_dev, 

 const am_digitron_miniport_view_info_t  *p_info); 

p_dev am_digitron_miniport_view_t p_info

am_digitron_miniport_view_info_t  

am_digitron_miniport_view_init(&g_digitron_miniport_view, &g_digitron_miniport_view_info); 

0

8.49  

8.49   

1 int am_digitron_miniport_view_init ( 

2  am_digitron_miniport_view_t             *p_dev, 

3      const am_digitron_miniport_view_info_t  *p_info) 

4 { 

5     int i; 

6     if ((p_dev == NULL) || (p_info == NULL)) { 

7         return -AM_EINVAL; 

8     } 

9     p_dev -> p_info    =  p_info;   //  

10     p_dev -> pfn_decode =  NULL;   // NULL 

11     p_dev -> blink_flags   =  0x00;    // 0  

12     p_dev -> blink_cnt     =  0;    // 0 

13     p_dev -> scan_idx =  0;    // 0 

14     if (p_info -> com_active_low) {    //  

15         for (i = 0; i < p_info -> num_digitron; i++) { 

16             am_gpio_pin_cfg(p_info -> p_com_pins[i], AM_GPIO_OUTPUT_INIT_HIGH); 

17         } 

18     } else { 

19          for (i = 0; i < p_info -> num_digitron; i++) { 

20             am_gpio_pin_cfg(p_info -> p_com_pins[i], AM_GPIO_OUTPUT_INIT_LOW); 

21          } 
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22     } 

23     if (p_info -> seg_active_low) {    //  

24         for (i = 0; i < p_info -> num_segment; i++) { 

25             am_gpio_pin_cfg(p_info -> p_seg_pins[i], AM_GPIO_OUTPUT_INIT_HIGH); 

26         } 

27      } else { 

28         for (i = 0; i < p_info -> num_segment; i++) { 

29             am_gpio_pin_cfg(p_info -> p_seg_pins[i], AM_GPIO_OUTPUT_INIT_LOW); 

30         } 

31      } 

32   am_softimer_init(&p_dev -> timer, __digitron_dynamic_scan_timer_cb, p_dev); 

33      am_softimer_start(&p_dev -> timer, 1000 / p_info -> scan_freq / p_info -> num_digitron); 

34     //  

35     return am_digitron_dev_add(&p_dev -> isa, &p_info -> devinfo, &__g_digitron_dev_ops, p_dev); 

36 } 

 

__digitron_dynamic_scan_timer_cb()

am_digitron_dev_add()

ID p_info &__g_digitron_dev_ops p_ops

p_dev p_cookie __g_digitron_dev_ops

 

__digitron_dynamic_scan_timer_cb()

__g_digitron_dev_ops  

__digitron_dynamic_scan_timer_cb() 8.50  

8.50   

1 static void __digitron_dynamic_scan_timer_cb (void *p_arg) 

2 { 

3     am_digitron_miniport_view_t *p_dev = (am_digitron_miniport_view_t *)p_arg; 

4 

5     if (p_dev->blink_flags == 0) { 

6         p_dev->blink_cnt = 0; 

7     } else { 

8         p_dev->blink_cnt += 1000 / p_dev->p_info->scan_freq / p_dev->p_info->num_digitron; 

9         if (p_dev->blink_cnt >= p_dev->p_info->blink_on_time +p_dev->p_info->blink_off_time) { 

10             p_dev->blink_cnt = 0; 

12         } 

13     } 

14     __scan_seg_send(p_dev, p_dev->p_info->seg_active_low ? 0xFF : 0x00); 

15   __scan_com_sel(p_dev, p_dev->scan_idx); 

16     if ((!(p_dev->blink_flags &(1 <<p_dev->scan_idx))) || 
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17         (p_dev->blink_cnt <= p_dev->p_info->blink_on_time)) { 

18          __scan_seg_send(p_dev, p_dev->p_info->p_disp_buf[p_dev->scan_idx]); 

19     } 

20     p_dev->scan_idx = (p_dev->scan_idx + 1) % p_dev->p_info->num_digitron; 

21 } 

p_dev->blink_cnt

0

__scan_seg_send() __scan_com_sel()

__scan_seg_send()

scan_idx

8.51  

8.51   

1 static void __scan_seg_send (am_digitron_miniport_view_t *p_dev, uint16_t seg) 

2 { 

3     const int  *p_pins = p_dev->p_info->p_seg_pins; 

4     int    bit; 

5     for (bit = 0; bit < p_dev->p_info->num_segment; bit++) { 

6         if (seg& (1 <<bit)) { 

7             am_gpio_set(p_pins[bit], 1); 

8         } else { 

9             am_gpio_set(p_pins[bit], 0); 

10         } 

11     } 

12 } 

13 

14 static void __scan_com_sel (am_digitron_miniport_view_t *p_dev, int idx) 

15 { 

16     const int  *p_pins =  p_dev->p_info->p_com_pins; 

17     int   i; 

18 

19     for (i = 0; i < p_dev->p_info->num_digitron; i++) { 

20         if (i == idx) { 

21             am_gpio_set(p_pins[i], !p_dev->p_info->com_active_low); 

22         } else { 

23             am_gpio_set(p_pins[i], p_dev->p_info->com_active_low); 

24         } 

25     } 

26 } 

6

__g_digitron_dev_ops  

� pfn_decode_set 



ARM AMetal  

411 

8.52  

8.52   

1 static int __digitron_decode_set (void *p_cookie, int16_t (*pfn_decode) (uint16_t ch)) 

2 { 

3     am_digitron_miniport_view_t *p_dev = (am_digitron_miniport_view_t *)p_cookie; 

4     if ((p_dev == NULL) || (pfn_decode == NULL)) { 

5         return -AM_EINVAL; 

6     } 

7     p_dev->pfn_decode = pfn_decode;    //  

8     return AM_OK; 

9 } 

� pfn_blink_set 

blibk_flags 1 8.53  

8.53   

1 static int __digitron_blink_set (void *p_cookie, int index, am_bool_t blink) 

2 { 

3     am_digitron_miniport_view_t *p_dev = (am_digitron_miniport_view_t *)p_cookie; 

4     if ((p_dev == NULL) || (index >= p_dev->p_info->num_digitron)) { 

5         return -AM_EINVAL; 

6     } 

7     if (blink) { 

8         p_dev->blink_flags |= (1 << index); 

9     } else { 

10         p_dev->blink_flags &= ~(1 << index); 

11     } 

12     return AM_OK; 

13 } 

� pfn_disp_at 

8.54  

8.54   

1 static int __digitron_disp_at (void *p_cookie, int index, uint16_t seg) 

2 { 

3     am_digitron_miniport_view_t *p_dev = (am_digitron_miniport_view_t *)p_cookie; 

4     if ((p_dev == NULL) || (index >= p_dev->p_info->num_digitron)) { 

5         return -AM_EINVAL; 

6     } 

7     __digitron_disp_buf_set(p_dev, index, seg); 

8     return AM_OK; 

9 } 

__digitron_disp_buf_set() 8.55  



ARM AMetal  

412 

8.55  __digitron_disp_buf_set()  

1 static void __digitron_disp_buf_set(am_digitron_miniport_view_t *p_dev, int index, uint16_t data) 

2 { 

3     if (p_dev->p_info->seg_active_low) { 

4         p_dev->p_info->p_disp_buf[index] = ~data; 

5     } else { 

6         p_dev->p_info->p_disp_buf[index] = data; 

7     } 

8 } 

 

� pfn_disp_char_at 

8.56  

8.56   

1 static int __digitron_disp_char_at (void *p_cookie, int index, const char ch) 

2 { 

3     am_digitron_miniport_view_t *p_dev = (am_digitron_miniport_view_t *)p_cookie; 

4     uint16_t seg = 0x00; 

5     if ((p_dev == NULL) || (index >= p_dev->p_info->num_digitron)) { 

6         return -AM_EINVAL; 

7     } 

8     if (p_dev->pfn_decode) { 

9         seg = p_dev->pfn_decode(ch); 

10     } 

11     if ('.' == ch) { 

12         __digitron_disp_buf_xor(p_dev, index, seg); 

13     } else { 

14         __digitron_disp_buf_set(p_dev, index, seg); 

15     } 

16     return AM_OK; 

17 } 

seg

 

__digitron_disp_buf_xor()

__digitron_disp_buf_set()  

3

3. 3

__digitron_disp_buf_xor()

8.57  

8.57  __digitron_disp_buf_xor()  

1 static void __digitron_disp_buf_xor(am_digitron_miniport_view_t *p_dev, int index, uint16_t data) 
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2 { 

3     if (p_dev->p_info->seg_active_low) { 

4         p_dev->p_info->p_disp_buf[index] &= ~data; 

5     } else { 

6         p_dev->p_info->p_disp_buf[index] |= data; 

7     } 

8 } 

1  

� pfn_disp_str 

8.58  

8.58   

1 static int __digitron_disp_str (void *p_cookie,int index, int len, const char *p_str) 

2 { 

3     am_digitron_miniport_view_t *p_dev = (am_digitron_miniport_view_t *)p_cookie; 

4     if ((p_dev == NULL) || (index >= p_dev->p_info->num_digitron) || (p_str == NULL)) { 

5         return -AM_EINVAL; 

6     } 

7     uint16_t  last_ch  =  0, ch; 

8     int       idx  =  index - 1;  

9     uint8_t   str_len  =  strlen(p_str); 

10  // len  

11     if (len > str_len) {  

12         len = str_len;  

13     } 

14     while ((len) && ((ch = *p_str++) != '\0')) { 

15         if (('.' != ch) || ('.' == last_ch) || (idx < 0)) {  

16             ++idx; 

17         } 

18         if (idx >= p_dev->p_info->num_digitron) { 

19             return AM_OK; 

20         } 

21         __digitron_disp_char_at(p_dev, idx, ch); 

22         len--; 

23         last_ch = ch; 

24  } 

25      return AM_OK; 

26 } 

len

while __digitron_disp_char_at()  

idx index – 1

0 idx

idx idx 1
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3.5 2 3. 5

3 3

 

1 if (('.' != ch) || ('.' == last_ch) || (idx < 0)) {  

2  ++idx; 

3 } 

 

1 if (('.' == ch) && ('.' != last_ch) && (idx >= 0)) {  

2  //  

3 } 

idx  

� pfn_clr 

8.59  

8.59   

1 static int __digitron_clr (void *p_cookie) 

2 { 

3     am_digitron_miniport_view_t *p_dev = (am_digitron_miniport_view_t *)p_cookie; 

4     int i; 

5     for (i = 0; i < (p_dev->p_info->num_digitron); i++) { 

6         __digitron_disp_buf_set(p_dev, i, 0x00); 

7     } 

8     return AM_OK; 

9 } 

__g_digitron_dev_ops

8.60  

8.60  __g_digitron_dev_ops  

1 static const am_digitron_disp_ops_t __g_digitron_dev_ops = { 

2     __digitron_decode_set, 

3     __digitron_blink_set, 

4     __digitron_disp_at, 

5     __digitron_disp_char_at, 

6     __digitron_disp_str, 

7     __digitron_clr, 

8 }; 

8 ASCII

8.61  

8.61   

1 static const uint8_t segcodeTab[] = { 
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2     0x40, 0x00, 0x00, 0x3F, 0x06, 0x5B, 0x4F, 0x66, 0x6D, 0x7D,   // 45 ~ 54 

3     0x07, 0x7F, 0x6F, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00,    // 55 ~ 64 

4     0x77, 0x7C, 0x39, 0x5e, 0x79, 0x71, 0x00, 0x00, 0x00, 0x00,    // 65 ~ 74 

5     0x00, 0x00, 0x00, 0x37, 0x3F, 0x73, 0x00, 0x50, 0x00, 0x00,    // 75 ~ 84 

6     0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00,    // 85 ~ 94 

7     0x00, 0x00, 0x77, 0x7C, 0x39, 0x5E, 0x79, 0x71, 0x00, 0x00,   // 95 ~ 104 

8     0x00, 0x00, 0x00, 0x00, 0x00, 0x37, 0x3F, 0x73, 0x00, 0x50     // 105 ~ 114 

9 }; 

10 

11 uint16_t am_digitron_seg8_ascii_decode (uint16_t  ch) 

12 { 

13     if (ch >= '-' && (ch < '-' + sizeof(segcodeTab))) {            // '-'  

14         return segcodeTab[ch - '-']; 

15     } 

16     return 0x00; 

17 } 

 

    am_digitron_disp_decode_set(0, am_digitron_seg8_ascii_decode);  

 8

0 ~ 9

8.61

8.61

 

8.62 MiniPort_View

am_digitron_miniport_view.h  

8.62  am_digitron_miniport_view.h  

1 #pragma once 

2 #include "am_common.h" 

3 #include "am_digitron_disp.h" 

4 #include "am_digitron_dev.h" 

5 

6 typedef struct am_digitron_miniport_view_info { 

7     am_digitron_devinfo_t  devinfo;      // ID  

8     uint8_t                scan_freq;       //  50Hz 

9     uint16_t               blink_on_time;    // 500ms 

10     uint16_t               blink_off_time;      // 500ms 

11     uint8_t               *p_disp_buf;         //  

12     uint8_t                  num_digitron;       //  

13     uint8_t                 num_segment;       //  

14     am_bool_t              seg_active_low;      //  

15     am_bool_t              com_active_low;     //  

16     const int              *p_seg_pins;       //  GPIO  
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17     const int              *p_com_pins;    //  GPIO  

18 } am_digitron_miniport_view_info_t; 

19 

20 typedef struct am_digitron_miniport_view { 

21      am_digitron_dev_t  isa;        //  

22      am_softimer_t      timer;              //  

23      uint8_t            scan_idx;           //  

24      uint32_t           blink_flags;        //  

25      uint16_t           blink_cnt;          //  

26      uint16_t   (*pfn_decode)(uint16_t code); //  

27     const am_digitron_miniport_view_info_t  *p_info;  //  

28 } am_digitron_miniport_view_t; 

29 

30 int am_digitron_miniport_view_init ( 

31  am_digitron_miniport_view_t          *p_dev, 

32      const am_digitron_miniport_view_info_t  *p_info); 
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9 BLE&zigbee  

 

✍

zigbee&BLE  

zigbee&BLE

zigbee&BLE  

MCU

zigbee&BLE

 

ZLG MCU+zigbee BLE MCU M0+ M4 ARM9

A7 A8 AMetal AWorks  

9.1 BLE  
9.1.1  

AW824BPTBLE NXP 4.0 BLE MCU

LPC824 4.0 BLE

LPC824 ARM® Cortex®-M0+ 32

30MHz 32KB Flash 8KB SRAM 4

 

9.1 AW824PBT

I/O

 

 

1.  
� 32 ARM® Cortex®-M0+ LPC824 32KB Flash 8KB SRAM  

� 3 USART I/O 4 I2C 2 SPI 12 ADC 6 PWM  

� 8  

� 50kbps 4.0  

� 2.4~3.6V  

� -93dBm  

� -20dbm~4dbm AT  

�  

AW824BPT 9.1  

 

9.1  AW824BPT  
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9.1   

 AW824BPT 

 PCB  

 LPC824 

 30MHz 

SRAM 8KB 

Flash 32KB 

UART 3  

I2C 4  

SPI 2  

ADC 12  

PWM 6  

GPIO 29  

 4.0 

 -20dbm ~ 4dbm AT  

 -93dBm 

2.  

AW824BPT

 APP 

 BLE 

 

MCU

AT

 

AW824BPT 9.2 9.2  

9.2  AW824BPT  

   

1 BLE_LKSLP  

2 BLE_LKCON  

3 PIO0_15 MCU PIO0_15 

4 PIO0_1 MCU PIO0_1 

5 PIO0_9 MCU PIO0_9 

6 PIO0_8 MCU PIO0_8 

7 GND GND 

8 3.3V 2.4V~3.6V 

9 3.3VA  

10 VREFN ADC AGND  

11 VREFP ADC VDD 

12 PIO0_7 MCU PIO0_7 

13 PIO0_6 MCU PIO0_6 

                     

 

9.2  AW824BPT  
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14 PIO0_14 MCU PIO0_14 

15 PIO0_23 MCU PIO0_23 

16 PIO0_22 MCU PIO0_22 

17 PIO0_21 MCU PIO0_21 

18 PIO0_20 MCU PIO0_20 

19 PIO0_19 MCU PIO0_19 

20 PIO0_18 MCU PIO0_18 

21 PIO0_17 MCU PIO0_17 

22 PIO0_13 MCU PIO0_13 

23 PIO0_12 MCU PIO0_12 MCU ISP  

24 PIO0_5 MCU PIO0_5 MCU  

25 PIO0_0 MCU PIO0_0 

26 PIO0_4 MCU PIO0_4 

27 PIO0_3 MCU PIO0_3 

28 PIO0_2 MCU PIO0_2 

29 PIO0_11 MCU PIO0_11 

30 PIO0_10 MCU PIO0_10 

31 GND GND 

32 PIO0_28 MCU PIO0_28 BLE_nRST  

33 PIO0_16 MCU PIO0_16 

34 BLE_TXD0 0  

35 BLE_RXD0 0  

36 PIO0_24 MCU PIO0_24 BCTS  

37 PIO0_25 MCU PIO0_25 BRTS  

38 PIO0_27 MCU PIO0_27 BLE_RXD1  

39 PIO0_26 MCU PIO0_26 BLE_TXD1  

AW824BPT LPC824 PIO0_16

PIO0_24 ~ PIO0_28 AW824BPT

9.3  

7 5

AW824BPT LPC824

BLE_LKSLP BLE_LKCON

AW824BPT 1 2

9.3  
 

9.3  LPC824  
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9.3   

  

BLK_LKSLP 1s LED

LED  

BLK_LKCON 1s LED

BLE LED BLE LED  

BLE_EN 
EN

 

BLE_TXD TX  

BLE_RXD RX  

BLE_BRTS 

BRTS MCU ZLG9021

UART  

BLE_BCTS 
BCTS LPC824

 

BLE_RST 1us  

LPC824 PIO0_26 PIO0_27 AW824BPT

LPC824 PIO0_26 TX PIO0_27

RX  

9.1.2  
AW824BPT AW824BPT BLE

BLE AW824BPT BLE

 

AW824BPT BLE

4.0 4.0 iPhone4S

Android 4.3.1  

AW824BPT 5.5K byte/s BLE

 BLE BLE

BLE

20ms 2000ms  

110 T :ms

V byte/s )(1000110 sbyteTV ��� 1000 T

ms T T 20ms

 

)(5.5)(5500201000110max sbyteKsbyteV �����  

4K 4K
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AW824BPT

LPC824 BLE

BLE

BLE

200 LPC824

200

BLE  

AW824BPT BLE

LPC824 BLE

BLE ZLG9021

 

BLE

BLE

BLE 5.5K  

msssT blebyte 18.0108.1
5500

1 4
_ ���� �  

baudrate 1 8 1

10  

ms
baudrate

s
baudrate

T uartbyte
10000

10
1

_ ���  

UART BLE  

55556
18.0

10000
��baudrate  

BLE 5.5K 55556

UART BLE UART

BLE  

UART 4800 9600 19200 38400 57600

115200 AW824BPT UART

BLE 38400 AW824BPT

UART BLE

57600 200

30 ~ 60ms  

9.1.3  

AMetal AW824BPT

API

AW824BPT BLE

am_zlg9021.h  

am_zlg9021_handle_t am_zlg9021_init( 

am_zlg9021_dev_t            *p_dev, 

     const am_zlg9021_devinfo_t  *p_devinfo, 

     am_uart_handle_t             uart_handle); 
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p_dev am_zlg9021_dev_t p_devinfo

am_zlg9021_devinfo_t  

AW824BPT ZLG9021 zlg9021

 

�  

am_zlg9021_dev_t am_zlg9021.h  

am_zlg9021_dev_t  g_zlg9021_dev;    // ZLG9021  

g_zlg9021_dev p_dev  

�  

ZLG9021 UART

am_zlg9021_devinfo_t am_zlg9021.h  

typedef struct am_zlg9021_devinfo { 

int  pin_en;      // EN  

int        pin_brts;      // BRTS  

    int        pin_rst;      //  

    int        pin_restore;     // RESTORE  

    uint32_t   baudrate;      // ZLG9021  

    uint8_t *p_uart_rxbuf;     // 64  

    uint8_t    *p_uart_txbuf;     // 64  

    uint16_t   rxbuf_size;      //  

    uint16_t   txbuf_size;      //  

} am_zlg9021_devinfo_t; 

pin_en pin_brts pin_rst pin_restore LPC824

9.3 pin_en PIO0_16 pin_brts PIO0_25

pin_rst PIO0_28 RESTORE AW824BPT

pin_restore -1  

baudrate UART ZLG9021 9600

9600 ZLG9021

4800 9600 19200 38400 57600 115200

baudrate  

UART

64 128 p_uart_rxbuf rxbuf_size

p_uart_txbuf txbuf_size

128  

uint8_t   g_zlg9021_uart_txbuf[128]; 

uint8_t   g_zlg9021_uart_rxbuf[128]; 

g_zlg9021_uart_txbuf[128]

g_zlg9021_uart_txbuf &g_zlg9021_uart_txbuf[0]

p_uart_txbuf 128 txbuf_size
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g_zlg9021_uart_rxbuf[128] p_uart_rxbuf

rxbuf_size  

 

uint8_t   g_zlg9021_uart_txbuf[128]; 

uint8_t   g_zlg9021_uart_rxbuf[128]; 

 

const am_zlg9021_devinfo_t  g_zlg9021_devinfo = { 

    PIO0_16,        // EN  

    PIO0_25,        // BRTS  

    PIO0_28,        //  

    -1,                             // RESTORE  -1 

9600,         // ZLG9021 9600 

    g_zlg9021_uart_rxbuf,           //  

    g_zlg9021_uart_txbuf,           //  

    128,                           //  

    128                            //  

}; 

g_zlg9021_devinfo p_devinfo  

� UART uart_handle 

LPC824 USART2 ZLG9021 UART LPC82x

USART1 am_lpc82x_usart2_inst_init()  

am_uart_handle_t uart_handle = am_lpc82x_usart2_inst_init(); 

UART uart_handle  

�  

ZLG9021 am_zlg9021_init() ZLG9021

handle  

am_zlg9021_handle_t am_zlg9021.h  

typedef am_zlg9021_serv_t  *am_zlg9021_handle_t; 

NULL NULL

handle ZLG9021

(am_hwconf_zlg9021.c) am_hwconf_zlg9021.h

9.1 9.2  

9.1  ZLG9021 am_hwconf_zlg9021.c  

1 #include "ametal.h" 

2 #include "am_lpc82x.h" 

3 #include "am_lpc82x_inst_init.h" 

4 #include "am_zlg9021.h" 

5  
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6 static uint8_t __g_zlg9021_uart_txbuf[128]; 

7 static uint8_t  __g_zlg9021_uart_rxbuf[128]; 

8 

9 static const am_zlg9021_devinfo_t __g_zlg9021_devinfo = { // ZLG9021  

10     PIO0_16,        // EN  

11     PIO0_24,        // BRTS  

12     PIO0_28,        //  

13     -1,                             // RESTORE  -1 

14     9600,                          // 9600 

15     __g_zlg9021_uart_rxbuf, 

16     __g_zlg9021_uart_txbuf, 

17     128, 

18     128 

19 }; 

20 

21 static am_zlg9021_dev_t  __g_zlg9021_dev;   //  ZLG9021  

22  

23 am_zlg9021_handle_t am_zlg9021_inst_init (void) 

24 { 

25      am_uart_handle_t uart_handle = am_lpc82x_usart2_inst_init(); 

26      return am_zlg9021_init(&__g_zlg9021_dev, &__g_zlg9021_devinfo, uart_handle); 

27 } 

9.2  ZLG9021 am_hwconf_zlg9021.h  

1 #pragma oncer 

2 #include "ametal.h" 

3 #include "am_zlg9021.h" 

4 

5 am_zlg9021_handle_t  am_zlg9021_inst_init (void); 

ZLG9021  

am_zlg9021_handle_t  zlg9021_handle = am_zlg9021_inst_init(); 

9.1.4  

ZLG9021 ZLG9021 ZLG9021

am_zlg9021.h  

int am_zlg9021_ioctl(am_zlg9021_handle_t handle, int cmd, void *p_arg); 

cmd p_arg

p_arg p_arg  void *

am_zlg9021.h p_arg
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9.4  

9.4  p_arg  

   p_arg  

1 BLE  AM_ZLG9021_BLE_CONNECT_INTERVAL_SET uint32_t 

2 BLE  AM_ZLG9021_BLE_CONNECT_INTERVAL_GET uint32_t* 

3  AM_ZLG9021_RENAME char * 

4 MAC  AM_ZLG9021_RENAME_MAC_STR char * 

5  AM_ZLG9021_NAME_GET char * 

6 UART  AM_ZLG9021_BAUD_SET uint32_t 

7 UART  AM_ZLG9021_BAUD_GET uint32_t* 

8 MAC  AM_ZLG9021_MAC_GET char * 

9  AM_ZLG9021_RESET  

10 BLE  AM_ZLG9021_BLE_ADV_PERIOD_SET uint32_t 

11 BLE  AM_ZLG9021_BLE_ADV_PERIOD_GET uint32_t* 

12  AM_ZLG9021_TX_POWER_SET int 

13  AM_ZLG9021_TX_POWER_GET int * 

14  AM_ZLG9021_BCTS_DELAY_SET uint32_t 

15  AM_ZLG9021_BCTS_DELAY_GET uint32_t* 

16  AM_ZLG9021_POWERDOWN  

17  AM_ZLG9021_VERSION_GET uint32_t* 

18 BLE  AM_ZLG9021_CONSTATE_GET bool_t * 

19 BLE  AM_ZLG9021_DISCONNECT  

20 BLE  AM_ZLG9021_PWD_SET char * 

21 BLE  AM_ZLG9021_PWD_GET char * 

22  AM_ZLG9021_ENC_SET bool_t 

23  AM_ZLG9021_ENC_GET bool_t * 

24  AM_ZLG9021_NREAD uint32_t * 

25  AM_ZLG9021_TIMEOUT uint32_t 

p_arg

am_zlg9021_ioctl () p_arg NULL *

AM_OK  

 

1  / BLE  

 BLE 

BLE  

ms 20 50 100 200 300 400 500 1000 1500

2000 20  
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50ms 9.3

 

9.3  BLE  

1 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_BLE_CONNECT_INTERVAL_SET, (void*)50); 

25% iPhone 

30ms 1  

9.4  

9.4  BLE  

1 uint32_t  interval_ms; 

2 am_zlg9021_ioctl( 

3  zlg9021_handle, AM_ZLG9021_BLE_CONNECT_INTERVAL_GET, (void*)&interval_ms); 

interval_ms 9.3

50  

2  /  

ZLG9021 ZLG9021 15

ZLGBLE 9.5

 

9.5   

1 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_RENAME, "ZLGBLE"); 

ZLGBLE ZLG9021 ZLGBLE  

ZLG9021 ZLG9021

ZLGBLE ZLG9021

MAC AM_ZLG9021_RENAME

9.6  

9.6  MAC  

1 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_RENAME_MAC_STR, "ZLGBLE"); 

6 MAC 3 Hex

ZLG9021 MAC 08:7C:BE:CA:A5:5E ZLG9021

ZLGBLECAA55E 9.7  

9.7  ZLG9021  

1 char name[16]; 

2 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_NAME_GET, (void*)name); 

15 '\0'

16 name ZLG9021  

3  /  

ZLG9021 4800 9600 19200 38400 57600 115200

BLE 38400

38400 9.8
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9.8   

1 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_BAUD_SET, (void*)38400); 

2 2

ZLG9021

baudrate 38400  

9.9  

9.9   

1 uint32_t  baudrate = 0; 

2 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_BAUD_GET, (void*)&baudrate); 

baudrate 9.8

38400  

4  ZLG9021 MAC  

ZLG9021 MAC

9.10  

9.10  MAC  

1 char   mac[13]; 

2 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_MAC_GET, (void*)mac); 

MAC 12 MAC 48 6

16 '\0' MAC

13 mac ZLG9021 mac  

ZLG9021 MAC 08:7C:BE:CA:A5:5E MAC

087CBECAA55E  

5   

ZLG9021 9.11  

9.11   

1 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_RESET, NULL); 

6  / BLE  

ZLG9021 EN ZLG9021

ZLG9021

 

BLE ms 200 500 1000 1500 2000 2500 3000

4000 5000 200ms 1000ms

9.12  

9.12  BLE  

1 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_BLE_ADV_PERIOD_SET, (void*)1000); 

9.13  

9.13  BLE  
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1 uint32_t period_ms= 0; 

2 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_BLE_ADV_PERIOD_GET, (void*)&period_ms); 

period_ms 9.12

1000  

7  / BLE  

BLE

BLE dBm -20 -18 -16 -14 -12 -10 -8 -6

-4 -2 0 2 4 0dBm -2dBm 9.14

 

9.14  BLE  

1 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_TX_POWER_SET, (void*)(-2)); 

9.15  

9.15  BLE  

1 int  tx_power = 0; 

2 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_TX_POWER_GET, (void*)&tx_power); 

tx_power 9.14

-2 tx_power  

8  /  

ZLG9021 BCTS ZLG9021

MCU BCTS

 

MCU

BCTS MCU

MCU MCU

MCU  

ms 0 10 20 30 0

10ms 9.16  

9.16   

1 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_BCTS_DELAY_SET, (void*)10); 

9.17  

9.17   

1 uint32_t  bcts_delay = 0; 

2 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_BCTS_DELAY_GET, (void*)&bcts_delay); 

bcts_delay 9.16

10  

9   

ZLG9021 9.18  

9.18   
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1 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_POWERDOWN, NULL); 

ZLG9021 EN EN

EN

ZLG9021

BLE ZLG9021

EN BRTS ZLG9021  

10.  

ZLG9021 V1.01 V1.00

ZLG9021 9.19  

9.19   

1 uint32_t  version = 0; 

2 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_VERSION_GET, (void*)&version); 

version ZLG9021

100 V1.00 101 V1.01  

11. BLE  

BLE 9.20  

9.20  BLE  

1 bool_t  conn_stat = FALSE; 

2 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_CONSTATE_GET, (void*)&conn_stat); 

conn_stat TRUE

BLE FALSE BLE  

12. BLE  

BLE BLE

9.21  

9.21  BLE  

1 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_DISCONNECT, NULL); 

13. / BLE  

ZLG9021 BLE ZLG9021

ZLG9021

10s ZLG9021 ZLG9021 10s

ZLG9021  

6 '0'~'9' 123456

9.22  

9.22  BLE  

1 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_PWD_SET, (void*)"123456"); 

ZLG9021 123456

000000  

9.23  

9.23  BLE  
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1 char  pwd[7] ; 

2 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_PWD_GET, (void *)pwd); 

6 '\0'

7 pwd ZLG9021

000000  

14.  

ZLG9021

ZLG9021 9.24  

9.24  BLE  

1 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_ENC_SET, (void*)TRUE); 

p_arg TRUE p_arg

FALSE  

9.25  

9.25  BLE  

1 bool_t enc; 

2 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_ENC_GET, (void*)&enc); 

enc TRUE

FALSE  

15.  

ZLG9021 UART ZLG9021

MCU UART

6.24  

6.24 9.26  

9.26   

1 uint32_t  nread = 0; 

2 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_NREAD, (void*)&nread); 

nread  

16.  

6.24

0

100ms 9.27

 

9.27   

1 am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_TIMEOUT, (void*)100); 

9.1.5  

9.5 BLE ZLG9021
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BLE ZLG9021  

9.5  ZLG9021 am_zlg9021.h  

  

int am_zlg9021_send ( 

am_zlg9021_handle_t  handle, 

const uint8_t          *p_buf, 

      int                  len); 

 

int am_zlg9021_recv ( 

am_zlg9021_handle_t  handle, 

uint8_t              *p_buf, 

      int                  len); 

 

1   

 

int am_zlg9021_send(am_zlg9021_handle_t handle, const uint8_t *p_buf, int len); 

p_buf len

 

9.28 Hello World!  

9.28   

1 am_zlg9021_send(zlg9021_handle,"Hello World!",strlen("Hello World!")); 

BLE ZLG9021 APP

Hello World!  

ZLG9021 TTM:

TTM:  

2   

 

int am_zlg9021_recv (am_zlg9021_handle_t handle, uint8_t *p_buf, int len); 

p_buf len

 

9.29 10  

9.29   

1 uint8_t  buf[10]; 

2 am_zlg9021_recv(zlg9021_handle, buf, 10); 

10

10  

AM_ZLG9021_TIMEOUT

 

AW824BPT APP

9.30  
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9.30   AW824BPT  

1     #include "ametal.h" 

2     #include "am_zlg9021.h" 

3     #include "am_hwconf_zlg9021.h" 

4 

5     int am_main (void) 

6     { 

7         uint8_t  buf[10]; 

8  am_zlg9021_handle_t  zlg9021_handle = am_zlg9021_inst_init(); 

9         // ZLG9021 

10  am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_RESET, NULL); 

11        // 100ms 

12        am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_TIMEOUT, (void*)100); 

13        while(1) { 

14            int len = am_zlg9021_recv(zlg9021_handle, buf, 10); 

15            if (len > 0) {         //  len  

16                am_zlg9021_send(zlg9021_handle, buf, len); 

17            } 

18        } 

19        return 0; 

20   } 

100ms

10  

APP APP

PC

QppDemo.apk IOS App Store BLE LightBlue

 

QppDemo QppDemo.apk

Qpp Demo APP

9.4 a 9.30

Quintic BLE scan

BLE  

Quintic BLE 9.4 b

MAC

View

View 9.4 c hello

send
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hello  

9.1.6  

AM824BLE AW824BPT 4.0

AM824BLE 9.5

AW824BPT  

 

9.5  AM824BLE  

 www.zlg.cn www.zlgmcu.com

 

1   

"on" "off" "tog"

LED0 9.31  

9.31  BLE LED app_ble_led_control.c  

1 #include "ametal.h" 

2 #include "am_zlg9021.h" 

 

9.4  Qpp Demo  
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3 #include "string.h" 

4 #include "am_led.h" 

5 

6 int app_ble_led_control (am_zlg9021_handle_t zlg9021_handle) 

7 { 

8     uint8_t  buf[4]; 

9     // ZLG9021 

10     am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_RESET, NULL); 

11     // 100ms 

12     am_zlg9021_ioctl(zlg9021_handle, AM_ZLG9021_TIMEOUT, (void*)100); 

13     while(1) { 

14         memset(buf, '\0', 4);                        // buf  '\0' 

15         am_zlg9021_recv(zlg9021_handle, buf, 3);         // 3  

16         if (strcmp((char *)buf, "on") == 0) {                       //  "on" 

17          am_led_on(0); 

18              am_zlg9021_send(zlg9021_handle, (uint8_t *)"ok!", 3);   // "ok!" 

19         } 

20         if (strcmp((char *)buf, "off") == 0) {                    //  "off" 

21    am_led_off(0); 

22            am_zlg9021_send(zlg9021_handle, (uint8_t *)"ok!", 3); // "ok!" 

23          } 

24         if (strcmp((char *)buf, "tog") == 0) {                   //  "tog" 

25              am_led_toggle(0); 

26              am_zlg9021_send(zlg9021_handle, (uint8_t *)"ok!", 3); // "ok!" 

27         } 

28     } 

29     return 0; 

30 } 

"on" LED0 "off"

LED0 "tog" LED0 OK!

"on" "off" "tog" 3

4 '\0' strcmp()

buf '\0'

'\0'  

100ms

"on" 3

"on"  
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app_ble_led_control.h

9.32  

9.32  app_ble_led_control.h  

1     #pragma once 

2     #include "ametal.h" 

3     #include "am_zlg9021.h" 

4 

5    int app_ble_led_control (am_zlg9021_handle_t zlg9021_handle); 

2   

9.33  

9.33  BLE LED  

1 #include "ametal.h" 

2 #include "am_hwconf_zlg9021.h" 

3 #include "app_ble_led_control.h" 

4 

5 int am_main (void) 

6 { 

7  am_zlg9021_handle_t  zlg9021_handle = am_zlg9021_inst_init(); 

8  app_ble_led_control(zlg9021_handle); 

9      while (1) { 

10     } 

11 } 

9.2 zigbee  
AW824P2EF LPC824+JN5161

Fastzigbee JN5161 NXP zigbee

IEEE802.15.4 ISM 2.4-2.5GHz

9.2.1  
AW824P2EF  

� 2.1V~3.6V; 

� 20dbm  

� -95dbm  

� zigbee  

� ARM Cotex-M0+ 8 KB SRAM  

32KB Flash 12 ADC SPI I2C UART  

 

9.6  AW824P2EF
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AW824P2EF MCU

AW824P2EF 35 9.6 9.6  

9.6  AW824P2EF  

   

1 ZB_DETECT DETECT 3S ZigBee  

2 PIO0_0 MCU PIO0_0 

3 PIO0_7 MCU PIO0_7 

4 PIO0_6 MCU PIO0_6 

5 PIO0_14 MCU PIO0_14 

6 PIO0_23 MCU PIO0_23 

7 PIO0_22 MCU PIO0_22 

8 PIO0_21 MCU PIO0_21 

9 PIO0_20 MCU PIO0_20 

10 PIO0_19 MCU PIO0_19 

11 PIO0_18 MCU PIO0_18 

12 PIO0_17 MCU PIO0_17 

13 ZB_WAKE ZigBee  

14 GND GND 

15 VDD 2.1V~3.6V 

16 PIO0_13 MCU PIO0_13 

17 PIO0_5 MCU PIO0_5 MCU  

18 PIO0_3 MCU PIO0_3 

19 PIO0_2 MCU PIO0_2 

20 ZB_STA ZigBee 1Hz  

21 PIO0_27 MCU PIO0_27 ZigBee ZB_RXD  

22 PIO0_26 MCU PIO0_26 ZigBee ZB_TXD  

23 PIO0_28 MCU PIO0_28 ZigBee ZB_RST  

24 ZB_ISP ZigBee ISP  

25 AGND ADC AGND 

26 VREFP ADC VDD 

27 3.3VA 3.3V  

28 PIO0_24 MCU PIO0_24 

9 PIO0_16 MCU PIO0_16 

30 PIO0_15 MCU PIO0_15 

31 PIO0_12 MCU PIO0_12 

32 PIO0_11 MCU PIO0_11 

33 PIO0_10 MCU PIO0_10 

34 PIO0_9 MCU PIO0_9 

35 GND GND 

36 PIO0_8 MCU PIO0_8 

37 PIO0_4 MCU PIO0_4 
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38 PIO0_1 MCU PIO0_1 

39 ZB_JOIN 

JOIN

JOIN

 

AW824P2EF LPC824 1 PIO0_26 PIO0_27

zigbee PIO0_28

ZM5161 9.7

AW824P2EF LPC824 PIO0_26

RX PIO0_27 TX  

ZB_RST ZM5161 PIO0_28

1us  

AW824P2EF zigbee

zigbee

Fastzigbee JN5161 zigbee ZM5161  

9.2.2  
ZM516x Fastzigbee

zigbee Pro zigbee Pro Home Automation zigbee Pro Smart Energy zigbee Pro Light Link

zigbee RF4CE JenNet-IP AW824P2EF zigbee Fastzigbee

Fastzigbee  

�  

� 65535  

� 100nA 100% zigbee  

�  

� I/O ADC  

�  

ZM516X Fastzigbee

Fastzigbee 9.8  

Fastzigbee

Fastzigbee

Fastzigbee

3/4G

Fastzigbee

 

9.7   

 

9.8  Fastzigbee  
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1.  

zigbee zigbee 2.4GHz

868MHz 915MHz 3 2.4GHz zigbee

2405MHz~2480MHz 16 11~26

5MHz zigbee

zigbee

 

2.  

Fastzigbee zigbee

Fastzigbee

zigbee

 

3. PanID 

PanID zigbee ID PanID zigbee

PanID PanID

 

4.  

zigbee 16

 

5.  

zigbee

 

9.2.3 zigbee  
AMetal ZM516X API

am_zm516x.h  

am_zm516x_handle_t am_zm516x_init( 

am_zm516x_dev_t      *p_dev, 

const am_zm516x_dev_info_t  *p_devinfo, 

am_uart_handle_t      uart_handle); 

ZM516X p_dev am_zm516x_dev_t

p_devinfo am_zm516x_devinfo_t uart_handle

zigbee  

�  

am_zm516x_dev_t am_zm516x.h  

am_zm516x_dev_t  g_zm516x_dev;     // ZM516X  

g_zm516x_dev p_dev  
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�  

zigbee am_zm516x_devinfo_t

am_zm516x.h  

typedef struct am_zm516x_dev_info{ 

     int        rst_pin; 

     uint8_t    *p_txbuf; 

     uint32_t   txbuf_size; 

     uint8_t    *p_rxbuf; 

     uint32_t   rxbuf_size; 

} am_zm516x_dev_info_t; 

rst_pin zigbee

AW824P2EF zigbee ZB_RST LPC824 PIO0_28

rst_pin PIO0_28  

zigbee

256 256 p_txbuf txbuf_size

p_rxbuf rxbuf_size

256  

uint8_t   g_zm516x_txbuf[256]; 

uint8_t   g_zm516x_rxbuf[256]; 

g_zm516x_txbuf[128]

g_zm516x_txbuf &g_zm516x_txbuf[0] p_txbuf

txbuf_size g_zm516x_rxbuf[256]

p_rxbuf rxbuf_size

 

uint8_t   g_zm516x_txbuf[256]; 

uint8_t   g_zm516x_rxbuf[256]; 

const am_zm516x_devinfo_tg_zm516x_devinfo = { 

PIO0_28,         //  

g_zm516x_txbuf,             //  

    256,                            //  

    g_zm516x_rxbuf,             //  

    256                             //  

}; 

g_zm516x_devinfo p_devinfo  

� UART uart_handle 

LPC824 USART2 ZM516x LPC82x USART2

am_lpc82x_usart2_inst_init() UART uart_handle  

am_uart_handle_t uart_handle = am_lpc82x_usart2_inst_init(); 
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�  

ZM516X am_zm516x_init () ZM516X

zm516x_handle  

am_zm516x_handle_t am_zm516x.h  

typedef struct am_zm516x_dev *am_zm516x_handle_t; 

NULL NULL

handle ZM516X

(am_hwconf_zm516x.c) am_hwconf_zm516x.h

9.34 9.35  

9.34  ZM516X am_hwconf_zm516x.c  

1 #include "ametal.h" 

2 #include "am_lpc82x_inst_init.h" 

3 #include "am_zm516x.h" 

4 #include "lpc82x_pin.h" 

5 

6 static uint8_t __g_zm516x_txbuf[256]; 

7 static uint8_t  __g_zm516x_rxbuf[256]; 

8 static am_zm516x_dev_t     __g_zm516x_dev;   //  ZM516X  

9 static const am_zm516x_dev_info_t __g_zm516x_devinfo = {  //  ZM516X  

10     PIO0_28,                             //  

11     __g_zm516x_txbuf,                    //  

12     sizeof(__g_zm516x_txbuf),            //  

13     __g_zm516x_rxbuf,                    //  

14     sizeof(__g_zm516x_rxbuf)             //  

15 }; 

16 

17 am_zm516x_handle_t am_zm516x_inst_init (void) 

18 { 

19  return am_zm516x_init(&__g_zm516x_dev, &__g_zm516x_devinfo, am_lpc82x_usart2_inst_init()); 

20 } 

9.35  ZM516X am_hwconf_zm516x.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_zm516x.h" 

4 

5 am_zm516x_handle_tam_zm516x_inst_init (void); 

ZM516X  

am_zm516x_handle_t  zm516x_handle = am_zm516x_inst_init(); 
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9.2.4 zigbee  
AMetal 10 ZM516X

zigbee 9.7  

9.7  ZM516X  

  

int am_zm516x_cfg_info_get ( 

am_zm516x_handle_t    handle, 

am_zm516x_cfg_info_t  *p_info); 

ZM516X  

int am_zm516x_cfg_info_set ( 

am_zm516x_handle_t    handle, 

am_zm516x_cfg_info_t  *p_info); 

ZM516X  

void am_zm516x_reset(am_zm516x_handle_t  handle); ZM516X  

int am_zm516x_default_set (am_zm516x_handle_t  handle); ZM516X  

int am_zm516x_channel_set( 

am_zm516x_handle_t   handle, 

uint8_t               chan); 

ZM516X  

int am_zm516x_dest_addr_set( 

am_zm516x_handle_t  handle, 

am_zm516x_addr_t    zb_addr); 

ZM516X  

int am_zm516x_display_head_set( 

am_zm516x_handle_t   handle, 

      bool_t               flag); 

ZM516X

 

void am_zm516x_enter_sleep(am_zm516x_handle_t  handle); ZM516X  

int am_zm516x_mode_set( 

am_zm516x_handle_t       handle, 

am_zm516x_comm_mode_t  mode); 

ZM516X  

int am_zm516x_sigal_get( 

am_zm516x_handle_t  handle, 

am_zm516x_addr_t    zb_addr, 

uint8_t              *p_signal); 

ZM516X  

1.  

 

int am_zm516x_cfg_info_get( 

 am_zm516x_handle_t  handle,   // ZM516X   

 am_zm516x_cfg_info_t   *p_info);   //  

p_info am_zm516x_cfg_info_t

ZM516X 9.36  

9.36  ZM516X  

typedef struct am_zm516x_cfg_info { 

char    dev_name[16];          //  

 char    dev_pwd[16];     //  
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uint8_t  dev_mode;             //  

uint8_t  chan;       //  

uint8_t  panid[2];                    // PanID 

uint8_t  my_addr[2];              //  

uint8_t  my_mac[8];          // MAC  

uint8_t  dst_addr[2];           //  

uint8_t  dst_mac[8];          // MAC  

uint8_t  data_rate;            // RF  

uint8_t  power_level;         //  

uint8_t  retry_num;           //  

uint8_t  tran_timeout;         // (10ms) 

uint8_t  serial_rate;           //  

uint8_t  serial_data;                  //  

uint8_t  serial_stop;                  //  

uint8_t  serial_parity;           //  

uint8_t  send_mode;          // 0-- 1--  

}am_zm516x_cfg_info_t; 

9.8  

9.8  ZM516X  

   

1 dev_name  

2 dev_pwd  

3 dev_mode 0 1  

4 chan 11~26 

5 panid PanID 16  

6 my_addr 16  

7 my_mac 
MAC MAC

 

8 dst_addr 
16

 

9 dst_mac MAC  

10 data_rate 250kbps 

11 power_level 

0 -32dBm 1

-20.5dBm 2 -9dBm 3 2.5dBm P0 P1

10dBm P2 P0

20dBm  

12 retry_num  

13 tran_timeout 
10ms 10

100ms 
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14 serial_rate 
1 7 2400 4800 9600

19200 38400 57600 115200 

15 serial_data 5 8 

16 serial_stop 1 2 

17 serial_parity 0 1 2  

18 send_mode 0 1  

ZM516X 9.37  

9.37  ZM516X  

1 am_zm516x_cfg_info_t  info; 

2 am_zm516x_cfg_info_get (zm516x_handle, &info); // ZM516X  

2.  

 

int am_zm516x_cfg_info_set ( 

am_zm516x_handle_t    handle,      // ZM516X  

am_zm516x_cfg_info_t  *p_info);     //  

p_info

9.38  

9.38  ZM516X  

1 am_zm516x_cfg_info_t  info; 

2 am_zm516x_cfg_info_get (zm516x_handle, &info); // ZM516X  

3 info.dst_addr[0] = 0x20; 

4 info.dst_addr[1] = 0x02;      // 0x2002 

5 am_zm516x_cfg_info_set (zm516x_handle, &info);     //  

3.  

ZM516X  

1 void am_zm516x_reset(am_zm516x_handle_thandle); 

am_zm516x_cfg_info_set()

9.39  

9.39   

1 am_zm516x_reset(zm516x_handle); 

4.  

ZM516X  

1 int am_zm516x_default_set(am_zm516x_handle_thandle); 

9.40  
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9.40   

1 am_zm516x_default_set(zm516x_handle); 

5.  

ZM516X  

int am_zm516x_channel_set( 

am_zm516x_handle_t handle,      // ZM516X  

 uint8_t   chan);     //  

9.41  

9.41   

1 am_zm516x_channel_set(zm516x_handle, 25);  // 25 

6.  

ZM516X  

int am_zm516x_dest_addr_set( 

am_zm516x_handle_t  handle,     // ZM516X  

am_ zm516x _addr_t   *p_zb_addr);    //  

p_zb_addr zigbee am_zm516x_addr_t

am_zm516x.h  

typedef struct am_zm516x_addr { 

    uint8_t   *p_addr; 

    uint8_t   addr_size; 

}am_zm516x_addr_t; 

p_addr addr_size

0x2002 zigbee  

uint8_t  dst_addr[2]  = {0x20, 0x02};     //  0x2002 

am_zm516x_addr_t zb_addr; 

zb_addr.p_addr    = dst_addr; 

zb_addr.addr_size  = sizeof(dst_addr);    // 2  

9.42  

9.42   

1 am_zm516x_addr_t  zb_addr; 

2 uint8_t dst_addr[2] = {0x20, 0x02}; 

3 zb_addr.p_addr   = dst_addr; 

4 zb_addr.addr_size = sizeof(dst_addr); 

5 am_zm516x_dest_addr_set(zm516x_handle, &zb_addr);  // 0x2002 
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7.  

ZM516X

 

int am_zm516x_display_head_set( 

am_zm516x_handle_t  handle,      // ZM516X  

bool_t               flag);           //  

flag TRUE

2

FLASE 2

9.43  

9.43   

1 am_zm516x_display_head_set(zm516x_handle, TRUE);  //  

8.  

ZM516X  

1 void am_zm516x_enter_sleep(am_zm516x_handle_t zm516x_handle); 

9.44  

9.44   

1 am_zm516x_enter_sleep(zm516x_handle); 

9.  

ZM516X

 

int am_zm516x_mode_set( 

am_zm516x_handle_t    handle,      // ZM516X  

am_zm516x_comm_mode_t  mode);     //  

mode am_zm516x_comm_mode_t

am_zm516x_comm_mode_t  

typedef enum am_zm516x_comm_mode{ 

    AM_ZM516X_COMM_UNICAST = 0,             //  

    AM_ZM516X_COMM_BROADCAST,             //  

} am_zm516x_comm_mode_t; 

9.45  

9.45   

1 am_zm516x_mode_set(zm516x_handle, AM_ZM516X_COMM_UNICAST); //  
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10.  

 

int am_zm516x_sigal_get( 

am_zm516x_handle_t  handle,       // ZM516X  

 am_zm516x_addr_t   *p_zb_addr,     //  

 uint8_t             *p_signal);      //  

*p_zb_addr zigbee p_signal

9.46  

9.46   

1 am_zm516x_addr_t zb_addr; 

2 uint8_t         dst_addr[2] = {0x20, 0x02}; 

3 uint8_t          signal; 

4 zb_addr.p_addr   = dst_addr; 

5 zb_addr.addr_size = sizeof(dst_addr); 

6 am_zm516x_sigal_get(zm516x_handle, &zb_addr, &signal); // 0x2002  

9.2.5 zigbee  
9.9  

9.9  ZM516X am_zm516x.h  

  

int am_zm516x_send ( 

am_zm516x_handle_t  handle, 

const void           *p_buf,  

size_t               nbytes); 

 

int am_zm516x_receive( 

am_zm516x_handle_t  handle, 

      void                *p_buf,  

size_t               nbytes); 

 

3.  

ZM516X ZM516X

AMetal

 

ssize_t am_zm516x_send( 

am_zm516x_handle_t zm516x_handle,        // ZM516X  

     const void        *p_buf,              //  

size_t   nbytes);     //  

ZM516X
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void *  

9.47  

9.47   

1 char *p_dat = "zm516x running\r\n"; 

2 am_zm516x_send(zm516x_handle, p_dat, strlen(p_dat)); 

4.  

AMetal

 

ssize_t am_zm516x_receive( 

am_zm516x_handle_t  zm516x_handle,    // ZM516X  

void     *p_buf,            //  

    size_t                maxbytes);       //  

void *

9.48  

9.48   

1 uint8_t buf[20]; 

2 am_zm516x_receive(zm516x_handle, buf, sizeof(buf)); 

0x2001 0x2002

0x2002 0x2001 1s

9.49  

9.49   

1 #include "ametal.h" 

2 #include "am_zm516x.h" 

3 #include "string.h" 

4 #include "am_led.h" 

5 #include "am_delay.h" 

6 #include "am_hwconf_zm516x.h" 

7 

8 int am_main (void) 

9 { 

10  uint8_t                  buf[20]; 

11  uint32_t                 snd_tick = 0; 

12  am_zm516x_cfg_info_t    zm516x_cfg_info; 

13  am_zm516x_handle_t      zm516x_handle= am_zm516x_inst_init(); 

14 

15  // ZM516X  

16  if (am_zm516x_cfg_info_get(zm516x_handle, &zm516x_cfg_info) != AM_OK) { 
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17   while (1); 

18  } 

19  // ZM516X  

20  zm516x_cfg_info.my_addr[0]  = 0x20; 

21  zm516x_cfg_info.my_addr[1]  = 0x01;   // 0x02 

22  zm516x_cfg_info.dst_addr[0]  = 0x20; 

23  zm516x_cfg_info.dst_addr[1]  = 0x02;   // 0x01 

24  if (am_zm516x_cfg_info_set(zm516x_handle, &zm516x_cfg_info) != AM_OK) { 

25   while (1); 

26  } 

27  // ZM516X  

28  am_zm516x_reset(zm516x_handle); 

29  am_mdelay(10); 

30  while (1) { 

31   // 1s  

32   if (snd_tick++ > 100) { 

33    snd_tick = 0; 

34    am_zm516x_send(zm516x_handle, "zm516x running\r\n", strlen("zm516x running\r\n")); 

35   } 

36   // am_zm516x_receive 10ms 

37   if (am_zm516x_receive(zm516x_handle, buf, sizeof(buf))> 0) { 

38    am_kprintf(“%s”, buf); 

39   } 

40  } 

41  return 0; 

42 } 

ZM516X 10ms snd_tick 100

1s  

0x2001 0x2002

9.49 20 ~ 23  

20 zm516x_cfg_info.my_addr[0] = 0x20; 

21 zm516x_cfg_info.my_addr[1] = 0x02; 

22 zm516x_cfg_info.dst_addr[0] = 0x20; 

23 zm516x_cfg_info.dst_addr[1] = 0x01; 

9.2.6  

AM824ZB AW824P2EF zigbee
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zigbee  

AM824ZB AM824ZB MiniCK100

AM824ZB 9.9 AW824P2EF

www.zlg.cn  

www.zlg.cn www.zlgmcu.com

 

AM824ZB

LED0 LED0

 

1.  

key_pressed key_pressed LED0  

0x2001 0x2002

9.50  

9.50  zigbee LED app_led_control.c  

1 #include "ametal.h" 

2 #include "am_zm516x.h" 

3 #include "string.h" 

4 #include "am_led.h" 

5 #include "am_delay.h" 

6 #include "am_input.h" 

7 

8 static void __input_key_proc (void *p_arg, int key_code, int key_state) 

9 { 

 

9.9  AM824ZB  
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10     //  "key_pressed"  

11     if ((key_code == KEY_F1) && (key_state == AM_INPUT_KEY_STATE_PRESSED)) { 

12         am_zm516x_send(p_arg, "key_pressed", strlen("key_pressed")); 

13     } 

14  } 

15 

16 int app_led_control (am_zm516x_handle_t zm516x_handle, uint16_t my_addr, uint16_t dst_addr) 

17 { 

18  uint8_t                 buf[20]; 

19  am_zm516x_cfg_info_t    zm516x_cfg_info; 

20  am_input_key_handler_t   key_handler; 

21        // ZM516X  

22        if (am_zm516x_cfg_info_get(zm516x_handle, &zm516x_cfg_info) != AM_OK) { 

23            return AM_ERROR; 

24        } 

25        // ZM516X  

26        zm516x_cfg_info.my_addr[0]   = (my_addr >> 8) & 0xFF; 

27        zm516x_cfg_info.my_addr[1]   = my_addr & 0xFF; 

28        zm516x_cfg_info.dst_addr[0]  = (dst_addr >> 8) & 0xFF; 

29        zm516x_cfg_info.dst_addr[1]  = dst_addr & 0xFF; 

30        if (am_zm516x_cfg_info_set(zm516x_handle, &zm516x_cfg_info) != AM_OK) { 

31            return AM_ERROR; 

32        } 

33        // ZM516X  

34        am_zm516x_reset(zm516x_handle); 

35        am_mdelay(10); 

36      //  

37      am_input_key_handler_register(&key_handler, __input_key_proc, (void *)zm516x_handle); 

38        while (1) { 

39            memset(buf, 0, sizeof(buf)); 

40            am_zm516x_receive(zm516x_handle, buf, sizeof(buf));  

41            if (strcmp(buf, "key_pressed") == 0) {  //  "key_pressed" LED0  

42                am_led_toggle(0); 

43            } 

44            am_mdelay(10); 

45        } 

46    } 
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while(1)

key_pressed key_pressed LED0  

app_led_control.h 9.51  

9.51  app_led_control.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_zm516x.h" 

4 

5    int app_led_control (am_zm516x_handle_t zm516x_handle, uint16_t my_addr, uint16_t dst_addr); 

2.  

A B A 0x2001

0x2002 9.52  

9.52  A 0x2001  

1 #include "ametal.h" 

2 #include "am_hwconf_zm516x.h" 

3 #include "am_hwconf_key_gpio.h" 

4 #include "app_led_control.h" 

5 

6 int am_main (void) 

7 { 

8     am_zm516x_handle_t zm516x_handle = am_zm516x_inst_init(); 

9     am_key_gpio_inst_init(); 

10     app_led_control(zm516x_handle, 0x2001, 0x2002); 

11     while (1) { 

12     } 

13 } 

B 0x2002 0x2001 9.53  

9.53  B 0x2002  

1 #include "ametal.h" 

2 #include "am_hwconf_zm516x.h" 

3 #include "app_led_control.h" 

4 

5 int am_main (void) 

6 { 

7      am_zm516x_handle_t zm516x_handle = am_zm516x_inst_init(); 

8  am_key_gpio_inst_init(); 

9      app_led_control(zm516x_handle, 0x2002, 0x2001); 
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10      while (1) { 

11     } 

12 } 

9.3 MVC  
9.3.1 MVC  

- - Model-View-Controller MVC SoC

Smalltalk Model

View Controller  

UI

MVC 3  

� Model  

UI; 

� View Model  

 

� Controller  

 

9.10 MVC

3 View

Controller Controller

Model Model

View View Model

 

MVC

 

9.3.2  

 

 

 

9.10  MVC  
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Subject Observer

 

9.11 Observer Subject

ConcreteObserver ConcreteSubject

 

� Observer Observer Subject  

Subject Observer update Observer Subject

Observer  

Observer update

 

� Subject Subject  

Subject Observer Subject

Observer  

Subject

N attach detach notify

 

notify

Observer update Observer

Subject Observer

update  

� ConcreteObserver ConcreteObserver  

ConcreteObserver

ConcreteSubject ConcreteObserver ConcreteSubject

 

� ConcreteSubject ConcreteSubject  

 

9.11   
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Observer  

Subject getState() setState()

 

Subject Observer Subject

 

�  

 

�  

�  

 

 

�  

Mediator  

 

�  

 

�  

 

�  

MVC Model View

Model View Model View

Model Model View  

AM824ZB MVC

value LED0 zigbee

value  

value AM_FALSE  LED zigbee 0

value AM_TRUE LED zigbee 1 value

AM_FALSE LED0 zigbee 1 ......  

value Observer  LED zigbee Observer

Observer  

� Subject  

� Subject Observer  

� Subject Observer; 

� Subject Observer  

� Observer Subject  

Subject Subject Observer  
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Subject Observer

Subject  

 Observer Subject Observer

attach detach Observer ConcreteSubject

Observer

ConcreteObserver update

Subject  

9.3.3  
 

value bool

key LED zigbee

 

LED zigbee

LED led_id LED0 0

led_id zigbee zm516x_handle

observer_t view_led_t

view_zigbee_t  

value am_bool_t

model_t model_bool_t value

model_bool_t  

model_t observer_t

9.12  

2.  

model_bool view_led0

view_zigbee

view_update

LED zigbee

LED zigbee 0 1

pfn_update_view  

9.13 - - model_bool view_led0 view_zigbee

 

model_bool_set() value value

model_notify()

 

9.12   

 

9.13  - -  
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pfn_update_view() pfn_update_view() model_bool_get()

value  

9.3.4  

MVC 9.14  

 
9.14   

� 

key1 model_bool_get()

model_bool_set()

 

� 

model_bool_set()

model_bool_get()

pfn_update_view()  

� 

view_led0 view_zigbee  

LED0 view_led0

model_bool_get() AM_TRUE am_led_on()

LED0 AM_FALSE am_led_off() LED0  

zigbee view_zigbee

model_bool_get() am_zm516x_send ()

zigbee  

9.3.5  

 

 

slist_head_t

slist_node_t

9.15  

typedef struct _slist_node{ 

 struct _slist_node *p_next; 

}slist_node_t; 

typedef slist_node_t slist_head_t; 

 
9.15   
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slist_head_t slist.h head

model_t  

#include "slist.h" 

typedef struct _model{ 

  slist_head_t  head; 

  //  

}model_t; 

model_t model; 

head

9.16

slist_node_t

slist.h node observer_t  

#include "slist.h" 

typedef struct _observer{ 

  slist_node_t  node; 

  //  

}observer_t; 

observer_t observer; 

4

model_t model observer_t

observer  

� 

 

int slist_init(slist_head_t *p_head);  

 

slist_init(&model.head); 

model_attach()

model_detach() slist_add_head()

slist_del()  

� 

slist_add_head()  

int slist_add_head(slist_head_t *p_head, slist_node_t *p_node); 

  

 slist_add_head(&model.head,&observer.node); 

� 

 

9.16   
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slist_del()  

int slist_del(slist_head_t *p_head, slist_node_t *p_node); 

  

slist_del(&model.head, &observer.node); 

9.17 attach/detach

model_ model_attach()

model_attach()

 

model_detach()

model_attach() model_detach()  

� 

model_notify()

pfn_update_view() model_notify()

slist_foreach() slist_foreach()  

int slist_foreach(slist_head_t *p_head, slist_node_process_t pfn_proc, void *p_arg); 

  

int view_process (void *p_arg, slist_node_t *p_node) 

{ 

  //  

} 

slist_foreach(&model.head, __view_process, NULL); 

slist_head_t slist.h head

model_t slist_node_t slist.h

node observer_t

 

9.18 MVC

0..*

model_attach() model_detach()

model_notify() model_t

model_bool_t

UML

observer_t pfn_update_view()

UML  

2. /  

 

9.17   

 

9.18   
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pfn_update_view

view_update update_view_t  

typedef void (*update_view_t)(struct _observer *p_this, struct _model *p_model); 

C++ p_this

C p_this

 

p_model

pfn_update_view() p_model

model_bool_get()

 

UML  

SOLID

 

node

is-a

observer_t  

struct _observer; 

//  

typedef void (*update_view_t)(struct _observer *p_this, struct _model *p_model); 

//  

typedef struct _observer{ 

  slist_node_t node; 

  update_view_t pfn_update_view; 

}observer_t; 

node pfn_update_view

view_update observer_t 9.19  

observer_t view view

p_this  

observer_t  view; 

struct_observer  *p_this = &view; 

this  

pfn_update_view

 

C view_init()  

int view_init(observer_t *p_this,update_view_t pfn_update_view); 

p_this pfn_update_view

9.54  

 

9.19   
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9.54   

1 void view_update(observer_t *p_view, struct _model *p_model) //  

2 { 

3  // ... 

4 } 

5 

6 int am_main() 

7 { 

8  observer_t  view; 

9  view_init(&view, view_update); 

10 } 

main() view view_init() OOP view

view_init() 9.55  

9.55   view_init()  

1 int view_init(observer_t *p_this,update_view_t pfn_update_view) 

2 { 

3  if ((p_this == NULL) || (pfn_update_view == NULL)){ 

4   return -1; 

5  } 

6  p_this->pfn_update_view  = pfn_update_view; 

7  return 0; 

8 } 

C++

C view_init()

 

model_t

 

//  

typedef struct _model{ 

slist_head_t  head; 

}model_t; 

head 9.20 model_t

model p_model  

 model_t   model; 

model_t  *p_model = &model; 

p_model  

 

9.20   
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int model_init(model_t *p_this); 

p_this  

 model_t  model; 

 model_init(&model); 

model_init() 9.56  

9.56  model_init()  

1 int model_init(model_t *p_this) 

2 { 

3  if (p_this == NULL){ 

4         return -1; 

5  } 

6  slist_init(&p_this->head); 

7  return 0; 

8 } 

 

int model_attach(model_t *p_this, observer_t * p_observer); 

p_this p_observer 9.57  

9.57   

1 int am_main() 

2 { 

3  observer_t view; 

4  model_t   model; 

5 

6  view_init(&view, view_update); 

7  model_init(&model); 

8  model_attach(&model, &view);  

9 } 

model_attach()

9.58  

9.58  model_attach()  

1 int model_attach(model_t *p_this, observer_t *p_observer) 

2 { 

3  observer_t *p; 

4 

5  if ((p_this == NULL) || (p_observer == NULL)) { 
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6        return -1; 

7     } 

8      slist_add_head(&(p_this -> head), &( p_observer -> node));  

9  p_observer -> pfn_update_view(p_observer, p_this);  

10  return 0; 

11 } 

 

 

int model_detach(model_t *p_this, observer_t * p_observer); 

p_this p_observer 9.59  

9.59   

1 int am_main() 

2 { 

3  observer_t view; 

4  model_t   model; 

5 

6  view_init(&view, view_update); 

7  model_init(&model); 

8  model_attach(&model, &view); 

9        // ……  

10  model_detach(&model, &view); 

11 } 

model_detach() 9.60  

9.60  model_detach()  

1 int model_detach(model_t *p_this, observer_t *p_observer) 

2 { 

3  observer_t *p; 

4 

5     if ((p_this == NULL) || (p_observer == NULL)){ 

6   return -1; 

7     } 

8      slist_del(&(p_this->head), &( p_observer->node));  //  

9  return 0; 

10 } 

pfn_update_view()  
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int model_notify(model_t *p_this); 

p_this 9.61  

9.61   

1 int am_main() 

2 { 

3     observer_t  view; 

4     model_t    model; 

5 

6     view_init(&view, view_update); 

7     model_init(&model); 

8     model_attach(&model, &view); 

9     while (1){ 

10          //  

11   model_notify(&model); 

12          // ... 

13     } 

14 } 

model_notify() 9.62  

9.62  model_notify()  

1 static int __view_process(void *p_arg, slist_node_t *p_node) 

2 { 

3  observer_t *p_observer = (observer_t *)p_node; 

4         model_t *p_model = (model_t *)p_arg;  // p_arg  

5  p_observer -> pfn_update_view(p_observer, p_model); 

6  return 0; 

7 } 

8 

9 int model_notify(model_t *p_this) 

10 { 

11  if (p_this == NULL){ 

12   return -1; 

13  } 

14  slist_foreach(&p_this -> head, __view_process, p_this);//  

15  return 0; 

16 } 

slist_foreach() __view_process()

pfn_update_view  
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typedef void (*update_view_t)(struct _observer *p_this, struct _model *p_model); 

pfn_update_view 2

 

node p_node node

 

observer_t *p_observer = (observer_t *)p_node; 

model_notify() slist_foreach()

__view_process() p_arg

 

model_t *p_model = (model_t *)p_arg;  

model_t observer_t

LED

LED  

9.63 mvc.h  

9.63  mvc.h  

1 #pragma once 

2 #include "ametal.h" 

3    #include "slist.h" 

4 struct _model; 

5 struct _observer; 

6 

7 //  

8 typedef void (*update_view_t)(struct _observer *p_this, struct _model *p_model); 

9 

10 //  

11 typedef struct _observer{ 

12     slist_node_t     node;     //  

13     update_view_t    pfn_update_view;       //  

14 }observer_t; 

15 

16 // Model  

17 typedef struct _model{ 

18     slist_head_t  head;        //  

19 }model_t; 

20 

21 int view_init(observer_t *p_this, update_view_t pfn_update_view); //  

22 int model_init(model_t *p_this);        //  

23 int model_attach(model_t *p_this, observer_t *p_observer);   //  
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24 int model_detach(model_t *p_this, observer_t *p_observer);   //  

25 int model_notify(model_t *p_this);       //  

� 

 model_attach() model_detach()

 

 

 

3. /  

model_bool_t model_t

 

AM_TRUE AM_FALSE

model_bool_get()

model_bool_set()

model_notify()

9.21  

// model_bool_t  

typedef struct _model_bool{ 

  model_t   isa; 

  am_bool_t  value;     // bool  

 }model_bool_t; 

am_bool_t AMetal am_types.h AM_TRUE

AM_FALSE model_bool

p_this  

 model_bool_t   model_bool;  

model_bool_t  *p_this = &model_bool; 

p_this  

value  

int model_bool_init (model_bool_t *p_this, am_bool_t init_value); 

p_this init_value  

 model_bool_t  model_bool; 

 model_bool_init(&model_bool, AM_FALSE); 

model_bool_init()

9.64  

9.64  model_bool_init()  

 

9.21  
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1 int model_bool_init (model_bool_t *p_this, am_bool_t init_value) 

2 { 

3  if (p_this == NULL) { 

4   return -1; 

5  } 

6  model_init(&(p_this -> isa)); 

7  p_this -> value = init_value; 

8  return 0; 

9 } 

am_bool_t value value

model_bool_set()

value model_notify()

 

int model_bool_set(model_bool_t *p_this, am_bool_t value); 

p_this value value

9.65  

9.65  value  

1 int am_main() 

2 { 

3  model_bool_t  model_bool; 

4  model_bool_init(&model_bool, AM_FALSE); 

5         while(1){ 

6          if ( value AM_TRUE){ 

7    model_bool_set(&model_bool, AM_TRUE); 

8          }else ( value AM_FALSE){ 

9    model_bool_set(&model_bool, AM_FALSE); 

10          } 

11      } 

12 } 

model_bool_set() 9.66  

9.66  model_bool_set()  

1 int model_bool_set(model_bool_t *p_this, am_bool_t value) 

2    { 

3        if (p_this == NULL){ 

4            return -1; 

5        } 

6        if (p_this -> value != value){ 
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7            p_this -> value = value; 

8            model_notify((model_t *)p_this); 

9        } 

10       return 0; 

11    } 

model_bool_get()

value  

int model_bool_get(model_bool_t *p_this, am_bool_t *p_value); 

p_this p_value

9.67  

9.67   

1 void __view_update(observer_t *p_view, model_t *p_model) 

2 { 

3  am_bool_t  value; 

4  model_bool_get((model_bool_t *)p_model, &value); 

5   if (value) { 

6       // value AM_TRUE  

7  } else { 

8       // value AM_FALSE  

9  } 

10 } 

11 

12 int am_main() 

13 { 

14  observer_t   view; 

15  model_bool_t   model_bool; 

16        model_bool_init(&model_bool, AM_FALSE); 

17  view_init(&view, view_update); 

18  model_attach(&(model_bool.isa), &view); 

19        while(1){ 

20          if ( value AM_TRUE){ 

21    model_bool_set(&model_bool, AM_TRUE); 

22          }else ( value AM_FALSE){ 

23    model_bool_set(&model_bool, AM_FALSE); 

24          } 

25      } 

26 } 
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model_bool_get() 9.68  

9.68  model_bool_get()  

1 int model_bool_get(model_bool_t *p_this, am_bool_t *p_value) 

2    { 

3        if ((p_this == NULL) || (p_value == NULL)){ 

4            return -1; 

5        } 

6        *p_value = p_this -> value; 

7        return 0; 

8    } 

9.69 model_bool.h  

9.69  model_bool.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "mvc.h" 

4 

5 //  

6 typedef struct _model_bool{ 

7      model_t    isa;  

8  am_bool_t  value;       //  

9 } model_bool_t; 

10 

11 int model_bool_init (model_bool_t *p_this, am_bool_t init_value);  //  

12 int model_bool_set (model_bool_t *p_this, am_bool_t value);  // value  

13 int model_bool_get (model_bool_t *p_this, am_bool_t *p_value); // value  

observer_t observer_t

update pfn_update_view

update  

model_bool_get()

 

LED bool LED bool AM_FALSE

LED bool AM_TRUE LED zigbee bool

zigbee bool AM_FALSE zigbee 0 bool AM_TRUE

zigbee 1  

� LED  

LED led_id LED ID

LED  
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1    // LED  

2    typedef struct _view_led{ 

3        observer_t  isa; 

4        int   led_id; 

5    }view_led_t; 

led_id LED LED view_led_t

observer 9.22 LED

view_led p_view_led  

 view_led_t  view_led;  

view_led_t  *p_view_led = &view_led; 

p_view_led  

view_led led_id view_led_init()

LED view_led.h  

int view_led_init (view_led_t *p_view_led, int led_id);  

p_view_led LED led_id LED  

view_led_t view_led; 

view_led_init(&view_led, 0);  

led_id

mvc.h  

int view_init (observer_t *p_this, update_view_t pfn_update_view); 

view_led_init() 9.70  

9.70  LED  

1 static void __view_led_update (observer_t *p_view, model_t *p_model) 

2 { 

3     view_led_t *p_view_led = (view_led_t *)p_view; 

4  am_bool_t value; 

5      if (model_bool_get((model_bool_t *)p_model, &value) == 0) { 

6          if (value) { 

7              am_led_on(p_view_led -> led_id); 

8          } else { 

9              am_led_off(p_view_led -> led_id); 

10          } 

11      } 

12 } 

LED 9.71  

9.71  LED  

1    int view_led_init (view_led_t *p_view_led, int led_id) 

2    { 

 

9.22  LED  
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3     if (p_view_led == NULL) { 

4         return -1; 

5      } 

6      view_init(&(p_view_led -> isa), __view_led_update); 

7      p_view_led->led_id  = led_id;               // LED  

8  return 0; 

9    } 

model_t

pfn_update_view

model_bool_get()

pfn_update_view model_t  

LED LED

 

model_attach(&(model_bool.isa), &(view_led.isa)); 

9.72 view_led.h  

9.72  view_led.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "mvc.h" 

4 

5 // LED  

6 typedef struct _view_led{ 

7  observer_t isa; 

8  int        led_id; 

9 } view_led_t; 

10 

11 int view_led_init (view_led_t *p_view_led, int led_id); 

LED

9.73  

9.73  main.c  

1 #include "ametal.h" 

2 #include "am_led.h" 

3 #include "am_input.h" 

4 #include "model_bool.h" 

5 #include "view_led.h" 

6  

7 static model_bool_t __g_model_bool;         //  

8 static void __input_key_proc (void *p_arg, int key_code, int key_state) 
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9 { 

10     am_bool_t value; 

11  

12     if ((key_code == KEY_F1) && (key_state == AM_INPUT_KEY_STATE_PRESSED)) { 

13         if (model_bool_get(&__g_model_bool, &value) == 0) { 

14             model_bool_set(&__g_model_bool, !value); 

15         } 

16     } 

17 } 

18  

19 int am_main (void) 

20 { 

21     view_led_t              view_led0;       // LED  

22     am_input_key_handler_t   key_handler;     //  

23 

24     //  

25     am_input_key_handler_register(&key_handler, __input_key_proc, (void *)NULL); 

26     // value  AM_FALSE 

27     model_bool_init(&__g_model_bool, AM_FALSE); 

28     //  

29     view_led_init(&view_led0, 0); 

30     //  

31     model_attach(&(__g_model_bool.isa), &(view_led0.isa)); 

32     while (1) { 

33     } 

34     return 0; 

35 } 

� zigbee  

zigbee zm516x_handle zigbee

zigbee zigbee  

 // zigbee  

 typedef struct _view_zigbee{ 

  observer_t    isa; 

  am_zm516x_handle_t  zm516x_handle; 

 }view_zigbee_t; 
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zigbee view_zigbee_t observer_t 9.23

zigbee view_zigbee

p_view_zigbee  

 view_zigbee_t  view_zigbee;  

view_zigbee_t  *p_view_zigbee = &view_zigbee; 

p_view_zigbee  

zigbee  

int view_zigbee_init (view_zigbee_t *p_view_zigbee, am_zm516x_handle_t  zm516x_handle); 

p_view_zigbee zigbee zm516x_handle zigbee

ZM516X  

am_zm516x_handle_t  zm516x_handle = am_zm516x_inst_init(); 

view_zigbee_t    view_zigbee; 

view_zigbee_init(&view_zigbee, zm516x_handle);  

view_zigbee_init() 9.74  

9.74  zigbee  

1 static void __view_zigbee_update (observer_t *p_view, model_t *p_model) 

2 { 

3  view_zigbee_t  *p_view_zigbee = (view_zigbee_t *)p_view; 

4  am_bool_t    value; 

5  if (model_bool_get((model_bool_t *)p_model, &value) == 0) { 

6          if (value) { 

7             am_zm516x_send(p_view_zigbee->zm516x_handle, "1", strlen("1")); 

8          }else{ 

9              am_zm516x_send(p_view_zigbee->zm516x_handle, "0", strlen("0")); 

10   } 

11     } 

12 } 

am_zm516x_send() zigbee

am_zm516x.h  

ssize_t am_zm516x_send(am_zm516x_handle_t handle, const void *p_buf, size_t nbytes); 

zigbee 9.75

zigbee 0x2001 0x2002  

9.75  zigbee  

1     int view_zigbee_init (view_zigbee_t *p_view_zigbee, am_zm516x_handle_t  zm516x_handle) 

2     { 

3         am_zm516x_cfg_info_t   zm516x_cfg_info; 

4         if ((p_view_zigbee == NULL) || (zm516x_handle == NULL)) { 

5             return -1; 

 

9.23  zigbee  
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6         } 

7         p_view_zigbee->zm516x_handle = zm516x_handle; 

8        // ZM516X  

9        if (am_zm516x_cfg_info_get(zm516x_handle, &zm516x_cfg_info) != AM_OK) { 

10            return AM_ERROR; 

11        } 

12        // ZM516X  0x2001 0x2002 

13        zm516x_cfg_info.my_addr[0]   = 0x20; 

14        zm516x_cfg_info.my_addr[1]   = 0x01; 

15        zm516x_cfg_info.dst_addr[0]  = 0x20; 

16        zm516x_cfg_info.dst_addr[1]  = 0x02; 

17        if (am_zm516x_cfg_info_set(zm516x_handle, &zm516x_cfg_info) != AM_OK) { 

18            return AM_ERROR; 

19        } 

20        // ZM516X  

21        am_zm516x_reset(zm516x_handle); 

22        am_mdelay(10); 

23        view_init(&(p_view_zigbee->isa), __view_zigbee_update); 

24        return 0; 

25    } 

9.76 view_zigbee.h  

9.76  view_zigbee.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "mvc.h" 

4 #include "model_bool.h" 

5 #include "am_zm516x.h" 

6 

7 // zigbee  

8 typedef struct _view_zigbee{ 

9  observer_t    isa; 

10  am_zm516x_handle_t zm516x_handle; 

11 }view_zigbee_t; 

12 

13 // zigbee  

14 int view_zigbee_init (view_zigbee_t *p_view_zigbee, am_zm516x_handle_t zm516x_handle); 

zigbee LED
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LED

 

3. MVC  

MVC

9.77  

9.77  MVC main.c  

1 #include "ametal.h" 

2 #include "am_led.h" 

3 #include "am_input.h" 

4 #include "am_zm516x.h" 

5 #include "model_bool.h" 

6 #include "view_led.h" 

7 #include "view_zigbee.h" 

8 #include "am_hwconf_zm516x.h" 

9  

10 static model_bool_t __g_model_bool;      //  

11  

12 static void __input_key_proc (void *p_arg, int key_code, int key_state) 

13 { 

14     am_bool_t value; 

15  

16     if ((key_code == KEY_F1) && (key_state == AM_INPUT_KEY_STATE_PRESSED)) { 

17         if (model_bool_get(&__g_model_bool, &value) == 0) { 

18             model_bool_set(&__g_model_bool, !value); 

19         } 

20     } 

21 } 

22  

23 int am_main (void) 

24 { 

25     view_led_t              view_led0;      // LED  

26     view_zigbee_t           view_zigbee;    // zigbee  

27     am_input_key_handler_t   key_handler;    //  

28 am_zm516x_handle_t     zm516x_handle = am_zm516x_inst_init();   

29  

30     //  
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31     am_input_key_handler_register(&key_handler, __input_key_proc, (void *)NULL); 

32     // value  AM_FALSE 

33     model_bool_init(&__g_model_bool, AM_FALSE); 

34     //  

35     view_led_init(&view_led0, 0); 

36     view_zigbee_init(&view_zigbee, zm516x_handle); 

37     //  

38     model_attach(&(__g_model_bool.isa), &(view_led0.isa)); 

39     model_attach(&(__g_model_bool.isa), &(view_zigbee.isa)); 

40     while (1) { 

41     } 

42     return 0; 

43 } 

 LED zigbee MVC zigbee

zigbee MVC zigbee 0

1 AM824ZB 0

LED0 1 LED0 9.78  

9.78  AM84ZB zigbee  

1     #include "ametal.h" 

2     #include "am_led.h" 

3     #include "am_delay.h" 

4     #include "am_zm516x.h" 

5     #include "am_hwconf_zm516x.h" 

6      

7     int am_main (void) 

8     { 

9         uint8_t              buf[20]; 

10        am_zm516x_cfg_info_t zm516x_cfg_info; 

11        am_zm516x_handle_t  zm516x_handle = am_zm516x_inst_init(); 

12 

13        // ZM516X  

14        if (am_zm516x_cfg_info_get(zm516x_handle, &zm516x_cfg_info) != AM_OK) 

15            return AM_ERROR; 

16        // ZM516X  0x2002 0x2001 

17        zm516x_cfg_info.my_addr[0]  = 0x20; 

18        zm516x_cfg_info.my_addr[1]  = 0x02; 

19        zm516x_cfg_info.dst_addr[0] = 0x20; 

20        zm516x_cfg_info.dst_addr[1] = 0x01; 
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21        if (am_zm516x_cfg_info_set(zm516x_handle, &zm516x_cfg_info) != AM_OK) { 

22            return AM_ERROR; 

23        } 

24        // ZM516X  

25        am_zm516x_reset(zm516x_handle); 

26        am_mdelay(10); 

27        while (1) { 

28            char c; 

29            if (am_zm516x_receive(zm516x_handle, &c, 1) == 1) { 

30                if (c == '0') { 

31                    am_led_off(0); 

32                } 

33                if (c == '1') { 

34                    am_led_on(0); 

35                } 

36            } 

37        } 

38    } 

MVC zigbee zigbee 0x2001

0x2002, AM824ZB

0x2002 0x2001  

MVC GUI GUI

A

  

 

 

OCP

OCP  

9.3.6 MVC  

1 1 LED zigbee

9.77

am_zm516x_inst_init()
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LED zigbee KEY

LED LED

ID zigbee zigbee

9.79  

9.79  app_mvc_bool_main.c  

1 #include "ametal.h" 

2 #include "am_led.h" 

3 #include "am_input.h" 

4 #include "am_zm516x.h" 

5 #include "model_bool.h" 

6 #include "view_led.h" 

7 #include "view_zigbee.h" 

8 

9 static model_bool_t __g_model_bool;         //  

10 static void __input_key_proc (void *p_arg, int key_code, int key_state) 

11 { 

12     int        code = (int)p_arg; 

13     am_bool_t  value; 

14 

15     if ((key_code == code) && (key_state == AM_INPUT_KEY_STATE_PRESSED)) { 

16         if (model_bool_get(&__g_model_bool, &value) == 0) { 

17             model_bool_set(&__g_model_bool, !value); 

18         } 

19     } 

20 } 

21 

22 int app_mvc_bool_main (int led_id, int key_code, am_zm516x_handle_t zm516x_handle) 

23 { 

24     view_led_t              view_led0;      // LED  

25     view_zigbee_t           view_zigbee;    // zigbee  

26     am_input_key_handler_t   key_handler;    //  

27 

28     //  

29     am_input_key_handler_register(&key_handler, __input_key_proc, (void *)key_code); 

30     // value  AM_FALSE 

31     model_bool_init(&__g_model_bool, AM_FALSE); 
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32     //  

33     view_led_init(&view_led0, led_id); 

34     view_zigbee_init(&view_zigbee, zm516x_handle); 

35     //  

36     model_attach(&(__g_model_bool.isa), &(view_led0.isa)); 

37     model_attach(&(__g_model_bool.isa), &(view_zigbee.isa)); 

38     while (1) { 

39     } 

40     return 0; 

41 } 

1 LED 1 zigbee

app_mvc_bool_main() app_mvc_bool_main()

app_mvc_bool_main.h 9.80  

9.80  app_mvc_bool_main.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_led.h" 

4 #include "am_input.h" 

5 #include "am_zm516x.h" 

6 //  

7 int app_mvc_bool_main (int led_id, int key_code, am_zm516x_handle_t zm516x_handle); 

app_mvc_bool_main() 9.81  

9.81  main.c  

1 #include "app_mvc_bool_main.h" 

2 #include "am_hwconf_zm516x.h" 

3 

4 int am_main (void) 

5 { 

6     am_zm516x_handle_t zm516x_handle = am_zm516x_inst_init(); 

7     return app_mvc_bool_main(0, KEY_F1, zm516x_handle); 

8 } 

AM824ZB KEY1 LED

LED0 ID 0 KEY1 KEY_F1  

ID
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10  

 

 

I2C C

10.1  
 

 

10.1.1  

 

45℃ ±2℃ 2 /

LED /

zigbee /  

 

1 /  

� LED0  

� LED1  

�  

2  

� SET  

 

� / /  

 

� 1  

� 1  

3 /  

� SET LED0  

1 1

/  
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� SET  

LED1 1 1

/  

10.1.2  

 

/

 

/

RS485

/

10.1  

10.2  
10.2.1  

 

 

 

 

 

 

 

 

�  

 

10.1   
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�  

�  

�  

 

 

 

� digitron 2  

� buzzer  

� temp_max temp_min temp_cur  

� status  

� SET / 1 1  

� zigbee / zigbee  

� LED LED0 LED1  

 

LED  

 

zigbee

4 4  

10.2.2  

 

UML

 

 

temp_monitor

status temp_cur temp_max temp_mix

zigbee digitron buzzer

10.2  

 

float temp_cur;         //  

/  

float temp_max;            //  

float temp_min;            //  

 

10.2   
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/

LED

 

int  status;                //  

 

10.2.3  

 

temp_monitor

set get set get /

set get  

MVC

- - 10.3 UI temp_monitor

temp_stored RAM temp_stored

 

timer

time  

 

min_set() min_set()

model_temp_monitor_ timer

 
10.3   
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cur_set()  

10.4 model_temp view_zigbee

view_buzzer view_digitron_temp zigbee

 

/ 10.5

 

 

10.5   

1. I/O  

I/O 500ms

am_temp_read() cur_set()

am_temp_read()  

int am_temp_read (am_temp_handle_t handle, int32_t *p_temp); 

handle

LM75  

 

10.4  - -  
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am_temp_handle_t temp_handle = am_temp_lm75_inst_init(); 

p_temp 1000  

2.  

 

pfn_update_view()  

3.  

view_buzzer view_zigbee view_digitron  

� 

view_buzzer

status_get() am_buzzer_on()

am_buzzer_off()  

am_buzzer_on() am_buzzer_off() am_buzzer_on()

 

void am_buzzer_on(void);  

am_buzzer_off()  

void am_buzzer_off(void);  

� zigbee  

zigbee view_zigbee

cur_get() min_get() max_get() status_get()

am_zm516x_send() zigbee

am_zm516x_send() zigbee  

ssize_t am_zm516x_send(am_zm516x_handle_t handle, const void *p_buf, size_t nbytes) ; 

handle zigbee p_buf nbytes

 

� 

view_digitron

cur_get() am_digitron_disp_str()

am_digitron_disp_str()  

int am_digitron_disp_str (int id, int index, int len, const char *p_str); 

id index

len p_str  

10.2.4  

4 /  

� normal LED  

� SET adjust_min LED1  

� SET adjust_max LED0  

� SET LED ……  
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� / /  

/ 1/ 1  

4 4 4

4  

SET

INC

DEC 1 1 L/R

 

SET

INC DEC L/R  

SET

 

model_detach()

 

10.3  
10.3.1  

MVC

zigbee

 

10.6  

 

10.6   
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1. I/O  

I/O 500ms

am_temp_read() cur_set()

 

model_temp_monitor_ cur_set

model_temp_monitor_cur_set()  

2.  

 

pfn_update_view()  

3.  

view_buzzer view_zigbee view_digitron  

view_buzzer

status_get() am_buzzer_on()

am_buzzer_off()  

zigbee view_zigbee

cur_get() / am_zm516x_send()

zigbee  

view_digitron

cur_get() am_digitron_disp_str()

 

4.  

4

SET

key_process_set() SET  

/ /

min_get() max_get() /

min_set() max_set() /  

digitron_disp_num_set()

digitron_disp_blink_set()  

am_led_on()

am_led_off() LED  

5.  

model_detach()

pfn_update_view()

model_attach()
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10.3.2  

 

 

MVC model_t

10.7  

 

 

 

 

MVC

 

 

2.  

status

AMetal

 

1 #include "mvc.h" 

2 //  

3 #define MODEL_TEMP_MONITOR_STATUS_NORMAL 0   //  

4 #define MODEL_TEMP_MONITOR_STATUS_UPPER  1   //  

5 #define MODEL_TEMP_MONITOR_STATUS_LOWER 2   //  

6 //  

7 typedef struct _model_temp_monitor{ 

8  model_t  isa;         // model_t  

 

10.7   
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9  int  status;               //  

10  float  temp_cur;            //  

11  float      temp_max;            //  

12  float  temp_min;            //  

13 }model_temp_monitor_t; 

model_temp_monitor_t model_temp

p_model  

model_temp_monitor_t   model_temp;          //  

model_temp_monitor_t  *p_model = &model_temp;  

p_model  

10.3.3  

 

/

status 10.1  

10.1  

1 static void __update_status (model_temp_monitor_t *p_model) //  

2 { 

3  if (p_model->temp_cur > p_model->temp_max) { 

3   p_model->staus = MODEL_TEMP_MONITOR_STATUS_UPPER; 

4  } else if (p_model->temp_cur < p_model->temp_min) { 

5   p_model->staus = MODEL_TEMP_MONITOR_STATUS_LOWER; 

6  } else { 

7   p_model->staus = MODEL_TEMP_MONITOR_STATUS_NORMAL; 

8  } 

9 } 

p_model

status

model_temp_monitor.h  

int model_temp_monitor_init (model_temp_monitor_t *p_model, float max, float min, float cur); 

p_model max min cur /

 

float  cur = lm75_read() / 256.0f;       //  

model_temp_monitor_init(&model_temp, 43, 47, cur); // 43 47 

model_temp_monitor_init () 10.2  

10.2  model_temp_monitor_init()  

1 int model_temp_monitor_init (model_temp_monitor_t *p_model, float min, float max, float cur) 

2 { 
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3  if (p_model == NULL) { 

4   return -1; 

5  } 

6  if (min > max) { 

7   return -1; 

8  } 

9  model_init(&(p_model->isa)); 

10  p_model->temp_max = max; 

11  p_model->temp_min = min; 

12  p_model->temp_cur = cur; 

13  __update_status(p_model);       //  

14  return 0; 

15 } 

 

10.3.4  

 

float_cur

 

status

model_notify()  

intmodel_temp_monitor_cur_set(model_temp_monitor_t *p_model, float value); 

p_model value  

model_temp_monitor_cur_set(&model_temp, lm75_read() / 256.0f); 

model_temp_monitor_cur_set() 10.3  

10.3model_temp_monitor_cur_set()  

1 int model_temp_monitor_cur_set(model_temp_monitor_t *p_model, float value) 

2 { 

3  if (p_model == NULL) { 

4   return -1; 

5  } 

6  if (p_model->temp_cur != value){ 

7   p_model->temp_cur = value; 

8              __update_status(p_model);            //  

9            model_notify((model_t *)p_model);    //  

10  } 

11  return 0; 



ARM AMetal  

490 

12 } 

__update_status() status model_notify()

 

int model_temp_monitor_cur_get (model_temp_monitor_t *p_model, float *p_value); 

p_model p_value

 

float  cur; 

model_temp_monitor_cur_get(&model_temp ,&cur); 

model_temp_monitor_cur_get() 10.4  

10.4  model_temp_monitor_cur_get()  

1 int model_temp_monitor_cur_get (model_temp_monitor_t *p_model, float *p_value) 

2 { 

3  if ((p_model == NULL) || (p_value == NULL)) { 

4   return -1; 

5  } 

6  *p_value = p_model->temp_cur; 

7  return 0; 

8 } 

 

temp_max temp_min

/ status

model_notify() /  

int model_temp_monitor_max_set (model_temp_monitor_t *p_model, float value); 

int model_temp_monitor_min_set (model_temp_monitor_t *p_model, float value); 

p_model value /  

model_temp_monitor_max_set(&model_temp, 47);  // 47 

model_temp_monitor_min_set(&model_temp, 43);  //  43 

model_temp_monitor_max_set() 10.5  

10.5  model_temp_monitor_max_set()  

1 int model_temp_monitor_max_set (model_temp_monitor_t *p_model, float value) 

2 { 

3  if ((p_model == NULL) || (value < p_model->temp_min)) { 

4   return -1; 

5  } 

6  if (p_model->temp_max != value) { 

7   p_model->temp_max = value; 

8          __update_status(p_model);             //  
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9          model_notify((model_t *)p_model);     //  

10  } 

11  return 0; 

12 } 

model_temp_monitor_min_set()

10.6  model_temp_monitor_min_set()  

1 int model_temp_monitor_min_set (model_temp_monitor_t *p_model, float value) 

2 { 

3  if ((p_model == NULL) || (value > p_model->temp_max)) { 

4   return -1; 

5  } 

6  if (p_model->temp_min != value) { 

7   p_model->temp_min = value; 

8          __update_status(p_model);             //  

9          model_notify((model_t *)p_model);     //  

10  } 

11  return 0; 

12 } 

/

/ model_temp_monitor.h  

int model_temp_monitor_max_get (model_temp_monitor_t *p_model, float *p_value); 

int model_temp_monitor_min_get (model_temp_monitor_t *p_model, float *p_value); 

p_model p_value /

 

float  min, max; 

model_temp_monitor_max_get(&model_temp, &max);  //  

model_temp_monitor_min_get(&model_temp, &min);  //  

model_temp_monitor_max_get() 10.7  

10.7  model_temp_monitor_max_get()  

1 int model_temp_monitor_max_get (model_temp_monitor_t *p_model, float *p_value) 

2 { 

3  if ((p_model == NULL) || (p_value == NULL)) { 

4   return -1; 

5  } 

6  *p_value = p_model->temp_max; 

7  return 0; 

8 } 
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model_temp_monitor_min_get() 10.8  

10.8  model_temp_monitor_min_get()  

1 int model_temp_monitor_min_get (model_temp_monitor_t *p_model, float *p_value) 

2 { 

3  if ((p_model == NULL) || (p_value == NULL)) { 

4   return -1; 

5  } 

6  *p_value = p_model->temp_min; 

7  return 0; 

8 } 

10.3.5  

LED

status /

status status

status  

int model_temp_monitor_status_get(model_temp_monitor_t *p_model); 

p_model  

1 int  status = model_temp_monitor_status_get(&model_temp); 

2 if (status == MODEL_TEMP_MONITOR_STATUS_NORMAL){  //  

3  printf("The temp is normal! \r\n\r\n", status); 

4 }else if (status == MODEL_TEMP_MONITOR_STATUS_UPPER) { //  

5  printf("WARNING : The temp is upper than max!!! \r\n\r\n", status); 

6 }else{            //  

7  printf("WARNING : The temp is lower than min!!! \r\n\r\n", status); 

8 } 

model_temp_monitor_status_get() 10.9  

10.9  model_temp_monitor_status_get()  

1 int model_temp_monitor_status_get (model_temp_monitor_t *p_model) 

2 { 

3  if (p_model == NULL){ 

4   return -1; 

5  } 

6  return p_model->status; 

7 } 

10.10 model_temp_monitor.h  

10.10  model_temp_monitor.h  
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1 #pragma once 

2 #include "ametal.h" 

3 #include "mvc.h" 

4 

5 //  

6 #define MODEL_TEMP_MONITOR_STATUS_NORMAL 0   //  

7 #define MODEL_TEMP_MONITOR_STATUS_UPPER  1   //  

8 #define MODEL_TEMP_MONITOR_STATUS_LOWER 2   //  

9 

10 //  

11 typedef struct _model_temp_monitor { 

12  model_t   isa;               // model  

13  int        status;             //  

14  float  temp_cur;          //  

15  float      temp_max;          //  

16  float  temp_min;          //  

17 } model_temp_monitor_t; 

18 

19 int model_temp_monitor_init (model_temp_monitor_t *p_model, float max, float min, float cur); 

20 

21 int model_temp_monitor_cur_set (model_temp_monitor_t *p_model, float value); 

22 int model_temp_monitor_max_set (model_temp_monitor_t *p_model, float value); 

23 int model_temp_monitor_min_set (model_temp_monitor_t *p_model, float value); 

24 int model_temp_monitor_cur_get (model_temp_monitor_t *p_model, float *p_value); 

25 int model_temp_monitor_max_get (model_temp_monitor_t *p_model, float *p_value); 

26 int model_temp_monitor_min_get (model_temp_monitor_t *p_model, float *p_value); 

27 int model_temp_monitor_status_get(model_temp_monitor_t *p_model); 

10.4  
zigbee

observer_t

pfn_update_view()

10.8  

10.4.1  

MVC

observer_t

digitron_id  

typedef struct _view_digitron { 

 

10.8   
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  observer_t    isa; 

          int           digitron_id;   // ID  

} view_digitron_t; 

view_digitron

p_view  

view_digitron_t  view_digitron;  

view_digitron_t  *p_view_digitron = &view_digitron; 

p_view  

view_digitron

0 view_digitron_init()

view_digitron.h  

int view_digitron_init (view_digitron_t *p_view_digitron, int digitron_id); 

p_view_digitron  

view_digitron_t view_digitron; 

view_digitron_init(&view_digitron, 0);  

10.11  

10.11   

1 static void __view_update (observer_t *p_view, model_t *p_model) 

2 { 

3     view_digitron_t *p_this = (view_digitron_t *)p_view; 

4     float   cur; 

5     char   buf[3]; 

6 

7     //  

8  model_temp_monitor_cur_get((model_temp_monitor_t *)p_model, &cur); 

9     //  

10     am_snprintf(buf, 3, "%2d" , (int)cur); 

11     am_digitron_disp_str(p_this -> digitron_id, 0, strlen(buf), buf); 

12 } 

10.12  

10.12   

1 int view_digitron_init (view_digitron_t *p_view_digitron, int digitron_id) 

2 { 

3     if (p_view_digitron == NULL) { 

4         return -1; 

5      } 

6      view_init(&(p_view_digitron->isa), __view_update); 

7  p_view_digitron->digitron_id = digitron_id; 
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8  return 0; 

9 } 

 

model_attach(&(model_temp.isa), &(view_digitron.isa)); 

10.13 view_digitron.h  

10.13  view_digitron.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "mvc.h" 

4  

5 typedef struct _view_digitron {  

6     observer_t   isa;            //  

7     int        digitron_id;      // ID  

8 } view_digitron_temp_t; 

9 

10 //   

11 int view_digitron_init (view_digitron_t *p_view_digitron, int digitron_id); 

10.4.2  

observer_t  

typedef struct _view_buzzer { 

  observer_t isa; 

} view_buzzer_t; 

view_buzzer

p_view_buzzer  

view_buzzer_t  view_buzzer;  

view_buzzer_t  *p_view_buzzer = &view_buzzer; 

p_view  

view_buzzer view_buzzer_init()

 

int view_buzzer_init (view_buzzer_t *p_view_buzzer); 

p_view_buzzer  

view_led_t view_buzzer; 

view_led_init(&view_buzzer);  

10.14  

10.14   
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1 static void __view_buzzer_update (observer_t *p_view, model_t *p_model) 

2 { 

3     int status = model_temp_monitor_status_get((model_temp_monitor_t *)p_model); 

4     if (status == MODEL_TEMP_MONITOR_STATUS_NORMAL) { 

5   am_buzzer_off(); 

6     } else { 

7          am_buzzer_on();                              //  

8     } 

9 } 

10.15  

10.15   

1 int view_buzzer_init (view_buzzer_t *p_view_buzzer) 

2 { 

3     if (p_view == NULL) { 

4         return -1; 

5     } 

6     view_init(&(p_view_buzzer->isa), __view_buzzer_update); 

7     return 0; 

8 } 

 

model_attach(&(model_temp.isa), &(view_buzzer.isa)); 

10.16 view_buzzer.h  

10.16  view_buzzer.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "mvc.h" 

4 

5 typedef struct _view_buzzer {  

6     observer_t  isa;               //  

7 } view_buzzer_t; 

8 

9 int view_buzzer_init (view_buzzer_t *p_view_buzzer);  //  

10.4.3 zigbee  

RS485

CAN-bus
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MVC

zigbee zigbee

 

observer_t zigbee

zm516x_handle zigbee zigbee

zigbee  

 // zigbee  

 typedef struct _view_zigbee{ 

  observer_t   isa; 

 am_zm516x_handle_t zm516x_handle; 

 }view_zigbee_t; 

zigbee view_zigbee

p_view_zigbee  

view_zigbee_t  view_zigbee;  

view_zigbee_t  *p_view_zigbee = &view_zigbee; 

p_view_zigbee  

view_zigbee zigbee zm516x_handle

view_zigbee_init() zigbee  

int view_zigbee_init (view_zigbee_t *p_view_zigbee, am_zm516x_handle_t zm516x_handle); 

p_view_zigbee zigbee zm516x_handle zigbee

ZM516X  

am_zm516x_handle_t  zm516x_handle = am_zm516x_inst_init(); 

view_zigbee_t    view_zigbee; 

view_zigbee_init(&view_zigbee, zm516x_handle);  

zigbee 10.17  

10.17  zigbee  

1 static void __view_zigbee_update (observer_t *p_view, model_t *p_model) 

2 { 

3     model_temp_monitor_t *p_model_temp = (model_temp_monitor_t *)p_model; 

4     view_zigbee_t        *p_view_zigbee = (view_zigbee_t *)p_view; 

5     char  buf[100]; 

6     int status; 

7     float cur, min, max; 

8 

9     model_temp_monitor_cur_get (p_model_temp, &cur); 

10     model_temp_monitor_max_get (p_model_temp, &max); 

11     model_temp_monitor_min_get (p_model_temp, &min); 
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12     status = model_temp_monitor_status_get(p_model_temp); 

13     am_snprintf( 

14   buf, 

15   100, 

16   "cur = %d.%02d, max = %d.%02d, min = %d.%02d, status = %d\r\n", 

17   (int)cur, abs(((int)((cur) * 100))) % 100, 

18   (int)max, abs(((int)((max) * 100))) % 100, 

19   (int)min, abs(((int)((min) * 100))) % 100, 

20   status); 

21  am_zm516x_send(p_view_zigbee->zm516x_handle, buf, strlen(buf)); 

22 } 

am_snprintf()

buf am_zm516x_send zigbee

am_snprintf() C snprintf()

am_vdebug.h  

int am_snprintf (char *buf, size_t sz, const char *fmt, ...); 

am_kprintf() am_kprintf() am_snprintf()

sz buf  

zigbee 10.18

zigbee 0x2001 0x2002  

10.18  zigbee  

1     int view_zigbee_init (view_zigbee_t *p_view_zigbee, am_zm516x_handle_t  zm516x_handle) 

2     { 

3         am_zm516x_cfg_info_t   zm516x_cfg_info; 

4         if ((p_view_zigbee == NULL) || (zm516x_handle == NULL)) { 

5             return -1; 

6         } 

7         view_init(&(p_view_zigbee->isa), __view_zigbee_update); 

8         p_view_zigbee->zm516x_handle = zm516x_handle; 

9         // ZM516X  

10  if (am_zm516x_cfg_info_get(zm516x_handle, &zm516x_cfg_info) != AM_OK) { 

11            return AM_ERROR; 

12        } 

13        // ZM516X  0x2001 0x2002 

14        zm516x_cfg_info.my_addr[0]  = 0x20; 

15        zm516x_cfg_info.my_addr[1]  = 0x01; 

16        zm516x_cfg_info.dst_addr[0] = 0x20; 

17        zm516x_cfg_info.dst_addr[1] = 0x02; 
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18        if (am_zm516x_cfg_info_set(zm516x_handle, &zm516x_cfg_info) != AM_OK) { 

19            return AM_ERROR; 

20        } 

21        // ZM516X  

22        am_zm516x_reset(zm516x_handle); 

23        am_mdelay(10); 

24        return 0; 

25    } 

10.19 view_zigbee.h  

10.19  view_zigbee.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "mvc.h" 

4 #include "am_zm516x.h" 

5 

6 // zigbee  

7 typedef struct _view_zigbee{ 

8  observer_t    isa; 

9  am_zm516x_handle_t zm516x_handle; 

10 }view_zigbee_t; 

11 // zigbee  

12 int view_zigbee_init (view_zigbee_t *p_view_zigbee, am_zm516x_handle_t zm516x_handle); 

3

10.20  

10.20   

1     #include "ametal.h" 

2     #include "am_delay.h" 

3     #include "am_vdebug.h" 

4     #include "am_digitron_disp.h" 

5     #include "am_temp.h" 

6     #include "am_zm516x.h" 

7     #include "model_temp_monitor.h" 

8     #include "view_zigbee.h" 

9     #include "view_digitron.h" 

10    #include "view_buzzer.h" 

11    #include "am_hwconf_zm516x.h" 

12    #include "am_hwconf_lm75.h" 
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13    #include "am_hwconf_miniport_view_key.h" 

14 

15    int am_main (void) 

16    { 

17        model_temp_monitor_t model_temp; 

18        view_zigbee_t          view_zigbee; 

19        view_buzzer_t           view_buzzer; 

20        view_digitron_t          view_digitron; 

21        int32_t                 temp_cur; 

22 

23        am_zm516x_handle_t    zm516x_handle = am_zm516x_inst_init(); 

24        am_temp_handle_t      temp_handle   = am_temp_lm75_inst_init(); 

25        // 8 ASCII  

26        am_miniport_view_key_inst_init(); 

27        am_digitron_disp_decode_set(0, am_digitron_seg8_ascii_decode); 

28        am_temp_read(temp_handle, &temp_cur); 

29        //  10 40 

30        model_temp_monitor_init(&model_temp, 10, 40, temp_cur / 1000.0f); 

31        //  

32        view_digitron_init(&view_digitron, 0); 

33        view_zigbee_init(&view_zigbee, zm516x_handle); 

34        view_buzzer_init(&view_buzzer); 

35        model_attach(&(model_temp.isa), &(view_zigbee.isa)); 

36        model_attach(&(model_temp.isa), &(view_buzzer.isa)); 

37        model_attach(&(model_temp.isa), &(view_digitron.isa)); 

38        while (1) { 

39            // 500ms  

40            am_temp_read(temp_handle, &temp_cur); 

41            model_temp_monitor_cur_set(&model_temp, temp_cur / 1000.0f); 

42            am_mdelay(500); 

43        } 

44        return 0; 

45    } 

zigbee

/

zigbee zigbee

zigbee AM824ZB

PC
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10.21  

10.21  AM84ZB zigbee  

1     #include "ametal.h" 

2     #include "am_led.h" 

3     #include "am_delay.h" 

4     #include "am_zm516x.h" 

5     #include "am_hwconf_zm516x.h" 

6     #include "am_vdebug.h" 

7 

8 int am_main (void) 

9 { 

10  uint8_t                buf[20]; 

11       am_zm516x_cfg_info_t    zm516x_cfg_info; 

12       am_zm516x_handle_t      zm516x_handle = am_zm516x_inst_init(); 

13 

14       // ZM516X  

15       if (am_zm516x_cfg_info_get(zm516x_handle, &zm516x_cfg_info) != AM_OK) { 

16           return AM_ERROR; 

17       } 

18       // ZM516X  0x2002 0x2001 

19       zm516x_cfg_info.my_addr[0]  = 0x20; 

20       zm516x_cfg_info.my_addr[1]  = 0x02; 

21       zm516x_cfg_info.dst_addr[0] = 0x20; 

22       zm516x_cfg_info.dst_addr[1] = 0x01; 

23       if (am_zm516x_cfg_info_set(zm516x_handle, &zm516x_cfg_info) != AM_OK) { 

24           return AM_ERROR; 

25       } 

26       // ZM516X  

27       am_zm516x_reset(zm516x_handle); 

28       am_mdelay(10); 

29  while (1) { 

30   int ret = am_zm516x_receive(zm516x_handle, buf, 100); 

31          if (ret > 0) { 

32              buf[ret] = '\0';       //  

33              am_kprintf("%s", buf); 

34   } 

35  } 
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36    } 

zigbee zigbee 0x2001

0x2002, AM824ZB

0x2002 0x2001  

10.5  
key_process.h  

 typedef struct _key_process { 

     //  

 } key_process_t; 

 

 int  key_process_set (key_process_t *p_this);    // SET  

 int  key_process_lr (key_process_t *p_this);     // L/R  

 int  key_process_inc (key_process_t *p_this);    //  

 int  key_process_dec (key_process_t *p_this);    //  

4  

10.5.1 SET  

SET SET

SET

SET

adj_state

0 1 2

3  

#define __ADJ_STATE_NORMAL     0 

#define __ADJ_STATE_MIN        1 

#define __ADJ_STATE_MAX        2 

SET

.c  

adj_state  

typedef struct _key_process { 

    uint8_t  adj_state; 

} key_process_t; 

adj_state 0 1 2 8 SET

10.22  

10.22  SET  

1 int key_process_set (key_process_t *p_this) 

2 { 

3     if (p_this -> adj_state == __ADJ_STATE_NORMAL) { 

4         // SET  

5     } else if (p_this -> adj_state == __ADJ_STATE_MIN) { 

6         // SET  
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7     } else if (p_this -> adj_state == __ADJ_STATE_MAX) { 

8         // SET  

9     } 

10     return AM_OK; 

11 } 

SET  

15 48 8

16 17 18 4 28 38

48

adj_val

adj_pos  

typedef struct _key_process { 

 uint8_t       adj_state; 

 uint32_t      adj_val;  

 uint8_t       adj_pos;  

} key_process_t; 

LED LED1

LED0 LED

LED LED ID digitron_id

ID led0_id led1_id LED ID  

typedef struct _key_process { 

    uint8_t  adj_state; 

    uint32_t  adj_val; 

    uint8_t  adj_pos; 

    int   led0_id; 

    int   led1_id; 

    int   digitron_id; 

} key_process_t; 

MVC

model_detach()

p_model p_view

 

typedef struct _key_process { 

uint8_t          adj_state; 

uint32_t         adj_val; 

uint8_t          adj_pos; 

int              led0_id; 

int              led1_id; 

int              digitron_id; 
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model_temp_monitor_t   *p_model; 

view_digitron_t        *p_view; 

} key_process_t; 

SET

adj_val LED1

LED0

INC DEC L/R adj_state __ADJ_STATE_MIN SET

10.23  

10.23  SET  

1 //  

2 float min; 

3 model_temp_monitor_min_get(p_this -> p_model, &min); 

4 p_this -> adj_val = (int)min; 

5 model_detach(&(p_this -> p_model -> isa), &(p_this -> p_view -> isa)); //  

6 //  

7 char buf[3]; 

8 am_snprintf(buf, 3, "%2d", num); 

9 am_digitron_disp_str(p_this -> digitron_id, 0, strlen(buf), buf); 

10 //  

11 p_this -> adj_pos = 1; 

12 am_digitron_disp_blink_set(p_this -> digitron_id, p_this -> adj_pos, AM_TRUE);  

13 // LED  

14 am_led_on(1); 

15 am_led_off(0); 

16 //  

17 p_this -> adj_state = __ADJ_STATE_MIN; 

am_snprintf()

10.24  

10.24   

1 static void __digitron_disp_num (key_process_t *p_this, int num) 

2 { 

3     char buf[3]; 

4     am_snprintf(buf, 3, "%2d", num); 

5     am_digitron_disp_str(p_this -> digitron_id, 0, strlen(buf), buf); 

6 } 

1

1 adj_pos

0 1

 

1
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100 1 1 10

101 10 10

0 1 10

0 1 10  

 

#define __ADJ_POS_NUM  2 

0 1 adj_pos 0

1 adj_pos 10.1  

10.1  adj_pos  

adj_pos   

0 1 __ADJ_POS_NUM – 1   

1 __ADJ_POS_NUM – 1  0  

adj_pos  

adj_pos  

am_digitron_disp_blink_set( 

p_this->digitron_id, __ADJ_POS_NUM-1-p_this->adj_pos, AM_TRUE); //  

10.25  

10.25   

1 static void __digitron_blink_set (key_process_t *p_this, am_bool_t is_blink) 

2 { 

3     am_digitron_disp_blink_set( 

4   p_this->digitron_id, PARAM_ADJUST_NUM-1-p_this->adj_pos, is_blink);  

5 } 

SET 10.26  

10.26  SET  

1 //  

2 float min; 

3 model_temp_monitor_min_get(p_this->p_model, &min); 

4 p_this->adj_val = (int)min; 

5 model_detach(&(p_this->p_model->isa), &(p_this->p_view->isa));  //  

6 //  

7 __digitron_disp_num(p_this, p_this->adj_val); 
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8 //  

9 p_this->adj_pos = 0; 

10 __digitron_blink_set(p_this, AM_TRUE); 

11 // LED  

12 am_led_on(1); 

13 am_led_off(0); 

14 //  

15 p_this->adj_state = __ADJ_STATE_MIN; 

SET

SET

SET

LED LED LED am_led_on()

LED am_led_off() LED am_led_toggle())

LED

LED LED 10.27  

10.27  LED  

1 static void __timer_callback (void *p_arg) 

2 { 

3     key_process_t *p_this = (key_process_t *)p_arg; 

4     am_led_toggle(p_this-> led0_id); 

5     am_led_toggle(p_this-> led1_id); 

6 } 

p_arg

LED LED  

 

typedef struct _key_process { 

    uint8_t          adj_state; 

    uint32_t         adj_val; 

    uint8_t          adj_pos; 

    int              led0_id; 

    int              led1_id; 

    int              digitron_id; 

    model_temp_monitor_t   *p_model; 

view_digitron_t        *p_view; 

am_softimer_t            timer;              // LED  

} key_process_t; 

__timer_callback
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am_softimer_init(&p_this->timer, __timer_callback, p_this); 

timer

 

 

am_softimer_start(&p_this -> timer, 500);      // 500ms  

 

am_softimer_stop(&p_this -> timer); 

SET 10.28  

10.28  SET  

1 int  key_process_set (key_process_t *p_this) 

2 { 

3     if (p_this->adj_state == __ADJ_STATE_NORMAL) { 

4   float min; 

5          model_temp_monitor_min_get(p_this->p_model, &min); 

6          model_detach(&(p_this->p_model->isa), &(p_this->p_view->isa)); 

7          p_this->adj_val = (int)min; 

8          __digitron_disp_num(p_this, p_this->adj_val);  //  

9          p_this->adj_pos = 0; 

10          __digitron_blink_set(p_this, AM_TRUE);    //  

11          am_led_on(1); 

12          am_led_off(0); 

13          p_this->adj_state = __ADJ_STATE_MIN; 

14 

15     } else if (p_this->adj_state == __ADJ_STATE_MIN) { 

16          //  

17          float max; 

18          model_temp_monitor_min_set(p_this->p_model, (float)p_this->adj_val); 

19          model_temp_monitor_max_get(p_this->p_model, &max); 

20          p_this->adj_val = (int)max; 

21          __digitron_disp_num(p_this, p_this->adj_val); //  

22          __digitron_blink_set(p_this, AM_FALSE);   //  

23          p_this->adj_pos = 0; 

24          __digitron_blink_set(p_this, AM_TRUE);   //  

25          am_led_on(0); 

26          am_led_off(1); 

27          p_this->adj_state = __ADJ_STATE_MAX; 
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28     } else if (p_this->adj_state == __ADJ_STATE_MAX) { 

29         //  

30          model_temp_monitor_max_set(p_this->p_model, (float)p_this->adj_val); 

31          //  

32          __digitron_blink_set(p_this, AM_FALSE); 

33          //  

34          am_softimer_start(&p_this->timer, 500);   //  

35          model_attach(&(p_this->p_model->isa), &(p_this->p_view->isa)); 

36          p_this->adj_state = __ADJ_STATE_NORMAL; 

37     } 

38     return AM_OK; 

39 } 

10.5.2 INC  

10 10.29  

10.29  INC  

1 static uint32_t __pow (uint32_t x, uint32_t y) 

2 { 

3     uint32_t i = 1; 

4     while (y--) 

5         i *= x; 

6     return i; 

7 } 

8 

9 int key_process_inc (key_process_t *p_this) 

10 { 

11     if (p_this->adj_state != __ADJ_STATE_NORMAL) { 

12      p_this -> adj_val = (p_this -> adj_val +  

13           __pow(10, p_this -> adj_pos))%__pow(10, PARAM_ADJUST_NUM); 

14          __digitron_disp_num(p_this, p_this->adj_val); 

15     } 

16     return AM_OK; 

17 } 

10 __pow

x y

2 102-1=99 +1
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C pow math.h C pow

0.3 0.4

pow()

pow 12KB Flash  

10.5.3 DEC  

10 10.30  

10.30  DEC  

1 int key_process_dec (key_process_t *p_this) 

2 { 

3     if (p_this->adj_state != __ADJ_STATE_NORMAL) { 

4      p_this->adj_val = (p_this->adj_val + __pow(10, __ADJ_POS_NUM) - 

5                         __pow(10, p_this->adj_pos)) % __pow(10, __ADJ_POS_NUM); 

6          __digitron_disp_num(p_this, p_this->adj_val); 

7     } 

8     return AM_OK; 

9 } 

 

+1

 

10.5.4 L/R  

L/R

L/R 10.31  

10.31  L/R  

1 void key_process_lr (key_process_t *p_this) 

2 { 

3  if (p_this -> adj_state != __ADJ_STATE_NORMAL) { 

4         __digitron_blink_set(p_this, AM_FALSE);     //  

5    p_this -> adj_pos = (p_this -> adj_pos + 1) % __ADJ_POS_NUM; 

6          __digitron_blink_set(p_this, AM_TRUE);      //  

7  } 

8      return AM_OK; 

9 } 

10.5.5  

LED ID
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LED0 ID LED1 ID ID

key_process.h  

int key_process_init ( 

key_process_t       *p_this, 

 model_temp_monitor_t  *p_model, 

view_digitron_t       *p_view, 

int                   led0_id, 

int                   led1_id, 

int                   digitron_id); 

p_this p_model p_view

led0_id led1_id LED digitron_id

 

1 static key_process_t      key_process;   //  

2  static model_temp_monitor_t  model_temp;   //  

3  static view_digitron _t      view_digitron;   //  

4 model_temp_monitor_init(&model_temp, 10, 40, 25);  //  

5 view_digitron _init(&view_digitron, 0);     //  

6 key_process_init(&key_process, &model_temp, &view_digitron, 0, 1, 0); //  

key_process_init() 10.32 p_model p_view led0_id

led1_id digitron_id LED

__timer_callback LED LED

adj_state __ADJ_STATE_NORMAL

LED

 

10.32   

1 int key_process_init ( 

2  key_process_t          *p_this, 

3  model_temp_monitor_t   *p_model, 

4  view_digitron_t        *p_view, 

5  int                    led0_id, 

6  int                    led1_id, 

7  int                    digitron_id) 

8 { 

9     p_this -> p_model     = p_model; 

10     p_this -> p_view      = p_view; 

11     p_this -> led0_id      = led0_id; 

12     p_this -> led1_id      = led1_id; 

13     p_this -> digitron_id   = digitron_id; 

14 

15     p_this -> adj_state     = __ADJ_STATE_NORMAL; 

16     am_softimer_init(&p_this -> timer, __timer_callback, p_this); 
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17     am_softimer_start(&p_this -> timer, 500); 

18     model_attach(&(p_this -> p_model -> isa), &(p_this -> p_view -> isa)); 

19     return AM_OK; 

20 } 

10.33  

10.33   

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "am_vdebug.h" 

4 #include "am_input.h" 

5 #include "am_digitron_disp.h" 

6 #include "am_temp.h" 

7 #include "am_zm516x.h" 

8 #include "model_temp_monitor.h" 

9 #include "view_zigbee.h" 

10 #include "view_digitron.h" 

11 #include "view_buzzer.h" 

12 #include "key_process.h" 

13 #include "am_hwconf_zm516x.h" 

14 #include "am_hwconf_lm75.h" 

15 #include "am_hwconf_miniport_view_key.h" 

16 

17 static void key_callback (void *p_arg,int key_code, int key_state) 

18 { 

19     if (key_state == AM_INPUT_KEY_STATE_PRESSED) { 

20       switch (key_code) { 

21          case KEY_0:                            // SET  

22              key_process_set(p_arg); 

23              break; 

24          case KEY_1:                             // 1  

25              key_process_inc(p_arg); 

26              break; 

27         case KEY_2:                         // L/R  

28     key_process_lr(p_arg); 

29              break; 

30          case KEY_3:                           // 1  

31              key_process_dec(p_arg); 

32              break; 

33          default: 

34              break; 

35          } 

36      } 

37 } 
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38  

39 int am_main (void) 

40 { 

41     model_temp_monitor_t         model_temp; 

42     view_zigbee_t                view_zigbee; 

43     view_buzzer_t                view_buzzer; 

44     view_digitron_t              view_digitron; 

45     int32_t                      temp_cur; 

46     am_input_key_handler_t       key_handler; 

47     key_process_t                key_process; 

48     am_zm516x_handle_t           zm516x_handle = am_zm516x_inst_init(); 

49     am_temp_handle_t             temp_handle   = am_temp_lm75_inst_init(); 

50 

51     // 8 ASCII  

52     am_miniport_view_key_inst_init(); 

53     am_digitron_disp_decode_set(0, am_digitron_seg8_ascii_decode); 

54     am_temp_read(temp_handle, &temp_cur); 

55     //  10 40  

56     model_temp_monitor_init(&model_temp, 10, 40, temp_cur / 1000.0f); 

57     //  

58     view_digitron_init(&view_digitron, 0); 

59     view_zigbee_init(&view_zigbee, zm516x_handle); 

60     view_buzzer_init(&view_buzzer); 

61     //  

62     key_process_init(&key_process, &model_temp, &view_digitron, 0, 1, 0); 

63     model_attach(&(model_temp.isa), &(view_zigbee.isa)); 

64     model_attach(&(model_temp.isa), &(view_buzzer.isa)); 

65     am_input_key_handler_register(&key_handler, key_callback, &key_process); 

66     while (1) { 

67         // 500ms  

68         am_temp_read(temp_handle, &temp_cur); 

69         model_temp_monitor_cur_set(&model_temp, temp_cur / 1000.0f); 

70         am_mdelay(500); 

71     } 

72 return 0; 

73 } 

10.34 key_process.h  

10.34  key_process.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "model_temp_monitor.h" 

4 #include "view_digitron.h" 

5 #include "am_softimer.h" 
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6 

7 typedef struct _key_process { 

8     uint8_t          adj_state; 

9     uint32_t         adj_val; 

10     uint8_t          adj_pos; 

11     int              led0_id; 

12     int              led1_id; 

13     int              digitron_id; 

14     model_temp_monitor_t   *p_model; 

15     view_digitron_t        *p_view; 

16     am_softimer_t           timer; 

17 } key_process_t; 

18 

19 int key_process_init ( 

20  key_process_t         *p_this, 

21  model_temp_monitor_t  *p_model, 

22  view_digitron_t       *p_view, 

23  int                   led0_id, 

24  int                   led1_id, 

25  int                   digitron_id); 

26 

27 int  key_process_set (key_process_t *p_this);    // SET  

28 int  key_process_lr (key_process_t *p_this);     // L/R  

29 int  key_process_inc (key_process_t *p_this);    //  

30 int  key_process_dec (key_process_t *p_this);    //  

4

SET

SET SET

SET  

State  

10.6  
10.6.1  

SET

10.9  

SET

 

� 

4 4 SET 3

 

10.9   
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key_lr key_inc key_dec  

key_lr key_inc key_dec adjust_min

adjust_max 3

 

� 

10.2  

FSM normal

key_lr

key_inc key_dec

 

normal

key_set FSM normal adjust_min adjust_min

key_lr key_lr

 

key_inc key_dec +1 -1 +1 -1

1 10 adjust_min

key_set FSM

adjust_min adjust_max  

adjust_max

FSM key_lr key_inc key_dec adjust_min

adjust_max key_set

FSM adjust_max

normal  

adjust_max

adjust_min

/

/

entry exit

10.10  

10.6.2  

6 key_set key_inc key_dec

10.2   

 
 

key_set key_lr key_inc key_dec 

normal adjust_min    

adjust_min adjust_max    

adjust_max normal    

 

10.10  /  
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key_add 4  

State

10.11 param_adjust_sm_t

p_state 4

adjust_state_t

p_state

entry exit

 

� 

p_state FSM  

typedef struct _param_adjust_sm { 

 const  adjust_state_t   *p_state;         //  

} param_adjust_sm_t; 

� 

6 4

 

typedef struct _adjust_state { 

 event_handle_t  pfn_entry;      //  

 event_handle_t  pfn_event_set;     // SET  

 event_handle_t  pfn_event_inc;     // 1  

 event_handle_t  pfn_event_lr;     // /  

 event_handle_t  pfn_event_dec;     // 1  

 event_handle_t  pfn_exit;      //  

} adjust_state_t; 

event_handle_t  

typedef void (*event_handle_t) (param_adjust_sm_t *p_this); 

6  

p_state  

1 adj_val adj_pos

 

2 LED digitron_id

ID led0_id led1_id LED ID  

3

p_model p_view

 

 

10.11   
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4 LED timer

LED  

 

typedef struct _param_adjust_sm { 

 const  adjust_state_t    *p_state;         //  

 uint32_t                adj_val;         //  

 uint8_t                 adj_pos;         //  

 int                    led0_id;    // LED0 ID  

 int                    led1_id;    // LED1 ID  

 int                    digitron_id;     //  

 model_temp_monitor_t   *p_model;          //  

 view_digitron_t         *p_view;           //  

 am_softimer_t           timer;               // LED  

} param_adjust_sm_t; 

key_process_t

adj_state

adjust_state_t* p_state

State

10.12  

10.13  

 

10.13   

 
10.12   
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10.6.3  

1  normal  

key_set  

� 

normal LED

normal 10.35  

10.35  normal  

1 static void state_normal_entry(param_adjust_sm_t *p_this) 

2 { 

3     am_softimer_start(&p_this->timer,  500);    // 500ms LED  

4     model_attach(&(p_this -> p_model -> isa), &(p_this -> p_view -> isa)); //  

5 } 

� 

LED

LED

10.36  

10.36   

1 static void state_normal_exit(param_adjust_sm_t *p_this) 

2 { 

3     am_softimer_stop(&p_this->timer);         //  

4     am_led_off(p_this->led0_id); 

5     am_led_off(p_this->led1_id); 

6     model_detach(&(p_this -> p_model -> isa), &(p_this -> p_view -> isa)); //  

7 } 

� SET  

key_set FSM normal adjust_min SET

 

1 static void state_normal_event_set(param_adjust_sm_t *p_this) 

2 { 

3  p_this->p_state = &state_adjust_min;        //  

4 } 

10.37  

10.37   

1 static void state_transition(param_adjust_sm_t *p_this, const adjust_state_t *p_new_state) 

2 { 

3     p_this -> p_state -> pfn_exit(p_this); 

4     p_this -> p_state = p_new_state; 
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5     p_this -> p_state -> pfn_entry(p_this); 

6 } 

SET 10.38  

10.38 SET  

1 static void state_normal_event_set(param_adjust_sm_t *p_this) 

2 { 

3     state_transition(p_this, &state_adjust_min);       //  

4 } 

10.14  

10.39  

10.39   

1 static void state_init_transition(param_adjust_sm_t *p_this, const adjust_state_t *p_new_state) 

2 { 

3     p_this -> p_state = p_new_state; 

4     p_this -> p_state -> pfn_entry(p_this); 

5 } 

FSM

 

    state_init_transition(p_this, &state_normal);   //  

1 1 /

3

NULL  

const adjust_state_t  state_normal = { 

 state_normal_entry, 

 state_normal_event_set, 

 NULL, 

 NULL, 

 NULL, 

 state_normal_exit 

}; 

NULL

NULL 1  

if (p_this -> p_state -> pfn_event_inc) { 

  p_this -> p_state -> pfn_event_inc(p_this); 

 } 

 
10.14  
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NULL

 

 static void state_event_ignore (state_param_adjust_t *p_this) 

 { 

 } 

 

const adjust_state_t  state_normal = { 

 state_normal_entry,       // 10.35 

 state_normal_event_set,      // 10.38 

 state_event_ignore,       //  

 state_event_ignore,       //  

 state_event_ignore,       //  

 state_normal_exit       // 10.36 

}; 

2  adjust_min  

adjust_min  

� 

adjust_min

LED1

adjust_min 10.40  

10.40  adjust_min  

1 static void __digitron_disp_num (param_adjust_sm_t *p_this, int num) 

2 { 

3     char buf[3]; 

4     am_snprintf(buf, 3, "%2d", num); 

5     am_digitron_disp_str(p_this->digitron_id, 0, PARAM_ADJUST_NUM, buf); 

6 } 

7 

8 static void __digitron_blink_set (param_adjust_sm_t *p_this, am_bool_t is_blink) 

9 { 

10     am_digitron_disp_blink_set( 

11   p_this->digitron_id, PARAM_ADJUST_NUM-1-p_this->adj_pos, is_blink);  

12 } 

13 

14 static void state_min_entry(param_adjust_sm_t *p_this) 

15 { 

16     float min; 
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17     model_temp_monitor_min_get(p_this -> p_model, &min); 

18     p_this -> adj_val = (int)min; 

19     p_this -> adj_pos = 0; 

20     am_led_on(p_this->led1_id); 

21     __digitron_blink_set(p_this, AM_TRUE);    //  

22     __digitron_disp_num(p_this, p_this->adj_val); 

23 } 

PARAM_ADJUST_NUM  

#define PARAM_ADJUST_NUM  2 

__digitron_disp_num()

__digitron_blink_set()  

� 

LED1

10.41  

10.41  adjust_min  

1 static void state_min_exit (param_adjust_sm_t *p_this) 

2 { 

3     model_temp_monitor_min_set(p_this -> p_model, p_this -> adj_val); 

4     am_led_off(p_this->led1_id); 

5     __digitron_blink_set(p_this, AM_TRUE);   //  

6 } 

� key_lr  

key_lr adj_pos 1

PARAM_ADJUST_NUM 0

10.42  

10.42  adjust_min key_lr  

1 static void state_event_lr(param_adjust_sm_t *p_this) 

2 { 

3     __digitron_blink_set(p_this, AM_FALSE);   //  

4  p_this -> adj_pos = (p_this -> adj_pos + 1) % PARAM_ADJUST_NUM; 

5      __digitron_blink_set(p_this, AM_TRUE);   //  

6 } 

� key_inc  

key_inc

1 10 10.43  

10.43  adjust_min key_inc  

1 static void state_event_inc(param_adjust_sm_t *p_this) 

2 { 
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3  p_this -> adj_val = (p_this -> adj_val +  

4       __pow(10, p_this -> adj_pos)) %__pow(10, PARAM_ADJUST_NUM); 

5      __digitron_disp_num(p_this, p_this->adj_val); 

6 } 

� key_dec  

key_dec

1 10 10.44  

10.44   adjust_min key_dec  

1 static void state_event_dec(param_adjust_sm_t *p_this) 

2 { 

3     p_this -> adj_val = (p_this -> adj_val + __pow(10, PARAM_ADJUST_NUM) –  

4                     __pow(10, p_this -> adj_pos)) % __pow(10, PARAM_ADJUST_NUM); 

5  __digitron_disp_num(p_this, p_this->adj_val); 

6 } 

� SET  

adjust_min key_set FSM adjust_min adjust_max

10.45  

10.45  SET  

1 static void state_min_event_set(param_adjust_sm_t *p_this) 

2 { 

3     state_transition(p_this, &state_adjust_max);  // adjust_max 

4 } 

adjust_min  

static const adjust_state_t state_adjust_min = { 

state_min_entry,        // 10.40 

state_min_event_set,       // 10.48 

state_event_inc,        // 10.43 

state_event_lr,        // 10.42 

state_event_dec,        // 10.44 

state_min_exit,        // 10.41 

}; 

3  adjust_max  

adjust_max FSM adjust_min adjust_max FSM

adj_val adj_pos adjust_max adjust_max key_lr key_inc

key_dec adjust_min  

� 

adjust_min adjust_max

LED0 10.46  
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10.46  adjust_max  

1 static void state_max_entry (param_adjust_sm_t *p_this) 

2 { 

3     float max; 

4 

5  model_temp_monitor_max_get(p_this -> p_model, &max); 

6  p_this -> adj_val = (int)max; 

7  p_this -> adj_pos = 0; 

8  am_led_on(p_this->led0_id); 

9      __digitron_blink_set(p_this, AM_TRUE);  //  

12  __digitron_disp_num(p_this, p_this->adj_val); 

13 } 

� 

LED0

10.47  

10.47  adjust_max  

1 static void state_max_exit (param_adjust_sm_t *p_this) 

2 { 

3      model_temp_monitor_max_set(p_this -> p_model, p_this -> adj_val); 

4      am_led_off(p_this->led0_id); 

5      __digitron_blink_set(p_this, AM_FALSE);   //  

6 } 

� SET  

adjust_max key_set FSM adjust_max normal

10.48  

10.48   adjust_max SET  

1 static void state_max_event_set (state_param_adjust_t *p_this) 

2 { 

3     state_transition(p_this, &state_normal);   // normal  

4 } 

adjust_max  

1 static const adjust_state_t state_adjust_max = { 

2     state_max_entry,       // 10.46 

3     state_max_event_set,      // 10.48 

4     state_event_inc,       //  

5     state_event_lr,       // 10.42 

6     state_event_dec,       //  
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7     state_max_exit,       // 10.47 

8 }; 

10.6.4  

 

param_adjust_sm_t

param_adjust_sm param_adjust_sm p_this  

 param_adjust_sm_t  param_adjust_sm; 

param_adjust_sm_t  *p_this = &param_adjust_sm; 

p_this

LED0 ID LED1 ID ID param_adjust_sm.h

 

int param_adjust_sm_init ( 

param_adjust_sm_t      *p_this, 

model_temp_monitor_t *p_model, 

view_digitron_t        *p_model_view, 

int                   led0_id, 

int                   led1_id, 

int                   digitron_id); 

p_this p_model p_model_view

led0_id led1_id LED

digitron_id  

 static param_adjust_sm_t     param_adjust_sm;  //  

 static model_temp_monitor_t  model_temp;   //  

 static view_digitron _t      view_digitron;   //  

 model_temp_monitor_init(&model_temp, 10, 40, 25);  //  

 view_digitron _init(&view_digitron, 0);     //  

param_adjust_init(&param_adjust_sm, &model_temp, &view_digitron, 0, 1, 0); //  

param_adjust_sm_init() 10.49 p_model p_view led0_id

led1_id digitron_id LED

__timer_callback LED LED

10.10

state_init_transition()  

10.49   

1 int param_adjust_sm_init ( 

2  param_adjust_sm_t     *p_this, 

3  model_temp_monitor_t  *p_model, 
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4  view_digitron_t       *p_model_view, 

5  int                   led0_id, 

6  int                   led1_id, 

7  int                   digitron_id) 

8 { 

9  if ((p_this == NULL) || (p_model == NULL)) { 

10          return -AM_EINVAL; 

11     } 

12     p_this -> p_model = p_model; 

13     p_this -> p_view  = p_model_view; 

14  p_this->led0_id = led0_id; 

15  p_this->led1_id = led1_id; 

16      p_this->digitron_id = digitron_id; 

17     am_softimer_init(&p_this->timer, __timer_callback, p_this); 

18     state_init_transition(p_this, &state_normal);    //  

19     return AM_OK; 

20 } 

4 1 1 / SET

4 4

param_adjust_sm.h  

int param_adjust_sm_event_key_set (param_adjust_sm_t *p_this);  // SET  

int param_adjust_sm_event_key_lr (param_adjust_sm_t *p_this);  // L/R  

int param_adjust_sm_event_key_inc (param_adjust_sm_t *p_this);  //  

int param_adjust_sm_event_key_dec (param_adjust_sm_t *p_this);  //  

p_this

10.50  

10.50   

1 static void key_callback (void *p_arg,int key_code, int key_state) 

2 { 

3     if (key_state == AM_INPUT_KEY_STATE_PRESSED) { 

4          switch (key_code) { 

5          case KEY_0:                                         // SET  

6              param_adjust_sm_event_key_set(p_arg); 

7              break; 

8          case KEY_1:                                         // 1  

9              param_adjust_sm_event_key_inc(p_arg); 

10              break; 
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11         case KEY_2:                                         // L/R  

12     param_adjust_sm_event_key_lr(p_arg); 

13              break; 

14          case KEY_3:                                         // 1  

15              param_adjust_sm_event_key_dec(p_arg); 

16              break; 

17          default: 

18              break; 

19          } 

20      } 

21 } 

22  

23 int am_main (void) 

24 { 

25  param_adjust_sm_t       param_adjust_sm; 

26  model_temp_monitor_t model_temp; 

27  view_digitron_temp_t    view_digitron; 

28 

29  model_temp_monitor_init(&model_temp, 10, 40, 25);  //  

30  view_digitron _init(&view_digitron, 0);     //  

31  param_adjust_init(&param_adjust_sm, &model_temp, &view_digitron, 0, 1, 0); //  

32     am_input_key_handler_register(&key_handler, key_callback, &param_adjust_sm); 

33     while (1) { 

34   // ... 

35     } 

36     return 0; 

37 } 

10.51  

10.51   

1 int param_adjust_sm_event_key_set (param_adjust_sm_t *p_this) 

2 { 

3     if (p_this == NULL) { 

4          return -AM_EINVAL; 

5     } 

6     p_this -> p_state-> pfn_event_set(p_this); 

7     return AM_OK; 
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8 } 

9  

10 int param_adjust_sm_event_key_lr (param_adjust_sm_t *p_this) 

11 { 

12     if (p_this == NULL) { 

13          return -AM_EINVAL; 

14     } 

15     p_this -> p_state -> pfn_event_lr(p_this); 

16     return AM_OK; 

17 } 

18 

19 int param_adjust_sm_event_key_inc (param_adjust_sm_t *p_this) 

20 { 

21     if (p_this == NULL) { 

22          return -AM_EINVAL; 

23     } 

24     p_this -> p_state -> pfn_event_inc(p_this); 

25     return AM_OK; 

26 } 

27 

28 int param_adjust_sm_event_key_dec (param_adjust_sm_t *p_this) 

29 { 

30     if (p_this == NULL) { 

31          return -AM_EINVAL; 

32     } 

33     p_this -> p_state -> pfn_event_dec(p_this); 

34     return AM_OK; 

35 } 

10.20

10.52  

10.52   

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "am_vdebug.h" 

4 #include "am_input.h" 

5 #include "am_digitron_disp.h" 

6 #include "am_temp.h" 
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7 #include "am_zm516x.h" 

8 #include "model_temp_monitor.h" 

9 #include "view_zigbee.h" 

10 #include "view_digitron.h" 

11 #include "view_buzzer.h" 

12 #include "param_adjust_sm.h" 

13 #include "am_hwconf_zm516x.h" 

14 #include "am_hwconf_lm75.h" 

15 #include "am_hwconf_miniport_view_key.h" 

16 

17 static void key_callback (void *p_arg,int key_code, int key_state) 

18 { 

19     if (key_state == AM_INPUT_KEY_STATE_PRESSED) { 

20   switch (key_code) { 

21          case KEY_0:                                         // SET  

22              param_adjust_sm_event_key_set(p_arg); 

23              break; 

24          case KEY_1:                                         // 1  

25              param_adjust_sm_event_key_inc(p_arg); 

26              break; 

27         case KEY_2:                                         // L/R  

28    param_adjust_sm_event_key_lr(p_arg); 

29              break; 

30          case KEY_3:                                     // 1  

31              param_adjust_sm_event_key_dec(p_arg); 

32              break; 

33          default: 

34              break; 

35          } 

36      } 

37 } 

38 

39 int am_main (void) 

40 { 

41     model_temp_monitor_t         model_temp; 

42     view_zigbee_t                view_zigbee; 

43     view_buzzer_t                view_buzzer; 
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44     view_digitron_t              view_digitron; 

45     int32_t                      temp_cur; 

46     am_input_key_handler_t       key_handler; 

47     param_adjust_sm_t            param_adjust_sm; 

48     am_zm516x_handle_t           zm516x_handle = am_zm516x_inst_init(); 

49     am_temp_handle_t             temp_handle   = am_temp_lm75_inst_init(); 

50 

51     // 8 ASCII  

52     am_miniport_view_key_inst_init(); 

53     am_digitron_disp_decode_set(0, am_digitron_seg8_ascii_decode); 

54 

55     am_temp_read(temp_handle, &temp_cur); 

56     //  10 40  

57     model_temp_monitor_init(&model_temp, 10, 40, temp_cur / 1000.0f); 

58     //  

59     view_digitron_init(&view_digitron, 0); 

60     view_zigbee_init(&view_zigbee, zm516x_handle); 

61     view_buzzer_init(&view_buzzer); 

62     //  

63     param_adjust_sm_init(&param_adjust_sm, &model_temp, &view_digitron, 0, 1, 0); 

64     model_attach(&(model_temp.isa), &(view_zigbee.isa)); 

65     model_attach(&(model_temp.isa), &(view_buzzer.isa)); 

66     am_input_key_handler_register(&key_handler, key_callback, &param_adjust_sm); 

67     while (1) { 

68         // 500ms  

69         am_temp_read(temp_handle, &temp_cur); 

70         model_temp_monitor_cur_set(&model_temp, temp_cur / 1000.0f); 

71         am_mdelay(500); 

72     } 

73 return 0; 

74 } 

10.53 param_adjust_sm.h  

10.53  param_adjust_sm.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "model_temp_monitor.h" 

4 #include "view_digitron.h" 
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5 #include "am_softimer.h" 

6 

7 struct _adjust_state; 

8 typedef struct _adjust_state adjust_state_t; 

9 

10 //  

11 typedef struct _param_adjust_sm { 

12     const adjust_state_t      *p_state;   //  

13     int                     led0_id;      // LED0 ID  

14     int                     led1_id;      // LED1 ID  

15     am_softimer_t           timer;        // LED  

16     model_temp_monitor_t   *p_model;      //  

17     view_digitron_t        *p_view;       //  

18     int                    digitron_id; //  

19     uint32_t               adj_val;      //  

20     uint8_t                adj_pos;      // ...... 

21 } param_adjust_sm_t; 

22 

23 //  

24 int param_adjust_sm_init ( 

25  param_adjust_sm_t     *p_this, 

26  model_temp_monitor_t  *p_model, 

27  view_digitron_t       *p_model_view, 

28  int                   led0_id, 

29  int                   led1_id, 

30  int                   digitron_id); 

31 

32 int param_adjust_sm_event_key_set (param_adjust_sm_t *p_this);   // SET  

33 int param_adjust_sm_event_key_lr (param_adjust_sm_t *p_this);   // L/R  

34 int param_adjust_sm_event_key_inc (param_adjust_sm_t *p_this);   //  

35 int param_adjust_sm_event_key_dec (param_adjust_sm_t *p_this);   //  

struct _adjust_state

struct _adjust_state

p_state

10.53 13  

10.6.5  
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1   

LED

adjust_min  

1 static void state_min_entry(param_adjust_sm_t *p_this) 

2 { 

3      float min; 

4  model_temp_monitor_min_get(p_this -> p_model, &min); 

5      p_this -> adj_val = (int)min; 

6      p_this -> adj_pos = 0; 

7  am_led_on(p_this->led1_id); 

8  __digitron_blink_set(p_this, AM_TRUE);    //  

9  __digitron_disp_num(p_this, p_this->adj_val); 

10 } 

LED

param_adjust_action_t  

� 

p_state

p_model

p_view LED0 ID LED1 ID

ID adj_val

adj_pos

 

� 

3

6

18

key_inc key_dec key_lr

3  

SET 3 SET

3 key_inc key_dec key_lr

3

3 10.3

 

10.3   

  

state_normal_entry() param_adjust_action_normal_start() 

state_normal_exit() param_adjust_action_normal_stop() 

state_min_entry() param_adjust_action_min_start() 

state_min_exit() param_adjust_action_min_stop() 

state_max_entry() param_adjust_action_max_start() 

state_max_exit() param_adjust_action_max_stop() 

state_event_inc() param_adjust_action_inc() 

state_event_lr() param_adjust_action_lr() 

state_event_dec() param_adjust_action_dec() 
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state param_adjust_action

entry/exit start/stop

10.15  

10.16

 

10.17

LED

 

 

10.17   

2   

 

typedef struct _param_adjust_action { 

    int                      led0_id;      // LED0 ID  

 

10.15   

 
10.16   
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    int                      led1_id;      // LED1 ID  

    am_softimer_t            timer;      // LED  

    model_temp_monitor_t  *p_model;   //  

    view_digitron_t        *p_view;     //  

    int                      digitron_id;  //  

    uint32_t                 adj_val;      //  

    uint8_t                  adj_pos;      // ...... 

} param_adjust_action_t; 

param_adjust_action_t  

param_adjust_action_t param_adjust_action; 

LED0 ID

LED1 ID ID param_adjust_action.h  

int param_adjust_action_init ( 

param_adjust_action_t  *p_this, 

     model_temp_monitor_t   *p_model, 

     view_digitron_t   *p_model_view, 

int                     led0_id, 

     int                     led1_id, 

     int                     digitron_id); 

p_this p_model p_model_view

led0_id led1_id LED

digitron_id  

 static param_adjust_action_t     param_adjust_action; 

 static model_temp_monitor_t  model_temp; 

 static view_digitron_t      view_digitron; 

 model_temp_monitor_init(&model_temp, 10, 40, 25); 

 view_digitron_temp_init(&view_digitron_temp); 

param_adjust_action_init(&param_adjust_action, &model_temp, &view_digitron_temp, 0, 1, 0); 

param_adjust_action_init() 10.54  

10.54   

1 int param_adjust_action_init ( 

2  param_adjust_action_t  *p_this, 

3  model_temp_monitor_t   *p_model, 

4  view_digitron_t        *p_model_view, 

5  int                     led0_id, 

6      int                     led1_id, 

7      int                     digitron_id) 
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8 { 

9     if ((p_this == NULL) || (p_model == NULL)) { 

10         return -AM_EINVAL; 

11     } 

12     p_this->p_model    = p_model; 

13     p_this->p_view     = p_model_view; 

14     p_this->led0_id     = led0_id; 

15     p_this->led1_id     = led1_id; 

16     p_this->digitron_id = digitron_id; 

17     am_softimer_init(&p_this->timer, __timer_callback, p_this); 

18     return AM_OK; 

19 } 

state_min_entry() 10.40

param_adjust_action_min_start() 10.55  

10.55  param_adjust_action_min_start()  

1 void param_adjust_action_min_start (param_adjust_action_t *p_this) 

2 { 

3      float min; 

4      model_temp_monitor_min_get(p_this -> p_model, &min); 

5      p_this -> adj_val = (int)min; 

6      p_this -> adj_pos = 0; 

7  am_led_on(p_this -> led1_id); 

8      __digitron_blink_set(p_this, AM_TRUE);      //  

9      __digitron_disp_num(p_this, p_this -> adj_val); 

10 } 

__digitron_blink_set() __digitron_disp_num()

10.56  

10.56  __digitron_blink_set() __digitron_disp_num()  

1 static void __digitron_blink_set (param_adjust_action_t *p_this, am_bool_t is_blink) 

2 { 

3     am_digitron_disp_blink_set( 

4   p_this -> digitron_id, PARAM_ADJUST_NUM-1-p_this -> adj_pos, is_blink); 

5 } 

6 

7 static void __digitron_disp_num (param_adjust_action_t *p_this, int num) 

8 { 

9     char buf[3]; 
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10     am_snprintf(buf, 3, "%2d", num); 

11     am_digitron_disp_str(p_this -> digitron_id, 0, PARAM_ADJUST_NUM, buf); 

12 } 

state_min_entry()

param_adjust_action_min_start()

10.57  

10.57   

1 void param_adjust_action_normal_start(param_adjust_action_t *p_this) 

2 { 

3  am_softimer_start(&p_this -> timer, 500);      //  

4      model_attach(&(p_this -> p_model -> isa), &(p_this -> p_view -> isa)); //  

5 } 

6 

8 void param_adjust_action_normal_stop(param_adjust_action_t *p_this) 

9 { 

10      am_softimer_stop(&p_this -> timer);       //  

11      am_led_off(p_this -> led0_id);        // LED0 

12      am_led_off(p_this -> led1_id);        // LED1 

13  model_detach(&(p_this -> p_model -> isa), &(p_this -> p_view -> isa)); //  

14 } 

15 

16 void param_adjust_action_min_start(param_adjust_action_t *p_this) 

17 { 

18      float min; 

19      model_temp_monitor_min_get(p_this -> p_model, &min); 

20      p_this -> adj_val = (int)min; 

21      p_this -> adj_pos = 0; 

22  am_led_on(p_this -> led1_id); 

23      __digitron_blink_set(p_this, AM_TRUE);      //  

24      __digitron_disp_num(p_this, p_this -> adj_val); 

25 } 

26 

27 void param_adjust_action_min_stop(param_adjust_action_t *p_this) 

28 { 
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29     model_temp_monitor_min_set(p_this->p_model, p_this->adj_val); 

30     am_led_off(p_this->led1_id); 

31     __digitron_blink_set(p_this, AM_FALSE);       //  

32 } 

33 

34 void param_adjust_action_max_start(param_adjust_action_t *p_this) 

35 { 

36     float max; 

37     model_temp_monitor_max_get(p_this->p_model, &max); 

38     p_this->adj_val = (int)max; 

39     p_this->adj_pos = 0; 

40     am_led_on(p_this->led0_id); 

41     __digitron_blink_set(p_this, AM_TRUE);      //  

42  __digitron_disp_num(p_this, p_this->adj_val); 

43 } 

44 

45 void param_adjust_action_max_stop(param_adjust_action_t *p_this) 

46 { 

47     model_temp_monitor_max_set(p_this->p_model, p_this->adj_val); 

48     am_led_off(p_this->led0_id); 

49     __digitron_blink_set(p_this, AM_FALSE);    //  

50 } 

51 

52 void param_adjust_action_inc(param_adjust_action_t *p_this) 

53 { 

54     p_this -> adj_val = (p_this -> adj_val + __pow(10, p_this -> adj_pos)) %  

55      __pow(10, PARAM_ADJUST_NUM); 

56  __digitron_disp_num(p_this, p_this->adj_val); 

57 } 

58 

59 void param_adjust_action_lr(param_adjust_action_t *p_this) 

60 { 

61  __digitron_blink_set(p_this, AM_FALSE);   //  

62  p_this -> adj_pos = (p_this -> adj_pos + 1) % PARAM_ADJUST_NUM; 

63  __digitron_blink_set(p_this, AM_TRUE);   //  

64 } 

65 
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66 void param_adjust_action_dec(param_adjust_action_t *p_this) 

67 { 

68  p_this -> adj_val = (p_this -> adj_val + __pow(10, PARAM_ADJUST_NUM) –  

69       __pow(10, p_this -> adj_pos)) %__pow(10, PARAM_ADJUST_NUM); 

70  __digitron_disp_num(p_this, p_this->adj_val); 

71 } 

3   

 

typedef struct _param_adjust_sm { 

  const struct _adjust_state  *p_state;         //  

  param_adjust_action_t     *p_action;          //  

} param_adjust_sm_t; 

 

int param_adjust_sm_init(param_adjust_sm_t *p_this,param_adjust_action_t *p_action); 

p_this p_action  

 static param_adjust_action_t     param_adjust_action; 

static param_adjust_sm_t     param_adjust_sm; 

param_adjust_sm_init(&param_adjust_sm, &param_adjust_action); 

param_adjust_sm_init() 10.58 p_action

 

10.58   

1 int param_adjust_sm_init (param_adjust_sm_t *p_this,param_adjust_action_t *p_action) 

2 { 

3     if ((p_this == NULL) || (p_action == NULL)) { 

4          return - AM_EINVAL; 

5     } 

6     p_this -> p_action = p_action; 

7     state_init_transition(p_this, &state_normal);  //  

8     return AM_OK; 

9 } 

4   

10.59  

10.59  FSM  
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1 static void state_normal_entry(param_adjust_sm_t *p_this) 

2 { 

3     param_adjust_action_normal_start(p_this -> p_action); 

4 }  

5 

6 static void state_normal_exit (param_adjust_sm_t *p_this) 

7 { 

8     param_adjust_action_normal_stop(p_this -> p_action); 

9 } 

10 

11 static void state_min_entry(param_adjust_sm_t *p_this) 

12 { 

13     param_adjust_action_min_start(p_this -> p_action); 

14 } 

15 

16 static void state_min_exit (param_adjust_sm_t *p_this) 

17 { 

18     param_adjust_action_min_stop(p_this -> p_action); 

19 } 

20 

21 static void state_max_entry(param_adjust_sm_t *p_this) 

22 { 

23     param_adjust_action_max_start(p_this -> p_action); 

24 } 

25 

26 static void state_max_exit(param_adjust_sm_t *p_this) 

27 { 

28     param_adjust_action_max_stop(p_this -> p_action); 

29 } 

30 

31 static void state_event_inc(param_adjust_sm_t *p_this) 

32 { 

33  param_adjust_action_inc(p_this -> p_action); 

34 } 

35 

36 static void state_event_lr(param_adjust_sm_t *p_this) 

37 { 
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38  param_adjust_action_lr(p_this -> p_action); 

39 } 

40 

41 static void state_event_dec(param_adjust_sm_t *p_this) 

42 { 

43     param_adjust_action_dec(p_this -> p_action); 

44 } 

SET

SET

10.60  

10.60    

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "am_vdebug.h" 

4 #include "am_input.h" 

5 #include "am_digitron_disp.h" 

6 #include "am_temp.h" 

7 #include "am_zm516x.h" 

8 #include "model_temp_monitor.h" 

9 #include "view_zigbee.h" 

10 #include "view_digitron.h" 

11 #include "view_buzzer.h" 

12 #include "param_adjust_sm.h" 

13 #include "param_adjust_action.h" 

14 #include "am_hwconf_zm516x.h" 

15 #include "am_hwconf_lm75.h" 

16 #include "am_hwconf_miniport_view_key.h" 

17 

18 static void key_callback (void *p_arg,int key_code, int key_state) 

19 { 

20  if (key_state == AM_INPUT_KEY_STATE_PRESSED) { 

21   switch (key_code) { 

22          case KEY_0:                                         // SET  

23            param_adjust_sm_event_key_set(p_arg); 

24              break; 

25          case KEY_1:                                         // 1  

26              param_adjust_sm_event_key_inc(p_arg); 
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27              break; 

28         case KEY_2:                                         // L/R  

29     param_adjust_sm_event_key_lr(p_arg); 

30              break; 

31          case KEY_3:                                         // 1  

32              param_adjust_sm_event_key_dec(p_arg); 

33              break; 

34          default: 

35              break; 

36          } 

37      } 

38 } 

39 

40 int am_main (void) 

41 { 

42      model_temp_monitor_t         model_temp; 

43      view_zigbee_t                view_zigbee; 

44      view_buzzer_t                view_buzzer; 

45      view_digitron_t              view_digitron; 

46      int32_t                      temp_cur; 

47      am_input_key_handler_t       key_handler; 

48      param_adjust_sm_t            param_adjust_sm; 

49  param_adjust_action_t        param_adjust_action; 

50      am_zm516x_handle_t           zm516x_handle = am_zm516x_inst_init(); 

51      am_temp_handle_t             temp_handle   = am_temp_lm75_inst_init(); 

52 

53     // 8 ASCII  

54     am_miniport_view_key_inst_init(); 

55     am_digitron_disp_decode_set(0, am_digitron_seg8_ascii_decode); 

56     am_temp_read(temp_handle, &temp_cur); 

57     //  10 40  

58     model_temp_monitor_init(&model_temp, 10, 40, temp_cur / 1000.0f); 

59     //  

60     view_digitron_init(&view_digitron, 0); 

61     view_zigbee_init(&view_zigbee, zm516x_handle); 

62     view_buzzer_init(&view_buzzer); 

63     //  
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64  param_adjust_action_init(&param_adjust_action, &model_temp, &view_digitron_temp, 0, 1, 0); 

65  param_adjust_sm_init(&param_adjust_sm, &param_adjust_action); 

66      model_attach(&(model_temp.isa), &(view_zigbee.isa)); 

67      model_attach(&(model_temp.isa), &(view_buzzer.isa)); 

68      am_input_key_handler_register(&key_handler, key_callback, &param_adjust_sm); 

69      while (1){ 

70         // 500ms  

71         am_temp_read(temp_handle, &temp_cur); 

72         model_temp_monitor_cur_set(&model_temp, temp_cur / 1000.0f); 

73         am_mdelay(500); 

74      } 

75  return 0; 

76 } 

10.7  
10.60

 

4 2 LED 1

zigbee ID

ID ID

 

int app_temp_monitor_main (am_zm516x_handle_t zm516x_handle, am_temp_handle_t temp_handle); 

zm516x_handle zigbee am_zm516x_inst_init()

temp_handle am_temp_lm75_inst_init()

ID 10.61  

10.61  ID app_ temp_monitor_main.h  

1 #pragma once 

2 #include "ametal.h" 

3 #include "am_zm516x.h" 

4 #include "am_temp.h" 

5 

6 #define   APP_KEY_CODE_SET    KEY_0        // SET  

7 #define   APP_KEY_CODE_ADD    KEY_1     // 1  

8 #define   APP_KEY_CODE_LR     KEY_2        // L/R  

9 #define   APP_KEY_CODE_DEC    KEY_3        // 1  
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10 #define   APP_LED0_ID         0             // LED0 ID  

11 #define   APP_LED1_ID         1             // LED1 ID  

12 #define   APP_DIGITRON_ID    0             // ID  

13 //  

14 int app_temp_monitor_main(am_zm516x_handle_t zm516x_handle, am_temp_handle_t temp_handle); 

10.62  

10.62  app_ temp_monitor_main.c  

1 #include "ametal.h" 

2 #include "am_delay.h" 

3 #include "am_vdebug.h" 

4 #include "am_input.h" 

5 #include "am_digitron_disp.h" 

6 #include "am_temp.h" 

7 #include "am_zm516x.h" 

8 #include "model_temp_monitor.h" 

9 #include "view_zigbee.h" 

10 #include "view_digitron.h" 

11 #include "view_buzzer.h" 

12 #include "param_adjust_sm.h" 

13 #include "param_adjust_action.h" 

14 #include "app_temp_monitor_main.h" 

15 

16 static void key_callback (void *p_arg,int key_code, int key_state) 

17 { 

18     if (key_state == AM_INPUT_KEY_STATE_PRESSED) { 

19   switch (key_code) { 

20          case APP_KEY_CODE_SET:                     // SET  

21           param_adjust_sm_event_key_set(p_arg); 

22              break; 

23          case APP_KEY_CODE_ADD:                      // 1  

24              param_adjust_sm_event_key_inc(p_arg); 

25              break; 

26          case APP_KEY_CODE_LR:                       // L/R  

27              param_adjust_sm_event_key_lr(p_arg); 

28              break; 
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29          case APP_KEY_CODE_DEC:                     // 1  

30              param_adjust_sm_event_key_dec(p_arg); 

31              break; 

32          default: 

33              break; 

34         } 

35     } 

36 } 

37 

38 int app_temp_monitor_main (am_zm516x_handle_t zm516x_handle,am_temp_handle_ttemp_handle) 

39 { 

40      model_temp_monitor_t         model_temp; 

41      view_zigbee_t                view_zigbee; 

42      view_buzzer_t                view_buzzer; 

43      view_digitron_t              view_digitron; 

44      int32_t                      temp_cur; 

45      am_input_key_handler_t       key_handler; 

46      param_adjust_sm_t            param_adjust_sm; 

47      param_adjust_action_t        param_adjust_action; 

48 

49      am_temp_read(temp_handle, &temp_cur); 

50      //  10 40  

51      model_temp_monitor_init(&model_temp, 10, 40, temp_cur / 1000.0f); 

52      //  

53      view_digitron_init(&view_digitron, 0); 

54      view_zigbee_init(&view_zigbee, zm516x_handle); 

55      view_buzzer_init(&view_buzzer); 

56      param_adjust_action_init( 

57   &param_adjust_action, &model_temp, &view_digitron, 

58   APP_LED0_ID, PP_LED1_ID, APP_DIGITRON_ID); 

59  param_adjust_sm_init(&param_adjust_sm, &param_adjust_action); 

60  model_attach(&(model_temp.isa), &(view_zigbee.isa)); 

61  model_attach(&(model_temp.isa), &(view_buzzer.isa)); 

62  am_input_key_handler_register(&key_handler, key_callback, &param_adjust_sm); 

63  while (1) { 

64   // 500ms  

65   am_temp_read(temp_handle, &temp_cur); 
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66   model_temp_monitor_cur_set(&model_temp, temp_cur / 1000.0f); 

67   am_mdelay(500); 

68  } 

69  return 0; 

70 } 

4 2 LED 1 zigbee

app_temp_bool_main() 10.63  

10.63  main.c  

1 #include "ametal.h" 

2 #include "am_digitron_disp.h" 

3 #include "app_temp_monitor_main.h" 

4 #include "am_hwconf_zm516x.h" 

5 #include "am_hwconf_lm75.h" 

6 #include "am_hwconf_miniport_view_key.h" 

7 

8 int am_main (void) 

9 { 

10      am_zm516x_handle_t zm516x_handle = am_zm516x_inst_init(); 

11      am_temp_handle_t   temp_handle  = am_temp_lm75_inst_init(); 

12      // 8 ASCII  

13      am_miniport_view_key_inst_init(); 

14      am_digitron_disp_decode_set(0, am_digitron_seg8_ascii_decode); 

15   return app_temp_monitor_main(zm516x_handle, temp_handle); 

16 } 

am_miniport_view_key_inst_init()

MiniPort-View  MiniPort-Key

MiniPort-View AM824-Core GPIO 8

MiniPort-View AM824-Core MiniPort-595

595 10.63 am_miniport_view_key_inst_init()

am_miniport_view_key_595_inst_init()  
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