Exploring STC 8051 Microcontrollers

8051 microcontrollers are the first-generation microcontrollers that sparked the modern embedded-
system era and established the basic concepts for almost all microcontrollers. In the early 1980s, 8051
microcontrollers were first introduced by Intel. Later other manufacturers like Philips (NXP), Atmel
(now Microchip), Silicon Labs, Maxim, etc took the 8051 architecture and introduced their variants of
8051s. Today there are hundreds of such companies which still manufactures this old school legendary
micro. of them have even added more features like ADCs, communication peripherals like SPl and 12C,
etc that were not originally integrated. There are even some manufacturers who produce micros
under their naming convention/branding while maintaining the basic architecture. Recently | covered
an article about Nuvoton N76E003 here. It is based on such ideas. STC (not to be confused with
STMicroelectronics) is a Chinese semiconductor manufacturer that operates in the same way as
Nuvoton. STC took the model of 8051 just like other manufacturers and upgraded it to new levels by
implementing some vital upgrades, enhancements and additions. It also manufactures standard 8051s
which are designed to fit in place of any other 8051s from any manufacturer. At present STC has
several different variants of 8051s, ranging from standard 40 pin regular DIP 8051s to tiny 8-pin
variants. Some are shown below.

Documentations and Websites

STC microcontrollers are popular in China and Chinese-speaking countries. Owing to this fact, most of
the documentation and even the websites are in Chinese. It is hard to get English documentations.
Fortunately, we will not be needing anything else other than device datasheet documents which are
luckily available both in Chinese and English.

Unlike other manufacturers who maintain one website dedicated to their products and themselves,
STC maintains several websites. Most are in Chinese. This creates lot of confusion about STC. Some

common STC websites are listed below:

http://www.stcmicro.com

http://www.stcmcu.com

http://www.stcisp.com

http://www.stcmcudata.com
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http://embedded-lab.com/blog/category/nuvoton/
https://www.stcmicro.com/
http://www.stcmicro.com/
http://www.stcmcu.com/
http://www.stcisp.com/
http://www.stcmcudata.com/

STC 8051s vs Other 8051s

STC 8051s, as stated, offers additional hardware peripherals when compared to standard 8051s. There
are some STC microcontrollers like STC89C52RC that are same as the standard ones while some others
like STCBA8K64S4A12 are more robust with many advanced features. Some key differences between
standard 8051s and STC micros are discussed below:

e Packages / Sizes
STC offers microcontrollers in various DIP and SMD IC packages. Thus, instead of using a 40-
pin DIP package microcontroller to solve a problem that can be solved with an 8-pin SMD low
cost microcontroller, we can avoid using a big microcontroller and thereby save valuable PCB
space. Most STC 8051s are, by the way, 100% pin-compatible with other 8051s. This feature
makes STC micros easy and viable replacements for devices that use standard 8051s.

e Speed / Operating Frequency
STC microcontrollers are relatively faster than common 8051s as they can operate at higher
clock frequencies. For example, AT89552 has a maximum operating frequency of 33MHz while
STCB9C52RC can be clocked with an 80MHz source.

e Additional Hardware Peripherals
Some STC microcontrollers have in-built ADC, EEPROM, watchdog timer, external interrupt
pins and other peripherals. Some are even equipped with higher storage capacities. These are
not available in typical 8051s.

e Operating Voltage
Most 8051 micros need 4.0 — 5.5V DC supply voltage. Some can operate with 3.3V supplies
too. Same goes for STC micros. However, there are some STC micros that are designed to
operate at yet lower voltage levels. STC offers low power MCUs that operate between 2.0 —
3.6V and general-purpose micros that can operate between 3.6 — 5.5V. The operating voltage
ranges and low power consumption figures of STC micros make them well-suited for battery
and solar-powered devices.

e Programming Interface
Most 8051s require a parallel port programmer while some require serial port programmer or
separate dedicated programmer hardware. STC micros on the other hand can be programmer
with a serial port programmer and so there is no need to buy a dedicated programmer. A
simple USB-TTL serial converter can be used to load codes into STC micros.

e Other Minor Differences
Other areas of differences include added/reduced functionalities/features. In some STC
micros, there additional options for GPIOs, timers, etc while in some other devices these
extras are not observed. For example, in STC89C52RC, there is 13-bit timer mode for timers 0
and 1 but this feature is absent in STC15L204EA. Likewise in STC15L204EA, there are many
ways for setting up GPIOs which are not present in STC89C52RC.
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Hardware Tools

From AliExpress, DX, Alibaba and other similar websites/stores, you can buy any STC development
board of your choice. Alternatively, you can buy common STC chips and use them with your existing
development board or setup a bread-board arrangement.
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One such board is shown above. These boards have lot of hardware devices like external 24 series
EEPROM, 12C ADC-DAC, communication and display interfaces, etc already embedded and ready for
go. Such boards are, thus easy to use and need less wiring. However, boards as such are relatively
expensive and big than the one shown below:
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This board is designed to bridge a serial interface between a host micro and a nRF24L01 2.4GHz
wireless communication module. However, that doesn’t restrict us from using the STC15F(L)204EA
micro embedded in it. If you just want to give STC micros a shot with very little investment then this
sort of board is all that you can ever expect.

In my tutorials, I'll be using both kinds of boards but the main focus will be towards STC15L204EA or
similar slightly non-standard 8051s since they are not like playing with typical 8051s.

We will also need an USB-serial converter for uploading code.

Apart from these, some regularly used hardware items like LCDs, sensors, wires, etc will be needed.
These can easily be found in any starter kit and most are available in any hobbyist’s collection.
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Software Tools

Only two software tools will be needed. The first is Keil C51 compiler and second STC ISP tool.

UDATA.com (Support C ) pc:RMB STC: The most powerful 8051 designer (ao Yongping)
MCU Type| STC15L204EA ~  Pins|Auto ~ Code Buffer EEPROM Buffer RecommendBook COM Helper Keil ICE Settings MCU Selection/Price/Samples  Demo Code Baudrate Tool  Timer Tool Delay Tool Heade ¢ | *
COM Port, ~ || St

ort|com S| Freaueno [ EEEER |M UART-Sel [UART1 v
Win Baud| 2400 v MaxBaud 115200 e = UARTBMt 8.t -

Address |

0x 0000 Clear code buffer Open Code File Double Baudrate(SMOD) Baud Generator Timer1(16-bit Reload)

[0x 0000 ] Clear EEPROM buffer [ypen EEPROM File Deviation|  0.00% Timer-Clock | 1T (FOSC) -
HAW Option  Off-Line Download(U8/U7) Encryy 4 | * void Uartinitivaid) #9600bps@11.0592MHz

{
INBUtIRC frequency hHz SCON = 0x50; J/Zbit and variable baudrate
Using fast download mode AUXR |= 0x40; IMimer1’s clock is Fosc (1T)
B AUXR &= OxFE; IUse Timer1 as baudrate generator
] Nexttime can pragram only when P3.2 & P3.2 TMOD &= 0x0F: /1Set Timer1 as 16-bit auto reload mode
Enable longer power-on-reset latency TLA1 = 0xEQ; INnitial imer value
TH1=0xFE; Iinftial imer value
TR e S ET1=0; #iDisable Timer1 interrupt
Enable Low-Voltage reset TR1=1; JTiMer1 running
LVD detect level |2 49y v }
Inhibit EEPROM operation under Low-voltage
[ Hardware enable WDT after power-on-reset
Watch-Dog-Timer prescal 256 ~
WDT stop count while MCU in idle mode
] Erase all EEPROM data next time pragram cc
] Fill all EEPROM with FF
Fill data to space area FF ~
C-Code ASW-Code Copy Code
MCU type : STC15L204EA
Apout this MCU
Timer0 and Timer1 are usable, but no Timer2
ADC (8 Channels * 10 Bits)
I
Download/Program Stop Re-Program
Check MCU Notice Delay|3 ser v

[ Auto reload the target file before each program
[CIReload and download when target file is modified  telease Projel Release Help | GetHDD-SN Beep assTimes| 0 |Reset

STC ISP tool can be downloaded from here. This is one helluva tool that has many useful features. It a
programmer interface, a code generator, serial port monitor, code bank and many other stuffs. It sure
does make coding STC micros lot easier than you can possibly imagine.

uVision® 5

Integrated Development
Environment

G Taws. armekeEiL

Keil C51 C compiler will be needed to code STC micros. At present, Keil is the only C compiler that can
be used reliably to code STC micros. STC documentations speak of Keil mostly. If you want to use some
other compiler like IAR Embedded Workbench, MikroC for 8051, etc other than Keil, you have to add
the SFR definitions of your target STC micros and do other stuffs to familiarize it with the STC micro
target. Alternatively, you can use models of other similar 8051 model. For example, STC89C52RC is
similar to AT89S52. You can use codes for such interchangeably. However, this method won’t work in
cases where we have more hardware peripheral than an ordinary 8051 micro. STC15L204EA, for
instance, can’t be used like ordinary 8051 or like STC89/90 series micros.
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Programming STC Microcontrollers

By default, STC microcontroller database is absent in Keil. It is imperative that this database is added
to Keil when using it for STC micros for the very first time. Though this database is not complete in the
sense that not chips are enlisted in it, it is still a must or else we will have to use unconventional coding
methods by using models of similar microcontrollers of different manufacturers. Personally, | hate
unconventional tactics because why use such methods when we can add the database easily. We only
have to add this database once.

First run the STC-ISP tool.

=
Eil

stc-isp-15m-
w360

After clicking the STC-ISP tool icon, the application starts and the following window may appear:
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Don’t worry. It is not an error or garbage text window. It appears so if you don’t have Chinese font
database installed in your PC and so just click OK to continue. Recent versions of STC-ISP don’t have
this issue.
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Once the application starts, navigate to Keil ICE Settings tab and locate the highlighted button as
shown below:

MCU Type| STCBIC52RCILES2RC
COM Port com2

Pins| auto ~

elpar

Keil ICE Seftings  MCU Sele Demo Code Baudrate Tool  Timer Tool  Delay Tool

Header File Web Site Instruction Notice FAV Remark | ¢ | »
~|| s
Add MCU type to Keil ICE Docunent
Win Baud| 2400 ~ MaxBaud 115200 Add STC ICE driver to Keil
Address STCB/STC1S series ICE seffings
0x 0000 lear code buffer Open Code File

0x 2000 Clear EEPROM buffer Ypen EEPROM Filt Settarget MCU as ICE
HW Option  Off-Line Download(U8/U7) Encryy * | * PC RS232  Target
+—+Pin2 +—+ P3.1r—+
] Enable 6T(double-speed) mode ~ |RXDl—| |—(TXD |
] Reduce gain of the crystal oscillator | IPin3| | P30 |
g ITXOl—|  |—IRXD|

] Stop WatchDog only after power-down | Pins 1

Enable internal XRAM | GND IGND |

] ALE pin used as P45 = T

[] Nexttime can program only when P1.0 & P1.- Usage

[ Erase all EEPROM data next time pragram c

1i¢Prepare one object chip

[ Add MCU ID atine end of code area 2i¢Setitas ICE mcu

3igConnect the chip with PC according to the above connection

= 4i¢Power on the target CPU

5i¢0pen project in Keil and settings (Refer to STC15F5K60S2 document)
igYou can start debugging after the setup is completed

Fill data to space area FF

MCU Type : STC8IC52RCAES2RC

About this MCL:

If its FiW version is v6.6 or higher

v The ID number is valid

- The ID number will be copy to RAM F1H-F7H while power-on reset

The ID number can be program to the end fo ROM via option
Download/Program Stop Re-Program Pog P
Check MCU Notice Delay 1 ser
Auto reload the target file before each program

[IReload and download when target file is medified ‘elease Projes

GetHDD-SN FlBeen >assTimes|_ 0 |Reset

Release Help

Now just navigate to Keil installation folder and hit OK as shown below:

3

MCU Type | STC89C52RCILESZRC ~ | Fins auto «

COM Helper Keil ICE Seffings  MCU SelectioniPrice/Samples Demo Code Baudrate Taol Timer Tool Delay Tool HeaderFile Web Site Instruction Motice F/W Remark | * | *
COM Port ~ || Scan
conz Add WCU type to Keil ICE Document
Win Baud 2400 - WaxBaud 115200 ~ Add STC ICE driver to Keil
STCBISTCS series ICE seftings
Address
0x 0000 Clear cade buffer Open Code File MCU Type | STCEF1K0252 v
0x2000 [ Clear EEPROM buffer [pen EEPROM Fild Settarget MCU as ICE
H/W Option  Off-Line Download(UB/U7) Encryp * | * PC RS232  Target
P2 +—t PILA—+
[ Enable 6T(double-speed) mode ~ |RXD|—|  |—[TXD|
[] Reduce gain of the crystal oscillator | _IPin3 | [ P3.0] | . T =
| TXDl—  |[—IRXD | ENIOTIKeiIA®2x ALA el an
L] Stop WatcnDog ony after power-down | Pins +— | | (AEA TADDEODCS IAEA Y TUVXALA Y 0L
Enable internal XRAM LGJ?I P‘,GNDI p—— .
] ALE pin used as P45 CooCox
[ Nexttime can program only when P1.0 & P1.- Usage cvavreval
[ Erase all EEPROM data next time program cc 1i¢Prepare one object chip Del
[] Add MCU ID atthe end of code area 2j¢Setit as ICE mcu

Drivers
3j¢Connectthe chip with PC ac| .

= 4i¢Power on the target CPU
5ig0pen project in Keil and sett
6¢You can start debugging afte

Fill data to space area FF

Cancel

MCU Type : STC89C52RCILES2RC

About this MCU
Ifits FAW version is v8.6 or higher
v The ID number is valid
The D number will be copy to RAM F1H-F7H while power-on reset

Download/Program stop

Re-Program

Check MCU Notice Delay 4 ge

[ Auto reload the target file before each program
[JReload and download when target file is modified

The ID number can be program to the end fo ROM via option

‘elease Projer Release Help  GetHDD-SN

Beep JassTlmeslIl Reset’

Selecting wrong folder will end up with an error and the database won’t be installed.
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If the database addition is a success, you’ll get the following message:

COM Helper Keil ICE Settings  WMCU Selection/Price/Samples Demo Code Baudrate Tool  Timer Tool  Delay Tool

Header File Web Site

Add MCU type to Keil ICE Document
Add STC ICE driver to Keil
STCBISTC15 series ICE settings
MCU Type | STCBF1K0252 -

| Settarget MCU as ICE

PC RS232  Target

+—+Pin2 +—+ P31+—+

| RADl— |——[TXD |
| IPin3 | | P30| |

| TADl— |——IR¥D |
| |PinG +——+ | |

| GO |GMD |
+—t +——t
Usage:

1j¢Prepare one object chip
2ig5etit as ICE mcu

3i¢Connect the chip with PC accordin & Add STC MCU type successed !
4igPower on the target CPU
5ig¢0pen projectin Keil and settings

GigYou can start debugging afterthe s

Now run Keil C51 compiler.

Keil uVisions

Go to Project >> New uVision Project... as shown below:

File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help

N da Hew pvision Project... j{ﬁ‘@-‘d@@.ﬂ‘@ﬂ\‘

New Multi-Project Workspace.

& A e
Open Projedt..
Project
Close Froject
Export
Manage

Select Device for Target ...
Remave [tem
A Options... Alt-F7

Clean Targets
Build Target 7
Rebuild all target files

Batch Build

Batch Setup...

Translate... Ctrl+F7

EGeEER

Stop build

1 Ci\Keil_vS\C5T\Examples\Hello\Hello,uvproj

2 C\Keil_v5\C51\Examples\Measure\MEASURE uvproj

3 C\Keil_vS\CST\RTiny2\Examples\Traffi TRAFFIC. uvproj

4 C:\Keil_vS\C51\Examples\Blinky\BLINKY. uvproj

5 Ci\Kell_v5\C51\Examples\CSample\CSAMPLE. uvproj

£ C\Keil_vS\C51 Xt i 1.uvproj

7 C\Keil_vS\C51\Examples\Infineon XC836\Alarm_Clock\Alarm_Clock.uvproj

Er.|Ge. [ IF s cikeilvsicst XC

Build Output 9 C\Keil vS\C51 i XCB66\Blinky\Blinky.uvproj

10 C:Keil_vS\C! XCE uvproj

<

Create a new iVision project
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Give your project a folder and a name as shown below:

B wvision - x
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

MB AP s DR[9 @ PRmR|EEEE® gaela-|ecsal@]y

-1k EEI R . ]

Project L=

« v ] s test v @ | searchtest

Organize v New folder
|| Mewfolder (2} »  Name Date modified
|| GLCDSONAR
| Media
|| Photos
] sTC
| Media
|| STC_Code_Exar
|| STM32F4 Tutoriz
|| Codes
| Media
| test @<

Mo items match your search.

File name: | test]

Save as type: | Project Files (*.uvproj; *.uvprojs)

~ Hide Folders

Ee..[@s..[ (F. 041

Build Output

CAP NUM SCRL OVR R/W.

Select STC Database and appropriate chip or similar part number.

C:\Users\SShahryiar\ Desktop\testitest.uvpraj - uVision - P
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NS @ % @9 6| e | B RE R EEE RN B s gaela-lecsal@ ]

& [ - 8] W et EEIE R |

Project L=

I™ Use Extended Linker (LX51) instead of BL51
I™ Use Extended Assembler (4<51) instead of A51
Description:
€3 STC11FS0XE [8051 based microcontroller with 1T(1-clock) High-Speed Core.
£ STC120205240 126 1/0 Lines. 2 Timers/Counters.

Buiildn up to 35MHz oscillator,
-£3 sTC12C5202AD 4K bytes flash ROM, 256 bytes data RAM,

€1 STC12054104D (On-chip EEPROM, WDT, ISP/IAP, A/D

€4 STC12C5616AD
£3 STC120548052
€3 STCISFI04E
£3 STCH5FIDaW
STC15F204EA
£3 STC15F2KB052

Ee.. [@s..[ OF. 041

Build Qutput

CAP NUM 5CRL OVR R/W.

Please note that your target chip may not be in the list. For example, the L-series chips are not enlisted
in the database and so they are absent in the list. STC15L204, for example, is not shown in the list. You
can use STC15F204EA instead of it as they are similar stuffs. The only difference is their power
consumptions. You have to use such tricks when your target chip is not listed. Make sure that the
model you selected matches with the target chip or else things may not work properly.
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After chip selection, add the startup assembler file to your project.

@ Copy 'STARTUP.A51" to Project Folder and Add File to Project 7

Yes I Mo

By default, Keil doesn’t add/create any file and so you'll see that the project folder has no main source
file. We'll have to create one main source file and add additional files if needed.

C\Users\SShahryiar\ Desktop'testtest.uvproj - Vision
File Edit Wiew Project Flash Debug Peripherals Tools SVCS Window Help

NBH@| b B9 0| =P RRR|EEEED s gR*a-lecsald]a
@Q}ﬂ]&-ﬁ|%|mgm X\‘ﬂ%“}@

5% Project: test
Ok Target 1
5% Source Group 1
* [ sTaRTUP.A!

Create anew C source file and add it to the project.
C File (c}

C++File (cpp)

@ Asm File (5)

m Header Fie (h)
% Text File (et}
E Image File ()
g User Code Template

CFie (.0

| main|

| Ci\Users\SShahrviar \Desktop\test

| @B {F. Dy |
Build Output

Simulation CAP NUM 5CRL OVR R/W.

Still we are not ready to start coding. This is because we have not yet added SFR definition header file
and other custom optional files.

Again, we need to take the help of STC-ISP tool.
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In STC-ISP tool, locate the Header File tab and select appropriate MCU series.

www. STCMCUDATA.com

STC: The most

MCU Type| STCBIC52RCILES2RC +  Pins|Auto

COWM Helper Keil ICE Seftings MCU Selection/Price/Samples  Demo Code  Baudrate Tool  Timer Tool
COM Port| COM2

Delay Tl HeaderFile wel Site Instruction Nofice  FAVRemark | * | *
~ | Scan
MCU Series| STC15F204EASTC15F 104E Series -
Win Baud - WaxBaud ~
2100 HEERD #ifndef__STCA5F104E_H_ " ~
Address #define __STC15F104E_H_
0x 0000 lear code buffer Open Code File
0% 2090 Jear EEPROM bufier spen EEPROM Fily || /A MIMIHLIIHILIY
HW Option  Off Line Download(U8/UT) Encryjl * | * el 1Rp®6 2 ORAIA0U (P-"REGS 1 H"
] Enable 6T(double-speed) mode ~ IAUPEIDEATAU A @A 11 T50p AdES
sirACC = OxEQ; #0000,0000 AUYO&E+Accumulator
[ Reduce gain of the crystal oscillatar pls = 04F0, /10000.0000 B s
[ Stop WatchDog only after power-down srPSW = 0xDO; //0000,00003DbxT-*0
Enable infernal XRAM sbitCY = PSW'T,
SHitAC = PSWG;
] ALE pin used as P45 <bitFO = Powes.
[] Nexttime can program only when P1.0 & P1.- sbitRS1 = PSWA;
[] Erase all EEPROM data nexttime program cc sbitRS0 = PSWA3;
sbitov = PSWr2;
[ Add MCU ID at the end of code area DtP = PSWO. -
sirSP = 0x81; /0000,01119R0-0,08
AR EEEE IR FF 4 STDPL = Ox8Z; //0000,0000 £f%:Y0 Gepix0%0
sir DPH =

0x83; /10000,0000 Ef#4Y¥0 08 fx00

M0 ¢UIPBA AU %A ®E+

v
P —— —_
Save File Copy Code ,

MCU Type : STCBIC52RCAES2RC

About this MCU:
Ifits FAW version is v8.6 or higher
v The ID number is valid
. The ID number will be copy to RAM F1H-F7H while power-on reset
JewnloadProgram Stop FETarET - The ID number can be program to the end fo ROM via option
Check MCU Notice Delay| 1 se1
[ Auto reload the targetfile before each program ‘
[IReload and download when targetfile Is modified  ‘elease Projel Release Help = GetHDD-SN Beep assTimes| 0 |Reset

Save or copy the file to your desired location.

In Keil, go to target options by right click the folder icon
following screenshots:

and set target options as shown in the

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

G W3 =Y \ | & |
& 8- 0| | et N

Project A
218 Project: test
5 &5 Terget1
=[5 <X Options for Target ‘Target 1%, Alt+F7

Jae @-le oo alE]

|1 main.c
1

Add Group...

- db Manage Project ftems...

¥ Rebuild all target files

[£] Build Target 7
v

Show Include File Dependencies

-1 »
Be.. s 0. |0,T..

Build Output

~

Configure target options

Simulation Lica CAP NUM SCRL OVR RAW
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W Options for Target ‘Target 1'

Device Tarmet | Output | Listing | User | C51 | A1 | BL51 Locate | BL51 Misc | Debug | Utiites |

STC STC15F204EA
Xeal (MHz): Im— [ Use On-chip ROM (0x0-0<FFB)
Memory Maodel: ISrnaII: variables in DATA LI
Code Rom Size: |[EpERSld
Operating system: INone LI
— Off-chip Code memony — Off-chip Xdata memony
Start: Size: Start: Size:

Eprom I I Ram
Eprom I I Ram
Eprom I I Ram

[™ Code Banking Start: End: [T far' memony tpe support

Banks: Iz vI Bank Area; ID::DI}DD IDxDDDD [T Save address extension SFR i intermupts
ok | cancel |  Defauts | Help

1l
1]

From this window select clock frequency and memory model.

W. Options for Target ‘Target 1'

Device | Target Output | Listing | User | C51 | AS1 | BLS1 Locate | BLS1 Misc | Debug | Utites |

Select Folder for Objects. .. | Name of Executable: IIESt

% Create Executable: “\Objects'test
¥ Debug Information ¥ Browse Information

¥ Create HEX File HEX Format: HE'#.'-'E:D v|

¢ \Dbjects\test LIB [ Create Batch File

ok | Cacd | Defaus | Help

Select Create HEX File from this window as this file will be uploaded in the target chip.
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S rrgges s 1
43 Target 1 Optiens for Target Target 1 %
=i Source Group 1/ .
p B Device | Target | Output | Listng | User  C51 | A51 | BLS1 Locate | BLS Misc | Debug | Utites |

[ STARTUP.A Folder Setup X 1
[ mainc 3 - F Symbals
[Setup Compiler Include Paths: [HESEAE] o
ram| Define: |
Undsﬁna'l
~ Code Optimization
| o Warings: [Waminglevel 2 -
Level: [ & Reuse Commen Entry Cods -
v Bitsto round for fost compars: [3
A [[] « Desktop » test » 5 v @ | searchtest » Emphasis: [Favorspssd ] |~ Global Register Coloring ¥ Inempt vectorsal address. [0000
Organize = New folder E. @ I Linkes Eode Packing mat. AJHP / ACALL) I Kegp vaniables in order
workspace w7 A Name Date modified Type T cascs ¥ Enatle ANSI integer promotion mies
workspace v8 Listings 8-Sep-12 M File foldes \ng;:e | J 2
s
I 5Shahyiar Objects 5-Sep-12.04:07PM  File folde =
B 2D Objects Controls
[ Desktop Conpler . [OFTINIZE 8 SPEED) EROWSE DEBUG OBIECTEXTEND PRINT( Lstngs\ ) TASS ()
control
desktop sting
i GLCD SONAR
I
E Media oK | concdl | Defauts Help
= . v < > | ‘
uf Folder || &
Select Folder Cancel

This section above is highly important because here we have to show the compiler the locations of
the header or include files. Check the step numbering carefully.

. Options for Target 'Target 1'

Device | Target | Output | Listing | User | C51 | AS1 | BL51Locate BLS1Misc | Debug | Lies |

—Wamings
Disable Waming Mumbers: |1q

™ use linker control file:

Create. .. Browsze. .. Edi...

Qveray

Misc
controls

Linker |TO " \Objecis'test” "
ct;tn_tml PRINT(" \Listings‘test m51") RAMSIZE{256)
ring !

ok |  Cancedl |  Defauts | Help

Lastly disable Warning Number 16. Now, we are good to code.

| made a small YouTube video on all the above discussed processes. If you didn’t understand some
part or if you are confused at some point, you can watch the video here.
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https://youtu.be/nHCjFw2TS4M

Now let us discuss about uploading codes to STC micros. The most advantageous part is the fact that
we don’t need to invest on a dedicated programmer as with other microcontrollers as a simple USB-
serial converter will do the job. However, on first go things may look confusing.

5 STC-ISP (V6.860) (Sales: 0513-35012928) Webrwww.STCMCUDATA.com (Support QQ:300003751) pe:RMBE00O - STC: The most powerful 8051 designer (Yao Yongping)

MCU Type STCY0C51RD+ ~ | Pins auto ~  Code Buffer EEPROM Buffer Recommend Book COM Helper Keil ICE Settings MCU Selection/Price/Samples  Demo Code Baudrate Tool Timer Tool Delay Tool Heade * | *
COM Port cOM2 1 ~ || Scan

Win Baud| 2400 - MaxBaud | 115200 ~
Address
0x0000 [AClear code buffer Open Code File 2

0x 1000 Clear EEPROM buffer 3pen EEPROM File
H/WOption  Off-Line Download(Ug/U7) Encryy ¢ | *

] Enable 6T(double-speed) mode

(] Reduce gain of the crystal oscillator

[ stop WatchDog only after power-down
Enable internal XRAM

] ALE pin used as P4.5

] Next time can program only when P1.0 & P1.*
[] Erase all EEPROM data nexttime program cc
[ Add MCU ID atthe end of code area

Fill data to space area FF

3

Code-Size | 0000H hecksum| 000000 Fill-Buffer || Clear-Buffer || Save-Buffer

MCU Type : STCS0C51RD+

About this MCU
Ifits FA version is V6.6 or higher
4 The ID number is valid
The ID number will be copy to RAM F1H-F7H while power-on reset
The ID number can be pragram to the end fo ROM via option
Download/Program  Stop Re-Program prog LR

Check MCU Notice Delay| 1 ser v

[ Auto reload the target file before each program

[JReload and download when target file is modified telease Projer ReleaseHelp GetHDD-SN [“1Beep ’assTimssIIl Reset.

Shown above is the STC-ISP tool’s screenshot with numbers. We have to follow them one-by-one and
in incremental order. 1 denotes that we must select the right COM port and part number. You can use
Windows Device Manager to find out which COM port is being used for uploading code. Step 2 is to
select the target HEX code file. Optionally in step 3, we can set some additional internal MCU
parameters. When everything has been set properly, we can hit the Download Program button shown
in step 4. If the target microcontroller or board is already powered then the code won’t be uploaded.
This is the confusing part because it should have been the other way.
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Notice the red arrow in the schematic below. The code is not uploaded by holding and releasing the
reset button for some time or by pulling high or low some special pin or by some other means. We
need to create a handshake between the PC and the target MCU and this is done when the MCU is
powered off and then powered on, i.e., when the micro is powered up.

Vi

(&)
A

STC3232 5TC232 MAXD23I 5P232

‘L—-EE Cl+ Ve @Tpv{x System Power/USE +5V
Ly -+ G [T} Gud
L|I| cl1- TIoUT [T R FPinl) P
— e B [T DO P g
T [F]c2- RIOUT [TT—— $ s
IHeE TN [TT}—
[[rovr o Thas part of the circuit Power On 3
[ saouT has nothing to do . o
with the downloads # S5TCO90=x Series can directly
substitute STCB%xx Series
cH-n-pL Vo ¢
Sl aacvvee IE /
OrFUL-FAD T 12710 Vet
g:éld”-l T | TEERFLL OO
3 P12 POl €3
4 |m3 PO2 B 10uF
T |ris FO3 ._1
6 |PLS Po4
i ol 5T FO.S
oy T 1 7 PO S
[@ |msT Po7
o [ MEUBDE) | manpso EAP45
1 .w@ TxDVF31 ALEP45
- [Tz |wTorFs2 FEENT4
If the frequency of external clock is higher [TT|Fmimss FLTIALS
than 33MHz, external active erystal [ mmss B EAL4
oscillator is recommended to nse directly. [T5]mmss F 5AL3
o [T&] WRP3.6 F4A12
- | e PRIAL
USE+V TIOUT RIINGND ’ :Ell_é_I_E FTAL2 PLYAL
é :JJ ‘.‘l} & |_I_|_|E XTALL P2 1/AD
— e 10 | Gud PLOAS
-

This is why the red arrow highlights the power switch in the schematic. Though the schematic shows
a MAX232-based converter, we can use a USB-serial converter instead.

All of these steps are demoed in this video. Note that no external USB-serial converter/cable can be
seen in the video as it is embedded in the board. The following schematic and photo will make this
fact clearer. This is why most STC development boards come with such arrangement and without any
programmer.
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About STC8A8K64S4A12 Microcontroller and its Development Board

Many Chinese microcontroller manufacturers develop awesome and cheap general-purpose MCUs
using the popular 8051 architecture. There are many reasons for that but most importantly the 8051
architecture is a very common one that has been around for quite a long time. Secondly,
manufacturing MCUs with 8051 DNA allows manufacturers to focus less on developing their own
proprietary core and to give more effort in adding features. Holtek, Nuvoton, STC, etc are a few
manufacturers to name.

Rather than mastering a good old 8051-based microcontroller like the AT89C52 or similar, it is better
to learn something new that has many similarities with that architecture. As mentioned earlier, STC
has various flavour of microcontrollers based on 8051 cores. STC8A8K64S4A12 of the STC8 family is
one such example. Here for this documentation, | will be using this MCU specifically. In short, it is a
beast as it offers lot of additional hardware that are usually not seen in regular 8051s. Some key
features are listed below. The red box highlights the STCBA8K64S4A12 micro in particular.

=l = | Qs
= =7 5 (2|18 |zlg|Z| |E .
Z|lz2|= ) 2 = - |2 |3 RN s
= o | i = 7| A IR e =5 (= ~ =
I (= ) G R~ I LENN I e 28 ||z |2
= | ~|ZS | m = E (2= |E2|=|= = [E° = g2 | w
- £z |=|=|5 S22 s|l2e|S|g(-|PIEIE|S |2 |2
= e 5B |E|R|S|= EZ|E|IZIEIR|&2|3 (2|2 |22 |22 (= |5
] = Elel&|lolX|s Slele|lZ2l=lg=l2 Bl ml2 |2 |2 |C
= = =B - B |z [5 e lZ|lalZlxl2slgalalmlale|l SIS |2 |2
g 2 | Z|F|S |28 |5 A E AN R R R
S = I N 2 | F s|E|lZ|2 =g C|lg|8|2E|8|8 | |=|2|2
2 2 B =52 ~|zlel=(28 8| "Izl |g | B | F|=|2|&w|=|2
= i B = | Rl |Z |28 E|lE S22 2|= |8 8 Bl |B |2 | &|xe|=
= SI5|EIz|RIE|E=|CIEISIEIE 22|28 |F|2|2|212|2|% |22
g = |Zlelz |2z |2 Fl2|Z|z|F|Z2|lz|s 2|2 |2I2|Z|5|=|E |5
£ P = = | 2T E|2 L= 2 |=l2l2([¥|BE(2|2(c|2|B
= e S [(=s|=2|53 |5 |= 3 = 2 rlE|l=|S |58 | =2 3 I = | = ==
i~ e (S)|- 2 |- |E |= L|=|=|3|=|=|F|=2|= sl 3 (B|5|E|s
=% = |~ é e« | = = sl=|N|E|la(eg|2 |8 |2E|F|=|BElz|r =2 |"
3 = | = s | = |8 | = z =z 2|52 |s|=|S|=|=|=|Z|= |2 |=
- = I B = = | =2 | 2 = || | = g |lz|=|z|= |E|[=
s |Zz|l=|= = Elal= |||z |= 212 |g |2 |2 |=
o = | = |3 iy e == LA E-NES == |l=s |2 &
222 |“ E |2(0|8 S e s (z|e2|2 |8
= |Z |5 = = =] e | 2 = T | =
2|8 |& z =4[ 2 2la|s - =
e = | &2 = = LI = =3 "
7 4 i £|s s f_ =
2.0-5. 2
STCSASK16S4A12 16K[{8K | 2 |48K| 59 | 4 |Yes|Yes| 5 8 | 4 |Yes Yes | Yes | Yes |4lev| Yes | Yes | Yes | Yes | Yes | Yes | Yes
5 fir
2.0-5. 12
STCSASK3I2S4A12 32K| 8K | 2 [32K| 59| 4 [Yes|Yes| 5 8 | 4 |Yes Yes | Yes | Yes |4lev| Yes | Yes | Yes | Yes | Yes | Yes | Yes
5 fir
2.0-5. 12
STCSASKG0S4A12 GOK|8K | 2 [4K | 59| 4 [Yes|Yes| 5 8 | 4 |Yes Yes | Yes | Yes [4lev| Yes | Yes | Yes | Yes | Yes | Yes | Yes
5 fir
2.0-5. 12
STCSASKG4S4A12 64K| 8K | 2 |IAP| 59| 4 |Yes|Yes| 5 8 | 4 |Yes Yes | Yes | Yes |4lev| Yes | Yes | Yes | Yes | Yes | Yes | Yes
5 {ir
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| chose STC8A8K64S4A12 for this tutorial for all of its rich features. My favourite features include 12-

bit ADC, multiple timers, reduced EMI feature and PCA module.
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Now let’s see the naming convention of STC microcontrollers. The figure below shows us what the
name of a STC8 micro means:

STCS8 series microcontroller name rule

SIC 8x xK 64 Sx Ax
ADC accuracy
A12: 12bits ADC
A10: 10bits ADC

Number of independent serial ports
54: 4 Independent serial port
52: 2 Independent serial port
S : 1 Independent serial port

Program space size
64: 64K byles
32. 32K bytes
16: 16K bytes

SRAM space size
BK: BK bytes
2K: 2K bytes

Sub - seres

8F: STCAF series (without AVcc. AGnd. AVRefpins)
B8A: STCBA series (with AVec. AGnd. AVRef pins)
8H: STCBH seires
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The name STC8A8K64S4A12 is quite a mouthful and given the nomenclature info, STC8A8K64SA412 is
actually a STC8 series micro with on-chip 12-bit ADC, 8kB SRAM, 64kB code space and 4 hardware
serial (UART) ports. Apart from these hardware thingies, the naming convention does not reveal other
cool features, for if it had been so, the device name would be even longer.

Initially | wanted to make this tutorial with the STC15F(L)204EA microcontroller but later | changed my
mind because STC8A8K64S4A12 is much richer in hardware peripheral terms than STC15F(L)204EA,
not to mention several similar hardware are present in both models of microcontroller. Since | planned
to use STC8A8K64S4A12, | waited for the arrival of the board shown below before completing this
work. Although this development board is an official board, it has been smartly designed for fast
learning and rapid deployment of projects. As a matter of fact, if someone learns about this micro with
this board, he/she will rule over all of STC's 8051-based line-up.
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This board has the following schematic and it will be needed throughout this tutorial.

1 ‘ 2 | 3 | 4
STCSASKG64S4A12 K F 41k
3 s ¥ £ X 2R AL
JFLASH
A r a
5
VCC GND L=
NRFTALAI WITEIE
JEC IS
. 1
o4 =
485HLER R 2 =,
VEC_meaf—— o
3
vee T S o 1 C2
o [2 157 eeprom 2 28 ol : =
— —_|:_ saleep Py :1 DTRs W3 - E“i”ﬂt‘m" :
= e (1B D: —
] e L
STASUI6 | e ep L Br "
1l
. 1y ST A
LCD il o7 ——— :
| | i Hl 1) T et B = e RxD2FWMD_HADCOPLO c
e vo ET T4CLED/ADEINADTRO.T
LEDI6OI-12868 o T4HADCIADEPO.S
VSS VoL oW CL T3CLEQ/ADC13: P0.3
VDD e OSITCILED T3/ADCIVADAR0:
Vo — TSOTCSDA/CCE3 TD4ADCII/ADIP03
= . =D 4 RxD TWEPS3
& PL5/ADCSPWMS 2SCLEMICSCLICCRY RaD4/ADCIDAD202
2/XTALOMCLEQ_MCCPL ADLR1
— ICCPO —
28 o5
LIE
51
D c,:::q”—o/o—”- i X D
. P3 LINTOICCPL_4/SCLE_4CSCL 4
53 P33INTLICCPO_4/MISO_4T2CSDA_4
c E o= PIATOTICLEGMOST ICMPO
e = @ND |||—o/ o P3STUTOCLEOECT_#55_+PWMFLT
ul
1 I 2 3 [ 4

On board, we have connectors for OLED display, GLCD, LCD, TFT Display, nRF24L01 transceiver,
ESP8266 Wi-Fi module, etc. We also have on board W25x16 flash, 24C04 EEPROM, RS485
communication bridge and a CH340G USB-serial converter that doubles as an on-board programmer.
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My Customized BSP

To deal with the vast array of peripherals of STCBA8K64S4A12, | needed something to quickly deploy
projects without going through the registers every time. Having gotten the idea of Board Support
Package (BSP) while working with Nuvoton N76E003, it was time for me to develop something similar
for STC micros here as officially STC does not have such beautiful software implementation for their
microcontrollers. However, STC does provide lot of both C and assembly language examples in their
reference manuals and programmer GUI unlike other manufacturers. Those examples, though helpful,
do not fit in all possible scenarios and often incomplete in terms of meaning. By having a BSP, we can
use our micro’s hardware peripherals more efficiently with ease and in a wide variety of ways. We
would no longer need to create and call functions for hardware peripherals every time. Nuvoton, TI,
STMicroelectronics, Silicon Labs and many other mainstream microcontroller manufacturers are
tooling various methods to reduce coding efforts and aid in rapid code development.

It is not an easy task to go through an entire reference manual, reading and trying out everything one-
by-one. However, | had to do it no matter how painstaking job it was. This is because firstly, | hate
setting registers repetitively every single time when | want to make a new project and secondly, | want
to make work easy so that less time, resource and effort are spent. | also have a tendency to forget
things quickly. This solution will be as such that it can be modified easily and ported for other STC
microcontrollers as well.

| have developed my BSP for STC8A8K64S4A12 in an orderly fashion. There are header files for each
hardware peripherals that contain all necessary functions and definitions. An example of
STC8A8K64S4A12’s watchdog timer’s header file is shown below:

0x00
ox08

bit_set

get_bit
bit_set

bit_set
do{ \
while(©

CNT_mode, PS do{ \

\
|=

WDT_set_prescalar
while(0
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Now let’s see what the registers and their settings look like:

addr Bit address and symbol reset
Symbol description
€55 BT B6 BS B4 B3 Bl | Bl ‘ B0 value
WDT_CONTR Watchdog control register Cl1H | WDT_FLAG EN_WDT |CLR_WDT| IDL_WDT WDT_PS[2:0] 0x00.0000
IAP_CONTR IAP control register C7TH IAPEN SWBS SWRST |CMD_FAIL IAP WT[2:0] 0000000
-Watchdog
RSTCFG Reset configuration register FFH control ENLVE P54RST LVDS[1:0] 0000.0000
register
o The overflow time of The overflow time of
division , : : :
WDT PS[2:0] fact 12M 1n the main 20M in the main
actor
frequency trequency
000 2 ~ 65.5 MS ~ 39.3 MS
001 ~ 131 MS ~ 78.6 MS
010 ~ 262 MS ~ 157 MS
011 16 ~= 524 MS =~ 315 MS
100 32 ~ 1.05 S ~ 629 MS
101 64 ~ 2.10 S ~ 1.26 S
110 128 ~ 4,20 S ~ 2.052 S
111 256 ~ 8.39 5 ~ 5.03 S

Overflow time of watchdog timer =

12% 32768 x2WPT.PSTD)

SY Sclk

As we can see there are a whole bunch of settings that need attention while using. This is perhaps the
easiest way to show what | wanted to achieve.

Please note that | have tested most of the stuffs that STC8A8K64S4A12 could offer. | tested them
rigorously and with confidence | can say all of these functions have been found to be okay. Being the
sole developer, | did my checks as much as possible but there could be unforeseen bugs that | may
have overlooked. A typical case could be wrong function naming. This is so because during
development of these BSP files | made several changes when new issues appeared. Therefore, | would
like to request readers to report any issue when discovered and | would also like readers to read the
reference manual of STC8 series completely if possible.

The examples presented in this document are based on my custom BSP and | believe that the journey
with STC microcontroller supported by my BSP would be a joyful one.
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General Purpose Input-Output (GPIO)

The very first thing to do with a new microcontroller is to play with its GPIOs and this is what we will
begin with. STC micros are based on 8051 architecture and so it is no surprise that the GPIOs will have
similarities with typical 8051s. GPIOs of STC micros are essentially same as those of Nuvoton N76E003.
Those who have seen my past Nuvoton tutorials will find similarities.

2 clocks
E delay
Port latch dara—[>‘ .

Input data 4 <IJ 1;:

interference suppression

Input Data
Quasi—Birectional Mode interference suppression Input Mode
vee
IZ|: Dm
Strong Pin
: Port latch data —>e——]
Port latch data—|>‘ ; @ ortlateh ata Ii
Ii Input data "<}
Input Data interference suppression
interference suppression
Push-Pull Mode Open-Drain Mode
1/0 Type Description
Quasi-Bidirectional | In this mode, a GPIO behaves like the GPIO of a typical 8051, i.e., the GPIO can
Mode simultaneously act like an input and an output, hence the term “bidirectional”.

Push — Pull Mode | This mode is same as the first one but with stronger current sourcing capability
and is recommended when making outputs.

Input Only Mode Unlike other modes, this is intended specifically for dedicated high-impedance
input or simply GPIO input.

Open-Drain Mode | As the name suggests, it is same as Quasi bidirectional mode but with open-
drain output that can only sink current, i.e., external pull-up is required.

BSP

#define bit_clr 0); bit_clr 0);while(0@

#define do bit_clr (2] bit_set while(©@
#define do bit_set 2] bit_clr while(@
#define do bit_set (2] bit_set while(©@

#define do{bit_set bit_set (2] bit_clr 7
#define do{bit_set bit_clr (2] bit_clr 7

#define do{bit_set bit_set (2] bit_clr 7
#define do{bit_set bit_clr (2] bit_clr 7

#define bit_set
#define bit_clr
#define bit_tgl
#define get bit
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Code

#include "STC8xxx.h"
#include "BSP.h"

setup( )

main(

setup();

while(1)

{
P55_toggle;
if(P52_get_input == 0)

delay_ms(400);
}

delay _ms(200);
¥

setup( )
P55_open_drain_mode;

P52_input_mode;
P52 _pull up_enable;

Schematic
STCRASKA454417-48
P5i 1 psameDd 2 RxD2PWMO_2ADCIPLO f_'
S5 PS3TaD4 2 T4CLEO/ADCISIADTPO.T [
577 PLUADCIPWAML 2T=D2 T4ADCI4ADSPOS (2
55— P12ADCIPWAD_VSSTECT T3CLEO/ADCI3/ADSPO.S [—=
- 515 P13/ADCIPWME_2MOSITCILEO T3ADCIZADAPO4 [—
e} 5377 Pl4ADCHPWM4_2MISOT2CSDACCE3 TxD4/ADCIVAD3PO3 |5
— FT—5 | P44RDT=D_4 RxD_$WRP43 [
E 5155 P1S/ADCSPWMS_VSCLETCSCLICCR? RxD4/ADCI0/AD2PO2 [—=
=] e 57715 P1.6/ADC6RxD_3/PWMG_LXTALOMCLEO_2/CCP] TxD3/ADCOADIPO] (g
Y- & 7| PLYADCT/T=D_3PWMT_2XTALLCCED RxD3/ADCBADOPOD |37
H ———J5 AGad PWMTALSPLT [
B 5| AVt CCP3_2PWMBAI4PL6 [
—5 3] AV CCP2 2I2CSCL_YSCLE 2PWMS/ALIP2S [~z
7] —=—5 PSARSTMCLEO CCP1_212CSDA_2MISO_2PWMHAIZP24 |53
— 15| Ve CCPO_2MOSL_2PWM3AILP23 |53
nls = :;; ECT 2552 1:;3.1:‘_\;\_; lA a'_‘_g g’_:_; 5
" [ = ?'1*;" ig P4.0/WE_3/BxD2_2 TxD?_2ED 3P47 [k
8] 5315 55| P3.0RxDICCP3_IINT4 RSTSVIWMUYARDLD 5o
] —557—51 23 IT=DICCR2 4 CMPO_VALEPS]
o === P3VINTOVCCP]_4/SCLE_4T2CSCL_4 CMP+TxD_2RD_2VINT3 P37 =
] Pa o | P33MNTLCCRO_4MISO_4DXCSDA_4 CMP-RxD_2WR_VINT2P3.6 5=
53 51| PIATOTICLEOMOSL $/CMPO TeD3_2P51 =2
23322 | p3 STUTOCLEOECT 455 4 PWMFLT RxD3_2P50 —=
Ul
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Explanation

Like always this first example is a simple variable flash rate LED flasher. Onboard LED connected to
P5.5 and onboard push button connected to P5.2 are used. The board’s schematic shows us that P5.2’s
push button must have an internal pull-up to properly function because it is not tied to any external
pull-up resistor and P5.5’s LED must be configured as an open-drain output. These are configured so
in the setup function.

setup( )

P55_open_drain_mode;
P52_input_mode;
P52 _pull _up_enable;

In the main loop, P5.5’s LED state is toggled every 200ms. If P5.2’s push button is pressed, P5.2’s state
changes and so additional 400ms delay is added, making the total toggling delay 600ms.

P55_toggle;
if(P52_get_input == 0)

delay_ms(400);

b
delay ms(200);

Note no clock settings are applied and the micro is running at default clock frequency of 24MHz.

Demo

Demo video link: https://youtu.be/ uNaNCzJUwM.
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Clock System

STC8A8K64S4A12’s clock system is very straight forward. There are three available clock sources —two
of which are internal. There is a high-precision 24MHz internal oscillator and a low accuracy internal
32kHz oscillator. Apart from these internal sources, we can also use external sources like external
crystals or oscillators. The clock system block diagram is shown below:

MCLKO_S j/
o—P5.4
~

MCLKODIV[3:0]

Internal 24MHz

—P1.6

External crystal/ [ —
: CLKDIV[7:0] |—__®
External clock signal L], Main Clock

Internal 32KHz System clock SYSclk

MCKSEL[1:0]

To set desired clock frequency, we have a clock divider block right after clock selection block. The final
output from the clock divider is the system clock that is feed to all peripherals.

We can also get system clock output via another block of clock divider. The output can be turned off
or extracted from either pin P5.4 or P1.6.

BSP

while
while(@

\
bit_set

bit_clr
while(@

#define \

#define \
bit_set

bit_clr
while(©@

#define \

while
while(©@

#define \
bit_set

bit_clr
while(@

#define
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clk_src, div

div

sys_src, sys_div, mclk_div, mclk_pin_id

#include "STC8xxx.h"
#include "BSP.h"

setup( IE
toggle( )s

main (

setup();

while(1)

do

do

\
if
\

\

else if

CLK_sys_clk_scalar
= \
while(©

\
CLK_MCLK_scalar
if ==

\
bit_set
\
else \
\
bit_clr
\
while(©@

\
bit_set 7 \
CLK_set_sys_clk_source_and_div
CLK_set_MCLK
bit_clr 7 \

while (0@




void setup(void)
P55_open_drain_mode;

CLK_set_sys_clk(IRC_24M, 4, MCLK_SYSCLK div_1, MCLK out_P54);
toggle();

CLK_set_sys clk(IRC_24M, 6, MCLK_SYSCLK div_8, MCLK_ out P54);
toggle();

CLK_set_sys clk(IRC_24M, 24, MCLK_SYSCLK div_1, MCLK_ out P54);
toggle();

CLK_set_sys_clk(IRC_32k, 1, MCLK_SYSCLK_div_1, MCLK_out_P54);
toggle();

void toggle(void)
unsigned char i = 10;
while(i > @)
P55_toggle;
delay_ms(60);

i--;

s

Schematic
STCEASEA454410-48
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v 517 1o | Pl-6/ADC&RxD_3/PWMS6_2XTALO/MCLEO_2/CCP] TxD3/ADCHADLDO.1
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3| AVref CCP3_2PWMGALLTL 6
se 13| AVee CCP?_2TCSCL_YVSCLE 2PWMSIALZLTPLS
: 15| PS4RSTMCLEO CCP1_212CSDA_2MISO_2PWM4/A12/P2 4
. 555 15 ] Ve< CCPO_MMOST_2PWMIAILTLS
| |2 — 7] P53 ECT_2/55_2PWMIAINDT.2
i ] 13' Gud PWM1/AF]
pi0 A 19| P4HOWR _3RxD2 2 TxD2?_2ED_3/P4.2
F31 5 g P3ORxDICCP3_4TNT4 RSTSVEWMNAZTIO
- —p33 7| P3-VTxDICCP2 4 CMPO_MALED4.1
o 735 27 | P3LINTHCCPL 4/SCLE 4T12CSCL 4 CMP+TxD_VED_LINT3P3.7
T3 23| P33INTLICCPO_$MISO_4T2CSDA_4 CMP-RxD_2'WE_LINTZP3.6
;;;3 P3 4 TOTICLEOMOST 4/CMPO TaD3_2/P5.1
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Explanation
This is yet another oversimplified example. Again, onboard LED toggling code is presented here.

Firstly, we need a LED toggling function because we want to visually observe what is happening.

while(i > 0)

P55_toggle;
delay ms(60);
il=og

s

P5.5’s LED is toggled 10 times. Note that although a 60ms delay is used between toggles, it will not be
60ms always as delays are dependent on system clock frequency. This will do the trick.

In the main, different clock settings are applied and the LED toggling is observed.
CLK_set_sys_clk(IRC_24M, 4, MCLK_SYSCLK div_1, MCLK out_P54);
toggle();

CLK_set_sys_clk(IRC_24M, 6, MCLK_SYSCLK_div_8, MCLK out_P54);
toggle();

CLK_set_sys clk(IRC_24M, 24, MCLK_SYSCLK div_1, MCLK_out P54);
toggle();

CLK_set_sys_clk(IRC_32k, 1, MCLK_SYSCLK div_1, MCLK out P54);
toggle();

With different system clock speeds, the onboard LED toggling rates change.

Demo

Demo video link: https://youtu.be/iNwxc3bJ1C8.
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Interfacing 2x16 LCD

After having both clock system and GPIO mastered, the next important thing to do is to drive an
ordinary alphanumerical LCD or simply text LCD. This is very important as text LCDs are great tools for
quickly and visually displaying information.

o 11 = 11 — _-1 P —
::l ! - EE’ I I“ '_JIL.I.': ' | _'- IP 7 | .-HIJ
it £l ,____h!lll , :m = '-l. = || = ”i*

while(©

#define
#define

#define
#define

#define
#define

#define
#define
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LCD_init( )

LCD_send( value,
LCD_4bit_send( lcd_data);
LCD_putstr( lcd_string);
LCD_putchar( char_data);
LCD_clear_home( K

LCD_goto( X_pos,

toggle EN_pin( )

#include "LCD.h"

LCD_init(
delay ms(10);
LCD_GPIO init();
LCD_RW_LOW;
LCD_RS_LOW;
delay ms(10);
toggle_ EN_pin();

LCD_send(©x33, CMD);
LCD_send(©®x32, CMD);

LCD_send((_4_pin_interface | _2 row_display | _5x7_dots),
LCD_send((display_on | cursor_off | blink_off), CMD);
LCD_send((clear_display), CMD);
LCD_send((cursor_direction_inc | display_no_shift), CMD);

LCD_send(

switch(mode)




case DAT:

{
LCD_RS_HIGH;
break;

}
case CMD:

{
LCD_RS_LOW;
break;

}

LCD_4bit_send(value);

LCD_4bit_send( lcd_data)
temp = 0;
temp = ((lcd_data & 0x80) >> 7);
switch(temp)

{

case 1:

LCD_DB7_HIGH;
break;

}
default:

LCD_DB7_LOW;
break;

¥
temp = ((lcd_data & 0x40) >> 6);
switch(temp)

case 1:

LCD_DB6_HIGH;
break;

}
default:

LCD_DB6_LOW;
break;

}

temp = ((lcd_data & 0x20) >> 5);

switch(temp)
case 1:

LCD_DB5_HIGH;
break;

}
default:

LCD_DB5_LOW;
break;

}

temp = ((lcd_data & 0x10) >> 4);
switch(temp)

case 1:

{
LCD_DB4_HIGH;
break;

¥
default:




LCD_DB4_LOW;
break;

¥

toggle EN_pin();

temp = ((lcd_data & ©x08) >> 3);
?witch(temp)

case 1:

LCD_DB7_HIGH;
break;

¥

default:

LCD_DB7_LOW;
break;

¥
temp = ((lcd_data & 0x04) >> 2);
switch(temp)

case 1:

LCD_DB6_HIGH;
break;

}
default:

LCD_DB6_LOW;
break;

¥

temp = ((lcd_data & 0x02) >> 1);

switch(temp)

case 1:

LCD_DB5_HIGH;
break;

¥
default:

LCD_DB5_LOW;
break;

}

temp = ((lcd_data & 0x01));
switch(temp)

case 1:

{
LCD_DB4_HIGH;

break;

}
default:

{
LCD_DB4_LOW;
break;

}

toggle EN_pin();

LCD_putstr( *1lcd_string)




LCD_send(*1cd_string++, DAT);
}while(*1lcd_string != "\0');

LCD_putchar( char_data)

LCD_send(char_data, DAT);

LCD_clear_home( )

LCD_send(clear_display, CMD);
LCD_send(goto_home, CMD);

LCD_goto(
if(y_pos == @)
LCD_send((0x80 | x_pos), CMD);
¥

else

LCD_send((0x80 | ©x40 | x_pos), CMD);

toggle EN_pin(

LCD_EN_HIGH;
delay ms(2);
LCD_EN_LOW;
delay ms(2);

led_print.h

1
8
array_size_per_symbol

load_custom_symbol( )8

print_symbol( symbol_index);
print_C( value);

print_I( value);

print_D( value, points);
print_F( o value, points);

led_print.c

#include "lcd_print.h"

load_custom_symbol(
0;
custom_symbol[array_size] =

0x00, Ox06, Ox09, Ox09, Ox06, Ox00, Ox00, Ox00
s

LCD_send(0x40, CMD);
for(s = @; s < array_size; s++)

LCD_send(custom_symbol[s], DAT);




LCD_send(@x80, CMD);

print_symbol( symbol_index)

LCD_goto(x_pos, y_pos);
LCD_send(symbol_index, DAT);

print_C( X_pos,
ch[5] = {0x20, ©0x20, 0x20, 0x20,
if(value < 0x00)
ch[0] ox2D;
value = -value;
b

else

ch[0] 0x20;
¥

if((value > 99) && (value <= 999))
ch[1] ((value / 100) + 0x30);

ch[2] (((value % 100) / 10) + 0x30);
ch[3] = ((value % 10) + 0x30);

¥
else if((value > 9) && (value <= 99))

ch[1] = (((value % 100) / 10) + 0x30);
ch[2] = ((value % 10) + 0x30);
ch[3] = 0x20;

b

else if((value >= @) && (value <= 9))

{
ch[1] ((value % 10) + 0x30);

ch[2] 0x20;
ch[3] 0x20;
}

LCD_goto(x_pos, y_pos);
LCD_putstr(ch);

print_I( X_pos, y_pos,
ch[7] = {@x20, 0x20, 0x20, 0x20, 0x20, 0x20, '\0'};

if(value < 0)

{
ch[@] = ox2D;
value = -value;

}

else

{
}

if(value > 9999)
{

ch[o] 0x20;

ch[1] ((value / 10000) + 0x30);
ch[2] (((value % 10000)/ 1000) + 0x30);
ch[3] (((value % 1000) / 100) + 0x30);
ch[4] (((value % 100) / 10) + 0x30);
ch[5] ((value % 10) + 0x30);

¥

else if((value > 999) && (value <= 9999))

{
ch[1] (((value % 10000)/ 1000) + ©x30);
ch[2] (((value % 1000) / 100) + 0x30);
ch[3] (((value % 100) / 10) + 0x30);




ch[4] ((value % 10) + 0x30);
ch[5] 0x20;

}

else if((value > 99) && (value <= 999))

{
ch[1] (((value % 1000) / 100) + 0x30);
ch[2] (((value % 100) / 10) + 0x30);
ch[3] ((value % 10) + 0x30);
ch[4] 0x20;
ch[5] 0x20;

}
else if((value > 9) && (value <= 99))

{
ch[1] = (((value % 100) / 10) + 0x30);
ch[2] = ((value % 10) + 0x30);
ch[3] = ox20;
ch[4] = ox20;
ch[5] = ox20;

ch[1] = ((value % 10) + 0x30);
ch[2] 0x20;
ch[3] 0x20;
ch[4] 0x20;
ch[5] = ox20;
b

LCD_goto(x_pos, y_pos);
LCD_putstr(ch);

print_D( X_pos, y_pos, points)
ch[5] = {0x2E, 0x20, 0x20, 0x20, 0x20};
ch[1] = ((value / 100) + 0x30);
if(points > 1)
ch[2] = (((value / 10) % 10) + 0x30);
if(points > 1)
ch[3] = ((value % 10) + ©x30);
¥

LCD_goto(x_pos, y_pos);
LCD_putstr(ch);

print_F( X_pos, points)

tmp = 0x00000000;

tmp = value;
print_I(x_pos, y_pos, tmp);
tmp = ((value - tmp) * 1000);

if(tmp < 0)

tmp = -tmp;
¥

if(value < 0)

{
value = -value;
LCD_goto(x_pos, y_pos);
LCD_putchar(0x2D);

}

else

LCD_goto(x_pos, y_pos);
LCD_putchar(0x20);




if((value >= 10000) && (value < 100000))
print_D((x_pos + 6), y_pos, tmp, points);

b
else if((value >= 1000) && (value < 10000))

{
print_D((x_pos + 5), y_pos, tmp, points);

else if((value >= 100) && (value < 1000))

{
print_D((x_pos + 4), y_pos, tmp, points);

}
else if((value >= 10) && (value < 100))

{
print_D((x_pos + 3), y_pos, tmp, points);

else if(value < 10)

print_D((x_pos + 2), y_pos, tmp, points);

#include "STC8xxx.h"
#include "BSP.h"
#include "LCD.c"

setup( )s
show_value( value);

main(
S = 0x00;

txtl {"MICROARENA"};
txt2[] = {"SShahryiar"};
txt3[] = {"STC8A Series"};
txt4a[] = {"STC8A8K64S4A12"};

setup();
LCD_clear_home();

LCD_goto(3, 9);
LCD_putstr(txtl);
LCD_goto(3, 1);
LCD_putstr(txt2);
delay_ms(4000);

LCD_clear_home();

for(s = 0; s < 12; s++)

{
LCD_goto((2 + s), 9);
LCD_putchar(txt3[s]);
delay ms(69);

for(s = @; s < 14; s++)

{

LCD_goto((1 + s), 1);
LCD_putchar(txt4[s]);
delay_ms(69);

b

delay_ms(4000);

s = 0;
LCD_clear_home();

LCD_goto(3, 9);
LCD_putstr(txtl);

while(1)




show_value(s);
S++;
delay_ms(400);

void setup(void)

{

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK div_1,

LCD_init();

void show_value(unsigned char value)

{

unsigned char ch = 0x00;

= ((value / 100) + 0x30);
LCD_goto(6, 1);
LCD_putchar(ch);

= (((value / 10) % 10) + 0x30);
LCD_goto(7, 1);
LCD_putchar(ch);
ch = ((value % 10) + 0x30);

LCD_goto(8, 1);
LCD_putchar(ch);

Schematic

LED1602-12

Tl
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Ted

Explanation

| have demoed this example in all of my past tutorials and so | won’t be explaining it again. The only
trick 1 would like to share is the fact that LCD datasheet documents state how to drive and initialize

MCLK_out_P54);
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ul

them. Thus, it is best to read datasheet and try to implement on own. It is very simple.
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Demo video link: https://youtu.be/-fOvuPexRKM.
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External Interrupt (EXTI)

STC microcontrollers have complex interrupt systems. Literally, all internal peripherals have interrupt
capabilities. The block diagram of STC8A8K64S4A12’s interrupt system shows this. In this section, we
would see the use of external interrupt and in later examples we would see other interrupts.

External interrupt has lot of uses in modern embedded systems. When coupled with low power
consumption modes, external interrupts can be used to wake up a device and do certain task upon
user’s stimulated input via a button, keypad, touchpad, etc. External interrupts are what used in most
portable battery-operated devices like computer mice, keyboards, remote controllers, etc. In such
devices, precious battery energy is conserved by spending most time in low power modes and waiting
for user interactions. When there is a user input, external interrupts are kicked in and some tasks are
done quickly before returning to dormant low power modes.
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Code

#include "STC8xxx.h"
#include "BSP.h"

setup(

EXT_0_ISR(

interrupt @

{

for(s = ©; s <= 9; s++)

P55_toggle;
for(i = ©; i < 10000; i++);




void EXT_1_ISR(void)
interrupt 2

for(s = ©; s <= 9; s++)
{
P55_toggle;
for(i = 0; i < 30000; i++);

void main(void)

{

setup();

while(1)

P55_low;
¥

void setup(void)
CLK_set_sys_clk(IRC_24M, 24, MCLK_SYSCLK_no_output, MCLK_out_P54);
P55_open_drain_mode;
EXT_0_priority_0;
EXT_O_falling_edge_detection_only;
_enable_EXT_O_interrupt;
EXT_1_priority_1;
EXT_1_falling_edge_detection_only;
_enable_EXT_1_interrupt;

_enable_global_interrupt;

Schematic
STCEASFA454417-48
<7 1 ]
e RxD2PWMD_YADCOPLO (o o1
BT PS3TaDd 2 T4CLEQADCLSIADTR0.T e
o3| PLUADCIPWMI 2TsD2 THADCIYADEPOS [— =t
Fis——= PlUADCIPWMI 2SSTVECT T3CLEQADCI3/ADS P05 —o—Fm
PiT—| Pl3/ADCIPWM3 2MOSITCILKO THADCIVADAT0S —5——=
f——] PLAHADCHPWMA_IMISOT2CSDAICCES TxDHADCIUADIPOS ——
Fir—g| P44EDT:D 4 BxD_4WRP43
) D2 i o | PLS/ADCIPWMS_XSCLETNCSCLICCE? ExD4/ADCIHADYP)2
VCC mm AN 75 T 10| PLEADCSR:D_3PWMS 2XTALOMCLED 2CCP] TxD3/ADCYADLPO.1
T B3 —5| PL7ADCT/TD 3PWM7_2XTALLCCR RxD3/ADCADIPD0
LA 15K | AGnd PWMTALSTLT
£l BLED —— 5 AVref CCP3_2PWMSALSPLE
—= | Avee CCP2_2DCSCL_VSCLE_2PWMS/ALIPLS
52 - = fs 4RSTMCLEOQ CCP1_2 ECS?—;E-E, :ﬂég_zgﬁﬁﬂ ,ﬂ.{ﬁ gz.q
Ty ~ o——  TEE g | Vi PO _2MOSI 2PWAME 23
@D 'l o B 181 pss ECI 2SS 2PWM2AL0P22
God PWML/AGTP2]
53 . P4.0/WE,_3/RxD2_2 TxD2_IRD P42 o —
oD ,|| " P33 P3.0/RxD/CCP3_4INT4 RSTSV/PWMBARP20 —5o—i;
P3.1/TeDACCP2_4 CMPO_VALET41 —o—
P3VINTOVCCPI 4/5CLE, 4TCSCL 4 CMP+TxD_2RD 2INT3P3.7 (=
P3 3/INT1/CCPO_4MIS0_4T3CSDA_4 CMP-FxD_YWE_MINT2ZF36 [~ —=
P34/ TOTICLEOMOSL 4CMPO TxD3 2P51 |5—5=
P35/ TUTOCLEOECT_455_4PWMFLT RxD3_2P50 =
ul
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Explanation

First, let us see how we can enable external interrupt. Although external interrupts are GPIO input
feature, we do not have to set external interrupt pins as inputs. This is done automatically and
internally.

8051 architecture allows prioritization of interrupts. This means that when there are simultaneous
multiple interrupts, the interrupts are served in an orderly fashion according to the level of priority.
STC8A8K64S4A12 has 22 interrupt sources and 4 levels of priority. Although it is not mandatory to set
priority in most cases, some applications may need this feature. In this demo code, external interrupt
1 has higher priority than external interrupt 0 and so it would be processed first and then external
interrupt O would be processed afterwards.

EXT_O_priority_0;
EXT_0@_falling edge_detection_only;
_enable_EXT_0_interrupt;

EXT_1_priority_1;
EXT_1_falling_edge_detection_only;
_enable_EXT_1_interrupt;

_enable global_interrupt;

The next thing to do when setting external interrupts is to let the MCU know which edges would trigger
the interrupts. Finally, the interrupts are enabled along with global interrupt flag bit.

Like other examples onboard LED is used as an indicator. Inside each interrupt service routine, this
LED is toggled but the rates of toggling are different. This would differentiate the interrupts.

void EXT_@_ISR(void)
interrupt @

for(s = 0; s < ; S++)
{
P55_toggle;
for(i = 0; i < 10000; i++);

void EXT_1_ISR(void)
interrupt 2

{

for(s = 0; s < ; S++)

P55_toggle;
for(i = 0; i < 30000; i++);

When external interrupt O is triggered, the LED toggles fast and when external interrupt 1 is triggered,
the LED toggles slowly. If external interrupt O is triggered while external interrupt 1 is being processed,
external interrupt 0’s task is processed after completing external interrupt 1’s service routine. It is as
if the MCU remembers the low priority interrupt after completing the higher priority interrupt. If
external interrupt 1 is triggered while external interrupt O is being processed, the tasks in external
interrupt 0 is temporarily suspended and external interrupt 1 is processed. After processing external
interrupt 1, the suspended tasks of external interrupt O are resumed from where they were left.

Page | 42



Demo

Demo video link: https://youtu.be/ dHclr7-X0l.
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Analogue Comparator (AC)

Analogue comparator is not typically found in many microcontrollers but STCBA8K64S4A12 packs one
analogue comparator. Though this comparator has limited options, it is still very useful and very easy
to use. It can be used for low battery/voltage detection, for comparing voltage levels, etc. The
comparator can also be used to build simple switch mode power supplies and achieve feedback for
various tasks.

P3.7 CMPRES
Analog filtering
ADCIN
0.1us 0 P34
PIS + [_ | LCC
. 1 (TDJP()___I P41
- Digital filtering E
REFV DISFLT Delay LCDTY PIE CMPO S
(innerl. 344V) CPUCLOCK
HE
CMPIF
In

The comparator block shows that P3.6 and P3.7 GPIO pins can be used as positive and negative inputs
to the comparator unit. Alternatively, we can also use internal 1.344V voltage reference source or ADC
input. The comparator output can be optionally filtered both using analogue and digital techniques.
Lastly, we can retrieve comparator output via GPIO pins, flag and interrupts.

Code

#include "STC8xxx.h"
#include "BSP.h"

setup( )

main(
setup();
while(1)

if(CMP_get_comp_status != 0x00)
{

}

else

{
¥

P55_low;

P55_high;

s

setup( )

CLK_set_sys_clk(IRC_24mM, \
2, \
MCLK_SYSCLK_no_output, \
MCLK_out_P54);

P55_open_drain_mode;
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CMP_setup(CMP_positive_input_P37, \
CMP_negative_input_P36, \
CMP_output_disable, \
CMP_result_positive_output, \

CMP_enable_analog filtering, \
ox04) ;

CMP_enable;

Schematic
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Explanation

Analogue comparator is set up very easily by choosing the positive and negative input sources, output
state, result state and filtering values. After setting all these, the comparator needs to be enabled.

CMP_setup(CMP_positive_input_P37, \
CMP_negative_input_P36, \
CMP_output_disable, \
CMP_result_positive_output, \
CMP_enable_analog_filtering, \
0x04);

CMP_enable;

Here, we used the GPIO pins P3.6 and P3.7 as physical inputs to the comparator unit. We disabled the
physical comparator output. The comparator will give output when positive input is larger than
negative input. Lastly, 0.1us analogue filtering is used along with some digital filtering by the addition
of some latency. These filtering ensure that short-lived false signals are ignored.

Inside the main loop, comparator’s result flag status is continuously monitored. P5.5 onboard LED is
turned on or off according to this flag’s status.

if(CMP_get_comp_status != 0x00)
{

}

else

{

P55_low;

P55_high;




Demo

Demo video link: https://youtu.be/TuKMcBxPxf0.
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Analogue-to-Digital Converter (ADC)

STC8A8K64S4A12’s 12-bit analogue-to-digital converter is an attractive feature. In the market, there
are many enhanced 8051-core microcontrollers but most don’t have any built-in ADC while some have
low resolution ones. Like the analogue comparator, the ADC of STC8A8K64S4A12 is very simple and
have limited basic options. The speed of this ADC can reach up to 800ksps. However, some care needs
to be taken in order to maintain accuracy and consistency in measurements. For better results it is
better to use well-calibrated external voltage reference source and additional filtering. These are well
documented in STC8A8K64S4A12 reference manual and a sample diagram is shown below.

CD431/TL431 (2.5V reference soumce)

,l; P03 P0.2 —jg
511R —; P04 Po.1 —‘%8
;1 P05 P0.0 “%?
- P0.6 P2.7 _%6
i _ — PO.7 P2.6 =
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siginal input 7 PLO P25 34
Tk 4k 1 3 Pl.1 P24 %%
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. ] o =1 P13 P22
System power 10 ) 31
) o 103 — P14 P21 —
(get power from USB) 11 - 30
=1 P15 P20 [
0.1lu 12 - - 29
N/ E Pl.6 P4.1 ‘_’8
- P1.7 P3.7 ,',_?
. \ T T AGnd P36 ‘_’6
' . — AVref P35 =
AT n >3
)ﬁ SAC t? AVee P3.4 [
. — P54 P33 =
Power On Ve 18 i 23
P> o Ve P32 [
30 P5.5 P3.1 ‘-’I
47u = C? = Gnd P3.0
OR OR
STC8ASKG64S4A12
AGND SGND DGND
System System
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C? 104(0.1uF) 103(0.01uF)
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Code

#include "STC8xxx.h"
#include "BSP.h"
#include "LCD.c"
#include "lcd_print.c"

void setup(void);

void main(void)

{
unsigned int ADC_count = 0x0000;
float voltage = 0.0;

setup();

LCD_goto(@, ©);
LCD_putstr("CHO/V:");

LCD_goto(@, 1);
LCD_putstr("CH1/V:");

while(1)

{
ADC_count = ADC_get_result(CHO);
voltage = (((float)ADC_count * 5.0) / 4095.0);
print_F(10, @, voltage, 3);

ADC_count = ADC_get_result(CH1);
voltage = (((float)ADC_count * 5.0) / 4095.0);
print_F(10, 1, voltage, 3);

delay_ms(400);

void setup(void)

{
CLK_set_sys_c1k(IRC_24M, 4, MCLK_SYSCLK_no_output, MCLK_ out_P54);

P10_input_mode;
P11_input_mode;

ADC_enable;
ADC_result_format_right_aligned;
ADC_set_conversion_speed(ADC_conv_256_CLKs);

LCD_init();
LCD_clear_home();

Schematic
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Explanation

This ADC example utilizes polling method to get voltage reading from two ADC channels associated
with pins P1.0 and P1.1.

System clock setting is very important and this is so because AD conversion speed is dependent of this
clock.

Fapc=SYSclk/2/16/SPEED

where
ADC conversion time ADC conversion time
SPEED[3:0] SPEED][3:0]
(number of CPUclocks) (number of CPUclocks)
0000 32 1000 288
0001 64 1001 320
0010 96 1010 352
0011 128 1011 384
0100 160 1100 416
0101 192 1101 448
0110 224 1110 480
0111 256 1111 512

CLK_set_sys_clk(IRC_24M, 4, MCLK_SYSCLK no_output, MCLK_ out_P54);

In our case, the system clock is 6MHz and so Fabcis 732Hz. Though the conversion speed is not pretty
impressive, it is good enough for this example as sensing voltage variations are not rapid. Nyquist
criterion should always be kept in mind while sampling analogue signals.

ADC Input pins need to declared as inputs.

P10_input_mode;

P11_input_mode;

ADC setup is pretty straight. All we need to do is to enable the ADC, select data output alignment and
ADC clock speed prescalar.

ADC_enable;

ADC_result_format_right_aligned;
ADC_set_conversion_speed(ADC_conv_256_CLKs);
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Data output can be either left-aligned or right-aligned. Right-aligned data is easy to read and that is
why it my choice.

ADC_RES ADC_RESL
A A
4 ™~ N
pD11|D10l D9 |D8|D7|DE|D5| D4 | |D3|D2|D1|DO| O] O |0 ]| O Left Aligned Data Format
S AN J
_“v"_ Y
12 bit conversion result Fill 0 automatically
ADC_RES ADC_RESL
A AL
N ™
olo]|o| ol|pifpiolpe|ps| |D7|D6|D5|D4| D3| D2|D1| DO Right Aligned Data Format
\ AN ey
Y TNV

Fill 0 automatically 12 bit conversion result

The ADC reading function reveals this fact.

ADC_get_result( channel)
value = 0x0000;

(channel);

delay ms(1);

while(!check_ADC_flag);
clear_ADC_flag;

value = ((ADC_RES << 8) | ADC_RESL);

return value;

In the main, ADC channels 0 and 1 are read and their readings are converted to voltage. The voltages
are shown on an LCD.

ADC_count = ADC_get_result(CHO);
voltage = ((( )JADC_count * 5.0) / 4095.0);
print_F(10, @, voltage, 3);

ADC_count = ADC_get_result(CH1);

voltage = ((( )JADC_count * 5.0) / 4095.0);
print_F(10, 1, voltage, 3);

delay ms(400);

ADC reading can be improved by applying several techniques like using filters, averaging technique
and so on. Special attention is needed while designing PCBs in order to minimize cross-talk between
channels and noise from onboard digital circuitry.

Generally, AD conversion should be fast, ADC I/O pins must be set in high impedance mode and AVCC
to VCC voltage difference should not be more than 0.3V.
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Demo

Demo video link: https://youtu.be/i2MJ10kbhwQ.
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|AP/EEPROM

Storing calibration, configuration, setting data and some preset values are required in some devices
and so they need to be stored in memories that can be later modified if needed or else left alone. For
such cases, we would need either EEPROM or flash memories. Like many modern microcontrollers,
STC microcontrollers don’t come equipped with built-in EEPROM memory but through coding we can
store aforementioned data in internal flash memory through IAP/ISP technology.

Of course, there are ways to use external EEPROM and flash memories like AT24Cxx EERPOMS and
W25X16 but that would require external wiring and the use of communication pins. Having
flash/EEPROM memory embedded in the application chip allows us to simply avoid these and have
our microcontroller ready for fast deployment.

In this section, we would see how to use internal flash to store data.

Code

# include "STC8xxx.h"
#include "BSP.h"
#include "LCD.c"
#include "lcd_print.c"

#define 0x0400
setup( DB

main(

setup();

LCD_goto(0,
LCD_putstr("
LCD_goto(@,
LCD_putstr("

i = IAP_read(BASE_ADDRESS);
delay ms(10);
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print_I(11, ©, BASE_ADDRESS);
print_C(14, 1, i);

delay_ms(2000);

if(i == 0)

{
LCD_clear_home();
LCD_goto(0, 0);
LCD_putstr("Performing Erase");
LCD_goto(@, 1);
LCD_putstr("....");
IAP_erase(BASE_ADDRESS);
delay ms(1000);

}

LCD_clear_home();
delay_ms(100);

LCD_goto(@, ©);
LCD_putstr("W Addr:");
LCD_goto(0, 1);
LCD_putstr("W Data:");

i = (P1 & 0x03);
IAP_write(BASE_ADDRESS, i);
print_I(11, ©, BASE_ADDRESS);
print_C(14, 1, i);
delay_ms(2000);

LCD_clear_home();
delay _ms(100);

LCD_goto(0, 0);
LCD_putstr("R Addr:");
LCD_goto(0, 1);
LCD_putstr ("R Data:");

i = IAP_read(BASE_ADDRESS);
delay ms(10);

print_I(11, ©, BASE_ADDRESS);
print_C(14, 1, i);
delay_ms(2000);

while(1)

{
3

setup( )
CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK div_1, MCLK_ out P54);

P10_input_mode;
P11_input_mode;

LCD_init();
LCD_clear_home();
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Schematic
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Explanation

The code in this rudimentary demo works by reading a single fixed location of internal flash, here
0x0400. An LCD display is used to show the read location and its content. If the content is O then an
erase is performed because it is assumed to be empty. After performing erase, the same location is
written. The write value is generated by reading the logic states of the lowermost bits (i.e., bit 0 and
1) of P1 port. After writing, the location is read again as to check if the data is properly saved. If the
micro is reset or if there is a power-down, the saved data is retained, confirming that indeed data has
been preserved in the internal flash memory.

IAP functionality utilizes the following three functions. As can be seen that these functions must follow
a sequence operation in order to enable access to internal flash.

unsigned char IAP_read(unsigned int address)

{

unsigned char value = 0x00;

IAP_CONTR = IAP_WT;

IAP_CMD = IAP_read_command;
IAP_address(address);
IAP_trigger;

QN

value = IAP_DATA;
IAP_clear;

return value;

}

void IAP_write(unsigned int address, unsigned char value)
{
IAP_CONTR = IAP_WT;
IAP_CMD = IAP_write_command;
IAP_address(address);
IAP_DATA = value;
IAP_trigger;
_nop_();
IAP_clear;
}

void IAP_erase(unsigned int address)

{

IAP_CONTR = IAP_WT;

IAP_CMD = IAP_erase_command;
IAP_address(address);
IAP_trigger;

_nop_();

IAP_clear;

}
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Some key points to note while using internal flash as EEPROM:

1.
2.

The flash memory of STC micro can be divided into sectors of 512 bytes.

Byte write or byte erase operations are not possible as these are done at sector level. This
means that to change one byte of a sector, we would have to totally erase and write that
sector.

Basing on point 2, it is better to use two sectors for one set of data. We can, then, maintain
wear-leveling and memory ring buffer.

We must use those locations of internal flash that won’t have any part of application code. As
with other microcontrollers, STC micros begin executing code from 0x0000 location of
memory. Thus, it is better to use locations at the last portion of internal flash memory.

Flash memory has an endurance of 100,000 cycles. Thus, frequent writes/erases must be
avoided. It is better to use a RAM buffer for applications that require frequent data storage.
By using such a technique, flash memory is only modified before a reset or power down event.
This is just like saving all your files before shutting down your PC. Most modern solid-state
drives (SSD) come with a DRAM cache and this has almost similar usage.

IAP size can be set by using STC programmer GUI.
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Demo

Demo video link: https://youtu.be/sxiDfofhr2E.
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Timing-Related Hardware Overview

When it comes to timer-counters and time-related hardware, STC microcontrollers pack lot of punch.
There are five 16-bit timer-counters, a Programmable Counter Array (PCA) and an enhanced PWM
hardware peripheral. The timers are similar to the timers of standard 8051 microcontrollers. The rest
of the hardware peripherals are bonus features that are not typically available in traditional 8051s.

Timer-Counters

Timer-Counters TO — T4 are the five 16-bit timer-counters. As with the timers of any MCU, timers of
STC microcontrollers can be employed for a number of tasks including time-base, timing events and
outputs, measuring intervals, etc. Timers of 8051 architecture-based microcontrollers are usually also
responsible for internal serial port (UART) hardware baud-rate generations and so is the case with STC
microcontrollers. Thus, these timers are very versatile.

The typical structure of timers of traditional 8051s looks like the block diagram shown below but it is
not completely the same for STC microcontrollers.

PERIPH -
CLOCK THX Tix | Overflo

(8bits) | (8 bits) Interrupt

TCONTeg Request

THx and TLx are cascaded counters that can be clocked using internal peripheral clock or externally
via specific timer input GPIO pins. The clock that would drive the counters can be optionally scaled but
unlike other microcontrollers the scaling is restricted to 1T or 12T, i.e., the driving source clock is either
divided by one or divided by a factor of 12. When a timer is internally clocked, it is said to be acting
like a timer and when it is clocked externally, it is said to be operating as a counter. All timers have
interrupt capabilities and always count to top value from either 0 or some predefined value. Timers
TO and T1 are special timers while the rest are general purpose timers.

The timers can be operated in the following modes of operations:

16-bit Auto 16-bit Non- 8-bit Auto DOl
. auto Reload Reload Mode Stop Mode
Timer Reload Mode Reload Mode )
(Mode 0) Mode (Mode 2) with Interrupt (Mode 3)
(Mode 1) (Mode 3)

Timer 0 (TO) v v v v

Timer 1 (T1) v v v v
Timer 2 (T2) v

Timer 3 (T3) v

Timer 4 (T4) v
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These modes of operations have similarities with standard 8051s but there are also some minor
differences.

e 16-bit Auto Reload Mode (Mode 0)

In auto-reload mode, a timer’s internal counter (TLx and THx) is loaded with some user-
defined value at the beginning and the timer is started. It will count from that set value to the
top value of 65535 (OxFFFF) and then overflow. After the overflow event, the user-defined
value is automatically reloaded to the timer’s counter and the process repeats. The overflow
event can generate an interrupt.

e 16-bit Non-auto Reload Mode (Mode 1)

Mode 1is same as Mode 0 but the only difference between them is reloading feature. In Mode
1, a timer’s internal counter (TLx and THx) needs to be reloaded manually through coding.

e 8-bit Auto Reload Mode (Mode 2)

Mode 2 is similar to Mode 0. The differences are resolution and how the timer is reloaded. In
this mode, TLx is used as counter and THx is used as the buffer that with reload TLx when
overflow occurs.

e 16-bit Auto Reload Mode with Interrupt (Mode 3)

This mode is same as Mode 0 but in this mode, interrupt cannot be disabled. In Mode 0, we
have the option to either use timer interrupt or have it disabled.

e Stop Mode

Stop mode is only valid for Timer 1. Actually, all timers can be stopped somehow but entering
this mode will disable Timer 1.

Enhanced PWM Module

The enhanced PWM module of STC8A8K64S4A12 provides 8 channel 15-bit PWM outputs. This
module allows lot of advanced PWM features like complementary PWMs with dead-times, PWMs with
initial level settings, etc. There are options to use this module with internal ADC and there are options
to detect faults. This module is best suited for power control applications like inverters, battery
chargers, switch-mode power supplies (SMPS), etc. Lastly, this module can operate independently
without the need of help from other internal timer modules.

Page | 58



Programmable Counter Array (PCA)

STC8A8K64S4A12’s programmable array counter is an interesting and rare hardware peripheral. PCA
is not seen in most microcontrollers. PCA basically extends PWM capabilities of STCBA8K64S4A12
while including input capture peripherals, special outputs and robust interrupt capabilities. PCA-based
PWMs are of either 6-bit, 7-bit, 8-bit and 10-bit resolution and can be considered as general-purpose
PWMs. The PCA module can be considered as an additional built-in timer peripheral as it can operate
independently just like the PWM module.

PCAO
| PCA 1
SYSclk/12 — 0o~ oh -
SYSclk/2 — o1 PCA 3
TO overflow —{ 010
External ECI — 011 Y ST y - ,
PCA interru
SYSclk — 100 ) — P
16-bit counter
SYSclk/4 — 101
SYSclk/6 — 110 l_,_
SYSclk/8 — 111 -
—3 CCON |CF|CR| - | - [CF3CF2ICF1|CFQ
|
—
: CMOD ey - | - | - | cps[2:0] [ECH
Entering IDLE mode I

In STC8A8K64S4A12, there are four PCA groups — CCPO, CCP1, CCP2 and CCP3 that are dependent on
a central 16-bit counter and configuration assets. CCPO, CCP1, CCP2 and CCP3 can be inputs or outputs
depending on the mode of operation of PCA module itself. The counter can be clocked with a number
of clock sources as shown in the block diagram.

Other Timers

Apart from all aforementioned peripherals, STCBA8K64S4A12 packs a wakeup timer and a watchdog
timer. Wakeup timer can bring out a STC8A8K64S4A12 micro from low power sleep mode after fixed
time intervals. Watchdog timer in STC8BA8K64S4A12 is just like the watchdog timer of any other
microcontroller and is mainly intended for resetting should there be an unforeseen software
loop/error. These timers do not have alternative usage.
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Using Timer 4 as Time-base Generator

The very basic use of a timer is to use it for time-base generation. By time-base generation, | mean
that we use a timer as a free-running timer and without using any of its interrupts.

Bit Address and Symbal Value
Svmbal Description Address after
B7 B6 BS B4 B3 B2 Bl BO
reset
TCON Timer 0 and 1 control register 88H TF1 TR1 TFO TRO IE1 IT1 IEO ITO 00000000
TMOD Timer 0 and 1 mode 89H GATE T M1 MO GATE T M1 MO 0000,0000
TLO Timer 0 low byte SAH 0000.0000
TL1 Timer 1 low byte SBH 0000.0000
THO Timer 0 high byte 8CH 0000.0000
THI1 Timer 1 high byte 8DH 0000.0000
AUXR Auxiliary register 1 S8EH TOx12 T1x12  UART Moxé T2R T2_C/T T2x12 EXTRAM SIST2 0000.0001
INTCLKO  mterrupt and clock ouiput control ~ 8FH - EX4 EX3 EX2 - T2CLEO TICLKO TOCLKO x000.x000
register
Wake-up Timer Control register
WKTCL AAH 1111.1111
low
Wake-up Timer Control register
WKTCH ABH WKTEN 0111.1111
high
T4T3IM Timer4 and Tiumer 3 mode DIH T4R T4 C'T T4x12  T4CLKO T3R  T3_C/T T3x12 T3CLKO
0000.0000
register
T4H Timer 4 hugh byte D2H 0000.0000
T4L Timer 4 low byte D3H 0000.0000
T3H Timer 3 high byte D4H 0000.0000
T3L Timer 3 low byte DSH 0000.0000
T2H Timer 2 high byte D6H 0000.0000
T2L Timer 2 low byte DTH 0000.0000

#include "STC8xxx.h"
#include "BSP.h"

void setup(void);

void main(void)

{
setup();

while(1)

if(TMR4_get_counter() >= Ox9ES58)

P55_hi
}

else

P55_low;
}
¥




setup( )

CLK_set_sys_clk(IRC_24M, 24, MCLK_SYSCLK_no_output, MCLK_out_P54);

P55_open_drain_mode;

TMR4_setup(TMR4_sysclk, \
TMR4_clk_prescalar_12T, \
TMR4_no_clk_out);

TMR4_load_counter_16(0x3CBO);
TMR4_start;

Schematic
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Explanation

For this demo, onboard LED is used as the demo is a simple LED blinking. The desired LED blink rate is

1.67Hz (about 600ms).

The system clock is set to 1MHz. Everything related to internal hardware timing is dependent on
system clock and so its selection is very important. The system clock is set to 1MHz as the required

blink rate is very small. Every system clock tick is, therefore, 1us.

CLK_set_sys_clk(IRC_24M, 24, MCLK_SYSCLK no_output, MCLK out_P54);

Now let’s see how the timer is configured. Firstly, timer 4 is used as it is one of the simplest timers.
Obviously, this timer is working in 16-bit auto-reload mode (Mode 0) as no other mode of operation

is available for it.

TMR4_setup(TMR4_sysclk, \
TMR4_clk_prescalar_12T, \
TMR4_no_clk_out);

TMR4_load_counter_16(0x3CBO) ;
TMR4_start;
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As we can see the timer is fed with internal system clock (1MHz). This is further scaled down by a
factor of 12, i.e., the timer is ticking at:

1000000 Hz

= 83333.33Hz or 12ps
12

To achieve 600ms (1.67Hz) period, we would need:

600 X 1073 s

— = 50000 timer counts or ticks
12X 107 6s

All 16-bit timers start counting from a bottom value to a fixed top value of 65535 (OxFFFF)
counts. A timer’s internal counter overflows after exceeding the top value and then rolls over
or repeats counting from its bottom value. The bottom value is 0 (0x0000) unless some other
value is assigned in the code. Thus, unlike the top value, the bottom value can be changed. In
this example, the bottom value is 15536 (0x3CBO). This, in effect, help us achieve 50000
counts.

65536 - 15536 = 50000 counts

Now, we want to equally divide the on and off times of the LED and so the 50000 counts are
divided into two halves, each 25000 counts individually. Thus, in the main loop, the timer’s
counter count is polled.

if(TMR4_get_counter() >= Ox9E58)
{
¥

else

P55_high;

P55_low;

}

If the count is greater than or equal to 40536 (0x9E58), P55 is held high or else it is held low. Thus,
from 15536 count to 40535 count (40535 — 15536 = 24999), the pin’s state is low and from 40536
count to 65535 count (65535 — 40536 = 24999), the pin state is high.
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Demo video link: https://youtu.be/yAiFfGea Ac.
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Timer 1 as a Counter

Apart from timing events, the other role of timers is to count pulses. Pulse counting has number of
applications like motor speed control, object counting, frequency measurements, encoder counting,
etc.

" Y " e e

I
T AT LY

Code

#include "STC8xxx.h"
#include "BSP.h"

setup( )s

main(
setup();
while(1)

if(TMR1_get_counter() >= 32768)
{
P55_high;
¥
else
{
P55_low;
}
¥
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void setup(void)

{

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);

P34 push_pull mode;

P35_input_mode;

P55_open_drain_mode;

TMR1_setup(TMR1_16_bit_non_auto_reload, \
TMR1_ext_T1 P35 clk, \
TMR1_clk_prescalar_12T, \
TMR1_int_gate, \
TMR1_P34_clk out);

TMR1_load_counter_8(0x00, 0x00);

TMR1_start;

Schematic
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#—— PISTUTICLEOECT 455 4PWMFLT BxD3 P50
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Explanation

This example is same as the previous timer example, the only difference is the clock source of the
timer involved here. Timer 1 is used and it is externally clocked by using a signal generator. In this
example, the blinking rate of the onboard LED changes with the clock speed of the timer.

First let’s see how the timer is set up.

TMR1_setup(TMR1_16_bit non_auto_reload, \
TMR1_ext_T1_P35_clk, \
TMR1_clk_prescalar_12T, \
TMR1_int_gate, \
TMR1_P34_clk_out);

TMR1_load_counter_8(0x00, 0x00);

TMR1_start;

Here, we can, firstly, see that the timer is set in non-auto reload mode. This means that timer needs
periodic reloads after overflow or else it will restart counting from 0. In our case, this won’t matter
because we want the timer to count from 0 after overflow. Secondly, we can see that the timer is

Page | 65



externally clocked and this is achieved by feeding clock pulses to P3.5 (T1) GPIO pin. Since the timer is
externally clocked, it doesn’t matter what system clock settings are. The next thing to note is the
timer’s clock prescalar. This is needed because we want to visually see the outcome with LEDs. If the
LEDs blink too fast, we won’t not be able to realize what is going on. Lastly, internal gating is used
because we don’t the timer to depend on other hardware events and we want to get timer output.
Timer 1 will toggle the logic state of P3.4 (T1CLKO) GPIO pin when it overflows. Both GPIO pins P3.4
and P3.5 need to configured.

P34_push_pull_mode;
P35_input_mode;

State of P5.5 LED changes according to the value of timer’s internal counter. For one half of the 16-bit
count the LED is held low and for the other half it is held high.

if(TMR1_get_counter() >= 32768)

P55 _high;
¥

else

P55 _low;

}

Thus, in the main, this is only job done. Rate of blinking depends on external clock speed. The higher
the clock frequency, the higher is the blinking rate.

Demo
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Demo video link: https://youtu.be/GIA7gT3RxY4.
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Using Timer 2 to Multiplex Seven Segment Displays

Rather than polling, a better way to use timers is to use their interrupts. Timer overflow interrupt is
particularly useful for timing event accurately. Timer overflow interrupt will periodically interrupt
main tasks and can perform certain things inside the interrupt and then get back to main tasks. In this
way, several tasks will apparently seem to occur concurrently. Multiplexing seven segment displays is
one such example. These displays need periodic scanning, multiplexing and updating. If these tasks
are done swiftly and in short duration, human eyes can be tricked. If a CPU is occupied doing these
tasks alone then it would not be able to do other tasks. If the tasks of seven segment displays are put
inside a timer interrupt, the CPU can do other tasks in other interrupts and main code as seven
segment displays need only periodic attention and not all code processing is spent on the displays
alone.

#include "STC8xxx.h"
#include "BSP.h"

DAT_pin_HIGH P41_high
DAT_pin_LOW P41_low

CLK_pin_HIGH P42_high
CLK_pin_LOW P42_low

refresh_time_in_us 315




OXFFFF

pos[0x08] =

0x01, 0x02, Ox04, 0x08, 0x10, 0x20, Ox40, 0Ox80

num[@x0A] =

0x03, Ox9F, 0x25, OxeD, 0x99, ox49, 0x4l, Ox1lF, Ox01l, 0x09

i = 0x00;

value_1 = 0;
value 2 = 0;

setup( )
Write 74HC164(

ADC_ISR( )
interrupt 5

{
value 1 = ((ADC_RES << 8) | ADC_RESL);

value_2 = ((value_1 * 5000.0) / 4096.0);
clear_ADC_flag;
¥

TMR_2_ISR(
interrupt 12

switch(i)
{

case 0:

{
Write_74HC164 (num[(value_1 / 1000)], pos[3]);

break;

¥

case 1:

{
Write_74HC164((num[((value_1 % 1000) / 100)]), pos[2]);

break;

}

case 2:

{
Write_74HC164 (num[ ((value_1 % 100) / 10)], pos[1]);

break;

}

case 3:

{

Write_74HC164(num[ (value_1 % 10)], pos[@]);
break;

}

case 4:

{
Write_74HC164 (num[(value_2 / 1000)] & OxFE, pos[7]);

break;

}

case 5:

{
Write 74HC164((num[((value_2 % 1000) / 100)]), pos[6]);

break;

}

case 6:

{
Write_74HC164 (num[ ((value_2 % 100) / 10)], pos[5]);
break;




Write_74HC164(num[(value_2 % 10)], pos[4]);
break;

clear_TMR_2_overflow_flag;

main(
{
setup();

while(1)

ADC_set_channel (CH15);
delay_ms(10);
ADC_start_conversion;
delay_ms(400);

¥

setup( )

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);

P41 _push_pull mode;
P42_push_pull_mode;

ADC_enable;

ADC_result_format_right_aligned;
ADC_set_conversion_speed(ADC_conv_128 CLKs);
_enable_ADC_interrupt;

TMR2_setup(TMR2_sysclk, TMR2_clk_prescalar_12T);
TMR2_load_counter_16(tmr_val);

TMR2_start;

_enable_TMR_2_interrupt;
_enable_global_interrupt;

¥
{

Write_74HC164(

s = 0x10;
temp = 0x0000;

temp = ( )seg;
temp <<= 8;
temp |= ( yval;

while(s > @)

{
if((temp & ©x0001) != 0x0000)

DAT_pin_HIGH;
}

else

{
}

CLK_pin_HIGH;
temp >>= 1;

DAT_pin_LOW;

S--5
CLK_pin_LOW;




Schematic
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Explanation

For demonstrating timer interrupt and seven segment displays, | used a simple dual 4-digit seven
segment displays. It is made with a set of 74HC164 Serial-In-Parallel-Out (SPIO) shift register. In order
to use itin real-time, its displays need to be scanned and updated at a fast rate without affecting other
tasks.

This demo is a very important one as here multiple interrupts are employed and literally there is
nothing inside the main loop. Things are done in such a way as if everything is parallelly done and in
real-time.

Firstly, the system clock and GPIOs are set. The system clock is set to 12 MHz. P4.1 and P4.2 are GPIOs
that are used for driving the display. These drive data and clock lines of the display respectively.

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);

P41_push_pull_mode;
P42_push_pull mode;

ADC setup is as simple as the past ADC example. The conversion rate is set to about 3 kHz and the ADC
interrupt is enabled. Note no external ADC pin is used as the goal here is to read the internal reference
voltage source, i.e., ADC Channel 15.

ADC_enable;
ADC_result_format_right_aligned;

ADC_set_conversion_speed(ADC_conv_128 CLKs);
_enable ADC_interrupt;

ADC interrupt is triggered when a conversion is completed. Inside this interrupt all we have to do is to
read the ADC and clear the AD conversion completion flag.

void ADC_ISR(void)
interrupt 5

{

value_1 = ((ADC_RES << 8) | ADC_RESL);
value 2 = ((value_1 * 5000.0) / 4096.0);
clear_ADC_flag;




Timer 2 is used in this example and so let us now see how it is configured. There are eight seven
segment displays and we would want them to be multiplexed quickly in order to make them appear
to update simultaneously. We cannot afford to stay long for each display. Thus, this task should be
completed within 2 — 3ms time. Due to this reason, the timer is set to interrupt every 315us. The total
time for all displays is therefore about 2.52ms (8 x 0.315ms).

#define 315
#define OXFFFF
#define

TMR2_setup(TMR2_sysclk, TMR2_clk_prescalar_12T);
TMR2_load_counter_16(tmr_val);

TMR2_start;

_enable TMR_2_interrupt;

Timer 2 is a 16-bit timer with auto-reload feature. In this demo, it is clocked internally with the 12 MHz
system clock. This clock is further scaled down by a factor of 12 and so the timer’s ticks have a
frequency of 1 MHz, i.e., the timer ticks are 1us apart.

System Clock 12 MHz
Prescalar 12

Timer Frequency = =1MHz

1
Timer Frequency 1MHz

Timer Tick =

We want the timer to interrupt every 315us and so the timer is loaded with a value of 65220 since all
16-bit timers count up to 65535.

Required Interval)

Ti L =Ti T -
imerLoadValue imerTopValue ( Timer Tick

— 65535 — 2Ry _ 65520
= ( e ) =

Lastly, the timer is started with its interrupt enabled.
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Inside the timer interrupt the displays are updated by writing to the 74HC164 chips and clearing the
timer overflow interrupt flag.

TMR_2_TISR(
interrupt 12

switch(i)
{

case 0:

{
Write_74HC164 (num[(value_1 / 1000)], pos[3]);

break;

¥

case 1:

{
Write_74HC164((num[((value_1 % 1000) / 100)]), pos[2]);

break;

¥

case 2:

{
Write_74HC164 (num[((value_1 % 100) / 10)], pos[1]);

break;

¥

case 3:

{
Write_74HC164 (num[ (value_1 % 10)], pos[@]);

break;

¥

case 4:

{
Write_74HC164 (num[(value_2 / 1000)] & OXFE, pos[7]);

break;

¥

case 5:

{
Write_74HC164((num[((value_2 % 1000) / 100)]), pos[6]);

break;

}

case 6:

{
Write_74HC164 (num[ ((value_2 % 100) / 10)], pos[5]);

break;

}

case 7:

{

Write_74HC164(num[ (value_2 % 10)], pos[4]);
break;

clear_TMR_2_overflow_flag;
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The function below is the function for writing the 74HC164 shift-register ICs. Since the shift-registers
are cascaded and we need them to work simultaneously, it is better to bit-bang seven segment data
as 16-bit chunks — each word consisting of segment position and segment value data.

Write 74HC164(

s = 0x10;
temp = 0x0000;

temp = ( )seg;
temp <<= 8;
temp |= ( yval;

while(s > @)
if((temp & 0x0001) != Ox0000)
DAT_pin_HIGH;
}

else

DAT_pin_LOW;
}

CLK_pin_HIGH;

temp >>= 1;
S--5

CLK_pin_LOW;

Note interrupt priorities are not changed and are left in their default conditions.

In the main, the channel to be read is selected and AD conversion is triggered. This operation is cycled
every 400ms. Channel 15 is read here. Channel 15 is the internal reference voltage source. The internal
reference voltage source has a typical value of 1.344V. The seven segment displays show ADC counts
and voltage value.

ADC_set_channel(CH15);
delay_ms(10);

ADC_start_conversion;
delay ms(400);
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Demo video link: https://youtu.be/gFKg9aYkMrM.
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Timer 3 as Real Time Clock & Calendar (RTCC)

Since timers can time event precisely, we can use timers for time keeping too. Although there is no
dedicated real-time clock-calendar (RTCC) hardware in STC8A8K64S4A12, we can make one by using
a timer and some coding.

Code

#include "STC8xxx.h"
#include "BSP.h"
#include "LCD.c"

1000
OXFFFF

dow = 1;

s = 10;

hr = 10;

min = 10;

date = 1;
month = 1;
toggle = 0;
leap_year = 0;

LCD_print_value( X_pos, value);
LCD_print_int_value( X_pos, value);
display_time( W
AM_PM_disp( state);
dow_disp( dow) ;
get_buttons( )5
set_value(
min, type);
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setup_RTC( K

TMR_3_ISR(
interrupt 19

{

ms++;
if(ms > 999)
{
S++;
ms = 0;
toggle ~= 0x01;
P54 toggle;
}

if(s > 59)

s = 0;
min++;
if(min > 59)
{
min = 9;
hr++;

if(hr > 12)
{

¥

if((hr 12) && (min == 0) && (s == 0))

hr = 1;

ampm = 1;

if(ampm == AM)
{
date++;
dow++;

}
if(dow > 7)

dow = 1;

}

if((month == 1) || (month == 3) || (month == 5) || (month == 7) || (month == 8) || (month == 10) || (
month == 12))
{
if(date > 31)

{
date = 1;
month++;

¥
}

else if((month == 4) || (month == 6) || (month == 9) || (month == 11))

if(date > 30)

{
date = 1;
month++;

¥
}

else

if((year % 4) == 0)
{

if((year % 100) == 0)
if((year % 400) == 0)

leap_year = 1;

}

else

{

leap_year




}

else

{

}
¥

leap_year

else

{
leap_year = 0;

¥

if((leap_year) && (date > 29))
{

date = 1;
month++;

}

else if((!leap_year) && (date > 28))

{
date = 1;
month++;
b
}

if(month > 12)
{

month = 1;
year++;

clear_TMR_3_overflow_flag;

main(
setup();
while(1)
if(get_buttons() == ESC)

while(get_buttons() == ESC);
setup_RTC();
¥

else

{

b
b

display_time();

setup( )
CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);

P10_input_mode;
P11_input_mode;
P12_input_mode;
P13_input_mode;

P54 push_pull_mode;

LCD_init();
LCD_clear_home();

TMR3_setup(TMR3_sysclk, TMR3_clk_prescalar_12T, TMR3_no_clk_out);
TMR3_load_counter_16(tmr_val);

TMR3_start;

_enable_TMR_3_interrupt;

_enable_global_interrupt;

}




LCD_print_value(

{
LCD_goto(x_pos, y_pos);
LCD_putchar((value / 10) + 0x30);
LCD_goto((x_pos + 1), y_pos);
LCD_putchar((value % 10) + 0x30);

}

LCD_print_int_value(
temp = 0x00;

temp = (value / 100);
LCD_print_value(x_pos, y_pos, temp);

temp = (value % 100);
LCD_print_value((x_pos + 2), y_pos, temp);

display_time( )

LCD_print_value(2, 0,
LCD_print_value(5, O,
LCD_print_value(8, 0,

switch(toggle)
{

case 1:

{
LCD_goto(4, ©0);
LCD_putchar(':");
LCD_goto(7, ©);
LCD_putchar(':");
break;

default:

{
LCD_goto(4, ©);
LCD_putchar(' ');
LCD_goto(7, ©);
LCD_putchar(' ');
break;

¥

}

AM_PM_disp(ampm);
dow_disp(dow);

LCD_print_value(6, 1,

LCD_goto(8, 1);
LCD_putchar('.");
LCD_print_value(9, 1, month);

LCD_goto(11, 1);
LCD_putchar('.");
LCD_print_int_value(12, 1, year);

dow_disp(
LCD_goto(@, 1);

switch(dow)

{

case 1:

{
LCD_putstr("MON");
break;

}

case 2:




LCD_putstr("TUE");
break;

}

case 3:

{
LCD_putstr("WED");
break;

}

case 4:

{
LCD_putstr("THR");
break;

}

case 5:

{
LCD_putstr("FRI");
break;

}

case 6:

{
LCD_putstr("SAT");
break;

¥

case 7:

{
LCD_putstr("SUN");
break;

by
default:

LCD_putstr(" N8
break;

AM_PM_disp(

{
LCD_goto(12, 9);

switch(state)
{

case AM:

{
LCD_putstr("AM™");
break;

by
default:

{
LCD_putstr("PM");
break;

get_buttons(

if(ETR_button)
{

return ETR;
}

else if(INC_button)

{
return INC;

}

else if(DEC_button)
{

return DEC;

}

else if(ESC_button)
{

return ESC;




else

{

¥
¥

return NON;

set_value(
min, type)

tgl = 0;
while(1)
{
tgl ~= ox01;
delay_ms(990);

if(get_buttons() == INC)
{

¥

value++;
if(value > max)
{
¥

if(get_buttons() == DEC)
{

¥

value = min;

value--;

if(value < min)

{
¥

value = max;

switch(type)
{

case 1:
switch(tgl)
case 1:

LCD_print_value(x_pos, y_pos, value);
break;

¥

default:

LCD_goto(x_pos, y_pos);
LCD_putstr(" ");
break;

¥
}

break;

}
case 2:
switch(tgl)
case 1:
AM_PM_disp(value);
break;

}

default:

LCD_goto(12, 0);
LCD_putstr("™ ");
break;




break;

}
default:
switch(tgl)
case 1:

dow_disp(value);
break;

b
default:

dow_disp(9);
break;
¥
}

break;

}

¥

if((get_buttons() == ETR) && (tgl == 1))
{

return value;

setup_RTC(

yrl = 0;
yr2 K

TMR3_stop;
_disable_TMR_3_interrupt;

yrl = (year / 100);
yr2 = (year % 100);

hr = set_value(2, 0, hr, 12, 1, 1);
delay ms(200);

min = set_value(5, @, min, 59, 0, 1);
delay_ms(200);

s = set_value(8, @0, s, 59, 0, 1);
delay_ms(200);

ampm = set_value(12, 0, ampm, 1, 0, 2);
delay ms(200);

dow = set_value(®, 1, dow, 7, 1, 9);
delay ms(200);

date = set_value(6, 1, date, 31, 1, 1);
delay ms(200);

month = set_value(9, 1, month, 12, 1, 1);
delay_ms(200);

yrl = set_value(12, 1, yrl, 99, 0, 1);
delay_ms(200);

yr2 = set_value(14, 1, yr2, 99, 0, 1);
delay_ms(200);

year = ((yrl * 100) + yr2);

if((month == 1) || (month == 3) || (month == 5) || (month == 7) || (month == 8) || (month == 10) || (month

if(date > 31)

date = 1;
b
}

else if((month == 4) || (month == 6) || (month == 9) || (month == 11))
if(date > 30)

{
date = 1;




else

if((year % 4)
{

if((year % 100)
if((year % 400)

leap_year

else

{

leap_year

else

{

leap_year

else

{

leap_year = 0;

if((leap_year) && (date > 29))
{

date = 1;

else if((!leap_year) && (date > 28))
{

date = 1;

ms = 0;

TMR3_setup(TMR3_sysclk, TMR3_clk_prescalar_12T, TMR3_no_clk_out);
TMR3_load_counter_16(tmr_val);

TMR3_start;

_enable_TMR_3_interrupt;

}
Schematic
. STCBABKG454A12-48 )
= PS2RaD4 2 FxD2PWMI_VADCOPLO o210 .
73| PS3TaD4 2 T4CLEQ'ADCIS/ADT/PO.T | =TT
53| PLUADCTRWML 2TxD2 T4/ADC14/AD6T0.6 A A A
5= PLUADCZPWM 2SSTVECT T3CLEQ'ADC13/AD5/P0.5
5| P13/ADC3PWME 2MOSITCILEO T3/ADC1YAD4T0 4
] FL4AADCHPWMA 2MISOT2CSDACCE3 TxD4/ADC1LAD3/P03 '\ \
=5 P44EDTD 4 Bl 4WE/T4 3 ¢ ¢
=5 P15/ADCSPWMS_2SCLETICSCLICCR]
1| BLEADCGRXD IPWMS 2XTALOMCLED 2ICCPL
P1.7/ADCT/TxD_3/PWM7_2XTAILCCPO — = =
ACnd = = & B
= R E !
= AVco CCP?_2T2CSCL_VSCLE. N DE3 -
2 PS5 4RSTMCLED CCP1_2TCSDA_YMISO DB4 |+
= Vee CCPO_LMOSI DE5 [
== P55 ECI 2/55_2F DB 7
God DB7 |+
P4.0/WE_3/BxD2_2 TxD2_YRD_3/P42 Vs
P3.0/RxD/CCP3_4INT4 RSTSV/PWMO/ART2 0 G 5=
P3.1/TxD/CCP2_4 CMPO_YALET4 1 RST (4=
P3.VINTO/CCPI_4/SCLE_4T2CSCL_4 CMP+TxD_2RD_VINT3/P3.7 NC |5
P3.3/INTL/CCPO_4MISO_4T12CSDA_4 CMP-/RxD_2WR_LINT2/P3 6 Vi
P3.4/TOTICLEOMOSL $CMPO TxD3_2P5.1 G =
P35 TUTOCLEOVECT_4/55_4 PWMFLT RxD3_2P5.0 el ==
Ul
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Explanation

For making a RTCC, we would need a display and a set of buttons for displaying and setting time
respectively. The system clock in this example is set to 12MHz.

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);

P1@_input_mode;
P11_input_mode;
P12_input_mode;

P13_input_mode;
P54_push_pull_mode;

LCD_init();
LCD_clear_home();

Timer 3 is used in example. It is driven with the 12MHz system clock and this clock is precaled by 12.
Thus, the timer is ticking at 1MHz speed.

TMR3_setup(TMR3_sysclk, TMR3_clk_prescalar_12T, TMR3_no_clk_out);
TMR3_load_counter_16(tmr_val);

TMR3_start;
_enable_TMR_3_interrupt;
_enable_global_interrupt;

System Clock 12 MHz

= =1MH
Prescalar 12 d

Timer Frequency =

1 1
Timer Frequency 1MHz

Timer Tick = = 1lus

We want the timer to interrupt every 1000us (1ms) and so the timer is loaded with a value of 64535.
Timer 3 is same as Timer2 and so the same concepts are used.

Required Interval)

TimerLoadValue = Ti TVl—(
imerLoadValue imerTopValue Timer Tick

1000pus
= 65535 — (——) = 64535
lus

Lastly, the timer is started with its interrupt enabled.
In order to ensure accuracy of timing the following should be maintained as much as possible:

e Clock source must be as precise as possible. | recommend using a temperature-compensated
crystal oscillator (TCXO).

e Precalar should be as less as possible. This is not possible here with STC8A8K64S4A12 though
due to hardware limitations.

e Accuracy can be increased by synchronizing time with GPS at periodic interval. This can be
achieved by adding extra codes and synchronizing with a GPS receiver or NTP server.
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Since the timer is now ticking at 0.001ms rate and 1 second equals 1000ms, a variable called “ms” is
incremented at every timer overflow interrupt. When this get larger than 999, one second is
registered. In similar way, minute, hour, day, month and year are increased. The process is just like a
software timer implementation. At the end of the interrupt, timer overflow flag is cleared.

EEER
interrupt 19
{

ms++;
if(ms > 999)

S++;
ms = 0;

toggle ~= 0x01;
P54_toggle;

if(s > 59)
{
S =
min++;

if(min > 59)
{
min = 9;
hr++;

if(hr > 12)
{
[P = i3

12) && (min == @) && (s == 0))
ampm ig
if(ampm == AM)

{

date++;
dow++;

¥
if(dow > 7)
{

dow = 1;

}

if((month == 1) || (month == 3) || (month == 5) || (month == 7) || (month == 8) || (month == 10) \\
|| (month == 12))

if(date > 31)
date = 1;

month++;

¥
¥

else if((month == 4) || (month == 6) || (month == 9) || (month == 11))
if(date > 30)
date = 1;
month++;

}
¥

else
if((year % 4) == 0)
if((year % 100) == 0)
if((year % 400) == 0)

leap_year = 1;




else

{

leap_year
}
}

else

{

leap_year

¥
¥

else

{
}

leap_year = 0;

if((leap_year) && (date > 29))
{

date = 1;
month++;

}

else if((!leap_year) && (date > 28))

{
date = 1;
month++;
b
}

if(month > 12)

{
month = 1;
year++;

clear_TMR_3_overflow_flag;

}
In the main, either we can set time or read it.
if(get_buttons() == ESC)

while(get_buttons() == ESC);
setup_RTC();

}

else

{
}

display time();
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Demo video link: https://youtu.be/DwMn9KGtnKs.
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NEC IR Remote Decoding with Timer 0 and External Interrupt

In many projects, we need to control devices remotely, for example a remote-controlled appliance
and so it becomes necessary to incorporate some form of remote controller. Infrared (IR) remote
controllers are cheap and are widely used as remote controllers in many devices.

Data to be sent from a remote IR transmitter to a receiver is transmitted by modulating it with a carrier
wave having frequency between 30kHz to 40kHz. Modulation technique ensures safety from data
corruption over long-distance transmissions. An IR receiver at the receiving end picks up and
demodulates the sent out modulated data and outputs a stream of pulses. These pulses can vary in
terms of pulse widths/timing/position/phase and these variable properties carry the data. Pulse
properties are defined by a set of rules called protocol. Decoding the pulses as per protocol help in
retrieving information. In most micros, there is no dedicated hardware for decoding IR remote
protocols. A micro that needs to decode IR remote data also does not know when it will be receiving
an IR burst. Thus, a combination of external interrupt and timer is needed for decoding IR data.

In this segment, we will see how we can use an external interrupt and a timer to easily decode a NEC
IR remote. This same method can be applied to any IR remote controller. At this stage, | recommend
studying NEC IR protocol from here. SB-Project’s website is an excellent page for IR remote-related
info.
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#include "STC8xxx.h"
#include "BSP.h"
#include "LCD.c"
#include "lcd_print.c"

bits = 0x00;
received = 0x00;

frames[33];

setup( )
erase_frames( )

decode( start_pos, end_pos);
decode_NEC( *addr, *cmd) 5

EXT_@_ISR(
interrupt 0

{
frames[bits] = TMRO_get_counter();
bits++;
TMRO_start;

if(bits >= 33)

received = 1;
_disable_global_interrupt;
TMRO_stop;

}

TMRO_load_counter_16(0x0000) ;

addr = 0x00;
cmd = 0x00;

setup();

LCD_goto(1, ©);
LCD_putstr("NEC IR Decoder");
LCD_goto(@, 1);
LCD_putstr("Adr Cmd");

while(1)

if(received != )

{
decode_NEC(&addr, &cmd);

print_C(3, 1, addr);
print_C(12, 1, cmd);

delay _ms(100);

erase_frames();
_enable_global_interrupt;
}
s




setup( )

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_div_1, MCLK_SYSCLK_no_output);

erase_frames();

TMRO_setup(TMRO_16_bit_non_auto_reload, \
TMRO_sysclk, \
TMRO_clk_prescalar_12T, \
TMRO_ext_gate, \
TMRO_no_clk_out);

EXT_O_priority_0;

EXT_O_falling edge_detection_only;

_enable_EXT_O@_interrupt;

_enable_global_interrupt;

LCD_init();
LCD_clear_home();

erase_frames( )
for(bits = 0; bits < 33; bits++)
{ frames[bits] = 0x0000;
}
TMRO_load_counter_16(0x0000) ;

received = 0;
bits = 0;

decode( start_pos, end_pos)
value = 0;
for(bits = start_pos; bits <= end_pos; bits++)
{
value <<= 1;

if((frames[bits] >= one_low) && (frames[bits] <= one_high))

value |= 1;

¥
else if((frames[bits] >= zero_low) & (frames[bits] <= zero_high))

value |= @;

}

else if((frames[bits] >= sync_low) & (frames[bits] <= sync_high))
{

return OXxFF;

¥
}

return value;

decode_NEC(

*addr = decode(2, 9);
*cmd = decode(18, 25);




Schematic

STCRASKA4S4A12-48
<) 1
B2 1 psamapin RxD2/PWMO_VADCOPLO
P5.3/TxDd 2 T4CLEOADC1S/ADT/PO.T
] PLI/ADCI/PWM]1_2TxD2 T4ADCIYADSPOS
ED1602-12564 Pl VADCIPWM?_LSSTVECT TICLEOADC 13/ADS P05
veg L — P1 3/ADC3/PWME_2MOSITCILEO T3ADCIVADYDO4
VDD |2 5V P14/ADC4PWM4_2MISOTCSDA/CCP3 TxD4/ADCILADIPO3
w3 P44RDTxD_4 RxD_4WRD43
rs |3 P1.S/ADCSPWMS_LSCLE/TICSCLICCP? RxD4/ADCIMADZTO2
BRW |— PLE/ADCER=D_IPWMS 2 XTALOMCLED XCCPL TxD3/ADCWADLPO.1
E |8 PL.7/ADCT/TxD_3PWMT_2XTALL'CCPO BxD3/ADCADIPO.0
DEO | AGnd PWMT/AISPLT
DE1 |2 AVref CCP3_YPWMEAI4TF26
DE? 2 AVec CCP2_2MACSCL VSCLE 2PWMS/ALIPLS
pEz |1 P54RSTMCLEO CCP1_2DCSDA_2MISO_YPWMS/AIZT? 4
DBt |11 Ve CCPO_2MOSI_2/PWMB/ALLP2 3
DES |12 P55 ECT_2/55_2PWM2ALGP22
DES God PWM1/A0/P2 1
DET = P4.0/WR_3/FxD2_2 TxD2 2RD 3742
v = P3 (VRxD/CCP3_4/INT4 RSTSV/PWM)ARTIO
G 7 P3.1/TxD/CCP2_4 CMPO 2ALED41
BT P3 INTO/CCPI_4/SCLE. 4T2CSCL._4 CMP+TxD_2RD_2VINT3P3.7
TC P33/INTL/CCPO_4/MISO_413CSDA_4 CMP-RxD_2WE_2INT2P3.6
v P3.4/TOTICLEO/MOSL_3CMPO TxD3_2P5.1
G P3 S/ TUTOCLEO/ECT. 4/55_4PWMFLT RxD3_2P50
Ted = ul
Explanation

A NEC transmission sends out a total of 33 pulses. The first one is a sync pulse and the rest 32 contain
address and command info. These 32 address and command bits can be divided into 2 groups. The
first 16 bits is one group that contain address and inverted address while the second group of 16-bits
contain command and inverted command. The non-inverted signals can be used against the inverted
ones for checking data integrity.

We already know that IR data is received as a steam of pulses. Pulses represent sync bit or ones and
zeros. In case of NEC IR protocol, the pulses have variable widths. Sync bit is characterized by a pulse
of 9ms high and 4.5ms low — the total pulse time is 13.5ms. Check the timing diagram shown below.
Please note that in this timing diagram the blue pulses are from the transmitter and the yellow ones
are those received by the receiver. Clearly the pulse streams are inverted. This inversion is done at the
IR receiver side.
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Logic one is represented by a pulse of 560us high time and 2.25ms of low time — the total pulse time
is 2.81ms. Likewise, logic zero is represented by a pulse of 560us high time and 1.12ms of low time —
the total pulse time is 1.68ms.

Logic 0 Logic 1

These timings can vary up to 30% of their ideal values due to a number of factors like medium,
temperature, reflections, etc.

Now let’s look at the coding. Firstly, the system clock is set to 12MHz.

CLK_set sys clk(IRC_24M, 2, MCLK_SYSCLK div_1, MCLK_SYSCLK no_output);

External interrupt is set up to detect falling edges. This is a crucial part in detecting IR pulses because
using this interrupt allows us to do other tasks and leave the MCU free for other tasks.

EXT_O_priority 0;
EXT_0_falling edge_detection_only;

enable_EXT_@_interrupt;
_enable_global_interrupt;

Unlike past timer examples, we will need an advanced timer here and so Timer 0 is used. This timer is
clocked with the 12MHz system clock that has been divided by a prescalar of 12. Thus, the timer is
operating at 1MHz speed, i.e., 1 timer tick = 1us. We don’t want any output from the timer and so this
feature is disabled. The only different thing here that sets this setup apart from the other timer
examples is the “gate” feature. Gate tells Timer 0 when and when not to run. There are two possible
cases with gating - either the timer runs just like other timers when instructed to run via software or
it runs when it is coded to run and INTO pin is in logic high state. The latter feature is required in this
example.

TMRO_setup(TMRO_16_bit_non_auto_reload, \
TMRO_sysclk, \

TMRO_clk_prescalar_12T, \
TMRO_ext_gate, \
TMRO_no_clk_out);

Note timer interrupt is not needed.
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As soon as there is an external interrupt, the timer immediately stops because of the falling edge that
triggered the interrupt and the subsequent low level at INTO pin. Timer’s count is captured and stored
in an array.

EXT_©_ISR(
interrupt @

frames[bits] = TMRO_get_counter();
bits++;
TMRO_start;

if(bits >= 33)

1 {
received = 1;
_disable_global_interrupt;
TMRO_stop;

¥

TMRO_load_counter_16(0x0000) ;

}

The captured counts are compared against maximum and minimum interval limits because as stated,
pulse widths may slightly vary from their ideal figures. From captured counts, we can sort pulses and
decode pulses. This decoded information can be used to deduce command and address.

decode( start_pos, end_pos)
value = 9;
for(bits = start_pos; bits <= end_pos; bits++)
{
value <<= 1;
if((frames[bits] >= one_low) && (frames[bits] <= one_high))
value |= 1;
else if((frames[bits] >= zero_low) & (frames[bits] <= zero_high))
value |= 0;

¥
else if((frames[bits] >= sync_low) & (frames[bits] <= sync_high))
{

¥
¥

return value;

return OXxFF;

}

In the main loop, address and command data are displayed on an LCD after receiving and decoding a
NEC frame. After that the microcontroller is readied to receive new NEC frame.

if(received != )

{
decode_NEC(&addr, &cmd);

print_C(3, 1, addr);
print_C(12, 1, cmd);
delay ms(100);
erase_frames();
_enable_global_interrupt;

}
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Demo

Demo video link: https://youtu.be/9hWbi4iQljo.
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Using Single Channel Enhanced PWM to Drive a Servo Motor

Servo motors have varieties of applications both in industrial automation and robotics arena. They are
simple and can be digitally controlled with only one wire and over long distances. However, this one
wire digital control mechanism is somewhat unique and sometimes stressful because trains of low
duty cycle pulses are needed to be sent constantly in order to lock a particular angular position.

To resolve this issue, we can use GPIOs coupled with software delays or timers or PWMs module to
control one or several servo motors. One key advantage of using PWM modules over GPIOs is the
accuracy in timing since PWM modules use timer-counters for timing instead of software delays. In
this section, we will see how we can use a PWM module to drive an ordinary servo motor.
STC8A8K64S4A12’s enhanced PWM module is used as the PWM generator here.

RobolBase
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Code

#include "STC8xxx.h"
#include "BSP.h"

#define
#define
#define

setup( DB
PWM_idle( )8

main(
i = 0x0000;
setup();
while(1)
for(i = servo_min_duty; i < servo_max_duty; i += step_change)

PWM_set_PWMO_T1(i);
delay _ms(4);
b

for(i = servo_max_duty; i > servo_min_duty; i -= step_change)

PWM_set_PWMO_T1(i);
delay _ms(4);
b
s
¥

setup( )
{

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_ out_P54);

PWM_clk_set(PWM_clk_sys_PS, PWM_clk_ps_sys_clk_div_12);
PWM_set_counter(20000) ;

PWM@_setup(PWM_pin_is_PWM_output, \
PWM_init_1vl_low, \
PWM_@_pin_P20, \
PWM_level normal);

PWM_set PWMO_T1(1000);
PWM_set PWM@_T2(0);

PWM_start_counter;

}
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Schematic
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Explanation

Servo motors typically have timing diagrams as shown below:

|——— 20ms Period —

<o

R

H 1ms Pulse

)
III 90° /0

| 1.5ms Pulse

>

- 180° / +90°

] 2ms Pulse

Each pulse has a period of 20ms but the duty cycle/pulse high time is varied from 5 - 10% to rotate
from one direction to the other. This clearly demonstrates why timing is very important for servo
motors.

Page | 96



The demo program here is coded to run at 12MHz.

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK no_output, MCLK out P54);

PWMO hardware is configured to use P2.0 pin as servo control pin. The PWM hardware clock is set to
1MHz by using system clock as clock source and dividing it with a prescalar of 12. This is, however, not
the PWM output frequency because the PWM counter is loaded with count value of 20000. The
resultant PWM output frequency is 50Hz as shown in the following equation:

PWM Input Clock Frequency 12 MHz

PWM F = = = 50H
requency (PWM Counter Value X PWM Clock Prescalar) (20000 x 12) z
and
PWM Period = ! S = 20 = 20000
eT0% = PWM Frequency ~ 50Hz 0 s
and
PWM Dutv Cvele = |[PWM T2 Value — PWM T1 Value| « 100% = |0 — 1000]| 5 100% = 5%
uty tyete = PWM Counter Value °= 7720000 0=

The following codes does all mentioned so far. However, PWM setup is not just about timing only.
PWM hardware also need an output. We have to mention which PWM we would be using and what
would be its level and polarity.

PWM_clk_set(PWM_clk_sys_PS, PWM_clk_ps_sys_clk_div_12);

PWM_set_counter(20000) ;

PWMO_setup(PWM_pin_is_PWM_output, \
PWM_init_1vl_low, \
PWM_© _pin_P20, \
PWM_level_normal);

PWM_set_PWM@_T1(1000);
PWM_set_PWM@_T2(0);

PWM_start_counter;

After setting all these, we just have to start the PWM hardware by starting the PWM counter.

Inside the main loop, the duty cycle of the PWM is slightly varied in steps. This results in smooth servo
motion. Note that the maximum and minimum duty cycles are not 2000 and 1000 respectively as they
ideally should have been. This is so because these values are typical ones and not always practical.
Thus, the maximum and minimum duty cycles are set to 2200 and 800 respectively.

|PWM T2 Value — PWM T1 Value| |0 — 2200]

— X 0N= ———m — X 0f = [

PWM Duty Cycle PWM Counter Value 100% 50000 100% = 11%
PWM Dutv Cvele = |[PWM T2 Value — PWM T1 Value| X 100% = |0 — 800]| % 100% = 4%
utytycte = PWM Counter Value ™ 720000 0T
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The 1% variation is needed because of non-ideality.

#define
#define
#define

for(i = servo_min_duty; i < servo_max_duty; i += step_change)

PWM_set PWMO_T1(i);
delay_ms(4);
}

for(i = servo_max_duty; i > servo_min_duty; i -= step_change)

{
PWM_set_PWMO_T1(i);
delay ms(4);

}

The logic analyser data shown below verifies that whatever stated so far has been achieved.

«— [ 0.874 ms ¥ s0.05 vz @ 195,
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Demo
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Demo video link: https://youtu.be/TdHbkxH7ZWs.
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Using Multi Channel Enhanced PWM to Drive an RGB LED

Since we now have seen how to use single channel enhanced PWM, we must also see how to use
multichannel PWM. Multi-channel PWM has many applications. For example, multi-channel PWM is
used in SMPSs, inverters, motor controllers, LED drivers, etc

Code

#include "STC8xxx.h"
#include "BSP.h"

#define

setup(void);
PWM_idle( )

main(
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signed char i = 0x00;
signed char j = 0x00;

const unsigned int dutyl_value[steps] = {0, 950, 1892, 2817, 3717, 4582, 5407, 6182, 6901, 7558, 8146,
8660, 9096, 9450, 9718, 9898, 9988, 9995, 9897, 9717, 9449, 9095,
8658, 8144, 7555, 6898, 6179, 5403, 4579, 3713, 2813, 1888 ,946};

const unsigned int duty2_value[steps] {8658, 8144, 7555, 6898, 6179, 5403, 4579, 3713, 2813, 1888 ,946,
0, 950, 1892, 2817, 3717, 4582, 5407, 6182, 6901, 7558, 8146,
8660, 9096, 9450, 9718, 9898, 9988, 9995, 9897, 9717, 9449, 9095};

const unsigned int duty3_value[steps] {8660, 9096, 9450, 9718, 9898, 9988, 9995, 9897, 9717, 9449, 9095,
8658, 8144, 7555, 6898, 6179, 5403, 4579, 3713, 2813, 1888 ,946,
0, 950, 1892, 2817, 3717, 4582, 5407, 6182, 6901, 7558, 8146};

setup();
while(1)

for(j = ©; j < 6; j++)
{
for(i = 0; i < steps; i++)
{
PWM_set_PWMO_T2(dutyl value[i]);
PWM_set_PWM1_T2(duty2_value[i]);
PWM_set_PWM2_T2(duty3_value[i]);
delay_ms(60);
}
b

PWM_idle();
for(j = ©; j < 6; j++)

for(i = @; i < steps; i++)

{
PWM_set_PWMO_T2(dutyl value[i]);
PWM_set_PWM1_T2(dutyl_value[i]);
PWM_set_ PWM2_T2(dutyl_ value[i]);
delay _ms(60);

}

¥

PWM_idle();
s

}

void setup(void)

{
CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_ out_P54);

PWM_clk_set(PWM_clk_sys_PS, PWM_clk ps_sys_clk_div_2);
PWM_set_counter(10000) ;

PWMO_setup(PWM_pin_is_PWM_output, \
PWM_init_1vl_low, \
PWM_@_pin_P10, \
PWM_level_normal);

PWM1_setup(PWM_pin_is_PWM_output, \
PWM_init_1vl_ low, \
PWM_1_pin P11, \
PWM_level normal);

PWM2_setup(PWM_pin_is_PWM_output, \
PWM_init_1vl_ low, \
PWM_2_pin_ P12, \
PWM_level normal);

PWM_set_PWM@_T1(0);
PWM_set PWM@_T2(0);

PWM_set PWM1_T1(0);
PWM_set_PWM1_T2(0);

PWM_set PWM2_T1(0);
PWM_set PWM2_T2(0);
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PWM_start_counter;

PWM_idle(void)

PWM@_hold_level(PWM_HLD_L_low);
PWM1_hold_level(PWM HLD L _low);
PWM2_hold_level(PWM HLD L _low);
delay_ms(100);
PWMO_hold_level(PWM_level normal);
PWM1_hold_level(PWM_level normal);
PWM2_hold_level(PWM_level normal);
delay ms(100);

Schematic
STCBASK64S4A12.48
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Explanation

In this demo, a RGB LED is lit with multi-channel PWM. This results in smooth color shifting of the LED.
The concepts are same as that of single channel PWM example.

The system clock is set to 12MHz.

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_ out P54);

The PWM frequency is set to 600 Hz.

PWM Input Clock Frequency 12 MHz

= = 600H
(PWM Counter Value x PWM Clock Prescalar) (10000 x 2) z

PWM Frequency =

Since we are using a RGB LED, we need three PWM channels and so their GPIOs are also set. Lastly,
the initial duty cycle is set 0 and the PWM counter is started.

Page | 102



PWM_clk_set(PWM_clk_sys_PS, PWM clk_ps_sys_clk_div_2);

PWM_set_counter(10000) ;

PWMO_setup(PWM_pin_is_PWM_output, \
PWM_init_1vl_low, \
PWM_© pin_P10, \
PWM_level_normal);

PWM1_setup(PWM_pin_is_PWM_output, \
PWM_init_1vl_low, \
PWM_1_pin_P11, \
PWM_level_normal);

PWM2_setup(PWM_pin_is_PWM_output, \
PWM_init_1vl_low, \
PWM_2_pin_P12, \
PWM_level_normal);

PWM_set_PWM@_T1(0);
PWM_set_PWM@_T2(0);
PWM_set PWM1_T1(@);
PWM_set PWM1_T2(0);
PWM_set PWM2_T1(0);
PWM_set PWM2_T2(0);

PWM_start_counter;

To achieve smooth fading the duty cycle of each LED is mapped using a sine table and the duty cycles
are varied according to the formula as have already seen.

PWM Dutv C l_|PWMT2WMw-—PWMTHMMdX1MW
utytycte = PWM Counter Value 0

However, there are phase shifts in all of these tables, meaning that the three PWM channels do not
have the same duty cycle at the same time.

dutyl _value[steps] = {@, 950, 1892, 2817, 3717, 4582, 5407, 6182, 6901, 7558, 8146,
8660, 9096, 9450, 9718, 9898, 9988, 9995, 9897, 9717, 9449, 9095,
8658, 8144, 7555, 6898, 6179, 5403, 4579, 3713, 2813, 1888 ,946};

duty2_value[steps] = {8658, 8144, 7555, 6898, 6179, 5403, 4579, 3713, 2813, 1888 ,946,
@, 950, 1892, 2817, 3717, 4582, 5407, 6182, 6901, 7558, 8146,
8660, 9096, 9450, 9718, 9898, 9988, 9995, 9897, 9717, 9449, 9095};

duty3_value[steps] = {8660, 9096, 9450, 9718, 9898, 9988, 9995, 9897, 9717, 9449, 9095,
8658, 8144, 7555, 6898, 6179, 5403, 4579, 3713, 2813, 1888 ,946,
@, 950, 1892, 2817, 3717, 4582, 5407, 6182, 6901, 7558, 8146};
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In the main, the PWM channels are driven as per their respective sine tables.

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

for(i = ©; i < steps; i++)

{
PWM_set_PWMO_T2(dutyl_value[i]);
PWM_set_PWM1_T2(duty2_ value[i]);
PWM_set_PWM2_T2(duty3_value[i]);
delay_ms(60);

}

}

PWM_idle();

for(j = 0; j < 6; j++)
{
for(i = 0; i < steps; i++)
{
PWM_set_PWMO_T2(dutyl_value[i]);
PWM_set_PWM1_T2(dutyl value[i]);
PWM_set_PWM2_T2(dutyl_value[i]);
delay_ms(60);
}
b

PWM_idle();

Note there is new function in this example unlike the last one. The PWM_idle function ensures that
PWM channels are reset once it is called.

PWM_idle(void)

PWM@_hold_level(PWM_HLD_L_low);
PWM1_hold_level(PWM_HLD_L_low);
PWM2_hold_level (PWM_HLD L_low);

delay ms(100);
PWMO@_hold_level(PWM_level normal);
PWM1_hold_level(PWM_level normal);
PWM2_hold_level(PWM_level normal);
delay_ms(100);
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Demo

Demo video link: https://youtu.be/4bA-ISSlyrQ.
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Controlling a DC Motor with Complementary PWM

Complementary PWM is needed in many power system applications like three phase motor control,
sine wave inverters, BLDC motor control, etc. STCBA8K64S4A12 fortunately adds features to generate
complementary PWMs for the applications aforementioned.

#include "STC8xxx.h"
#include "BSP.h"

setup( 'H
set_PWM_duty( value);

main(

setup();
while(1)
if(PB_1)

{
duty += 10;
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delay_ms(100);
if(duty >= pwm_max_cnt)

duty = pwm_max_cnt;

)
}
if(PB_2)

duty -= 10;
delay_ms(100);

if(duty <= 0)
{

duty = 0;
}

}
if(PB_1 || PB_2)
{

set_PWM_duty(duty);

}
1

setup( )
CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);

P12_input_mode;
P13_input_mode;

PWM_clk_set(PWM_clk_sys_PS, PWM_clk_ps_sys_clk_div_1);
PWM_set_counter(pwm_max_cnt);
PWMO_setup(PWM_pin_is_PWM output, \

PWM_init_1vl low, \

PWM_©_pin_P1@, \

PWM_level normal);
PWM1_setup(PWM_pin_is_PWM_output, \

PWM_init_1vl_low, \

PWM_1_pin_ P11, \

PWM_level_normal);

PWM_start_counter;

set_PWM_duty(

PWM_set_PWMO_T1(value);
PWM_set_PWMO_T2(0);

PWM_set_PWM1_T1(pwm_max_cnt - dead_time_cnt);
PWM_set_PWM1_T2(value + dead_time_cnt);
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Schematic
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Explanation

Since complementary PWM is a requirement for proper motor drive, the demo here is a rudimentary
DC motor drive example with STC's complementary PWM and a L293 motor driver. The motor’s speed
is governed by PWM duty cycle alternation. Pressing buttons assigned with pins P1.2 and P1.3 changes
motor speed.

The system clock is set to 12MHz.

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK no_output, MCLK out_P54);

The same clock is used by the enhanced PWM module. Most of the stuffs in the setup are like the
previous PWM examples.

PWM_clk_set(PWM_clk_sys_PS, PWM_clk_ps_sys_clk_div_1);
PWM_set_counter(pwm_max_cnt);

PWMO_setup(PWM_pin_is_PWM_output, \
PWM_init_1vl_ low, \
PWM_@_pin_P1@, \
PWM_level normal);

PWM1_setup(PWM_pin_is_PWM_output, \
PWM_init_1vl_ low, \
PWM_1_pin_P11, \
PWM_level normal);

PWM_start_counter;
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The math behind PWM generation is same as the ones we have already seen:

PWM F B PWM Input Clock Frequency _ 12MHz 30 kH
requency = (PWM Counter Value x PWM Clock Prescalar) =~ (400 x 1) z
and
1

PWM Period = = 3333 us

PWM Frequency ~ 30kHz

The logic analyser data proves that the above figures are correct:

W 16 s B 25.96 knz B 3337 ps———1

Now imagine a SR flip-flop with outputs T1 and T2. So far, we have seen that varying T1 and T2 alter
PWM duty cycle. Thus, S and R can be imagined as logic transition counts. When the PWM counter
reaches up to these values, high-to-low or low-to-high transition occurs in the PWM waveform.

S T1

R T2
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To generate complementary PWM, we would need two PWM channels and so in this example PWM
channels 0 and 1 are selected. The word “complementary” suggests that two things are opposite of
the other and so in such PWM technique, there are two PWMs that have opposite logic polarities. This
is the simplistic presentation of complementary PWM.

Inideal terms, if one PWM channel is running with 40% duty cycle, the other should be running at 60%
(-40%) duty cycle. However, doing so practically would lead to some issues because when one PWM
is going from high-to-low transition, the other is doing just the opposite and during these transition
times at some point both PWMs are at same logic level. If these PWMs are fed to external devices like
transistors or MOSFETSs as shown below then quite possibly during the transition times both MOSFETs
would be momentarily turn on, leading to temporary short-circuit and unnecessary overheating. The
temporal short circuit may even cause the external devices to get damaged or cause momentary
power shortages. To avoid this phenomenon, we have to apply dead-time technique to ensure that
the transitions occur separately with some minute delay.

Q1
». ° | I:q_l N-MOSFET
b
—O ouTPUT
Q2
N-MOSFET

N~

p- (&
V7

b 17.15us I 2596 iz B} 33.37 s
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Now let’s see how the PWM duty cycle is ensured while maintaining the needs so far discussed. The
following code snippet is responsible for maintaining PWM duty cycles in complementary format. It
may look confusing unlike the previous examples.

set_PWM_duty(

PWM_set_PWMO_T1(value);
PWM_set_PWMO_T2(0);

PWM_set_PWM1_T1(pwm_max_cnt - dead_time_cnt);
PWM_set_PWM1_T2(value + dead_time_cnt);

The confusion will vanish after carefully looking at the math below. Imagine that we want to set the
duty cycle to 75%.

PWMO Duty = [PWMOT2 — PWMOTI] X 100% = 300 — 0] X 100% = 75%
wy = PWM Counter Value 0~ 400 0~ 0
and
PWML Duty — |[PWM1T2 — PWM1T1| < 100% = [(400 — 1) — (300 + 1)]| « 100% = 24.5%
wy = PWM Counter Value 0~ 400 0T AT

As the math shows due to the application of dead-time, PWM1’s duty cycle is slightly less than the
ideal 25% mark. In this example, 1 count of dead time is equivalent to 0.25% duty cycle and since there
are two such counts the total duty cycle is reduced by 0.5%.

Demo

Demo video link: https://youtu.be/vdJJhtsgocE.
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Using PCA to Measure Frequency

Frequency measurement is often a challenging task as it requires good understanding of timers and
input capture modules. Frequency measurement becomes very important while designing power
electronics devices like generator controllers, inverters, power line measurement meters, etc. In
STC8A8K64S4A12, there is no dedicated input capture hardware module but there is a PCA module
that can be used to replenish this absence of a dedicated input capture peripheral.

i Pos: 0.00pus ' Measure
ks CHI
Amplitude
4.56Y

JHI— 3
Freq

' 100.00kH=
CH1
Rise
: dDUUnd

CHI
RS

318V
i

PP S S B A A A A T A O I I 0 O B B O B 0 0N AU AU AP AT U A R A I AT I I!’I'Id""l"‘l

Bh8 Off Mznn..., e
: 0] d L=

#include "STC8xxx.h"
#include "BSP.h"
#include "LCD.c"
#include "lcd_print.c"

first_edge = 0x0000;
second_edge = 0x0000;

clks = ©x00000000;
ov_cnt = 0x00000000;

setup( )

PCA_ISR(
interrupt 7

if(check_PCA_Counter_overflow_flag)
{
ov_cnt++; ;
clear_PCA_Counter_overflow_flag;

}

if(check_PCA_o_flag)

{
second_edge = PCA_get CCAPO();
clks = ((65536 * ov_cnt) + second_edge - first_edge);
ov_cnt = 0;
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first_edge = second_edge;
second_edge = 0;
clear_PCA_o0_flag;

setup();

LCD_goto(@, 0);
LCD_putstr("Period/ms:");

LCD_goto(0, 1);
LCD_putstr("Freq./kHz:");

while(1)
{

PWM_stop_counter;

switch(s)
{

case 1:

PWM_clk_set(PWM_clk_sys_PS, PWM_clk_ps_sys_clk_div_1);
break;

¥

case 2:

PWM_clk_set(PWM_clk_sys_PS, PWM_clk_ps_sys_clk_div_4);
break;

¥

case 3:

PWM_clk_set(PWM_clk_sys_PS, PWM_clk_ps_sys_clk_div_3);
break;

}

default:

PWM_clk_set(PWM_clk_sys_PS, PWM_clk ps_sys_clk_div_2);
break;
}
}

PWM_start_counter;
delay_ms(1000);

f = (12000.0 / (( )clks));
print_I(11, 0, clks);
print_F(11, 1, f, 1);

delay_ms(1000);

S++;
if(s > 3)

setup( )

{
CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out P54);

PWM@_setup(PWM_pin_is_PWM_output, \
PWM_init_lvl_low, \
PWM_@_pin_P1@, \
PWM level normal);
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PWM_clk_set(PWM_clk_sys PS, PWM_clk_ps_sys_clk_div_2);
PWM_set_counter(500);

PWM_set PWM@_T1(0);
PWM_set_PWM@_T2(200);

PWM_start_counter;
PCA_pin_option(0x00);

PCA_setup(PCA_continue_counting_in_idle_mode, PCA_clk_sys_clk_div_1);
PCA_load_counter(0x0000) ;

PCA_© _mode(PCA_16_bit_falling edge capture);
_enable_PCA_@_interrupt;
_enable_PCA_counter_interrupt;
_enable_global_interrupt;

PCA_start_counter;

LCD_init();
LCD_clear_home();

Schematic
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Explanation

Measurement of frequency can easily be done by timing the time difference between two successive
rising or falling edge captures. Input capture hardware along with a timer would scan and sample
incoming waveform. Thus, input capture hardware must have at least twice the sampling frequency
than the frequency of the waveform coming to the capture input. This is simply the Nyquist criterion.

Fs 2 (2 XF)

To demonstrate frequency measurement with PCA, | have used two hardware. Firstly, | used a PWM
generator to generate waveform of different frequencies and secondly, a PCA module to capture the
PWM waveform.
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To begin with, note that the micro is running at 122MHz.

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK no_output, MCLK_ out P54);

The PWM peripheral is setup with P1.0 pin as PWM channel 0. The initial frequency of the PWM is
12kHz and the duty cycle is about 60%.

PWM@_setup(PWM_pin_is_PWM_output, \
PWM_init_1vl low, \
PWM_0_pin_P10, \
PWM_level normal);

PWM_clk_set(PWM_clk_sys_PS, PWM _clk_ps_sys_clk_div_2);
PWM_set_counter(500);

PWM_set PWM@_T1(0);
PWM_set_PWM@_T2(300);

PWM_start_counter;

The following equations show us how we fabricated this frequency and duty cycle:

PWM F _ PWM Input Clock Frequency _ 12MHz 12 kH
requency = (PWM Counter Value x PWM Clock Prescalar) (500 x 2) z
and
PWM Dutv Cvele = |[PWM T2 Value — PWM T1 Value| « 100% = 300 — 0] « 100% = 60%
utytycte = PWM Counter Value 0T 500 0T 0

—— W s0.08 ps P 12 kHz B 50.1 o I

In the main, the PWM frequency if changed four times and these frequencies are 24kHz, 12kHz, 8kHz and
6kHz. The change is done about every two seconds.
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Now let us see how we have to setup the PCA’s capture part. P1.7 pin (PCAQ) is setup as the capture
pin that would look for falling edges. PCA hardware clock is running at full system clock speed of
12MHz. The Nyquist criterion is fulfilled because PWM out frequency is not more than 24kHz.

PCA_pin_option(0x00);

PCA_setup(PCA_continue_counting_in_idle_mode, PCA_clk_sys_clk_div_1);
PCA_load_counter(0x0000);

PCA_©_mode(PCA_16_bit_falling edge_capture);

_enable_PCA_@_interrupt;
_enable_PCA_counter_interrupt;
_enable_global_interrupt;

PCA_start_counter;

PCA interrupt will be triggered when a falling edge is detected or when there is PCA counter overflows.
Both of these events will be needed. Though under a same interrupt subroutine, these events are
differentiated by two separate flags. The first will be needed to make sure that we took account of
any PCA overflow in between two successive captures and the second will be needed to snap PCA
counter count at the moment of falling-edge detection.

void PCA_ISR(void)
interrupt 7

if(check_PCA_Counter_overflow_flag)
{
ov_cnt++;;
clear_PCA_Counter_overflow_flag;

¥

if(check_PCA_©_flag)
{
second_edge = PCA_get_CCAPO();
clks = ((65536 * ov_cnt) + second_edge - first_edge);
ov_cnt = 0;
first_edge = second_edge;
second_edge = 0;
clear_PCA_0_flag;

When PCA interrupt occurs, two flags are checked. Firstly, the PCA counter overflow is checked and
secondly, PCAOQ interrupt flag is checked. If PCA counter overflow occurs then it is saved in a variable.
This will mark that an overflow event occurred during a snap.

Since frequency measurement is done by measuring the PCA counter’s count difference between two
consecutive falling edges, we need to assume that the first capture is basically the second capture
instead of the first falling edge capture. When the second capture is recorded, it is measured against
the first one. In this measurement, we also have to take note if any PCA overflow occurred during the
captures. Note that no timer has been used so far and that is because the PCA module is doubling as
a timer here.
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In the main, the PWM frequencies are changed periodically and the PWM frequencies are measured.
The measured frequency is displayed on an LCD.

PWM_stop_counter;

switch(s)
{

case 1:

PWM_clk_set(PWM_clk_sys_PS, PWM_clk_ps_sys_clk_div_1);
break;

}

case 2:

PWM_clk_set(PWM_clk_sys_PS, PWM_clk_ps_sys_clk_div_4);
break;

¥

case 3:

PWM_clk_set(PWM_clk_sys_PS, PWM_clk_ps_sys_clk_div_3);
break;

¥

default:
{
PWM_clk_set(PWM_clk_sys_PS, PWM_clk_ps_sys_clk_div_2);
break;
}
¥

PWM_start_counter;
delay_ms(1000);

f = (12000.0 / (( )clks));
print_I(11, @, clks);
print_F(11, 1, f, 1);

delay_ms(1000);

S++;
if(s > 3)

Variable clks represents the count difference between capture snaps and so dividing PCA clock
frequency with this count gives capture waveform frequency in hertz. | have coded 12000 instead of
12000000 as clock frequency because | want measurements to be in kHz instead of Hz.
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Demo
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Demo video link: https://youtu.be/2uYhZw7FXSE.
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Using PCA to Measure Pulse Width from HCSR-04 SONAR Module

Apart from frequency measurement, we can apply the same input capture technique to measure pulse
widths or PWM duty cycles. Pulse width measurement requires capturing PCA counts of two
successive opposite edges unlike two successive same edges. In this segment, we will see how we can
measure distance measured by a HCSR-04 SONAR sensor by measuring pulse width output from it.

#include "STC8xxx.h"
#include "BSP.h"
#include "LCD.c"
#include "lcd_print.c"

state = 0x00;
pulse_width = 0x0000;

setup( )s

PCA_ISR(
interrupt 7

if(check_PCA_©0 flag)
{
state "= 1;
clear_PCA_0_flag;
¥
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switch(state)

{

case 1:

PCA_load_counter(0x0000);
break;

¥

default:

{
pulse_width = PCA_get_CCAPO();
break;

main( )
range = 0.0;
setup();

LCD_goto(@, ©);
LCD_putstr("Range/cm:");
LCD_goto(0, 1);
LCD_putstr("Pulse/us:");

while(1)

{
P55_low;
delay_ms(10);

P16_high;
delay_us(10);
P16_low;
P55_high;

range = (((( )pulse_width) / 58.0));
print_F(10, @, range, 1);
print_I(10, 1, pulse_width);

delay ms(490);

setup( )
CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_ no_output, MCLK_ out_ P54);

P16_push_pull_mode;
P55_open_drain_mode;

PCA_pin_option(0x00);

PCA_setup(PCA_continue_counting_in_idle_mode, PCA_clk_sys_clk_div_12);
PCA_load_counter(0x0000) ;

PCA_0_mode(PCA_16_bit_both_edge_capture);

_enable_PCA_@_interrupt;
_enable_global_interrupt;

PCA_start_counter;
LCD_init();

LCD_clear_home();
}
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Schematic
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Explanation

HC-SR04 SONAR sensor works by sending a stream of ultrasonic pulses and then timing how long it
took for an echo to bounce back from a nearby object. Based on timing, the sensor gives a pulse of
variable width. The pulse width is a representation of distance or object range.

There are two pins apart from the power supply pins and these are needed to communicate with the
sensor. When the trigger pin of the sensor is pulled high for about 10us, the sensor acknowledges this
short duration pulse as a command from its host micro to measure and return range data. A pulse
output from the echo pin is the representation of distance.

Initiate Echo back

|
10uS|TTL to [signal pin pulse width corresponds to distance
(about 150us-25ms, 38ms if no obstacle)

Signal

. Echo
Trigger - _

pulse width (uS) /58= distance (cm)
pulse width (uS) /148= distance (inch)

Internal

Ultrasonic Transducer will issue 8 40kHz pulse
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Now let’s see how the code is working in this example. Firstly, the system clock is set to 12MHz.

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK no_output, MCLK out P54);

Pins P1.6 and P1.7 are tied to trigger and echo pins of HC-SR04 sensor respectively.

The PCA hardware is setup by setting its clock to 1MHz. Thus, each of PCA counter’s count is equal to
1us tick. Default PCA pin configuration is used. The PCA counter is set to 0 count and 16-bit both edge
capture mode is selected. Interrupt method is used and so PCA and global interrupts are enabled
before starting the PCA counter.

PCA_pin_option(0x090);

PCA_setup(PCA_continue_counting_in_idle_mode, PCA_clk_sys_clk_div_12);
PCA_load_counter(0x0000) ;

PCA_0_mode(PCA_16_bit_both_edge_capture);

_enable_PCA_@_interrupt;
_enable_global_interrupt;

PCA_start_counter;

The PCA hardware is now ready to detect edge transitions. When transitions occur, PCA interrupt is
triggered. During a low-to-high transition or rising edge, the PCA counter is reset to 0 count and left
to continue counting. Upon detecting a high-to-low transition or falling edge, the PCA counter is read.

PCA_ISR(
interrupt 7

if(check_PCA_0_flag)
{
state *= 1;
clear_PCA_0_flag;
}

switch(state)
{

case 1:

PCA_load_counter(0x0000) ;
break;

}

default:

{
pulse width = PCA_get CCAPO();
break;

Pulse Width = Falling Edge Capture Count — Rising Edge Capture Count

Since the PCA counter is set to 0 during rising edge, the equation simplifies to
Pulse Width = Falling Edge Capture Count — 0
or simply

Pulse Width = Falling Edge Capture Count
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Since the PCA counter is counting with 1us resolution, the falling edge capture count is the pulse width
period in microseconds.

Pulse Width in us = Falling Edge Capture Count X 1us

In the main loop, the SONAR sensor is triggered and the result from the PCA interrupt is processed.
Target object distance detected by the sensor is a function of pulse width measured in microseconds.
Thus, as per datasheet of the sensor, pulse width divided by 58 is equal to distance in centimeters.

Pulse Width in ps
58

Object Range incm =

The range and the captured pulse width are displayed in an LCD after performing the aforementioned
computations.

P55_low;
delay_ms(10);

P16_high;
delay us(10);
P16_low;
P55_high;

range = (((( )pulse_width) / 58.0));
print_F(10, ©, range, 1);
print_I(10, 1, pulse_width);

delay ms(490);

Demo

Demo video link: https://yvoutu.be/h8NIdGpSZLI.
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Using PCA to Generate PWM

Unlike enhanced PWM module, PCA module can used to generate PWMs of different resolutions.
However, PCA-generated PWMs are like general purpose PWMs and do not have additional
functionalities. These PWMs can be used for simple tasks like driving LEDs, servo motors, simple motor
controls, simple DC-DC converters, etc.

The following block diagram shows PCA module in 8-bit PWM mode. The 9-bit internal comparator
compares the values CL and CCAPnL + EPCnL. When CL is equal or greater than CCAPnL + EPCnL, the
PWM output is set high and when CL is less than CCAPnL + EPCnL, the PWM output is set low. Thus,
CCAPnL + EPCnL are responsible for the duty cycle of PWM because CL keeps counting with each tick
of PCA clock. When CL overflows, CCAPnL + EPCnL are reloaded automatically with the contents of
CCAPnH + EPCnH. Updating CCAPnH + EPCnH, results in the alternation of PWM duty cycle. The same
concept is true for PCA PWMs of other resolutions. Similar strategies are applied for PCA PWMs of
other resolutions.

EPCNH | CCAPRH[7:0]
reload
Output 0
EPCnL | CCAPNL[7:0] |~
{} {0,CL[7:0]}<{EPCrL,CCAPRL[7:0]} l/]/
enable
9-bit comparator —+ —CCPn
ﬁ {0,CL[7:0]} >= {EPCnL,CCAPnL[7:O]}I\I\
0 CL[7:0] L~
VN CL overflow Output 1
|
- | Ecomn| capPn | caPNn [MATR|TOGR| PWMn | ECCRn | CCAPMN

0 1 0 0 0 0

Code

#include "STC8xxx.h"
#include "BSP.h"

void setup(void);
void PWM_idle(void);

void main(void)

{
signed int j = 0x0000;
setup();

while(1)

for(j = ©; j < 256; j++)

{
PCA © 8 bit PWM reload value(255 - j);
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PCA_1_8 bit_PWM reload_value(j);
PCA_2_8 bit_PWM_reload_value(255 - j);
PCA_3_8_bit_PWM_reload_value(j);
delay_ms(10);

}

for(j = 255; j > -1; j--)

{
PCA_©_8 bit PWM_reload_value(255 - j);
PCA_1 8 bit PWM_reload_value(j);
PCA_2_8 bit_PWM_reload_value(255 - j);
PCA_3 8 bit PWM_reload_value(j);

delay_ms(10);

void setup(void)

{
CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);

PCA_pin_option(0x10);

PCA_setup(PCA_continue_counting_in_idle_mode, PCA_clk_sys_clk_div_1);
PCA_n_PWM(@, PCA_PWM_without_interrupt, PCA_8_bit_PWM);

PCA_n_PWM(1, PCA_PWM_without_interrupt, PCA_8 bit PWM);

PCA_n_PWM(2, PCA_PWM_without_interrupt, PCA_8_bit_PWM);

PCA_n_PWM(3, PCA_PWM_without_interrupt, PCA_8 bit PWM);

PCA_© 8 bit PWM_compare_value(9);
PCA_ 0 8 bit PWM_reload_value(9);

PCA_1 8 bit PWM_compare_value(9);
PCA_1_8 bit_PWM_reload_value(9);

PCA_2 8 bit_PWM_compare_value(9);
PCA_2_8 bit_PWM_reload_value(9);

PCA_3_8 bit_PWM_compare_value(9);
PCA_3_8 _bit_PWM_reload_value(9);

PCA_load_counter(@);

PCA_start_counter;

Schematic
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Explanation
In this example, four PCA PWM channels are simply used to drive LEDs of different colors.

The system clock is set to 12MHz.

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);

Pins P2.3 to P2.6 are used for PWM outputs. Each of these channels are set to 8-bit PWM mode and
their compare and reload values are set to zero. Thus, initially all PWM channels are at same logic
state. The PCA counter is set to run at system clock speed. All PWM channels will be running at same
clock frequency as all are sharing the same PCA counter.

PCA_pin_option(0x19);

PCA_setup(PCA_continue_counting_in_idle_mode, PCA_clk_sys_clk_div_1);

PCA_n_PWM(@, PCA_PWM_without_interrupt, PCA_8 bit_PWM);
PCA_n_PWM(1, PCA_PWM_without_interrupt, PCA_8 bit_ PWM);
PCA_n_PWM(2, PCA_PWM_without_interrupt, PCA_8_bit_PWM);
PCA_n_PWM(3, PCA_PWM_without_interrupt, PCA_8 bit_ PWM);

PCA_©_8 bit_PWM_compare_value(0);
PCA_0_8 bit_PWM_reload_value(®);

PCA_1_8 bit_PWM_compare_value(0);
PCA_1_8 bit_PWM_reload_value(®);

PCA_2_8 bit_PWM_compare_value(0);
PCA_2_8 bit_PWM_reload_value(®);

PCA_3_8_bit_PWM_compare_value(0);
PCA_3_8 bit_PWM_reload_value(®);

PCA_load_counter(®0);

PCA_start_counter;

The PWM frequency of PCA channels is calculated to be as follows.

System Clock
PCA PWM Frequency = (PCA Prescalar x 2PWM Resolutiony
PCAPWM F - 2M _ yesskn
requency = dx29 z

Thus, the period of the PWM is 21.33ps.
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The logic analyser data confirms that the frequency is indeed around 46 kHz.

The duty cycles of the PWMs are calculated using the following formula.

Reload Value
(2PWM Resolution __ 1)

PCA PWM Duty Cycle =

Inside the main loop, each of the channels are updated every 10ms by updating their reload values.

for(j = @; j < 256; j++)

{
PCA_©_8 bit_PWM_reload_value(255
PCA_1_8 bit_PWM_reload_value(3j);
PCA 2 8 bit PWM_reload_value(255
PCA_3_8 bit_PWM_reload_value(j);
delay _ms(10);

¥

for(j = 255; j > -1; j--)
{

PCA_0_8_bit_PWM_reload_value(255
PCA_1 8 bit PWM_reload_value(j);
PCA_2_8 bit_PWM_reload_value(255
PCA_3 8 bit PWM_reload_value(j);
delay ms(10);
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Demo video link: https://youtu.be/EqEjFmxBRSg.
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Using PCA as a High-Speed Pulse Generator

In many cases, we need to generate high-frequency carrier waveform or pulse trains. For example,
this is needed when we need to make an infrared (IR) remote transmitter. This job can easily be done
by using a timer or software delays. However, in STC micros, we have PCA hardware to accomplish the
same job much more easily. This lets us use general purpose timers for other tasks.

Write Then
CCAPnL write CCON |CF|CR| - | - |CF3|CF2|CF1|CFO
firstly CCAPnH 1L

CH L y PCA
enable J\ } matched 1 interupt
» 16 bt comparator

{} e S N CCPn
ECOMn=0, stop comparison CCAPnH | CCAPNL
ECOMn=1, continue c cmparison

CCAPMR| - | ECOMn | CAPPn | CAPMN |MATR|TOGRn| PWMn | ECCFn
0 0 0 1 1 0

PCA high speed pulse output mode

Code

#include "STC8xxx.h"
#include "BSP.h"

12000000L / 2 / 38400
value = freq_change;
setup(void);

PCA_ISR(
interrupt 7

clear_PCA_0_flag;
PCA@_load_value(value);
value += freq_change;

¥

main(

setup();

while(1)
if(P52_get_input ==

P24 _high;
P55 low;
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}

else

P24 low;
P55_high;
b
¥
b

void setup(void)

{

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);

PO1_push_pull mode;
P55_open_drain_mode;

P52_input_mode;
P52 _pull _up_enable;

PCA_pin_option(0x10);
PCA_setup(PCA_continue_counting_in_idle_mode, PCA_clk_sys_clk_div_1);
PCA_©_mode(PCA_16_bit_high_speed_pulse_output);

PCA_load_counter(0);
PCA@_load_value(value);

_enable_PCA_@_interrupt;
_enable_global_interrupt;

PCA_start_counter;

Schematic
STCEASESIS4AII 48
— PS.2RxDd4 2 BxD2/PWMD_VADCHELOD »
T P53/TxDd 2 T4CLEQADCLS/ADTPOT - sl
-I- PLIADCLPWMIL_2TxD2 THADCIAADGPIS P23 —r-‘
3 Pl VADCYIPWM2_ XSS TLECT TICLEQVADC13/ADSPOS I_ﬂ
'ﬁ Pl 3/ADCIPWME_2MOSITCILED THADCIZVATYPO 4 IRLED d
= P14AADCHPWIE 2AOS0T2CSDACCPI TxD4ADCILVADIPO3 Y ! -
é P44RDT=D_4 BExD_4TWEP43 i
0 Pl S/ADCSPWMS_2SCLE TXCSCLACCE? ExD4ADCINVADLPO2 E
10 Pl § ADCAExD 3IPWMS 2TALOMCIEO MOCP1 TxD3ADCHADLPIL
¥ P1.TADCTTxD 3PWMT 2 HETALTCCR) BRxD3/ADCE AP0
—1.; AGnd PWMTALSP2T
— | Avref CCP3_VPWMGAL4T26 = -
1_1 AVeo C‘C‘P‘_'_"_] TCSCL VSCLE 2PWMS/ALYP2S - ;‘J 'E,'J
= PS4RSTMCLED CCP1_2T2C5DA 2AISO 2PWAMLALYP2 4 P32 *
1;5 Vo CCPO_XA0SI 2PWAG/ALLP2S l
- P55 BCT_2/55 2PWRIDAINP22
- Gnd PFWMLAQP2 ]
P4.0/WE_3/FxD2_2 TxD?_2FD 3/P432
P3OExIVCCPS_4TNT4 BESTSVIPWMIAE P2 D \ P24 P35
P31/ T=DCCP2 4 CARPO_VATEP41
P3AINTWCOCP]_4/5CLE, 4T2CSCT, 4 CAMP+HT=D _2ED 2TNTIP3T
P33INTLCCPO_4MIS0_4T205DA 4 CMP-BxD 2WE_2TNTLEI6 —_
P34TOTICLEQMOST 4 CMPO TxD3_XP5.1 =
P3 STLUTOCLEQECT 455 4PWWMFLT BxD3 XP5.0 E
m =
Explanation

In this example, PCA high-speed pulse mode is used to make an IR remote transmitter.

Since PCA is a time-dependent hardware peripheral, we need to be sure of the system clock settings.
As with most examples, the system clock is set to 12MHz.

CLK set sys clk(IRC 24M, 2, MCLK SYSCLK no output, MCLK out P54);
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Four GPIO pins are required for this example and are set right after selecting the system clock. A
button is connected with pin P5.2. Pressing the button would change the logic state of both the
onboard LED (P5.5) and pin P2.4. Lastly, pin P2.3 is set as the PCA CCPO pin. This pin is the high-speed
pulse output pin. P2.3 and P2.4 are connected to an IR LED.

Note that P2.4 is not set like other GPIOs because it is already set by PCA hardware.

PO1_push_pull mode;
P55_open_drain_mode;

P52_input_mode;
P52_pull_up_enable;

PCA_pin_option(0x10);

Now let’s see how the PCA hardware is set. Firstly, the PCA clock and counting mode are set. PCA clock
is set to run at 12MHgz, i.e., at system clock speed. Next, the PCA channel to be used and its mode of
operation is set, here — 16-bit high speed pulse output mode. The PCA counter is set 0 count and PCAO
channel is loaded with a count value.

PCA_setup(PCA_continue_counting_in_idle_mode, PCA_clk_sys_clk_div_1);
PCA_0_mode(PCA_16_bit_high_speed_pulse_output);

PCA_load_counter(®0);
PCA@_load_value(value);

_enable_PCA_@_interrupt;
_enable_global_interrupt;

PCA_start_counter;

The loaded value is the count value required to generate the desired frequency of 38.4kHz (26us
period).

System Clock
PCA Load Value =

(PCA Prescalar x 2 X Target Frequency)

12 MHz

PCA L = =1
CA Load Value (X2 x 384 kz) 56 (rounded)

Finally, the PCAO and global interrupts are enabled before starting the PCA counter.
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Note that PCA counter keeps counting and is not reloaded anywhere in the whole code. It is left on its
own and it will rollover after 65535 counts. When the PCA counter counts to 156 counts, PCAO
interrupt is triggered. Note that 156 counts equal 13us because the PCA clock is running at 12MHz.
On each interrupt, PCAQ's channel polarity is altered. This means 13us is the pulse width of high-speed
pulse output waveform.

Pulse Width = = 13us

12MHz

PCA interrupt is processed by clearing PCAO interrupt flag and by loading PCAO with a new count value
(previous count + load value, i.e., 156 + 156 = 312) because after that new count (312) PCAOQ interrupt
will be triggered again and the process repeats over and over again.

PCA_ISR(
interrupt 7
{
clear_PCA_0_flag;
PCA@_load_value(value);
value += freq_change;

}

Inside the main loop, the push button pin is polled. If the button is pressed, the IR LED is enabled by
setting P2.4 high or else it is disabled. Since P2.3 is the PCA 0 output, there is always 38.4 kHz square
pulses present in that pin. Only when P2.4 is set is high, the IR LED lights up. It is just like a simple AND
logic.

if(P52_get_input ==

P24 _high;
P55_low;
}

else

P24_low;
P55_high;

}
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Demo

Demo video link: https://youtu.be/VIxbGAijxjQ.
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Using PCA as a Software Timer

We have already seen how the PCA module doubles as timer in the capture examples. However, unlike
actual hardware timers, we would have to use some software tricks and keep certain things in mind.

Write Then
CCAPoL write CCON |cF|CcR| - | - |cF3cF2cFi|cFd
firstly CC 1 L
CH CL
enable U matched y; PCA
> 160 ?}wmm interrupt
ECOMun=0, stop comparison CCAPnH | CCAPNL
ECOMn=1, contime comparison
CCAPMn| - | ECOMn| CAPPn | CAPNNn |MATn|TOGR| PWMn | ECCFn
0 0 0 1 0 0

Code

#include "STC8xxx.h"
#include "BSP.h"

1leeoee0L / 12 / 2

value = T_Load;

setup(void);

PCA_ISR(
interrupt 7
{
clear_PCA_0_flag;
PCA@_load_value(value);
P55_toggle;
value += T_Load;

main(

setup();
while(1)

{
}s

setup( )

CLK_set_sys clk(IRC_24M, 24, MCLK_SYSCLK no_output, MCLK out P54);
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P55_open_drain_mode;

PCA_pin_option(0x10);

PCA_setup(PCA_continue_counting_in_idle_mode, PCA_clk_sys_clk_div_12);
PCA_0_mode(PCA_16_bit_software_timer);

PCA_load_counter(0);
PCA@_load_value(T_Load);

_enable_PCA_@_interrupt;
_enable_global_interrupt;

PCA_start_counter;

Schematic
STCRASKA4S4A12-48
P52 11 psaRxD4 2 RxD2PWM0_2/ADCOPL0 |2 P10
S PSITAD42 T4CLEQVADCIS/ADT/P0.7 ﬁé
S Pl.UADCIPWML 2TxD2 THADCI4ADGPOS |0
) 1= P1.YADC2PWM2 2/SSTLECT T3CLEOQ/ADCI3/ADSRO.5 ==
= 53 P13/ADC3PWM3_2MOSLTCILKO THADCIVADIROS |o=
iy 55— P14ADC4PWM4_2MISOT2CSDAICCE3 TxD4/ADCIVAD3PO3 [—5—57
B S7+—g| P44RDTxD_4 RxD_$WRP43 [—r—
C 5155 P1-/ADCSPWMS_YSCLETCSCLICCR? RxDM/ADCIWAD2POY o0
. 57715 P1.6/ADCSRxD_3/PWM6_VXTALOMCLEQ_2/CCPI TxD3/ADCO/ADIRO] [—g—m
— —— 7| PL.7VADCT/TsD_3PWM7_2XTALICCPO FxD3/ADCE/ADOPOD [—r—=r
frf 77| AGad PWMIALSPLT 55
=] 5 Avref CCP3_2PWMEAI4PLE [—rgag
e AV CCP2_2MCSCL_YSCLE 2PWMSALPLS |e—any
— = PS4RSTMCLEO CCP1_2M2CSDA_2MISO_2PWMAALYPY 4 s
- S| Vie CCPO_2MOSI_2PWM3ALLP23 =,
Ll ——7| P55 ECI_2/S5_2PWMZAIRL2 [5—55
y ——1o| Gad PWMLASR2] T30
p35 15| PHUWE_3RxD22 TxD2_2ED 3P42 [
5375 57| P3ORxDICCP3_4TNT4 RSTSVPWMOASP20 [—55—57)
- =TSy P31TDICCR2 8 CMPO_YALEPS] [~y
b 53533 | PILDNTOCCRI_4/SCLE 41CSCL 4 CMP+TxD_VRD_INTIP3.7 —o=——
S 55| P33MNTLCCR)_$MISO_412CSDA 4 CMP-RxD 2WR_VINT2P3.6 [—5— =7
Pis 3¢ | PIATOTICLEOMOSL 4/CMPO TaD3_2P51 [—5.—pon
223 p3 STUTOCLEOECT 455 4PWMFLT RaD3_2P50 =
Ul
Explanation

This example uses the same concepts as in the high-speed pulse output example and yes, againiitis a
simple onboard LED blinking example. Between the two examples almost everything is same.

The system clock is set to 1MHz.

CLK_set_sys_clk(IRC_24M, 24, MCLK_SYSCLK_no_output, MCLK_out_P54);

PCA is setup with just as in the past example except for the clock prescalar and mode of operation. In
this example, the PCA clock is set to 83.3kHz and software timer mode is selected. Note that since no
PCA input-output channel is needed in this example, it doesn’t matter which pin arrangement is
initialized.

PCA_pin_option(@x10);

PCA_setup(PCA_continue_counting_in_idle_mode, PCA_clk_sys clk_div_12);

PCA_0_mode(PCA_16_bit_software_timer);

PCA_load_counter(9);
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PCA@_load_value(T_Load);

_enable_PCA_0_interrupt;

_enable_global_interrupt;

PCA_start_counter;
The desired LED blinking frequency is 1Hz and so the PCAQ is loaded with the following count value.

1 MHz

PCA Load Value = AZx2Zx1Hz) = 41666 (rounded)

The PCA clock frequency is as follows:

1MHz
12

PCA Clock Frequency = = 83.33 kHz or approx.12 us period

Thus, PCA interrupt will be triggered at every half second as per following formula:

PCA Interrupt Interval = 41666 X 12 pus = 499.99 ms

Since we are toggling the onboard LED, every half second, it will change its state and so the toggling
frequency is 1 Hz.

I« 0.4391 s

Note there is no operation in the main loop.
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Demo

Demo video link: https://youtu.be/QuXtghib1KQ.
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Using PCA to Extend External Interrupt Capability

An alternative way of using the hardware PCA module is to use it to extend external interrupt
capability of our STC micro.

CCON [CF|CR| - | - |CRCFCF1|CFO
1L _
CH CL
L + / PCA
4 intemrupt
CCAPNH | CCAPNL

CCPO
CCP1
CCP2 gEl >—'
CCcp3

L] i%_ T ::
CCAPMN| - | ECOMRn | CAPPn | CAPNM |MATR|TOGR| PWMn | ECCFn

0 0 0 0 0

Code

#include "STC8xxx.h"
#include "BSP.h"

setup(void);

PCA_ISR(
interrupt 7

if(check_PCA_o_flag)
{
clear_PCA_0_flag;
P54 low;

}
if(check_PCA_1_flag)
{
clear_PCA_1_flag;
P54 _high;
}
b

main(

setup();

while(1)
{
P55_toggle;
delay_ms(400);
s

}
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void setup(void)

{

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);

P54 push_pull mode;
P55_open_drain_mode;

PCA_pin_option(0x00);

PCA_setup(PCA_continue_counting_in_idle_mode, PCA_clk_sys_clk_div_1);

PCA_© _mode(PCA_16_bit_falling edge capture);
PCA_1_mode(PCA_16_bit_falling_edge_capture);

PCA_load_counter(0);
_enable_PCA_@_interrupt;
_enable_PCA_1_interrupt;
_enable_global_interrupt;

PCA_start_counter;

Schematic
STCEASKAIS4A12-48
< 1
g_\; 2 P52FxDd 2 BxD2/PWMO_2 _:'E)Cﬂ Pl -g
Tl T P53/TxDd 2 T4CLEQADC1S/ADTET
P'-"' -I- PLIADCLPWMIL_2TxD2 THADCI4ADGPLS
P'-; 3 Pl VADCEPWM?_SSTYECT TICLEQAT 13/ ADS/B05
1:"--1- ﬁ Pl 3/ADCIPWMGE_2MOSITCILED TIADCIVATY PO S
P-H- = P14AADCHPWIE 2AOS0T2CSDACCPI TxDADCILADIPIS
7 é P44RDT=D_4 BExD_4TWEP43
Ti6 0 Pl S/ADCSPWMS_ 2 SCLE TXCSCLACCE BxD/ADCIVADYLPD 2
P'-:' 10 Pl § ADCGExD_ 3PWMS 2FTALOMCIEO MOCPL TxD3ADCYADLPIL
— ¥ P1.TADCTTxD 3PWMT 2 HETALTCCR) BRxD3/ADCE AP0
—1.; AGnd PWATIALSPLT
3 AVref CCPI_2PWMSAI4TE2E
= AVeo CCP2_2MCSCL_MSCLE 2PWAMS/ALIPLRS
P34RSTMCLED CCP1_2T2C5DA 2AISO 2PWAMLALYP2 4
Ve CCPO_XA0SI 2PWAG/ALLP2S
P55 ECT 2755 2PWMYAINPE22
Gnd PWAILAQP2 ]

P4 0/WE,_3/RxD2_2
P30VRxDICCPS_4INT4
P3.1/T=DNCCP?_4

P3.2INTOVCCPI 4/SCLE, 4T2C5CT, 4
P33/INTL/CCPO_4MISO_$T2CSDA_4
P34 TOTICLEOMOS] $CMPO

P3 S TUTOCLEO/ECT 455 $TWMFLT

T2 2RD 3/P42
ESTSVEWMNIALPLO
CMPO_VALET4 1
CMD+TxD_2RD_VINT3/P3.7
CMP-RxD_2'WE_2INT2P3 6
TaD3_2P5.1

RxD}d 2750

ul

Explanation

<:-ND-|||—7’K o—=52

=]
=

<:-1\'D-|||—?”’f::—-

Sl

: :

AR
P P35

Perhaps this is the one and only PCA module example that doesn’t require precise selection of timing
parameters and so we will directly go to PCA settings. In this example, a LED connected to pin P5.4 is
either turned on or off using two buttons. These buttons are attached to default PCA channel 0 and 1

pins.

PCA_pin_option(0xe9);

PCA_setup(PCA_continue_counting_in_idle_mode, PCA clk_sys clk _div_1);

PCA_0_mode(PCA_16_bit_falling_edge_capture);
PCA_1_mode(PCA 16 bit falling edge capture);

PCA_load_counter(9);

_enable_PCA_0_interrupt;
_enable_PCA_1_interrupt;
_enable_global_interrupt;

PCA_start_counter;
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Both PCA channel input pins are set to capture falling edges. It is not mandatory to use falling edge
capture. In this case however, | used so because the buttons have external pullup resistors and so
pressing them would lead to a high-to-low pin transition or falling edge.

The whole PCA setup seem to look like PCA capture mode setup but the exception is the fact that we
won’t be needing the capture counts this time.

The state of the P5.4 LED is altered inside PCA interrupt subroutine and everything will appear as if
the things are being done with external interrupts. Note that though this external interrupt technique
works just like ordinary external interrupts, there is no way of setting interrupt priorities amongst PCA
channels themselves.

PCA_ISR(
interrupt 7

if(check_PCA_0 flag)

clear_PCA_0 flag;
P54_low;

}
if(check_PCA_1_flag)
clear_PCA_1 flag;

P54_high;
}

}

The only task that is done in the main loop is a simple onboard LED blinking. This is not a must but this
is only needed to show that PCA operations are done without blocking anything of the main loop.

P55_toggle;
delay ms(400);

Demo

Demo video link: https://youtu.be/w9Ys7HBVvPQ.
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Watchdog Timer (WDT)

As with any other microcontroller, reset has many sources and watchdog timer is one of them.
STC8A8K64S4A12’s watchdog timer is a typical independent watchdog timer that will reset the MCU
core in the event of an unforeseen software failure. The watchdog timer of STC8A8K64S4A12 has no
alternative use. In some other microcontroller families like TI MSP430s, watchdog timer can be used
like an ordinary timer.

addr Bit address and symbaol reset
Symbal description

ess B7 B6 BS B4 B3 B2 ‘ Bl ‘ BO value
WDT_CONTR ‘Watchdog control register ClH | WDT_FLAG - EN_WDT |CLR WDT| IDL_WDT WDT_P5[2:0] 0x00.0000
IAP CONTR IAP control register CTH IAPEN SWBS SWRST |CMD_FAIL - IAP WT[2:0] 0000.x000

-Watchdog
RSTCFG Reset configuration register FFH control ENLVR - P34RST - - LVDS[1:0] 0000.0000
register
Code

#include "STC8xxx.h"
#include "BSP.h"

void setup(void);

void main(void)

{
unsigned char i = @;
setup();
while(1)
{
P11_toggle;
if(P52_get_input == FALSE)
for(i = @; i <= 9; i++)
{

P10_toggle;
delay ms(100);

while(1);
¥

delay _ms(200);
WDT_reset;

void setup(void)
CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);

P52_input_mode;
P52_pull_up_enable;

P10_push_pull_mode;
P11_push_pull_mode;

WDT_setup(WDT_continue_counting_in_idle_mode, WDT_div_factor_32);
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Schematic

. STCRAREG454417-48 _
lpj;: P5.2FxD4 2 RxD2/PWMD_VADCHPLO j‘ﬁ ;39 54 - ~
- D5.3/Tald 2 TACLEOADCISADTRO.T —e—pe a a
o3 P1I/ADCTEWM]_2TxD? T4ADCI4ADGP0S [ 2— —0 —0
s P1YADCIPWM?_2SSTYECT T3CLEOADCI3/ADS P05 —5—pe E E
imE S e
E r E 2 2 3 £ E} 3
- P4 4EDTD 4 FaD_4WRP43 = X h A !E
5iF Pl S/ADCSPWMS_YSCLETICSCLICCE? FxD4ADCIHADY B2 61 E E
- P16/ADCSRxD_3PWMS 2 XTALOMCLED,_2CCP TxD3/ADCHADLPO.L ==
~L 7 PL7/ADCTTxD 3 PWMT_2XTALICCPO BxD3/ ADCS/ADNP0D T =
13| AGnd PWMTAISPLT 555 P
2| AVref CCP3_2PWMSAL4TLE R = .
—5= | AV CCP2_YI2CSCL MSCLE 2PWMS/ALIPLS = = b i
=1z PS4RSTMCLEO CCP1_2T2CSDA_2MISO_2PWAEHAIZPZ 4 = d
— ] Vi CCP0_2MOST_2PWAG/ALLP2 3 5
7 P55 ECT 2/5S_2PWMYAINED2 =
= 1é Gnd PWHLAST21 5
P30 A 10 ] P40WE_3FxD2 2 TxD2 YED 3/P42 -—P"a ] !
5535 P3ORxDICCR3 4TNT4 RSTSVPWMYASP20 —50—2 PlO P11
= P3.1/TxDVCCE?_4 CMPO JALETY]
= P32 INTCCPI4/SCLE. 4T2C5CL_4 CMB+TED 2RD 2INT3E3.7 =
L P3.3/INTL/CCPO_4/MISO_4T2CSDA_4 CMP-RxD_YWE_VINTVE3S =
P3.4TOTICLEOMOSL $#CMPO TxD3_2P5.1 =L
P35S TUTOCLEOVECT 4755 $PWMFLT RxD3_2P5.0 -
Ul
Explanation

For demoing WDT functionality, a simple LED blinking code is used. Two LEDs are used — one with pin
P1.0 and the other with P1.1. P5.2 pin is used for a push button and the system clock is set at 12MHz.

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);

P52_input_mode;
P52 _pull up_enable;

P10_push_pull_mode;
P11 push pull mode;

STCBA8K64S4A12’s WDT is dependent on system clock and this is an old concept. | say it is primitive
concept because many microcontrollers nowadays use a totally independent clock for WDT. Having
an independent clock for WDT reduces the chance of WDT getting affected by issues with main or
system clock.

WDT is setup according to the following formula:

12% 32768 x 2(WDTPST1)
SYSclk

Overflow time of watchdog timer =

From the formula, we can clearly see that WDT overflow timing is dependent on WDT prescalar and
system clock. The following table shows some typical values.
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division The overflow time of The overflow time of
WDT PS[2:0] factor 12M 1n the main 20M in the main

frequency trequency
000 2 ~ 65.5 MS ~ 39.3 MS
001 4 ~ 131 MS ~ 78.6 MS
010 8 ~ 262 MS ~ 157 MS
011 16 ~ 524 MS ~ 315 MS
100 32 ~ 1.05 S ~ 629 MS
101 64 ~ 2.10 S ~ 1.26 S
110 128 ~ 4,20 S ~ 2.52 S
111 256 ~ 8.39 S ~ 5.03 S

In this code, a prescalar value of 32 is set with 12MHz system clock. Thus, the WDT will reset after
about one second if not refreshed or reset.

WDT_setup(WDT_continue_counting_in_idle_mode, WDT_div_factor_32);

In the main loop, a LED connected to pin P1.1 is toggled every 200ms while P1.0 LED is kept turned
on. The WDT is kept resetting continuously under this condition and it does not overflow.

P11_toggle;

if(P52_get_input == FALSE)
{
for(i = @; 1 <= 9; i++)
{
P10_toggle;
delay _ms(100);
}

while(1);
}

delay _ms(200);
WDT_reset;

If, however, P5.2 push button is pressed, the code enters a new loop which simulates an undesired
condition. In this condition the state of P1.1 LED seems to get stuck. P1.0 LED flashes briefly, suggesting
the code entered undesired loop and WDT is not being reset. Thus, after one second the CPU resets
and P1.1 LED again starts to toggle. This suggests that the WDT has triggered a reset due to its
overflow.
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Lastly before signing off from this topic, please note the following setting in programmer GUI. These
can also be set in the GUI too apart from coding.

MCUTipe STCBABKS4S2A12  ~| Fns Al ~| CodeBufsr EEPROM Buffer RecommendBook COM Helper KsilICE Saftings MCU SelectonPrice/Samples Demo Cade Baudrate Tool TimerTool Delay Tool HeadsrFile WebSite Instrucion Motics FAVRemark Package Reutsion History
COoMPot Com [ sean

MinBawd 2400  ~|  MaxBaud nsao0

Anoress

Ox 0000 A Clear cote bufter Gpen Code File

O 0000 [ Ciear EEPROM buser pan EEPROM Fid
HACplion | Ofi4ine DownioadUaLIT) Encr * | -

1ngut IRC wequency <
IE3 Oscitator high gain i
SeluseEEPROMEZe (05K v
[T Mest e can pragram only when P3.2 & P2
IE9 Enatie langer power-an-ase alency
IEA RESET pin used as U0 port
[ Enable Low-voltage reset
w0 .

&7 Erase all EEPROM 0a1a next 5me program ct
[ P20 power-on reset state

‘Switch UART1 [RoD, TaD] o [PR.0.P.1)%0 |
4D pin singal source

27 pin a8 PUSH-PULL mode

ol EPWA ports a3 open-grain afer MCU res
I Add a reset code in frant of ID

Fil catato space area FF <]
ome-5us | 00001 necxsum | BO0DOD] | FilkBuffor || Cloar-Bufte || Save-Buffer
MCU type - STCEABKG4SAATZ
Aooutinis MCU:
i UART-TXD port must be set a5 push-pull mode.
or pul igh 3-5K 9 VGG
2oamloadFrogram v Re-Program
Check MCU Nobice Delay 358 «
[ auto reioaa me arget e Re-Count ngni
[ JReisad and Gawnioad when targel fie is modfled /#8388 P1oje: Releass Help | GetHDO-SN [IBeep assTimes| 0 |reset

Demo

Yiep@aoy =

Demo video link: https://youtu.be/0OEyRSIsJx-g.
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Wakeup Timer and Low Power Mode

Wakeup timer is an interesting feature that is not seen in most microcontrollers. It allows us to
automatically wakeup a microcontroller from sleep or low power mode after a fixed interval. It is
especially useful in cases where we need to take periodic short measurements and then keep our
device in low power state to conserve power. A good example is a refrigerator temperature controller.
The temperature controller would periodically check interior temperature and decide when to
operate the compressor for cooling. Since the compressor would work for short times, the control
system of the refrigerator need not to be kept active all the times. Periodic short measurements are
all that are needed. This, in turn, would help in energy saving. This tactic becomes even more vital if
refrigerator of the discussion is battery-operated.

Symbol Address B7 ‘ B6 BS B4 B3 B2 Bl BO
WKTCL AAH
WETCH ABH WEKTEN ‘

Code

#include "STC8xxx.h"
#include "BSP.h"

void setup(void);

void main(void)

{
unsigned char i = 0;
setup();

while(1)
{
WKT_disable;

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

P55_toggle;

delay ms(100);

WKT_enable;
Go_to_Power_Down_State;

void setup(void)

{

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);

P55_open_drain_mode;

WKT_set_interval(9000);
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Schematic
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Explanation

In this example, two features of STC8A8k64S4A12 have been shown. Firstly, low power mode is
demoed and secondly, the wakeup timer.

First, let’s see how the wakeup timer is set. Wakeup timer is clocked with internal 32kHz oscillator.
This keeps it independent from the system clock. However, the internal 32KHz oscillator is not very
accurate and so there could be some deviations. To set the wakeup timer, all we need to do is to load
its internal 15-bit counter with some value so that we get our desired wakeup time. The wakeup time
is calculated according to the following formula:

1000
=2 X 16 X (1 + counter,gy.) = Wakeup Time in pys

or simply:
0.5 X (1 + counter,gye) = Wakeup Time in ms

In the code, the counter value is set to 9000. This would roughly give a wake-up time of 4.5s once the
core goes to low-power state.

WKT_set_interval(9000);

Note that although the counter is loaded the wake-up time is not started. This is so because we want
to wake the micro after it enters low-power mode.
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In the main loop, the wake-up timer is disabled. The onboard LED is flashed a few times to indicate
that the code in the main loop is running. After flashing the LED, the wake-up timer is started and low-
power mode is entered.

WKT_disable;

for(i = @; i <= 15; i++)

{
P55_toggle;
delay ms(100);

WKT_enable;
Go_to_Power_Down_State;

Entering low power mode is easy. Just add the following command:

Go_to_Power_ Down_State;

After entering low-power mode, the LED seems to freeze and there seems no activity at all for some
time. After about 4.5s, the LED repeats flashing just like before. This time the LED flashing not only
indicates main loop code execution but it also indicates that the wake timer ran and woke up the CPU
core from low-power sleep mode.

Demo

1 1
X ¥ = L] L W ] e
b 1T RN | | ;:i-l-r;-.il-uhlur.'nl.r.l_d 4 d | ol

-, o 5 iz L | e e =3 5 e el
e T T TV SRR PP TR P E

Demo video link: https://youtu.be/sIPWU7c idM.
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Communication Hardware Overview

STC8A8K64S4A12 packs all kinds of common communication hardware peripheral that most modern
microcontrollers can offer. The following are available in STC8A8K64S4A12’s arsenal:

Max. Possible
Number of Devices
in a Bus

Max. Max.

Comm. Description I/0 Speed | Distance

Asynchronous serial point-to-

UART . S
point communication

2 115.2kbps 15m 2 (Point-to-Point)

Short-range synchronous master-

SPI . .
slave serial communication

3/4 4Mbps 0.1m Virtually unlimited

Short-range synchronous master-
12C slave serial communication using | 2 1Mbps 0.5m 127
one data and one clock line
Asynchronous differential two
wire serial communication

RS-485 3 115.2kbps 1.2km Several

As always, we also have options for software-based communications. Using some coding, we can
implement software-based SPI, 12C and other forms of communications. One wire communication is
a good example. One wire communication is fully implemented in software. Using a combination of
hardware and software, we can also implement methods to decode IR communication.

Though software methods will rarely be needed, these methods allow us to understand the working
principle of different communication methods and in this way build confidence for coding devices that
do not follow standard 12C, SPI or UART methods. The downside of software communications is their
relative processing speed when compared with their hardware counterparts because software-based
communications are made virtually in codes rather than in physical hardware.

| won’t be discussing much about the software techniques because in all of my past tutorials, | have

been discussing about them briefly and most of these stuffs are mere confirmation of implementation
and repetition.
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UART offers long-distance serial communication and can also be employed for simple SPI-like serial
and industry-standard RS-485 communications. STC8A8K64S4A12 has four UART hardware with
independent interrupts. UART1 is the most advanced UART of all. All UART hardware peripheral need
a timer for baud rate generation. Timer 2 is common to all of these UARTs and so it is wise to leave it
for UARTSs. All of these UART have multiple alternative pins associated with them. These pin mapping
is summarized below:

Pair 2 TXD =P3.7
Timer 1 RXD =P3.6
Pair 3 TXD =P1.7
RXD = P1.6
Timer 2 Pair 4 TXD =P4.4
RXD =P4.3
. TXD =P1.1 . TXD =4.2
UART2 2 Timer 2 Pair 2
RXD=1.0 RXD =4.0
Timer 2 TXD = P0.1 . TXD=5.1
UART3 2 : Pair 2
Timer 3 RXD =PO0.0 RXD =5.0
Timer 2 TXD = P0.3 . TXD =5.3
UART4 2 : Pair 2
Timer 4 RXD =P0.2 RXD =5.2
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I2C hardware available in STC8A8K64S4A12 is very simple but it offers lot of flexibilities. The 12C block
can be used in both 12C master or slave roles. Just like UART it has lot of alternative pin pair options
as the table below shows.
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SPI hardware is also fully implemented in STC8A8K64S4A12. Using the SPI hardware is very simple and
like other communication peripherals, we have options to use various alternative GPIO pin groups.
Both SPI and 12C blocks are fully independent blocks unlike UARTs as UART blocks are dependent on

internal hardware timers.
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12C

Inter Integrated Circuit (I12C) was pioneered by Philips (now NXP) about three decades ago. 12C, just
like SPI, is meant for short-distance synchronous onboard communications. 12C is very simple to use
as only two wires are needed for communication and this is why often 12C is alternatively called two-
wire communication (TWI). In an I12C communication bus, there can be one master or host device and
one or several slave devices. The maximum number of devices that can coexist in an 12C bus at a time
is 127. Usually, the communication master or host is a microcontroller that is responsible for initiating
communications while slave devices can be anything from another microcontroller to sensors,
memory devices, digital peripherals, etc. Only master and slave data transactions are possible because
only a master can request data from or write to a slave device. Slave-slave communication is not
possible. In an 12C bus, only one master-slave pair can communicate at a time. The rest of the devices
stay idle during this time.

2 VDD
s 5
[ . . . I ) I2C Bus I .
SDA SCL SDA SCL SDA SCL

STCBABKE4S4A12

To know more about I12C communication, visit these pages:

e https://learn.mikroe.com/i2c-everything-need-know

e https://learn.sparkfun.com/tutorials/i2c

e http://www.ti.com/lsds/ti/interface/i2c-overview.page

e http://www.robot-electronics.co.uk/i2c-tutorial

e https://www.i2c-bus.org/i2c-bus

e http://i2c.info
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state, mode, clk do{ \
bit_set 7
I2CCFG = (state | mode | (clk & ©x3F)); \
bit_clr(P_SW2, 7); \
Jwhile(®)

I2C_wait(
t = I2C_timeout;
while((check_I2C_master_flag == FALSE) && (t >

t--;
delay _ms(1);
¥

clear_I2C_master_flag;

I2C_start( )

bit_set(P_SW2, 7);
I2CMSCR = 0x01;
I2C_wait();
bit_clr(P_SW2, 7);

I2C_stop( )

bit_set(P_SW2, 7);
I2CMSCR = 0x06;
I2C_wait();

bit clr(P_SW2, 7);

I2C_write(

bit_set(P_SW2, 7);
I2CTXD = value;
I2CMSCR = 0x02;
I2C_wait();
I2CMSCR = 0x03;
I2C_wait();
bit_clr(P_SW2, 7);
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I2C_read( ACK_state)
value = 0x00;

bit_set(P_SW2, 7);
I2CMSCR = 0x04;
I2C_wait();

value = I2CRXD;
I2CMSST = ~ACK_state;
I2CMSCR = 0x05;
I2C_wait();
bit_clr(P_SW2, 7);

return value;

DHT12.h

DHT12_init( );
DHT12_CRC( array_values);
DHT12_read_byte( address);
DHT12_get_data( DHT12_RH, DHT12_T);

#include "DHT12.h"

DHT12_init( )

I2C_pin_option(0x00);
I2C_setup(I2C_enable, I2C_master_mode, OXFF);
delay ms(100);

DHT12_CRC( *array_values)

i = ox0e3;
crc_result = 0x00;

while(i > -1)
{

crc_result += array_values[i];
f==3

¥

return crc_result;

DHT12_read_byte( address)
value = 0x00;
I2C_start();

I2C_write(DHT12_I2C_address);
I2C_write(address);
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I2C_start();
I2C_write(DHT12_I2C_address | I2C_R);
value = I2C_read(0);

I2C_stop();

return value;

DHT12_get_data( *DHT12_RH, *DHT12_T)
i = no_of_bytes_to_read;
values[0Ox05] = {Ox00, Ox00, 0x00, Ox00, 0x00};
while(i > 0x00)

values[(no_of bytes_to_read - i)] = DHT12_read_byte((no_of_bytes_to_read - i));
i--5

s

if(values[@x04] == DHT12_CRC(values))

{
*DHT12_RH = ((( Jvalues[0x00]) + ((( )values[0x01]) * 0.1));
*DHT12_T = ((( Yvalues[0x02]) + ((( )values[0x03]) * 0.1));

return no_error;

¥

else

{

return CRC_error;

#include "STC8xxx.h"
#include "BSP.h"
#include "LCD.c"
#include "lcd_print.c"
#include "DHT12.c"

setup( )

main(

state = 0x00;

setup();

LCD_goto(@, 0);
LCD_putstr("R.H / %:");
LCD_goto(0, 1);
LCD_putstr("Temp/ C:");
print_symbol(5, 1, 0);

while(1)
{
state = DHT12_get _data(&RH, &T);
switch(state)
case no_error:
{
print_F(11, ©, RH, 1);

print_F(11, 1, T, 1);
break;
}
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default:
{

LCD_goto(12, ©
LCD_putstr("--.-");
LCD_goto(12, 1);
LCD_putstr("--.-");

¥

P55_toggle;
delay ms(400);

void setup(void)

{
CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);
P55_open_drain_mode;

LCD_init();
LCD_clear_home();
load_custom_symbol();

DHT12_init();

Schematic
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Ted = ul
Explanation

12C.h header file describes how the 12C hardware will work. Firstly, 12C hardware pin pairs can be any
of the following combinations:

#tdefine I2C_pin_option(value) do{P_SW2 |= value;
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Secondly, we have the following I2C library functions that control 12C-related registers. Mainly, we
would need these functions in order to properly use the 12C hardware. These the commonly used
ones. Details of register handling can be avoided in this way.

void I2C_start(void)
void I2C_stop(void)

void I2C_write(unsigned char value)
unsigned char I2C_read(unsigned char ACK_ state)

| have avoided interrupt-based 12C communication because 12C slave devices generally do not send
out data without request from master device and master device only initiates data transaction when
needed. There is no need to make things unnecessarily complicated.

Before using 12C hardware, we have to set it up and 12C_setup function exactly does that. It dictates
mode of operation and 12C bus clock speed.

I2C_setup(I2C _enable, I2C master mode, OXFF);

For demoing 12C communication, Aosong’s DHT12 relative humidity-temperature sensor is used. This
device is pretty simple to use.

1 I I 1 I
(_Read[UxBD]“rAC_K)K 5K )i( SHACK ji( _ ADAcK )i( BHACK ji (_ Z24NAK )i
T i i i T ‘

!
SDA @hne[UxBE]+ACK)i( MHACK )

i

The timing diagram shown above depicts that the entire sequence of data transfer is a typical 12C read.
However, to simplify the task of reading the sensor, | coded the read function to read the 12C bus in
byte format rather than in word format. The reading process is a usual 12C read.

SCL

unsigned char DHT12_read_byte(unsigned char address)

{

unsigned char value = 0x00;

I2C_start();
I2C_write(DHT12_I2C_address);
I2C_write(address);

I2C_start();
I2C_write(DHT12_I2C_address | I2C_R);
value = I2C_read(0);

I2C_stop();

return value;

Since we have to take care of Cyclic Redundancy Check (CRC) in order to ensure data integrity several
byte reads are done and the read data are stored in an array. The array consists of two bytes of relative
humidity data followed by two bytes of temperature data and a CRC byte - five bytes in total. After
getting all the values from the sensor, CRC check is performed. If there is no CRC error, the
temperature and relative humidity data are processed or else CRC error is flagged.
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DHT12_get_data( *DHT12_RH, *DHT12_T)

i = no_of_bytes_to_read;
values[Ox05] = {Ox00, Ox00, Ox00, Ox00, Ox00};

while(i > 0x00)

{
values[ (no_of_bytes_to_read - i)] = DHT12_read_byte((no_of_bytes_to_read - i));
i--3

¥
if(values[@x04] == DHT12_CRC(values))

*DHT12_RH = ((( Jvalues[0x00]) + ((( )values[@x01]) * 0.1));
*DHT12_T = ((( yvalues[0x02]) + ((( )values[0x03]) * 0.1));

return no_error;

}

else

{
¥

return CRC_error;

DH12’s CRC check is straight-forward. The temperature and humidity bytes are summed up and
checked against the sent-out CRC value. If the values are same then there is no error in sent data.

DHT12_CRC( *array_values)

i = ox03;
crc_result = 0x00;

while(i > -1)

{
crc_result += array_values[i];
i--3

¥

return crc_result;

In the main, the sensor is read and the temperature-relative humidity data are displayed on an LCD
display.

Demo

Demo video link: https://youtu.be/LstlvrywyEs.

Page | 158


https://youtu.be/LstlvrywyEs

SPI

Serial Peripheral Interface (SPI) communication is another short-distance synchronous communication
method like 12C. Unlike 12C, SPI requires 3 or more connections but the bus speed is significantly higher
than that of 12C’s. Except chip selection pin, all SPI devices in a SPI bus can share the same set of
communication pins. Typical full-duplex SPI bus requires four basic I/O pins. Their naming suggests
their individual purpose.

€ Master-In-Slave-Out (MIS0) connected to Slave-Data-Out (SDO).

@ Master-Out-Slave-In (MOSI) connected to Slave-Data-In (SDI).

@ Serial Clock (SCLK) connected to Slave Clock (SCK).
4

Slave Select (SS) connected to Chip Select (CS).

MISO SDO
STC8ABK6454A12 Slave Device

SCLK SCK

Since SPI bus is very fast, it is widely used for interfacing displays, flash memories, etc. that needs fast
responsiveness.

SPI is can visualized as a shift register that shifts data in and out one-by-one with clock pulse
transitions. Like 12C bus, there can be one master device in a SPI bus and virtually unlimited amount
of slave devices only separated by slave selection pins. Master sends commands to slave(s) by
generating clock signals and selecting one slave device at a time. Selected slave responds to
commands sent by the master.

In general, if you wish to know more about SPI bus here are some cool links:

® https://learn.mikroe.com/spi-bus

https://learn.sparkfun.com/tutorials/serial-peripheral-interface-spi

http://ww1l.microchip.com/downloads/en/devicedoc/spi.pdf

http://tronixstuff.com/2011/05/13/tutorial-arduino-and-the-spi-bus

https://embeddedmicro.com/tutorials/mojo/serial-peripheral-interface-spi

http://www.circuitbasics.com/basics-of-the-spi-communication-protocol
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0x00; \
= 0xCo; \
0x00; }while (0@

while(@

clk, MS, data_orientation, CPHA, CPOL, ss

while(@

SPI_transfer( write_value)

read_value = 0x00;
timeout = SPI_timeout;
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SPDAT = write_value;
while((!check_SPI_flag) && (timeout > 9))
{

timeout--;

delay ms(1);

¥

clear_SPI_flag;
clear_SPI_write_collision_flag;

read_value = SPDAT;

return read_value;

DS3234.h

_format = hri2;

bcd_to_decimal( d);
decimal_to_bcd( d);
DS3234_init( )5
DS3234_read( addr);
DS3234_write( addr, value);
DS3234_get_temp( DB
DS3234_write_SRAM( addr, value);
DS3234_read_SRAM( addr);
DS3234_get_time( hour_format);
DS3234_get_date( M
DS3234_set_time( hSet, am_pm_state,
hour_format);
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DS3234_set_date( [EVAL dateSet, monthSet,
et);

DS3234.c

#include "DS3234.h"

bcd_to_decimal( d)

return ((d & 0x0F) + (((d & OxF@) >> 4) * 109));

decimal_to_bcd( d)

return (((d / 10) << 4) & OxFQ) | ((d % 10) & OxOF);

DS3234_init(

P12_push_pull_mode;
DS3234_SS_HIGH;

SPI_pin_option(0x00);

SPI_setup(SPI_clk_sysclk_div_16, \
SPI_master, \
SPI_MSB_first, \
SPI_CPHA_trailing, \
SPI_CLK_CPOL_idle low, \
SPI_SS_ignored);

SPI_enable;
DS3234_write(control_reg, 0x20);
DS3234_write(status_reg, 0x48);

DS3234_set_time(hr, min, s, ampm, hr_format);
DS3234_set_date(dy, dt, mt, yr);

DS3234_read(
value = 0;
DS3234_SS_LOW;
SPI_transfer(addr | read_cmd);
value = SPI_transfer(0xe0);
DS3234_SS_HIGH;

return value;

DS3234_write(
temp = 0;
DS3234_SS_LOW;
temp = (addr | write_cmd);
SPI_transfer(temp);

SPI_transfer(value);
DS3234_SS_HIGH;

DS3234_get_temp(

t=20

highByte = 0;
lowByte = 0;

highByte = DS3234 read(tempMSB_reg);
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lowByte = DS3234 _read(tempLSB_reg);

lowByte >>= 6;

t = (lowByte & 0x03);
t *= 0.25;

t += highByte;

return t;

DS3234_write_SRAM(

DS3234_write(sramaddr_reg, addr);
DS3234_write(sramdata_reg, value);

DS3234_read_SRAM(
value = 0;

DS3234_SS_LOW;
SPI_transfer(sramaddr_reg);
SPI_transfer(addr);

value = DS3234_read(sramdata_reg);
DS3234_SS_HIGH;

return value;

DS3234_get_time( hour_format)
tmp = 0;

s = DS3234_read(second_reg);

s = bcd_to_decimal(s);

min = DS3234 read(minute_reg);
min = bcd_to_decimal(min);

tmp = DS3234 read(hour_reg);

switch(hour_format)
{
case hri2:
{
ampm = (tmp & 0x20);
ampm >>= 5;
hr = (tmp & Ox1F);
hr = bcd_to_decimal(hr);
break;

}

default:

{
hr = (0x3F & tmp);
hr = bcd_to_decimal(hr);
break;

DS3234_get_date( )

DS3234_read(year_reg);
bcd_to_decimal(yr);

(0x1F & DS3234 read(month_reg));
bcd_to_decimal(mt);

(0x3F & DS3234_read(date_reg));
bcd_to_decimal(dt);

(0x07 & DS3234_read(day_reg));
bcd_to_decimal(dy);
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DS3234_set_time(
hour_format)

tmp = 0;

DS3234_write(second_reg,
DS3234_write(minute_reg,

switch(hour_format)

{

case hri2:

{

switch(am_pm_state)

case pm:

{
tmp = 0x20;
break;

¥

default:

{
tmp = 0x00;
break;

¥

(decimal_to_bcd(sSet)));
(decimal_to_bcd(mSet)));

DS3234 write(hour_reg, ((tmp | ©x40 | (Ox1F & (decimal_to_bcd(hSet))))));

break;

¥

default:

DS3234_write(hour_reg, (OxBF & (Ox3F & (decimal_to_bcd(hSet)))));

break;

DS3234_set_date(
et)
{

daySet,

dateSet, monthSet,

am_pm_state,

DS3234_write(day_reg, (decimal_to_bcd(daySet)));
DS3234_write(date_reg, (decimal_to_bcd(dateSet)));
DS3234_write(month_reg, (decimal_to_bcd(monthSet)));
DS3234_write(year_reg, (decimal_to_bcd(yearSet)));

#include "STC8xxx.h"
#include "BSP.h"
#include "LCD.c"
#include "lcd_print.c"
#include "DS3234.c"

setup( )

get_keypad( )s
display value(
show_temperature();
display_time( W
get_date_time_data( )

change_value(

alue, min_value);

setting( )

y_pos, value);
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show_day( value);

main(
setup();

while(1)

{
P55_toggle;
setting();
get_date_time_data();
show_temperature();
display time();
delay_ms(200);

setup( )
CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);

P40_input_mode;
P41_input_mode;
P42_input_mode;

P55_open_drain_mode;
DS3234_init();

LCD_init();
LCD_clear_home();
load_custom_symbol();

get_keypad()

if(!P40_get_input)

{
delay_ms(keypad_dly);
return SET;

}

else if(!P41_get_input)
{
delay_ms(keypad_dly);
return INC;

}

else if(!P42_get_input)
{
delay_ms(keypad_dly);
return SAVE;
}

else

{

return 0;
}
}

display_value(
ch = 0x00;

ch = (value / 10);
LCD_goto((x_pos - 1), (y_pos - 1));
LCD_putchar((ch + 0x30));
ch = (value % 10);
LCD_goto(x_pos, (y_pos - 1));
LCD_putchar((ch + 0x30));

¥
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{

}

display_time()

display_value(1, 1, hr);
LCD_goto(2, ©);
LCD_putstr(":");
display_value(1, 4, min);
LCD_goto(5, 0);
LCD_putstr(":");

display_value(1, 7, s);
switch(hr_format)
case hri2:
switch(ampm)
case pm:

LCD_goto(9, 0);
LCD_putstr("PM");
break;
}
default:
{
LCD_goto(9, 0);
LCD_putstr("AM");
break;
}
}
break;

b
default:

LCD_goto(9, ©);
LCD_putstr(" ");
break;
¥
}

display_value(2,
LCD_goto(2, 1);
LCD_putstr("/");
display_value(2,
LCD_goto(5, 1);
LCD_putstr("/");
display_value(2,
show_day(dy);

show_temperature()

9;
temp = 0;

DS3234_get_temp();

temp = t;

display_value(2, 10, temp);
LCD_goto(11, 1);
LCD_putstr(".");

temp = ((t - temp) * 100);
display_value(2, 13, temp);
print_symbol(14, 1, 9);
LCD_goto(15, 1);
LCD_putstr("C");

get_date_time_data()

DS3234_get_date();
DS3234_get_time(hr_format);
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change_value(
min_value)

)
if(get_keypad() == INC)
{

value++;

¥

if(value > max_value)

{

value = min_value;
b
LCD_goto((x_pos - 1), (y_pos - 1));
LCD_putstr(" ");
delay_ms(disp_dly);

display_value(y_pos, x_pos, value);
delay_ms(disp_dly);

if(get_keypad() == SAVE)
{

while(get_keypad() == SAVE);
return value;

setting()

bit set_cmd;
tmp = 0;

set_cmd = 0;
if(get_keypad() == SET)
{

while(get_keypad() == SET);

set_cmd = 1;

¥
while(set_cmd)

while(1)

if(get_keypad() == INC)
{

tmp++;
¥
if(tmp > 2)

tmp = 05
¥

LCD_goto(9, 0);
LCD_putstr(" ");

delay_ms(disp_dly);
switch(tmp)

case 1:

{
LCD_goto(9, 0);
LCD_putstr("AM");
ampm = am;
hr_format = hri2;
break;

}

case 2:

{
LCD_goto(9, 0);
LCD_putstr("PM");
ampm = pm;
hr_format = hri2;
break;
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}

default:

{
LCD_goto(9, ©0);
LCD_putstr("24");
hr_format = hr24;
break;

}

b

delay_ms(disp_dly);
if(get_keypad() == SAVE)

break;

¥

b
s = change_value(1, 7, s, 59, 0);
min = change_value(1, 4, min, 59, 0);

switch(hr_format)
{
case hri2:
{
hr = change_value(1, 1,
break;
b
default:

{
hr = change_value(1, 1,
break;
¥
b

dt change_value(2, 1, dt,
mt change_value(2, 4, mt,
yr = change_value(2, 7, yr,

tmp = dy;
while(1)

if(get_keypad() == INC)
{
tmp++;
¥
if(tmp > 7)
tmp = 1;

}

LCD_goto(13, 0);
LCD_putstr(" )
delay _ms(disp_dly);
show_day(tmp);
delay _ms(disp_dly);

if(get_keypad() == SAVE)
{

dy = tmp;
break;
b
b

DS3234_set_time(hr, min, s, ampm, hr_format);
DS3234_set_date(dy, dt, mt, yr);
set_cmd = 0;

show_day(
LCD_goto(13, 9);
switch(value)

{

case 1:

Page | 168




{

LCD_putstr("SUN");
break;

}

case 2:

{
LCD_putstr("MON");
break;

b

case 3:

{
LCD_putstr("TUE");
break;

b

case 4:

{
LCD_putstr("WED");
break;

b

case 5:

{
LCD_putstr("THR");
break;

b

case 6:

{
LCD_putstr("FRI");
break;

b

case 7:

{
LCD_putstr("SAT");
break;

Schematic
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Explanation

As with other hardware, the built-in SPI hardware also has many alternative pin options. The SPI

header file describes these pin combinations.

#tdefine SPI_pin_option(value)

Page | 169

(0)



To use SPI peripheral, we have to set it up first as shown below:

SPI_setup(SPI_clk_sysclk_div_16, \
SPI_master, \
SPI_MSB_first, \
SPI_CPHA trailing, \

SPI_CLK_CPOL_idle_low, \
SPI_SS_ignored);

SPI_enable;

SPI_setup function sets up SPI bus clock, device role, data sequence, clock phase and polarity
alongside built-in hardware slave select pin operation state. After having these set up, the SPI
hardware is ready to be enabled.

Since SPI functions like a ring shift-register, only one function is needed for SPI bus data transactions.
The following SPI_transfer function is used for this purpose. First data is written and then read.
Reading and writing SPDAT register automatically generates SPI bus clock.

SPI_transfer( write_value)

read_value = 0x00;
timeout = SPI_timeout;

SPDAT = write_value;
while((!check_SPI_flag) && (timeout > 0))

{

timeout--;
delay ms(1);
s

clear_SPI_flag;
clear_SPI_write_collision_flag;

read_value = SPDAT;

return read_value;

SPI peripheral is demoed here using DS3234 Real-Time Clock (RTC). The first three functions are what
we basically need to fully make the RTC communicate with our STC micro. The rest of the RTC library
functions are extensions of the DS3234 read and write functions. The read and write functions are
typically what we see with other SPI devices. | recommend readers to check the timing diagrams of
DS3234 from its datasheet and check the code in order to properly realize the SPI working principle in
conjunction with the code presented here. Note that since the hardware slave select pin is not used,
slave selection is done in code by changing the state of a GPIO pin.

DS3234_init(

P12_push_pull_mode;
DS3234_SS_HIGH;

SPI_pin_option(0x00);

SPI_setup(SPI_clk_sysclk_div_16, \
SPI_master, \
SPI_MSB_first, \
SPI_CPHA_trailing, \
SPI_CLK_CPOL_idle low,
SPI_SS_ignored);

SPI_enable;

DS3234_write(control_reg, 0x20);
DS3234_write(status_reg, 0x48);
DS3234 _set_time(hr, min, s, ampm, hr_format);
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DS3234_set_date(dy, dt, mt, yr);

DS3234_read(
value = 0;

DS3234_SS_LOW;
SPI_transfer(addr | read_cmd);
value = SPI_transfer(0x00);
DS3234_SS_HIGH;

return value;

DS3234_write(
temp = 0;

DS3234_SS_LOW;

temp = (addr | write_cmd);
SPI_transfer(temp);
SPI_transfer(value);
DS3234_SS_HIGH;

Demo

Demo video link: https://youtu.be/MeiDFezilFk.
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UART

Serial communication is probably the most widely used communication method. It is simple to
implement and can be used to communicate with a computer literally directly without needing too
many extra external hardware. Serial communication also has the distance advantage over other
communication interfaces. Serial communication can be implemented using UART hardware
peripherals of STC micros. Many sensors, communication devices like GSM modems and RF devices,
RFIDs and other external devices use this simple and time-proven interface for communicating with
host micros. UART is also the backbone of other communication methods like MODBUS, IrDA, LIN, etc.

STC8ABK64S4A12 Serial Device

RXD TXD

To learn more about UART visit the following link:

https://learn.mikroe.com/uart-serial-communication

Code

#include "STC8xxx.h"
#include "BSP.h"
#include "LCD.c"
#include "lcd_print.c"

setup(void);

main(

msgl[10] {"MicroArena"};
msg2[10] {"SShahryiar"};

0x00;

rcv_1 0x00;
rcv_4 0x00;

setup();

LCD_goto(0, ©);
LCD_putstr("TXD1: "
LCD_goto(10, 0);
LCD_putstr("RXD1: "

LCD_goto(0, 1);
LCD_putstr("TXD4: "
LCD_goto(10, 1);
LCD_putstr("RXD4: "

while(1)
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for(i = 0; i < 10; i++)

{
UART1_write_buffer(msgl[i]);
UART4_write_buffer(msg2[i]);

LCD_goto(5, ©);
LCD_putchar(msgl[i]);
LCD_goto(5, 1);
LCD_putchar(msg2[i]);

rcv_1 = UART1_read_buffer();
rcv_4 = UART4_read_buffer();

LCD_goto(15, 9);
LCD_putchar(rcv_1);
LCD_goto(15, 1);
LCD_putchar(rcv_4);

delay ms(900);

void setup(void)

{
CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);

UART1_pin_option(0xC0);

UART1_init (9600, \
UART1_baud_source_TMR2,
UART1_timer_12T, \
12000000) ;

UART4_pin_option(0x04);

UART4_init (9600, \
UART4_baud_source_TMR4,
UART4_timer 1T, \
12000000) ;

LCD_init();
LCD_clear_home();

Schematic
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Explanation

STC8A8K64S4A12 has four hardware UART peripherals. Of these four, UART1 has some advanced
features that are rarely needed. The rest are pretty much alike. Like other communication hardware
peripherals, pin configuration must be selected as alternative pin arrangements are available.

#tdefine UART4 pin_option(value) do{P SW2 |= value;}while(®)

UART, although asynchronous, need to transmit and receive data in timed-frame formats and so when
two UART devices need to communicate with each other, they must negotiate a mutually agreed baud
rate or else data will not recognized. It is like tuning to the right radio station for listening the music
channel that we want to listen. Thus, baud rate generation is a very crucial part of UART peripheral.
For baud rate generation, UARTs can either use Timer 2 or other timer having the same number as the
UART itself, for example, in the case of UART3, only Timer 2 and Timer 3 can be used as baud rate
generator. | personally recommend that we keep Timer 2 reserved for other applications or UART2
and use other timers independently as to avoid conflicts in different UART hardware. Yes, | know it
contradicts with my past statement of keeping Timer 2 reserved for UART applications but what else
can be done when multiple UARTSs are used in an application. BSP functions take care of everything
internally and so we can focus on coding.

The system clock is set to 12MHz. This is very important because timers are responsible for baud rate
generation and are dependent on system clock.

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK no_output, MCLK_ out_P54);

To setup UART, we need to specify baud rate, clock source of baud rate generator, i.e., the timer to
be used, its prescale factor and system clock speed in hertz.

UART4_init(9600, \
UART4_baud_source_TMR4, \
UART4_timer_1T, \
12000000) ;

UART reading and writing is done as shown below.

UART4_write_buffer(msg2[i]);

rcv_4 = UART4 read buffer();

The demo here uses two built-in UARTs - UART1 and UART4, crisscrossed among themselves. Each
transmitting and receiving the other’s message. Whatever each is sending and receiving is also shown
on an LCD display.
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Demo
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Demo video link: https://youtu.be/SMO5 YcRB s.
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RS485 MODBUS

RS485 is basically a long-range reliable industrial version of serial communication. It is a hardware
layer that can support anything from simple serial communication to complex software-based
communication layers. MODBUS is such a software layer or protocol that can be used to reliably
exchange data between devices. MODBUS (particularly MODBUS RTU) is very popular among
industrial devices like energy meters, PLCs and sensor devices. MODBUS has some similarity with 12C
in some regards.

Another similar communication medium is the Controller Area Network (CAN). CAN is not supported
internally by STC microcontrollers unlike some advanced microcontrollers like the STM32s and other
ARMs but with external hardware like MCP2551 and MCP2515 CAN communication can also be
achieved. CAN communication is beyond the scope of this tutorial.

RS485 Communication Bus

A A A

STCB8ABKG64S4A12

120R
120R

To know more about MODBUS, visit these links:

e https://en.wikipedia.org/wiki/Modbus

e https://modbus.org/docs/PI MBUS 300.pdf

e https://modbus.org/docs/Modbus Application Protocol V1 1b.pdf
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#include "STC8xxx.h"
#include "BSP.h"
#include "LCD.c"
#include "lcd_print.c"

cnt = 0x00;
RX_buffer[RX_buffer_length];

TX_buffer[TX_buffer_length] = {0x01, ©x03, 0x00, Ox00, 0x00, 0x02, OxC4, OXOB};

setup( )

flush_RX_buffer( )

send_read_command( E
make_word( HB, LB);

get_HB_LB( value, *HB, *LB);
MODBUS_RTU_CRC16( *data_input, data_length);

UART_2_ISR(
interrupt 8

if(check _UART_2_RX_flag)

RX_buffer[cnt++] = UART2_read_buffer();

}
¥

value = Ox0000;
CRC_check_1 = 0x0000;
CRC_check_2 = 0x0000;

setup();

LCD_goto(@, ©);
LCD_putstr("R.H / %:");
LCD_goto(0, 1);
LCD_putstr("Temp/ C:");
print_symbol(5, 1, 0);

while(1)
{

send_read_command();

CRC_check_1 = MODBUS_RTU_CRC16(RX_buffer, 7);
CRC_check_2 = make_word(RX_buffer[8], RX_buffer[7]);

if(CRC_check_1 == CRC_check_2)

{
value = make_word(RX_buffer[5], RX_buffer[6]);
print_F(11, 0, (value / 10.0), 1);

value = make_word(RX_buffer[3], RX_buffer[4]);
print_F(11, 1, (value / 10.0), 1);
}

else

LCD_goto(12, 9);
LCD_putstr("--.-");
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LCD_goto(12, 1);
LCD_putstr("--.-");
}

P55_toggle;
delay_ms(1000);

setup( )
CLK_set_sys clk(IRC_24M, 2, MCLK_SYSCLK no_output, MCLK_ out P54);

P12 _push_pull mode;
P55_open_drain_mode;

LCD_init();
LCD_clear_home();
load_custom_symbol();
UART2_pin_option(0x00);
UART2_init (9600, \
UART2_timer_ 1T, \
12000000) ;

_enable_UART_2_interrupt;
_enable_global_interrupt;

flush_RX_buffer( )
i = (RX_buffer_length - 1);
while(i > -1)
RX_buffer[i] = 0x00;

i--;

b

send_read_command(
i = 0x00;
flush_RX_buffer();
DIR_TX;
for(i = @; i < TX buffer_length; i++)
{ UART2_write_buffer(TX_buffer[i]);
}

cnt = 0;
DIR_RX;

delay_ms(600);

make_word(

tmp = 0;
tmp = HB;
tmp <<= 8;
tmp |= LB;

return tmp;

get HB_LB(
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(value & OxOOFF);
= ((value & OxFFOQ) >> 8);

MODBUS_RTU_CRC16( *data_input, data_length)
CRC_table[256] =

0Xx0000, OxCOC1l, OxC181, Ox0140, OxC301, Ox03CO, 0x0280, OxC241,
OxC601, OXx06CO, Ox0780, OxC741, Ox0500, OXC5C1, OXCA81, Ox0440,
OXxCCO1, OxOCCO, OxOD8O, OxCDA1l, OxOFP0, OxCFC1l, OXCES1, OXOE40,
Ox0A00, OXCACL, OXCBS1, Ox0B40, OxC901, Ox09CO, OxO880, OXC841,
0xD801, Ox18CO, 0x1980, OxD941, Ox1BOO, OxDBC1l, OXDAS1, Ox1A40,
Ox1E@Q, OXDEC1, OXDF81, Ox1F40, OxDDO1, ©x1DCO, Ox1C80, OxDC4A1l,
0x1400, OxD4C1, OxD581, Ox1540, OxD701, Ox17CO, Ox1680, OxD641,
0xD201, Ox12C0, 0x1380, OxD341, 0x1100, OxD1Cl, OxDOS1, Ox1040,
OxFOO1, Ox30C0, 0x3180, OxF141, Ox3300, OXF3Cl, OXF281, 0x3240,
0x3600, OxF6C1, OXF781, Ox3740, OxF501, Ox35C0, Ox3480, OxF441,
@x3C0P0, OXFCC1, OXFD81, Ox3D40, OXFFO1, Ox3FCO, OX3E80, OXFEA1,
OXFAQL, Ox3ACO, Ox3B80, OxFBA1l, @x3900, OxFOC1, OXF881, Ox3840,
0x2800, OXESC1, OXE981, Ox2940, OXEBOL, Ox2BCO, Ox2A80, OXEA41,
OXEEQL, OX2ECO, Ox2F80, OXEF41, @x2DP0, OXEDC1, OXECS81, Ox2C40,
OXE401, Ox24CO, Ox2580, OXE541, Ox2700, OXE7C1, OXE681, Ox2640,
@x2200, OXE2C1, OXE381, Ox2340, OXE101, Ox21CO, Ox2080, OXEQ41,
OXxAGQ1, OXx60C0, 0x6180, OxA14l, Ox6300, OxA3Cl, OxA281, Ox6240,
0Xx6600, OxA6C1, OXA781, Ox6740, OXA501, Ox65C0, Ox6480, OxA441,
@Xx6C00, OXACC1, OXADS1, Ox6D40, OXAFO1l, OX6FCO, OX6ESQ, OXAEAL,
OXAADL, OX6ACO, OXx6B8O, OxABAl, Ox6900, OxA9Cl, OxAS81, Ox6840,
0x7800, OxB8C1, OxB981, Ox7940, OxBBO1l, Ox7BCO, OX7A80, OxBA41,
OXBEQ1, Ox7ECO, Ox7F80, OxBFA41l, Ox7DO0, OxBDC1l, OXBC81, Ox7C40,
OxB401, Ox74CO, Ox7580, OxB541, Ox7700, OxB7Cl, OxB681, Ox7640,
0x7200, OxB2C1, OxB381, Ox7340, OxB101, Ox71CO, Ox7080, OxBOA1,
0Xx5000, Ox90C1, 0x9181, Ox5140, 0x9301, Ox53CO, Ox5280, Ox9241,
@x9601, OX56C0, Ox5780, Ox9741, Ox5500, Ox95C1, Ox9481, Ox5440,
Ox9C01, Ox5CCO, Ox5D80, Ox9DA1, OX5FO0, Ox9FC1, OX9ES81, OXSE4Q,
OX5A00, Ox9AC1, Ox9B81, Ox5B40, Ox9901, Ox59CO, Ox5880, Ox9841,
0x8801, Ox48CO, Ox4980, Ox8941, Ox4BOO, Ox8BC1l, OX8AS1, Ox4A40,
OX4EQ0, OXS8EC1, OX8F81, Ox4F40, Ox8DO1, Ox4DCO, Ox4C80, Ox8C41l,
0x4400, Ox84C1, Ox8581, Ox4540, Ox8701, Ox47CO, Ox4680, Ox8641,
0x8201, Ox42C0, 0x8341, Ox4100, Ox81C1, Ox8081, Ox4040

while(data_length--)
{

temp = *data_input++ ~ CRC_word;
CRC_word >>= 8;
CRC_word ~= CRC_table[temp];

}

return CRC_word;

}
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Schematic
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Explanation

In this example, a MODBUS-based SHT20 relative humidity and temperature sensor is read with a STC
micro. The sensor accepts MODBUS RTU data frames.

The setup is similar to the one we have already seen in the UART example and it should easy by now.
The only exceptions are the UART module and the use of its interrupt.

CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK out_P54);

P12_push_pull_mode;
P55_open_drain_mode;

UART2_pin_option(0x00);

UART2_init (9600, \
UART2_timer 1T, \
12000000) ;

_enable_UART_2_interrupt;
_enable global_interrupt;

The UART’s interrupt is used for receiving data only.

UART_2_ISR(
interrupt 8

if(check _UART_2_RX_flag)

RX_buffer[cnt++] = UART2_read_buffer();
}

}
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For sending data, the following function is used. In this function, previously received data are cleared
first in order to make the micro ready to receive new batch of data and to make sure that past data
do not make any conflict with the new ones. The onboard MAX485’s data direction is set to
transmission mode and the transmission (TX) buffer data are sent via UART. MAX485’s mode
operation is reset back to reception mode in order to receive new data.

VCC mcufp——= K

485
R VCC

R3

P10 1
430 B

|E12 3
P11 4

o

static const unsigned char TX_buffer[TX_buffer_length] = {0x01, 0x03, 0x00, Ox00, Ox00, Ox02, OxC4, OXOB};

void send_read_command(void)

¢ unsigned char i = 0x00;
flush_RX_buffer();
DIR_TX;
for(i = @; i < TX buffer_length; i++)
{ UART2_write_buffer(TX_buffer[i]);
}

cnt = 0;
DIR_RX;

delay _ms(600);

The TX buffer contains the following information in the following order. This is the standard frame
that should be sent by a host device to read holding registers. MODBUS RTU strictly prohibits other
data frame formats and doing so will only lead to errors.

Start Address Data Length CRC
Slave ID Function Code
High and Low Byte High and Low Byte High and Low Byte
0x01 0x03
0x00 0x00 0x00 0x02 0xC4 0x0B
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When the sensor receives these bytes in this order, it responds back with a reception or RX frame
which is something like the frame shown below. This frame is similar to the TX frame but the important
stuffs are the relative humidity and temperature data. These are the stuff that we mainly need. The
values in frame shown below is just for giving an example.

. Number of Bytes Temperature Data Humidity Data CRC
Slave ID Function Code Returned
High and Low Byte High and Low Byte High and Low Byte
0x01 0x03
0x01 0x23 0x02 0x02 Ox8A OxA4

As per MODBUS RTU frame shown above, the slave ID is 0x01, the function code is 0x03 and 4 data
bytes have been sent by the sensor along with the CRC fields. Function code 0x03 stands for reading
holding registers. The temperature and the relative humidity are computed according to the
calculation shown below:

Data Field High Low Word Integer Decimal Unit
Byte Byte 1) (D =1/10)
Temperature 0x01 0x23 0x0123 291 29.1 oC
Relative Humidity 0x02 0x02 0x0202 514 51.4 %

The table above shows that the high and low bytes are combined to make word and the word is divided
by 10 to get desired outputs.

For more information on MODBUS, please refer to the docs mentioned in the beginning of this section.
MODBUS RTU, itself, is a big topic and it is not possible to fully cover it in this tutorial.

The code runs by querying the SHT20 sensor. After receiving all data from sensor, two Cyclic
Redundancy Checks (CRC) are performed in order to ensure that valid and error-free data have been
received. One CRC is the embedded with the RX frame and other is calculated using a CRC lookup
table. Details of CRC lookup table and formula are covered in MODBUS RTU documentations. If CRCs
match then the RX frame is considered to contain valid data and with the RX data, we can compute
relative humidity and temperature values.

send_read_command();

CRC_check_1 = MODBUS_RTU_CRC16(RX_buffer, 7);
CRC_check_2 = make_word(RX_buffer[8], RX_buffer[7]);

if(CRC_check_1 == CRC_check_2)

{
value = make_word(RX_buffer[5], RX_buffer[6]);
print_F(11, o, (value / 10.0), 1);

value = make_word(RX_buffer[3], RX_buffer[4]);
print_F(11, 1, (value / 10.0), 1);

LCD_goto(12, 9);
LCD_putstr("--.-");
LCD_goto(12, 1);
LCD_putstr("--.-");

P55_toggle;
delay ms(1000);
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Demo

Demo video link: https://youtu.be/e9XLeAYte Q.
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One Wire and Bit-Banging Technique

One wire is not a standard system of communication unlike 12C, SPI and UART because it varies from
device to device. Thus, this form of communication needs more coding rather than hardware-design
consideration.

DS18B20 is a digital temperature sensor that uses one wire communication to communicate with a
host microcontroller. One wire technique relies on time-slotting mechanism in which logical ones and
zeroes are represented by pulses of variable widths. The same technique is used in infrared remote
controllers, various sensors like SONAR sensors, relative humidity and temperature sensors like
DHT22, etc and many other devices. The strategic advantage of one-wire technique is low pin count
but the disadvantage is heavy software implementation and background processing.

Like one wire devices, sometimes we have to deal with hardware devices that do not follow
conventional communication techniques as mentioned earlier and yet again we have to drive these
devices using bit-banging techniques. TM1637 seven-segment display driver is such a device.
Apparently, it uses something similar to 12C as two wires (clock and data) are needed for
communication but in practice it has no similarity with 12C communication at all.

The best way to deal with such cases is to study the device datasheet and look for its timing diagrams.

Timing diagrams along with proprietary protocols are all that would be needed to make libraries for
these devices on our own.

Page | 184



Code

one_wire.h

onewire_reset( )
onewire_write_bit( bit_value);
onewire_read_bit( K
onewire_write( value);
onewire_read( K

one_wire.c
#include "one_wire.h"

onewire_reset(
res =
DS18B20_GPIO_init();
DS18B20_OUT_LOW();
delay_us(480);
DS18B20_OUT_HIGH();
delay us(690);

res = DS18B20_IN();
delay_us(480);

return res;

onewire_write_bit( bit_value)
DS18B20_OUT_LOW();
if(bit_value)

delay us(104);
DS18B20_OUT_HIGH();

onewire_read_bit(
DS18B20_OUT_LOW();
DS18B20_OUT_HIGH();
delay us(15);

return(DS18B20_IN());

onewire_write(

while(s < 8)
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if((value & (1 << s)))
{

DS18B20_OUT_LOW();

_nop_();
DS18B20_OUT_HIGH();

delay_us(69);
b

else
DS18B20_OUT_LOW();
delay us(60);

DS18B208_OUT_HIGH();
_nop_();

onewire_read(

s = 0x00;
value = 0x00;

while(s < 8)

{
DS18B20_OUT_LOW();

_nop_();
DS18B20_OUT_HIGH();
if(DS18B20_IN())

value |= (1 << s);

¥
delay_us(60);

S++;

}

return value;

DS18B20.h

#include "one_wire.c"

DS18B20_init( )3
DS18B20_get_temperature( )

DS18B20.c

#include "DS18B20.h"

DS18B20_init(

onewire_reset();
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delay_ms(100);

DS18B20_get_temperature(

msb = 0x00;
1sb = 0x00;
temp = 0.0;

onewire_reset();
onewire_write(skip_ROM);
onewire_write(convert_T);

switch(resolution)

{

case 12:

delay_ms(750);
break;

¥

case 11:

delay_ms(375);
break;

¥

case 10:

delay_ms(188);
break;

¥

case 9:

delay_ms(94);
break;

b
onewire_reset();

onewire_write(skip_ROM);
onewire_write(read_scratchpad);

1sb = onewire_read();
msb = onewire_read();

temp = msb;
temp *= 256.0;
temp += 1sb;

switch(resolution)

{

case 12:

{
temp *= 0.0625;
break;

}

case 11:

{
temp *= 0.125;
break;

}

case 10:

{
temp *= 0.25;
break;

}

case 9:

{
temp *= 0.5;
break;

}

delay_ms(40);

return (temp);
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TM1637.h

A

NooupbhbwNnNREoO®

seg_data[10] =

TM1637_init( );
TM1637_start( )
TM1637_stop( )5
TM1637_write_byte( value);
TM1637_send_command ( value);
TM1637_clear( )5
TM1637_display segments( position, segment_value, colon_state);

TM1637.c

#include "TM1637.h"

TM1637_init( )

P41_push_pull_mode;
P42_push_pull_mode;

TM1637_DAT_LOW;
TM1637_CLK_LOW;

TM1637_send_command(TM1637_CMD_SET_DSIPLAY | TM1637_BRIGHTNESS 2 | TM1637_SET_DISPLAY_ON);
TM1637_clear();
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TM1637_start(
TM1637_DAT_HIGH;
TM1637_CLK_HIGH;

delay us(TM1637_DELAY_US);
TM1637_DAT_LOW;

TM1637_stop(
TM1637_CLK_LOW;
delay_us(TM1637_DELAY_US);

TM1637_DAT_LOW;
delay_us(TM1637_DELAY_US);

TM1637_CLK_HIGH;
delay us(TM1637_DELAY_US);

TM1637_DAT_HIGH;

TM1637_write_byte(

while(i)
{
TM1637_CLK_LOW;

delay_us(TM1637_DELAY_US);

if(value & 0x01)
{

¥

TM1637_DAT_HIGH;
else
{
}

TM1637_CLK_HIGH;
delay us(TM1637_DELAY_US);

TM1637_DAT_LOW;

value >>= 1;
i--5

}

TM1637_CLK_LOW;
delay_us(TM1637_DELAY_US);
ack = P42_get_input;
if(ack !'= @)

TM1637_DAT_LOW;
Iy

delay us(TM1637_DELAY_US);

TM1637_CLK_HIGH;
delay us(TM1637_DELAY_US);

TM1637_CLK_LOW;
delay_us(TM1637_DELAY_US);

return (ack);

TM1637_send_command (
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TM1637_start();
TM1637_write_byte(value);
TM1637_stop();

TM1637_clear( )
i = (TM1637_POSITION MAX - 1);

while(i > -1)

{
TM1637_display_segments(i, 0x00, 0x00);
i--5

s

TM1637_display_segments( position, segment_value, colon_state)
if(position == 1)

switch(colon_state)

{

case 1:

{
segment_value |= 0x80;
break;

¥

default:
{

segment_value &= Ox7F;
break;

TM1637_send_command(TM1637_CMD_SET_DATA | TM1637_SET_DATA_F_ADDR);
TM1637_start();

TM1637_write_byte(TM1637_CMD_SET ADDR | (position & (TM1637_POSITION_MAX - 1)));
TM1637_write_byte(segment_value);

TM1637_stop();

#include "STC8xxx.h"
#include "BSP.h"

#include "DS18B20.c"
#include "TM1637.c"

setup(void);

main(

setup();

while(1)

)DS18B20_get_temperature());
if((t > 999) && (t >= 0))

TM1637_display_segments(0, 0x40, 0);
TM1637_display segments(l, 0x40, 0);
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}

else

TM1637_display_segments(0, seg data[(t / 10)], 0);
TM1637_display_segments(1l, seg_data[(t % 10)], ©);
b

TM1637_display_segments(2, 0x63, 0);
TM1637_display_segments(3, 0x39, 0);

delay ms(600);

setup( )

{
CLK_set_sys_clk(IRC_24M, 2, MCLK_SYSCLK_no_output, MCLK_out_P54);

TM1637_init();
DS18B20_init();
}

Schematic
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Explanation

DS18B20’s one communication basics are shown below. Notice how time-slotting technique is being
employed.

START START
oF S‘LOT MASTER WRITE “0” SLOT , OF S,LOT

| — l#— 1us<Trec<o  MASTER WRITE “1" SLOT
| 60ps < Tx “0” < 120us i :
- > ! .
s e e

Vpu !

1-Wire BUS

GND !
i DS18B20 SAMPLES H DS18B20 SAMPLES
i MIN TYP MAX ! MIN TYP MAX
I 1
i 15ps ! 15ps i 30ps | E 15ps | 15ps i 30us
I I B . I S N -t i B ]
i | | } : | 1 :
i MASTER READ “0” SLOT i MASTER READ “1” SLOT
| —bi Hﬁ 1ps < Trec <

Vey > :

1Wire BUS @7

GND e I . .
! MASTER SAMPLES > s — -
! | ! ! MASTER SAMPLES

>1ps*"{ l-— i
I I I I il
| 15us i 45ps | | 15us i
- > > >
1 | | I |
I i i ] i
1 i I ! !
LINE TYPE LEGEND
BUS MASTER PULLING LOW DS18B20 PULLING LOW ——— RESISTOR PULLUP

These timing diagrams are what that have been use to compose the following codes:

onewire_write_bit( bit_value)
DS18B20_OUT_LOW();
if(bit_value)

delay us(104);
DS18B20_OUT_HIGH();

onewire_read_bit(

DS18B20_OUT_LOW();
DS18B20_OUT_HIGH();
delay us(15);

return(DS18B20_IN());

onewire_write(

while(s < 8)
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if((value & (1 << s)))

DS18B20_OUT_LOW();
_nop_();
DS18B208_OUT_HIGH();
delay us(60);

}

else

{
DS18B20_OUT_LOW();

delay_us(69);
DS18B268_OUT_HIGH();
_nop_();

onewire_read(

S = 0x00;
value = 0x00;

while(s < 8)

{
DS18B20_OUT_LOW();

_nop_();
DS18B20_OUT_HIGH();
if(DS18B20_IN())

value |= (1 << s);

b
delay_us(690);

S++;

}

return value;

Details of DS18B20’s one wire communication can be found in the following application notes from
Maxim.

https://www.maximintegrated.com/en/app-notes/index.mvp/id/126
https://www.maximintegrated.com/en/app-notes/index.mvp/id/162

These notes are all that are needed for implementing the one wire communication interface for
DS18B20. Please go through these notes. The codes are self-explanatory and are implemented from
the code examples in these app notes.

It is worth mentioning that pin declarations should be checked before actually hooking any device.
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Bit-banging TM1637 is achieved by implementing what have been documented in the Interface
interpretation section of the datasheet.

1 2 3 4 5 6 7 8 9

DIO L —
STAR/ command SO [S1]S2([Kl|K2 K—> \END

The following codes are the coded representation of the communication timing diagram of the device.
Again, | insist readers to go through device datasheet for details and explanation.

void TM1637_start(void)

{
TM1637_DAT_HIGH;
TM1637_CLK_HIGH;
delay_us(TM1637_DELAY_US);
TM1637_DAT_LOW;

void TM1637_stop(void)
{

TM1637_CLK_LOW;
delay_us(TM1637_DELAY_US);

TM1637_DAT_LOW;
delay_us(TM1637_DELAY_US);

TM1637_CLK_HIGH;
delay_us(TM1637_DELAY_US);

TM1637_DAT_HIGH;

unsigned char TM1637_write_byte(unsigned char

unsigned char i = 0x08;
unsigned char ack = 0x00;

while(i)
{
TM1637_CLK_LOW;

delay us(TM1637_DELAY_US);

if(value & 0x01)
{

}

TM1637_DAT_HIGH;
else
{
}

TM1637_CLK_HIGH;
delay us(TM1637_DELAY_US);

TM1637_DAT_LOW;

value >>= 1;
f==3

}

TM1637_CLK_LOW;

delay_us(TM1637_DELAY_US);

ack = P42_get_input;

if(ack !'= @)
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{
¥

delay us(TM1637_DELAY_US);

TM1637_DAT_LOW;

TM1637_CLK_HIGH;
delay_us(TM1637_DELAY_US);

TM1637_CLK_LOW;
delay_us(TM1637_DELAY_US);

return (ack);

The demo here is a simple DS18B20-based thermometer. The temperature sensed by the DS18B20
sensor is displayed on a TM1637-based seven segment displays.

Demo

i
R dats

) +DigitEDMsplay @
I
|
|

Demo video link: https://youtu.be/2SP1hiXuviM.
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Software SPI and One Wire Bit-Banging

Software SPI is basically bit-banging ordinary GPIO pins to reproduce SPI signals. Software SPI is not
needed unless hardware SPI peripheral is absent in the device or hardware SPI pins are used up for
some other tasks. Though it is slow and require extra coding compared to hardware SPI, it is helpful
for beginners to understand SPI-based hardware as it offers full control over all SPI signals.

Likewise, bit-banging can also be applied to communicate with one wire devices such as DHT11,
DHT22, etc.

In this section, we will see how to use bit-banging to read a DHT11 sensor and show temperature and
relative humidity data on a SPl-based SSD1306 OLED display.

Code

DHT11.h

#define

#define
#define

#define

values[5];

DHT11_init( );
DHT11_get_byte( M
DHT11 get data( )5
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DHT11.c

#include "DHT11.h"

values[5] = {0x00, Ox00, 0x00, 0x00,

DHT11_init(

DHT11_pin_init;
delay_ms(1000);
b

DHT11_get_byte(

S = 0x08;
value = 0x00;

while(s > 0)
{

value <<= 1;
while(DHT11_pin_IN == LOW);
large_delay TMR_0O(30);

if(DHT11_pin_IN == HIGH)

value |= 1;
}
while(DHT11_pin_IN == HIGH);
Go03

¥

return value;

DHT11_get_data(

s = 0;
check_sum = 0;

DHT11_pin_HIGH;
DHT11_pin_LOW;
large_delay TMR_0(18000);
DHT11_pin_HIGH;
large_delay TMR_0(26);
if(DHT11_pin_IN == HIGH)

return 1;

}
large_delay TMR_0(89);

if(DHT11_pin_IN == LOW)
{

¥

large_delay TMR_0(89);

return 2;

for(s = ©; s <= 4; s++)

{
}

DHT11_pin_HIGH;

values[s] = DHT11_get_byte();

for(s = 0; s < 4; s++)

{
¥

check_sum += values[s];

if(check sum != values[4])
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{
¥

else

{

return 3;

return 0;

const unsigned char font_regular[92][6]
{
0x00, Ox00, 0x00, Ox00, 0x00, 0x00,
0x00, 0x00, 0x00, Ox2f, 0x00, 0x00,
0x00, Ox00, 0x07, Ox00, 0x07, 0x00,
ox00, 0x14, ox7f, oxl1l4, ox7f, oxl4,
0x00, 0x24, Ox2a, Ox7f, Ox2a, 0x12,
0x00, Ox62, 0x64, 0x08, 0x13, Ox23,
0x00, 0x36, 0x49, Ox55, 0x22, 0x50,
0x00, Ox00, 0x05, 0x03, 0x00, 0x00,
0x00, 0x00, 0xlc, Ox22, 0x41, 0x00,
0x00, 0x00, 0x41, Ox22, Oxlc, 0Ox00,
0x00, 0x14, 0x08, Ox3E, 0x08, 0x14,
0x00, 0x08, 0x08, Ox3E, 0x08, 0x08,
0x00, Ox00, 0x00, OxAQ, Ox60, 0x00,
0x00, O0x08, 0x08, Ox08, 0x08, 0x08,
0x00, Ox00, Ox60, Ox60, 0x00, 0x00,
0x00, 0x20, 0x10, Ox08, 0x04, 0x02,
0x00, Ox3E, 0x51, ox49, ox45, Ox3E,
0x00, 0x00, 0x42, Ox7F, 0x40, 0x00,
0x00, 0x42, 0x61, Ox51, 0x49, 0x46,
0x00, 0x21, 0x41, 0x45, 0x4B, 0x31,
0x00, 0x18, 0x14, ox12, Ox7F, oxle,
0x00, 0x27, 0x45, 0x45, 0x45, 0x39,
0x00, Ox3C, Ox4A, 0x49, 0x49, 0x30,
0x00, 0x01, 0x71, Ox09, 0Ox05, 0x03,
0x00, 0x36, 0x49, 0x49, 0x49, 0x36,
0x00, 0x06, 0x49, 0Ox49, 0x29, Ox1E,
0x00, 0x00, 0x36, Ox36, 0x00, 0x00,
0x00, 0x00, 0x56, Ox36, 0x00, 0x00,
0x00, 0x08, 0x14, 0x22, 0x41, 0x00,
0x00, 0x14, 0x14, ox1l4, ox14, oxl4,
0x00, 0x00, 0x41, Ox22, 0x14, 0xO8,
0x00, 0x02, 0x01, Ox51, 0x09, 0x06,
0x00, 0x32, 0x49, 0x59, 0x51, Ox3E,
0x00, o0x7C, 0x12, ox11, ox12, ox7C,
0x00, Ox7F, 0x49, 0x49, 0x49, 0x36,
0x00, Ox3E, 0x41, 0x41, ox41l, ox22,
0x00, Ox7F, 0x41, ox41, 0x22, ox1C,
0x00, Ox7F, 0x49, 0x49, 0x49, ox41,
0x00, Ox7F, 0x09, 0x09, 0x09, 0xe1,
0x00, Ox3E, 0x41, 0x49, 0x49, Ox7A,
0x00, Ox7F, 0x08, 0x08, 0x08, OX7F,
0x00, 0x00, 0x41, Ox7F, 0x41, 0x00,
0x00, 0x20, 0x40, 0x41, Ox3F, oxe1l,
0x00, Ox7F, 0x08, 0x14, 0x22, 0x41,
0x00, Ox7F, 0Ox40, 0x40, 0x40, 0x40,
0x00, Ox7F, 0x02, 0x0C, 0x02, Ox7F,
0x00, Ox7F, 0x04, 0x08, 0x10, Ox7F,
0x00, Ox3E, 0x41, ox41, ox41l, Ox3E,
0x00, Ox7F, Ox09, 0x09, Ox09, 0x06,
0x00, Ox3E, 0x41, Ox51, ©x21, Ox5E,
0x00, Ox7F, 0x09, 0x19, 0x29, 0x46,
0x00, 0x46, 0x49, 0x49, 0x49, 0x31,
0x00, 0x01, 0x01, Ox7F, 0x0l, oxe1l,
0x00, Ox3F, 0x40, 0x40, 0x40, Ox3F,
0x00, Ox1F, Ox20, 0x40, 0x20, Ox1F,
0x00, Ox3F, 0x40, 0x38, 0x40, Ox3F,
0x00, 0x63, O0x14, Ox08, 0x14, Ox63,
0x00, 0x07, 0x08, Ox70, 0x08, 0x07,
0x00, 0x61, Ox51, Ox49, 0x45, 0x43,
0x00, 0x00, Ox7F, Ox41, 0x41, 0x00,
0x00, 0x02, 0x04, 0x08, 0x10, 0x20,
0x00, 0x00, 0x41, 0x41, Ox7F, 0x00,
0x00, 0x04, 0x02, 0x01, 0x02, 0x04,
0x00, Ox40, 0x40, Ox40, 0x40, 0x40,
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SSD1306.h
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buffer[buffer_size];

OLED_init( )
OLED_reset_sequence(
OLED_write(
OLED_gotoxy(
OLED_fill(
OLED_clear_screen(
OLED_clear_buffer(
OLED_cursor(
OLED_draw_bitmap(
mp_img[]);
OLED_print_char(
OLED_print_string(
OLED_print_chr(
OLED_print_int(
OLED_print_decimal(
OLED_print_float(
Draw_Pixel(
Draw_Line(
Draw_Rectangle(
type);
Draw_Circle(

S5D1306.c

"SSD1306.h"
"fonts.c"

#include
#include

OLED_init( )

PO3_push_pull_mode;
PO4_push_pull_mode;
PO5_push_pull_mode;
PO6_push_pull_mode;
PO7_push_pull_mode;

OLED_clear_buffer();

OLED_reset_sequence();
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OLED_write((Set_Display ON_or_OFF_CMD + Display OFF) , CMD);;

OLED_write(Set_Display_Clock_CMD, CMD);
OLED_write(@x80, CMD);

OLED_write(Set_Multiplex_Ratio_CMD, CMD);
OLED_write(©x3F, CMD);

OLED_write(Set_Display Offset CMD, CMD);
OLED_write(©x00, CMD);

OLED_write((Set_Display Start_Line CMD | ©x@0), CMD);
OLED_write(Set_Charge_Pump_CMD, CMD);
OLED write((Set_Higher Column_Start_Address CMD | @x@4), CMD);

OLED_write(Set_Memory_Addressing Mode_CMD, CMD);
OLED_write(Page_Addressing_Mode, CMD);

OLED_write((Set_Segment_Remap_CMD | Column_Address_@ Mapped_to_SEG127), CMD);
OLED_write((Set_COM Output_Scan_Direction_CMD | Scan_from_COM63 to @), CMD);

OLED_write(Set_Common_HW_Config CMD, CMD);
OLED_write(0x12, CMD);

OLED_write(Set_Contrast_Control_CMD, CMD);
OLED_write(©xCF, CMD);

OLED_write(Set_Pre_charge_Period_CMD, CMD);
OLED_write(©xF1, CMD);

OLED_write(Set_VCOMH_Level CMD, CMD);
OLED_write(0x40, CMD);

OLED write((Set_Entire Display ON_CMD | Normal_Display), CMD);
OLED_write((Set_Normal_or_Inverse_Display_CMD | Non_Inverted_Display), CMD);
OLED_write((Set_Display_ON_or_OFF_CMD + Display ON) , CMD);

OLED_gotoxy(@, 0);

OLED_clear_screen();

void OLED_reset_sequence(void)

{
SSD1366_SCK_PIN_HIGH;

SSD1366_RST_PIN_LOW;
delay_ms(60);
SSD1306_RST_PIN_HIGH;
SSD13086_SCK_PIN_LOW;
delay_ms(60);

void OLED_write(unsigned char value, unsigned char type)
{ unsigned char s = 0x@8;
SSD1306_CS_PIN_LOW;
switch(type)
case DAT:

SSD1306_DC_PIN_HIGH;
break;

}

default:

SSD1306_DC_PIN_LOW;
break;
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¥
¥

while(s > @)

{
if((value & 0x80) != 0x00)

{
SSD1306_SDA_PIN_HIGH;

¥

else

{
SSD1306_SDA_PIN_LOW;
}

SSD1306_SCK_PIN_HIGH;
SSD1366_SCK_PIN_LOW;

value <<= 1;
S--3

s

SSD1306_CS_PIN_HIGH;

OLED_gotoxy( X_pos, y_pos)
OLED_write((Set_Page_Start_Address_CMD + y_pos), CMD);

OLED write(((x_pos & @x@F) | Set_Lower_Column_Start Address_CMD), CMD);
OLED_write((((x_pos & @xF@) >> 0x04) | Set_Higher Column_Start_Address_CMD), CMD);

OLED_fill( bmp_data)

X_pos = 0x00;
page = 0x00;

for(page = y_min; page < y_max; page++)
OLED_write((Set_Page_Start_Address_CMD + page), CMD);
OLED_write(Set_Lower_Column_Start_Address_CMD, CMD);
OLED_write(Set_Higher_Column_Start_Address_CMD, CMD);

for(x_pos = x_min; X_pos < X_max; X_pos++)

{
}

OLED_write(bmp_data, DAT);

OLED_clear_screen(

OLED_fill(0x@0);

OLED_clear_buffer( )
s = 0x00;
for(s = ©; s < buffer_size; s++)

buffer[s] = 0x00;

OLED_cursor(
i
if(y_pos != 0x00)

if(x_pos == 1)
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OLED_gotoxy (0x00, (y_pos + 0x02));
}

else

OLED_gotoxy ((0x50 + ((x_pos - 0x02) * 0x06)), (y_pos + 0x02));
}

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

OLED_write(@xFF, DAT);

OLED_draw_bitmap(
mp_img[])
{
S = 0x0000;
X_pos = 0x00;
y_pos = 0x00;
for(y_pos = yb; y_pos <= ye; y_pos++)
{

OLED_gotoxy(xb, y_pos);
for(x_pos = xb; X_pos < xe; X_pos++)

OLED_write(bmp_img[s++], DAT);

OLED_print_char(

chr = 0x00;
S = 0x00;

chr = (ch - 32);
if(x_pos > (x_max - 6))

X_pos = 0;
Y_pOS++;

OLED_gotoxy(x_pos, y_pos);

for(s = @x00; s < Ox06; s++)
{

}

OLED_write(font_regular[chr][s], DAT);

OLED_print_string(

chr = 0x00;
i = 0x00;
Jj 0x00;

while(ch[j] != "\@")
{

chr = (ch[j] - 32);
if(x_pos > (x_max - 0x@6))
X_pos = 0x00;
y_pos++;
}
OLED_gotoxy(x_pos, y_pos);
for(i = 0x00; i < Ox06; i++)

OLED_write(font_regular[chr][i], DAT);
}

J++s
X_pos += 6;
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void OLED_print_chr(unsigned char x_pos, unsigned char y_pos, signed long value)

{

unsigned char ch = 0x00;
if(value < 0x00)

OLED_print_char(x_pos, y_pos,
value = -value;

¥

else

OLED_print_char(x_pos, y _pos,' ');
}

if((value > 99) &% (value <= 999))

ch = (value / 100);

OLED_print_char((x