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152238 tees

o]doME 2 Axd T A F 31U gulo] x4 ‘:]'T% wwlo] s erolm ot
o] 7] 4+ Serial (USB), ST-LINK/V2, H-JTAG 37}4] W& A _E}.

1.5.1 Serial,USB

(23 1.5.1] t=90] e2=MA

[2% 151] SEREA 1) Algld FES AHLE 4= AFEH Agd TES
AFEE 749 ojtf.  2)USB XEE ALEE 79 PL2303 =glolH T2 aas

A =)s]ok st} kel o] g gElo] A Ho] gJom A &R ¢kolw ¥} USB
Z2OHE o wholof ht} PL2303 A ZAFQ] http://www.prolific.com.tw ol 4]
2RSS R E BS S Qr o Wol ¢45E ¥ % A S A stH
ofgl 18 o] YT} Next & %"‘” =

[1¥ 1.52]USB Z 218 X
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Aegstd o 1¥lo] Y2t} Finish & &89

shel WA} L,

[2¥ 1.53]USB T&13 Az <8

BT USB AYEHE dZ43t3 PC 959 U A &> AASA o] T >A]~E

>3t=9o] > T A >FEE (COM % LPT) -> Prolific USB-to- Serial Comm Port
(COM3)<= &helgh},

[1%] 1.54]USB Z 212 Ax] g}e

T

Prolific USB-to- Serial Comm Port (COM3) ©] A% ¥ o] gli=d A% & uf coOM3 2
A Hdo= AE oYt Com XEV} o]4to] & W =7 Qbd wf o7&
B 3t coM3 £ tE X EZ WM E uj:= Prolific USB-to- Serial Comm Port
(COM3) HE g3ty EEAHAH Eo7} 507t}
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[18 1.55] £E AA

HoH
ojtt. 2

AHEEHA B A

obef [Z® 1.5.6] i AAl =17k AREstaA} sk EES AE
COMI1,2 = ARgo] ¢ Ht}h HFE Bios olA COMIL,2 A-8-317]

AN

o

T

4 o

COM1,2 ¥E7} &= PC = Yt} F93AH USB Z+= COMI1,2
T, AREo] ¢F H&E XEE A o]u] AR FolojA <k

[1% 1.5.6] 19 A&
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STEH o] X o] E50]7}A Manual oA thE2= ZEg3lo] gl UM0462 o S
o2-uk=1}

AFO]E 7FA](Design Resource = ©] &3l ofell) the== 2=l wr] (ofg] 232 FaxZdo]x] JuolE
= A shnE A s gE - dth)

[13 1.5.7] STSH o] Kol UM0462 o] 3}

=2 E°] Flash Loader Demonstrator v2.6.0 Setup.exe = =Y 3dle] Ax 3 o}
= Flash Loder DemoEs =9 %tT}.

? Flash Loader Dermnao

[2¥ 1.5.8] Flash Loder Demo 2! 3 3}<)

1. HRE S AYA9XE ON &1aL,S2 2 DN o Fow th2=3}7]
el =87k HArk okl 2R AAIITE COM EEC| BHA AA g
1283 Next & 3o

[ 1.59] 744 H
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2. ARM HE7} AdE A4 HH ofgf [1¥ 1.510] A MPHT. <
a9e A2 ¥ yupolxo] ARBRE ¥FA] 8 Fi At
Next = 3hr}.

[ 1.5.10] A X

3. 2L off [1¥ 1.5.11] THAH bin =+ hex Y-S e gt

t}S Next & St}

1) Erase oA All & A Z2 13 2FA], Selection = A1E8] AHA] 2)
Jump to the user program = A FA3tH AMESH 5oz FE HEoA
T2 A3} (S2 £ DN o T2 Ao A3 7, A
237 Y g F g2 E 7Hsetth) Verify after
download = FAA} & Y2 E St}

[29 15.11] 2= 4
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o
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e
0%
=
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v

4. [1¥ 15121 Z29

[19 15.12] 25 g8

eas Roox Agdrcg [ 3 e A HE
T2as e s dEY g HES T2 oA b

o
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1.5.2 ST-LINK/V2

STAFol A H.F3F STM32F4-DISCOVERY <= ST-LINK/V27} W&E o]t} o] HoH+=
STM32F4-DISCOVERYE T4 o2 7]&S& %tk ST-LINK/V2E AFE-3to] debugging and
programming < 7] $l@lA H=¢] USB #AMYE CN1S E3] PCol STM32F4-DISCOVERY
HEE AAg,

STM32F4-DISCOVERY H. =9 4] ST-LINK/V2E STM32 devices(STM8 and STM32)ol] ofj $F
SWD#RF A3t} Ao FujEE ST-LINK/V2EITAG A 93kt &3 ST EFALY]

dutel s AU A Wi

ST o] Al A 27 Q7]

STSW-LINKO003
http://www.st.com/web/en/catalog/tools/PF258167

STSW-LINK004
http://www.st.com/web/en/catalog/tools/PF258168

1.5.2.1. STM32F4DISCOVERY X.= ST-LINK/V2 A%

Jumper state Description
= o CN3 9 # ON ST-LINK/V2( board programming)
% v} CN3 A3 ¥ OFF | ST-LINK/V2 ( external CN2)

STM32F4DISCOVERY H.= SWD 3 H3E

Pin CN2 Designation
1 VDD TARGET VDD from application
2 SWCLK SWD clock (JTCK)
3 GND Ground
4 SWDIO SWD data input/output (JTMS)
5 NRST RESET of target MCU
6 SWO Reserved (JTDO)

39
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ol = AWkl JTAG 7|53 ST-LINK/V2 ¢ B3k AHo|t}.

| oKy | SN fnion | Toiomestion | T oo
; VAPP Target VCC MCU VDD(1) MCU VDD(1)
3 | TRST JTAG TRST GND(2) JNTRST
4 | GND GND GND(3) GND(3)

5 | TDI JTAG TDO GND(2) JTDI

6 | GND GND GND(3) GND(3)
7 | TMS_SWDIO JTAG TMS, SW IO SWDIO JTMS

8 | GND GND GND(3) GND(3)
9 | TCK SWCLK | JTAGTCK,SW CLK | SWCLK JTCK

10 | GND GND GND(3) GND(3)

11 | NC NC NC NC
12 | GND GND GND(3) GND(3)

13 | TDO SWO JTAG TDI, SWO TRACESWO(4) JTDO
14 | GND GND GND(3) GND(3)

15 | NRST NRST NRST NRST
16 | GND GND GND(3) GND(3)

17 | NC NC NC NC
18 | GND GND GND(3) GND(3)

19 | VDD VDD (3.3V) NC NC

20 | GND GND GND(3) GND(3)

1. The power supply from the application board is connected to the ST-LINK/V2 debugging and

programming

board to ensure signal compatibility between both boards.

2. Connect to GND for noise reduction on the ribbon

STM32F103

3. At least one of this pin must be connected to the ground for correct behavior (connecting all of them is

recommended)

4. Optional: for Serial Wire Viewer (SWV) trace

1.522 ST-LINK/V2 AR E 3L W)

A3t 2] Tool oA thEzm= & 45 o}
9} STM32F4 t]nlo| 27} FHitol| vhghry] wjFo|u},

A o) ARt 2] ho] 7k sttt ST-LINK/V2

Third party Toolchain Version
Atollic TrueSTUDIO 2.1
IAR EWARM 6.20
Keil MDK-ARM 4.20

TASKING VX-toolset for ARM Cortex-M 4.0.1

SIGNALTECH
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ST-LINK/V2 E=gfolHE AX|7F Ho] lojof 3t} keil Z2a%sS A
Alt+F7 & =9 ol g9l Debug & E°{7tc}.

il

o
ol
20
£
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- STM32F4-DISCOVERY H =% A}&3% 749 Flash Download 3}Hol A AddE
=25} STM32F4x FlashES A &lsit},

22)H ofg] 1A ¥ Programming Algorithm o tjHfo] A7} MelsE Zlo] HAT}.
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STM32F4-DISCOVERY X = 9] ST-LINK Z T} 2E 317

Jumper state Description
= U CN3 #3 ¥ OFF ST-LINK/V2 ( external CN2)
STM32F4DISCOVERY H.= SWD ¥ W& ¢} RE,RC HE 72
Pin CN2 RE,RC HE
1 VDD _TARGET 1-vCC
2 SWCLK 5-TCK
3 GND 6-GND
4 SWDIO 4-TMS
5 NRST 8-/RST
6 SWO 7-TDO

f
k]
rol
k)

Stm32F103RE H.= T2 = 3}7] Ao S2 29X E EX o Aol =
gez= & ZAlg,

43
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- Stm32F103RC H.= vz = &7] Ao §2 29X E EX o ¢Xo =
gze 2 g Alsk,

K
e
o
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Debug 3t A Portoll 4 SWE A E1sH SW Device 3ol ofa] 29 x = Device’}

PN
48 A ¢ 5 9
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A F7HA] ST-Link A o] 5 AT},

olgll LOAD & ¥l W 23S 2 %-1

[&
il
I
jati)
o
Aui
Mo
ll
[
(o
o
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1.5.2.2 ST-LINK/V2 A}-8H(STM32 ST-LINK Utility )

keil Zobde] oA e 2=7t opd Rt A8 ZRIFPOR et WS doklth
oA TIPS A3, FRES= HAE TR ot
http://www.st.com/internet/evalboard/product/251168.jsp ] E17}A4

ofgf ZEaE AX| g

1) STM32 ST-LINK Utility
2) ST-LINK/V2 USB driver for Windows 7, Vista and XP

st-link_v2_usbdriver.exe =2to|H & dX|afof x| e]atel] 1A [ sFo] Hr

[29 1.5.13] FA B 55

(29 1.5.14] vlersd A8 2

STM32 ST-LINK utility 2.3.0 = A X3} =1 2.2.5 ©]a # A& STM32F4-Discovery <]
CPU A o] ¢t=7] wliEol 1 o] WS AXgc} ST Fu| o] Aol = 2.3.0 & A|F3ht).

ofel 1H-E AA ¥ Help=>About & =¥ 3H L2t}
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[Z2¥ 1.5.15] utility 2.3.0 ¥ A

of2f w|F7oll Al Target => Settings 17} S8t AM, oFel LTH A ¥ Settings 1

[1¥ 1.5.16] 233t

r

olg 1A SWD A= &L OK & F 3}

[Z1% 1.5.17] Settings 3}

obefi[1d 1.5181AH v AAolty ofe] ¥l thAl error ol ¢ No Target

o] Qtel Aejoltt. o] He-& FAFe A 21
o] AHE AXHA &S wi= TRIWE A AX3 Ei= Alo]Eo] ol AY, 3=
ol AEF & & T+ A

48
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[1¥ 1.5.18] &=x¢14]

ol A Targets & et
[Target] ST-LINK Help

Connect

Disconnect CTRL+D
Erase Chip CTRL+E
Erase Bankl

Erase Bank2

Erase Sectors...

Program...

Program & Werify... CTRL+P
Blank Check

Compare with file

Option Bytes... CTRL+B
MCU Core...
Automatic Mode.

Settings... CTRL+S

[18 1.5.19] 2= F 31

Program.. <

SIGNALTECH
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=9

Fo] He2=

o
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e
v
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[19 1.520] th+== 3}

ST-LINK/V2 A}-&3}o] the2=
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o}#]+= ST-LINK/V2 ¢} RE,RC HE= 72 Ho|t}.,

= =
E (‘)“ ngnzgf(/é’é) ST-LINK/V2 function | ~& (IS{\%DE)“ RE, IEJCT AEG;
; VAPP Target VCC 1-VCC 1-VCC
3 | TRST JTAG TRST GND 2-TRS
4 | GND GND GND GND
5 | TDI JTAG TDO GND 3-TDI
6 | GND GND GND GND
7 | TMS SWDIO JTAG TMS, SW IO 4-TMS 4-TMS
8 | GND GND GND GND
9 | TCK SWCLK | JTAGTCK,SW CLK | 5-TCK 5-TCK
10 | GND GND GND GND
11 | NC NC NC NC
12 | GND GND GND GND
13 | TDO SWO JTAG TDIL, SWO 7-TDO 7-TDO
14 | GND GND GND GND
15 | NRST NRST 8-/RST 8-/RST
16 | GND GND GND GND
17 | NC NC NC NC
18 | GND GND GND GND
19 | VDD VDD (3.3V) NC NC
20 | GND GND GND GND

SIGNALTECH

STM32F103
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1.53 H-JTAG H3IXE

http://www.hjtag.com oA A YLs}= sl=9o<t
$em2ags Paen ANRT RF NULES G/ WEd ARe e

H-JTAG ¢ AF&¥HS  MULTIICE A3 $A}stH SDT2.51, ADSI.2,
REALVIEW(KEIL, RDS) and IAR 53 & diF-ie <17 &= 7 S A
ARM7/ARMY/Cortex-M3 Fojo] tH 7] ¥ ZA| Z2I3HE T 5 9l

H-jtag A}-&-3}7]

http://www.hjtag.com/download.html AFo]Ed] E0{7} H-JITAG HAIWHAE tpo}
AR 85 ) AZES ||t

ARM HEE ddsta A9S& S7bstar ofdl ¥ A HITAG & Zsd
ZRIaE At

|

File Operaions Flasher Script Seftings  Oplions  Help

QX F S HBlEE

UNKNOWN
0x00000000

-ARAEAAMNAEES

g agn g =g gaga gy

%

Faady P

[Z1¥ 1.522] H-JTAG 37 A7
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w772 Settings ol A

HEESLPT Selaction

= [ATO TCH ® LFT  Faralll
-~ | X 7 =  US8  {Universsl Serial
ok, Cancal (! Cancal

[(19 1.5.23] H-JITAG X E 4%

LPT JTAG Setting ]

Jag Selection User Defined Pin Assignment

" Wiggler (Predefined) ™S |Pi13 D1 -

" Sdt Jtag (Predefined)

& User Defined TcK  [Pne D2 :[' LPT Port Setting @

Reset Signal Quiput TOI |P'I15 D3 - Port Address -

I~ ATRST cutput inverted = T & LP1 - 378

W nSRST output inverted P2 - mx278

nTRST |NO TAP RST ' - [oFae

- TCK Control L

TCK Speed - [MAX/1T = nSRST |Pn7 D3 > " Port Testing

C
oK Cancel oK: ancel|

[(1% 1.524] H-JTAG ¥ ¥ ¥ E A4

o] 7|74A] A8k [1%] 1.5.18]4F H-ITAG tlulo]2 Q1A ARM o} &
tEE g,

H-JTAG Serve - — -
Fila Operations  Flasher Script Seflings  Oplions  Help

A X | Fls mEe®a @

CORTEX-M3
Ox3BA0OATT

oononannnnn

TITTTUTTeTw

uuuuuuuuuuu

Fieady o)

[Z2% 1.5.25] H-JTAG tlnfo]x Q14

STM32F103F8 ¢17-%- w5 9] Settings o 4] TAP Configuration © 4 o}z 28
Ekheia=

53
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TAP Configuration

TDI>> | BYPASS |>> ARM =» | BYPASS |»»TDO

TAP Num: |1

- = —
=1 = e |
IReg Len: 15 j !Mo j |n j

Defast |  OK | Cancel

[Z1¥ 1.5.26] TAP Configuration A7

18] 22 W79 Flasher ol 4] Start H-Flasher ©l A

[71% 1.5.27] H-Flasher 2 35}

tjujo] 2of ubA AA s} o 7] A= STM32F103F8 & wjo]t}.
ol A 1. Flash Selection ©] 4] STM32F103F8 A}-&3}2 & STM32F103x8 < A @3t}

= H-Flasher - a.hfc

Mew Load Save Sawvess Opbons Exzit About
Pragram Wizard >> Flash Selection
& Elash Sslection TSTM32F10TRE A Vendor STM32F
= Configuration - STM32F101XB PartMo STM3IZE103XE
A Init Scripts FSTMAF 1000
STM32F101XD Type: On-Chip Flash
2 o L
9 5 STM3ZF102X6 Size:  B4KB
= H-Flasher Help STM32F102X8
- STM32F102XE 1D RcDOODD0SD
- STM32F103x4 \Width:  16-Bit
STM32F103X6
|
STM3ZF102XE
STM3ZF103XC
STMI2F103<D
- STM32F103XE
= STR7X o

[Z29 1.5.28] tulo]x= A4

5. Programming oAl AT E 3pH o}d|1¥ A& Flash, Target il

# H-Hasher — a.hfc

Mew Load Save SaveAs Opions Ewt  Abowt

Program Wizard >> Programming - ¢

L Flash Selection Fash:  STM32F103X8 x00000040 Check
2 Configuration Target:  CORTEX-M3 Little-Endian
3 Init Scripts
% Pgm Options Type: Plan Binary Fomat > Program
5 Programming Dst Addr: [Flash Base Address > Vesdfy
F H-Flagher Help =
S Fle: | }
From Entire Chip ¥ Erase
To: Entre Chip = Blank

Address Size: fu Read

[71¥ 1.5.29] Programming

SIGNALTECH

STM32F103

Program Wizard

2E o] "k
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Az AAFHA dod ofef 21HAH o

= H-Flasher - a.hfc

Mew Loasd Save Savefs Opbons  Exit  About

> Programming - STM3ZFl

Flash Selection Fash:

Configuration Target:

Error: Can't halt target and make It enter DEBUG state, For USB H-JTAG.
please reduce the TCK speed and try again,

WO W e
=X
=
w
iz}

[29 1.5.30] A A o] otd H$-

-

upx] 4t O 2 Type, Dst Addr S A 3}al SrcFile: oA th=2=3 HdS A
-2 ety Ho)

o
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1.6 Z2I3 AlEF A
ARM ##del= o8 F/7F oy, Keil AF] RealView o= st=91017F §lole
vE AaE g e AlEEelAde] slelA Azsit o 71M = Hukd oE glo]

d 5 7bssith [1'1.6.1] 2§ €% Project okl Test & =¥ 3}l Option for Target
‘Test’... & g3t}

[Z131.6.1] Option 274

[(191.6.2] oF2 1 A7 Use Simulator 7} A Z¥ o] lojof AlEHJHS & 4= 3l

.

[C1¥1.6.2] Simulator | =

56
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aglar ok [131.6.3] A Hl5F vke] Debug ok &S

59 AesA

[(191.6.3] Simulator Debug ¥ 1

[2H1.64] 2% =7 vhel @I o A,

[(191.6.4] Simulator Debug A& 2

% =9 upe Logic Analyzer

5 Hesta
d[2P1.65] A Fwo] mrh o]y
T A g}

_OL
g
o
&
* M

SIGNALTECH
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= FYota, S & o

[291.6.6] 33 A}
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¢l E OE Ay B He oy [1381.6.7]9 TE AFMHA 0T Soj7it)

[(1¥1.6.7] XE AH

ol#] [11.6.8]4H FE PORTB.S ©] A= AHE wkEa= RS &

¥
%0
o

[(131.6.8] A At~z B Ay}
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PIO LED & %3] X
A4 AT A, ok [

e v Ay e,

2

o,
Ir
[\
=Q

M 2!
1

[Z291.6.7] g 7 o] &

ol [Z1¥1.6.8]41 % 3EZE PORTB.1Z PORTB.8 ©]

[(19H1.6.8] X E 271 93 Ay}

SIGNALTECH

STM32F103

ofe) 14

©1.6.7]°1 51 PORTB.1Z} PORTB.8
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0SS

)

—_
fite)

4o

%/

X

&l B

A
2] 3]

al7)

o
[SIE=1

W]
B

o

Kol
=

2

el
L=

=

Ay

54 zZeo
o]},
Z 13 4 UASRT, 4 RCC UASRT, 4 SIZEOF USART

-
T

USART
3}

= AEdolA

ol Al

=

| ¥ ol =

0

[C131.6.9] UART A &dlo]A AH

— w
T es o

I wss
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A2 Sedol 74
Main Board H.=9} Sub Board= WFo]# gt} HEZ wz ALE3|E FHo}
2.1 Main Board

[1¥2.1.1] IR = HA 3] Zxo|t},

[Z32.1.1] HAHE 2%



STM32F103

[(2132.1.2] WISIH = oA %S USB-B/Female 2}0]E B Z(DS 1099-W) EFo] i,
L2 &% Mini-USB SMT(5pin)-AB E}Sjoltt. & Fstyt F=tskAl 5o 31tk Cortex-M3
°] STM32F103 AlEe] 643 LQFP EYIS FAHOE FAEHOQT HE Alo]=:&
78x58 mm = X ]3]

[(192.1.2] WAH=

CPU(STM32F103RCT6, RET6) E.E
1) CPU ¥
STA} Cortex-M3°] STM32F103 Al2-& AF&st3lth PCB o ¥ <+ 64pinc] <3
7}53s. LQFP  EFglolth. ¢ PCB HEo] 7153 STM32F103  AlE
STM32F103R8T6, STM32F103RCT6, STM32F103RET6°] U} o] 7|4 8MHz =
S Ea= = =

STM32 tjulo]l~ HEZ ALeRS Yol H A},

STM32 => ARM-based 32-bit microcontroller

F => General Purpose

103 => Sub Family Number

R,V,Z => R=64pin, V= 100pin, Z = 144 pin;

C,D,E=> C=256Kbyte, D =384 Kbyte, E = 512 Kbyte

HT => H=BGA,T=LQFP

6,7 = 25 W% 6=-40~85 C, 7=-40~105 C
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STM32F103xx family

Low-density devices |Medium-density devices | High-density devices |
16 KB 32KB 64 KB 128 KB 256 KB 384 KB 512 KB
. Flash | Flash" Flash Flash Flash Flash Flash
Pinout
48 or
6 KB RAM| 10 KB RAM |20 KB RAM| 20 KB RAM | 64 KB!? |64 KB RAM (|64 KB RAM
RAM
S ——
144 5 x USARTs
100 4 x 16-bit timers, 2 x basic timers
3 x USARTs 3% 8PIs, 2 x 1°Ss, 2 x 12Cs
3 x 18-hit timers USB, CAN, 2 x PWM timers
g4 |2 X USARTS 2 SPIs, 2 x 1°Cs, USB, |3x ADCs, 2 x DACs, 1 x SDIO
2x16-bi fimers CAN, 1 x PWM timer  |FSMC (100- and 144-pin packages'®)
1% 8Pl 1 x I=C, USB, 2« ADCS
48 |CAN, 1 x PWM timer STM3? STM3?2
2w ADCS F103 F103
36 RCT6 RET6

STM32F103

1. For orderable part numbers that do not show the A internal code after the temperature range code (6 or 7),
the reference datasheet for electrical characteristics is that of the STM32F103x8/B medium-density

devices.

[C192.1.2] STM32F103 A€

Core: ARM 32-bit Cortex™-M3 CPU

Ports F and G are not available in devices delivered in 100-pin packages.

64 KB RAM for 256 KB Flash are available on devices delivered in CSP packages only.

0 72 MHz maximum frequency, 1.25 DMIPS/MHz (Dhrystone 2.1)
performance at 0 wait state memory access

o]
Memories

o STM32F103RCT6 (256 Kbytes), STM32F103RCT6(512 Kbytes) -

memory

0 64 Kbytes of SRAM

(0]

O OO0 o0 O

Low power
o]

Clock, reset and supply management
2.0 ~3.6 V application supply and I/Os
POR, PDR, and programmable voltage detector (PVD)
4-to-16 MHz crystal 5= oscillator
Internal 8 MHz factory-trimmed RC

Internal 40 kHz RC with calibration

32 kHz oscillator for RTC with calibration

Sleep, Stop and Standby modes

Single-cycle multiplication and hardware division

0 VBAT supply for RTC and backup registers

o Conversion range: 0 to 3.6 V
o0 Triple-sample and hold capability

SIGNALTECH

3 x 12-bit, 1 us A/D converters (up to 21 channels)
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0 Temperature sensor
e 2 x 12-bit D/A converters
e DMA: 12-channel DMA controller
0 Supported peripherals: timers, ADCs, DAC, SDIO, 12Ss, SPIs, 12Cs and
USARTSs
e Debug mode
0 Serial wire debug (SWD) & JTAG interfaces
o Cortex-M3 Embedded Trace Macrocell™
e Upto 112 fast I/O ports
o 51/80/112 1/Os, all mappable on 16 external interrupt vectors and almost all 5
V-tolerant
e Upto 11 timers
o Up to four 16-bit timers, each with up to 4 IC/OC/PWM or pulse counter and
quadrature (incremental) encoder input
0 2 x 16-bit motor control PWM timers with dead-time generation and
emergency stop
0 2 x watchdog timers (Independent and Window)
o SysTick timer: a 24-bit downcounter
0 2 x 16-bit basic timers to drive the DAC
e Up to 13 communication interfaces
o Upto 2 x I2C interfaces (SMBus/PMBus)
Up to 5 USARTSs (ISO 7816 interface, LIN, IrDA capability, modem control)
Up to 3 SPIs (18 Mbit/s), 2 with I12S interface multiplexed
CAN interface (2.0B Active)
USB 2.0 full speed interface
SDIO interface
¢ CRC calculation unit, 96-bit unique ID

O 0O o0OO0Oo
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2) Boot Mode -

A Boot modes

Czpzrrdnag on the Booz corfiourazicon. Er-kbedd=so Flzal-
Mooy, Svste Mar-ory cf Encbedosc SRAM e oty
2 Elizzed 2t T OO0

User Flach d=e=1- Tlazsh is seleczed a=
S Lo ]
==k sp=Ece
o 1 SysternMemory '5--:-5te-|‘r|r“-1ar'|c_|"5.-' = =eleckad
as boos soaca
1 1 Embodded SRAM Ernbads=d = 2al =
==leczes &5 oot space

A SystemMemory: conca m: Clhe Boot cades vaed bz
re-prsaramn tne FLASH trowgn USaRT.

[122.1.3] BOOT EX

O

[(1¥2.13]2 HE S2 o] EX & User Flash & T2 E $ A3d of o]i, DN
System Memory® CPU W% ROMO.Z F-E9] BEZ UART & T3l 21 %4 o}-$-
22 & o oq7]d YAFta R EE sl ol 172 BOOT0L.Z 2914 S2

ol 9AEY ERE F ZR2aRs APsta QE8%oR 9 M‘ﬂ R

S 2= it} PB2 o AT = BOOTIS 10K A 3o] GNDo| &2 %o

o

.

il

s

66
SIGNALTECH



STM32F103

[ BT E?i]

| o L
B B s o 3

[132.14] A9 3=

J9 AEel RE JHAJIFE)S vt oz 5v A4 (500mA°] S A&
CPUH o] 33V o] LDO #=deoly 33Vl LMI117 800mAAL-E-3FA T 10uF
So= AYFH Aol sEg= A, S gES AA syl Hsk Ao,
104(0.1uF)= YA ZY A A E (Decoupling Capacirtor) ©.2 o] 7§ ~91% 4%}
(= a2h7t A 293 S st e oE we ARV S A Aol ¥
AX = el AT o] AE WAE] Yl 7t 1ce P gkt A
A H S EolFe wo]l2 AALoRE Wo] ALg3ity, BRE JE G Wy o
2 5V HYBG00mAc] S ALgsith o USB AUS AF8A] USB &3] Hu
500mA 7HA] AES 4= QI

ol 47}A] W F A E A3

O E9] 5V obgE AA(AC)h)S AHE-3ste] 199 AA gt

Arree J129 s5vetAL AAZY. 28X ¢od USB AYF FE3}
@PC 9] USB & J2 o 143} USB Y AR&3io)

@UF+Z =8 USB232 ARE3te] J20)] AZsto] AYS AFE3stal Jeo| dZAste] =
T A4S stk (AlrdE AN A s USB232 Al )

@TFTA B E =0l = USB2327} o] A3 F41& & + Stk

A
A
[ ¥ ]
x [122.1.5]LED 3%

[192.1.5] D1 ¢ LED & S3 A A7F Hoolt} of 7)ol ARgst A3 ke
2bs] BAL LED dHbd o @ AFE 9mA o]al LEDO Av A, AL 2v
2o HH R=V / 1

5V u 5V -2V /9 mA =3333333 UK o7 3300 AFIS A A A
Abgke]l AR AR 33V 4w 33V-2V/9mA =133.3333 YulE o0 R 1200
S ARESY AA 120 Q A3 E UF Y o714 E 3.3V o]EE 120Q A}
gaoF sty ok AF{uk 7] f38 470 Q A4S AR

o
g
o

=
=

67
SIGNALTECH



STM32F103

4) USB

[C1% 2.1.6]USB 3| 2%

2] AFE3 42 9lE USB AYE|E Mini-USB SMT(5pin)-AB E}Y T3 USB-
B/Female Z}o]E <Z(DS 1099-W) Bl 2 7 5 VA E = o] 9t} 23 o] x|
a9s B ¢ 4 Qlth. USB XEZRE HAYS Fgwol A8 & £ & 9l
np9-2s Fo| 2~E A wjA] & ZEIaFe] wel ZF V]eS ARE-ghth. PALL(D-),
PA12(D+) -+ A} Ao} A PB10S AFE-3TE (PA129] R8el 1.5K & 9 3l Z=
g Aagle] E Av=g #39lal, R8S A48k R189 PA122} PB10°] 1.5K
£ <943}a, PBI0S HIGHE o <lA8h=d A}, hw configc ©lA void
USB _Cable Config (FunctionalState NewState) 172 <~ )

USB Full Speed Device & 2> PA12(D+)1.5K & = 3}, USB Low Speed Device &
2k PA1L(D-)1.5K &+ & 3vh ofdl [2¥ 21715 Faskd olafstr] A& A
2tk PBI10S AFE3HA] HEE & & AREElE Uk

Full Speed
USB Buller

Low Speed
USE Buller

[Z1% 2.1.7] USB Speed Device 52} A El
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5) Reset -
AH =2 27|13 3 ] A HE
HAFAl o= High oA low & Eo

el

[Z23) 2.1.8] Reset 3] =

otz [2¥ 2.1.8] Reset 3|25 H W

o

5

6) RS232 ¥
USART &4 2273307 pC o 541 dhtf. WelH=9] S92 A9 X5 DN o=
o Z2a¥ tpE2r o u 2ola, FAAE EX(AA)o = X T 54l

TEZ ALEFTL

(1) PCY] AYIEXE A4 W
_ﬁﬂ"J y | 11 C13|/ DAEHEVA) L) PAD
—‘\u‘. G’III Rﬂ_""W i
—i‘m ni_l—g ! '_m
L CHY | DAUEHEVA) 2 | | ma( DLASHN R PaiD
ul_}' nﬂlnl_“ =I | | mw' s
—l(i L 1_REm
= To M ' mour H M .
g i‘mml‘a 3 e i i
7 =
Bt -
— | REAA RaEN " m o
7| RTW' 1
=1 X4 PAJ
B
= N |
[28] 2.1.9] USART £l 3|2 %

SAEZEWARE USARTI, USART2E A& & Tk Main BE= AF Fob Al
USART1 "t 7} 3}t}. USARTIE PA9(TX0), PAIORX0) o] 14 Hof glow,
USART2% PA2(TX1), PA3(RX1) o A2 Hof o}, BAXLER AEA &= ofg1¥
Ad AFdE 0Q & LEXS® X sk, 7AYE J7S ARk Hrh

EE A% R
R1, R9 1/0 USART1
R7,R12 /0 USART2

J6 2] TX0, RX0, GND = PC 9] A|gJ¥d ¥ E<] D-SUB 9% ZUYE 2, 31, 59
A E AAs )
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=4
USB 9} RS- 232A z‘z %%% A2 S o] &3slo] AFE3T W QIR =o|A 23 R1, R

[1¥ 2.1.11]USB ZEZ dZAs= 9

ARM oA TTL A& & RS232 & W3 3] =% IC Device & MAX232 = Y9
5V 4w, MAX3232 = 3.3V & U AFE3TH MAX = A ZAF o|lRE T E Y

T
o] A% BT o 7| A= AFESEaL J+ Device STM32F103 A ZA}Fe]l ST 9
ST3232 = A}&3}3It)

(3) TFT A B HE o]& WY
STM32F103 X Eo| A #Hl=Z PLX2303 o= AZF o USB E4I
MBHE o] ALEA]= TFTAH HEE o|83] USB XE=Z
Q AggE BF dFo X dof. AFAAGL ol 17 HH ¢
Hth ARM EES TFT AJEEE A2 Ho] gt o]Fo A A

PA -
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Age] Meln o] dhso A9 FFen, ALNE JUE B B4 U Gew
= @ 5 QA He] ek

7) JTAG

w2 ke Zlolrh ofF WA 0 JTAGS thYe st=sole] HAEWY A AHT
S AAE F Aok

JTAG QB Ho]2e= g3 & #log 3 <o FAFET

1.TDI (clo] €] 43 : Testd}”7] 913 dlo]E A5, TMSo| 2]a] #o]% TAP stateo]] tw}
2}, TDI7} command/data 7} 2% %2

2.TDO (dlolH &3): Testst A5 FoA EYEHE 317] 913 pin, ©] SGA] TAP
stateo]] W2} address/data’} B F UL

3.TCK (£ 9) : Test clock
4.TMS (5.Z) : Test Mode A #3}7] $13F Alo] A&

5.TRST (& A)

1 2 3 4 5 6 7 8

VCC | TRST | TDI | TMS | TCK | GND | TDO | /RST

VCC | PB4 | PA15 | PA13 | PA14 | GND | PB3 | /RST

o17]1 91¢] 2(TRST), 3(TDD) AL A|&lata, AL-&sk™ SWD o7 F=3hr),
ST-Link A4 12atd e Al Helsle,
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J1

+3 3v
+3 3v
S S S
=2 |12 |2
‘PB4 =
FA1S l S
PA1S r
PA14 [
5
FE3 RE . _~120 ;
_|coNN PCB B
/IRST —

[(19 2.1.13]JTAG 94 A

STM32F103

olgfi= YHFA <l JTAG/SWD connectors ©] T}
JTAG SWD(H ) SR 2(};;2815\%1){;\/1 24 pts(RLink3)
GND GND 3,5,9 4,6,8,10,12,14,16,18,20 3,4,10,17,19,21,22
VCC ** VCC ** 1 1,2 1
TRST* TRST* - 3* 6*

TDI - 8 5 8

TMS SWDIO 2 7 12

TCK SWDCLK 4 9 13
RTCK - - 11 5

TDO - 6 13 15
RST* RST* 10* 15* 11*
DBGRQ - - (17) do not connect 9
DBGACK | - - 19 16

] - - ] 7,14

RST and TRST are two different signals. They MUST NOT be connected to each other!
RST (also sometimes called NRST) is required for all devices.
TRST (also sometimes called nTRST, JTRST, nJTRST or INTRST) is required for uPSD and PPC
devices, and for most ARM devices.
You MUST connect these two signals from RLink to the target CPU if they are available.

8) I/0 %

POART A, POARTB, POARTC & A}

SIGNALTECH

s}
=

P
T

QA Az T
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13 A9E POARTA

GND | PA1 | PA3 | PA5S | PA7 | PA9 | PA11 | PA13 | PAIS
2 4 6 8 10 | 12 14 16 18
1 3 5 7 9 11 13 15 17
3.3V | PAO | PA2 | PA4 | PA6 | PA8 | PAI0O | PAI12 | PA14
J4 #4H POARTB
GND | PB1 | PB3 | PB5 | PB7 | PBY | PB11 | PB13 | PB15
2 4 6 8 10 [ 12 14 16 18
1 3 5 7 9 11 13 15 17
3.3V | PBO | PB2 | PB4 | PB6 | PB8 | PB10 | PB12 | PB14
J5 #4H POARTC
GND | PC1 | PC3 | PC5 | PC7 | PC9 | PC11 | PC13 | PC15
2 4 6 8 10 | 12 14 16 18
1 3 5 7 9 11 13 15 17
3.3V | PCO | PC2 | PC4 | PC6 | PC8 | PC10 | PC12 | PC14

2.2 Sub Board

STM32F103

STM32F103 E|~EX =% LED, AD, SW, TFT LCD, RTC, SD Card, 7}H|2}& E|~
E 3t 4 QA TFAAEY Atk

SIGNALTECH

[2% 2.2.1] A

Iz

i1t
i
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B +3.3v
L2 Bead o A
Y ST TR atet T
ctoc1t |
100n =
10uF/16Y
Ud RS o &
OO 3
00F 3§ 3
=50
J14 = 3
] 1S 1 PA1D
VBUS =  TXD _PAle
DNEG g R36 24 15 | Lsgom ; e
DFPOS 4 R4 2 15 N RXD —H_SV
Sl 75 wav | USBDP 19
MNT-HOLE [—o— . I
MNT-HOLE F2—X e . )
USB_B-TYPE | XTIN E'.“. o e
Ty c'a'o8o
"_{U}—T* 2By TouTh D650
TS 13 T —100n——
20PF 20PF 10UF/16Y

[1¥ 222] AH HE 3 2% (USB 3 2%)

91U pL2302X 3= wolil, PL-2303TA ¢ A9 Huk mAsl® vl Data
sheet )2 3™ R36, R34 AFE31%] 931 098], R35= A A3},
PL-2303TA 3 8242 AAstA] &=t
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ke =
ik
[ o
= J
BRI TIER R L 1
——
B
B EWCED CRAD 2 W

W
ER e
It za'j]
Ll e
(2154
ol
114
e
| I'II!_"_F L% o
A,
T i LA =
- PRAAC . —
x. ] A
o 1 ke L
al & -
z L _mr,_a. —%
X 5 - m il 2
i 3 - M (1
- 3 = m AT 5
= ] = AT = = i
] 4% ] i i ST
3 i = u
. —
L )
—* M

[1¥ 223] A|HHEE 2%
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1) H|ZE HZ= (LED, ADC, SW)

ah ah ak
§ A
o 1} - I.’EII
e G
- . ALyl
[ =

BA D R E© T

[(1% 2.2.4]LED,ADC, SW 3| 2%

PB1 & LEDI1°| PB8 & LEDO o] 14| 93, PB1, PB8 ©] 0 (LOW) & @ LED
ON ‘o]t PBO & ADCO 2% 0o] 9li, AD W3S HAE & & 9th
[Z2¥ 2.2.5] A SW2(ITS-15008 E2) = PB11=>SW-1, PB12=>SW-2, PB13=>SW-3,
PB14=>SW-4, PB15=>SW-5 & dZF o] gJom = 4 Ao, =92 5747} A2
o] 3

SW2( ITS-15008 =& ) dw o]~ ~¢ x|tk st} JoyStickMouse ©] 2=
A TEIHRS RS HH, Fo|AH AES dth. PC EYE 9 vl 91X
gk AXTE o] o] AEYAAE FI AetEg w4 <l

[1% 2.2.5] Fo]|~E 29X

ZEE mlog »3 Qu}

2) OV7670 -

ov7670 Zivlelt s2 % o [Z2¥ 22.6-11% [Z¥ 22.6-2)7F A+=dl, e 25
FH IEE 1,2 F 7HA ZRIOME ARESY &R B A E AdEgi [
g 2263 7HHlE} ZE FH JEE 3 E E T IAE AMEEEE 32, PCB
of o] 2l
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+2. 8% J10
7 N 1 uz
CMDSLQ-EL_é i CMIj_S S00A Chi0%_00 i a8 TFT-0BE
TRIOS VS THCS THOE_HREF TMOS DT 7| o0 e
H IR THMOS Oz 5| on DOl g TFT-OBID . +3.3v
TMOS 07 0 0 CWOS_OB TMOS. O3 4| 0= DOZ g TFTOBIT . A
TR0 0511 R [ E ) Rl R 0od g ——
+3.3v ChiD%_I0 13 4 ChO% O — & |ME /RE 5 1 1
THWO5. 0715 §  ChOS_ 00 [ 1 7 |GHD GRO1 55— TP 0E =
? = =3 nfIF0_WRET TET /0E 51 FIFU_RRET
i 1] To7E70_CON : T A WTE MRST /RRST M5 —FIFO_RCE
Chi0OS5 _HREF i - ] MICE, RCK i |
I 4 FIFOWE Rig,. 0 WEK TROE_OF w0 DEC Mo TFT-OBT e
CMOS_PCLKR, 0 2 cgl TS % Di4 DO4 e —TFTORT
TS 06 DIs D08 45— TFT-OBTE_ foon
NCT SZDBMEK 100r] TRAOE. OV 4| D8 D06 M TFTOHIS
) e o oo ———— =
= ALATTBEOR
[2¥9 2.2.6-1] 72 2E TH J=2% |
+2(?sv Ji
cmusLm_—% e
% TR HREF Uz
ThATS PCIE 7 TRt _ACLE
TR 7§ T TWOE T CMIOS_O0 1 95 TFT-OBS
TROC 6 11 7 TMOE D4 TS 0T 7| oI Do0 S TFTOB
423 TMOS.DE 13 4 THMOS[ TS D 301 001 g TFT-OBID . 433w
TROS 0115 FThWOS 00 TRAOS O q EE gggT - i,
FIFO_WE RIf B 34
i TET0_CON S AINE /RE ] 12
CMOS_HREF 1 7 |GHD GNDI 5 FIFO_OE =
4 FIFO_UrE =43 1FIF g | 15T /0E 57 FIF0_RRAT
HREFAWE  Ri% 2 T A WCE o | AMRST /RRST FIFO_RCE
HEE A | Hi |
e | TWEDE—H{De  0od (E—Trrmn- L
= TS O 7701 008 [ —TFT-OBTE . hoon
CMOS_PFCLERZ QNC K mn—n—ll'_crum 7 ! BI? ggg 5 TFT-ORTE L
= FLAT2BI30F
[(1¥ 226-2] 7HHg} 25 F9H 32% 2
+2 8 D
§ }
| I
CDS STL 3 | 4 Chid5 SDA
Thi0% HREF 2
W05 FCLE Lhs RLLE
Lhi0s 7 [ Childs O Chi03 00 o TFT-OBS
M 6 1 7 TWE [ T, 07 LR 1)
A% BT & ThiE I T, [T ot D0V e TITOR 433
T 16 ChiDs 00 T 3 43}% BS% T 4
. FIFO WE Rl AL a4 VTR
i GTETD_CON . ] 2
ChDS_HREF 1] i U GND - BNDI TP e =
4 FIFOWE gib, g WCK b e N =8 I 5
HREFANE Rig, NC, 3 = 4 TR *'U;IWCRQT fRF?CSE FIFO_FCR
| |
T NCTszoon T o e Py T Ts
CMOS _PCLK pop 0l | TR D4 D4 P TRTET
B = TS, [ E 005 S TTONE oo
Rt AL mﬂf_ TG 14 B:g ng TR |
= AL422BASOR
[18 22.6-3] 7tHlel 285 F9 2L 3
PAS PA13 PA14 PA15 PC10 PC11 PC12 PC13
XCLK | FIFO_RD | FIFO_RRST | FIFO_WRST | 7670_VSYNC | 7670_HREF | SCCB_SID | SCCB_SIC
ov7670 Zhvlel 4= CPU # (dlo]E TS AL422AL oA 7))
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0OV76702=2)

Active Array Size

640 x 480

Digital Core

1.8vVDC +10%

Power Supply Analog | 2.45W to 3.0V
o | 1.7V to 3.0V"
I s Active '(8105?;?\;ép;\c$luv forrmat)
Requirements Standby | = 20 pA
Temperature Operation | -30°C to 70°C
Range [ Stable Image|| 0°C to 50°C

Cutput Formats (8-bit)

- YUN/YCbhbCr 4:2:2
- RGB565/555/444
- GRB 4:2:2

- Raw RGB Data

Lens Size

1/68"

Chief Ray Angle

257

Maximum Image
Transfer Rate

30 fps for VG A

Sensitivity

1.3 W/ Lux « sec)

S/M Ratio

46 dB

Dynamic Range

52 dB

Scan Mode

Progressive

Electronics Exposure

Up to 5710:17 (for selected fps)

Pixel Size

3.6 phm X 3.6 M

Dark Current

12 mV/s at 60°C

Well Capacity

17 K e

Image Area

2.36 mm x 1.76 mm

FPackage Dimensions

3785 pm x 4235 pm

3)

1/0 #9E (PA, PB, PC)

0

1 PAY2

e
== ==

STM32F103

TFT06

|
0Ly

TET0512 PCA

% |

.,_.,_.
o o

- J1 719
PAO PAl PA2 PA3 PA4  [PAS PA6 PA7
LCD_CS | LCD_RS | LCD_WR | FIFO_CS | SD_CS [ SPL_SCK | SPI_MISO | SPI_MOSI
PAS PA9 PA10 PAll PA12 PA13 PA14 PA1S
XCLK | TX1 RX1 USB USB FIFO_RD | FIFO_RRST FIFO_WRST
- 12 74 E
PBO [PBl [PB2 PB3 PB4 PB5 PB6 | PB7
ADCO [LEDI |LED EN | SPI CLK |SPI MISO |SPI MOSI [TP CS |TP_INT
PBS PB9  [PBIO PBIl [PBI2 PB13 PBl4  [PBIS
LEDO [SD SW1 SW-1  [SW-2 SW-3 SW-4 [ SW-5

SIGNALTECH
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- 13 Ad9H

PCO PC1 PC2 PC3 PC4 PC5 PC6 PC7
LCD D8 | LCD D9 | LCD D10 | LCD D11 | LCD D12 | LCD D13 | LCD D14 | LCD D15

PC8 PC9 PC10 PC11 PC12 PC13 PC14 PC15
LCD_RST | LCD_RD | 7670_VSYNC 7670_HREF | SCCB_SID | SCCB_SIC | RTC RTC

4) J11 AdH
| LCD DO |LCD DI |LCD D2 |LCD D3 |LCD D4 |LCD D5 |LCD D6 | LCD D7

IH| EZ ARESE A5 ARESh=dl, o714 = HIER ARRShA] ot

5) J12 AYH

J14 ¢ USB AP AZA=<] Qe 5V, GND 2 Ho o] HdHE AYE 5
SHA Fo] Atk J12¢] svEEEE doz2 FIAY AASTY. 28R o™ USB

143 =3¢

6) J14 AMYH

USB ©@AZ ARM HE9} TFT ABERE=F 34 AZA¥ o] 9t} A HHEo| USB
Aol HAHrEo] AZAHo HYS Fusta, 4 2 gezee & 5 A
o] gt AIEAL g% 9y RI,R9 A o] %07 02-50] vjxHh

[17% 22.8]USB @A} &%
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7) TFTF LCD

ulhul E X AE A t]~ZE Y o] (TFT-LCD; Thin Film Transistor-Liquid Crystal Display)
= B EWAAH (TFT)7 =S ol &35ty S A2 A f2Edo] (LCD)
oIk

g e gol Bel 239l e Aol go] Ho] Qi FEE few
At 27 ehin st e EA] 98 Aol F4s ek olF A%
o 9wl "y qow Had Ut

(1) TFTLCD 3 HjX]
STM32F1033} TFT LCD-4 HIE M=z A A4 njx]o|t}.

PCO PCl PC2 PC3 PC4 PC5 PC6 PC7

LCD D8 | LCD D9 | LCD D10 | LCD D11 | LCD D12 | LCD D13 | LCD D14 | LCD D15

PA1 PA2 PC8 PC9

LCD RS | LCD WR | LCD RST | LCD RD

PCB HE2 =4 °]3 S TFTLCD ¢ dZ0] Hof Qi) AFE3A] &S A&
GNDel| <443t}

[LcD DO[LCD D1 [LCD D2 |LCD D3 [LCD D4 | LCD D5 [ LCD D6 | LCD D7 |

16H]E ¢} SHEE HAE & 4 9i, of7|A= gH|ER Tz gdo =z H9t) 16
HEZ H2AE & oj&= J11S AFE 831, R23~R28 A &S 71X a1 AAHS afof shr}.

- SHIE /16ME HAAH (023 Agor H7)

M0 IML IO IML IR IMO

0 0 =16 Bit O 1 0 =16Bit 0 =>16 Bit
1 1= 8Bit 1 1 0 = 8Bit 1 =>8 Bit
1.12812-7IPT2432A 2. COM26T2844 3. TGO28HBZ43
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(2) TFT LCD SPECIFICATION.

STM32F103

Item 12812-71PT2432A COM26T2844 TG028HBZ43 Unit
Display Size 2.83 2.6 2.8 inch
Module 69.2(W)*50(H)*3.7( | 70.05(W)*40.74(H)*4.7 | 69.2(W)*48.4(H)*3.15(T) | mm
Dimension T) 8(T)
Active Area 43.2(W)*57.6(H) 57.40(W)*34.84(H) 43.2(W)*57.6(H) mm
Number of Dots 176RGB*220Dots 240RGB*400Dots 240RGB*320Dots Dot
Driver 1119328 R61404 HX8347-G
Various Color 262K 262K 262K
Display
Backlight Type 4-LED parallel 3-LED parallel 4-LED parallel

TFTLCD BjA23-L F22 Hojglo] ostr] wid] ZAs|A thFojof .

E3 WAdREe NHHE AF A

(3) B BE A% 7153 LCD
1.12812-7IPT2432A(J57] Y1 €]),

ofe] 1L

1. 12812-71PT2432A

[Z2¥ 2.2.9] TFTLCD

SIGNALTECH

2. COM26T2844

F 9 gk,

2. COM26T2844 (J67 I E),

3. TG028HBZ43 (J871 9 H)).
12812-7IPT2432A, TG028HBZ43+ PCB ©ll A Yw& 514 & o9

PCBR. =0 wg} H|~E 7}53F TFT LCDo|t}

3. TG028HBZ43
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(4) 12812-7IPT2432A %73} @& R&
No. | Registers Name RIW D15 D13 | D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0
IR | Index Register W D7 D6 D5 1D4 103 D2 D1 100
00h| Driver Code Read RO 1 0 1 0 0 1 1 0 0 1 0 1 0 0 0
01h| Driver Output Control 1 W 0 0 0 0 SM 0 S5 0 0 0 0 0 0 0 0
02h| LCD Driving Control W 0 0 0 0 0 BCO | EOR 0 0 0 0 0 0 0 0
03h| Entry Mode W TRI 0 BGR 0 0 0 0 ORG 0 IID1 /D0 AM 0 0 0
04h| Resize Control W 0 0 0 0 0 0 RCY1 | RCVO 0 0 RCH1 | RCHO 0 0 RSZ! | RSZ0
07h| Display Control 1 W 0 0 |PTDE1 | PTDEO 0 0 0 |BASEE| 0 0 GON DTE CL 0 D1 D0
08h| Display Control 2 W 0 0 0 0 FP3 FP2 | FP1 FPO 0 0 0 0 BP3 BP2 | BP1 BPO
09h| Display Control 3 W 0 0 0 0 0 PTS2 [ PTS1 | PTSO0 0 0 PTG1 | PTGO 1SC3 ISC2 | ISC1 | ISCO
0Ah| Display Control 4 W 0 0 0 0 0 0 0 0 0 0 0 |FMARKQE| FMI2 | FMI1 | FMI0
0Ch| RGB Display Interface Control 1 | W 0 ENC1 | ENCO 0 0 0 RM 0 0 DMt DMO 0 0 RIMI | RIMO
0Dh| Frame Maker Position W 0 0 0 0 0 0 FMP8 | FMP7 | FMP6 | FMP5 | FMP4 | FMP3 | FMP2 | FMP1 | FMPO
0Fh| RGB Display Interface Control 2 | W 0 0 0 0 0 0 0 0 0 0 0 VSPL | HSPL 0 DPL EPL
10h| Power Control 1 W 0 0 0 SAP 0 BT2 | BT! BT0 | APE | AP2 | AP APQ 0 0 SLP [ STB
11h| Power Cantrol 2 W 0 0 0 0 0 DC12 | DC11 | DC10 0 DC02 | DCO1 | DCOO 0 Ve2 | VKt VCo
12h| Power Control 3 W 0 0 0 0 0 0 0 0 JVCREf 0 0 PON VRH3 | VRH2 | VRH1 [ VRHO
13h| Power Control 4 W 0 0 0 VDV4 | VDV3 | vDV2 | vDVi | VDVO 0 0 0 0 0 0 0 0
20h| Horizontal GRAM Address Set | W 0 0 0 0 0 0 0 0 AD7 | AD6 | ADS AD4 AD3 AD2 | AD1 ADO
21h| Vertical GRAM Address Set W 0 0 0 0 0 0 0 AD16 | AD15 | AD14 | AD13 | AD12 AD11 | AD10 | AD9 | AD8
22h| Write Data to GRAM W RAM write data (WD17-0) / read data (RD17-0) bits are fransferred via different data bus lines according to the selected interfaces.
29h| Power Contral 7 W 0 0 0 0 0 0 0 0 0 0 VCM5 | VCM4 | VCM3 | VCM2 | VCM1 | VCMO
2Bh| Frame Rate and Color Control | W 0 0 0 0 0 0 0 0 0 0 0 0 FRS[3] | FRS[2] | FRS[1] | FRS[]
30h| Gamma Control 1 W 0 0 0 0 0 KP1[2] | KP1[1] | KP1[O] | O 0 0 0 0 KP0[2] | KPO[1] | KPO[O]
31h| Gamma Control 2 W 0 0 0 0 0 KP3[2) | KP3[1] | KP3[0]| O 0 0 0 0 KP2[2] | KP2[1] | KP2[0]
32h| Gamma Control 3 W 0 0 0 0 0 KPS[2] | KPS[1] | KPS[0] | O 0 0 0 0 KP42] | KP4[1] | KP4[0]
35h| Gamma Control 4 W 0 0 0 0 0 RP1[2] | RP1[1] | RPI[O]| O 0 0 0 0 RPO[2] | RPO[1] | RPOJO]
36h| Gamma Control 5 W 0 0 0 [VRP1[]| VRP1[3] |VRPI[2])VRPI[1]|VRPI[O]] © 0 0 0 VRPO[3] | VRPO[2]| VRPO[1]{ VRPO[O]
37h| Gamma Control 6 W 0 0 0 0 0 KN1[2 | KNT[1] | KN1[0]] O 0 0 0 0 KNO2] | KNOJ1] | KNOJO]
38h| Gamma Control 7 W 0 0 0 0 0 KN3[2] | KN3[1] | KN3[o]] O 0 0 0 0 KN2[2] | KN2[1] | KN2J0]
39h| Gamma Control 8 W 0 0 0 0 0 KNS[2] [ KNS[1] [ KNS[O] | O 0 0 0 0 KN4[2] | KN4[1] | KN4[0]
3Ch| Gamma Control 9 W 0 0 0 0 0 RN1[2] | RNT] | RN10]] O 0 0 0 0 RNO[2] | RNO[1] { RNOJO]
3Dh| Gamma Control 10 W 0 0 0 |VRN1[4]] VRN1[3] [VRN12JJVRNT[1]JVRNT[O]] O 0 0 0 VRNO[3] | VRNO[2]| VRNQ[1]] VRNO[Q]
50h| Horizontal Address Start W 0 0 0 0 0 0 0 0 HSA7 | HSAB | HSAS | HSA4 | HSA3 | HSA2 | HSAT | HSAQ
51h| Horizontal Address End Position | W 0 0 0 0 0 0 0 HEAT | HEAS | HEAS | HEA4 | HEA3 | HEA? ]| HEA1 | HEAD
52h| Vertical Address Start Position | W 0 ] 0 0 0 0 VSAB | VSAT | VSA6 | VSAS | VSA4 VSA3 | VSA2 | VBA1 | VSAD
§3h| Vertical Address End Posttion | W 0 ] 0 i 1] 0 VEAB | WEAT | VEAG | VEAS | VEA4 | VEAZ | VEA2 | VEA1 | VEAD
60h| Driver Quiput Cantrol 2 il G3 NLG | NL4 NL3 HL2 | ML NLD 0 0 SCN3 | SCH4 | SCM3 | SCN2 | SCN1 | SCNO
61h| Base Image Display Control W ] 0 0 0 0 0 ] 0 0 0 1] 0 NOL | VLE | REV
BAh| Vertical Seroll Control W 0 1] 0 0 0 0 VLB VL7 | VLE VL5 VL4 VL3 vz | vit VL0
BOh] Parfial Image 1 Display Position | W 0 0 0 0 0 0 PTDPOB |FTDPOT7 |PTDPOG | PTOPOS | FTDPO4 | PTDFO3 |FTOPOZ |PTDPO1 { FTDFOO
|Eih Partial Image 1 Area (Start Line) | W 0 0 0 0 ] 0 |PTSAD8 |PTSADT [PTSADE | PTSADS | PTSAD | PTSADZ |PTSA0Z | PTSADT | PTSADD
|32h Partial Image 1 Area (End Line) | W 0 0 0 ] 0 0 |PTEAQS |PTEAQT [PTEADS | PTEADS | PTEAD4 | PTEADZ |PTEAD2 | PTEADT | PTEADD
|93h Partial Image 2 Display Position | W 0 0 0 0 0 0 PTOP18 |PTDP17 |PTDP{6| PTDP15 | PTDP14 | PTDP13 (PTDP12 |PTDP11 | PTDP10
|B4h Partial Image 2 Area (Start Line) | W 0 0 0 0 0 0 |PTSA18 |PTSA17 [PTSA1E | PTEA1S | PTSA14 | PTSA13 |PTSA12|PTSAM | PTSAND
|85h Partial Image 2 Area (End Ling) | W 0 0 0 0 0 0  |PTEA18 |PTEA1T [PTEA1E| PTEA15 | PTEA14 | PTEA13 |PTEA12|PTEAN | PTEATD
90h| Panel Interface Contral 1 W 0 0 0 0 0 DIvVI1 | DIvioD 0 0 0 0 RTNIZ | RTNIZ | RTNI1 | RTNID
82h| Panel Interface Control 2 w 0 0 0 0 NOWI2 | HOWI | NOWID| D 0 0 0 0 0 0 0
5! Panal Intarfare Contral 4 W 0 0 il 0 1] DIVET | DIVED il 0 D rTMEs | BTME4 ] RTNER | RTNEZ ] RTNE1 | RTNED
Ath| OTPVCM Programming Control | W 0 0 0 | O | ¢ 0 0 0 0 | YCM_ | VCM_ | VCM_ | VCM_| VCM_| VCM
| | | PGM_EN | | | | OTPS | OTP4 | OTP3 | OTP2 | OTP1 | OTPO
A2hl OTPVCM Status and Enable | W PGM_ VCM_ | VCM_ | VCM_ | VCM_ | VCM_ | VeM_ | o 0 0 0 0 9 g | YO
CNT1 D5 D4 D3 02 D1 D0 EN
ASh| OTP Programming ID Key W <,E,Y K‘E"Y KEY KEY K‘En'f .<E‘r' Kg‘r KEY KEY KEY Kg\r' KEY -:?r' K?V K":-‘r'
| 12 I3 1< 1 L'} o o ! o a2 b £ I u
82
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Driver Output Control (R01h)

LCD_WR REG(0x0001,0x0100); // set SS and SM bit

RW RS D15

D14 D13 D12

D11 D10 D9 D8 DF

D5 D4 D3I D2 D1

STM32F103

DO

[ w ] [o]o

[0 Jo |

o [sm|ofss|ofofoo [o [o o [0 ]

S$S: Select the shift direction of outputs from the source driver.

When S5 =0, the shift direction of outputs is from S1 to S720
When SS =1, the shift direction of outputs is from S720 to S1.

In addition to the shift direction, the settings for both SS and DGR bits are required to change the

assignment of R, G, B dots to the source driver pins.

To assign R, G, B dots to the source driver pins from 51 to 5720, set 33 = 0.

To assign R, G, B dots ta the source driver pins from 5720 to 51, set S5 =

When changing SS or BGR bits, RAM data must be rewritten.

S G35 Ecan Direction Gate Ouiput Sequence
F320 5579
G318 3177
I Iy
PRI [ ———— [
i 3 = N | G1, 32, 63, G4, ...G318
; ) 21 : i & 5317, 3318 G219, G220
s 34 53 d
:v:;i G2 eal ié
L] ILIs3zz =
D31 G517
: )
Ewer-ruviber | - TFT Farel 1 -Ecld- numil;e”
=1 i = 5320, 3318, 5318
0 1 a : ' I R
H 4 G3 HE ' ’
a e 1 !Q
=1 ILIg322 ol
Evar-numier G320
{1 - .
1 TFT Pare G1 ..33. GS G- N G311
1
& o 313 G315 G317, G318
5] 5574
i 0 = ? el numilz e
?‘1 .
AR E G2, 34, GB, G8, ....G312
=)
o G314, G316 G313, G320
=
Fuar-numhar | 3328
et | G320 3313, G318
i | . .
i) TFT Pare:
510, 53, G6. 51, 52
G2
S55379
1 1 8 = 1 Ddd nunabe-
2 [ I — G319, G317, G315
8 ¥ I= .
= el i;-_,- S8, 378, G5, G331
— = |@
L] [TEF] |
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83



Entry Mode (R03h)
A fazdol Sk e

GRAM=S oA & uf 13 Ed
% 9 RGB A5 et

sk,
BGR="0": ¥4 doH &= & I
BGR ="1": GRAM®| BGR®| RGB H|°o|HZ ~%.

RW RS D15 D14 D13 D12 D11 D10 D9 D8 DY D6 D5 D4 D3 D2 D

STM32F103

Do

‘W 1‘ TRI|DFI'-'I|[]‘EGR|D C|D‘[|{JRG‘D I!D1|IJDD|AM|D 0

[ o]

AM Control the GRAM update direction.
When AM = "0, the address is updated in honizontal writing dircction.

When AM = "1°, the address is updated in vertical writing direction.

When a window arez is set by registers R50h ~R53h, only the addressed GRAM area is updated based

on I/D[1:0] and AM bits setting.

I'D[1:0]= 00 1/D[1:0] = 01 1/D[1:0] = 10 I/D[1:0] = 11
Horizontal : decrement | Horizontal © increment Hornzontal : decrement | Horizontal - increment
Verlical : decremen: Vertcal : decrement Vertical - increment Wertical - increment
H — — »E —— = ]
AM=0 € —==""1_— . —=_ =T =2 ==
= __ = — == — —— = —= >
=== C = ===y | === = =2 ===}
: == = = — —— = == p——
Honzontal = = =T ==y == ==
=== | B | ] | Ee====
3 1B B B T
R O 5 1 T I T
- g V] (L V[V ) LRI 1]
AR || A | DR |||
e | L Y | Y Nt
1 B B Ely vy y i yyv|E

16-bit System Interface Data Format (16-bit 262,144 ZA# ¢} 65,536 A2l FEA|%t})

SIGNALTECH

84



8-bit System Interface Data Format ( 262,144 A&} 65,536 A& XA

Display Control 1 (R07h)

R'W RS

D15 D14 D13

D12 D11

D8

D5

D4

D2

D1

Do

STM32F103

| w

1

0 | 0 ‘PTDE1|F’TDED‘ 0 ‘ 0 ‘O‘EASEE‘O‘D ‘GON|DTE|CL|O‘D1‘DD|

D[1:0] Set D[1:0]="11" to turn on the display panel, and D[1:0]="00" to turn off the display panel.

D1 D0 BASEE Source, VCOM Qutput ILI9328 internal operation cL Colors
0 0 0 GND Halt 0 262 144
0 1 1 GND Operate 1 g
1 0 0 Non-lit display Operate
1 1 0 Non-lit display Operate
1 1 1 Base image display Operate
RGB Display Interface Control 1 (ROCh)
RIW RS D15 D14 D13 D12 D11 D10 D9 D8 D7y D6 D5 D4 DI D2 D1 D0
W 1 0 ENC2 | ENC1 | ENCO | O 0 0 |RM| 0 0 |DM1|DMO | 0 0 | RIM1 | RIMD

RIM[1:0] Select the RGB interface data width.

RIM1 RIM0 RGB Interface Mode

0 0 18-bit RGB interface (1 transfer/pixel), DB[17:0]
0 1 16-bit RGB interface (1 transfer/pixel), DB[17:13] and DB[11:1]
1 6-bit RGB interface (3 transfers/pixel), DB[17:12]

1

0
1

Setting disabled

Note 1: Registers are set only by the system interface.

Note2: Be sure that one pixel (3 dots) data transfer finished when interface switch.

DM1 DMO Display Interface
0 ] Internal systam clock
0 1 RGB interface
1 0 VSYNC interface

Setting disabled

SIGNALTECH
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(5) HX8347G %73}

STM32F103

Upper
[Hex) Opg ;; :m WIR | Code St Comment
i8] o7 | D6 D5 D4 03 D2 D1 Do
00 | Himax ID R 0 i | 1 0 1 0 i -
01 Display Made WIR DP_S |DP_STB ) SCROL| IDMON INYON | PTLON )
conirol TB(0) S(0) (0) (0] 0) (0i
02 | SoumnaddEss g SC[15:8] (3'b0000_0000) -
03 [ conrmnaddress fyg SCI7:0] (8'0000_0000) -
04 | ol addEss g EC[15:5] (8'b0000_0000) -
05 S:E"”;“” address | yn EC[T0] (@'b1110_1111)
How address - . .
05 [ oo WR SP[15:8] (3b0000_0000)
o | Rowaddess  fyp SP[7:0] (8b0000_0000D) }
08 S:d“';ddfess WIR EP[15:8] ('b0000_0001) -
09 | Rowacdress fyg EP[7:0] (8b0011_11H) -
oa | Faralareasart g PSL[15:8)(8£0000.0000) .
op | Fartalareasiart fyp PSL{70] (&'60800, 00000)
oc Ef;' aeaend |y PEL{158] [9%0000_0001)
op | Partalareaend fyp BEL[7:0] (B'b0011_i11) -
Vertical Scroll )
0E Top fixed area 2 WIR TFA[15:8] (800000_0000) .
Vertical Scroll - Jo
OF | Jonied a1 | WR TFA[7-0] (/60000 0000) -
Vertical Scroll ; LT
10 | peneabaol - Jwir VSAJ5:8] (800000_0001)
a4 Vertical Scroll f Mo
1 | ety |WR VSA[7-0] (B'2100_0000)
Vertical Scroll R ]
1 | g see |wR BFA[15:8] (8:0000_0000) .
Veriicai Scroii ; o i
13 [ gomea St wir BFA [7:0] (850000_D0C0)
: Vertical Scroll it :
g [ gerealSaol - fyg VSP [1£:8] (80000_0000) .
Vertical Scroll e
15 | Start address 1| WR[\ * VSP [70] (8'0000_0000) ]
16 Tﬂen'i‘:grf Access, ik WY oy [\mx0) | mv) | Muo) | BGREO)| -
17| coLMOD WR CSEL[3:.0] (460110) - IFPF2:0] (30'110)
18| OSCContol2 - JWR TP1_RADJI[3.0] (350011) NPP_RADJO[3.0](4b'0100)
19 | osccontoly  |WR . Oﬁ(%E
1A | Power Control 1 | WIR - - BT[2:0] (CO1) | -
1B | Power Control 2 | WIR - VRH[5:0] (01_1011) 4.8V [ -
1C | Power Control 3 | WIR - - i - - AP[2:0] (011) -
1D | Power Control 4 | W/R - UP|_ FS0[2.0](100) - N/P_FS0[2:0])(100)
TE_| Power Contro 5 |W/R - TP £51120] J[100) - NP _FS1[2.0])(100)
1r | Power Contral 6 | WiR arsen) | veoweny | - PoN(@) | DK(1) | xokio) | P55 | sToi)
2 | SRAMWrie  fyn SRAM Write -
Control
23| VCOM Contral 1 | WR VMF[7:0](1000_0000) -
24| VCOM Contral 2 | WR VMH7-0)(0010_1111) -
25| VCOM Contral 3 |WIR VML[7-0)(0101 07111) -
2% ?'Sp'ay Control - ISC[3-0](0001)
27 giﬁp’a?‘ Cantrol |y PTH:0)(10) PTV[1:0[(10) . PTG(1) | REF(1)
86
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STM32F103

. Upper
(Hex) ng;zl‘:on WIR | Code Lower Code Comment
D[17:8]] D7 D& D5 D4 D3 I D2 D1 Do

28 Display Control 3 |W/R - - GON(1) DTE(D) D[1:0] (0C) - -
» Frame Rate / ’ -0l ) -
P control 1 WIR IIPI_RTN[3:0](1000) N/P_RTN[3:0](1000)
A | pameRate lwr | | veLoviro00) | - | weownoen | -
B |ameRatt R N/P_DUM7-0] (8b0001_1100) -
, Frame Rate ; / 01 180 100"
2 Control 4 WIR I/PI_DUM[7:0] (8b'0001_1100) -
pi Cycle Control 1 |W/R GDON[7:0] (E'b0000_1101) -
2E [ Cycle Control2 |WIR GDOF[7:0] (g'b0111_1000) -
2F | Display inversion |WIR I/PI_NW[2:0](30'001) = NIP_NW[2:0] (35001) =

RG3 interface | .
3| control 1 WR - - RGM{1:0](00) ;

RG3 interface ' DPL HSPL VSPL EPL
32| control 2 st ) (0) (0} (0) 0)

RG3 interface |
33 contral 3 WIR HBF[7:0]

RG3 interface ; r :
M contral 4 WIR HBP[9:8] VBP[E:0] -

Panel , SS P.| GS Pan | REV P | BGR P
3% Characteristic WR B anel el anel anel B

/ . . OTP OTPO | QTP P | OTP P
38 | OTP Control 1 WIR OTP_PTM[1:0] OTP_VARDJ[1:0) por | TPEN PROG WE -
39 | OTPContol2  [WIR . O o vl O -
3A | OTPControl 3 |WIR OTEXA- O | 574 |otexat|oTe_xaof -
CTPDA | OTPD | OTPDA | OTPDAT | OTPD | OTPDAT | OTPDAT |OTFDATA|
e [ TA7 | ATAB | TS|\ A4 | ATAZ |\ A2 Al 0
3C__| CABC Control 1_|W/R DEVI7-0](8'h00) =
' BCTRL DD BL
3D CABC Control 2 |W/R - ) 0) 0) -
3E CABC Control 3 |W/R - EEI]J ?00} -
3F | CABC Control 4 |WIR CMB[7:0](8'h00) -
40 r1 Control (1) WIR - - VRPO[E:0 -
11 r1 Control (2) WIR — = VRPI[E:D -
42 r1 Control (3) WIR - VRP2[E:0 -
43 | rl Control (4) WIR - - VRP3[E:0 -
44 r1 Control (5) WIR - - VRP4[E:D -
45 rl Control (6) WIR - VRP5[E:D -
46 r1 Control (7) WIR - PRPO[E:D -
47 rl Control (8) WIR PRP1[E:D
48 r1 Control (3) W/R - - PKPO[4:0] -
49| r1 Control (10)._|WIR - - PKP1[4:0] =
LA r1 Control {11} W/R - - PKF2[4:(] -
2B | rl Control (12) - |[W/R - g PKP3[4.0] -
2C_ | rl Contral(13) ~. JW/R PKPA[4-(]
50 | r1 Control(14) |WIR - - VRNO[E:0 -
51 r1 Control (15) WIR - - V‘RNHE:O -
52 r1 Control (16) WIR - - VRN2[E:0 -
53 r1 Control (17) WIR - = VEN3[E:D -
54 r1 Control (18) WIR VRN4[E:0
55 rl Control (19) WIR - - VRN5[E:0] -
56 rl Control (20) WIR - PRNO[E:0 -
57 | rl Control 21) |WIR - PRNI1[E:0 -
58 r1 Control (22) WIR = E PKNO[4:0 -
59 rl Control (23) WIR PKN1[4:0
BA r1 Control (24) WIR - - PKN2[4:0 -
5B | r1 Gontrol (25) WIR - - PKN3[4:0 S
5C r1 Control (26) WIR - - PKN4[4:0 -
5D [ rl Control (27) |WIR CGMN1[1:0] CGMNO[1:0] CGMP1[1:0] CGMPO[1:0] -
60 | TE Control WIR - - TEE—{B‘]"" TEOE(0) - -
61 1D1 WIR D17 ID16 D15 ID14 D13 ID12 D11 1010 -
62 | ID2 WIR D27 D26 D25 1024 ID23 ID22 D21 1020 -
63 D3 WIR D37 ID36 D35 D34 D33 ID32 D31 1030 -
87
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. Upper
(Hex) Op[(:%;f{iiléﬂn W | Code Lower Code Comment
D[17:8] D7 D6 D5 D4 D3 D2 D1 DO
84 | TE Qutputline2 |WIR - [TESEL1HTESEL14| TESEL 13| TESEL 12 [TESEL11| TESEL10 | TESEL9 | TESELS
85 | TE Qutputlinel | WIR TESEL 7|TESEL6| TESEL5 | TESEL4 |TESEL 3| TESEL2 | TESEL1 | TESELD
E4 | Powersaving1 |WIR EQ S1[7:0)
E5 | Powersaving2 |W/R EQ S2[7:0]
E6 | Powersaving3 |W/R EQ S3[7:0
E7 | Powersaving4 |WIR EQ S4[7:0
g | Source OP WR OPON_N[70]
control Normal
Source OP T .
B9 | ooto DiE | WR OPON _[[7:0]
ga | Powercontrol — 1,0 STBA[15:8]
internal use (1)
Power control —
EB internal use (2) W/R STBA[T:0]
gc | Source control 40 PTBA[15:8]
internal use (1)
Ep | >ourcecontl o PTBA[T-0]
internal use (2)
FF_ | Page select WiR | [ - - TPAGE SEL[1:0](00)
(6) SSD1963 x7]3}
LCD ¥ilo] LCDE=ghol sl gl Wil 43 wAs) A=E duk slol 371407

7}7} th2%o0] SSD1963 A zﬂﬁ}e

3 Folof g}, o] BEe
AHg e

A ZFE] o] ATt LD Abo] =391 Aol A 791%] ) 864 x 480714

CSt —

DICH —
E(RD¥) —
INHWRY) —
DI230] 4

E

CONF —

RESETH ==

System Clock
and Reset Mgr

| Generalor

M
MCU
Interface [T

Frame Buffer

MERE He g
uf @o] AR&str},

Registers » (FAE
» LLINE
~ b [SHT
LCD 0
COﬂ’[I’O”EF E p LDATARE0)
=
i
' » LDEN
)
0
Rotion/ 0 |e > GFIOBO)
e > GAMASITD)
——
DBC > PUN
Imeeesssss——  ——)
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STM32F103

LCD ¥ddle] LeD=ghel Bt fl ddo]
b2 5o] SSD1963 Al 2713HE & Fofo
[e3}

B
1
J

s HEE k. 9ol 377 A7
gtk o] BES AMHRE HMEg A 4w o

RESET(1273) =>H

CONF(128%) =>H (808021 B Hlo] A= A}-g-3kt}.)

PLLA=# 2~ (0xE0) & 0x01 enable 3+ & 0x03 3}o] start 3+t}.  PLL Frequency
oj=d 2 (0xE2)+= 10MHz*36/3 = 120MHz ©llA 36% 360Mhz = 10Mhz x (35t1), 120Mhz =
360Mhz / 3 oA 3 WYett. o714 ZbzF 18 w35, 2 7} W&tk 2elA PLL Frequency
o=g A (0x )E O0x , 0x02 & 231, 0x54 Yu|E F7F A 2. 97]|4E 10Mhz &
AFEEFAAITE, 8MHzE ARESEH AL gho] gEkITh.

o] 71 = AHAd o] LMS700KF06S ol & So] Aw g},

Yertical fiming

Signal Symhbaol Min. Trp. Max. Unit Note [
Frame Frequency fFRM - ] - Hz
Vertical Back porch VP - i - H VPS
Vertical Front porch VEP - 3 - H Y

Horizontal timing

Signal Symbol Min. Tvp. Max. Unit MNote [
Horizontal Back porch HBP - 16 - COTCLK HPS
Horizontal Front porch HEP - 3 - DOTCLK =Noke

IMYTCLK Frequence faonrcrn . 45 - MHz EEFRM=060Hz
[ 1

HT (= 1 Line)

LPS HPW

LLINE

LDEN | l

HPS | HDP

89
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STM32F103

DOTCLK ©] 24.5MHz (120MHz * (LCDC_FPR+ 1)) / 2720 oAl TFILCD vlt} tf2= 2 A A
ZHHUA AYE o} aut.

Interface Timing

1 Frame VT
Display area (450H)
VBP=BH o VFP=5H
VSYNC . L]
H
LR ] Hil i H e 0]
wee [ TP ETUPUETTTETPEPUTUETTITETUTET
oorcu INTRNINNITGAIANI R RA N NN AN ANREAA)
I L"“-H
] 1Y
PD23-0
I I “1"-..“‘
JJ \""*..‘
! "‘-..‘
I N
VAWS/=1H T
VSYNC
1H
3CLK</=HAW HT
HSYNC -
HBP=1BCLKSH..— Display area HFP=8CLK
- - HP - -
if 11 if s | I i
oorek | [T UL CTUUUUU-UUUUUUU-TUUUUHUULU
800CLK
DE
_]
PD23-0 ImI o Il Iz IJ Irg:' ]m !:'99{
HT 823 // (HPS(HPW+HBP)+HDP+HFP)=824=16+800+8 //Horizontal Total
HDP 799 // HDP
LPS 0 // Horizontal Display Period Start Position
HPS 15 // 16-1 (HPW+HBP) //LLINE Pulse Start Position
HPW 3 // 4-1 LLINE Pulse Width
VT 493 //  (VPS(XE=+= VPW+VBP)+VDP+VFP) =8+480+5 //Vertical Total
VDP 479 // 480-1
FPS 0 // Vertical Display Period Start Positio
VPS 7 // 81 (VPW+ VBP) // LFRAME Pulse Start Position => 8+1=>9% 3fjof &t
VPW 0 // 10-1 LFRAME Pulse Width
LCDC_FPR & 214083 ©]aL o] & HEXZ =22 38 &'H0x034443 ©] ).
LCD_PIXEL_CLOCK®] o} =2 (0x00E6) o 22 T},
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LCD Mode (BOH, B1H) =>7H#| u}z}w e}
G[5:3] : Even line RGB sequence (POR = 000)

000 RGB
101 BGR
G[2:1] : 0dd line RGB sequence (POR = 000)
000 RGB
101 BGR
 RAEE
Command BEh
D/C D7 D6 D5 D4 D3 D2 D1 DO Hex
Command 0 1 0 1 1 1 1 1 0 BE
Parameter | 1 PWMEF, | PWMF, | PWMF;s | PWMF, | PWMF; | PWMF,; | PWMF, | PWME, XX
Parameter 2 1 PWM; PWM;g PWM;s PWM, PWM;, PWM, | PWM, PWM, XX
Parameter 3 1 0 0 0 0 C; 0 0 Cy XX
Parameter 4 1 D, D{, D5 D4 D'_{ D: D] D[] XX
Parameter 5 1 E-; Eq Es E4 E; E, E, Eg XX
Parameter 6 1 0 0 0 0 F, F, F, Fy XX
PWF[7:0] : Set the PWM frequency in system clock (POR = 00000000)
PWM signal frequency = PLL clock / (256 = PWMF[7:0]) / 256
PWI[7:0] : Set the PWM duty cycle (POR = 00000000) PWM duty cycle = PWM[7:0] / 256
Note : PWM always O if PWM[7:0] = 00h
CAT4238 Datasheet A%
Symbol Parameter Test Conditions Min Typ Max Units
la Operating Current Vep =02V 0.6 1.5 mA
Vg = 0.4 V (not switching) 0.1 0.6
lsp Shutdown Current Vepupn=0V 0.1 1 wh
Vg FB Pin Voltage 10 LEDs with I_gp = 20 mA 285 300 315 mv
leg FB pin input leakage 1 A
lLep Programmed LED Current R1=10Q 285 30 3.5 mA
R1=15Q 19 20 21
R1=20Q 14.25 15 15.75
Vin ‘BHDN Logic High Enable Threshold Level 0.8 1.5 V
VL ‘SHDN Logic Low Shutdown Threshold Level 0.4 0.7
Faw Switching Frequency 0.8 1.0 1.3 MHz
91
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CAT4238 AF8-A] 25 AL&-3HT),

1 duf 120Mhz /(256 * 1)
2 duj 120Mhz /(256 * 2)

3 duf 120Mhz /(256 * 3)

/256 = 1.831MHz
/256 =
/256 = 610.3KHz

STM32F103

915.5KHz => Ho|EIAES B 1MHz o 7177] vl

LCD_WR_REG(0XO00BE) ;

LCD_WR_Data(0x0002); //2 dwj 120Mhz /(256 * 2)/256 = 915.5KHz

LCD_WR_Data(val); // LCD ¥7] =4 0~255

LCD_WR_Data(0x0001);
LCD_WR_Data(0x00FF) ;
LCD_WR_Data(0x0000) ;

LCD_WR_Data(0x0000) ;

- RGB 565 Format
TFTLCD <928 RGB 565 3

#define RED 0XF800

=

Ao shol7] witel A& EAIS w OXF800 o2 ERHIt.

o] HES AFOR AN LRI AelEx ofdelEE Fa g,

http://www.henningkarlsen.com/electronics/calc_rgh565.php

RGB565 Color calculator

SIGNALTECH

RGB HSL CMYK

R: 255 (0-255) H: o ©° C: 0 %
G: 0 (0-255) S: 100 % M: 100 %
B: o0 (0-255) L: 50 % Y: 100 %
K: 0 %%

Calculate Calculate Calculate

HEX
Hex Value FFOOOD Calculate
RGB565:0xF800
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- PCX B d&Ed o

POXE ZAZEGA e a9 sl Eolth. ZAXETL ARF Eovlwke] HAERY
Al TR AFeE7] 95t TS AT, H2os o Ue Aoz s Ao Al
A 9a glov} o)A 800x480 o|1|A| Alo]=E Tl AZ o2 BIP UL o] oF
7] wi PCX o|v| XS HLS 59T},

:|:’4

TFTLCDOl 23 olv A& #AFFrh.  800x480, 320x240 ©|W| A& 7}7} t] 2

| w&eltt.

i

o] gt
800x480 o] "] X|3= 270 STM32F407 Z 213 Alo]=R X &3

N

WA 800x480 = HZ S 800x480 (1.09MB) Aleo]l= BMP 1 fdo] &&Fo] =7] djiEo PCX
waleltl, 4 X2 S ALg3ke] 320kBE W3}
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Pcxconv.exe & AF&3le] sAlmz==2 wWEksic;, o) 2y PCX S C 2 WIst 3
o]},

C LS do] i
const char UserPCX[]={

0x20,0x03, 0xE0, 0x01,

0xC5,0x00
F;

o
S
Mo
2
__}1_2
Ll
[k
fitl
|

i)
2
o,
2
e
®
fo
2
it}
)
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void lcd_pic(unsigned short x,unsigned short y, const unsigned char *src)

unsigned short 1i,j;

unsigned short w,h,rgh[256];
unsigned char 11,i2,ch,rc;
int ¢,x2,y2;

X2 =y, Y2 = X,
w=(*(src))+(*(srct1)<<8);
h=((src+2))+(*(src+3)<<8);

LCD_WR_REG(0x0024) ;
LCD_WR_Data(x>>8);
LCD_WR_Dat a(x&0x001f);
LCD_WR_Data((x+w-1)>>8);
LCD_WR_Data( (x+w-1)&0x00ff);
LCD_WR_REG(0x002b) ;
LCD_WR_Data(y>>8);
LCD_WR_Data(y&0x001f);
LCD_WR_Data((y+h-1)>>8);
LCD_WR_Data((y+h-1)&0x00ff);
LCD_WR_REG(0x002¢) ;

for (i=0;1<256;1++){
rgblil= *(srct4+(i*2)) + (#(srctbt(i*2))<<®);
}

c =0;
for(j=0; j<h; j++) {

//TFT_GRAM_address(x2+j,y2);
for(i= 0; i<w;) {

ch = #(src+(4+(256%2))+c);
if((ch & 0xc0) == 0xc0) {
rc = (ch & 0x3f);
ctt;
while(rc—) {
LCD_WR_Data( rgh[=#(srct+(4+(256%2))+c)] );

1++;
}
ctt;
}
else {
LCD_WR_Data( rgblch] );
P+ o
;

SIGNALTECH
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o]ln| x| &

= 27

led_pic(0,0,UserPCX);

ol g} 7

ge gow o

i

oA shel %

=

TFTLCD <3 4= QUt}.

77 800x480 W] A= 1.09MB Abo]= BMP 1@l d}ele] mel cx W3lE Alo]=i= 3.75MB o]l
PCX o]mA]= 320KBo A c= ®Fhe 1.6MB ©|t}.

BIP 3t Hx=F#H o]
2o olu|x 9] BIP wUE t]aE o]
94 59x59 Ake]= 10.5kB

=

=

2 I 2 WH3kelH 34.9kB 2 Hrh
WAl 2 73 (Image2led )<

SIGNALTECH
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void TFT_Disp_sys_ico(unsigned int xsta,unsigned int ysta,unsigned int

xend,unsigned int yend,unsigned char picturenumber)
{
unsigned long n,disp_pix_num;
unsigned int temp;
disp_pix_num=(unsigned long)(yend-ysta)#*(xend-xsta)*2;
LCD_WR_REG(0x0024) ;
LCD_WR_Data(xsta>>8);
LCD_WR_Data(xsta&0x00ff);
LCD_WR_Data(xend-1>>8);
LCD_WR_Dat a(xend-1&0x00{f);
LCD_WR_REG(0x002b) ;
LCD_WR_Data(ysta>>8);
LCD_WR_Data(ysta&0x00£ff);
LCD_WR_Data(yend-1>>8);
LCD_WR_Data(yend-1&0x00ff);
LCD_WR_REG(0x002¢) ;
n=0;
while(n<disp_pix_num)
{
temp=(uint16_t ) (Systerm_ico_XX[n+picturenumber *
6970]<<8)+Systerm_ico_XX[nt+1+picturenumber*6970];
LCD_WR_Data(temp);//
n=n+2;
}
//o1m A 3y

TFT_Disp_sys_ico(100,100,100+59,100+60,0); //<|A] o]w]A]

LCD_WR_REG(0x0024) ;
LCD_WR_Data(xChar>>8);
LCD_WR_Dat a(xChar&0x00ff);
LCD_WR_Data(xChar+7>>8);
LCD_WR_Data(xChar+7&0x00ff);
LCD_WR_REG(0x002b) ;
LCD_WR_Data(yChar>>8);
LCD_WR_Data(yChar&0x00ff);
LCD_WR_Data((yChar+15)>>8);
LCD_WR_Data((yChar+15)&0x00ff);
LCD_WR_REG(0x002¢) ;

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

for(j=0; j<w; j++) LCD_RAM = #*bitbmp++;

}

SIGNALTECH
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qmmmmﬁﬂmmmmmla_:__
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NO LOC.NO DESCRIPTION | TYPE SIZE SPECIFICATION

1 U1 LCD-CONTROL SMD [LFCSP_WQ [SSD1963QL9

2 |u2 IC SMD [SSOP16 IADS7846E

3 U3 /C SMD (SSOP16 75C2003

4 |U4 Regulator SMD |SOT-25 UP7331-12WG-7

5 Us Regulator SMD [SOT-223  |AZ1117H-1.2TRE1

6 |U6 /C SMD |SSOP20 laRr1020-1/SS

7 |u7,u8,u9 DC CONVERTE SMD [MSOP CAT4238

8 M X-TAL SMD |ATS 10.0MHz/12pF SX-1

9 R1,R2,R8,R12,R15,R26,R27 Resistor SMD [1608 4.7 KQ

10 R3,R14 Resistor SMD [1608 P2 Q

11 R4 Resistor SMD (1608 100 KQ

12 [R5,R6 Resistor SMD [1608 P.2 KQ

13 [R7,R9,R16,R18,R30,R31,R32,R33,R34,R35,R36,R37 Resistor SMD [1608 0Q

14 R10,R17,R19 Resistor SMD (1608 NC

15 R11 Resistor SMD (1608 470 Q

16 [R13 Resistor SMD [1608 PO KQ

17 |R20,R21,R22 ,R23 ,R24,R25 Resistor SMD [1608 10 @

18 [R28,R29 Resistor SMD [1608 10 KQ

19 (C1,C4 Capacitor SMD [|1608 BPF

20 (C2,C5,C10,C13,C20,C21,C24,C31,C39 Capacitor SMD A 10uF/16V

21 |c3,c6,C7,C9,C11,C12,C15,C17,C18,C19,C25,C26, Capacitor 104

C27,C28,C29,C30,C32,C33,C34,C35,C36,C37 SMD [1608

22 (C8,C14,C16 Capacitor SMD B 47uF/10V

23 [C22,C23,C38 Capacitor SMD B 1uF/35V

24 1 DIODE SMD [DO-214AC [IN4007

25 |p2,D3 LED SMD [1608 GRN

26 |D4,D5,D6 DIODE SMD [DO-214AC [SS14

27 [FB1,FB2,FB3,FB4 BEAD SMD 012 15 ohm

28 U1,J4,J12 71 E HIF3BA-34PA-2.54DSA
SMD [2.54p E==>34 H 3

29 12,43 71l Ef 0.5mm 40  |FPC TM-0520-0040
SMD [2FH LMS700KF05

30 U5 1 B DIP [M5267-02 [CON2

31 |9,J10 el 5 o DIP px1 CON2

32 U6 71l Ef FH12-65— [CON8
SMD [0.5SH(55)

33 7,48,J11,J13 P E SMD [52271-0490 [E{X|(17H2}F ALZ)

34 |L1,L2,L3 EX P2uH YC53RT-
SMD 5034 P20M=>47uH

35 Q1 TR D MMBT3904(2N3904)

36 |LMS700KF05 LCD oiP 7inch 640X480

SIGNALTECH
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(7) Z=233 (d)

D A Aol

#define LCD_DC GPIO_Pin_2 // GPIOB

#define LCD_CS GPIO _Pin_12// GPIOB

#define LCD_RD GPIO_Pin_13// GPIOB
#define LCD_WR GPIO_Pin_14// GPIOB
#define LCD_RST GPIO_Pin_15// GPIOB

#define LCD_DATA_GPIO GPIOC

void SSD1963 WriteCommand(unsigned int cmd)
{

SSD1963_CS_LOW();

SSD1963 DC_LOW();

SSD1963_ WR_LOW();

SSD1963 DATA GPIO(cmd);

SSD1963 WR_HI();

SSD1963_CS_HI();

}

void SSD1963 WriteData(unsigned int data)
{
SSD1963_CS_LOW();
SSD1963 _DC_HI();
SSD1963_ WR_LOW();
SSD1963 DATA_GPIO(data);
SSD1963 WR_HI();
SSD1963_CS_HI();

@ SSD1963° 10MHz ] ~g AFE-A|
SSD1963 WriteCommand(0x00E2); // Set the PLL (PLL Frequency = 10MHz*36/3 = 120MHz)
SSD1963 WriteData(0x0035); //  M=35, 360Mhz = 10Mhz x (35+1)
SSD1963 WriteData(0x0002);  //N=2 (3-1), 120Mhz = 360Mhz / 3
SSD1963 WriteData(0x0054);//Dummy Byte

@ DOTCLK Frequence =24.5MHz ©]|=. 2

// Optimum Pixel Clock(PCLK) for SAMSUNG 7Inch LCD is 24.5Mhz,
// 24.5MHz = ( 120MHz * (LCDC_FPR+ 1)) /2720

// LCDC_FPR = 214083 = 0x034443

// Set LSHIFT(pixel clock) frequency.

SSD1963 WriteCommand(0x00E6);//LCD_PIXEL CLOCK);//
SSD1963 WriteData(0x0003);//
SSD1963 WriteData(0x0044);//
SSD1963 WriteData(0x0043);//

8) WZolE
D HMEPH= He
TFT LCD 3WHS H|HFE= 7oz wteA AYS 27} sloF TFT LCD WS &
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| High R179] Low7} Eo] Weglo]E z o] o]t}
st o] vt

PB2 LED_EN

[1% 2.2.10] H”EPO]E T5 3=
02 32% AMEE w RI3R22 AFe] #Bad & k. RI3, R2%E AF <
=3

o

LCD BL_GPIO Config(); &
GPIO_InitTypeDef GPIO _InitStructure;
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOB|RCC_APB2Periph AFIO, ENABLE);
GPIO_InitStructure.GPIO Pin =LCD BL;
GPIO _InitStructure.GPIO_Mode = GPIO_Mode Out PP;
GPIO_InitStructure.GPIO Speed = GPIO Speed 50MHz;
GPIO_Init(GPIOB, &GPIO _InitStructure);

@ SSD1963 #-&
dutx o g Wglo]E A8 LED Drive IC 2AES HLO] AbE3HaL . iAo w
FAN5333, CAT4238TD, AAT3123, AAT3132, NCP5005 = LCD ¥#dlo] LED 7o 2t
A AgS 3l 43 ¢1% A X LED Drive ICE 3y AXE ARRSATF 7914 A
& 3/E AREElor sk A% ok g = AMES A4S stdo] ofFAY, &
o] o] WAttt T ICoA LED ¢ /& A st &xE dEstd doh
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STM32F103

Touch
1. ADS7846

@ ADS7846% #

ADS7843°|1 ADS7846 Ab&¥ = W EAlo] HAUsltl ADS7843/78462 412
Atk whao] A AW AEES AR F9 EFJo2E YR 25V7])E
AeS o] gste] wiHE HUSA, H 2254 HA 4" SAH7]5
Ao, SPIYA FAlO R ALEgh)

A —

2 74
s | A oE 715 K¢°F

1 +VCC | A9 A, 2.7V to5V.

2 X+ X+ 91# Y= ADC1

3 Y+ Y+ 91A 998 ADC2

4 X- X-912 949

5 Y- Y-912 949

6 GND A

7 IN3 AUX €12 1. ADC3 (Battery Monitor Input => ADS7846) *!

8 IN4 AUX $¥ 2, ADC4 (Auxiliary Input to ADC =>ADS7846) *

9 VREF | 71& A

10 +VCC | dxE 10 AY A, 2.7V o 5V.

11 /PENIRQ | PEN JEHE., 2& o= (A 10kQ~100kQ EH A Z Q)

1 DOUT Zﬁ;ﬂll}iq‘/ﬁa‘s Hloll{ihf DCLK 9 aAel Aol o) o] o] &8 H2

13 BUSY |Busy £9. o] 82 =2 dudx¢d w /CS 7} High

14 DIN 2™ deold 4=./CS = Low, HolE = DCLK ¢ 5ol #[ol ola] 4]

15 cS F de ]y Wk gol A J/EY A= Aol/cS=1 3£

OL5= (A/D AWE 7
16 DCLK | &% 23 3. o] 232 SAR ¥ AA¥ 57]2 24 doly 10 23

ADS7843, ADS7846 x}o]d o & 7H *[, 8 *2 & ADS78469] EA S vEhdth HE=d
A o] BES ARESHA] 7] dfitell %Lo}ﬂ F Aoz ALE-siry,
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Powar Down

DCLk I I | | | I I
1 15 1 15 1

DIN s [a2 [a1 a0 a3 ot fpo] [ [a2 [a1 [0 pood 3 Jrot e s |az|a1]a0
BUSY — [ Il
DouT — [t]rwfafa]r|a]afalalz]1]c] [||||0|~J|a|ri TriSiie

FH o W ehE(

15Clocks-per-Conversion)

Q@ TAIEE
27/t +5V
)
WE e ADSTB43
vy 10uF T
= tDpT.iﬁnal]T = —E Ve DCLK SerialConversion Clock
_% E e s Chip Select
AN \r".'."\'."-{-;".“g"\f oy E W+ DIN Seria Data In
Touch _'53 E He BUSY ¢ Convarter Status
Screen
% | E Y DouT Seria Data Out
S —— E GND PENIRG | 11 }—0—( Pen Interrupt
o—] —|? N3 Ve
Audiary Inputs O (6] Vegr =3 100K foptional
@ ADS7843/78462] Alo] ¥
Bit 7 Bit 6 Bit & Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
(M5B) (LSE)
5 AT A1 A0 MODE |SER/DFR| PDA PDO
ADS7843/78462]
IENEEE A
A& HE. AEE Afo]Es= DINC 93] A WA High M| ES}H 3 A%
7 S M2 ZAEE Hlo]Ex 12 H|E ®H3E T 15 28 F7] e 8 HE W3
R 1188 F7]= A&,
Ad A BE. SER/DFR HEd] w} A/D MUX, EJ %] =glo]n] £9|X,
6~4 | A2-A0 = o
% 938 44
3 MODE | 12/8H]E W3 2= A8 H|E 12 12 HE(LOW), 02 8 H| E(HIGH).
7% g HE,
2 | SER/DFR - -
A2-A0 Wl Eol wEhA ADMUX, Bl =ehols] ~914), /1% 9l 44
PDI - gle o mv AME Pl E
1-0 PDO 9.tk BE HE HE,
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St ~EIE HEZA &4 12 H1, MODE: A/D AWE ZE A% B]Eo|t)
M=0 ¢d 12HE #35& 2t A/D UHE BE A
M=1 dd BHIE Z3fs& 2= AD UHE R dE
7% 12 HE Belsor | & ALE d,
3JMER Y A2-A0E UF- A/D MUXZE A/D B33 7S oo o A&3le
H] Eolt},
olg] ¥+ Single-Ended 7]+ X .Z=(SER/DFR HIGH).
Al A1 A0 X+ Y+ IN3 IN4 =Nt | X SWITCHES | Y SWITCHES | +REFM -REF!!
0 0 1 +N GND OFF ON Veer GND
1 0 1 4N GND ON OFF WVoge GND
0 1 0 +IN GND OFF OFF Ny GND
1 1 0 +#N | GND OFF OFF Voge GND
NOTE: (1) intemal node. for clanfication only—not directly accessible by the user.
TABLE I Input Configuration, Single-Tnded Reference Mode (SER/DIR IICII).
olef] 3%+ Differential 7]+ R =(SER/DFR LOW).
A2 A1 AD X+ Y+ IN3 INe | -IN® [ X SWITCHES | Y SWITCHES | +REF™ -REF
0 0 1 +IN ¥ OFF ON +Y Y
1 0 1 4N X ON OFF =X X
0 1 0 1IN OND orr orr Weer GND
1 1 0 AN | GND OFF OFF Weer GND
NOTE: (1] Intemnal node, for clarification OI'IW—I'\OI directly accessible by the user .
TABLE II. Input Configuration, Differential Reference Mode (SER/DFR LOW).
SER/DFR PDI-PD0 & ©=/do|u} 2k 7|+ 48 WS A™si=d 2bs 71+ o
g AS AQEET DIR PDO HIE = 09= AR&stal ofg] 1§l Fargith
PD1IZ PDO HE 7|%&
PDI1 | PDO | PENIRQ | DESCRIPTION
0 |0 |AE AD H3E 34 ¥ AdE 39 o
0 |1 A W7 7142 OFF A Hl, A/D ¥ 3H7]= ON 4 H)
10 A W 7158982 ON JHl, A/D WM€h7]+= OFF “JH
L R = W7 7= 93} AD M7= B ONZJH

@ STM32F1033} ADS7843/7846%1 72 wj X
HA2a3d HEZ HR3 X+, Y+ X-, Y-FE AZ23, SPIFEAS 3171938 DOUT,

1T-— =
/CS, DCLK, DIN¥ /PENIRQ¥A WHS AF8-3tH YT} /PENIRQ¥ > PEN QIEHHE

FOoEH, 442 Agus =3 Hx2A2aY 2AAA LSS YR thE HEHS
A T old MCUdAl HAAAHe] 535S dETE QAHHE Holt},
HA23d1S 84S v Walshs A 7, =3 ADMUXANES W5
A/DHS FES S48k, MCUSF SPIEAI S 2 3Y #hs ¢l =t
PB3 PB4 PB5 PB6 | PB7
SPI CLK | SPI MISO | SPI MOSI | TP CS | TP INT
104
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SPI CLK (STM32, PB3) =>DCLK (ADS7843/7846, 16%)
SPI_ MISO (STM32, PB4) =>DOUT (ADS784/78463, 12%)
SPI MOSI (STM32, PBS5) =>DIN (ADS7843/7846, 14%)
TP CS  (STM32, PB6) =>/CS (ADS7843/7846, 159)
TP INT (STM32, PB7) =>/PENIRQ(ADS7843/7846, 11%)

d
i
-

;

%
ij
gty

TTRAL
CEETT
Tk
|y }
EE.

[Z19 2.2.12] ADS7843/7846 3] = 1=

2. TSC2003
TSC DEVICE ANALOG DIGITAL INTERFACE OPERATION SCHEME
INTERFACE TYPE TYPE

ADST843 4-wire SPI Normal Command-Based
ADS7845 5-wire SPI . Normal Command-Based
ADS7846 4-wire SPI . Normal Command-Based
TSC2003 4-wire I2c Normal Command-Based
TSC2046 4-wire SPI Normal Command-Based
TSC2004 4-wire 2C Register-Based with Batch-Delay
TSC2005 4-wire SPI - Register-Based with Batch-Delay
TSC2006 4-wire SPI . Register-Based with Batch-Delay
TSC2007 4-wire i2C Advanced Command-Based

ADS7843/7846°} 374 Wol ALEHET T8 5o R oF AUXYH, UF 25V SgS
olg3le] wig g 2719 ASSA, =S HA 48 SH7]so] dow, RcyAe 4l
o o}
= T .
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+2.7V lo +5V

Vaoltage
Regulator J J J
< 1.2k 1.2k 50k
= '2““-‘% 2k é.nou
1wF *L—l—" TSC2003
L 0.1uF
~ 10uF
= !Opl;nal]-g g, _E LT N1 |16 O Auxiiary Input
- 2 | X+ IN2 |15 O Auxiliary Input
|
_N fj 3 |Y+ AD 1
Touch 4 |X- Al 13
Screen — <
= I 5 |v- sCL |12 f—a—t </ Serial Clock
[ E— —d € |GND S0A |11 { Serial Data
7 | Vear PENTRG |10 + { Pen Interrupt
8 |Vearz Vaer | 9 [
— [— 1uF
+ to
\Va 0.1uF 104F
l (Optional)
W
——Main —— Secondary

" Battery T Battery
;I}\ N

+Vop A YAI} GND, HX 239 AEZ] Q3 X+ Y+ X-, Y-FE d47 RCEAS
3171$91$F SDA, SCL¥, /PENIRQ¥A RS- AF&-$HT}. /PENIRQ¥ > PEN QIE|HE o2 x4 444
Ages B3 BT AAA LASE BY o HEHS A F olw MCU A

HA T30 55SS 425 QAHHE o),

AL A 2.5V ~525V7EA1 Y] 52 W9lE 7HA AL AL, RCEALS AH&3tH F7]2
AHEAN WA o7 nAE7E At A7t RE BAS Fd £ o9la 2Muto s ofukek

FAlo] 7hssle] de] AR E = Al WA olth B4l £+ Standard Mode(100kHz), Fast
Mode(400kHz), High-Speed Mode(3.4MHz)ZS ] ¢ gt}

oA Bl A AuiE wige] Ay EUY, J 2254, HA2IY dESAHS il
ADMUX®] NS WAste] Yt dld 7159 AD ¥E 3he =

S w dssts Ay # =3 A/DbMUXA LS 875
MCU$ RCEAIC R s #e =)

LMS700KFO6 2| % K|

BHXl & B3 Bl Jls ADS7846 & B ADS7846 Jls
1 XL 2 X+
2 YL 3 Y+
3 XR 4 X=
4 YU 5 Y-
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— — — — i_ — — — ——— e — — —
| 70'WVGA :
| 800 X 480,TMR,a-si
0.1905 X 0.1905 :
g
™
| : SN 5
| = E S
B - - - I
INEEEE
Y b=
.| =
=2
| |
|
|
|
|
| X . 33.32 1m0
AT 7
3
gl = %
s =
og| e
iy L
o)
5.63 s | 7.52 s
L EHX -
#10 - #1 ! A ; Anode #1 L | EolE
XL YL XR YU C: Cathode ACACAC

3. Touch #HYH

1) 12812-7IPT2432A=>PCB 3% g4, HX 234 ¥
2) COM26T2844 => E]X| 2~3d X3, AYEHQ. o} [1¥ 22.11] &% Q.

g L \ (_ /

S2207-0430  NT-FPCOSC-05-45P  NT-FFC-CON4SP
[C218 2.2.11] COM26T2844 ©f a3k 74
1) 52271-0490(Bottom) => E] %] 27 A4 (52207-0490 Top A}-&<H3h
2) NT-FPC0.3C-0.5-45P =>PCBH-2 A4YH e} LCD AYY A4
3) NT-FFC-CON45P => PCBY-% 7] vl ¥]
3. TG028HBZ43 =>PCB 23 g4, HX ~3¢ X3

107
SIGNALTECH



STM32F103

10) SD Card (SPI A}l-&)

SD Card 2#2 [Z1¥ 2.2.13-2] A9 J49] AUTF-112CTDAR-R02, J92] T-FlashZ#!
(49225-0821) & 5 3tHE Tal7] A S AYs] AME & 5 A Hol 9

=3 27AE 199 T-FlashA#1(49225-0821) ©.& SD Card 2L w7]7} 74 o] 9l
T}, AUTF-112CTDAR-R02E= H il 27 SIHFES SfoF A A Fof Utk
oJ7]ME SD Memory Card(H&% 2G), SDHC@G) T2I1éoz F:AYow
TEst T2 o] A Ho Ut

?

id | R& S0
L N im i) | - -, ] [
M nir M2 4 10K
M [ & s 7 [N g
I ] amm_m 0
.Iﬂ— .ﬂ] COM
oo |31 = e Tl
S WD Y 7| Y. : g | DAID o g
DA ¢ AW oA G |y
[ | s
AT A1 N2 _

[Z2% 2.2.13-1] SD Card 3] 2%

[(1¥ 2.2.13-2] SD Card A&

(1).SD 7l= 718

SD 7h=& 8% AGEAZ Fo8 717l de] A&l vk SD 7h=el=
3 7FA] A< R =(1-bit SD, 4-bit SD, SPI mode)7} AL 7z} 7= 3 7kA] ASHbA S
5 Qe (¢ MicroSD ¢l A9 SPI ==+ FAo|t)) duk <l -9 25MHz
714 A ¥3kal Highspeed 1 4-%- 50MHz 23S A|¢] 3tf. MMC 9=
-gsta glom oFhe] neAbE S Bt W A4S S37bs St

SD b=t thE A viEe AESYs} 9 spl REE AT £ Qo] A
SPI BES AHESHE MCU BH 2 ofel g glo] &atel AH83 & Ak
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T FATI12 FAT16(32) FAT32
AR &% =29 €% HDD 1-§-% HDD
289 2H 149 vE & 12bit 16bit 32bit(28bit T+ AF-&)
Aol 2128 N+ 4,084 7Y 65,524 71 ok 228 W7
Hd 5 7] 16MB 2GB 2TB
ga eI 3 A X 65,535 7N 65,535 7l
FEOHEY ] g Agh A 1= B8

(2)Sh 7= 54

oAel7kA] EAo] Be 7hed olF Fad whek RE-S WA SD Memory Card <
L2 Hd 2GB,SDHC + 2GB ©|% 32GB ©]3l, SDXC + 32GB °lA] 2TB ©|t}.
TAE F2A O R Zol7b Q7] W] Wol A fg4A AT F e =,
27 AT A2 A2 SD Ft=o|y, SDHC 7=+ Alojy 7]EF ARE9
gy AgEa gdth 97]4E SD Memory Card + 2G, SDHC 4G & HZAE
ST

4. SD7I=9] AE

[Z1¥ 2.2.14] SD Card A&

Secure Digital I/O Pinout
|Pin #| SD 4-bit Mode | SD 1-bit Mode SPI Mode
Il ||CD/DAT(3] Data Line 3 IN/C | [Not Used CS  [Card Select
2 |CMD  |[Command Line |CMD [Command LinefDI | [Data Input
3 |vSsS1  |Ground |VSS1 |Ground VSS1 |Ground
|4 |‘€DD |Supp1}' Voltage |‘u’D[) |Suppl}r Voltage (VDD |Supply Voltage
5 ||CLK (Clock ICLK [Clock SCLK (Clock
|l‘.i |‘J552 |Gmur1d |V552 |Gr0und Vss2 |Gr0und
7 ||[DAT[0] |DataLine0 IDATA DataLine DO [Data Output
8 |DAT[1] |[DataLine 1/Interrupt TRQ [Interrupt IRQ |Interrupt
9 |DAT[2] |Data Line 2 /Read Wait|[RW |Read Wait m
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A=

glol el

ole) 12k S A% e A9
CMDO None(0) R1 No |GO_IDLE_STATE SD RZo)x Spl R WA Al AL
CMDI None(0) R1 No [SEND_OP _COND Z713}F 7A
ACMDA41(*1) |*2 R1 No |APP_SEND OP_COND SDC A-&. %713} A%
CMDS8 3 R7 No |SEND_IF_COND SDC V2 A&, &2 73t 2l
CMD9 None(0) R1 Yes |[SEND_CSD CSD # A 2=¥ ¢}7]
CMD10 None(0) R1 Yes |SEND CID CID #HA2~E ¢17]
CMDI12 None(0) R1b No |STOP_TRANSMISSION Holel ¢}7] A= AXA
CMD16 Blocklength[31:0] RI1 No |SET BLOCKLEN Ql7] 7] B2 Alol= W7
CMDI17 Address[31:0] R1 Yes |[READ SINGLE BLOCK Ae EF 97
CMDI18 Address[31:0] R1 Yes |[READ MULTIPLE BLOCK  [HE] &5 ¢]7]
7 )= B2 o] = Ex
CMD23 I:fLI;III;Eirs[IS:O] Rl | No |SET BLOCK COUNT I\%M\%C fz;fﬂ =5 &7)i27). AN=E A%
A=) [e]
ACMD23(*1) I(:Ifllirlr(i]f:f(g[ZZ:O] Rl | No %%Tf WR_BLOCK_ERASE_CO %?g ﬁ%égﬂ 55 27 AWM, o)l A&
CMD24 Address[31:0] R1 Yes |WRITE_BLOCK e B5 2
CMD25 Address[31:0] R1 Yes |WRITE_MULTIPLE BLOCK [HE] E% 27|
CMDS55(*1)  [None(0) R1 No |APP_CMD o] Zg Ao A B3} Auls
CMD58 None(0) R3 No [READ OCR OCR 17

* 1 : ACMD<n>+= CMD55-CMD<n>9] AWM= =X Z o) u| st}

*2 0 ol eF0)[31], HCS[30], <l 2F(0)[29:0]
* 3¢ o 9F(0)[31:12], Supply Voltage(1)[11:8], Check Pattern(0xAA)[7:0]

<SPI

A9

Agkol 5ot

Satet

assert(Low)3}al CMDO
A= 8hal, Low el o] A9 SPIE=

e

z718} =A1>
MMC/SDC A= A ON ol o8] -4 27 Ejeoly|o]
SPIRER 2713 steiyl v A& s 227 9l

= AXlo]
H

H

of o8l 7F== 250ms oW, & A<t 20V 744

Adgdo] kA Ee Jt= A9)s HAEsHY Ims o 71oh AL,
DI (CMD #%A,CS & High Z 312 SCLK = 74clock ©/-4F (400kHz ©]&}) # 1o/ IDLE
of ZWE FH7F 7hs st
SPI ZE 9] A% clock-d°]EE 100kHz~400kHz = A O™ CSAZE

Gl

HjH, =X EQ o] reset & SFTF. CMDO0 = CSASE
o] 7}= Folth. CMD0 & ®dl wj:= SD

Reo|a, ofA SPI R ofl7] wjite], W= 3f71 ¢ CRC HFOE 0x95 & A%

&l oF

o] EoR SPIR=

=°] 7hd Rl ez SH3H

SD 7F=7} V2.0 o]4S AF&A] CMDS & Hu] SD b= §2hg Almstal, oW
So] 7 R7 EHE
HUYE $gte] ¢glom SD 7=+ v2.0 o]&to]t).
Rrolal, ofz SPI = ofyy] wjiel, IWl=.-3]71¢] CRC HFO]E 0x95 &

CRC HFOE 0x87 & %% dflof o] o=z SPIR=
SeHglt) wkek CMDS8 2

=

2~
as

CMD1 & HuUH 7}

slok o] W ow SpI R

- -
—

2713}

E9°] 7} RI1 Response(0x01) FEj = & ¢ 3o},

e ST

25 polling 3}7] wtol,

CMD1 & HHE 3} $5213)] Response & AFE YT 27]3817F F531H, InIdle
State H]| E 7} (0x00)Response 7} Eol7tt}, 7l=of QM= 27|82 =2/ ms o/
Zao, gl ofxedl= o5 5ol Fofob gttt o] Hrt 5 AAFH
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3 7] EZ o] 7}%shA ©rh SDC 1#]H CMDI thAle]l ACMDA41l
71817 B4 Har glar o] Ald st} SD 7F=9F MMC %ol o) &3l
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.CID gl A 2=H]

CID #l A~ += SD/MMC 7H=9] 1143 AHE T 9l

128 H{ES] Z17]|o] 7}=9] AFH, AlgdHs 59 141%% ZHA AL Qe
& ofefjel 2t

7] Al
ol& BRel A
(bit) (bit)
ZALe] 11 O A1
Manfacturer ID Binary 8 127~120 ﬂi Fel andt A
- OEM =& 7t= Ulgol
OEM/Application ID ASCII 16 119~104 e AW s
Product Name (PNM) ASCII 40 103~64 A EH
Product Revision BCD o 6356 AZ 2u A 2 2 9
BCD ¥ &
(PRV)
A ol WS Hl E
Serial Number (PSN) Binary 32 55~24 x]ﬂ 4 WE32mE
o1
Reserved N/A 4 23~20
Manufacture Date _ X
Code (MDT) BCD 12 19~8 AZLA} (yy-m %)
CRC7 checksum Bina 7 71 CID H A 2= ol gt
(CRC) v CRC7 A=A
Reserved N/A 1 0 AFESHA] e B 1
11) RTC
AAIZE &8 (RTC, real-time clock) .= AlAIY @& vHE o =2 o] &3} ulo|x]
o AR Fo| T3tE HS o] fste] A3 Elo|wS o] &I HE 32.768KHzE

L= =

- R
e EDI\F s
T .- EE‘.TEEA": T

[1¥ 22.13]RTC 3 2%
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A3F STM32 A%

AF f150)7] wiite] AAe 28] Ade Ay et
el A= s 71Eei

L
ko
=
e
g
=

3.1 GPIO_LED

D1o] PB8 o 140°] o At} Low & Wl LED 7}
ON =3, Low ¥ ® High ©|¥ OFF¥ Tt}

(19 3.1.1]3] 2

1_GPIO_LED <] main &<o]t}.

int main(void)
{ Systemlnit();
GPIO_Configuration();
/* Infinite loop */
while (1){ /* D1-OFF */
GPIO_SetBits(GPIOB , GPIO_Pin_8);
Delay(0xfftff);
Delay(0xfftff);
Delay(0x5ftff);
[*====D1-ON */
GPIO_ResetBits(GPIOB , GPIO_Pin_8);
Delay(0xfftff);
Delay(0xfftff);
Delay(0x5{tff);

}
}

Main €< <] GPIO Configuration()= PORTB 2] 8¥ & == oz AA
ol .
1)

RCC->APB2ENR|=1<<3;  //PORT &Y &3}
GPIOB->CRH&=0XFFFFFFFO;,
GPIOB->CRH|=0X00000003;/PB ~ 8~15¥12] GPIO
GPIOB->ODR|=1<<8; //PB8  GPIO Mode =>Output

b

ol

2)
GPIO_InitTypeDef GPIO_InitStructure;
RCC_APB2PeriphClockCmd( RCC_APB2Periph_ GPIOB , ENABLE);
GPIO_InitStructure. GPIO_Pin = GPIO_Pin_8; // Port  PB8
GPIO_InitStructure. GPIO_Speed = GPIO_Speed 50MHz;// GPIO Speed SOMHz
GPIO_InitStructure. GPIO_Mode = GPIO_Mode_Out_PP; // GPIO Mode =>Output
GPIO_Init(GPIOB, &GPIO _InitStructure); // Port B

A7z o1zt d2 7F 2L 7sely olsiEtr|E A o2) & wReR

AlEHoIAS 3] HAl T2aR;e 53 1 GPIO LEDVtestt 2] o] [Z2¥ 3.1.2]
o (alfest’ 2KB_Bisiond Pojeet) 1y e g}, o] 2L testuvproj A test e o]m,
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9} A= uvproj oW, SA 7| o] st

Ehlc. h

uvision 914 A= uvproj 7F 5 A A Aot} testhex oA FFA7F A
A Y IR o] AL HerE Frh

p A

SR A H Hol= A o| pvision V4.0 = Y

[72% 3.1.2] 1_GPIO LED\test

ol gle]l HIAA A|EHOIAS sfEAL [29 3.1.3] ¥% Project ©}Z)
Option for Target ‘Test’... & &l 3lr]},

[Z1¥ 3.1.3] Option A&}
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olg] [L¥ 3.1.4] A ¥ Use Simulator 7} AT F o] lojof A EeoldE & 5 ).

[C2¥ 3.1.4] Simulator | =
agar ofe [2¥ 3.1.514 % =y vke] Debug o &

o 2 =7 e Ble aaan

w— 1

[Z2% 3.1.5] Debug ™71}

[1% 3.1.6] Debug =7-H}
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=

=2 R = S %) Logic Analyzer 2

[e)
g &

E PORTB.8

kv
s ol

bl 22

=l 22 T Run(F5)

1 & w=

7z *

[e)
= A

o} 99

5_]:

o
=

g 1w7) A9

|

A& o]

o
B

—_
file)

[ 3.1.8]
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[
Ach
K
2
iy
it
il

H}E HE WHE ol (9 3.1.9] A o3t}

[19 3.1.9] XE A

obg] 1H[Z¥ 3.1.9] A7 ¥XE PORTB.S ©] A FHE &= 2S & 4 3

.

[2% 3.1.9] 28 ZAx}

AYA3 17
1 GPIO_LED H|A~E Zi}o]t} LED D1 o] Zuol= AS & 4 Qi)

[Z2¥ 3.1.10] 1 GPIO LED &%}
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3.2 GPIO_LED

[+ D2
[ ] Gen

X 3
PR R2o3D. PRI

[Z2¥ 3.2.1]12 GPIO LED 3] 2%

LED 2707} M= nlapstd A Zreho]= o 2] o]t}

int main(void)

{ SystemlInit();

GPIO_Configuration();

while (1){ /* Infinite loop */
/* D1-ON D2-OFF */
GPIO_ResetBits(GPIOB , GPIO_Pin_8); // D1 ON
GPIO_SetBits(GPIOB , GPIO_Pin_1); // D2 OFF
Delay(0xfffff);
Delay(0xfffff);
Delay(0x5fftf);
/* D2-ON D1-OFF */
GPIO_ResetBits(GPIOB , GPIO_Pin_1); // D2 ON
GPIO_SetBits(GPIOB , GPIO_Pin_8); // D1 OFF
Delay(0xfffff);
Delay(0xfffff);
Delay(0x5fftf);

}

1
S

ZRaYe FES
testhex o4  Z&A7E Aupdaid AdE gdz ojAS HeR: dn

AlE#o]de 9% Project ©Fe]l Test & S8l Option for Target ‘Test’... &
e
[Z1¥ 3.2.2] Option
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obg] ¥ ¥ Use Simulator 7} A A= o] Qojof Al EF o] HAES & 4 AT}

[C2¥ 3.2.3] Use Simulator | =

ag]a oty ™A™ vy vkl Debug ot & AESAY, [2¥ 325 =T

s Bl o

[C1¥ 3.2.4] Debug =¥+ H}

[2¥ 3.2.5] Debug =7 B}
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=2 R = X Logic Analyzer & Al®3s}al

, sus 2Ushu
olglad A spvo] =r)h [2¥ 326] = Zse] %2 ELE PORTB.I &
=

[C13 326] XE A7
1AL, ThA] e Z9Y3sle] £9 XE PORTBS & 223 Close HES FH3aL
e der
(2" 327] 8 XE 44
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ol¢] 1% %% PORTB.1, PORTB.8 o] AAlo] At}

[Z2¥ 3.2.8] PORTB.1, PORTB.8 *§4

(29 3.29] =2 g3 23
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T o WHE o] Aol A W1l Peripherals©ll 4] General Purpose /0O 2] GPIOB
£ Agshd, [219 3.2.1] ¥ PORTB.1, PORTB.8 M2 uthals Zutoli= o 4= gl
ot

[23 3.2.10] A& A}

A A5z
[29 3.2.11] 5%
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3.3 SysTick

21¢] oA 1 GPIO LED ¥} 2 GPIO LED = o}l S5 AH-g3k3it)
void Delay (uint32_t nCount)

for(; nCount != 0; nCount--);

& FAoR Wol AREstal Utk CPU oA HH
sk 2t AY B oy 29 geolth o] Delay oA AFEE
A, w7 M52 Delay $H &% 4] Stack o]l AT T8E F Stack ol A
T B2 AE 2 A
§9 =292 e
int main(void)

{
GPIO_Configuration();
delay init();
/* Infinite loop */

while (1)
{ //D2-OFF D1-ON
GPIO_SetBits(GPIOB , GPIO Pin_1); //D2
GPIO_ResetBits(GPIOB , GPIO_Pin_8); //D1

delay ms(1000);  /* delay 1000ms */

//D2-ON D1-OFF
GPIO_ResetBits(GPIOB , GPIO_Pin_1);
GPIO_SetBits(GPIOB , GPIO_Pin_8);
delay_us(1000*1000); /* delay 1000ms */
}
¥
T T T T
void delay_init(void)
{
RCC_ClocksTypeDef RCC_ClocksStatus;

RCC_GetClocksFreq(&RCC_ClocksStatus);
SysTick CLKSourceConfig(SysTick CLKSource HCLK Div8);
SysTick ITConfig(DISABLE);
delay fac us = RCC_ClocksStatus. HCLK Frequency / 8000000;
delay fac ms = RCC_ClocksStatus. HCLK Frequency / 8000;
}
void delay us(u32 Nus)
{
SysTick SetReload(delay fac us * Nus);
SysTick CounterCmd(SysTick Counter Clear);
SysTick CounterCmd(SysTick Counter Enable);
do
{
Status = SysTick GetFlagStatus(SysTick FLAG COUNT);
}while (Status != SET);
SysTick CounterCmd(SysTick Counter Disable);
SysTick CounterCmd(SysTick Counter Clear);

T T
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void delay_ms(uint16_t nms)

{

uint32_t temp = delay fac_ms * nms;

if (temp > 0x0O0ffftfY)
{
temp = OxOOffEffe;
}
SysTick SetReload(temp);
SysTick CounterCmd(SysTick Counter Clear);
SysTick CounterCmd(SysTick Counter Enable);
do
{
Status = SysTick GetFlagStatus(SysTick FLAG COUNT);
}while (Status != SET);
SysTick CounterCmd(SysTick Counter Disable);
SysTick CounterCmd(SysTick Counter Clear);
}

el

}
g gde e 3_SysTick\test1H94ﬂ-ﬂEl | ZIKB_Eisiond F'rnjec:tj [ER-S= gk
testhex oAl &327F Hapda|A AAdE AR oA S thg=E g}

2 GPIO LED #& Aolxqt Q3= Alzte] disds A sl
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3.4 USART

HolHE 249X EX(AA)o 2 A& =

ol [21 34.6] AH &4 A& Ik

al

v}

%/\

L.

3

213

o

Al

=

Rl

o

STM32F103

. A

i

EEI9e FHE 4 USARTeslo]  (BHtest] 2IKB lisiond Project) 11 =07 g1},
testhex A AL AAAA AHE FAR o] AL TheRE Utk

6. 4 USART main §< X271

=

a7

[(19 3.4.6] $7

int main(void)

f
1

printf("*

SystemlInit();
GPIO_Configuration();
USART_Configuration();
delay_init();
printf("\r\n");
printf("*

USART Test, BaudRate= 115200

while (1)
{ GPIO_ResetBits(GPIOB , GPIO Pin_8);

7.
o] ¥ o]

printf("*
delay _us(1000*1000);

GPIOB8 D1 ON

zH
=

STM32F103 Board !~ *\r\n");

#\r\n");

*\r\n");
/* delay 1000ms */

GPIO_SetBits(GPIOB , GPIO_Pin_8);

printf("*
delay ms(1000);

-

Al AlEE el
T USART 4

O o

SIGNALTECH

GPIOB8 D1 OFF
/* delay 1000ms */

2y

#\rn");

gezs

EES A7) wFe] FE87] uFelth

ZTEOHS

ofll THAH
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#}40]t.

1

R

]_

S

ol N <] D

_— =

wr op B R

7

A& o]

<

o

[1¥ 3.4.7]
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3.5 ADC_USART
ADCI

1D

1(\’,;'\_'

CEL A g
[Z1¥ 3.5.1]ADC_USART

[C13 3.52]ADC_USART 2343}
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3.6 TFT_LCD

STM32F103

T2 aMe FES 6 TFT LCD\testU] 9] &2 3}l Testhex oA A7)

AR AHE FeAm e

A. TFTLCD %7]3}

SHIE /16U E F-3aA3HA FFoz AL&sk 4= Al Hof QoL gHER
=713+ oFd 12812- 7IPT2432A 9] void LCD ' Init(void) A H
EESE

1. 12812-7IPT2432A %7]3}
void LCD_Init(void)
{
delay ms(1000);
LCD_BL_GPIO_Config();
LCD_GPIO_OUTPUT();
LCD_Set GPIO_Config();
LCD_BL H;
LCD_CS_H; LCD_RS_H; LCD_RD_H; LCD_WR_H;
LCD_RST H; delay ms(10); LCD RST L; delay ms(50);
LCD_RST H; delay _ms(100);
//initializing funciton 1
LCD_WR_REG(0x00E7,0x0010);
LCD_WR_REG(0x0000,0x0001);
LCD_WR_REG(0x0001,0x0100); // set SS and SM bit
LCD_WR_REG(0x0002,0x0700); // set 1 line inversion
// LCD_WR_REG(0x03, 0x10BO0); // set GRAM write direction and BGR=1.
#if  ID_AM==000

2

gH| E

LCD_WR_REG(0x0003,0x1000);// TFM=0,TRI=0,SWAP=1,16 bits system interface swap RGB to BRG,

#elif ID_AM==001
LCD_WR_REG(0x0003,0x1008);
#elif ID_ AM==010
LCD_WR_REG(0x0003,0x1010);
#elif ID._ AM==011
LCD_WR_REG(0x0003,0x1018);
#elif ID_AM==100
LCD_WR_REG(0x0003,0x1020);
#elif ID_AM==101
LCD_WR_REG(0x0003,0x1028);
#elif ID_AM==110
LCD_WR_REG(0x0003,0x1030);
#elif ID_ AM==111
LCD_WR_REG(0x0003,0x1038);
#endif
LCD_WR_REG(0x0004, 0x0000); // Resize register
LCD_WR_REG(0x0008, 0x0207); // set the back porch and front porch
LCD_WR_REG(0x0009, 0x0000); // set non-display area refresh cycle ISC[3:0]
LCD_WR_REG(0x000A, 0x0000); // FMARK function
LCD_WR_REG(0x000C, 0x0001); // RGB interface setting
LCD_WR_REG(0x000D, 0x0000); // Frame marker Position
LCD_WR_REG(0x000F, 0x0000); // RGB interface polarity
//Power On sequence //
LCD_WR_REG(0x0010, 0x0000); // SAP, BT[3:0], AP, DSTB, SLP, STB

SIGNALTECH

o}
16H] E

128



LCD_WR_REG(0x0011, 0x0007); // DC1[2:0], DCO[2:0], VC[2:0]

LCD_WR_REG(0x0012, 0x0000); // VREGIOUT voltage

LCD_WR_REG(0x0013, 0x0000); // VDV[4:0] for VCOM amplitude
LCD_WR_REG(0x0007, 0x0001); //

delay_ms(2000); // Dis-charge capacitor power voltage
LCD_WR_REG(0x0010, 0x1590); // SAP, BT[3:0], AP, DSTB, SLP, STB
LCD_WR_REG(0x0011, 0x0227); // DC1[2:0], DC0[2:0], VC[2:0]
delay_ms(1000); // Delay 50ms

LCD_WR_REG(0x0012, 0x009c); // Internal reference voltage= Vci;
delay_ms(1000); // Delay 50ms

LCD_WR_REG(0x0013, 0x1900); / Set VDV[4:0] for VCOM amplitude
LCD_WR_REG(0x0029, 0x0023); // Set VCM[5:0] for VCOMH
LCD_WR_REG(0x002B, 0x000E); // Set Frame Rate

delay_ms(500); // Delay 50ms

#if  ID_AM==000
LCD_WR_REG(0x0020,0x00ef);//GRAM
LCD_WR_REG(0x0021,0x013f);

#elif ID_AM==001
LCD_WR_REG(0x0020,0x00ef);
LCD_WR_REG(0x0021,0x013f);

#elif ID_AM==010
LCD_WR_REG(0x0020,0x0000);
LCD_WR_REG(0x0021,0x013f);

#elif ID_AM==011
LCD_WR_REG(0x0020,0x0000);
LCD_WR_REG(0x0021,0x013f);

#elif ID_AM==100
LCD_WR_REG(0x0020,0x00ef);
LCD_WR_REG(0x0021,0x0000);

#elif ID_AM==101
LCD_WR_REG(0x0020,0x00ef);
LCD_WR_REG(0x0021,0x0000);

#elif ID_AM==110
LCD_WR_REG(0x0020,0x0000);
LCD_WR_REG(0x0021,0x0000);

#elif ID_AM==111
LCD_WR_REG(0x0020,0x0000);
LCD_WR_REG(0x0021,0x0000);

#endif

[] —mmmmmmeee- Adjust the Gamma Curve ---------- /l

LCD_WR_REG(0x0030,0x0000);
LCD_WR_REG(0x0031,0x0305);
LCD_WR_REG(0x0032,0x0003);
LCD_WR_REG(0x0035,0x0304);
LCD_WR_REG(0x0036,0x000f);

LCD_WR_REG(0x0037,0x0407);
LCD_WR_REG(0x0038,0x0204);
LCD_WR_REG(0x0039,0x0707);
LCD_WR_REG(0x003C,0x0403);
LCD_WR_REG(0x003D,0x1604);
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LCD_WR_REG(0x0050, 0x0000); // Horizontal GRAM Start Address
LCD_WR_REG(0x0051, 0x00EF); / Horizontal GRAM End Address
LCD_WR_REG(0x0052, 0x0000); // Vertical GRAM Start Address
LCD_WR_REG(0x0053, 0x013F); // Vertical GRAM Start Address
LCD_WR_REG(0x0060, 0xA700); // Gate Scan Line
LCD_WR_REG(0x0061, 0x0001); // NDL,VLE, REV
LCD_WR_REG(0x006A, 0x0000); // set scrolling line

———————— Partial Display Control ---------//

LCD_WR_REG(0x0080, 0x0000);
LCD_WR_REG(0x0081, 0x0000);
LCD_WR_REG(0x0082, 0x0000);
LCD_WR_REG(0x0083, 0x0000);
LCD_WR_REG(0x0084, 0x0000);
LCD_WR_REG(0x0085, 0x0000);

———————— Panel Control -------------------//

LCD_WR_REG(0x0090, 0x0010);
LCD_WR_REG(0x0092, 0x0600);
LCD_WR_REG(0x0093, 0x0003);
LCD_WR_REG(0x0095, 0x0110);
LCD_WR_REG(0x0097, 0x0000);
LCD_WR_REG(0x0098, 0x0000);

LCD_WR_REG(0x0007, 0x0133); // 262K color and display ON

LCD_WR_REG(0x0020, 0x0000);// 262K color and display ON
LCD_WR_REG(0x0021, 0x0000);// 262K color and display ON

LCD_Clear(0xffff); / white
delay_ms(2000); // Delay Sms

2. COM26T2844 *7]3}

void Lcd_Initialize(void)

{

ul6 i;
Delay_nms(10);
Lcd_Light_ON;

/I Before power supply startup setting

LCD_WR_REG(0x0111,0x1000);
LCD_WR_REG(0x0110,0x0100);
LCD_WR_REG(0x0111,0x000c);
LCD_WR_REG(0x0110,0x0101);
Il delay_ms(1);

LCD_WR_REG(0x0111,0x1000);
LCD_WR_REG(0x0110,0x0101);
Il delay_ms(1);
LCD_WR_REG(0x0111,0x1202);
LCD_WR_REG(0x0110,0x0102);
Il delay_ms(1);

I/ Power supply startup(1) setting
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LCD_WR_REG(0x0100,0x4010);

LCD_WR_REG(0x0111,0x00hc);
LCD_WR_REG(0x0110,0x0100);
LCD_WR_REG(0x0111,0x1200);
LCD_WR_REG(0x0110,0x0100);
LCD_WR_REG(0x0111,0x001c);
LCD_WR_REG(0x0110,0x0101);

I/ Power supply startup(2) setting
LCD_WR_REG(0x0111,0x1a00);
LCD_WR_REG(0x0110,0x0100);

/I Other mode sett

LCD_WR_REG(0x0111,0x0200);
LCD_WR_REG(0x0110,0x0103);
LCD_WR_REG(0x0111,0x1506);
LCD_WR_REG(0x0110,0x0103);
LCD_WR_REG(0x0111,0x0c41);
LCD_WR_REG(0x0110,0x0104);

/I Display control register setting *** datasheet 16 page
LCD_WR_REG(0x0001,0x0000);  //ss=0 mirror 0100
LCD_WR_REG(0x0002,0x0700);
LCD_WR_REG(0x0003,0x0030); //BGR=0 HWM=0, ID1:1D0 =11, AM=0
LCD_WR_REG(0x0008,0x0506); //FP3:FP0=5, BP2:BP0=6
LCD_WR_REG(0x0009,0x0001);
LCD_WR_REG(0x000b,0x0000); //FRCON=0, COL1:0=00 (262144 £3)
LCD_WR_REG(0x000d,0x0010);
LCD_WR_REG(0x0012,0x0000);
LCD_WR_REG(0x0013,0x0002);
LCD_WR_REG(0x0015,0x0000);
LCD_WR_REG(0x001h,0x0010);
LCD_WR_REG(0x001c,0x0000);

/I Tset register setting
LCD_WR_REG(0x0205,0x0000);
LCD_WR_REG(0x070a,0x7800);
LCD_WR_REG(0x070b,0x0000);
LCD_WR_REG(0x070c,0x0030);
LCD_WR_REG(0x070d,0x0000);
LCD_WR_REG(0x070e,0x0000);
LCD_WR_REG(0x070f,0x2100);
LCD_WR_REG(0x0710,0x0000);

I/l Address setting

LCD_WR_REG(0x0400,0x0031);
LCD_WR_REG(0x0401,0x0000);
LCD_WR_REG(0x0402,0x0000);
LCD_WR_REG(0x0403,0x018f);
LCD_WR_REG(0x0404,0x0000);

'Y register setting

LCD_WR_REG(0x0300,0x0503);
LCD_WR_REG(0x0301,0x0403);
LCD_WR_REG(0x0302,0x0404);
LCD_WR_REG(0x0303,0x0303);
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LCD_WR_REG(0x0304,0x0302);
LCD_WR_REG(0x0305,0x0203);
LCD_WR_REG(0x0306,0x0e14);
LCD_WR_REG(0x0307,0x0503);
LCD_WR_REG(0x0308,0x0403);
LCD_WR_REG(0x0309,0x0404);
LCD_WR_REG(0x030a,0x0303);
LCD_WR_REG(0x030b,0x0302);
LCD_WR_REG(0x030c,0x0203);
LCD_WR_REG(0x030d,0x1f10);

/I Memory access

LCD_WR_REG(0x0210,0x0000);// Horizontal Start Address (y=0 )
LCD_WR_REG(0x0211,0x00¢f);// Horizontal End Address  (y = 239)
LCD_WR_REG(0x0212,0x0000);// Vertical Start Address (x=0 )
LCD_WR_REG(0x0213,0x018f);// Vertical End Address (x=339)

11 Display On Sequence #it#HHH/
LCD_WR_REG(0x0100,0x4110);
LCD_WR_REG(0x0111,0x061c);
LCD_WR_REG(0x0110,0x0101);
LCD_WR_REG(0x0007,0x0001);
/ldelay_ms(45);
LCD_WR_REG(0x0111,0x161b);
LCD_WR_REG(0x0110,0x0101);
LCD_WR_REG(0x0007,0x0003);
/ldelay_ms(1);

LCD_WR_REG(0x0007,0x0113);

3.HX8347G %7]3}

LCD_WR_REG(0x002E, 0x0088); // GDOFF
LCD_WR_REG(0x0029, 0x008F); // RTN
LCD_WR_REG(0x002B, 0x0004); // DUM
LCD_WR_REG(0x00E4, 0x0010); //EQ_S1
LCD_WR_REG(0x00ES, 0x0010); //EQ_S2
LCD_WR_REG(0x00E6, 0x0010); //EQ_S3
LCD_WR_REG(0x00E7, 0x0010); //EQ_S4
LCD_WR_REG(0x00EA, 0x0000); // STBA[15:8]
LCD_WR_REG(0x00EB, 0x0000); // STBA[7:0]
LCD_WR_REG(0x00EC, 0x003C); // PTBA[15:8]
LCD_WR_REG(0x00ED, 0x00C7); // PTBA[7:0]

LCD_WR_REG(0x00ES, 0x0070);

LCD_WR_REG(0x0040, 0x0001);
LCD_WR_REG(0x0041, 0x0007);
LCD_WR_REG(0x0042, 0x0007);
LCD_WR_REG(0x0043, 0x001E);
LCD_WR_REG(0x0044, 0x001C);
LCD_WR_REG(0x0045, 0x003E);
LCD_WR_REG(0x0046, 0x001B);
LCD_WR_REG(0x0047, 0x006B);
LCD_WR_REG(0x0048, 0x0007);
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LCD_WR_REG(0x0049, 0x0013);
LCD_WR_REG(0x004A, 0x001A);
LCD_WR_REG(0x004B, 0x0019);
LCD_WR_REG(0x004C, 0x0016);
LCD_WR_REG(0x0050, 0x0001);
LCD_WR_REG(0x0051, 0x0023);
LCD_WR_REG(0x0052, 0x0021);
LCD_WR_REG(0x0053, 0x0038);
LCD_WR_REG(0x0054, 0x0038);
LCD_WR_REG(0x0055, 0x003E);
LCD_WR_REG(0x0056, 0x0014);
LCD_WR_REG(0x0057, 0x0064);
LCD_WR_REG(0x0058, 0x0009);
LCD_WR_REG(0x0059, 0x0006);
LCD_WR_REG(0x005A, 0x0005);
LCD_WR_REG(0x005B, 0x0006);
LCD_WR_REG(0x005C, 0x0018);
LCD_WR_REG(0x005D, 0x00CC);

LCD_WR_REG(0x001B, 0x001A);
LCD_WR_REG(0x001A, 0x0001);
LCD_WR_REG(0x0024, 0x0070);
LCD_WR_REG(0x0025, 0x0058);
LCD_WR_REG(0x0023, 0x0078);

LCD_WR_REG(0x0018, 0x0036);
LCD_WR_REG(0x0019, 0x0001);
LCD_WR_REG(0x0001, 0x0000);
LCD_WR_REG(0x001F, 0x0088);
Delay nms(5);
LCD_WR_REG(0x001F, 0x0080);
Delay nms(5);
LCD_WR_REG(0x001F, 0x0090);
Delay nms(5);
LCD_WR_REG(0x001F, 0x00D4);
Delay nms(5);
LCD_WR_REG(0x0017, 0x0005);

LCD_WR_REG(0x0036, 0x0008);
LCD_WR_REG(0x0028, 0x0038);
Delay nms(40);

LCD_WR_REG(0x0028, 0x003C);

// VRH=4.60V
// VMH
// VML
/I VMF

// Power on Setting

/I 16-bit/pixel = 65536 colors

// SET PANEL (BGR_PANEL = 0)
// Display ON Setting

LCD_WR_REG(0x0002, 0x0000); //write_data(0x0000,0x0000);
LCD_WR_REG(0x0003, 0x0000); //write_data(0x0000,0x0000); //Column Start
LCD_WR_REG(0x0004, 0x0000); //write_data(0x0000,0x0000);
LCD_WR_REG(0x0005, 0x00EF); //write_data(0x0000,0x00EF); //Column End
LCD_WR_REG(0x0006, 0x0000); //write_data(0x0000,0x0000);
LCD_WR_REG(0x0007, 0x0000); //write_data(0x0000,0x0000); //Row Start
LCD_WR_REG(0x0008, 0x0001); //write_data(0x0000,0x0001);
LCD_WR_REG(0x0009, 0x003F); //write_data(0x0000,0x003F); /Row End

DI112812-7IPT2432A @COM26T2844 OHXS8347G F5C. % SHIE, 16
of X E A5t A W tER= oy 22T
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@ 8bit TFTLCD 1
3ZE Px0~7 (x + PA,PB,PB,PC % 3l hHE A& o o|t}. ofg oA+ PC.
GPIO_Config = ofefje} #Fo] s9d gt}

GPIO_InitStructure. GPIO_Pin =
GPIO_Pin_0|GPIO_Pin_1|GPIO_Pin_2|GPIO_Pin_3|GPIO_Pin_4|GPIO_Pin_5|GPIO_Pin_6|GPIO_Pin_7;

void LCD_WR_REGI16(unsigned int index)
{
LCD CS L; LCD RS L; LCD_RD H; LCD WR H;
GPIOC->ODR= (GPIOC->ODR&0XFF00)| (unsigned char)(index>>8); // 0~7

LCD WR_L; LCD_WR_H;
GPIOC->ODR=(GPIOC->ODR&0XFF00)|(unsigned char)index; /I 0~7
LCD WR L; LCD_WR H; LCD_CS_H;

}
void LCD_WR_DATA16(unsigned int data)

{

LCD CS_ L; LCD_RS H; LCD RD_H; LCD_WR_H;
GPIOC->ODR=(GPIOC->ODR&0XFF00)| (unsigned char)(data>>8); /] 0~7
LCD WR L; LCD_WR H;

GPIOC->ODR= (GPIOC->ODR&0XFF00)|(unsigned char)data; /- 0~7
LCD WR_ L; LCD_WR H; LCD_CS H;

@ 8bit TFT LCD 2
X E Px8~15(x & PA,PB,PB,PC ¥ 3&}})
GPIO_Config = o}efje} o] s9 gt}
GPIO_InitStructure. GPIO_Pin =
GPIO_Pin_8/GPIO_Pin_9|GPIO_Pin_10|GPIO_Pin_11|GPIO_Pin_12|GPIO_Pin_13|GPIO_Pin_14/GPIO_Pin_15;

e

A& & o o]t} olg] o A= PC.

void LCD_WR_REG16(unsigned int index)

{
LCD CS L; LCD RS L; LCDRDH; LCD WR H;

GPIOC->ODR=((GPIOC->ODR&0x00ff)|(index&0x{f00)); // 8~15
LCD_WR_L; LCD_WR_H; delay us(1);
GPIOC->ODR=((GPIOC->ODR&0x00ff)|(index<<8)); 1 8~15
LCD_WR_L; LCD_WR_H; LCD_CS_H;

void LCD_WR_DATA16(unsigned int data)

{

LCD CS L; LCD RS H; LCD RD H; LCD WR_H;
GPIOC->ODR=((GPIOC->ODR&0x00f)|(data&0xff00)); // 8~15
LCD WR L; LCD WR_H;
GPIOC->ODR=((GPIOC->ODR&0x00ff)|(data<<8)); /I 8~15
LCD WR L; LCD WR H; LCD CS_H;

® 16bit TFT LCD
¥ E Px0~15(x & PA,PB,PB,PC 5 3 hE A& & wf o]t}

GPIO_Config = o}efje} #Fo] s9 gt}
GPIO_InitStructure. GPIO_Pin = GPIO_Pin_All;

void LCD_WR_REG16(unsigned int index)

134
SIGNALTECH



{
LCD CS L; LCD RS L; LCDRDH; LCD WR H;

DATA_LCD_PORT=index; //0~15 16bit
LCD_ WR_L; LCD WR_H; LCD_CS H;

}

void LCD_WR_DATA16(unsigned int data)

{
LCD CS_L; LCD RS H; LCD RD H; LCD WR_H;

DATA_LCD_PORT=data; //0~15 16bit
LCD WR L; LCD WR_H;LCD CS H;

SIGNALTECH
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3.7 TFT_ADS7843

o TEo 7 TFT ads7843\testt}] 2] {latest: 21KB Zisiond Project )

testhex oA A7 Aupdaid YFd dd= ojAds vere 3.

[Z1% 3.7.1] TFT_ADS7843 H~E 3}H
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3.8 TFT_OV7670

TFT LCD.hex &

ths olegli= OV76705  27HA] A4S st=slol adlE T, AMSE 4 Qlth
1) Ov7670.h <=8 A+E

#define CHANGE_REG_NUM 71

2) ov7670configh A A}&t
const char change regf CHANGE REG NUM][2]=
{

{0x32,0x00},

{0x2a,0x00},

{0x11,0x83}, /83
{0x12,0x46}.,//QVGA RGB565
{0x12,0x46},

{0x42,0x7f},
{0x4d,0x00},//0x09
{0x63,0x10},
{0x64,0xfTf},
{0x65,0x20},
{0x66,0x00},
{0x67,0x00},
{0x69,0x5d},

{0x13,0xff},
{0x0d,0x41},//PLL
{0x01,0xc5},
{0x14,0x11},
{0x22,0xFF},//7f
{0x23,0x01},
{0x24,0x34},
{0x25,0x3c},
{0x26,0xal },
{0x2b,0x00},
{0x6b,0xaa},
{0x13,0xff},

{0x90,0x0a},//
{0x91,0x01},//
{0x92,0x01},//
{0x93,0x01},

{0x94,0x5f},
{0x95,0x53},
{0x96,0x11},
137
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{0x97,0x1a},
{0x98,0x3d},
{0x99,0x5a},
{0x9a,0x1e},

{0x9b,0x00},//set luma
{0x9¢,0x25},//set contrast
{0xa7,0x65},//set saturation
{0xa8,0x65},//set saturation
{0xa9,0x80},//set hue
{Oxaa,0x80},//set hue

{0x9e,0x81},
{0xa6,0x06},

{0x7¢e,0x0c},
{0x7f,0x16},
{0x80,0x2a},
{0x81,0x4e},
{0x82,0x61},
{0x83,0x6f},
{0x84,0x7b},
{0x85,0x86},
{0x86,0x8e},
{0x87,0x97},
{0x88,0xa4},
{0x89,0xaf},
{0x8a,0xc5},
{0x8b,0xd7},
{0x8c,0xe8},
{0x8d,0x20},

{0x33,0x00},

{0x22,0x99},

{0x23,0x03},

{0x4a,0x00},

{0x49,0x13},

{0x47,0x08},

{0x4b,0x14},

{0x4c,0x17},

{0x46,0x05},

{0x0e,0x75}, /755 night mode
{0x0c,0x10}, //90 50 dO
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3.9 JoyStick Mouse

[ T EuSEREEE
_ o o . . - adll'alaond F'rcuec:t
Z 2L F5-S 9 JoyStickMouse\projectt] & L1 S5 -l

JoyStickMouse.uvproj U] &2 ¥ st}

8 JoyStickMouse\project\Obj\test.hex oA 2171 Hulds A AFE LR test. hex
g tUeEE gt Sw2 o Xo|AHE Aekay FA oW AFH st nkg-
AX7E Zo|=He| m} olFdteE A & T Uth

I e X #HEA USB FH QIEHol~ FX7F 29 38.11A4"H sty 4

F7H7F

(28 3.9.1] AX A=}
[1¥ 3.9.2] FA 55 AHo| X7} =H oS 74 & F& Utk

[19 3.9.2] A &5 AR

5 74 ZY usb_descc TP ofef oA Signaltech-USB

const u8 Joystick _StringProduct[JOYSTICK_SIZ STRING_PRODUCT] =

JOYSTICK_SIZ STRING PRODUCT, /* bLength */
USB_STRING DESCRIPTOR_TYPE, /* bDescriptorType */

'S, 0,'i', 0, 'g'7 0,'n",0,'a',0,'l',0,'T", 0,
'el, 0’ 'cV’ 0, Vh', 0, V_l, 0’ VUV, 0, 'S', 0, 'BV’ 0
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B AH= usb desce W oF FEES BH HTL

[C18 3.9.3] &% AAHE id

const u8 Joystick DeviceDescriptor[JOYSTICK SIZ DEVICE_DESC] =

{
0x12, /*bLength */
USB_DEVICE DESCRIPTOR_TYPE, /*bDescriptorType*/
0x00, /*bcdUSB */
0x02,
0x00, /*bDeviceClass*/
0x00, /*bDeviceSubClass*/
0x00, /*bDeviceProtocol*/
0x40, /*bMaxPacketSize40*/
0x83, /*idVendor (0x0483)*/
0x04,
0x10, /*idProduct = 0x5710%/
0x57,
0x00, /*bedDevice rel. 2.00%/
0x02,
1, /*Index of string descriptor describing manufacturer */
2, /*Index of string descriptor describing product */
3, /*Index of string descriptor describing the device serial number */ 0x01

/*bNumConfigurations*/
o /* Joystick_DeviceDescriptor */

[Z1¥ 3.9.4]USB #d 3=2%
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R8, R18 & AlY S 3sF=d|, R8 1.5K°ll, R18 A& A AsIHA ZZ1=glo] ufz A}
£33, PBI0S U2 5= A8 4 vk R8o A3S, RIg| 15K AFdS <
Astd Z2ao g S dljof vF gt} o] = Isk ] oW 1A o] A
et FH .

USB & A4 o D+ Low AHI(USB 172 <t®l e =>%7]3} e W&o &
W =D+ EF o] Hojof Q1A o] Hth o]F ZEIO R Q12 hw_config.c
©] void USB_Cable Config() 14 PB10S H/LE W &4 olglE wAl

void USB_Cable Config (FunctionalState NewState)

{ if (NewState != DISABLE)
{GPIO_SetBits(USB_DISCONNECT, USB_DISCONNECT PIN); /PB £ H

telse
{GPIO_ResetBits(USB_DISCONNECT, USB_DISCONNECT PIN); } /PB & L

}
%719 PB10 ©] L o4 PB10Z H & 5 D+ £ ¢Jo] o] USB 7} ¢lAlo] =}
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310 uCOS

T2 FHLS 10 uCOS DEMOWCOSDemo.uvproj T8 3o},
10 uCOS DEMO\Obj\ell Al &d=7 Addsix AAE FUE uCOSDemo.hex S
th& == sl TFTLCD o uCOS ©l& o|m x| 7} 1} o| Aol

3.10.1 uCOS (Real-Time)
Real-Timeo] &k @1 2] ¢] AR} Al=gle] 4H 53]
gawo] A7t FoiAck s AL on. o
a7ee g8 el A9 99 LA
U Hard Real-Time
< Real-Time System ol oJH 23S A A <ol HE=A] A3
oF &}, 1 AJRbo] Ak F-of Ay} g2 Aoeje 28] gl AT
> Hard Real-Time System Ex) w-A}7H], B] &) 7]
U Soft Real-Time
 of® AIZF kel AElepd FAIRE A SRk Fg-oll I ARl A oF
AT 5o gE dAs= A
» Soft Real-Time System Ex) cellular phone, router
Real-Time = Hard Real Time+ Soft Real Time

Background —— Foreground —
4’ J—
3.10.2 Background/ Foreground A|Z~®] (Juk wlo] =7
2 X ZAA) ISR
Background :FunctionS ©]-&3le] H3st+= 7S &9 _’-
ZRIOHS T o
Foreground : S1E{H Eol| ]3] ISR(Interrupt Service v
Routine)S 43 - " Time
=
3103 2EA A4 J—
e TASK°ﬂ g TEHANE ¢ He 7Ise
wap FRAN o Aoz FEo] AT
T Q7] Uﬂv:oﬂ Fo]E 3o} T 1 Mutual exclusion®] S Code execution

BgEolol ). o2 98 JAHPES ur Y

SemaphoreS AF-&3te] 4|5 A3kl 9

3.104 AL A

A S TASKZ}F AF&3F= Entry(1/0, ¥, WRg] 5)2 3o}

FHAUL @ A o149 TASKY] JAA AEHFHAE) A0S TeH o]
Bel £42 WAt AN EF AUl 2 @ SAAS Dolob shzd o]
2} % 1l Al (Mutual Exclusion)2}al gt}

il

3.10.5 HEJ =T

oH §§ Zzao] 7] YT o 7IEEe] FAM(EEALZE ofd)
T ool & Hart Qlal o]5 A or LR EY] o]y ] wliEo] AR}
z2ae A 7] Y =4 Adoln ofg 71x2] Zjle]l F A4

o] Folx = AAY AYPHAAZE 1719 CPURE 3 £=3tol] dhfe] dwk = z)st

T ATH.CPU AE-ES HUE Eola BE Fx9 ofEAoldE ATt o &
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AN S Ea Aol el A o] B FolFra tAde] BelaH

3.10.6 El2=
(1) Thread 2)3}1}9] 7bek3l 2 amlo 7 CPUES AME3HE 2HY] 3)Z24HZe] 449,
28 g9S 7

4 H I
DORMANT W= EASHA N, FalE 7 e AHE obd
(=)
READY (FH]) FPE F= JAT d gArar S5 S o

RUNNING (2 &) | CPUE HA = AFE3tal S u

WAITING (H17]) | Evente] A& 7|0h o (o: /09 <Iit 5, &
2l A7 AFE 7hssl] A w) timing pulse &

ISRIEHE AHHEZF dojybar CPUZE I HE Mul~s 3T o
A2 E)

WAITING

(15 TaskDell) 0sMBaxPost() 05MBaxPand()
050PsH) 05QPend()
O50PostFront)
05SermPost() 053emPend()
05 TaskResumel) (05 TaskSospend()
05 TrmelkResume!) 05 Tirmeliy()
058 Timetick) 05 TimeDlyHMSME
| osTmiceaeEq) | Janl
05TaskCreate() 05_TASK_SWO Intesrupt
DORMANT RUNNING @
.‘—
05 TaskDel() Preempted QSInExi)

(aTaskDal)
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3.10.7 &A% (Context Switching)

o2l TASK7} "o}l 7h #¢ge & o) 3 2<¢le Fusln 1 TASKE 33}
7] A 7ol o] TASK®] JHIE AF3sta AJZE TASKS] HEHE &8 Eolv ug
Zelo]l Aesttl wwe AYS TASKvit wrg dgdaleg A7 gloy CPUY
AAZEEES BF AR FES WA AN @ de s Aol
3T}, Context Switching—o— 21 A A o] —J—fl,_/q]/\ 2k o] ofyym @ olo] AT A
Overheado]™ #oW RAST5 F o @542 SAJAAZ Ak

3.10.8 AL

792 Multitasking A| =819 gt FFo2 ejaFye el I EjiA HeEAE #
2l. Ado] AFst= 7HE 71240 AHl s £ q%(Context sw1tch)°]1:]- BE A
g2 Alzglo] ofFhe] FsH(oF 2~5%)E F ”31]"4:9“4 d¢ FHH R S=
g ROMI 7Ad dHeoly T xAE $3 RAMo| F a8ttt

92 Almpzoldte], wlduts, F, AHAAS O R CPUE ] HEskA AR&st=
kot

AN

bt X

3.10.9 2A =Y

Multitasking 3+ 74 ol 4] TF Oﬂ olw TASKE T AAJAE AAS) di <Y
B2 SATHE 7 AT E SE8x2a9dd mel Gy 49 $AE
91 Ei==Z7F AAl CPUE 7@%7%7/3?17}% AL TR wgt g2 4 &9
ZIAd A = HAdE g AP o] o
3.10.10 B]XAY AG
oW TASK7} 35 & o) AGLE FItellA 1 TASK® 3 JA17] 3 o}
2 TASKE TIAZA & A+ 8o girh
A 2l
@ Low priority taskA7} 3 =
@ interrupt 2FAY
@ ISRAIAM JAHHE HE 3}l Schedulers &
=3l A taskB T =2 priorityE 71X taskE
READY JH = Rh&
@ ISRe| F3o] FEH I ISR ol F3 st
Low priority taskA % & o}
® JHHE WA Ao =7y tr] 3
® taskA7} system calle &&3Fo] CPU AF-&H
X7]
@ kerneldll 2] A taskB7} -3
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3101 AR Ad

oJH TASKE FTHAI7]3L thE TASKE FaAZ 5] o™ Interrupt latency 7}
Ar, Fdo] o Al PriorityE WFF ST = Qo] Ho] ALE¥

A2l A

@ Low priority taskA7} =3

@ QIEHE &4

@ ISR A QAEHE A& 3}al Schedulers &=
st & task HU =2 prioritys X taskE
READY W H| = vwhz

@ ISR F =9} FAlo] ISR o] 33} E taskA
7} o high priority taskB7} CPU A1 @S 717

® taskB T3Y

® taskB7} kernel system callS &3} CPU Ao
HE F7]33 kernelol]l &4 taskA7} A=

@ taskA®] QIE|HE A 2Ade I=HE oA
T3

3.10.12 ARXY 715 <

A7t A AFE F Ades HEls A= g
TASKOA ol" g Fh3rt =50 &
TASKZ HlFAAE o] I8 TEPS o
g7 AdE 73S & dos dEpdnh A9
HFE AR oW TAE f2A AT -
Aqom, Ff ALY 79 Semaphores AHE-SHTE.

o]
A
o]

- AA BaATE Fojd AREA St & o] of-AE fle u
s @A B RATE FolX] AEA Hell 2w
- AIEA Aol 2xts o

i)
£
[H
fr
4
)
i
[
[
fr
X
()
&)

S8R A A Pad $AEIE BB S gL W gae $HEs:
Aol 7 Baae A A AF SAR7t aRR. ARt 44
Azge A Al BE 8239 AR Aloke] At

3.10.16 573 $4 % Dynamic Priority
i $AEHE vk ¢ UL o H2aY e E
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& Aol
2 AELS] AdeA SAE9] e EAE 4. uc/os = © 7155 A4

3.10.17 9449 AX  Priority Inversion

Priority”} G4 %= dAoz A &89S 918 t}s TASKE A& wf Priority©ll
u}2 TASK Aghol] EA|7} HAsHA @) o] 2 WA|at7] 98] 2 SemaphoreS
2= TASK+= -2 Priority & v 2 WHS AMSSoh

3.10.18 B3 $XAE$ =

ATt 7P =2 HaAdd HAA9 491 E v (RMS(Rate Monotonic
Scheduling) 7))

St AErY AltA okl wbSElE W BE B2~ CPU AME&0] 70%0] 387t
#oF gt

RMS+= U B7HAE 714

1. & H23E 5714

2. Hi2A®E AR 78R &, AYS FHEA @i, HolHE Fa 9x g
o}

3..CPU% S A8y

MN
R
ox
=
X
it
e
ox
Ho
Jo
rx
S}
Ho
Lo,
=
[
A
il
>
ot

3.10.19 Mutual Exclusion
e skt FHALL AHEHL A FY D2 taskh o] AQE ASHA B
FE2 13

Bzt by § AR AR wadE JE e T% dolHE A4 otk
FRALY SHAQ A2 e b AuE Py

1. JHYE v 243}

2. Test-And-Set(TAS) <=3}

3. 2A=" v st

4. AMwtxzo] &3}

FHA e 5713 LHAES AL 3 Hol AMEFS BE 2UEE T AY
ol W & W stte] ~Y=E gt 7 HadE HolE E4s WA 6]
A8l HdHoR f LS Az dok sk U olzls FE g g

3.1020 QIEHE n| A3

A AN AA2E A& 7 wE Uy
OS_ENTER_CRITICAL(); /RTEIH E H| A 3}

OS_EXIT CRITICAL(); /IR E A3l <kl
OS_ENTER_CRITICAL(); %lo]oF &t}

uC/OS+= WA dolg F2AE AM 2 517 98] A o] WHS ALE.
3.10.21 Test-And-Set(TAS) <=3}

AGS AFESHA &3 ALE M~ SHE, Tt ALS M=) el Y
WEE JAstal 1 \57F 094 wiwk 1 Aol AN 2dithE WA S el g
gE 7t 2 AdE AL A W) A AdE AL Ut 2
Hye] 7hE 12 AES FH "tk TAS SF g o] vlo|a2 =2 AA 7 TE
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Eo oa Add 5 A A oF o

JEIHE v &3}
IF(HAH 2 W57 09171
A2 WY s 12 AR
HHEES A 3}3r
A& AA A ARE-ShT
AHHEE v 3}sict
M2 MRS 002 A" 3
AHHE &Adsh;

} else {

AHHE &Adsh;

A& %T"rf,i_-} gith

}
3.1022 2AEH v A3 43

2~AZEY S n A stE . FAEE 4 Q) o] A%
o) ol e Fha & Atk AAZ} AU =
Jovg A e IS Adgsts =5 AEHET}
G A

ool =7 44 9
ol JAEHEE B4 s}y
st ISRo] SA] AdE

12 O,

3.10.23 Aln}3of

Alrtzol = 1960t S Hkoll ol =74 the] ~E 2} (Edsger Dijkstra)l /]’3]1 g o] 5
o AMeFe 9s sioh dAl HAdFQ Thread7t o W3 BS AA O E
Thread”7} E01 24 XelEs b= ol AMwnfxzolo]l A5 Hu /FE A4
sAd 2 e 2EEvt 54 A4S FAY 5 deAE AAGSNA ARESShe WAL
Aatzoledd AA] bgegs Fstr] fgk 7 "HE AT A2 A= glojA e
ke T8 AsTx AU, F OHAE FEgt v vkolyE]0,1) AlmkEo]
(Binary Semaphore), 18] 31, & sty 7HH(8,16,328| E ARE) A|u}3E o (Counting
Semaphore)©| T}

488 APLES] : 7Y AnbEolt R ASEEZ AgEY] wEd od Ao
F5sn e 4 gtk A8 AvESE 44T w Avirels 7] £
A7E AAE 5 Utk 27] FEE #hS 0 0% AGeE AvkEol: ALg Bl
Az AAE, T G2 1ol os A4F AF ArkEels A8k HE
B

spolue] AlvtEe] : whelue] Anhzoli
Avtzole] grol 0 U W APEEelE A
AvLE b LS b5 st

o szt HlolYy
2 kol 1 o

rr &

Auirol &5 Aty oz wrg F3t
7] 918, 7 7HA AR HA4ES 9@l
Semaphore &%=

- A AR A A o]

- oMl E S dEE

- 7 TASKAFold] 57]3} & 95+ Hk ARE-
INITIALIZE, WAIT, SIGNAL©?] 2= A 7}A¢] &

FHAAL, Ex FAEL FH A

Z+S- 4285t A T =), INITIALIZES]
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B As A PEOH e 27187 F= Folth WAITE Alvkae] 256
A} Sk Bl 220l 3L, SIGNAT AlvtEol & JEdit

THA QAR Ao G oR AT A dH7E, o[iE A AER AMEE A
S Az g3

3.10.24 W ZAE] Deadlock

T HAEY A g2 gaIoA 2o 7lthe] = Abe.
Alé%‘Ol o ol Ads A %4 2 Eg}s}‘f— Aoz Az7t A
AU dAE g 5ol tegem sl gL AGad. olw e
SemaphoreE ©]-&3}H T At

1) TEAAE 7‘]530}7V4 %3?} BE A 895

2) =AU A9 H5

3) geow AY 4=

3.10.25 5713}
JEHE A= FRlojy Bl ol ES TASHA HwW, 21 oHMEE 7|t
2ol E B 3 74]/“/\]7]L
- oMIEE YIttel= HAEH e :
- oJMIEE 7Hd WA ZIvEal 3= HaA0A A5 E Bt

:&QO}H
Lo

Signaling Events %

2437 AR R 5713 s Ad Zol7h ok d 2, A

IS 483kl SIGNALS §F HA ejaTdd A A3 E‘r 18] 3L, WAITS 53 3]
o
=

T WA BAA 25 E SIGNALS 7|tdd. & HA g3
ol = A WHA ElA~AZ2 SIGNALS A Eslal, WAITS 38 3 HA a7 =25
E SIGNALS 7Ithe]= w718 Wolth & 744 F98 A2 ej==a3e 57]38)
o vt AR&E 4 k= Aotk

3.10.26 o|HE ZH

ofHME Z#1+= oW B2t o A el 7|5t Zas o
AREST o 7] 5 7EA] W o] % T ;l‘i‘ 1, stvb= &9 5713k (Disjunctive
Synchronization)©] 3L, T2 3Shifi= A3t 57| S (Junctive Synchromzatlon)olljr. L
S5k v 7H-4 oJME FolA wHel= shite] olwlEgE WA Agol=
=787 Agd). =g 3 294 ORAAMY HFA}sih Ad 57]§}L 23 olul
E 57 EL@?}EQ B-relnt viete F718b7F AHets Agolth =g 3] 2ol g
ANDAAF} AR 7HLﬂ ojt}.

=l AR A 2002 ANDSE OR F7HA B-9-7F A= o] Slth. ANDS!
BT, B HEGe] Aggs] LdAlaloF skal ORI A-%ol= 3+ HER dA|sit et

th7] EN7E S Al Al

M yo
:I:‘;
©
o

0 2
m
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_________

E s
(8. 16 or 32 bits)
Semaphore

o bvents Events
KI

Semaphore
;&E POST 5

Event flags.
OMIE ZY 15 AYste ALY o|WlE LY 1E set, Clear, Wait AH| =5 A3+
th oWIE E¥ 1+ ——éﬂ%:wﬂ 54 ol 24d W 7HA B3 ss trrTIE
L2 ALey =, AAEHE %}0 HIE I (bit field)= ©]Fo] Ft}

AvtEol 7t F2 gEuAle]l £HS wEo] wEolxl Aolehd oME e |
237 78] FHE F A ;

AVkESZ B3 578 3

SR AEIAE PRY 5 .
golFolit Aol gl A o]z} vk,
57 5o] wE Aol o Awbro]t=
B 4920 o) Hn

mlm

3.10.27 TASK Communication

TASKZFS] TA1& 913 W S 2= Global variable(H S W)E 2= Z 3} Message
passing®] 27}#] ®HF¥Ho] It} Global variableS 2% 7 -9-°| Exclusive accessE 3l oF
Skt

ISR(Interrupt Service Routine)©] 3 3$I¥ InterruptE Disabledl|©F 3} TASK Alo] ol A=
Interrupt & Disabled}= W 2] Semaphores & % UTh

Bl a7 W] gho]l WA E As & 7 de A2 MFE BEYHEHES A, ISR
o] MulEo]E o] &N EHlAAR ATE Hu= 740]‘:}. ] oAl s s4dstr] 9
3] Mailbox, QueueAt-&

Message passing®] *H . 2= Mailbox, Queue,Pipes-©] U

/-\

2.23 Message Mailboxes
Message= 719©| #|&3st= AH] 2ol 9]3] TASKZ A& ¥t} Message
Exchange®} 1l %=

2, TASKE= AEr2 Messagell Message X1 #S <148 4= Q).
AL e 22 it Auj s A
- Hgdura] &S 2718 2700 WAAE 23 EE= ¢ FE AT
- Hldukze] HAAE FH-ST(POST)
- gtzo)] WAIA 7} =&E7]E 7] oh>IT(PEND)
- etz wAA 7 9lo™ 7hA 21 (ACCEPT)
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3.10.28 Message Queues

TASKOl 17§ o] g2 WAIAE HEd uf Abgsiw wdutzrt o 7 =
Aoz & & Utk o2 TASKE| WAIA]7F FIFO(Queue)oll ¥ il wit},
e B} W 22 T HAA S AEEE Al

T RS e A 28 F velna .

- ol HAAE $F-3(POST)

- #F WAAI 2367 7]k o) (PEND)

- ?P H A A 7} 9l oW 7R 2 (ACCEPT)

OSQPost()=>7oll HA|=x| XU 7](FIFO)

OSQPostFront()=>7° #A]#] XU 7](LIFO)

3.10.29 Interrupt

Asynchronous eventE CPU| &&= W S 24 Interrupt latency(#| 1A 7H) 7}
Z 831 ISR(Interrupt Service Routine)oll 4] &l gk}, JIHHE= 7FHs 3k A
H A st Hfof stoh, Z2AA7F B HEE Fdsts &2t b AHPHEE
A2 A 3.

3.10.30 Interrupt latency(X] G A1 7h)
AEHE] WH-gs] Mujx TS 338177449 A3t

void TaskStart (void *pdata)

{
TaskStartDisplnit();

OS ENTER_CRITICAL(); 1| 1B H E 1] 21y 3]

0S_EXIT _CRITICAL(): 1| 9/E] HE ¥ 5H SFoJ OS ENTER CRITICAL(); $/ofof &F
k2]
1

Interrupt W] 343171 Aol d4%E o dojAr)
Interrupt latency = Interrupt 7} W] &4 sle  FHAIZF +1ISR oA Hx HHS
Al Zrake] = AIRE

3.10.31 Interrupt Response(-5-FA| 7})

AL E Aplz FRow Bl Ao, @4 Baasl REne A9
Zhgdol das] vk AAE 7149 F9= JEHHE WE A& fal oA
2k Alzte]l o das)] Xt & ]L(Response Time)S AAtstE 2 B

—8—%’\]73 AEHE XA + @A == W&E ARZs= At

= AHYE AQ + @A) B23Y WES AFHE AT
+ AHYE A2 29 Y §4E S A2

-

3.10.32 JEHHE EAAZL
JAEHE BHNIL AHYE
/dx%sﬂ ﬂug] 7d_<|>— ) 1 UE

[¢] hE4

c2 gA BAsked A AR Ba

d 2
HES edoF HuE, 1Y B ¢4 £
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HAHE AL B,
SIE|HE EHAAZF =CPU LS HETE A7H
+ QEHEYR g3z Eol7t= A7F
ARY AL F9,
AHHE EAAZF =CPU WS HEg= A7
+ 7HE 22 ¢4 99 "H23E Adgstes At
+ QI HEYH gHAag Zolrb= A7

3.10.33 ISR &P A7+

SIHHE Ayl e AHE AlZF 9A] n#stE Aol Hashd, 7t &A
A= Aol EATE, Aol 7]#e glth AN diF-Ee] H9- AHHE AH]
J

s A, AR ARl Blaad g Fassl @tk olE $8), gl

el EA WS = Aulzo], wWAA vla oA FE ALEA Ho, oS
of AR A7 oA whibA sl ok A, e A AEYE A S
MRl A aE A7l Ao] wherd s},

3.10.34 Non-maskable Interrupt
NMI(Non-maskable Interrupt) A &ol= H a7l le=d, <l Fﬂ HEV} 7hs3k wha] A
gujofol & A9 F88 WHolth NMIE U el §17] wiel, AHHE A
A, 7 A BAAe Aot Qe A0 4A) B ASE 98 v
A HEAW, AN RN AT S gl

NMI«] a-F,
AHHE A A3

ﬁd
Il
N
N
2,
)
=)
ol
2
>,
o2t
>,
=)

AP drnz Eophed Aa A

NMIE A8 5 gl QEEEY] B, 97 9o Ade e 5
Wyl g aeEE, Bang St Bad Bad B4 ANsEe A8
. a7 k. o) Atk A EEE AGE WUE fas] A, ol E A8

151
SIGNALTECH



STM32F103

3.10.35 Clock Tick

F/)H 0% WARE BUF AHAER A28 4F 4TS ) A2we AF

Al 7ol
uC/OS-1I= AAZF Aot} A
J A

T
2 3t AAZE 08w A AAES #Eshe slo] HAolnE, ©edd
OSE H=gkels a3t |42 FHast a8 AAF 0Se HAaES AlHS
7 g s Zan 9len, AARE AER] uC/oS-II A

R

uC/OS-II+= & o|&ste] Afks #estH, OSTimeDly(), OSTimeDlyHMSMY(),

OSTimeDlyResume(), OSTimeGet(), OSTimeSet() 3$r+ZS #A|¥3tl. o JFES
OS_TIME.Ce| dd5e] 2l

W #es] 9
3t

22 7es AF
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3.11 ENC28J60

) s=de] 74
STM32 B =9} ENC28J60H.= A4
PA4 =>NSS, PA5=> SCK, PA6=>MISO, PA7=> MOSI
STM32 H.=2] PAO, PAlo] LED+ 9923} LED- & GND A3},
PC o] WAS ENC28J60H. =0 43t}

a3y
P m
*__f[:, — =
L R e
—""—]_:_ Mo T[T
oy [ 28] | e
1 .  — el A ——
v B vk 8 wa
LL towe BTy ¢ 4, 1
o= [+ YA UK cs E] ] [ -4
.?""T'E,au&% i =

g
iHp
R

!

L

%E
H:lll (el | |l
aH
i
e’ 1Y%/

ENC28J60H.= 3|2

2) PC AA
AlZE E oA emd 22W RG] AL, B A HY <
ping 192.168.0.3 —t 3t}
obefje} 2 FHE SFHS st 4ol ¥ AHelth

<L

2 ZHE 47 fs

-

153
SIGNALTECH



STM32F103

Aojgt = WEND e 2 Fe 1]

%4 Mg
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Internet Protocol Version 4 (TCP/IPv4) U5 =3 it}

o
o
o)
o
.
o
e
o
o
=
.
Ac)
K
‘1 |
r o
i
g
)
et
v
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Internet ExplorerE 2 8§ gk},
FaTol ofgfel o] 7|dFh
http://192.168.0.2/123456

obefl stAATH ERGTE
g3 OFE7} Hut.

LED ON & =g

s

SIGNALTECH

B9 LED®| LED 7} ON =il T}A]

STM32F103

156



STM32F103

Al 47 STM32 Y5715
STM32 W& 320l thefr A gt
4.1 PWR(Power control)

tjulo] ~7} Q -8} operating voltage supply (VDD) 2.0 ~ 3.3V 7}A] ARE-gkr). #}A|
deelol87E i 1.8V HAd dds s ARedrh AWk VO E£E 2V-55V
g PR e,

H el VDD A ¥o] AtEoj%E RTC (real-time clock) 2} backup registers & VBAT
voltage(1.8~3.6V) | ]3] o] &H T}

Vippa domain
(Vssa) VRee- - e
(from 2.4 V up to Vppa)Vreer. — | A/D converter
Temp. sensor
R t bl Kk
(Vpbp) gDDA PLL e
(Vss) ssA

Vpp domain 1.8 V domain
ves L IO Ring Core
Standby circuitry M—‘E[‘I‘I?rles
Voo (Wakeup logic, d_lgl.al
IWDG) peripherals
Voltage Regulator {—7
| T

Low voltage detector

l Backup domain

LSE crystal 32K osc
BKF registers

RCC BDCR register
RTC

(VMop) Veat [T="=—]

9] 2™ 6498 7 $olw VREF+ ¥ VREF-#& A3} a1, ADC A4S +
(VDDA) ¥} GND(VSSA) WlF-A o= AAxo] Qlvt. 1008 75 VREF+Z} VREF-
A& ADC dE Y 24V ~VDDA)S 2 AFE3IT)

1) Low-power modes

Effecton
Effect on 1.8V Vobp Voltage
Mode name Entry wakeup domain clocks | domain regulator
clocks
Sleep WFI Any interrupt CPU CLK OFF
(Sleep now or ne effect on other | yohe ON
Sleep-on - WFE Wakeup event clocks or analog
exit) clock sources
ON orin low-
d
EEﬂS andLPDS | oy EXT line E’;:;;‘Qg;
Stop SLEEPDEEP bit | [SeTrigured in fhe Power control
+ WFI or WFE 9 ! HSland | o gister
All 1.8V domain HSE (PvWH CR))
clocks OFF oscillators -
WHKUP pin rising OFF
PDDS bit + edge, ATC alarm,
Standby SLEEPDEERP bit | external reset in OFF
+ WFI or WFE NRST pin,
IWDG reset
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STM32F103 tjulo]2~ EX4 (3 7FA] low-power modes)
e Sleep mode (Cortex-M3 core stopped, peripherals kept running)
e Stop mode (all clocks are stopped)
e Standby mode (1.8V domain powered-off)

-Run Mode = 1.8V & Core, Memory, digital peripherals ©l|, Z o]« &

oH

fw A
=]

- Stop Mode = 1.8V S @A 2E], SRAM o] #& AHFF
- Standby Mode 7} A& AFH LR

2) Sleep Mode

CPU =olvt A X|3}t}7} WFI (Wait For Interrupt), WFE (Wait for Event)7} ™ 7] o] 1}
25k AHL. 8MHZ € W 7.5mA oA 5.5mA Fo] &t

3) Stop Mode

Stop mode

Description

Mode entry

WFI (Wait for Interrupt) or WFE (Wait for Event) while:

— Set SLEEPDEEP bit in Corex™-M3 Systam Gontrol register

— Clear PDDS bit in Power Gontrol register (PWR_CR)

— Select the witage regulator mode by configuring LPDS bit in PWR_CR

Mote: To enter Stop mode, all EXTI Line pending bits (in Pending regisier
(EXTI_PR)) and RTC Alarm flag must be reset. Otherwise, the Stop mode
entry procedure is ignored and program execution continues.

Mode exit

If WFI was usad for entry:
Any EXTI Line configured in Interrupt mode (the cormresponding EXTI
Interrupt vector must be enabled in the NVIC). Refer to Tabie 27 Vecior
fable on page 97

It WFE was used for entry:
Any EXTI Line configured in event mode. Refer to Saction 6.2.3" Wakeup
eveni management on page 107

Wakeup latency

HSI1 RC wakeup time + regulator wakeup time from Low-power mode

4) Standby Mode

Standby mode

Description

WFI (Wait for Interrupt) or WFE (Wait for Event) while:
— Set SLEEPDEEP in Cortex™-M3 System Control register

Mod t
ode entry _ Set PDDS bit in Power Control register (PWR_CR)
— Clear WUF bit in Power Control/Status register (PWR_CSR)
Mode exit WKUP pin rising edge, RTC alarm, external Reset in NRST pin, IWDG

Reset.

Wakeup latency

Regulator start up. Reset phase

Standby Mode+= & 2% AM]E 9JalA] o]t
PLL, HSI®} HSE RC oscillators = switched off ©]T}.

SIGNALTECH
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5) Power control registers

Offset | Register |53 |R|&|x[&|8[x(R[8|a[R[2|= =[2e|=[2[8[z[2|o|=|~[o]w]~|o|~]-|o
a I o L T T
PWF_CR N @ | PLS[2:0] |2 |2 ==l
000h Reserved a ZI8IE RS
Aeset value oo | u} | o(ojojo|o|o
o D (1 1. w
PWR_CSR = Q3|2
004h Neserved E Neserved E n |=
Heset value V] o|ofQ

PWR register map

— Power control register (PWR_CR)
Bits 31:9 Reserved, always read as 0.

Bit8 DBP: Disable Backup Domain write protection.

In reset state, the RTC and backup registers are protected against parasitic write access. This bit
must be set to enable write access to these registers.

0: Access to RTC and Backup registers disabled

1: Access to RTC and Backup registers enabled

Bits 7:5 PLS[2:0]: PVD Level Selection.

These bits are written by software to select the voltage threshold detected by the Power Voltage
Detector

000: 2.2V 001:2.3V  010:2.4V  011:2.5V

100: 2.6V 101:2.7V  110: 2.8V  111:2.9V

Note: Refer to the electrical characteristics of the datasheet for more details.

Bit4 PVDE: Power Voltage Detector Enable.
This bit is set and cleared by software.
0: PVD disabled 1: PVD enabled

Bit3 CSBF: Clear Standby Flag.
This bit is always read as 0.
0: No effect  1: Clear the SBF Standby Flag (write).

Bit2 CWUF: Clear Wakeup Flag.
This bit is always read as 0.
0: No effect 1: Clear the WUF Wakeup Flag after 2 System clock cycles. (write)

Bit 1 PDDS: Power Down Deepsleep.

This bit is set and cleared by software. It works together with the LPDS bit.

0: Enter Stop mode when the CPU enters Deepsleep. The regulator status depends on the LPDS
bit.

1: Enter Standby mode when the CPU enters Deepsleep.

Bit 0 LPDS: Low-power deepsleep.

This bit is set and cleared by software. It works together with the PDDS bit.
0: Voltage regulator on during Stop mode

1: Voltage regulator in low-power mode during Stop mode
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— Power control/status register (PWR_CSR)
Bits 31:9 Reserved, always read as 0.

Bit8 EWUP: Enable WKUP pin

This bit is set and cleared by software.

0: WKUP pin is used for general purpose /0. An event on the WKUP pin does not wakeup the
device from Standby mode.

1: WKUP pin is used for wakeup from Standby mode and forced in input pull down
configuration

(rising edge on WKUP pin wakes-up the system from Standby mode).

Note: This bit is reset by a system Reset.

Bits 7:3 Reserved, always read as 0.

Bit2 PVDO: PVD Output

This bit is set and cleared by hardware. It is valid only if PVD is enabled by the PVDE bit.

0: VDD is higher than the PVD threshold selected with the PLS[2:0] bits.

1: VDD is lower than the PVD threshold selected with the PLS[2:0] bits.

Note: The PVD is stopped by Standby mode. For this reason, this bit is equal to 0 after Standby
or reset until the PVDE bit is set.

Bit1 SBF: Standby Flag

This bit is set by hardware and cleared only by a POR/PDR (Power On Reset/Power Down
Reset) or by setting the CSBF bit in the Power control register (PWR_CR)

0: Device has not been in Standby mode

1: Device has been in Standby mode

Bit 0 WUF: Wakeup Flag

This bit is set by hardware and cleared only by a POR/PDR (Power On Reset/Power Down
Reset) or by setting the CWUF bit in the Power control register (PWR_CR)

0: No wakeup event occurred

1: A wakeup event was received from the WKUP pin or from the RTC alarm

Note: An additional wakeup event is detected if the WKUP pin is enabled (by setting the EWUP
bit) when the WKUP pin level is already high.
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4.2 RCC

RCC(Reset Clock Controller)= STM32 2] Reset ¥} U5 Clock & ZIEE st}
STM32 2] Clock & System Clock I} Secondary Clock ©.= e id=

4.2.1 System Clock(SYSCLK)

SYSCLK = AHB, APB ol 1A% 7} Controller ] &3 %|+= Main Clock ©] t}.
SYSCLK ol 4] AF&5 3= Clock Source = TFS- 3 7}A| o]t}

1) HSI (8MHz)W 5~ 8MHz RC =¥

2) HSE(4~16Mhz)2] - Oscillator Clock

3) PLLCLK(~72Mhz)PLLSRC ©|4] ®¥l¥l HSI T+ HSE & PLLMUL °| <J3jiA
3k Clock

4.2.2  Secondary Clock

RTCCLK Y Watchdog | A AF8-% & Clock ©]™, Clock 222~ 2 7}A| o]t}
1)LSI RC(40kHz) Low power Clock 4>~

2)LSE OSC(32.768kHz) RTCCLK A2 AF&

42.3 System Clock Source &] T &5 ofzle} £t

USE 48 MHz USBCLK
Prescaler to USB interface
M,15
HCLK

72 MHz max to AHB bus, core,
Clack memory and DMA
sw P Enable (3 Bits) to Cortex Systemn timer
p» FCLK Cortex
guram| free running clock
Hst AHB AP31 9

N
SYSCLK|
L] 36 MHz max PCLKA
X2, X3, x4 PLLCLK | |72 mnZ| Prescaler Prescaler fo APBT
PLL iM.2.512 || |1, 2 4.8 16 ) peripherals
|—>/ — Periphetal Clock

max
Enable (12 bits)
TIMZ,3, 4 to TIM2, 3
css If (APB1 prescaler =1) x1 T_D'rm-’

else X2 | Peripheral Clock
Enable (2 bits)

PLLXTPRE Ll papB2 72 MHz max ;\ PCLK2 |
to Al 2
OsC_ouT 1,2, 4,8, 16 — i
4-16 MHz Peripheral Clock peripherals
OSC_IN HSE osc - Enable (11 bits)
| /2
TIMA timer to TIMA
If (APBZ prescaler =1) x1 TIMICLK
else 22 Peripheral Clock
ADG Enablec (* bit)
! to ADC
OSC3z_IN LSE OSC LSE to HT. C —— Prescaler ADCCLK >
32.768 <Hz RTCCLK /2,4, 6,8
OSC3z2_0uUT
RTCSEL[1:0]
LSl RC LsI to Independent Watchdog (IWDG)
40 kHz IWDGCLK Legend:
HSE = high-speed external clock signal
HSI = high-speed internal clock signal
Main PLLCLK LS| = low-speed intzrnal clock signal
MCO e Clock Output Hsi LSE — low-speed sxternal clock signal
Er HSE
SYSCLK
MCO

ai14903

STM32 @tolH. 28] 9] Default 2 A& HSE 8MHz & 72MHz ¢ SYSCLK & A}-&-3hc}
HSE Clock ©] Line & &4 PLLMUL o4 9 vl 2 %o 72MHz 7} © U}
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1) PLLXTPRE ° HSE & Bypass 3}AL 1/2 &F o

285 WE7] Y3lA Bypass & A8}

2) PLLSRC °l 4] HSI ¢} HSE &8 A~E A8 PLLMUL &
8 A2E R ST
PLLMUL 9AE x4 ~ x9 #|7}x] S8 Z7MA24 & At

=g o] 72MHz °o]Wo|t}. 8MHz & 72MHz = THE7] $l38lA x9 &

PLLMUL oA+

OEE

Al A

_

STM32F103

72MHz

% ey
Kl

rf
L)

3) SW(System Clock Switch)oll 4] HSI, HSE, PLLCLK Z°l* SYSCLK & A}-&&
29s A%

SYSCLK += AHB Prescaler ©| ¢34 AHB W= HCLK & A}-&-%™, HCLK + Z

72MHz ¢] PLLCLK & A ¥i3}ic},

I~

7)
&5 A]2~"e] FCLK, PCLKI1, PLCK2, TIMxCLK, ADCCLK %¢| Clock Source =

Aol et

Wi A 2B 5 ZFAS] Prescaler & AR&3IA] Clock AAo] 7hs3atn, 1 %
Elo] o] A% &= TIMxCLK + PCLK 9] Prescaler ko] 1 & 499l bypass =
AAW L, 1 99 Y Aol PCLK 9 x2 vl 9] clock ©] TIMxCLK & A o|t}.

Clock

SYSCLK

HCLK
PCLK1
PCLK2
TIMxCLK

ADCCLK

SIGNALTECH

AP
H

~72MHz
~ 72Mhz
~36Mhz
~ 72Mhz
~ 72Mhz

~ 72Mhz

vl a1

SW el JsllA] A B ¥ Source
SYSCLK / AHBPrescaler
HCLK / APB1Prescaler

HCLK / APB2Prescaler

If(APBxPrescaler == 1) PCLKx*1
else PCLKx*2

PCLK2 / ADCPrescaler
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4.2.4 RCC Register Map

Offset| Register |5/2/Q1Q5[&IQ[F|Q[N[5|Q[2[2|x[e[2]z[]8|z ]2 [~ o0]w]<|o]a]-o
Alz z|E /=
o > |B 2B (2
x |9 Ol | [@ . . T |©
000h RCC_CR TreTEr 3 2 T % % % % HSICAL[7:0] HSITRIM[4:0] E e
Tz ol |T ([T 2T |T
Reset value 0o olojojojojojojo|o]o]o]o]1]ojojo]o[=|1]1
w
# T (2| ADC
B |T a o PPRE2 | PPRE1 SWS | Sw
) a o | .
ooan | RCC.CFGR Reserveq  |MCO[20]|2 5 PLLMULJ3:0] & g |[D1F_gz] 20] 2o | HPREIO | Tior| o
= I .
2 z
Reset value 0|0|0 o(ojo|ofo|OfO 0|0 g(ojojOo|O|OfO 0|O o(ojo|o|0
019 0|9 |o wW Wy TR TR [TH I TR T
ol 2 |2z |x|= o xRl T 5I5EIBE
RCC_CIR 2|t 2RERIE| & [FI2EREE| 2 2BRRIRE
008h Reserved 8 o (3 |Wl|g W s Il J|WU |7 |wiE (O 3 (J|uW|z (W
2 |a o § z|2IZ49f E 2129 A
Beset value 0 o(0|0|0O]0 g|jojojojofo ojofojoj|o0
=
0 E (=
clglafaele| g [2(2)2(2 2|8 e
RCC_APB2RSTR cCl|z|x o5 |= z |Z % % % E c %
00Ch Reserved TIBZIERIS| 8 2zl2|2E|31R2
Glela|E[R|2| & |S9|c|lele|E <
= [
Reset value 0 g|jojo|0 o|of(of{oj0 0
o |3 &
== = = |E= (= = w = (= (=
DIl 2 || 2 |l 2 | 0 v |(n
Clr|2lE||lelcic| @ @M @ [ & |5 | |&
010h RCC_APB1RSTR Reserved % L E Z5@ 85| & E|E = E = Reserved I2g
z@d|glclgSlaE] & 55| 8 s & |2 EIE|E
[ (e c 55| c |=
Reset value 0|0 0 o|o|0 0|0 0 0 0|0]|0
o (Z D
Bl2iz|e|E
01an | RCC-AHBENR Reserved EB|Z(8|3
o | (@ o
W (g | (@
Reset value 1 1 0
=
w =|z|Z|= z|lz |z |z |= z
~ P |u|u|Y|w| F |W|W | |d |y |8 |
= — = |
01gn | RCC_APB2ENR Reserved ZIslEE018 5 22252
G800 FIRIZ| B 21212122 |8|<
2 e @ @
Beset value 0 g|jojo|0 o|jofjofofo0 0
= & z
Zlo[Eo(Z2 (2|2 = k- = o w Z (2 |2
w [
RCC_APB1ENR P2z EE e EE|E E| 28 Yy |y
01Ch Reserved |= |¥ |3 |< g |@ O |0 g |<|< g |a 3 Reserved =|Z (=
g@|gc|BP e 8 G158 v 8 2 FIFEIF
o o c P2 =x o«
Beset value 0|0 0 o|jo|0 0|0 0 0 o|j0|0
= |z RTC L5z
0 |ig 12 |o
020h RCC_BDCR Reserved g8 Reserved S1E0L Reserved |W (W (W
@ | [1:0] n9gq |5
Reset value ofo 0)o ojofo
= el (T [T
= o E == w 5|z
ol |2ele|n|8|S 18
ooan | RCC-CSR 151816 |7 \T |5 |3 Reserved z a3
b= o= | |= 913
] S = |0 e =
Beset value gjofo|lo0|1]1 0 0|0

RCC oA Clock & AAst= 7F4 F 93 ##x2~E+ RCC_CR ¥ RCC_CFGR ©|t}.
RCC_CR ©A4] HSEON 2 SET 3}" HSE &Y S Al&3F= Z o], RCC CFGR ©A
PLLSRC £ HSE & AA3lal PLLMUL oA 29 w4 e AA3 T4
SYSCLK © & PLLCLK & SW oA A=A 3},

Z12]31 AHB, APB1, APB2 & ® Z=of AZ ¥ Peripheral 52| Clock Enable & H9 3l
RCC_APBIENR, RCC_APB2ENR, RCC_AHBENR H A 287 9
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1 <t 27t peripheral & AFE3H7] ol AREFH RCC APBxPeriphClockad
St7F sl €2 RCC _APBXENR #@| %] 2E]9] &|F peripheral Clock = Enable 3}
Aol

3| Peripheral © Clock ©] Enable & o] oF &2} 3}7] wj&o]t}.

Reset_Handler
LDR RO, =SystemlInit

BLX RO
LDR RO, =_iar program_start
BX RO

Reset Handler 9| A= SystemlInit &5 < &3I4 RCC 9] Clock & %7|38} 3t}
=8 dAo] Hojo - A 2ElS AFEE & T

425 RCC %73 7=

RCC + Reset Al 7} WA Aok 3SFi= Controller ©]7]l, SPL oA+
Reset Handler ©l Systemlnit & F7}3ll4 Reset A| RCC & %7]3} 325 3slal
UTH.

ok SPL o4 RCC 2 %7135 a5 &%thd, RCC 9 7] Reset %1 W3-
8Mhz =S Source & 4] SYSCLK, PCLKI, PCLK2 5 B 8Mhz 2 57k

SystemlInit &=Foll Al oJ% A RCC & %713} sp=A] ¢o} ot

1) Reset Handler
tufo] 2o whe} startup stm32f10x_cl.s, startup stm32f10x_md.s, startup stm32f10x_hd.s,
718} o2 7FA7F 2l STM32F103 RCT6 ©t}, RE6 & startup stm32fl10x_hd.s =
AL&3tt) o 7)ol o] o] Q& Reset Handler ©] T
Reset o] AW 7FgH A SystemInit = jump =5 = o] QT

; Reset handler
Reset Handler PROC
EXPORT Reset Handler [WEAK]
IMPORT  main
IMPORT  SystemlInit
LDR RO, =SystemlInit

BLX RO

LDR RO,=_main
BX RO

ENDP

2)  void SystemInit(void)

e TR AAgsks F ] ot 61A7]’ geA 2Agddas v A=
™ void RCC Conﬁguratlon(vmd)oﬂ NS F= A aHY g5 ] =9 3
82 sdslty.  Systemlnit ¥ System_stm32f10x.c gtdof gojx o] Q.

)

r\r ru

g

164
SIGNALTECH



STM32F103

< System stm32f10x.c>
void SystemlInit (void)

{
/* Reset the RCC clock configuration to the default reset state(for debug purpose) */
RCC->CR |= (uint32_t)0x00000001; /* Set HSION bit */

/* Reset SW, HPRE, PPREI, PPRE2, ADCPRE and MCO bits */
#ifndef STM32F10X_CL

RCC->CFGR &= (uint32_t)0xF8FF0000;
#else

RCC->CFGR &= (uint32_t)0xFOFF0000;
#endif /* STM32F10X CL */

RCC->CR &= (uint32_t)0xFEFOFFFF; /* Reset HSEON, CSSON and PLLON bits */
RCC->CR &= (uint32_t)0xFFFBFFFF; /* Reset HSEBYP bit */
/* Reset PLLSRC, PLLXTPRE, PLLMUL and USBPRE/OTGFSPRE bits */
RCC->CFGR &= (uint32_t)0xFF80FFFF;
#ifdef STM32F10X_CL
RCC->CR &= (uint32_t)0OXEBFFFFFF; /* Reset PLL2ON and PLL3ON bits */
RCC->CIR = 0x00FF0000; /* Disable all interrupts and clear pending bits  */
RCC->CFGR2 = 0x00000000; /* Reset CFGR?2 register */

#elif  defined (STM32F10X LD VL) || defined (STM32F10X MD VL) |  (defined
STM32F10X_HD_VL)

RCC->CIR = 0x009F0000; /* Disable all interrupts and clear pending bits  */

RCC->CFGR2 = 0x00000000; /* Reset CFGR2 register */

#else
/* Disable all interrupts and clear pending bits  */
RCC->CIR = 0x009F0000;

#endif /* STM32F10X_CL */

#if defined (STM32F10X_HD) || (defined STM32F10X_XL) || (defined STM32F10X _HD VL)
#ifdef DATA_IN_ExtSRAM
SystemlInit ExtMemCtl();
#endif /* DATA_IN_ExtSRAM */
#endif

/* Configure the System clock frequency, HCLK, PCLK?2 and PCLK1 prescalers */
/* Configure the Flash Latency cycles and enable prefetch buffer */
SetSysClock();

#ifdef VECT TAB_SRAM

SCB->VTOR = SRAM BASE | VECT _TAB_OFFSET; /* Vector Table Relocation in Internal SRAM.
*/
#else

SCB->VTOR = FLASH BASE | VECT TAB_ OFFSET; /* Vector Table Relocation in Internal
FLASH. */
#endif
}
SystemInit $<=7} &&% W Ul HIS Clock & ON 3 th& HSE, PLL, RCC IHHE
A& E5F Reset ¢Ft}. 18] 3l SetSysClock &5 < =3k},

3) void SetSysClock(void)
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<SetSysClock / System stm32f10x.c>

static void SetSysClock(void)

{

#ifdef SYSCLK _FREQ HSE
SetSysClockToHSE();

#elif defined SYSCLK FREQ 24MHz
SetSysClockTo24();

#elif defined SYSCLK FREQ 36MHz
SetSysClockTo36();

#elif defined SYSCLK FREQ 48MHz
SetSysClockTo48();

#elif defined SYSCLK FREQ 56MHz
SetSysClockTo56();

#elif defined SYSCLK FREQ_ 72MHz
SetSysClockTo72();

#endif

/* If none of the define above is enabled, the HSI is used as System clock
source (default after reset) */

H
SetSysClock 30| 4]+= Define ¥l Clock A webA 3 29 5 &30
7133k SYSCLK_FREQ 72MHz & 7 9] x]o] gl

SetSysClockTo72 $F<=2] 72Mhz 28 A4 3},

<SetSysClockTo72 / System_stm32f10x.c>

static void SetSysClockTo72(void)

{
__10 uint32_t StartUpCounter = 0, HSEStatus = 0;

/* SYSCLK, HCLK, PCLK2 and PCLK1 configuration */
/* Enable HSE */
RCC->CR |= ((uint32_t)RCC_CR_HSEON);

/* Wait till HSE is ready and if Time out is reached exit */
do
{
HSEStatus = RCC->CR & RCC_CR_HSERDY;
StartUpCounter++;
} while((HSEStatus == 0) && (StartUpCounter != HSE_STARTUP_TIMEOUT));

if (RCC->CR & RCC_CR_HSERDY) != RESET)
{ HSEStatus = (uint32 t)0x01; }

else

{ HSEStatus = (uint32 t)0x00; }

if (HSEStatus == (uint32_t)0x01)
{
FLASH->ACR |= FLASH_ACR_PRFTBE; /* Enable Prefetch Buffer */
/* Flash 2 wait state */
FLASH->ACR &= (uint32_t)((uint32 t)~FLASH _ACR _LATENCY);
FLASH->ACR |= (uint32 t)FLASH ACR_LATENCY 2;
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RCC->CFGR |= (uint32_t)RCC_CFGR HPRE DIVI; /* HCLK = SYSCLK */
RCC->CFGR |= (uint32_t)RCC_CFGR_PPRE2 DIV1; /* PCLK2 = HCLK */
RCC->CFGR |= (uint32_t)RCC_CFGR_PPRE1 DIV2; /* PCLK1 =HCLK */
#ifdef STM32F10X CL

/* Configure PLLs */

/* PLL2 configuration: PLL2CLK = (HSE / 5) * 8 =40 MHz */

/* PREDIV1 configuration: PREDIVICLK =PLL2 /5 =8 MHz */

RCC->CFGR2 &= (uint32_t)~(RCC_CFGR2_PREDIV2 | RCC_CFGR2_PLL2MUL |
RCC_CFGR2_PREDIV1|RCC_CFGR2_PREDIVISRC);
RCC->CFGR2 |= (uint32_t)(RCC_CFGR2_PREDIV2 DIV5 | RCC_CFGR2_PLL2MULS |
RCC_CFGR2_PREDIVISRC_PLL2
RCC_CFGR2_PREDIVI1_DIV5);

RCC->CR |= RCC_CR_PLL20ON; /* Enable PLL2 */

/* Wait till PLL2 is ready */
while((RCC->CR & RCC_CR _PLL2RDY)==0)

(I
/* PLL configuration: PLLCLK = PREDIV1 * 9 =72 MHz */

RCC->CFGR &=  (uint32_t)~(RCC_CFGR PLLXTPRE | RCC_CFGR PLLSRC |
RCC_CFGR_PLLMULL);
RCC->CFGR = (uint32_t)(RCC_CFGR_PLLXTPRE_PREDIV1 |

RCC_CFGR_PLLSRC PREDIV1 |
RCC_CFGR_PLLMULLY);

#else

/*  PLL configuration: PLLCLK = HSE * 9 =72 MHz */

RCC->CFGR &= (uint32_t)((uint32_t)~(RCC_CFGR PLLSRC | RCC_CFGR_PLLXTPRE |

RCC_CFGR_PLLMULL));

RCC->CFGR |= (uint32_t)(RCC_CFGR_PLLSRC HSE |RCC CFGR PLLMULLY);
#endif /* STM32F10X CL */
RCC->CR |=RCC_CR_PLLON; /* Enable PLL */
while((RCC->CR & RCC_CR PLLRDY) == 0) /* Wait till PLL is ready */

(U

RCC->CFGR &= (uint32_t)((uint32_t)~(RCC_CFGR_SW)); /* Select PLL as system clock source */
RCC->CFGR |= (uint32_t)RCC_CFGR_SW _PLL;
/* Wait till PLL is used as system clock source */
while ((RCC->CFGR & (uint32_t)RCC_CFGR_SWS) != (uint32_t)0x08)

(U
b

else
{ /* If HSE fails to start-up, the application will have wrong clock
configuration. User can add here some code to deal with this error */

}
}

RCC_CR_HSEON & Set 3lo] 9|4 &8-S5 ON 3}il, HSE Clock ©] A4 o=
HA=A #Felslr] YA RCC CR_HSERDY & A =3},

HSE Z%¢] #H]7F ® % PLL & AAS7] A WlF 259 prescaler @&
A gty

HCLK, PCLK2 & DIVl o2 AA3le] SYSCLK ¢ U3 72Mhz 7} H == )i,
PCLK1 & DIV2 3}%] 36Mhz 7} ¥ %% 3t} b5 S = PLLCLK & HSE ¢ 9 uj7}
¥ &E =2 RCC->CFGR ¢] PLLSRC ¢ PLLMUL & A A3t}

H] 7}

M
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PLL AAHo] ¢8¥Ae™W  PLLON &  3dta, PLL ©] FHHIEA
RCC CR PLLRDY & A|A3%t}h. PLL ©] +H|7} %% oW RCC->CFGR ¢ SW &
PLLCLK = A®3dtt Ssw 7} AAF o= PLLCLK = AAo] Hg=A RCC-
>CFGR 9] SWS & A= 3%tt}

4) Clock A# <l

RCC_GetClocksFreq $F5% RCC_GetClocksFreq %42 HRE return $HU}.
SYSCLK, HCLK, PCLK1, PCLK2, ADCCLK #< ¢1& F dth

|

<RCC ClocksTypeDef>

typedef struct

{
uint32 t SYSCLK Frequency; /*!<returns SYSCLK clock frequency expressed in Hz */

uint32_t HCLK Frequency; /*!1<returns HCLK clock frequency expressed in Hz */

uint32 t PCLK1 Frequency; /*!<returns PCLKI clock frequency expressed in Hz */

uint32 t PCLK2 Frequency; /*!<returns PCLK2 clock frequency expressed in Hz */

uint32 t ADCCLK Frequency; /*!<returns ADCCLK clock frequency expressed in Hz */
}RCC_ClocksTypeDef;

RCC GetSYSCLKSource ¥+ SYSCLK 9] Clock Source 7} o™ ZQA]E return
3t} SYSCLK 9] Clock Source #t< RCC->CFGR 2] SWS #HoZ 39S 4 3o
Return gt T2 Z o}

0x00: HSI used as system clock
0x04: HSE used as system clock
0x08: PLL used as system clock

RCC GetSYSCLKSource, RCC GetClocksFreq $I5E AF&3stH dA A|2~El Clock
qug glo] & & ok

#include "stm32f10x.h"

#include <stdio.h>

size_t _ write(int handle, const unsigned char *buf; size t bufSize)

{

size t nChars = 0;
if(handle == -1) return 0;
else if(handle != 1 && handle != 2) return -1;

for(;bufSize> 0; --bufSize)

{
USART SendData(USARTI, (uint8_t)*buf);

/* Loop until the end of transmission */
while (USART _GetFlagStatus(USARTI1, USART FLAG TC)==RESET)

{}

++buf;

168
SIGNALTECH



++nChars;

b

return nChars;

}

int main()

{

GPIO_InitTypeDef GPIO_InitStructure;
USART InitTypeDef USART _InitStructure;
RCC_ClocksTypeDef RCC_ClockFreq;

RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOA, ENABLE);

RCC_APB2PeriphClockCmd(RCC_APB2Periph USART1, ENABLE);

GPIO_InitStructure. GPIO_Pin = GPIO_Pin_10;

GPIO_InitStructure. GPIO_Mode = GPIO_Mode IN FLOATING;

GPIO_Init(GPIOA, &GPIO_InitStructure);
GPIO_InitStructure. GPIO Pin = GPIO_Pin 9;

GPIO_InitStructure. GPIO_Speed = GPIO_Speed 50MHz;
GPIO_InitStructure. GPIO Mode = GPIO_Mode AF PP;

GPIO _Init(GPIOA, &GPIO_InitStructure);

USART _InitStructure. USART BaudRate = 115200;
USART _InitStructure. USART WordLength = USART WordLength 8b;

USART InitStructure.USART_StopBits = USART _StopBits_1;
USART InitStructure. USART Parity = USART Parity Even;

STM32F103

USART InitStructure. USART HardwareFlowControl = USART HardwareFlowControl None;
USART InitStructure. USART Mode = USART Mode Rx | USART Mode Tx;

USART Init(USARTI, &USART InitStructure);
USART Cmd(USARTI1, ENABLE);

RCC_GetClocksFreq(&RCC_ClockFreq);

printf("1)SYSCLK_Frequency : %d\r\n", RCC_ClockFreq.SYSCLK Frequency);

printf("2)HCLK Frequency : %d\r\n", RCC_ClockFreq.HCLK Frequency);

printf("3)PCLK1_ Frequency : %d\r\n", RCC_ClockFreq.PCLK1 Frequency);

printf("4)PCLK2 Frequency: %d\r\n", RCC ClockFreq.PCLK2 Frequency);

printf("S)ADCCLK_Frequency : %d\r\n", RCC_ClockFreq. ADCCLK _Frequency);

printf("6)RCC_GetSYSCLKSource : %x\r\n", RCC_GetSYSCLKSource());

while(1);
}

<43 s}H>

oAl 213 4 RCC UASRT = A3spA 9ef & A}

SIGNALTECH

1)SYSCLK Frequency : 72000000
2)HCLK Frequency : 72000000
3)PCLKI1 Frequency : 36000000
4)PCLK2 Frequency: 72000000
5)ADCCLK Frequency : 36000000
6)RCC_GetSYSCLKSource : 8
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File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NSE@ s @]9 | | & % % | = = 5| B 10D SetWindovr| 2 2] [@[)¢
%‘;.0\{}{} U ECTE EENEE BN LR R 1
UART #1
Co.. 3@ UART #1 J UARTE ] 5
— = UART #2
Load "D:\ . 1) SYSCLE Frequency : 72000000Hz
2)HCLK Freguency : 72000000Hz = UART #3
3) PCLE1l_Fregquency ! 36000000Hz i §
4) PCLK2 Frequency : 72000000HzZ & Debug (printf) Viewer
5)ADCCLE Frequency : 36000000Hz
6)RCC_Get5YSCLKSource : &
AR pvision = F19k 2 HAE AAA oa viE o 4 gle el o
H A Ao A Use Simulator & A& 3gkc},
r Optians for Target Test’ ﬂw

Device | Target| Output| Listing| User | C/C++| Asm | Linker Debug | Utilifes |

& Ise Simulator Settings |  Use: ISteIIaris ICol j Settings |

¥ Limit Speed to Real-Time

¥ Load Application at Startup ¥ Run to main{) ¥ Load Application at Startup [~ Run to maini)

Initiglization File: Inttialization File:

| = ] Ea |

Restore Debug Session Settings Restore Debug Session Settings
¥ Breakpoints ¥ Toolbox ¥ Ereakpoints ¥ Toolbox
[¥ Watch Windows & Peformance Analyzer ¥ Watch Windows I Tracepoints
¥ Memory Display ¥ Memorny Display
CPU DLL: Parameter: Driver DLL: Parameter:
|SAF{MCM3.DLL | |SAF{MCM3.DLL |
Dialog DLL: Parameter: Dialog DILL: Parameter:
|DﬁRI'u'ISTI'u'I.DLL |-pSTM32F1DSF{E |TﬁF{MSTM.DLL |-pSTI'u'I32F103F{E

| OK || Cancel || Defaults I

FAolA Use Simulator & AEISHH 7]dtsl=d, A34E o Fel=d Z=xo] Hth
g2 i o gl FAolth

aga e ads SEske A4S Ak
Peripherals Tools SVCS  Window

| @) Start/Stop Debug Session Ctrl=F5 |
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Peripherals | Tools 5VCS  Window |

4

Core Peripherals

| Power, Reset and Clock Control

e g Ads B 4 o,
F —— B
Power, Reset and Clock Control (PRCC) g

—Clock Control & Configuration :
Rcc_CR: [THEEME | CSSON [T HSEBYP [V HSERDY [ FLL Configuration
- ¥ HSECON [¥ HSIRDY ¥ HSION W PLLON
RCC_CFGR: [0<001D040A I~ USBPRE [ PLLRDY
PPREL:[4HCLK/2 =]  MCO:[o:Noclck =] v PLLSRC
[~ PLLXTPRE
PPREZ: |0: HCLK | SW: |2 Pllclock v
HPRE: |0: SYSCLK ~|  SWS: |2 PLL clock used PLLMUL: |7: PLLClock *9 v |
ADCPRE: |0:PCLK2/2  +|
— Contral/Status
RCC_CSR: [&0C000000 ™ LPWRRSTF [~ WWDGRSTFI™ IWDGRSTF [~ SFTRSTF ¥ PORRSTF
- ¥ PINRSTF [~ RMVF [T LSIRDY [~ LSION
— Backup domain control
RCC BOCR: I{h:ﬂDDDDDDD RTCSEL: |0: No clock |
[~ BDRST [~ RTCEN [~ LSEBYP [T LSERDY [ LSEON
—Clock Intemupt
RCC_CIR: |{mmmmu
_lcssc _|UNLKT _|PLLRDYC  _|HSERDYC _|HSIRDYC _|LSERDYC  _]LSIRDYC
[~ CSSIE [~ UNLKIE [T PLLRDYIE [~ HSERDYIE [~ HSIRDYIE [~ LSERDYIE [ LSIRDYIE
[~ CSsF [ UNLKF [T PLLRDYF [ HSERDYF [ HSIRDYF [ LSERDYF [ LSIRDYF
— Power Control & Status
PWR_CR: |{mmumuu PLS: |u: TED -] [~ DEP [~ PVDE [~ CSBF
|  [Go0000000 I~ CWUF [~ PDDS I~ LPDS |
FWR_CSR: |{200000000 [~ EWUP [ PVDO [~ SBF [ WUF
—Core & Memory and Peripheral Clocks
0SC:| 2000000 MHz F{TCCLK:l 32768 kHz HCLK:IT“E.DDDDDD MHz
oc532:| 32768 kHz MCO:l 0.000000 MHz PCLK1:|36.{|-DDDM MHz
HSI_HJ::I 2.000000 MHz IWDGCLK:I 2768 kHz F‘CLKZ:I?Z.DDDDDD MHz
LSIRC:| 32768 kHz USECLK:l-iE.DDDDDD MHz mxcm;hz.mmm MHz
SYSCLK:I??.DDDDDD MHz AD{IZLK:ISG.DDDDDD MHz mmmhzmmm MHz
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4.3 GPIO

43.1 GPIO 7|E+%

H

2=
=

il
¥

GPIO = General Purpose Input/Output 2FA}o]™  welA] Input, Outputo =
i, EETE Vs oRE AREET

obgf [2¥ 4.1]2 STM32 ¢ GPIO xolt}. £1¢ HAFES dH FolH, o}
HAAREL =9 Hojtp, ¥ QEZ /O pin ©] AA| AFE¥ = H O =2 Protection
diode = 2|4 :o]ZZRE I/O pin & H3I37] YalAolth TTL ] E 48 thoj
9 Eud 29A4e fdY JE5E F Y, EuE 7les AR

o] o A= AD W3S o] &3 4 Utk

Output Control ©] P-MOS, N-MOS 3|2+ &% oA Push-pull == Open-drain &

= O~
AAE 4 gt

A 2~ 0]
R o= 202 T M

Ho

Basic structure of a standard I/O port bit

r——— - - - - — — — — T
Analog Input Vop
To on-chip < a7e | T |
peripheral _, Alternate Function Input | onfoff |
<4
& | on/off |
Read g | Py |
D = i T}_' Voo
]
@ 2 | TTL Schmitt § | Protection
@ =] i
2 2 | trigger on/off | diode
5 £
Write = 3 | Input driver Vss i /O pin
f A D
Q Eﬁ rOmput driver Vop T
3 @ | | Protection
= @ i
Z = 44 P-MOS diode
‘g_ | Qutput | | Vgg
8 | control |
Read/write | N-MOS |
4 “—r
From on-chip es ol s |
5 : open-drain or
peripheral Alternate Function Cutput Jd o disabled

[Z13 4.11 STM32 ¢] GPIO %

1) Analoginput: A/D W83k opF = ghs ¢ls 5 AUtk

2) Alternate Function input : 77 E EZ|AE &3 H/L 7} A8 E)

3) Read : Input Data Register & &34 Read 3%t}
Input Data Register & &3l Ab&b= ald A @S A& + 3

4) Write : Bit Set/Reset register 7} H} 2 Output data Register & ¥ o] ]t}
=, Bit Set/Reset Register o] #kS 2™, Output Data Register & F3l|A =2
Fhol A}

172
SIGNALTECH



5) Read/Write :Output Data Register 2] #kS 9131 &
AgAE ol

0]
AR

A BN @Ae %9

6) Alternate Function Output :

4.3.2 GPIO Register Map

433

STM32F103x ¢ GPIO
GPIO YXEZ=
STM32F103

TFA] a1
2  PORT

T APB2 W &9 Ao

=

Alternate Function ©l] 4]

STM32F103

Aem™, ABCDEFEG 7 /1]

AL, 7t XE+= A 16 e ABS 7 k. o7)A

+ Port AB,C

EESE E R

Register boundary addresses

Ul A}8-3}al, PORT D,EF,G

-

T

Boundary address Bus Register map
001 5800 - 0xd001 TFFF | Reserved
Ox4001 5400 - 0x4001 57TFF | TIM11 timer Section 16.6.11 on page 447
4001 5000 - 0x4001 53FF | TIM10 timer Ssction 16.6.11 on page 447
04001 4C00 - Oxd001 4FFF | TIMS timer Section 16.5.13 on page 438
Ox4001 4000 - 0x4001 4BFF Reserved
Ox4001 3C00 - 0x4001 IFFF | ADC3 Section 11.12.15 on page 243
Cord001 3800 - Oed001 3BFF USARTA Ssction 27.6.8 on page 787
Ow4001 3400 - 0x4001 37FF | TIMS timer Section 14.4.21 on page 347
Ox4001 3000 - 0x4001 33FF | SPI1 Section 25.5 on page 712
04001 2C00 - Ox4001 2FFF | TIMT timer Section 14.4.21 on page 347
Ox4001 2800 - 0x4001 2BFF | ADC2 APB2 | Section 11.12.15 on page 243
04001 2400 - 0x4001 27FF ADC1 Section 11.12.15 on page 243
4001 2000 - 04001 23FF | GPIO Port G Section 9.5 on page 188
Cn4001 1C00 - Ow4001 1FFF | GPIO PortF Section 8.5 on page 188
04001 1800 - 0x4001 1BFF | GPIO PortE Section 9.5 on page 188
Oxd001 1400 - 0x4001 17FF | GPIO Port D Ssction 9.5 on page 188
04001 1000 - 0x4001 13FF | GPIO Port C Section 9.5 on page 188
Oxd001 0CO0 - 0xd001 OFFF | GPIO Port B Section 9.5 on page 188
4001 0800 - 0xd001 OBFF | GRPIO Port A Section 5.5 on page 188
Oxd001 0400 - 04001 OFFF | EXTI Ssction 10.3.7 on page 205
Oned001 0000 - 0xd001 O3FF | AFIO Section 5.5 on page 188

SIGNALTECH
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Offset] Register [5/2]S [8 [RIG& 3 [Q[¥z [g [2[2[= e [2Z]e [~ [Z[S]e [ [No]w [« (o]~ [o
GPIOx CRL CMNF7|{MODET |CNF&|MODEEG|CNF5|MODES|CMF4 |MODE4|CNF3|MODE3|CNF2| MODEZ2|CNF1 (MODE1 | CNFO{MODED
0x00 - (01| 01 | (01| (00 |01 (100 |01 (4:01 |[4:01| 400 | pi:01| (1207 00| ri:o1 | (d:01| [1:0]
Resetvalue [OJT| OO O[T OJO|O[T[OJO O[T O[O [O[T|OJO[O]T[OJOJO[T[OJO[O]T[O]®
CMNF |MODE1| CNF (MODE1| CNF |MODE1| CNF |MODE1| CNF |MODE1| CNF |MODE1| CNF CNF
Ox04 GPIOX_CRH | 15 B 14 4 13 3 12 2 11 1 10 0 9 ME)I%]EQ 8 Mﬁ%l]EE
(01| 401 |(:01| (=00 |01 (=00 | (401 (4:01 |(4:01] 00 |peop| (1a0) |40 : [1:0] :
Resetvalue [O]1[0 [0 [0[1| 0[O0 [0O[1[0]J0|0O[1[0 [0 |[0O[1[0[0[0[1[0[0[0[I|[0[0[0[T[0]0
oxos | GPIOX_IDR Reserved IDR[15:0]
Reset value U0 0 [0 [O[0J0O[0[0[0[0[0O[0O[0[0O]0
ox0C GPIOx_ODR B ODR[15:0]
Reset value U[0] 00 [0[0]0O[OJO[0J0]0OJOJ0[0]0
ox10 GPIOx_BSRR BR[15:0] BSR[15:0]
Reset value U|U| ] | U|U|U| ] |U|U|U| U|U|U|U|U| ] U|U| ] | o |U|U| U|U|U|U| 4] | ] |U|U|U| ]
oxi4 | GPIOX_BRR Reserved BR[15:0]
Reset value U[0[ 0O [0[0O]J0[OJ0[0J0]0[0[0]0]0
x
Oxig GPIOx_LCKR T § LCK[15:0]
Reset value U|[OJ0[ 0[O [U[O[0[O0[0[0[0JO]O[0]O]0
[Table 4.1] GPIO Register APB2 Base Address
GPIOx_CRL 0~7 B 2] GPIO A A& 3},
GPIOx_CRH 8~15 ¥ GPIO AA S 3t}
GPIOx_IDR Aol 49 HAHE ¢+
GPIOx_ODR o] &9 & AAG I, 8 AHE J=rt
GPIOx BSRR 9] BR ¥FE+= S Reset 3t} 319 BSR I E= #S Set 3ho)
THoF BR ¥ BSR ©] &Y W 7] set et -5 BSR 9 Fho] HtT.
GPIOx_BRR 7S Reset 3t 7% S 8t} BSRR 9] BR FE9F 54 7]%5S o=
Z R ES=R=
GPIOx_LCKR LCKR ©] Set ¥ -2 Control Register 2] A7 W7 o] &7}53] It}

3H Set S 3 Device = Reset 3l ©F7F Control Register o] A4 A o]

7} 8ttt

[Table 4.2] GPIO Register

[Table 4.1]%}
Register

0x40010800+0x0c ©]™ | GPIOB ODR | #|2~E <]

GPIOC_ODR

A=ReR

= =2

7_}

[Table 4.2]2 HW

2% a ek

T EE 2219 Base Address ©ll
s =49

= 1,

t}2 GPIO
GPIOA ODR A =HO FAE

AT
T+ 0x40010C00+0x0c  ©]™,
0x40011000+0x0c 7} ©]t},

TR

R ESZ

-Reset and clock control register (RCC)

[Table 4.3] RCC register map ©|™ 2] A A] 3k
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€] = ° = ©|JagHISH ©| IsHgdol © panesay | N3EdOl ©
A W °| gz  S]dAQH1Id ©]| 1sHodol © N34L14 —| N3OdoI © 2
Sl =2 2 = ooniosoy | 1580401 ° - N3adol ° - g
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I
L - ©| 4880 © 3 3
8 S S S paniasay [os paniasay [os oo o
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0l & »© & © | JIAQHISH ©| 1Sdzody © N3zoav ©
| ~
1 2 2 g ©[3A0HISHO| ISHINIL ©|1SHOaMM °© NIHNIL ©|NIDamMm ©| 3 -
e 9 o £8 o 3naynd°| lsHids © NIHdS © 2 e
ﬁ % ol & - =] panlasay . panIasey et T 2
D
1 o
L4 ©| Qg o] penesey |ISHLYSN© | ISHelds © NILLHYSN ©| NJ2Ids ©
Gl ol <% o o
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o]l = 3 [} = o = i 3 i 3| W 3 w 3 w 3 0 3 = =
|l ¢ 8 & % o g a g o S 5 @ S o S5 B 2 ) g
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[Table 4.3] RCC register map 2} reset %k

: Clock Control
: Clock Configuration
: Clock Interrupt

RCC_CR
RCC_CFGR
RCC _CIR

RCC APB2RSTR

: APB2 Peripheral Reset
: APBI1 Peripheral Reset

RCC APBIRSTR

RCC AHBENR

: AHB Peripheral Clock Enable

: APBI1 Peripheral Clock Enable
: Backup Domain Control

: APB2 Peripheral Clock Enable
: Control/Status

RCC APB2ENR

RCC APBIENR

RCC BDCR

RCC CSR
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obgf & HW 7} A &9, 49, AAES vbE F 3 Output Mode
Bits | 4] &= GPIO ¢] Speed & A H o] 7}53slt).
Port bit configuration table
Configuration mode cNF1 | eNFo | MODE1 | moDEo ;’;?ﬂfr
General purpose Push-pull a 4] 01 0or1
output Opan-drain 1 10 oor1
Altarnate Function Push-pull . 0 11 domn't care
output Cpan-drain 1 see Table 19 don't care
Analog o 0 chon't care
Input fioating 1 don't care
Input 00
Input pull-down . o o
Input pull-up 1
Output MODE bits
MODE[1:0] Meaning
ey Reasarved
o1 Max. output speed 10 MHz
10 Max. output speed 2 MHz

1

Max. output spaed 50 MHz

U2 10 Aol

A. A

RCC->APB2ENR|=1<<3;

Fa A4 A

GPIOB->CRH&=0XFFFFFFFO;
GPIOB->CRH|=0X00000003;//PB  8~1531°] GPIO

GPIOB->ODR[=1<<8;

B. eholmeld Ag

GPIO_InitTypeDef GPIO_InitStructure;

//PORT 28 A3}

//PB8  GPIO Mode =>Output

RCC_APB2PeriphClockCmd( RCC_APB2Periph_ GPIOB , ENABLE);
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_8;
GPIO_InitStructure. GPIO_Speed = GPIO_Speed 50MHz;// GPIO Speed 50MHz

GPIO_InitStructure.GPIO_Mode = GPIO_Mode_Out_PP; // GPIO Mode =>Output
GPIO_Init(GPIOB, &GPIO_InitStructure);

HAE Z2 s s o 1| B} o 2 & AFE 33T

SIGNALTECH

// Port

PB8

// Port B
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434 GPIO Y=49 g
1) GPIO &9 AA T

void GPIO Init (GPIO_TypeDef *GPIOx, GPIO_InitTypeDef *GPIO_InitStruct)
void GPIO Delnit (GPIO_TypeDef *GPIOx)

void GPIO SetBits (GPIO TypeDef *GPIOx, uintl6_t GPIO_Pin)

void GPIO_ResetBits (GPIO_TypeDef *GPIOx, uintl6_t GPIO_Pin)

uintl6_t GPIO_ReadOutputData (GPIO_TypeDef *GPIOx)

uint8 t GPIO_ReadOutputDataBit (GPIO_TypeDef *GPIOx, uint16_t GPIO_Pin)
void GPIO PinLockConfig (GPIO_TypeDef *GPIOx, uint16_t GPIO_Pin)

void GPIO_ Write (GPIO_TypeDef *GPIOx, uintl6_t PortVal)

2) GPIO o= 274 g

et

uint§_t GPIO_ReadInputDataBit(GPIO TypeDef* GPIOx, uintl6_t GPIO_Pin)

uint16_t GPIO ReadInputData(GPIO TypeDef* GPIOx)
3) o A

STM32F103

/1% 7] 3}

//Reset 7] 7|3}
//High 2 4]

/[Low & A7

/=9 27

JJEE 28 9]7]
//3EE Lock A7
//ODR | A 2~E] 7]

X EE I(High)™ 0(Low) = =9¥3}7] #8lA+ stm32f10x_gpio.c &%

obdl F 5% ol gl

1(High)< void GPIO_SetBits(GPIO_TypeDef* GPIOx, uint16_t GPIO _Pin) &
0(Low)< void GPIO ResetBits(GPIO TypeDef* GPIOx, uintl6_t GPIO Pin) S A}-&3ht},

void GPIO_SetBits(GPIO TypeDef* GPIOx, uintl6 t GPIO Pin)
{assert_param(IS_GPIO_ALL PERIPH(GPIOx));

assert param(IS_GPIO_PIN(GPIO_Pin));

GPIOx->BSRR = GPIO_Pin;

H

void GPIO_ResetBits(GPIO_TypeDef* GPIOx, uintl6_t GPIO_Pin)
{assert param(IS_GPIO_ALL PERIPH(GPIOx));
assert_param(IS_GPIO_PIN(GPIO_Pin));

GPIOx->BRR = GPIO_Pin;

}
PB8 XEE 1 &= & w GPIO_SetBits(GPIOB, GPIO_Pin_8); A}-&3}al
PB8 ¥EE 0 22 & u] GPIO ResetBits(GPIOB , GPIO Pin 8); AF-&3lt}.

o] 9t Low & uwl LED 7}

D1°] PB8 ©f] <1409
o uw] High ©|" OFF¥ Ut}

ON ¥ a1, Low ¢

+3.3v

[Z19 4.2] 3=
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1 _GPIO LED ©] main 30|t}

o 1)
int main(void)
{ SystemlInit();

GPIO_Configuration();
/* Infinite loop */

while (1){ [*====D1-OFF====—===*
GPIO_SetBits(GPIOB , GPIO_Pin_8);
Delay(0xffftf);
*====D]-ON=======*
GPIO_ResetBits(GPIOB , GPIO_Pin_8);
Delay(0xffftf);
H
§
o 2)

#define LED ~ GPIO_Pin_8
#define LED H GPIOB->BSRR =LED
#define LED L GPIOB->BRR =LED

while (1){
LED H; /#====D1-OFF=—=—=—==*/
Delay(OxfFfff);
LED L;/*====D1-ON %/
Delay(Oxfffff);

}

}
o 1)} o 2) e Ulgolu} ¢ 2) = LED H ¢ LED L £ 23 A& o o]
Aoz gt AAE A g2 2%5W GPIO_LED & ®Ah

<JHgxE>
/0 XEE g o= = GPIO InitStructure. GPIO Mode =GPIO_Mode IPU; *#] ¥

GPIO Mode IPU = A}-&3Ht}.
oAl 2% 4 USART2 & Fadht}
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4.4 SysTick

Delay Rt 516 A8etA AbEshs 45 ARSI

A o2 A3 o
void Delay (uint32_t nCount)

for(; nCount != 0; nCount--);

}

void delay ms(uintl6_t nms)

{
uint32_ttemp = delay fac ms * nms;
if (temp > 0x00ffftfY)

{

H
SysTick SetReload(temp);

SysTick CounterCmd(SysTick Counter Clear);
SysTick CounterCmd(SysTick Counter Enable);
do

{

Status = SysTick GetFlagStatus(SysTick FLAG COUNT);
}while (Status != SET);
SysTick CounterCmd(SysTick Counter Disable);

SysTick CounterCmd(SysTick Counter Clear);

temp = 0xO0O0fTTtT;

}

void delay us(u32 Nus)

{
SysTick SetReload(delay fac us * Nus);
SysTick CounterCmd(SysTick Counter Clear);
SysTick CounterCmd(SysTick Counter Enable);
do

{

Status = SysTick GetFlagStatus(SysTick FLAG_COUNT);
}while (Status != SET);
SysTick CounterCmd(SysTick Counter Disable);

SysTick CounterCmd(SysTick Counter Clear);

)
e g 7 Abg

delay ms(1000); /* delay 1000ms */
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%79l Reset ¥ Clock Control ¥& #HA|2HE Z7|s}etal AW g+ 5 AHEE
=¥ =% Enable ¥T} Enable 3t7] 93k 5= RCC_APB2PeriphClockCmd();
olgol = o] 52 LhEhuL).
stm32f10x_rcc.c
void RCC_APB2PeriphClockCmd(uint32 t RCC_APB2Periph, FunctionalState NewState)

{
/* Check the parameters */
assert param(IS RCC_APB2 PERIPH(RCC APB2Periph));
assert_param(IS_ FUNCTIONAL STATE(NewState));
if (NewState != DISABLE)

RCC->APB2ENR |= RCC_APB2Periph;
¥

else

RCC->APB2ENR &=~RCC_APB2Periph;

}
}

system_stm32f10x.c
void SystemlInit (void)

/* Reset the RCC clock configuration to the default reset state(for debug purpose) */
/* Set HSION bit */
RCC->CR |= (uint32_t)0x00000001;

/* Reset SW, HPRE, PPREI, PPRE2, ADCPRE and MCO bits */
#ifndef STM32F10X_CL

RCC->CFGR &= (uint32_t)0xF8FF0000;
#else

RCC->CFGR &= (uint32_t)0xFOFF0000;
#endif /* STM32F10X _CL */

/* Reset HSEON, CSSON and PLLON bits */
RCC->CR &= (uint32_t)0OxFEF6FFFF;

/* Reset HSEBYP bit */
RCC->CR &= (uint32_t)0xFFFBFFFF;

/* Reset PLLSRC, PLLXTPRE, PLLMUL and USBPRE/OTGFSPRE bits */
RCC->CFGR &= (uint32_t)0xFF80FFFF;

#ifdef STM32F10X_CL
/* Reset PLL2ON and PLL3ON bits */
RCC->CR &= (uint32_t)0xEBFFFFFF;

/* Disable all interrupts and clear pending bits  */
RCC->CIR = 0x00FF0000;

/* Reset CFGR2 register */

RCC->CFGR2 = 0x00000000;
#elif defined (STM32F10X LD VL) || defined (STM32F10X MD VL) || (defined
STM32F10X HD VL)

/* Disable all interrupts and clear pending bits ~ */

RCC->CIR = 0x009F0000;
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/* Reset CFGR2 register */
RCC->CFGR2 = 0x00000000;
#else
/* Disable all interrupts and clear pending bits ~ */
RCC->CIR = 0x009F0000;
#endif /* STM32F10X_CL */

#if defined (STM32F10X HD) || (defined STM32F10X XL) || (defined STM32F10X HD VL)
#ifdef DATA IN ExtSRAM
SystemlInit ExtMemCtl();
#endif /* DATA IN_ ExtSRAM */
#endif

/* Configure the System clock frequency, HCLK, PCLK2 and PCLK1 prescalers */
/* Configure the Flash Latency cycles and enable prefetch buffer */
SetSysClock();

#ifdef VECT TAB_SRAM

SCB->VTOR = SRAM BASE | VECT _TAB_OFFSET; /* Vector Table Relocation in Internal SRAM.
*/
#else

SCB->VTOR = FLASH BASE | VECT TAB OFFSET; /* Vector Table Relocation in Internal
FLASH. */
#endif

}

181
SIGNALTECH



STM32F103

4.5 USART

451 USART +%

Uiversal Synchronous Asynchronous Receiver Transmitter (USART)S] A2 HE& &
HE7] F4l7]1oltk. NRZ 9] Hls7] A™ doly @4ola, <fF HFujet & -
wEEs doly wEk ¥ ooy, ik dolE F4l Multibuffer T/l
DMA & AHE 7hs sttt

STM32 ©| USART Controller = U 3¢ o] 9 7o EE=E A3t
USARTI~5 7HA] & 5719] X E7F A= glo, USART 4% device PIT} Tt}
o] 714 AF&3FH STM32F103 REAE 2 /|12 A YFo).

USART <IE]#|o]2 Y& Fx= ofd] 29X 4 o] girh USART 43k
F41 (Asynchronous Mode)> Hl°]E (RX)E 213 HolH &8 (TX)E Jv’g— 3}

PWDATA PRDATA
Write Read (DATA REGISTER) DR
{CPUOI‘DL‘]"‘ ~ T (CPUorDMA) D
% Dy | Transmit Data Register |TDF§)‘ |Hecelve Data RHegister iRDH) ‘ |
<
RX A [ [ T 7 él ll |
SIR
SW_RX EMDEC | | Transmit Shift Register -.l Receive Shift Register |
BLOCK | T |
(RDA_OU 4
IRDA_IN GTPR
o1 [ psc SCLK CONTROL —»{] SCLK
CR3 1 CR2 [y
[DMAT1 UMARlS"SENlNACK{ HD ||F!_P[IHE\I| |LINE| STOP[1:0] |CKEN |CPOLICPHA|LEICL]
CR2 CR1
| USART Address | | UE l 7] |WAKEI PCE| PS |FEIE]
| | !

nHTSEI:: wardware

e ow

ncTs controller ﬁ—
- h 4

y v RECEIVER
WAKE
> TRANSMIT UP g > HECEIVER M CLOCK
CONTROI UNIT » CONTROL -

. U b |

TXEIE TC[EF):EEl 'D'-El TE ‘ RE |F!‘NU‘SBK| [CTS [LBD |TXE]TC |:|>(NE IDLE|0FIE| NE | FE I FE]

USART <
INTERRUPT
CONTROL
re--=-"""""-"="-"=-"-"="-"=-"=-—-"=—-"=—"=—-"=—"=—==-=-=- hl
: USART_BRR
[
—p| TRANSMITTER RATE
TRANSMITTER 1 TE CONTROL
CLOCK A

| DIV_Mantissa DIV_Fract ori
15 4 0

fecLicx(x=1,2)

RECEIVER RATE
| RE —®] CONTROL

!_ CONVEMNTIONAL BAUD RATE GENERATOR

USARTDIV = DIV_Mantissa + (DIV_Fraction / 16)

[1¥ 4.5.1] USART +%
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[Z1¥ 4.5.1] 9ol Transmit Data Register (TDR)<> Data & % & u Al&3l=
YA 2~F o]al, Receive Data register (RDR)S <A1%¥ Data & ¢]& Wl Al&3l=
Y A2~ o]t} TDR ¥} RDR & -2 o7 Falxlo] 9] o1} DR(Data Register)®] 2}+=
shite] # A 2~H o]t

=, DR o] Hlo|EE Write 3}"1 TDR & 92453, Read 3} RDR & 4xE=
TZo|th

TDR o dlo]EE Write 3} TSR(Transmit Shift Register)oll 2|34 3| ©|o] g7}
TX 2= HA%HA o]t} TSR < TRANSMIT CONTROL oAl AlJxa ¢
TRANSMIT CONTROL & PCLK ¢4 USARTDIV & &% Clock A& E Wit} o]
=22 Baudrate & <] n| 3t}

CR1 ¢] TE M| E+& Transmit Enable = 2|73}, TRANSMIT CONTROL 9] “tE]&=
SR &l X 2=E o] A3y,

SR @A ~E = USART 2] EHlE YERY &= Status @l A 2~E = SR o] A7} USART
INTERRUPT CONTROL = &3t} USART INTERRUPT CONTROL += SR o] A
o] = AE HHo] webx CRI ] Enable @ SIEHHEESS A 71t

USART BRR & USART & £0] 9 PCLK 8o EFH|E HAsE= A 2ot}

<USART Register>
offset| Register [l a2 N[ e[a[z[g[N]=[g[2[=[E]eelR]e[E]e]o [~ o]o]<[o]n[-]o
w
o (o w W |w
0 (Z W W |w
oxo0 | USART-SR Reserved 5@ % a5zl |e
Reset value o|oj1]1]l0|0J0O|O]|OfO
0x04 LSRRT I8 Reserved L]
Reset value ojolojolofo]ojo]o
; ) DIV_Fraction
0x08 USART BRR Bl DIV_Mantissa[15:4] [3:0]
Reset value 0]000000000000000
w w Wiy
wl< X [Hlo B [T |5 9|5 |w|w |2 %
owoc | USART-CRI Reserved = = s gl | g PIEIZIFIE z 3
m —
Reset value ofofofojojofofojofofojO|OfoO
2 Z (il (o8 |w|s]D
STOP |w o |= [0}
USART_CR2 m Yolzlol2lalal2| appo)
L zZ . =
0x10 Reserved 2| 00 3 &151m % Q|5 §
Reset value 00|00000I00I0000
Wlw |w e e |z ¥ |Ig
ocis | USART CR3 resored oo |S|E[00|3 (5 |u
X eserve QU’IQD(DZ%—E
Reset value ojojofo|ofalojofOfO]O
ox18 USART_GTPR Feservad GT[7:0] PSC[7:0]
Reset value 0|0|0|0|O|0|0|0 O|O|0|0|0|0|0|0
1% USART Register Map
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452 223 7|E Fx,

/* USART _InitStruct members default value */
USART _InitStruct->USART BaudRate = 115200; / A%4% 115200 91 74 $-
USART InitStruct->USART WordLength = USART WordLength 8b;
USART InitStruct->USART _StopBits = USART StopBits_1;
USART InitStruct->USART Parity = USART Parity No;
USART InitStruct->USART Mode = USART Mode Rx | USART Mode Tx;
USART InitStruct->USART HardwareFlowControl = USART HardwareFlowControl None;

1) USART Baudrate

USART 9| Baudrate i USART BRR #XA|~HAA AA3stt  Baudrate +
BRR #| A ~E°] DIV Mantissa ¢} DIV _Fraction o &J3liA ZAA=™, AL F242

e 2.
USARTDIV = DIV_Mantissa + (DIV_Fraction / 16)
~ fox
Tx/ Rx baud =

(16'USARTDIV)

PCLK ¢| Baudrate o] 2= o2]& Folt}f. o8& gl a2 AFESt).
USART _InitStruct->USART BaudRate = 115200; A%<% 115200 ©] T},
USART1 £ PCLK2(36MHz)Z USART23.4,5 £ PCLKI1(72MHz) & A}-&3ht},

Baud rate fpcu{ =36 MHz fpcu( =72 MHz

Value % Error Value
S.No in Actual Erogrammed =(C.E' lculated - Actual p_rrogrammed % Error
Kbps in the Baud | Desired)B.Rate in the Baud
Rate register | /Desired B.Rate Rate register
1. 2.4 2.400 937.5 0% 2.4 1875 0%
2. 9.6 9.600 234375 0% 9.6 468.75 0%
3. 192 192 1171875 0% 19.2 234375 0%
4, 576 |57.6 39.0625 0% 57.6 78.125 0.%
5. 1152 |115.384 (195 0.15% 115.2 39.0625 0%
6. 230.4 |230.769 |9.75 0.16%: 230.769 (195 0.16%
7. 460.8 |461.538 |4.875 0.16% 461.538 |9.75 0.16%
8. 921.6 |923.076 |2.4375 0.16% 023.076 |4.875 0.16%
9. 2250 | 2250 1 0% 2250 2 0%
10. 4500 | NA MNA MNA 4500 1 0%
[Z1¥ 4.5.2 ] USART ©| Baudrate
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2) Word Length ¢} Parity

9-bit word length (M bit is set), 1 stop bit

Possiole Next data frame
Data frame PaF‘W
S bit Next
tart - Start
\ bit \ Bito\ Bit1 \ Butz\ Bit3 \ Bit4 \ Bil5 \ Bits\ Bit?\ Bit8 \ Sb‘i?P bit \
o LI LT L L L LA
Start
Idle frame Ib_n‘;
| Break frame ‘STC}P Stant
bit hit

** LBCL bit controls last data clock pulse
8-bit word length (M bit is reset), 1 stop bit

Possible Next data frame
Data frame Parity
Start Bit Next
Bt | Bio | Bt | B2 | is | Bia | gits | mite | 7 | S19P | FR
e NNl B I

Start
Idle frame bit
Break frame Stop Sg_an
bit it

** LBCL bit controls last data clock pulse

stm32f10x_usart.h o <] o Q)
USART InitStruct->USART WordLength = USART WordLength 8b;
= WordLength 8b < 7 H|E + Parity
USART InitStruct->USART WordLength = USART WordLength 9b;
= WordLength 9b 2 8 H|E + Parity
#define USART WordLength 8b ((uint16_t)0x0000)
#define USART WordLength 9b ((uint16_t)0x1000)

USART _InitStruct->USART Parity = USART Parity Even;
A& ok data oA 1S A= whETh

USART InitStruct->USART Parity = USART Parity Odd;
AEel data oA 1S &2 vheT

A4AQ data & HE W Parity No = 3fjof ghrf.
USART InitStruct->USART Parity = USART Parity No;

#define USART Parity No ((uint16_t)0x0000)
#define USART Parity Even ((uint16_t)0x0400)
#define USART Parity Odd ((uint16_t)0x0600)
#define USART StopBits 1 ((uint16_t)0x0000)
#define USART StopBits 0 5 ((uint16_t)0x1000)
#define USART_StopBits 2 ((uint16_t)0x2000)
#define USART StopBits 1 5 ((uint16_t)0x3000)

3) USART Mode

SIGNALTECH
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USART _InitStruct->USART Mode = USART Mode Rx | USART Mode Tx;

#define USART Mode Rx ((uint16_t)0x0004)
#define USART Mode Tx ((uint16_t)0x0008)

4) USART Hardware Flow Control
USART InitStruct->USART HardwareFlowControl = USART HardwareFlowControl None;

o4 RTS Y CTS & st=dloldoz e AdstA 7] il
USART_HardwareFlowControl None & A}-&-ghct,

#define USART HardwareFlowControl None ((uint16_t)0x0000)
#define USART HardwareFlowControl RTS ((uint16_t)0x0100)
#define USART HardwareFlowControl CTS ((uint16_t)0x0200)

#define USART HardwareFlowControl RTS CTS ((uint16_t)0x0300)

<USART Interrupt>
USART &= % 9 7l9] Interrupt Event & 7}*] 3L Q)
Event flag = SR #| A 2~E o] 21 © Enable control Bit = CR1 #X|~E ol it}

Enable

Interrupt event Event flag Control bit

Transmit Data Register Empty TXE TXEIE

CTS flag CTS CTSIE

Transmission Complete TC TCIE

Received Data Ready to be Read RXNE

RXNEIE
Overrun Error Detected ORE

Idle Line Detected IDLE IDLEIE

Parity Error PE PEIE

Break Flag LBD LBDIE

Noise Flag, Overrun error and Framing Error in multibuffer

= NE or ORE or FE | EIE
communication

USART Interrupt mapping

TC
TCIE

TXE
TXEIE

CTS
CTSIE

USART
interrupt

IDLE
IDLEIE

RXNEIE
ORE

RXNEIE
RXNE

PE
PEIE

LED
LEBDIE

Tkl

FE )
oVR — JEE ™
DMAR —L-—/

printf & A}-83 w= #include <stdio.h> & 3 FU}.

186

SIGNALTECH



STM32F103

<STDIO %+ =9 34>

int getchar(void); FEAE g w=t},

char *gets(char *s); EAAS QY win

int printf(const char *format, ...); JA 3y ExAds =93t

int putchar(int c); 25 =48t

int puts(const char *s); F2rd & =93l

int scanf(const char *format, ...); HAlE ExE e vt}

int sprintf(char *s, const char *format, ...); A3y ExdE whET)
#include <stdio.h> A& 3] F# ¥ A AL A% It

void printf(const unsigned char *string)
{
unsigned char temp;
if('DEBUG)
{ return;
temp = (unsigned char)(¥string++);
while(temp)
{
USART SendData(USARTI, temp);
temp = (unsigned char)(*string++);
while (I(USART1->SR & USART FLAG TXE));

}
while ({(USART1->SR & USART FLAG TC));

}

void putchar(unsigned char one_byte)
{

if('DEBUG)

{ return; }

USART SendData(USART]I, one_byte);
while (((USART1->SR & USART FLAG_TXE));
while ({(USART1->SR & USART FLAG_TC));

[ SendChar Write character to Serial Port.-------------—- */
int SendChar (int ch) {

while (!(USART1->SR & USART _FLAG_TXE));

USARTI->DR = (ch & 0x1FF);

return (ch);

R GetKey Read character to Serial Port.--------------—--- */
int GetKey (void) {

while ({(USART1->SR & USART FLAG RXNE));

return ((int)(USART1->DR & 0x1FF));

}
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4.6 ADC

Digital®= W33sl= ghoz WY
ZrH ). Sampling Time 2 gt

Analog Digital Converter (ADC)+ Analogs
0x0(0V)~0xFFF(3.3V) 7MH& 12 HIE ‘il
17.1usec, ConversionA] 7F2 X o] 18usec ©]T}.
ADC ¥ clocke PCLK2 ¢ 72MHz &
Hdlgtel 14 MHz & Z¥s|A= <tEth. ADC

l67he] X ES AHE & o St

=

24,68 = ol wFsta, o F99
= ADCx_INO°| 4] ADCx_IN15¢]

s

ob#f 18& HW ADCx_INOSIA ADCx IN15 ¢ & o)A
MUX ©l Temp. Sensor ¢} V REFINT + 7] #o] ¢f it}
Temp. Sensor = ADC IN16 & & STM32 WF-o] LA E z}A)

sL 2=
4 & v

GPIO Ports TS Analog

2=
Temperature (C ) = {(V25 - VSENSE) / Avg_Slope} + 25.
(V25 =1.43V, Avg_Slope =4.3mV/ T)
Temperature Range : —40 ~ 125%=

Precision: = 1.5 °C
V REFINT + ADC _IN17 = Dual Mode

-

=

=

A g1},

TSVREFE control bit

TEMPERATURE
SENSOR

VsEnse

'.

ADCx_IN16

converted data

— |

ADC

Mdrﬁs:da'tams

VeesnT
INTERNAL REFIN

POWER
BLOCK

T

ADCy_IN17

/

1% Temperature sensor and VREFINT channel block diagram
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[=] lar dat. it
e oy .: —>
Inj(e‘:ilid1:;aéia{5r>egisters }: :>
— > Ferammels ADGC2 (Slave)
-
= channels
— 7 N
internal friggers -
Regular data register :— %
(16 bits)~ 12
Injected dat 1 =
ke biey ==
ADCx INO —
ADCx_IN1—— aPIo 1 Femamnols
. N -
: > B
ADCx_IN15—— LI
Temp. sensor < L
VREFINT :t— L | ?:gﬁ'trrgloc’e
EXTI_11 LT ] ADC1 (Master)
Start trigger mux | -
(regular group) ]
EXTIL_15[]
Start trigger mux |
(injected group) B
1% Single ADC block diagram
= 37 [e)
el Al Analog MUX ol Temp. Sensor ¢} V REFINT + 7]¢] ¥#o] ¢ = AS AW
glth.  Analog MUX ©l 4] = Regular channe ¥}, Injected channel = o] T =t o]

o 5] = AnalogE Digital2 ¥H33Ho},
ofe] 7hel AEE AHE E w) WA AEsior & AS Aalof shr] wZel F Ad
S F9Y9 Regular channel Hrt} Injected channel o] HA AHelstA =Hof St

Injected channel:= Injected Data register= Regular channel<>, Regular Data register =

R

2

Analog watchdog

ADC <l Analog watchdog 7} 1=t Low Threshold % $t¥} High Threshold ¢}
2= HojuH A HEE WAstE Aotk = o] 28183 Guarded area =
ol U= W9l QlEldE W,

Analog voltage A

High threshold —trrererrrrereeees HTR

Low threshold & = LTR
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4.7 DAC

DAC + ¢t =95 Digital &
High Density Device®| Aol 2 a1, 1I2HE &35S Ay ).

DAC control register
TSELX2:0] bits |
SWTRIGx—
TIM2_TRGO— 5
TIM4_TRGO—{5 DMAENX
TIM5_TRGO—{3
TIM6 TRGO—?
TIM7_TRGO—{%
TIM8_TRGO(—2,
EXTI9 [ ]
A y
DM A requestx
Conirol logicx
— 12-bit 9ot TENX
X ? ]
=  MAMPx(3:0] bits
« WAVENX[1:0] bits
12-bit
DORXx
T7-12-hit
N
Vopa [ ] r
vV Digital-to-analog |_:| DAC_QUTx
SSA converterx
VRER:

1% DAC channel block diagram

GPIO pin (PA4 , PAS) 7} analog (AIN) &2 A}-8Ht},
PA4 = SPII NSS/USART2 CK/DAC OUTI/ADCI12 IN4
PA5 = SPII_SCK/DAC_OUT2 /ADCI2 IN5

Irrl
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PA4,PA5+= ADC,DAC & U} A& 7}5 3 Holt}
Offset| Register |Z/ 2 2 QAINL QS QVRIQU2BNCLTANTIO @ oNob St olnro
5 |WAVE RERRa z - |WAVE| TSELT |5 L |=
0000 DAC CR Reservedg MAMP2[3:0] o20] TSEL2[2.0]E é z Resewedg MAMP1[3:0] 20| 20 Eéﬁ
m] 0
Reset value 00\0\0\0 0|0 0|0|0000 00|0\0\0 0|o o\o\oooo
o |
DAC_SWTRIG 9|2
0x04 R Reserved '; E
0 |0
Reset value 0|0
DAC_DHR12R DACCHDHR[11:0]
0x08 1 Reserved
Reset value 0!0101010!01010 0!01010
DAC_DHR12L DACC1DHR[11:0]
0x0C 1 Reserved Reserved
Reset value o\o\o\o\omo\o o\o\o\o
DAC_DHR8R1 DACC1DHR[7:0]
0x10 Reserved
Reset value o‘o‘o‘o‘omo‘o
DAC_DHR12R ,
octs ) S DACG2DHR[11:0]
Reset value 0|0\0\0\0\0\o\0 0|o\0\0
DAC_DHR12L DACC2DHR[11:0]
0x18 2 Reserved Reserved
Reset value 0}0}0}0}0!0}0}0 0!0}0}0
DAC_DHR8R2 DACC2DHR[7:0]
0x1C Reserved ‘ ‘ ‘ ‘ | ‘ ‘
PAC DIiR12A DACC2DHR[11:0] DACCIDHR[11:0]
0%20 Reserved Reserved
Reset value 0‘0‘0‘0‘0|0‘0‘0 o‘o‘o‘o 0|o‘o‘o‘o‘o‘o‘o o|o‘o‘o
DAC_DHR12L DACC2DHR[11:0] DACC1DHR[11:0]
0x24 D Reserved Reserved
Reset value o\o\o\o\o\o\o\o\owo\o o\o\o\o\omo\o o\o\o\o
DAC_DHRSRD DACC2DHR[7:0] DACC1DHR[7:0]
0x28 Reserved
Reset value o‘o‘o‘o 0|0‘0‘0 o‘o‘o‘o‘op‘o‘o
DAC _DOR1 DACC1DOR[11:0]
0x2C Reserved
Reset value 0|o‘o‘o‘o‘o‘o‘o‘o|o‘o‘o
DAC DOR2 DACC2DOR[11:0]
0x30 Reserved
Reset value 0|0\0\0\0|0\o\0\0|0\0\0

1% DAC register map

ofeff ZZ I PA4,PAS EECIAM A7} v AZEAE WET

/* TIM2 Configuration */
TIM_TimeBaseStructlnit(&TIM_TimeBaseStructure);
TIM_ TimeBaseStructure. TIM_Period = 0xF;
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TIM TimeBaseStructure. TIM_Prescaler = 0xF;
TIM_TimeBaseStructure. TIM_ClockDivision = 0x0;

TIM_ TimeBaseStructure. TIM_CounterMode = TIM_CounterMode Up;
TIM_TimeBaselnit(TIM2, &TIM_TimeBaseStructure);

/* TIM2 TRGO selection */
TIM_SelectOutputTrigger(TIM2, TIM_TRGOSource Update);

/* DAC channell Configuration */

DAC _InitStructure. DAC_Trigger = DAC Trigger T2 TRGO;

DAC_InitStructure. DAC_WaveGeneration = DAC_WaveGeneration_Triangle;

DAC InitStructure. DAC_LFSRUnmask TriangleAmplitude =
DAC TriangleAmplitude 2047;

DAC_InitStructure. DAC_OutputBuffer = DAC_OutputBuffer Disable;

DAC _Init(DAC Channel 1, &DAC _InitStructure);

/* DAC channel2 Configuration */

DAC_InitStructure. DAC_LFSRUnmask TriangleAmplitude =
DAC TriangleAmplitude 1023;

DAC_Init(DAC_Channel 2, &DAC_InitStructure);

/* Enable DAC Channell: Once the DAC channell is enabled, PA.04 is
automatically connected to the DAC converter. */
DAC_Cmd(DAC_Channel 1, ENABLE);

/* Enable DAC Channel2: Once the DAC channel?2 is enabled, PA.05 is
automatically connected to the DAC converter. */

DAC _Cmd(DAC Channel 2, ENABLE);

/* Set DAC dual channel DHR12RD register */
DAC_SetDualChannelData(DAC_Align 12b_R, 0x100, 0x100);

/* TIM2 enable counter */
TIM_Cmd(TIM2, ENABLE);

9 TR A~E 14 DAC ° 9
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4.8 NVIC
STM32 9] Interrupt == Cortex-M3 Core 2] NVIC & F3lA A|o]ghc]},

4.8.1 Low-latency interrupt handling

CORTEX-M3 oA+ QB HE Al A] Stack o] AME Foldl X 2B = push 3}z,
Vector table ¢ 3d1d QIHHE HEHZ jump 3t &2 HW HJo= A st}
SIE|HE F=8o] E1}al Pop 3t 4% HW 2 o2 A g|3lth. HW 24 © 2 Stacking
4ol A=Y wW27] % 32 A 9k Tail chaining ¢4 Late Arrival 22 7]|& % &7
Agro] gt AHYHE WAA HW A o= 12Cycle ¥l Stack push, pop &2F<S
S,

IRGQ1 |

Cortex-m3 BUSH| sk [T
Interrupt handhng i HYY |_.7 13 _"‘I |__ 1z ._l

4.8. 2 Tail Chaining

A7 =2 IRQL o] 3 T IRQ2 9] I HEZE W8NS 49,

IRQI o] IHHEY} g5, v= [RQ2 9] SIEHET} o]t

oluf IRQ1 oA IRQ2 = H3t= uwf &3 Q3 Stack 2] &2}§lo] 6Cycles Wholl 7213k
5 3t

]

1

] Multiple interrupts will be ‘tail chained’ so
IRG1 —/: there is a minimum delay from the end of

Highest R one interrupt to the start of the next.
IRQ2 -+ |
|
|
Cortex M3 ISR 1 ISR 2 [ ]
Interrupt handling in HW
d ] 12 & e 12+]
i 6 CYCLES

ghek, ofg) Z¥AY IRQL ] T POP & Fd Fe IRQ2 7t A=
735-ol=, POP 52 H4stal vhE IRQ2 = H§j )

o] Ag-ox IRQ2 T AlAE 7|2 ¥ KW Latency + 6Cycle o]z}l & 4=
)

A low priority interrupt which occurs as
the stack is being unwound from a
currently  executed interrupt  will
automatically be tail chained with a
delay of 7 — 18 cycles

Cortex-M>= ISR1 ISR2
| |1 1- % g [+ 12+«
: 7-18 CYCLE

iz

IRQ1 —/ i

Highest i
i

IRQ2
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4.8.3 Late Arrival

IRQ2 & ¢34 PUSH &2 5 $A&917F 2 1IRQL ©] HAsHH PUSH &4 ¢
S ulE [RQI ©] F3o|t}. IRQI ©] ¢E=H 1w [RQ2 7} 33t}

A late arriving high priority interrupt will
pre-empt a low priority interrupt without
incurring an additional stacking overhead.

x

=
=
o
(%]

=

o~

b

Pt

Cortex-M3 - ISR 1 1sr2 [ ]
a -6 12+

Tail-
Chaining

4.8.4 4Bit Priority

STM32 = Interrupt &] $-A<=9E S804 4bit Priority A4S AH8-31H,

Group Priority €} Subpriority 2} 3t A&,

4Bit 2] Priority bit = PRIGROUP ¢ A Ao w4 Group priority €} Subpriority ol A
ARESh= BIEQ] Hl & o] HEhxit)

obzff 3ellA PRIGROUP ©] 0b100 ¢1 ZAS-E5 HW, o 4§ 4 H
3 H]E(7:5 WHHIE)E Group priority oA AF&stH  3F9] 1
Subpriority | A A}-8-gT},

1E & 49
HE@4 WHY|E)&

Priority grouping
Interrupt priority level value, PRI_N[7:4] Mumber of
PRIGROUP
[2:0] Binar Group priority Subpriority Group Sub
pnint{ ) bits bits priorities priorities
0b011 Do [7:4] Mone 16 Mone
Ob100 Obxxxy [7:5] [4] 2 2
Ob101 Obxx.yy [7:6] [5:4] 4 4
0b110 Obx.yyy [7] [6:4] 2 B
0b111 Ob.yyyy Mone [7:4] Mone 16

Group Priority & Pre-emption &] 7]=0] & 4 &= ot}

TFSF Group Priority o] 9-A97F w2 ISR1 o] 2 & & ] =2 Group priority 4t
7FAl= ISR2 ©] #AJStH, ISR2 7} CPU & A3 g

Subpriorit & 72 Group Priority ] JUE]HE7} pending ¥ A oA ojH QAHHPAEE
AA Adsk= 7ol He gholvh
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4.8.5 Vector Table

STM32 &= Vector Table o] =7} 2| 3}= o] opd sh=2] EQI¥E ko] ¢ x|k},
STM32 ¢] Z} Peripheral 59| Vector Table Index + Ul 3%} 7ol uwlgl oo
ATh =9 A 2lE® FEo] Cortex-M3 2] 7] Exception ©] ™,

o] B&& AlQgt U A= STM32 ¢ A% = vt} peripheral ¢ T4 ¢] THE7]
w] 7ol Vector Table &] ++%2% &e}d 4 it}

= s
% E :{E.er“n; Acronym Description Address
& | o
= = = Reserved Ox0000_0000
-3 fixed Reset Reset Ox0000_0004
MNon maskable interrupt. The RCC
-2 fixed ML Clock Security System (CSS) is Ox0000_0008
linked to the NMI vector.
-1 fiwed HardFault All class of fault 00000 _000C
0 | settable | MemManage Memory management Ox0000_0010
settable | BusFault Prefetch fault, memory access fault Ox0000_0014
2 sefiable | UsageFault Undefined instruction or illegal state Ox0000_0018
T Pecervec ==
3 | settable |SvcCall i’;fm ;‘f”ice call via SWi 0x0000_002C
4 seftable | Debug Monitor Debug Monitor Ox0000_0030
- - - Reserved Ox0000_0034
5 seftable | PendSW Pendable request for system service Ox0000_0038
L sefiable | SysTick System tick timer 0x0000_003C
0 [ seftable [ WWDG Window watchdog interrupt Ox0000_0040
1 | 8 | settable |PVD ﬁfeerﬂhp’f ugh EXTI Line detection 0x0000_0044
2 o seftable | TAMPER Tamper interrupt Ox0000_0048
3 10 | settable |RTC RTC global interrupt 00000 _004C
4 11 settable | FLASH Flash global interrupt Ox0000_0050
S 12 | settable |RCC RCC global interrupt Ox0000_0054
6 | 13 | seftable | EXTIO EXTI Lined interrupt Ox0000_0058
T 14 | seftable |[EXTH EXTI Line1 interrupt O0x0000_005C
a8 15 | settable |EXTIZ2 EXTI Line2 interrupt Ox0000_00E0
g 16 | settable | EXTI3 EXTI Line3 interrupt Ox0000_00s4
10 | 17 | setiable |EXTI4 EXTI Lined interrupt (00000068
11 | 18 | settable | DMA1_Channeli DMA1 Channeli global interrupt O0x0000_006C
12 | 19 | setiable | DMA1_Channel2 DMA1 Channel2 global interrupt 00000 _0070
13 | 20 | setiable | DMA1_Channel3 DMA1 Channel3 global interrupt Ox0000_0074
14 | 21 seftable | DMA1_Channeai4 DMA1 Channai4 global interrupt Ox0000_0078
15 | 22 | settable | DMA1_Channsls DMA1 Channsls global interrupt O0x0000_007C
16 | 23 | setiable | DMA1_Channelg DMA1 Channelé global interrupt 00000 _0080
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4.8.6 NVIC Register
NVIC Register 9] Base Address = 0xE000E100 ©]t}.

Register | Name Desc.

ISER Interrupt Set Enable Register STHHEE set HEHZ A

ICER Interrupt Clear Enable Register SIHHEE Clear JHZ A

ISPR Interrupt Set Pending FAZ JAEHEE Pending AEHIZ A4 4 qlom,

Register AR Pending FEE & T UTh

ICPR Interrupt Clear Pending FAZ JAHHES] Pending A EIE Clear & 4 3lom,
Register &2 Pending FEHIE ¢S 4 AT}

IABR Interrupt Active Bit Register 27 AIEHEV} Active © AEjCIA] ¢S 4 9t

IP Interrupt Priority Register N8 QAIHHE A2 Priority & 473k}

STIR Software Trigger Interrupt STIR o <HH ID & Write 3V SW Ho=
Register OHHEZE "t 1:].

4.8.7 System Control Block(SCB) Register

SCB & A" ##H YAAHEY EEojt}. SCB 9] Base Address +
0xE000EDO00 ©] t}.

Register | Name Desc.

VTOR Vector Table Offset Register Vector Table €] Y& HAT 4 9]

AIRCR | Application Interrupt PRIGROUP #t& AdA3}e], Priority Grouping
/ Reset Control Register QNS AA B}

4.8.8 External Interrupt
External Interrupt += GPIO ¥ & &34 HAst= AHHES on| gt

<External Interrupt GPIO Mapping>

STM32 = EXTIO 8] EXTII5 7HA] & 16 7] ¢] 93 QAEHHES A YsiH,

54 GPIO & 16 /M= A HA &gl BE o] JIHHPE iéi AHEE 4 U
ey JEYE 222 AEE £ Qs GPIO 1ES AeA ¢

U= a" gol 74 £EQ 0 A EXTIO AHHPER A}J‘?LEW 7t $ES 1 ¥
TS EXTIlI SIHHERZ ARgo|th. =, PAO 9 PBO & Al JIHHE 4£x=2
AHE3E = gl

196
SIGNALTECH



EXTHO[3-0] bhits in AFHD_EXTHZR

+
Pas ——
PR O—————————
i i N e

e
PED

=FD
S0

resgister

EXTIO

EXTI1=ZE:00] bit= i AFIC_EXTHCZRT register

Pal ———»
PRl ———m=
o1 CO——————————»
I ExTil
PE1 —— =
PF1 C——— ]
:
L]
L]
L]

1

POIS | EXTIIS

PEIs [OF—

PFis —— =

~E1S EF—————————ff#fH
EXTI <SHHYE A28  ow AL  AEEHXE, AFIO
EXTICR A 2=EoA AA3t} olg] EXTICRI #HAAEHE HWH
EXTI3 o] t3l GPIO source pin & 2434 o]k
o]&1 2o EXTICRI~EXTICR4 74 &= 4 M9 #HAAEo|A

GEclany

SIGNALTECH

STM32F103

d A 2=H ¢
EXTI0O H-E]

16 7o dAS
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External interrupt configuration register 1 (AFIO_EXTICR1)

Address offset; 0x08
Reset value: 0x0000

31 30 20 28 Pl 26 25 24 23 22 21 20 19 18 17 16
| Resorwod |
15 14 12 12 11 10 ] 8 7 6 ] 4 3 2 1 o
EXTEN3:00 EXTI{3:0] EXTI[3:0] EXTIOfE:0)

Bits 31:16  Reserved

Bits 15:0 EXTIX[3:0]: EXTI x configuration (x= 0 to 3)

These bits are written by software to select the source Input for EXTIx external infermupt.
Reter to Section 9.2 5: External inlerruptievent line mapping on page 191

0000: PAQ] pin

0001: PB[x] pin

0010: PC[x] pin

0011: PD[x] pin

0100: PE[x] pin

0101: PF[x] pin

0110: PG[x] pin

12 EXTIQEHE A2~= EXTI9 7HA] 9t}
EXTI16~EXTI9 & t}&2 o] Alg-olt},

EXTIO~EXTI16 GPIO 0~16 & QEHHYE A~
EXTI16 PVD output

EXTI17 RTC alarm event

EXTI18 USB Wakeup event

EXTII19 Ethernet Wakeup event

4.8.9 External interrupt Control Block
ofg] 2wk o353 STM32 9] External interrupt 7} 97 &2tsl=A] olaf|ed 4=

ATt
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External interrupt/event controller block diagram

\ AMBA APBbus |
PCLKQ‘D‘ Peripheral interface ‘
A A A A
19 19 19 19 19
4 v 4
Pending Interrupt Scftware Rising Falling
request | | mask "o || selection | | selecton
) - even
register register register register register
To NVIC interrupt 19 19 19 19
controller
d
19
Puse /77 Edge detect 7 In
, —<—{ A — put
19 genemtor | 19 \4 19 circuit Line
Event
mask
register
Input Line o 21&7} E°] 2% Edge detect circuit o4 Falling =% Rising &

L.
AEddh

2. 919 1 HAA E0]& 2159} Software interrupt event register & & 3l A]
JAHHEE A At

3. 2 Ho| A 12 2157} Pending Request Register o] Set ©]T}. & Ao Event mask
Register Aol welr oHlE Alz2% Ag"E 4= <t} o|WlEE Wakeup

A1 @ o] ™, Event mask register & 43} CEHHE AT E wakeup A2 A

P

T A

4. JIE]H E7} Pending %] 37, interrupt mask register 7} A 7 = A
NVIC © ¢34 AHHEZ} EA ol
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4.8.10 AFIO Register

EXTICR1 External interrupt configuration Register EXTIO~EXTI3 & JIEHHE £~ A
EXTICR2 | External interrupt configuration Register EXTI4~EXTI7 ¢] JIHHE A2 AHA
EXTICR3 | External interrupt configuration Register EXTIS~EXTI11 &] QIHHE 4~ A
EXTICR4 | External interrupt configuration Register EXTII2~EXTIIS 2] RQIHHE AXx

e

4.8.11 EXTI Register

EXTI IMR Interrupt Mask Register 9151 1 E Enable/Disable 474
EXTI_ EMR Event Mask Register o] ¥l E Enable/Disable %
EXTI_RTSR Rising Trigger Selection Register Rising Edge A4

EXTI FTSR Falling Trigger Selection Register Falling Edge A7

EXTI_SWIER | Software Interrupt Event Register SW Ao 2 QEHE, ol E WA}
EXTI_PR Pending Register Pending B X #| A ~H
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4.9 RTC

RTC (Real Time Clock) JIEHHE A9 (of&f 17
1)Alarm JIEHHE AA

2) 7142l Second UE|HE A

3) SWEE QEHE A

‘ APB1 bus ‘
ry
PCLK1
h 4
‘ APB1 interface not powered in Standby ‘
A A A
RTCCLK
Backup domain
v v v
RTC_CR
RTC_PRL

RATC_Second SECF
Reload 32-bit programmable FDi

v counter ATC Overfi SECIE

rrc_piv JHTBCKL | T RTC_oNT —verrow » OWF _D,
rising OWIE
edge RTC_Alarm
RTC I = _ »/ [
prescaler = » ALRF FD7
i ALRIE
RTC_ALR
not powered in Standby
powered in Standby
L NVIC interrupt
controller

powered in Standby
not powered in Standby

exit from
Standby mode

powered in Standby

| RTC_Alarm

WKUP pin
[

RTC - register map and reset values

STM32 = A%atelx O“Aﬂ*ﬂ‘r‘ﬂo}ﬁ}L *1
A gole Y 72MHzE FEEe
ot FHAAAE 7HA L T

=i DA RTAR =
A 32MHzZE %}
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APBI Interface ¥ PCLK1 & %o} APB1 bus & &% 16 H|E #| A ~HE Read, Write
3t} RTCCLK £ Wro}l 20 Bit ] RTC DIV = A1 TR _CLK <& WHE9] RTC_ Second
(Isec) & =& H-4S RTC prescaler ©|t}.

/* Set RTC prescaler: set RTC period to 1sec */

RTC SetPrescaler(32767);

/* RTC period = RTCCLK/RTC_PR = (32.768 KHz)/(32767+1) */

5 © % 32-Bit programmable counter -+ RTC PRL, RTC ALR & T4 % o]
Z7|stel ##o] 9l
RTC PRL, RTC_ALR, RTC _CNT, RTC DIV #* 2~H &2 System Reset ©]1} Power
Reset o] 2]3l A reset %A 2r3l, Backup Domain reset o ]3| 4|7+ 2] Alo] H T},

RTC simplified block diagram

RTCCLK
I I

I I
1. FR. O 0 0 T 00 (0 0 0 020 0 0O 0 G2 0 0
| | | | |
RTC_Second /N /N / \: / \‘ / \‘ 7N
| |
| I !
RTC_CNT 0000 X 0001 X 0002 X 0003 X 0004 X 0005 X
| | | |
I | I
RTC_ALARM : ‘ : / \‘
I 1RTCCLK !
| —
ALRF ‘ / can be cleared by software
(not powered !
in Standby)

RTC second and alarm waveform example with PR=0003, ALARM=00004

RTC 7F&E gko] 40 =ddts =7H(7841 ) Second QTEIHE 1} Alarm QIEHE
g iia=

RTCCLK

o
RIC R O (0T 0 00T 0 00 0 302 T 0 0 07y O 0 2 7 0
| | [ | |
RTC_Second / \ / \ / J\‘ / ‘\ / ‘\ / \
I |
I I : :
RTC_ONT FFFFFFFB >|< FFFFFFFC >|< FFFFFFFD X FFFFFFFE X FFFFFFFF X 0000 X
| | ‘ :
[
RTC_Overflow ' ' | : /N
\ 1RTCCLK!
| —
|

QOWF
(not powered

i Sardty) RTC Overflow waveform example with PR=0003

/ can be cleared by software
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ofiset] Register |5/3/2/8 88 2R N a8/ 2releleIa]]elo w|n o< o] <o
Wowu
0x000 RTC_CRH Reserved é g 087
Reset value 0100
il TR [T TR [T e
0
0x004 RTC_CRL Reserved E (Z_) E’;’ é é 3{
Reset value 110(0|0(0]0
01000 RTC PRLH Reserved PRL[19:16]
Reset value 0 | 0 \ 0 |0

X000 RTC PRLL Reseved PRL[15:0]
Reset value 1\0\0\0\0|0|0\0|0\0\0\0\0|0\0|0

01010 RTC DIVH Reserved DIV[31:16]
Resat value 0\0\0\0\0|D|0\O|(}\0\0\0\0|0\0|0

o014 RTC DIVL Reseved DIV[15:0]
Reset value 1\0\O\U\O‘O‘O\O‘D\O\0\0\0‘0\0‘0

0x018 | RTC_CNTH Reserved CNT[13:16]
Resat value 0\0\0\0\0|D|0\O|(}\0\0\0\0|0\0|0

001G RTC CNTL Reseved CNT[15:0]
Reset value 0\0\O\U\O‘D‘O\O‘D\O\0\0\0‘0\0‘0

01020 RTC ALRH Reserved ALR[31:16]
Reset value 1\1\1\1\1‘1‘1\1‘1\1\1\1\1‘1\1‘1

0u024 RTC_ALRL Reseved ALR[15:0]
Reset value 1\1\1\1\1|1|1\1|1\1\1\1\1|1\1|1

& RTC TR IWEZ21W=> 11 RTC)S AP 7 $olt}.

HE (J14)o] PC E£Eo| AA3z} ol 29S EAEE COM4, £5 1152000 =
AAA A (COM4E= A2 of &lgitt COM47E obd %= Ut}
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o Terminal v18b by Bray++ L= | B |

COk Port B aud rate Data bitz Parity Stop Btz — Handzhaking
_Comnect_|  COM1 || ¢ 300 ¢ 4800 (38400 || 8 * none || & 1 {*" none
Dizconnect C COM2 R0 C© SEO0 ¢ SEOOO o " odd " RTSACTS
About. || ¢ coMz | € 1200 14400 C oo | C 7 || . o (| © 18 RONRTDR
= " mark (" RTSACTS +
Guit f* COM4 (72400 €0 19200 f« 115200 | = 8 " space | | ~ RBTS an T
Settings
[ Auto Diz/Connect Set font [~ Time [ CR=LF
Receive
CLEAR | _ResetCounter | |13 3| Counter= 61 ¢ HEX & Sting StartlLog Hex [ Bin
——————————xolme Seﬂings::::====================== A - - ~
Please Set Years between 1970 to 2037
Set Years: 2013
Please Set Months between 01 to 12
Set Months: &
Please Set Days between 01 to 31
Set Days: 4
Please Set Hours between 01 to 23 3
Set Hours: 4
Please Set Minutes between 01 to 59
Set Minutes: 4
Please Set Seconds between 01 to 59
Set Seconds: 4
RTC configured....
Time: 2013-8-4 04:04:04
Time: 2013-8-4 04:04:04
Time: 2013-8-4 04:04:05 - — — -
Tranzrnit
CLE&R | SETOTR CLROTR CLRRTS SETRTS | Send File
2013 » [ Tranzmit Macros
ng 203 | M1
04 | ——Jl
04 =|| |0a | M2
o4 | =] e
04 ~ | |04 |
Connected
ELEE]

sk ok s sk sk sk sk sk ok s sk sk sk sk sk sk s sk sk sk sk sk sk s sk sk sk sk sk sk s ke sk sk sk sk sk s ke sk sk sk sk sk s sk sk sk sk sk sk s s sk sk sk skok skok

*  RTC Test program ! ~ ~  *
% %

RTC not yet configured....

Time Settings
Please Set Years between 1970 to 2037

Set Years: 2013

Please Set Months between 01 to 12

Set Months: 8 <=08 Y& *x 3 5= 0 BEQITh
JEAE 5

Please Set Days between 01 to 31

Set Days: 4 <=04 4=

Please Set Hours between 01 to 23

Set Hours: 4
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Please Set Minutes between 01 to 59
Set Minutes: 4

Please Set Seconds between 01 to 59
Set Seconds: 4

RTC configured....

Time: 2013-8-4  04:04:04

Time: 2013-8-4  04:04:05

Time: 2013-8-4  04:04:06

SIGNALTECH
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410 TIM
4.10.1. TIM_IRQ Channels
STM 32F103Rx °lli= 1 79| Advanced-Control EFO]™(TIM1)Z = PWM H X~
Y2435k, 3 7)1 ¢] General-Purpose EFO]™(TIM2,3,4)E W7dstal ok 4 719
Eloln= RF EgFoln, Blo]w Alo]d] 57]|3tE 984 master/slave mode 2F=

e s AE g

S X5 HAY, TIML ¥ TIM2 ,3,4 ¢ Z}o]= Complementary Output 2] A1 x}o]t},
Complementary outputs 7|5 PWM 9] 7]5& F49 Rl 715 o|t}

Timer feature comparison

Timer Counter | Counter | Prescaler | DMArequest | Capture/compare | Complementary
resolution type tactor generation channels outputs
up, Any integer
TIM1 16-bit down, | between 1 ‘fes 4 Yes
up/down | and 65536
TIM2, Up, Any integer
TIM3, 16-bit down, | between 1 Yes 4 No
TiM4 up/idown | and 65536

Gerneral Purpose E}o|™ 9] =8 54L& tfS3
e 16-bit up, down, up/down auto-reload counter.
e 16-bit programmable prescaler allowing dividing (also “on the fly”’) the counter clock
frequency either by any factor between 1 and 65535.
e Up to 4 independent channels for:
— Input Capture
— Output Compare
— PWM generation (Edge and Center-aligned Mode)
— One-pulse mode output
o Complementary outputs with programmable dead-time
o Synchronization circuit to control the timer with external signals and to interconnect
several timers together.
e Repetition counter to update the timer registers only after a given number of cycles of
the counter.
e Break input to put the timer’s output signals in reset state or in a known state.
o Interrupt/DMA generation on the following events:
— Update: counter overflow/underflow, counter initialization (by software or
internal/external trigger)
— Trigger event (counter start, stop, initialization or count by internal/external trigger)
— Input capture
— Output compare
— Break input
e Supports incremental (quadrature) encoder and hall-sensor circuitry for positioning
purposes
e Trigger input for external clock or cycle-by-cycle current management
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glolme] AAA Fabo e BEwot.

Advanced-control timer block diagram

Internal Clock (CK_INT)
CK_TIM18 from RCC ETRE

Trigger
ETRP Ere—
TIx_ETR L] ETR w, | Polarity Selection & Edge Inout Eilter Contcter TRGO n
x #|  Detecior & Prescalsr |
ITRO to other timers
TRi P TR 161 to DAG/ADC
’ —’ Slave
M2 —— TRC ~ Mode Reset, Enable, Up/Down, Count
I TRC___p | TRal
M3 — ——|| Controller
THF_ED »
THFP1

: Encoder
TI2FP2 Interface
_REP Register
ul
u AutoReload Register L~

Repefiion |
counter U

ot DTG registers

Stop, Clear or Up/Down

CNT
COUNTER

ccl

_ 1c1 U-gh, ' o~
ég%:fg{g&%r —P»| Prescaler Ibﬂ;g Capture/Compare 1 Register 'ﬂi DTG | 4
(| conrol [ TIMx_CH1N
TIMx_CH1 [} CCZI T
' ccal ITIMx_GH2
|c2 S Uk A~ )
TiMx_CH2 [ } Frescaler CaptureiCompare 2 Register 1 OC2REF Ryl o P cuput
+ control [TIMx_CH2N
Cm' U o3l i [TIMx_CH3
o R
TIMe_CH3 [ ot P output
4’ control | TIMx_CH3N

output
control

h 4

TIMx_CH4 [

Bl
TIMx_BKIN [ BRK Polarity Selection Py
Clock failure event from clock controller L —

CSS (Clock Security system

5')4

iz

s e 2.

1. 23 et Skl Elo]l™ Clock(CK_INT)- Prescaler(PSC)oll &34 % o
7hEE HAIEHE S7HA7IH, o] FHEE #A=E 9 ko] Auto-reload # 4| ~F 9
#3 ZolA| ¥ Update o|HIEZF WAt Aot

o] 7] A Clock(CK_INT) &8 &2 fCK PSC/ (PSC[15:0] +1) ©]t}.

2. Trigger o|HIE+= Blo|m 9] 57|35 AUt 7|5 oIt Trigger & < 4= &
A& 23 ETR, TIIF_ED, TIIFP1, TI2FP2 5-°] At}

T U5 Elo]w 7l 571812 9J8)A] Al&3EE 2 &= ITRO-ITR3 o] uh
Trigger ©= Master/Slave Aol webA] Master 7} =W of& Eo]M = Trigger A S &
HulaL, ojuf Slave 7} WA ¥= 4157} ITRO~ITR3 ©|t}.
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Master 7} TRGO1 o|HIEZS
A=

STM32F103

BUY ™ Slave 7} ITR1 2.2 s A5 E Hkolx 71L& EHE

Master/Slave timer example

1 TIM2
Clock MMS s SI’r‘IS
|
Master
e [TRGO1|ITR Slave |CK_PSC
H mode I made _>| H
Prescaler Counter control control Prescaler Counter
Input
trigger
selection

3. 9o Eol&= TIMx CH1,23,4 ¢ 2157} @A glS u Capture Compare
A = A% WA e THEE] A 2H gho] A FE
Capture compare | A| 2=H | 7|55 &= ES AAeA Hxo 98-S ALks] W),

4. OCXREF 2l oJsfjr] <F

SIGNALTECH

o2 PWM 33 & ZAIA 7] A A},
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<Register Map>

ST™M

32F103

i S (~OIWBTMN| | C|H@D (=D W ON| D
Offset| Register |5|3/R8[5[&[&[3[2[[s[R[2[2[~[2[2[z|2[Nr 2o/~ ofn|¢]o//-|o
CKD |Y | CMS | |Z | |2 |=
o 0
0x00 TiMx_CR1 Reserved o) || |3 5525
Reset value ojojojojojojo|ofo|o
0 @0
TIMx_CR2 = | MMS[2:0] (2
Ox04 - Reserved = S[2:0] 8 Reserved
Reset value ojojojojo
o |w |ETPS| rrepm. S| camm |2 _
Ox0R TiMx_SMCR v G ﬂ [1:0] ETF[3:0] g 5[2:0] E SMS[2:0]
Reset value g|(o|jo|jofo|o|joja|lo|jo|jof0 § oj|a|0
Wl |w (w fw = T | | (w
w(2a|ac|lo|w o (o
0x0C Tinx_DIER Reserved SIEIEIEBGS . L|:L g 8|8 |6 %
SIBIEIBIBIP|E] |Elclcle e
Reset value g|o|ofojojojo|E|o|=(o|O|O|O|O
[Ty | Vi | Ty | TS = = VO [ T T
TiMx_SR QIZE| g |w|g|IS @RI
0x10 - Reserved o & Q 2 Flg|@ |9« |R|2
olc|C|O]| & gle|e= 2
Resst value olo|o|0] = Ol |OQ|O|OfC|O
Blelg|w|@
] = |f & = |3
ox14 TiMx_EGR Ressrved = E t: 8 8 8 =
Reset value 0 g o(o|jo|jo |0
T} w [w [ W [w
o oA S| ocam [E|i |coes|5 | ocm [E | [ceis
uiput Compare Reserved o [0 |&|&|na|g| o (&5 |0
mode 8 E 8 E
Ox18 Resst value glojojo|o|o|ojo|ojo]ojojojo|o]|oO
TIMx_CCMR1 1c2 coes [ Ce1s
Input Cﬁ_p_ru."e ] IC2F[3:0] .”S_C 1-0] C1F[3:0] PSC [1:0]
mode (1:0] [1:0]
Reset value g(ojo|jofoc|o)joja|o|jo|jo(o|O|O|O|O
Offset| Register [p|g[R[R|r[g[Q[F[c]]c][g][2][=2[=]e]=[z]=2]2]=]= ~welw[so|a]-]=
OE:E{;E?(T;"’@ & | ocam '%L Y |ccas |3 | ocam (£ |E [ccas
phl RAeserved 2 2ol |5 g [1:0] S (2:0] g 8| na
ox1C Reset value c|o|o|o|o]o|o|o|o|o]o|o|ofo|o]o
TIMx_CCMRZ2 1ca 3
i . = cCcas - ccas
.n.:-u:r‘gz_g,rure Fiaserad 1C4F[3:0] 155:; (1-0] C3F[3:0] lPS';_"]. [1.0]
Reset value c|lo|e|oe|e]e|o|o|o]jo]e|o|o]o|ja]|o
(| B [BlH| B |l B |2|&
oxeo | T'Mx_CGCER Reserved S8 8 BIE| &8 |BI1E| &8 BB
Resst value oo = o|o £ oo & o|o
Oxza TiMx_CNT — CMNT[15:0]
Resst valus c|lo|s|oe|e]oe]o|o|o|e]e|o|o]o]e]o
Ox28 TIMx_PSC — PSC[15:0]
FReseat valus c|lo|e|e|e]e]|o|e|o|e]e|o|o]o]|Ba]|o
ox2e TIMx_ARR o ARR[15:0]
Reset value c|o|o|o|o]o]o|o|o|o]oe|o|o]o]o]o
Ox30 Reserved
oxase TIMx_CCR1 E— CCR1[15:0]
Reset value cjo|e|o|e]e]o|e|o|e]e|o|o]o]e]o
oxas TIMx_CCR2 E— CCR2[15:0]
Reset value cjo|e|o|e]e]o|e|o|e]e|o|o]o]e]o
0x3C TiMx_CCR3 Rasarved CCR3[15:0]
Resst valus c|lo|s|oe|e]oe]o|o|o|e]e|o|o]o]e]o
DD TiMx_CCR4 — CCR4[15:0]
Resst valus c|lo|s|oe|o]o]o|o|o|o]e|o|o]o]a]o
Oxada Reserved
Oxas TIMx_DCR R DBL[4:0] I DBAl4:0]
Reset value o|o]o]o]|o 0O|Jo|ojo]o
i TIMx_DMAR Feserved DMAB[15:0]
Resst valus o|o|o|o|o]o|0|o|o0|jo|D|0|D|O|O]|D
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4.10.2 TIM_TimeBaselnit

STM32 = 78 Capture/Compare A '@ 7}A|aL St}

Capture ¢} Compare 7|5l thsljr] rds] Awstd b2 2o

Input Capture oJF A% WA FhEH H A 2E Q] #S Capture/Compare
2 R Bt = e '

Output Compare | 7}>-8 #| A ~E ] #k¥} Capture/Compare | A ~E ] Fho] &
A5 9 oHIE A

Capture ¢} compare = Capture/Compare | A 2=HE 3-F3lA AFE317] wjel,
Al = o AR 5 oglh

<Capture/Compare Diagram>

Capture/Compare 2] 7| FFZof ts]A 23 B Capture/Compare = =5 Capture =
AF&-EA], Compare = AF&-E#]+= CCIS[0:1]2] A Ao whz} 2 A o]t).

Capture =2 AAEH 9% HFo|H Compare REZ AAHEH HH Q&%
Fto] F A gkt

<Input Capture>

HA Input Capture F-+= HWH 7F2-d] CCI1S[0:1]9] Fke] input mode & A A3t
otk 29 of Capture 2157} WAYSl= 749+ CCIE (Capture/Compare
Enable)”} SET %] )3l IC1PS(input Capture Prescaler Signal)2] Al & 7} dFAysl 73-¢-
ot}

L+ CCI1G(Capture/Compare Generation)S SW 22 SET 3} capture ©|HIE
A 4 QT
a7 ol Capture ©o|WIEZ}F  WHAJEWH Counter  Register(CCR)S]  #to]
CCSR(Capture/Compare Shadow Register) = =-A}o] T},

CCSR ¥} CCPR(Capture/Compare Preload Register) H|S2sFA|TF 2+ =
A ~Holt}, WEE W2oA= CCPR ¥ F o] 7}53H, capture_ transfer,
compare_transfer 21 @l 2]3]4 CCSR o] CCPR 9] #<S Write 3P4 CCSR 2] #<
CCPR & Write &5 At} CCPR ¥ CCSR & CCRIH, CCRIL 9] A& <Ja]A
8bit % Hlo|H & wghgt}.

1714 T3 AL CCSR o A HATeF 9lew, CCPR & E3]4 CCSR
et Aol

il

<Output Compare>

Output Compare A o}&l] 173 ¢1Z% Compare transfer 7} Ast= A5 HWH,
UEV(Update Event)7} ¥4 &7 1}, OCIPE %kl Set A 92 7 90|t}
OC1PE(Output Compare Preload Enable)”} False Q1 74 -$-ol== CCPR ©l| #t
CCSR o w}= A &o] =, True 9l 7ol CCPR | #t< Av2t= UEV 7}
HAEEA] ko CCSR ol 48] w=| &},
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Capture/compare channel 1 main circuit

| APB Bus |

!

l MCU-peripheral interface ]
h

[~

L~

high®y
(if 16-b
low &

g | write CCR1H
read CCR1H S write_in_progress

read_in_progress

read CCR1L Capture/compare preload register | R write CCR1L
A CC1s[1]
capture_transfer compare_transfer 7001 s0)
CC1S[1] input
mode -
CC18[0] p | Capture/compare shadow register |
: TIM1_CCMR1
1C1PS | comparator from time
CNT>CCR1
C°u|me' ] CNT=CCR1

TIM1_EGR L

CNT=CCR1 A& & H{Th
3l d 41 5= Output mode controller & &34 &2 oz Aot

Output stage of capture/compare channel (channel 1 to 3)

ETR
Output OC1
‘o enable [ H
circuit
oCc1._DT 2
CNT=CCR1
mompm mode| OC1REF] Dead-time
= | controller generator OGIN_DT
. Output OC1N
0 enable [—H
circuit
CC1NE|CC1E|TIM1_CCER
OC1CE|0C1M[2:0] DTG[7:0] |CC1 NE‘CC1E1 |CC1 NF'| |MOE|OSS||OSSRh|MLBDTR
TIM1_CCMR1 TIM1_BDTR TIM1_CCER  TIM1_CCER
Output stage of capture/compare channel (channel 4)
ETR

— » O the”masler mode
controller Output oc4
enable [—H
>—|>o circuit

GNT > GORa |ccap]

Qutput mode| OC4 REF TIM1_CCER
CNT = CCR4| controller

CG4E| TIM1_CCER
OC2M[2:0] [MoEjoss| TiIM1_BDTR

TIM1_CCMR2 TIM1_CR2
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OCIM[2:0]°1 M= 4=

A
OCIM 9] 442 v
<OC Mode 24 %>

000

001

010

011

100

101

110

111

OCIREF 213 H-AY
Eloln] QIEHER

CNT=CCRI ¢! 7%
CNT=CCRI1 ¢!
CNT=CCRI1 ¢! 7
OCIREF 7} low & 3.

OCIREF 7} high & ¥

PWM mode 1

o] 718 R oA CNT<CCRI ¢ 7

%R o™ Jow

o 7he
a8 e

§er

S high

PWM mode 2
o ey

1A %iﬂd

high

e 7188 REo|A CNT>CCRI ¢ 7

a5A] %o low

Aol wepd 448 Ee

=04 CNT>CCRI1 <1

A3 OCIREF &

719 OCIREF 7} low &

- OCIREF 7} toggle

OCIREF 7} high & A ¥,

4.

RIRL=

$- OCIREF = high &,

7%~ OCIREF & low,

B T oA CNT<CCRI ¢ A%

OCIREF +=

OCIREF ¢ A5+
A7 o] W H,
CCIP 7} 021
=, CCIP 7} 1

A% a
K

SIGNALTECH

low,

$- OCIREF = high,

STM32F103

CCI1P(Capture/Compare Polarity) Ao webs =28 O Active

ctive high, 1 ¢!
22 2

%01'

]_

2% a
H
N

- active low o]},

o] =93,
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4.11 SPI

SPI(Serial Peripheral Interface) &4l
AHEste] 280 715 9Eo] FAS g
npiE RES SfjolH RER HA ARgo] Jhgehal, mtAEHAAAE SES EA
gto] FAlS FTh 2709 HlolEAlETE erm, FAF FAl AR

T AHHE ARES gk

STM320l A= BHIEHR 16HIERE=E AR&etH, HtdEEEs PCLKY 225714
Skt}. PCLK7F 36MHzS! 7d-%-o 18MHz7HA] &2Fstt). SAIS8 9] AW Ao 7
3} a1, MSB-first, LSB-first =74 ©| 7}&3}t}. Hardware® 91 CRCE }o 0}1 HE] v}l
B BEm Abg

e dulelsgt dAe AR 2o ¥ ojgow A% ddu

Master Slave
MOSI
MSB LSB MSB LSB
LI Shift Register | MISO [ Shift Register }J
Clock SCLK T
Gen.
SS {ADC.DAC.Comm,
{(MCU.DSP,etc) Memory,etc)
Master SS Slave
7—| MISO '—T
6 H
El 2]
4 3]
3 0
2] B
- |2 |
0l MOSI %
— SCK | —
el & g %0l master & slave EFE¢1¢] MSB H-E] HdEstH WES- data v
LSB 2Bl A9 Us &+ ek ol BAprE Heuw 4+ e

1) master ¥ slave 2 data 7%
(master 7} data A%, dummy A1)
2) master 9} slave {F 5 A%
(master ¢} slave ¢ data 7}l %))
3) slave ¥+ master = data 7%
(slave ¥t data &, dummy G41)

E} du ok A7) 2
SPL = 4 71¢] Ao = g,
1) SPISOMI : SPI slave-output/master-input pin
(slave 1A= Z1%5, master | A & 412 3= pin)
2) SPISIMO : SPI slave-input/master-output pin
(slave 1A= 4], master o A &= A ES S pin)
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3) /SPISTE : SPI Slave transmit-enable pin
4) SPICLK : SPI serial-clock pin ( SPI &4l & 7] 20| =2 CLK signal ©] Z8)

MOSI, MISO,

SCK, NSS as AF

P

SPi

<>

APB2: Fmax = 48/72 MHz

STM32F103 ¢] SPI WH+*%

AHB2
APB2

AHB2
APB1

S

APB1: Fryax = 24/36 MHz

CL8L

STM32F103

MOSI/SD, MISO
SPI2f1282 SCKICK, MCK, NSSMWS as AF
MOSUSD, MISO
SPI3/12s3 SCK/CK, MCK, NSSWS as AF
12C1 SCL, SDA, SMBA as AF
1262 SCL, SDA, SMBA as AF

SPI1 = APB29] 72MHz, SPI2,3 = APB1%] 36 MHz = 5 %}3ghr},

STM32F103 ¢] SPI ¥

Pin Main function
LQFP64 name Type (after reset) Default Remap
SPI1_NSS/
20 PA4 1/0 PA4 USART2 CK
DAC OUTI/ADCI2 IN4
SPI1_SCK
21 PAS o PAS DAC _OUT2 ADCI12 _IN5
SPI1_MISO
22 PA6 1/0 PA6 TIM8_ BKIN/ADC12 IN6
TIM3 CHI1
SPI1_MOSI/
23 PA7 1/0 PA7 TIM8 CHIN/ADCI12_IN7
TIM3_CH2
SPI2_NSS/12S2 WS/
33 PB12 1/0 PB12 12C2_SMBA/USART3 CK/
TIM1 BKIN
SPI2_SCK/I2S2_CK
34 PB13 o PBI3 USART3_CTS/TIM1_CHIN
SPI2_MISO/TIM1_CH2N
35 PB14 | 1O PB14 USART3 RTS/
SPI2_MOSI/I2S2 _SD
36 PBI15 1/0 PBI15 TIMI_CH3N/
SPI3_NSS/ TIM2_CHI_ETR
>0 PAIS 1 10O JTDI 1S3 WS PA15/ SPII_NSS
PB3/TRACESWO
55 PB3 | 10 JTDO SPI3_SCK /12S3_CK/ TIM2_CH2 /
SPI1_SCK
PB4/ TIM3 _CH1
56 PB4 1/0 NJTRST SPI3_MISO SPI1_MISO
12C1_SMBA/ SPI3_MOSI TIM3 CH2/
37 PBS | 1O PB> /12S3_SD SPII_MOSI

SIGNALTECH
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o 7] Alg-8HE tHbo]l o SPI £ 3E AME S

SPI characteristics

0] Tq—

=
T

STM32F103

Symbol Parameter Conditions Min Max Unit
Master mode 18
fsck SPI clock frequency MHz
1esck) Slave mode 18
t(scK) SPI elock rise and fall Capacitive load: C = 30 pF 8 ns
tf(SCK) time
Ducy(sck) | SF1slaveinputclockduty | o0 oo e 30 70 %
cycle
tsu(NSS)“) NSS setup time Slave mode MpeLk
thss)? | NSS hold time Slave mode 2tpeLk
m =
tw(SCKH) | | SCK high and low time | Master mode, feouk = 36 MHz, 50 60
twiscKL) presc =4
(%)) Master mode 5
tSU(M')“) Data input setup time
tsusn Slave mode 5
themn m Master mode 5
Data input hold time ns
1h(s|)(1) Slave mode 4
tasoy"® | Data output access time | Slave mode, fpgk = 20 MHz 0 BtpoLk
taisiso) V¢ | Data output disable time | Slave mode 2 10
o) M Data output valid time Slave mode (after enable edge) 25
1V(M0)(1) Data output valid time Master mode (after enable edge) 5
th(so)(” Slave mode (after enable edge) 15
Data output hold time
thavioy' Master mode (after enable edge)
TR
SPI_Cmd(SPI2, DISABLE);
//configure spi
SPI InitStructure.SPI Direction = SPI Direction 2Lines_FullDuplex;
SPI_InitStructure.SPI_Mode = SPI_Mode Master;
SPI_InitStructure.SPI_DataSize = SPI_DataSize 8b;
SPI InitStructure.SPI CPOL = SPI CPOL High;
SPI InitStructure.SPI CPHA = SPI CPHA 2Edge;
SPI_InitStructure.SPI_NSS = SPI_NSS Soft;
SPI InitStructure.SPI BaudRatePrescaler = SPI BaudRatePrescaler 16;
SPI InitStructure.SPI FirstBit = SPI FirstBit MSB;
SPI InitStructure.SPI CRCPolynomial = 7,
SPI Init(SPI2, &SPI InitStructure);
SPI_Cmd(SPI2, ENABLE);
1) SPI_InitStructure.SPI Direction = SPI Direction 2Lines_FullDuplex;
2line &% FYF SAS g
2) SPI_InitStructure.SPI Mode = SPI Mode Master;
ModeE Master= A4 g+},
3) SPI_InitStructure.SPI_DataSize = SPI DataSize 8b;
215
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Data Size= 8bit H=+=10bit

DR

4) SPI InitStructure.SPI CPOL = SPI CPOL High;

SPI_InitStructure.SPI CPHA = SPI CPHA 2Edge;

SPI timing diagram - slave mode and CPHA =0

shi=dl ©7] 4= 8bit WA ot

STM32F103

NSS input _\

le——te(scK
re——iSUINSS)— e—— th(NSS) —>»
a— == —
= [ cPHA=0
g cpoL-0 T f \ \_/_\__
= W(SCKH) |l .
& | CEHA=0 ! §SCKL)) N -
3| croL=1 & — /— —
\;/ Ep— \I
ta(SO) +4—n W(SO) 1e—» th(SO) +e—  »H= F(SCK) tdis(S0)
MISO (SCK)
OUTPUT —( MSBOUT BITS OUT LSB OUT
tsu(sl) »
MOSI --
INPUT MSB IN BITI IN X LSB IN X
4—th(5|)—b
SPI timing diagram - slave mode and CPHA =1
—
NSS input . /
ISU(NSSY4— — lo(SCK—* th(NSS)1* >
« ['cPHA-1 b \ / \ / \
g | croL-o : - | ! - . :
= WSGKH) 1y i1 | | : :
1 1 !
| i | : .
| ot ! t ' 1SCKL! .
ta(50) - ! V(SO) -»—|e h[SO)—r-I—h-t'{SC:((Lr-I— tdis(SON
MISO -
ouTPUT — K MsE ouT BITe OUT LSB OUT
tsufSh 14— th{g)—w
MOSI -
NPUT MSB IN BITI N X s X
919] eolu e Aesty vt 2

SIGNALTECH

216



STM32F103

CPOL and CPHA Functionality

Leading edge Trailing edge
CPOL =0, CPHA =0 Sample (Rising) Setup (Falling)
CPOL =0, CPHA =1 Setup (Rising) Sample {(Falling)
CPOL =1, CPHA =0 Sample (Falling) Setup (Rising)
CPOL =1, CPHA =1 Setup (Falling) Sample {Rising)

SPI®} AAStAL ah= TiHpolx A¥S WY 9] 47bA] F FEA] WO R Hogl
SCK Inputell u}2} CPOL, CPHAS] 0, 1S A 743t}

Master .= ¢ wj= v}37}A] 2 SCK Inputoll whe} CPOL, CPHA 2] 0, 13 ZA A 3},
SPI timing diagram - master mode

High
NSS input
:“—tc(SCK)—"E
= [cPHA=0 ol \ 'I/ \ f \
a| cPoL=0 ! ! ' - 1
= 1 ' ] ' Il
% | cPHA-0 3 : | ; N
3 | crPoL=1 —\—/—\_/——\_/—
4 : i : it
[N i i ! "
_ H : : | o
= [[cPHA=1 ; ' / \
3| croL=0 B g -- g '
= 1 B 1
x | cPHA=1 h I i : "
CPOL=1 —\—/—\_/—- i '
w \I l(
3 1 f h
' tw(SCKH) | : ! ' tyscK
isn M ty(sokL) > i > oK)
INPUT x i MSBIN | BITGIN | X LSB IN X
T T |
— th(Ml)—b i
MOSI T - —
OUTUT X MSB OUT | BIT1 OUT ! LSB OUT X
T - 1
(MO) +a—> th(MO) e

5)SPI_InitStructure.SPI_NSS = SPI_NSS_Soft;
Slave?} EA1& 3}7] $J8]A+= Start = 022 End = 12 3t}

6)SPI_InitStructure.SPI_BaudRatePrescaler = SPI_BaudRatePrescaler 16;
SPI_BaudRatePrescalers 7 $+t}.

7)SPI_InitStructure.SPI_FirstBit = SPI_FirstBit MSB;
Datas %< o] =47} MSB First Bit= 4 gt}

8)SPI_InitStructure.SPI_CRCPolynomial = 7;
CRC AA3l= FEo2 27138 AAgth CRC o dlgt Alxka o] Y=ol

9)SPI_Init(SPI2, &SPI_InitStructure);
SPI A A3 ke A s 7] = SPRE A A3}

10)SPI_Cmd(SP12, ENABLE);
SPIE A|ZFstt}, o714 += SPR2E A A s},
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static void SPI_Rcc_Configuration(void)

{

RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOB | RCC_APB2Periph_ AFIO,ENABLE);
RCC_APBI1PeriphClockCmd(RCC_APB1Periph SPI2,ENABLE);

}

static void GPIO_Configuration(void)

{

}

GPIO_InitTypeDef GPIO _InitStruct;

GPIO_InitStruct. GPIO Pin = GPIO_Pin 13 | GPIO Pin 14 | GPIO Pin 15;
GPIO_InitStruct. GPIO_Mode = GPIO_Mode AF PP;

GPIO_InitStruct. GPIO_Speed = GPIO_Speed 50MHz;

GPIO _Init(GPIOB, &GPIO _InitStruct);

void SPI_Configuration(void)

{

}

SPI InitTypeDef SPI InitStruct;
SPI Rcc Configuration();
SPI InitStruct.SPI _BaudRatePrescaler = SPI BaudRatePrescaler 32;

/22 FE A
SPI InitStruct.SPI_Direction= SPI Direction 2Lines FullDuplex;
v} ] 47
SPI InitStruct.SPI Mode = SPI Mode Master;
8bit A%
SPI InitStruct.SPI_DataSize = SPI_DataSize 8b;

SPI InitStruct.SPI_ CPOL = SPI CPOL _High;
SPI InitStruct.SPI CPHA = SPI CPHA 2Edge;
SPI_InitStruct.SPI_NSS = SPI NSS_Soft;

SPI_InitStruct.SPI_FirstBit = SPI FirstBit MSB;
SPI_InitStruct.SPI_CRCPolynomial = 7;

SPI Init(SPI2, &SPI InitStruct);
GPIO_Configuration();

SPI_Cmd(SP12, ENABLE);

void SPI2_Send byte(ul6 data)

{

}

while(SPI_12S GetFlagStatus(SPI2, SPI 12S FLAG TXE)==RESET);
SPI 12S SendData(SPI2,data);

while(SPI_12S GetFlagStatus(SPI2, SP1 12S FLAG RXNE)==RESET);
SPI _I2S ReceiveData(SP12);

ul6 SPI2_Receive byte(void)

{

while(SPI_12S GetFlagStatus(SPI2, SPI 12S FLAG TXE)==RESET);
SPI_I2S SendData(SP12,0x00);

while(SPI_12S GetFlagStatus(SPI2, SPI 12S FLAG RXNE)==RESET);
return SPI_I12S ReceiveData(SPI2);
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4.12 12C

PC = dEzoA e Hd AFE 2ol
Aol FHY7IE Adsty] 98 AR PC g

=

MHE S, T A

o5

Inter-Integrated Circuit 2]

STM32F103

FrolEsel

o

ofzteltt. 12C o] AL A 2 /] wire ZYF FAlo] 7hsEtth A% Z A START bit ,
START ¢} STOP & SCL ©] HIGH & uj W3},

DATA bits, STOP bit ¢ 3 7}A & b},
DATA £ SCL ©] LOW ¢ uf "3tk (protocol ©] X3 Fo|A &S A= pull-up
register ©| 2|3l SDA, SCL X5 HIGH %€l o] t})

START = SCL ©] HIGH ¥ uw SDA 7} Falling 3= 4-%= slave o Al protocol ©] A] 2}

e},

STOP < SCL ©] HIGH ¢ @ SDA 7} Rising 3= %= slave ©l 7 protocol ©] &

o).

L

DATA &= SCL ©] LOW ¢ u] SDA 7}¥3} SCL ©] HIGH € w SDA %t©] valid )t}
L3 DATA bits © ACK 9F R/'W A& & X33 (R/W A1 5+ HIGH 9 7% READ, LOW ¢
749~ WRITE ©]t})

2C AF2 mpay Yol A A
Transfer &} Slave = 5-E] read 3} receive & 7 -$-o]t}.
START ¢} STOP, R/'W A&+ FZFA Master ol A

WA

2 7FA A= )l Slave © data

write

SR
=5

o

tlo

s

Zloju} data ¢ ack &

Transfer €1 4] Receive 1 Aol W&} Master =& Slave o 4] A 3o},

I2C characteristics

Standard mode 12C{") |  Fast mode 12¢{1{2)
Symbol Parameter Unit
Min Max Min Max
twscLy | SCL clock low time 4.7 1.3
Us
tW(SCLH) SCL clock high time 4.0 0.6
tsyspa) | SDA setup time 250 100
thepa) | SDA data hold time 0 0(4) 900
'(SDA) | SDA and SCL rise time 1000 | 20 + 0.1C,, 300 ns
tr(scL)
SDA) | SDA and SCL fall time 300 300
ti(scL)
th(sTa) Start condition hold time 4.0 0.6
Repeated Start condition us
lou(sTa) setup time 47 0.6
tsysTo) | Stop condition setup time 4.0 0.6 us
Stop to Start condition time
tw(sTO:STA) (bug free) 4.7 1.3 ps
Cy (?apamtwe load for each bus 400 400 bF
line
9] spre] 19 UiFel de= ZAAHHE Z82 12C1,2 = APB19] 36 MHz & & 2gtr)
219

SIGNALTECH



STM32F103

I2C bus AC waveforms and measurement circuit

VDD VDD
47k g STM32F103xx
47k = o0
[ s 4 ¥ sDA
12C bus 100
. SCL

START REPEATED

START

/

SDA _E\ /E

X

A

(SDA) »ie —-:—:“F‘r(SDA) —Pi—:+tsu(SDA) i
1 1 1
1 1 [ 1
> th(STAN*—-tw(SCIL)  —»i—h(SDA)
scL | W \_/,’_\_/_ N
tw(SCLH) 1> I(SCL) »+e -»iietyscl) —»—et5y(STO)
12C_CCR valu
fscL (kHz) Rp = 4.7 kQ
400 0x801E
300 0x8028
200 0x803C
100 0x00B4
50 0x0168
20 0x0384
SCL frequency (fPCLK1= 36 MHz.,VDbD = 3.3 V)
Pin Main function
LQFPe4 | 0| Type (aﬂer‘ieset) Default Remap
58 PB6 /0 PB6 12C1_SCL/ TIM4_CH1 USART1_TX
12C1_SDA /
59 PB7 1/0 PB7 FSMC_NADV /TIM4_CH2 USARTI1 RX
12C1_SCL/
61 PBS 1/0 PBS TIM4_CH3/SDIO_D4 CAN RX
12C1_SDA /
62 PB9 1/0 PB9 TIM4 CH4/SDIO_D5 CAN TX
29 PB10 1/0 PB10 12C2_SCL/USART3 TX | TIM2 CH3
30 PB11 /0 PB11 12C2_SDA/USART3 RX | TIM2 CH4

o714 A3 Hulel 2~ 12C V) 2708 AMEEL

PB6 12C1_SCL, PB7 I2C1 _SDA

PB10  12C2 SCL, PBI11I12C2 SDA

ZFaL 2 PB8(12C1_SCL), PB9(I12C1_SDA) Remap &}o] A&
A&7

T St} (old] Al PB6,7 &
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thgobel= 24002 2R of A o] T}
void I2C_Configuration(void)
{
12C InitTypeDef I12C InitStructure;
GPIO_InitTypeDef GPIO_InitStructure;

RCC_APB1PeriphClockCmd(RCC_APB1Periph_12C1,ENABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph_GPIOB | RCC_APB2Periph_AFIO , ENABLE);

/* Configure 12C1 pins: PB6->SCL and PB7->SDA */
GPIO_InitStructure. GPIO Pin= GPIO_Pin_6 | GPIO_Pin_7;
GPIO_InitStructure.GPIO_Speed = GPIO_Speed 50MHz;
GPIO_InitStructure. GPIO_Mode = GPIO_Mode AF OD;
GPIO_Init(GPIOB, &GPIO_InitStructure);

12C_Delnit(12C1);

12C_InitStructure.I2C_Mode = 12C_Mode 12C;

12C_InitStructure.I2C_DutyCycle = 12C_DutyCycle 2;
12C_InitStructure.I2C_OwnAddress1 = 0x30;

12C_InitStructure.I2C_Ack =12C_Ack Enable;
12C_InitStructure.I2C_AcknowledgedAddress = 12C_AcknowledgedAddress_7bit;
12C_InitStructure.I2C_ClockSpeed = 100000;

12C_Cmd(I12C1, ENABLE);
12C_Init(I2C1, &I12C _InitStructure);

12C_AcknowledgeConfig(I2C1, ENABLE);

}
static void I12C_AcknowledgePolling(I2C TypeDef *I12Cx,uint8 t 12C Addr)
{
vul6 SR1_Tmp;
do
{
12C_GenerateSTART(12Cx, ENABLE);
SR1 Tmp =12C_ReadRegister(I2Cx, I12C_Register SR1);
#ifdef AT24CO1A
12C_Send7bitAddress(I2Cx, 12C_Addr, I2C Direction_Transmitter);
#else
12C_Send7bitAddress(I12Cx, 0, I2C_Direction_Transmitter);
#endif
twhile(!(I2C_ReadRegister(I2Cx, 12C_Register SR1) & 0x0002));
12C ClearFlag(I2Cx, 12C_FLAG_AF);
12C_GenerateSTOP(I12Cx, ENABLE);
}

uint§ t[12C Read(I2C_TypeDef *12Cx,uint8 t [2C_Addr,uint8_t addr,uint8 t *buf,uintl6_t num)
{
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if(num==0)
return 1;

while(I2C_GetFlagStatus(I12Cx, 2C_FLAG_BUSY));
12C_AcknowledgeConfig(1I2Cx, ENABLE);

12C_GenerateSTART(I12Cx, ENABLE);
while(!12C_CheckEvent(I2Cx, I2C_EVENT MASTER MODE SELECT));

#ifdef AT24CO1A
12C_Send7bitAddress(I2Cx, 12C_Addr, I2C Direction_Transmitter);
while ('I2C_CheckEvent(I12Cx, 12C EVENT MASTER TRANSMITTER MODE SELECTED));

12C_SendData(12Cx, addr);
while (1I2C_CheckEvent(I12Cx, 2C_EVENT _MASTER BYTE TRANSMITTED));

12C_GenerateSTART(I2Cx, ENABLE);
while(!I2C_CheckEvent(I2Cx, I2C_EVENT MASTER MODE SELECT));

12C_Send7bitAddress(I2Cx, I2C_Addr, I2C Direction_Receiver);
while(!12C_CheckEvent(I2Cx, I2C_EVENT MASTER RECEIVER MODE SELECTED));

#else
12C_Send7bitAddress(I2Cx, addr<<1, I2C_Direction_Receiver);
while(!12C_CheckEvent(12Cx, I2C_EVENT MASTER RECEIVER _MODE SELECTED));

#endif

while (num)
{
if(num==1)
{
12C_AcknowledgeConfig(I2Cx, DISABLE);
12C_GenerateSTOP(I12Cx, ENABLE);

}

while(!12C_CheckEvent(I2Cx, I2C_EVENT _MASTER_BYTE_RECEIVED)); /*
EV7 */
*puf = 12C_ReceiveData(I12Cx);
buf++;
/* Decrement the read bytes counter */
num--;

12C_AcknowledgeConfig(I2Cx, ENABLE);
return 0;

}

uint§ t [12C_WriteOneByte(I12C_TypeDef *[2Cx,uint8 t [2C_Addr,uint8 t addr,uint8_t value)
{

12C_GenerateSTART(I12Cx, ENABLE);

while(!I2C_CheckEvent(I2Cx, I2C_EVENT MASTER MODE _SELECT));

#ifdef AT24CO01A
12C Send7bitAddress(I2Cx, 12C_Addr, I12C_Direction Transmitter);
while(!I12C_CheckEvent(I2Cx,

[12C_ EVENT MASTER TRANSMITTER MODE SELECTED));
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12C_SendData(I2Cx, addr);
while(!I2C_CheckEvent(I2Cx, I2C_EVENT _MASTER BYTE TRANSMITTED));

#else
12C_Send7bitAddress(12Cx, addr<<1, I12C_Direction_Transmitter);
while(!12C_CheckEvent(12Cx,

12C_ EVENT MASTER TRANSMITTER MODE SELECTED));

#endif

12C_SendData(I12Cx, value);
while(!I2C_CheckEvent(I2Cx, I2C_EVENT MASTER BYTE TRANSMITTED));

12C_GenerateSTOP(I2Cx, ENABLE);
12C_AcknowledgePolling(I2Cx,I12C_Addr);
12C _delay(1000);

return 0;

§
uint8 t [12C_ Write(I2C_TypeDef *12Cx,uint8 t [2C_Addr,uint8 t addr,uint8 t *buf,uintl6_t num)
{

uint8 t err=0;

while(num--)

if(I2C_WriteOneByte(I12Cx, 12C_Addr,addr++,*buf++))

{
err++;
}
}
if(err)
return 1;
else
return 0;
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4.13 Zar
4.13.1 Bit Banding
Bit Banding <> bit operation = HFE27] 3 £t 54 @] HEES o= 2o
We A Aolstis 7)),
the 1w ko] Shitel MIEv} shpe] Faol Wolt
Bit-band mapping
32MB alias region
2IFFFFFC | 023FFFFFS | Oc0FFFFFA | 023FFFFFO | O@IFFFFEC | 0:23FFFFEB | OuZIFFFFEA | 0x23FFFFED
n;zzum-mc | oczoooot | ow2m0014 | o2z2000010 | oxzanogpoe{ 02000008 | Gx22000004 | mx22000000 |
IME- SRAM bit-band region
6 5 4 3 2 1210?554121:1?554-::21[:
':".m'.:FFfF u-lmfFFfE £ th:'.‘mE:FFIE'I} E'::'.‘WI:?FFI::G
T 6 5 & 3 2107 65 43 21076543 2 1 TE S 4 3 210
20000003 20000002 020000001 20000000
| | | 1 | | | | 1 | | |
1 H]EY 32Bit @9 F4o] W E 7] v IMB 9 o] & 32MB 9 F

LR T SENE
o]¥ Bit Banding ©] A% &

20l A Bit[0]3F A}%E}tﬂ Bit[31:1] AH&-% A °‘D}
Bit Band Region = SRAM < &, Peripheral <3 & ol 4|

7tz IMB 4 A 91o] Tk,
SRAM memory blt-banding reglons
Address Memory
range reglon Instruction and data accesses
0320000000- Direct accesses to this memory range behave as SRAM memory
Ox200FFFFF SRAM bit-band reglon accasses, but this region is also bit addrassable through bit-band alias.
Ox22000000- Data accesses to this reglon are remapped to bit band region. A write
SRAM bit-band alias | operation is performed as read-modify-write. Instruction accesses are not
OX23FFFFFF rema
pped.
Perlpheral memory bit-banding reglons
Address Meamory
range reglon Instruction and data accesses
. Direct accesseas (o this memory range behave as paripheral memory
Ox40000000- | Paripheral
OX400FFFFF | bit-band region :ﬁlsses. but this region is also bit addressable through bDit-band
000000- Data accessas 1o this region are remapped to bit-band region. A write
gﬁﬂ; FFFF E:l’::gilm opearation s performed as read-modity-write. Instruction accesses are
a not permitted.
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Bit Banding-cﬂ 2+
1. Bit #Alojo] &&7d
o Bit Alojol] QoJA = Alo] =7} FoE 4 Ut
2. F=o] oA
o Aolatad s HIEW Aojatnz, b HESY 9FE T de] Ak

<Bit Banding Address & 2>

Real Address Base =294 N Offset o] ¢ %]+ 79 bit HA| H|ES] 73
SR PR

Virtual Address Base + N*32 + 4*bit ©| o]t}

. 32bit .
- : REAL
MR base+N [ b31 b0 memory
\ \ image
example; 20000000h to 200FFFKRFh
™ N
evs R
b3t
VIRTUAL
) S hmmm e aliased
@Vbase+Nx32+4xbit : , bit banding
e | e |
T, image
@Vbase+Nx32 bo

|—> example: 22000000h to 23FFFFFFh

<A Z= 1>
RAM &9 9] dl°]EE BitBanding & &34 <o}t

#include "stm32f10x.h"

#include <stdio.h>

#define RAM_BASE 0x20000000
#define RAM_BB BASE 0x22000000

#define Var ResetBit BB(VarAddr, BitNumber) \

(*(_IOuint32_t *) (RAM_BB BASE | ((VarAddr - RAM_BASE) <<5) |
((BitNumber) << 2)) = 0)
#define Var_SetBit BB(VarAddr, BitNumber) \

(*(_IOuint32_t *) (RAM_BB BASE | ((VarAddr - RAM_BASE) <<5) |
((BitNumber) << 2)) = 1)

#define Var_GetBit BB(VarAddr, BitNumber) \
(*(_IO uint32_t *) (RAM_BB_BASE | ((VarAddr - RAM_BASE) << 5) |
((BitNumber) << 2)))

int ExtInt = 0x00000000;

int main()

{
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int StackInt = OxfTffffff;
init UART();

printf("ExtInt Address : %X Value: %X\r\n", &ExtInt, ExtInt);
printf("StackInt Address : %X Value: %X\r\n", &StackInt, StackInt);

Var SetBit BB((int)&ExtInt, 0);
Var_SetBit BB((int)&ExtInt, 1);
Var_SetBit BB((int)&ExtInt, 2);
Var_SetBit BB((int)&ExtInt, 3);

Var_ResetBit BB((int)&StacklInt, 0);
Var_ResetBit BB((int)&Stacklnt, 1);
Var ResetBit BB((int)&Stacklnt, 2);
Var ResetBit BB((int)&StacklInt, 3);

printf("ExtInt Address : %X Value: %X\r\n", &ExtInt, ExtInt);
printf("StackInt Address : %X Value: %X\r\n", &StacklInt, StacklInt);

return O;
§
A W Extlnt ©F #]9 W4+ Stackint & Bit Bandig 3F+= o Al o]t}
Aol Mo ok9 4H|E= SET stal, A9 W79 o1¢] 4 H|E+= RESET &t

<dA Z=1: Ag Ay

ExtInt Address : 20000414 Value: 0
StackInt Address : 200003E0  Value: FFFFFFFF
ExtInt Address : 20000414 Value: F
StackInt Address : 200003E0  Value: FFFFFFFO

Ao wieet Ao waes wiy Yo d9E= 947 sy

Al WH42Q) StackInt + Stack WOl EHE Ao, A W4 Stack 9]l
Eicasbel=g

712 A WA RE, AF-8-AF= Linker A g ol A Stack 2] A}o] 25 0x400 .= 23
A AAtt

Map IS F3lA Stack ¥ AH WS4 Extint 7} &FE AAE HEF sHAT

.o
CSTACK uninit ~ 0x20000000 0x400 <Block tail>
- 0x20000400 0x400
Extlnt 0x20000414 0x4 Data Gb main.o[1]

Map 3+-& HAH CSTACK <= 0x20000000~0x20000400 7}%] A}-8-3},
28 Aol A B StackInt = 0x200003E0 2] Stack ol $=skar Q)
Extlnt = Map 3 Qo4 H0] 0x20000414 o] st5 o] gt}
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<z= ue}slr])>
1. Var_ResetBit_ BB, Var_SetBit BB, Var_GetBit BB

9] Macro = W42 oj=g 29} Bit HEE Y2 wrolA Bit Banding 3+
Macro ©]t}.

ke Peripheral & ol thal- %= 53 Macro & TH=EUHH, o}l Peripheral
Base = W7 s}H o]t}

#define PERIPH_BB_BASE ((uint32_£)0x42000000)

#define PERIPH_BASE ((uint32_1)0x40000000)

2.ExtInt A9 W<

Extlnt A9 W49 Z7]3k2 0x00000000 ©] LT},
Var SetBit BB Macro & AF&-3l|A 319 4 H|EE 77} Set

ol

bt

3. StackInt A& ®H=

StackInt #] & ®W2=9] %7]7F-& O0xFFFFFFFF o] ]t}
Var ResetBit BB Macro & AF&3]4 319 4 H|EE Z}Z} ReSet 31T

2 A 2 Bit Banding < SRAM % & B .U}= Peripheral % <] Register 5= #| o]}t

o

837 AHgE Aot
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4.13.2 assert_failed

#ifdef USE FULL ASSERT
void assert_failed(uint8_t* file, uint32_t line)
{
/* User can add his own implementation to report the file name and line number,
ex: printf("Wrong parameters value: file %s on line %d\r\n", file, line) */

/* Infinite loop */
while (1)

{

}

¥
#endif

void assert_failed(uint8 t* file, uint32 _t line)

assert_failed()oll A file o] &&°] S = 7t SAsh= L olFS HHEY

74 EJFA WESIL, line® T %A line o FF AL Utk F shele] Hu
J WZE E9staL, o] FE vtk

4.13.3 GPIO JTAG
JTAG PORT ¥4t GPIO & A}£3 w A}&3kr},

A RE

1 2 3 4 5 6 7 8
VCC | TRST | TDI | TMS | TCK | GND | TDO | /RST
VCC | PB4 | PA1S5 | PA13 | PA14 | GND | PB3 | /RST

g

JJITAGUVO &% ©= %H&57]  Enable GPIOA, GPIOB and AFIO clocks
RCC_APB2PeriphClockCmd(RCC_APB2Periph. GPIOA | RCC_APB2Periph_ GPIOB |
RCC_APB2Periph_ AFIO, ENABLE );

//Disable the serial Wire Debug Port SWJ-DP
GPIO_PinRemapConfig(GPIO Remap SWJ Disable, ENABLE);

/I JTAG => I/O PA13, 14, 15
GPIO _InitStructure.GPIO Pin = GPIO_Pin 13 |GPIO Pin 14 |GPIO Pin 15;
GPIO_InitStructure. GPIO_Speed = GPIO_Speed 50MHz;
GPIO_InitStructure. GPIO_Mode = GPIO_Mode Out PP;
GPIO_Init(GPIOA, &GPIO_InitStructure);

/ JTAG =>1/O PB3, 4
GPIO_InitStructure. GPIO_Pin = GPIO Pin_3 |GPIO Pin 4;
GPIO_Init(GPIOB, &GPIO _InitStructure);
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FSMC += Flexible Static Memory Controller & ¢fojo]t}, o] & A}-&3lo] &]Fof wx
2y o & 4 o ARg3ih

From clock
controller

FSMC interrupt to NVIC

HCLK

AHB bus

Configuration

Registers

NOR
memory
controller

NAMND/PC Card
memory
controller

FSMC block diagram

—»11 FSMC_NE[4:1]

0 FSMC_NL (or NADV) NOR/PSRAM
FSMC_NBL[1:0] signals
FSMC_CLK

> FSMC_A[25:0]

—»L1 FSMC_D[15:0] Shared

—» FSMC_NOE signals

| — FSMC_NWE
FSMC_NWAIT

—»01 FSMC_NCE[3:2] NAMND
FSMC_INT[3:2] signals
FEMC_INTR
FSMC_NCE4_1
FSMC_NCE4_2
FSMC_NICRD
FSMC_NIOWR PC Card

signals
FSMC_NREG
FSMC_CD

For the FSMC, the external memory is divided into 4 fixed size banks of 4x64 MB each:
Bank 1 can be used to address NOR Flash, OneNAND or PSRAM memory devices.
Banks 2 and 3 can be used to address NAND Flash devices.

Bank 4 can be used to address a PC Card device.

0x6000 0000

OX6FFF FFFF
0x7000 0000

0x7FFF FFFF
0x8000 0000

0x8FFF FFFF
0x9000 0000

OX9FFF FFFF

SIGNALTECH

Bank 1
4x64 MB

Bank 2
256 MB

Bank 3
256 MB

Bank 4
256 MB

Supported Memory Type

NOR/PSRAM/SRAM/CRAM/OneNAND

NAND Flash

PC Card
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BANK 1 o4+ TFTLCD, RAM,NOR ##H¥ t]ulo|~E AAs|A AL-&3I},

1. TFTLCDE <243 uj

PD7=NE1 (CE2)

#define Bankl LCD C
#define Bankl LCD D

LCD

((uint32_t)0x60000000)
((uint32_t)0x60020000)

/I RS =0

disp Reg ADDR
//RS=1 disp Data ADDR

s STM32F4 Tl #i5 STM32F4 T 0|5
DO 61 PD14
D1 62 PD15
D2 81 PDO
D3 82 PD1
D4 38 PE7
D5 39 PES
D6 40 PE9
D7 41 PE10
D8 42 PE11
D9 43 PE12
D10 44 PE13
D11 45 PE14
D12 46 PE15
D13 55 PD8
D14 56 PD9
D15 57 PD10
cs 88 PD7 (NE1)
RS 60 PD11 (FSMC-A16)
RD 85 PD4 ()
WR 86 PD5 (NWE)
RESET(TFT_RST) |25 (7) 3V (GPIO PC13)
TP_IRQ 44 PC4
TP_SCK 41 PAS5
TP_S 43 PA7
TP_SO 42 PAG
TP_CS 40 PA4
BL_CNTL 45 PC5
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2. NOR,RAMS <23 uj

TFTLCD, NOR, RAM A& A ¢+ AS AF&afoF st} oS So] TFTLCD oA
PD7S AFEA] TFE PGY, PG10, PGI2 = 3} S Aelsjof 3t}
#define Bankl SRAM2 ADDR ((uint32_t)0x60000000) ©| ] Bankl SRAM2 ADDR

B AR d = AAE Aolw, ((uint32_t)0x60000000) = o= AE YE A
o]t} NE1o| 4] NE47}A] A4 7453t
#define FSMC_Bankl NORSRAMI ((uint32_t)0x00000000) = FSMC_Bankl NORSRAMI
stm32f4xx_fsmc.h oA AA = o] At

PD7=NE1

#define Bankl SRAM2 ADDR ((uint32_t)0x60000000)
#define FSMC_Bankl NORSRAMI1 ((uint32_t)0x00000000)
PG9=NE2

#define Bankl SRAM2 ADDR ((uint32_t)0x64000000)
#define FSMC_Bankl NORSRAM2 ((uint32_t)0x00000002)
PG10=NE3

#define Bankl SRAM2 ADDR ((uint32_t)0x68000000)
#define FSMC_Bankl NORSRAM3 ((uint32_t)0x00000004)
PG12=NE4

#define Bankl SRAM2 ADDR ((uint32_t)0x6C000000)

#define FSMC_Bankl NORSRAM4  ((uint32_t)0x00000006)

BANK2 °4i= NAND & 143 u AFg3it},

PD7=CE2 NAND
#define Bankl LCD C ((uint32_t)0x70000000)
#define FSMC_Bank2 NAND ((uint32_t)0x00000010)
PG9=CE3 NAND
#define Bankl LCD C ((uint32_t)0x80000000)
#define FSMC_Bank3 NAND ((uint32_t)0x00000100)
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1.Nand Memory

=g o mgt oe] 7HH F
Zlo] NOR Flash Memory (=0} EEH/\] vl &g )e]a

Memory(HE ZA] WEz]) o]t},

= K9F2G08UOA & STM32F4 El 0|5
DAO 29 85(PD14)
DAT 30 86(PD15)
DA2 31 114(PDO)
DA3 32 15(PD1)
DA4 41 58(PE7)
DA5 42 59(PES)
DA6 43 60(PE9)
DA7 44 63(PE10)
WAIT 7 122(PD6)
OE 8 18(PD4)
WE 18 119(PD5)
CLE (AD16) 16 80(PD11)
ALE (AD17) 17 81(PD12)
CE3 8 124(PG9)
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Read ID Operation

VAR

STM32F103

CLE
CE \
WE \_/ \__/
tar
ALE /
—_— .-' ) T,
RE ﬂ_\_/a L/ "/ \__/ _/
tREA -
1/Ox oo ) [ oon ECh e y—{ard oye ) cyo. }—{bin cyo }—
Read ID Command Address 1cycle Maker Code Device Code
Device Device Code (2nd Cycle) 3rd Cycle 4th Cycle 5th Cycle
KOF2GO8ROA AAR 00h 15h 44h
KAF2G08U0A DAR 10h 95h 44h
0xA000 0000 - 0xAO0Q0 OFFF FSMC control register
0x3000 0000 - 0x9FFF FFFF FSMC bank 4
AHB3 0x8000 0000 - Ox8FFF FFFF FSMC bank 3
0x7000 0000 - Ox7FFF FFFF FSMC bank 2
0x6000 0000 - Ox6FFF FFFF FSMC bank 1
L Main Field (2,048 Byte) | Spare Field (64 Byte) |
) | i
"A" area "B" area "C" area 'D" area "E" area "F" area "G" area ‘H" area
(1'st sector) (2'nd sector) (3'rd sector) {4'th sector) (1'st sector)|{2'nd sector)(3'rd sector)f4'th sector)
512 Byte 512 Byte 512 Byte 512 Byte 16 Byte 16 Byte 16 Byte 16 Byte
233

SIGNALTECH



K9F1GO8U

STM32F103

1 Block = 64 Pages

(128K + 4k) Byte

// 1 Page = (2K + 64)Bytes
A 1 Block = (2K + 64)B x 64 Pages

= (128K + 4K) Bytes

64K Pages
(=1,024 Blocks)

1 Device = (2K+54)B x 64Pages x 1024 Blocks
= 1056 Mbits

778 bit

2K Bytes i ~ 64 Bytes

verizzzzzz7Page RegisterZ

2K Bytes 64 Bytes
1710 0 /O 1 110 2 /1o 3 110 4 110 5 /O 6 1o 7
1st Cycle Ao Ad Az Az Aq As A A7 Column Address
2nd Cycle Ag Ag Ao A L L *L L Column Address
3rd Cycle Atz A13 At4 A1s A1s Aar Aqg Atg Row Address
4th Cycle Azo A1 A22 Ao A2a A2s A2s A7 Row Address
K9F2G0O8U
1 Block = 64 Pages
(128K + 4k) Byte
1 Page = (2K + 64)Bytes
1 Block = (2K + 64)B x 64 Pages
128K Pages = (128K + 4K) Bytes
(=2,048 Blocks) 1 Device = (2K+54)B x 64Pages x 2,048 Blocks
- = 2,112 Mbits
8 bit
2K Bytes i 64 Bytes
o0 ~1No7
E Page Register A
2K Bytes 64 Bytes
1100 /01 110 2 o3 /0 4 /O 5 "o 6 o7
st Cycle Ag Aq Ao Az A As Ag Az Column Address
2nd Cycle Ag Ag At At *L "L *L L Column Address
3rd Cycle Atz Atz Ay Aas Aae AT A1a Arg Row Address
4th Cycle Azo Az Azz Aoz A4 Aas Aze Az7 | Row Address
Eth Cycle Aza L L L L L L L Row Address
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2. Nor Memory

s ADDRESS s DATA
PFO ADO PD14 DAO
PF1 AD1 PD15 DA1
PF2 AD2 PDO DA2
PF3 AD3 PD1 DA3
PF4 AD4 PE7 DA4
PF5 AD5 PE8 DA5
PF12 AD6 PE9 DA6
PF13 AD7 PE10 DA7
PF14 AD8 PE11 DA8
PF15 AD9 PE12 DA9
PGO AD10 PE13 DA10
PGl AD11 PE14 DA11
PG2 AD12 PE15 DA12
PG3 AD13 PD8 DA13
PG4 AD14 PD9 DA14
PG5 AD15 PD10 DA15
PD11 AD16

PD12 AD17 PD4 OE
PD13 AD18 PD5 VE
PE3 AD19 PG10 NE3
PE4 AD20 PEO NBLO
PE5 AD21 PE1 NBL1
PE6 AD22
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3.SRAM Memory
IS61WV102416BLL-10TLI ~ 256M * 8Bit
Hs ADDRESS IHs DATA
PFO ADO pPD14 DAO
PF1 AD1 PD15 DAl
PF2 AD2 PDO DA2
PF3 AD3 PD1 DA3
PF4 AD4 PE7 DA4
PF5 AD5 PE8 DA5
PF12 AD6 PE9 DA6
PF13 AD7 PE10 DA7
PF14 AD8 PE11 DA8
PF15 AD9 PE12 DA9
PGO AD10 PE13 DA10
PG1 AD11 PE14 DA11
PG2 AD12 PE15 DA12
PG3 AD13 PD8 DA13
PG4 AD14 PD9 DA14
PG5 AD15 PD10 DA15
PD11 AD16 PD4 OE
pPD12 AD17 PD5 WE
PD13 AD18 PG12 NE4
PE3 AD19 PEO NBLO
PE1 NBL1
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