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1 Introduction and Document Description Rules
1.1 |l ntroducti on
This reference manual provides all the infor
(Mi crocloddniirto)) system arcaind egd uirpghe malmo.r y
For infor manfConm t-dMkewtr e, r eFCeorr M +Ar m
technical reference manual ; refer to the <cor
data such as model i nformati on, di mensi ons a
deviacre; alfl MCU series model s, refer to the c¢
memory mapping, peripheral exi stence and the
Not e: Zhuhai Geehy Semiconductor Co. , Lt d. i
"Geehy".
1.2 Docum®dascri Rali en
121 " Regi BRutnecrt iesal i pRuloens
(1) Control (CTRL) registers are all "set to
unl ess otherwise specified.
2) The control registers are usually foll owe
a distinction. TEhralvlee-0cCE@gDias; eB N
SEBetup a-8dl BEL
3 The status register abbreviation is usual
di fference
(4 The value and data registers usually incl
which are not foll aow@&CbwndeICINS, such as
122 Ful | Name ainadt iAdbrbreevscr i pti on of Ter ms
TablR/ W Abbreviation and Description
R/ W Description Abbrevi g
read/ wr i The software can read a R/ W
reeeodcdl vy The software can only R
) Theoftware can only write th
wr otnel y ) W
the reset value wild/l
The software can read this
read/ cl e ) ] RC_Ww1
Writing 0 has no effec
The software c¢adn crleeaadr tihti sb
read/ cl e RC_ WO
Writing 1 has no effec
read/ cle The software can read this RC_ W
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R/ W Description Abbrevi g
The software can read thi
read/ cl ear ) o . ) RC_R
automatically wrlietairng tt htios
The software can read and sg¢
read/ seft . . R/ S
effect on this bit
| The software can read this b
resod!ly wri ) RT_W
an event but hasahweedfechi ®
The software can reverse t
toggl e o T
writing 0O has no effeg
Tab2Functi onal Description and Full Names
Used Registers
Ful | Name Abbreviati
Enabl e EN
Di sabl e D
Clear CLR
Sel ect SEL
Configure CFG
Control CTRL
Controll er C
Reset RST
Stop STOP
Set SET
Load LD
Calibration CAL
Initialize I NI'T
Error ERR
Status STS
Ready RDY
Software SW
Har dwar e HW
Sour ce SRC
System SYS
Peripheral PER
Addr ess ADDR
Direction DI R
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Full Name Abbreviati
Clock CLK
Il nput I
Out put @)
Interrupt I NT
Dat a DATA
Si ze SI ZE
Divider DI V
Prescaler PSC
Mul tiplier MU L
Period PRD
Tab3Frul | Names anglofAbNodewlieast i on
Full Name Abbrevi at
Reset and Clock Manageme RCM
Clock Recovery System CRS
Power Management Uni t P MU
Nested Vector Interrupt C NVI C
External I nterrupt [ Event EINT
Direct Aecomesy DMA
Debug MCU DBG MCU
GenePatpose I nput Output GPI O
Al ternate Function Input AFI O
Ti mer T MR
Wat chdog Ti mer WD T
I ndependent Watchdog Tim | WDT
Universal SAnmMcomousus Recei ve USART
Seri al Peripheral I nter SPI
Controller Area Network with CAN FD
Analtoii gi t al Converter ADC
Cyclic Redundancy Check Cal CRC
Error Report ERP
Realli me CIl ock RTC

Temperatur

e Sensor

T-Sensor

www. geehy. com
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Full Name Abbrevi at
Random Number Generator TRNG
Advanced Encryption St ang AES256

Secure Hash AdigtorMetrhsm o2n5 6 SHA256
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System Architecture

21 Ful | Name and Abbreviation Descr.i
Tabd4Ful | shhaarde Abbrsevi aei ons
Full Name Abbreviati
Advancedf#eHif oh mance Bus AHB
Advanced Peripheral Bus APB

22 SysthrnthiteBtbodkagr am

The main system mainly consists of two maste

modul es. The amé Fmom bBM&escore apdrgeser al

DMA. The sl ave modul es are i nt elransah SRAM, i n
AHB2 bus connecting all/l GPI O ports, and AHB1
among which, AHB1/ APB bridges connect al/l pe

Thesecammrected t hroewglh AHBubus architectur e,
the figure bel ow:
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FiguGa2A1085 Al®GgstAeM AT chitecture
AmPCortex"@ M+
(Fmax:64MHz) MPU
(sce] [
2]
@
5
DFLASH 5
PFLASH &
BUS MATRIX
)
m
< o
z a
o~
L~ Flash |+ = GPIOs
—]interface [N f— DMA = (AD,P SRAM
o SMS
SHA256 K——>l@a———> TRNG
—
m
§<:> AES256
ReM
AN
.+ ] AHBIAPB
CRC 0 - bridge — <
N () TMRL/2/3/416/718
| CAN K—
| CANSRAM [ o) IWDT |
m
| CANSRAMERMK §<:} DBGMCU
| PMU K— ——) USART12 |
RTC K— ——) SPI |
| syscre ) () ADC |
| EINT K—
NS
Tab%Bus Name
Name Description

System|Connect the system buSCdqrptedsi+p hceorrael abnuds )t

DMA buConnehbAHB master control interface of D

Bus ma|bus

Coordinate the access of thé&aHBorsesyanhéem

and FMC, SRAM, AHB2 and AHB1/ APB br

the system bus through the bus matri x 4
AHB/ AP The bridge provides synchronous connect
bridg/ Tk n®%it access to APB register will b
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2.3

2.3.1

MemoMgpping

The memory mapping GBddrTehses aisss itgonteadl layd d4r e s s e S
the core (includinghicprEl agehi pheclltd)ngomain

area, system memory ar-celi a@ndRAMt i @amd blydaes) ,
peripherals (includingFArHBs menai fAIPB iprefr o mprhatriac
vaious addfresses the data manual of the corr

Embedded SRAM

BuiiInt static SRAM. I't all ows access by byte,
bits). The start addred&lgtof n8RAAWed ICIANX2000 O
SRAMAMNpeci fic SRAM owdryd sajcpcpeosrst s f ul |
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3 Flash Memory

This manual is only appl At8&abbereesopG8AaAGRDSS A
mainly introducing the Flash storage structu
protection, wunl oc,k/anodc kt hceh afruancctteiroins tdiecsscr i pt i

registers.

3.1 Ful | Name and Abbreviation Descr.i
TabéFul I Names and Abbreviations of T e
Ful I Name Abbreviat.
FIl ash Memory Controll ef FMC
Error Correction Code ECC

32 Fl ash Memory Characteristics

(1) Flash memory structure:

, It is divided into PFlash memory area, L
information bl ock.

., PFIl ash memory capacity is up to 256 KB.

., DFI ash memory capacity is up to 32 KB.

., Page size is 512 B.

., The informagiadinvibdead ki nto system memory
area.

., The system storagebiar euanisqtuoer eUsl Dt haen d9 6F | a
capacity information.

., The capacity of the option byte area is

(2) Functional description:
Read FIl ash
Page/ Mass erase Fl ash
Write FIl ash
Read/ Write protection FIl ash
Both the PFlash and DFIl ash memory areas
functi on, whil-bht canrop®babtdedebest
Configure option bytes

33 Fl ash Memory Structure

TabTrl ash Memory G3t2rAuldt8wbr eSefrdres Product

Bl ock Na me Address areq Size (b|] Sect

PFl ash Page O 0x0800”@O®®OO O 512 Sect g
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Bl ock Na me Address areq Size (b|] Sect
PFl ash Page 1 0x0800”@2®HOO0 O 512
PFl ash Page 2 0x0800”@4®HOO0O O 512
PFl ash Page 3 0x0800”@6®HOO0 O 512
PFl ash Page 4 0x0800”@BOM®OO O 512
PFl ash Page 5 0x0800-0xABMO O 512
PFl ash I I I
PFl as h Page 15 0x0800~ Q0800 1 512
PFl ash ! I I k
PFl as h Page 490 0x08037&00803 H 512
PFl ash I I I
PFl ash Page 50/ 0x0803~¢GX0803 H 512
PFl as h Page 50/ 0x0803~FG60803 F 512 Sect
PFl ash Page 50/ 0x0803~F80803 F 512 31
PFl ash Page 50/ 0x0803~GFGA0803 F 512
PFl ash Page 51| 0x0803~BF€0803 F 512
PFl ash Page 51/ 0x0803~6E0803 F 512
DFl as Page O 0x0804~@YD®0O4 O 512
Sectd
DFIl as Page 1 0x0804~@R2M®04 O 512
DFI as ¥ I I ¥
DFI as Page 624 0x0804~0£0804 7 512 Sect
DFI as Page 63 O0x0804~0UE0804 7 512 31
I nformjy System mg
b1 ock Al oa OX1FFFTHRQGFF H 3.5K -
I nform
o1 ock Option OX1FFFTBR8QABFF H 24 -
Tab8Frl ash Memory Structure for G32A1065
Bl ock Name Address aredg Size (b|] Sect
PFl ash Page 0 0x0800~@OOPOO O 512
PFl ash Page 1 0x0800”@2OHOO0 O 512
PFl ash Page 2 0x0800~ @X¥®®OO0 O 512
Sectd
PFl ash Page 3 0x0800~@6M®OO0 O 512
PFl ash Page 4 0x0800~@BOHOO O 512
PFl ash Page 5 0x0800-06ABMO O 512
www. geehy. com Page&5
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Bl ock Na me Address areq Size (b|] Sect
PFl ash I I I
PFl ash Page 185 O0Ox0800T0E0800 1 512
PFl ash I I I §
_ Sect
PFl ash Page 25 0x080176KE0801 F 512 15
DFI as Page O O0x0804  00ODHO4 O 512
Sectd
DFI as Page 1 0x0804 DR20D®04 O 512
DFI as 3 I I §
DFI as Page 62 0x080470Gx0804 7 512 Sect
DFI as Page 63 0Ox0804~0UE0804 7 512 31
I nform{ System mg
OX1FFFTHBRQEGFF F 3.5K -
bl ock area
I'nform
Option OX1FFFTBR8QBFF H 24 -
bl ock
Tab9rl ash Memory Structure for
Bl ock Name Address areg Size (b Sect
PFI ash P a gl O0x08007T000800 O 512
PFIl ash Pagle 0x080071020800 O 512
PFIl ash Pag2 0x0800710¥0800 O 512
PFIl ash Pag® 0x0800i060800 O 512 Sect
PFI ash P a g4 0x08007T080800 O 512 0
PFIl ash Pagte 0x080071T0A0B00 O 512
PFI ash I I
PFIl ash P a gle5 0x0800T7T0EOB00 1 512
PFI ash I | |
Sect
PFIl ash Pagle27 O0x080071BPEOBOO F 512 .
DFI ash Pagle 0x0804i000804 O 512 Se ct
DFI ash Pagl 0x08047020804 O 512 0
DFI ash § I I
DFI ash Pagle4 0x0804710K0804 1 512 Sect
DFI ash Pa gle5 0x08047i0E0B804 1 512 15
I nformgSystem m
OX1FFF iRP&AFFF F 3.5K -
bl ock area
www. geehy. com Pag&6
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Bl ock Na me Address areg Size (b Sect
I nf or meg ]
Opti on OX1FFFiiB&AGFFF F 24
bl ock

34 FuncthDeosncr i ptliaodle md r ¥

341 Rea

FIl ash memory can be directly addressed,

foll

d FIlI ash

owing sonfiguration

Wait Cycle and Read Modes

Different read modes require different

frequency.

and

wai t

Three different read modes are provided:

@)

B
B

B

)

3

5
5

5

Normal Read: It is the default read mode.
0 wait cycle:0204<sWtkztem cl ock
1 wait cycle: 24)48HzMHszZystem cl o

ck

2 wait cycles: 486MHMKHBsystem clock

VREADO Read: A special read mode, is slower and more stringent than
the normal read mode, employed during read verification after Flash
programming.

5 wait cycles2a<sfgtem clock

10 wait cycles: 2WM48VHE¥Hzsystem cl ock
15 wait cycles: 4B64MHEHzZsSystem cl ock

VREAD1 Read: A special read mode, is slower and more stringent than
the normal read mode, employed during read verification after Flash
erasure.

5 wait cyclesl2a<spgtem clock

10 wait cycles: 2W48MHEHzsystem cl ock
15 wait cycles: 4B64MHEHzZsystem cl ock

Procedenteersp mgiealhode (Using VREADO a

1)
)

Set the FMC_CTRL1[VREADO_EN] bit;

Wait for the BUSYF signal to be low (OCF is set); confirm that the
FMC_CTRL1[VREADO_STS] status hit is set. Subsequently, all read
operations initiated to the Flash will be performed in VREADO mode.

Procedwxitshegiealhode (Using VREADO

@)

www. geehy. com
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(2) Wait for the BUSYF signal to be low (OCF is set); confirm that the
FMC_CTRL1[VREADOQ_STS] status bit is cleared. The Flash has now
exited VREADO read mode.

Not e:

(1) Only one read mode can be enabled at the same time. The default mode is hormal read

mode.

(2) When switching between the two VREAD modes (for example, from VREADO to VREAD1),
you must first exit VREADO and then enable VREADL1. You must not set VREAD1_EN and
clear VREADO_EN simultaneously.

Prefetch buffer

The prefetch buffer improves read speed. It
reset.

ECCheck

An ECC algorithm -bhatecpbporscansllstiegkeerbssdoub

can be used to versiof yasthditmaactc ogr eatmese,) i abi l
feature is enabled by default after a reset.
Onctehi s f eatabdedi,si tabheulk€&r eecor is detect
flag DBFIFLG is set. I f DBFIEN is enabled, a
After an uncorrectable ECC error occurs, the
recorded in the FLASH_ECC_ADDR register. Whe
error address is also cleared simultaneously

342 MaiMemory Bl ock
3421 Erase Main Memory Bl ock

FMC supports page erase and mass erase (eras

FIl ash to high |l evel. Before writiwmgite FIl ash
address page. I f the write address does not
wi || be triggered.

Page Erase

Page erase is an independent erase according
program, which will not have aner dasmnpraec.t on t

After the correct page erase (or write opera
FMC_STS register wild.l be set. I f OCIE interrtr
completion interruptshwiulld hheotter hggerage . s&bkec
for erase amhust plregea (M he addresdhsatofi sPladash or
and noprwtieteed).

www. geehy. com Pages8
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1)

)
©)

“4)
®)

Ma s s

e Erase Procedure:
Unlock the FLASH and check the BUSYF flag to ensure no ongoing
FLASH operation.
Set the PAGEERA bit.

Write any address within the target erase page to the FMC_ADDR
register.

Set the STA bit.

Wait for the BUSYF signal to be low, then perform a read verification on
the erased address values.

Erase

A mass erase operation can elasht héde

DF |
| os

Pag
@

)
3
4
®)

ashor

s of <critical dat a.
e Erase Procedur e:

Unlock the FLASH and check the BUSYF flag to ensure no ongoing
FLASH operation.

Set the MASSERA bit.
Configure the MER_TYPE register to select the mass erase areas.
Set the STA bit.

Wait for the BUSYF signal to be low, then perform a read verification on
the erased address values.

3422 Write Main Memory Bl ock

The
bit
con
Note: |f

write address for FMC operations

entire

to
aligned; otheewssee, The PABBrwawimmi ng

figured via PROGLEN, with a minimum

consecutively writing multiple doubl e

bot h.pals tae swihneanetusi ng t hi st Haincti on

t he
| en
of 6

words, t
of PFI

page. For example, whea wrirfermpegatioosecusodi Page

addr ess

I n
des
wWr i
t he

Pro

mu st not crokk0G.he address 0x0800

order to ensure correct writing,
tination address has been erased
dtaem wi | | be invalid and PEF bit

it

0

i s n

before

of

destinationpaddeesisohast wei weitten
a write protection error wildl be triggered

gr ammiedgurkRr.oc
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(1) Unlock the FLASH and check the BUSYF flag to ensure no ongoing
FLASH operation.

(2) Setthe PG hit.

(3) Write the programming start address to the FMC_ADDR register (ensure
it is double-word aligned).

(4) Configure the programming length PROGLEN, write the data to be
programmed sequentially into the FLASH_PROG_DATAX registers (for
example, to program the data 0x12345678 22345678, first write
0x22345678 to FLASH_PROG_DATAQO, then write 0x12345678 to
FLASH_PROG_DATAL. If more data needs to be written, continue
writing to the subsequent FLASH_PROG_DATA registers in order).

(5) Setthe STA bhit.

(6) Wait for the BUSYF signal to be low, then perform a read verification on
the programmed address values.

3423 Read/ Write Protection of Main Memory Bl ock

Read/ Write prosécisonsefl tbepFkaent invalid
reading/ modi fication of the memory area code
read/ write protection configuratiAddnO6byt e of
AlO4®ries products, the writeiprdbbepages pas
KB), and for DFLASH, it is 2 pages (1 KB).

Read Protection

The read protection has three | evels, namely
which are specifically described as foll ows:

Tabl®i fference amomng Readl| Brotectdi
Categ READPRO] Description

The main memory block and opti orf
readabl e.

Level Ox AA

User Mode: All ows erase, write,
Ot her vimemory bloopctki oanndbyt es.

Debug & SRAM Execution Mode: Acdg

Level except ) ) )
is prohibited (except for mass ¢
and 0xQcoyased, written, and read. When
Level 0, a mass erasechfi shpemhd
Mode where Debug & SRAM Executi (¢
and read operations are all owed
Level OxCC the Option Bytes is allowed. Wri
Read Pr ot elctfiioeml d)evies al |l owed. E

prohibited.

Write protection

www. geehy. com Pageo



Write protection for specific pages in the m
by setting the respective values in the writ
DWRP). Onpeotwecteon is enabled, the content
pages in the main memory block cannot be mod

3424 Unl ock/ Lock Main Memory Bl ock

FMC_CTRL1 of the reset FMC will be |l ocked by
FMC_ _CTRL1 cannot be tdheg ecdrdryesvyaondiemg waaldue 1
written to FMC_KEY in the correct sequence t
as foll ows:

KEY1=0x4567 0123
KEY2=0xCDEF 89AB

The wrong writing sequence or wrong value wi
har dwar e wrhoinsg Ityi.meAt FMC wi | | be |l ocked, and
be invalid until it is reset next ti me. User
writing "1" to LOCK bit of the control regis

I n each Flash programmingtbapesaeipesnpfus &t sasim
unl egtkogr am -y asdhet ock", so as to avoid the
code/ data is accidentally modified due to th
programming operation.

343 Opt iByn e

3431 Erase Option Byte

Suppor tf venrcatsieon: After the correct option byt
operation) is completed, OCF of FMC_STS regi
is enabl ed, an operation completion interrup

Page Erase Procedure:
(1) Check the BUSYF flag to ensure no ongoing FLASH operation.
(2) Unlock the option bytes area and wait for OBWEN to be set.
(3) Setthe OBE hit.
(4) Setthe STA bit.

(5) Wait for the BUSYF signal to be low, then perform a read verification on
the erased address values.

3432 Write Option Byte
Al lcdmrfi gurable bytes of the option bytes suj
Programmi ng Procedur e:

(1) Check the BUSYF flag to ensure no ongoing FLASH operation.
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3.4.3.3

3.43.4

3.4.4

WWwWWw.

(2)  Unlock the option bytes area and wait for OBWEN to be set.
(3) Setthe OBP hit.

(4) Write the programming start address to the FMC_ADDR register (ensure
it is double-word aligned).

(5) Configure the programming length PROGLEN and sequentially write the
data to be programmed into the FLASH_PROG_DATAX registers (the
hardware ensures complementary data writing).

(6) Setthe STA bit.

(7)  Wait for the BUSYF signal to be low, then perform a read verification on
the programmed address values.

Wr i-preotect option byte

By default, the option byte is always readab
write operation ( prpddgroanm/berteaes é)l ofckr, tfthe st wr
key sequence (the same as that of Il ocking) i
write operation of opti onMOYXITRLIERI oelg; sttlee OB
indicates write enabled; clledr tdhisablbietd. and

Unl ock/ Lock option byte

After the system reset, the option byte is |
option byte is unlocked correctly, can it be
option byte unlocking and vfallauseh iwnlwaod Kitreq it
FMC_OBKEY register rather than FMC_KEY regis
attention that after modifying the values of
setting the OBLOAD besptoisarpqwered for the
take effect.

FunctiDesalk i ptOpob nRyotfe

The option byte provides some optional funct
consists of 12 configurable bytes and corres
After the system is power eed roenl,o adheed otpot itohne b
FMC_ OBCS and FMC_WRTPROTO0/1 registers (the
effect each time they are reloaded to FMC re
if a certain configurable byte does not matc
err(cOBE bit of FMC_ register is set to "1") wi
be set to "OyFE"inTbema#4ion of the option by
tabl e bel ow.
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Tabl®ption

Bytes

I nit
Addres{ Option R/ W Functi onal descri
val u
Read protection confi
Bit [7:0]: READPROT
OX1FFF | READPRO| OXAA R/ WOXAA: Level 0
O0x CC: Level 2
Ot her s: Level 1
OXxX1FFF | nREADPR{ 0x55 R READPROT compl ement ar
User option byte
Bi tWDDT.SEL
0: Hardware enabli
1: Software enabli
Bit 1: NRSTSTOP
0: Reset occurs whe
mod e
1: Reset does not o
the Stop mode
Bit 2: NRSTSTANDBY
OXL1FFF | UOB oxFHAR/W 0 Reset occurs whe
Standby mode
1: Reset does not o
the Standby mode
Bit 3: nBOOTO
Bit 4: nBOOT1
Bit 5: VDDA_MONI TOR
O:po¥power supply de
di sabl ed
l:ppYpower supply det
Bit 6: Reserved
Bit 7 Reserved
OX1FFF | nUOB 0x00Q R UOBR ompl ement ary code
OX1FFF | Dat a0 OxFHR/ WUser data byte 0
OX1FFF | nDat alOf 0x00 R DataO compl ementary ¢
OX1FFF | Dat al OXFHR/WUser data byte 1
OX1FFF | nDatall 0x00 R Datal compl ementary <c
OX1FFF | WRPO OXFHAR/WPFLASHIite protection
OX1FFF | nWRPO 0x00 R WRPO compl ementary co
OX1FFF | WRP1 OXFHR/WPFLASH write protecti
OX1FFF | n WRP1 0x00Q R WRP1 compl ementary co
Ox1FFF | WRP 2 OxXFHR/WPFLASH write protecti
OX1FFF | n WRP 2 0x00Q R WRP2 compl ementary co
OX1FFF | WRP 3 OXFHR/WPFLASH write protecti

geehy. com
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Addres{ Option LZ:LR/\/\ Functional descri
OX1FFF | n WRP 3 0x00Q R WRP3 compl ementary co
OX1FFF | WRP 4 OXFHR/ WDFLASH write protecti
OX1FFF n WRP 4 0x0Q R WRP4£ ompl ementary codge
OX1FFF | WRP5 OxXFHR/WDFLASH write protecti
Ox1FFF | n WRP5 0x0Q R WRP5 compl ementary co
OX1FFF | WRP 6 OXFHR/ WDFLASH write protecti
OX1FFF | n WRP 6 0x00Q R WRP6 compl ementary co
OX1FFF | WRP 7 OxXFHR/WDFLASH write protecti
OX1FFF | n WRP7 0x00 R WRP7 compl ementary co
Note: When the configurable byte and its reverse code
the reloading process.
Tabl2Nrite Protection (WRPx) Description
Product Capg Functional description
Each bit imedihet &MRPxontrols the w
(lpage) orpdge&KB gdRdress range in t

OEnabléte protection

1:Di ssabil te wprotection

WRPO: Page o0
WRP1: PagébtotBBy forac8263R)85065
G32A1085 A1O0
WRP2Page -283% (only for G32A1085)
WRP3: Paf§é138dnly for G32A1085)
WRP4: Pafe O
WRP5: Pa3gle 16
WRP6: PadgeoBRy forac82683R)85065
WRP7: Pabg3eodlBy forac@8283R)B5065
Not e: Fl ash read/ writei pdteogerde min cfondaghuratth em.
protection wil!.l not cause the |l oss of the contents of
35 Regi Addr eMasppi ng
Base address: 0x4002 2000
Tabl®& MC Regi ster Address Mapping
Regi ster ng¢ Description Of fset a
FMC_CTRL1 Control register 0x00
FMC_KEY Key register 0x04
FMC_OBKEY Option byte key r 0x08
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Regi ster nag Description Of fset a
FMC_STS Status register O0xo0C
FMC_CTRL?2 Control register 0x10
FMC_ADDR Address registe 0x14
FMC_OBCS Option byte control O0x1C
FMC_WRTPROT| Write protection 0x20
FMC_WRTPROT Write protection 0x24
FMC_ECC_ADD ECC error address 0x30
FMC_PROG_DAT Pr ogr ammirnegg i dsattear 0x40+4y
36 Regi Fouect iDensaclri pti on
361 ContReogi ster 1 (FMC_CTRL1)
Of fset address: 0x00
Reset value: 0x0001 00O0O
Fie Name| R/ W Description
Wait State Configure
000: 0 wait cycOz24 NMHsystem cloc
3:0 WS R/W001: 1 waiMHzxysgylsd I8 |MHzk
010: 2 wait cycles,U648HzMHZ<syst ¢
Ot her s: Reserved
Prefetch Buffer Enabl e
4 PBEN| R/ W O0: Di sabl e
1: Enabl e
Prefetch Buffer Status FIl ag
5 PBSF R 0Cl osed
1O0Open
7:6 Reserved
VREAD VREADO reachammdeca (VREADO Enabl e
8 R/ W 0: Di sabl e
- &N 1: Enabl e
° VREAD R VREADO read mode enabled status
_STS When VREADO read mode is enabl ed
11: ] Reserved
VREAD VREAD1 read mode ebBradblead) (VREADI1
12 R/ W O0: Di sabl e
- &N 1: Enabl e
VREAD VREAD1 read mode enabled status
13 _STS R When VREAD1 read mode is enabl ed
15: Reserved

www. geehy. com
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Fie Name| R/ W Description
ECC Enabling (ECC Enabl e)
16 ECCEN R/ WO0O: Disabl e
1: Enabl e
31: Reserved
362 Key Register (FMC_KEY)
Of fset address: 0x04
Reset value: OxXXXX XXXX
Fi e|Nam¢g R/ W Description
FMC Key
31:| KEY| W Writing the keys represented by t
can only perform write opeareatdi @mp,e
is performed.

363 OptiBynkeyRegi ster

(FMC_OBKEY)

Of fset address: 0x08
Reset val ue: OX XXXX XXXX
Fiel Namel R/ V Description
Option Byte Key
31: |OBKE| W Writing the keys rgpresented by th
operation. These bits can only per
when read operation is performed.
364 Status Register (FMC_STS)
Of fset address: 0xO0C
Reset value: 0x0000 O00O0O
Fie Name R/ W Description
Busy FIl ag
0 BUSYF R This bit i nRdliacsaht ense niohrayt oaper at
is set by hardware when the f|
when the operation compl etes
1 Reserved
Programming Error Fl ag
This bit wildl be s eatddby stsarvdawg
"OXFFFF" before being edited.
2 PEF RC_ Wi _ _ _
- Write "1" to this bit to clear
The STA bit in the FMC_CTRL2 r
before initiating a new progr g
Programming Alignment Error FI
3 PAEF | RC_WIlThis fllmy hesr dweare when the pr
not d-wobtHealigned. It is clear
Write Protection Error Flag
4 WP EF RC_WIYThis bit will be set by hardwg
protection address in FLASH.
www. geehy. com Page2eé6



Fie Name R/ W Description
Operoait iCompl ete FIl ag
5 OCF RC_WIThis bit will be set by hardwg
FLASH is completed.
15: Reserved
Doubl e Bit Fault Interrupt FI g
This bit indicates that an ungd
when readi fWWgi FLASH1 can cl ear
invalid.
16 DBFI FI R/ W . .
0: No -doubfault is detected dl
access of FLASH.
1: A éddublfeaeult is detected du
of FLASH.
31: Reserved
365 ContReogi st(efrMC2 CTRL 2)
Of fset address: 0x10
Reset value: 0x0000 0080
Fie Name R/ V Description
P
0 PG R/y . o9gram _
Set this bit to 1 to program FI
Page Erase
1 PAGEER|R/ YV . )
Set this bit to 1 to erase the
Mass Erase
2 MASSER| R/ V . .
Set thisebasetbhé&é mass.
3 Reserved
Option Byte Program
4 osp |R/v P By 9
Set this bit to 1 to program th
Option Byte Erase
5 OBE R/ V P . y )
Set this bit to 1 to erase the
Start Erase
6 STA R/'VfThis bit can be only setretseetl bby
clearing BUSYF bit of FMC_STS.
Lock
This bit can be only written to
7 LOCK R/ Vimeans that FMC and CTRL2 regist
This bit is cleared by hardware
sequence.
8 Reserved
Enabl e Option Byte Write
9 OBWEN | R/ V ) ) _
When this bit is set to 1, the
Error interrupt Enabl e
0: Di sable interrupt
10 ERRIE|R/M1: Enable interrupt
When PEF=1 or WPEF=1 of FMC_STS
annterrupt.
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Fie Name R/ Description
11 Reserved
Operation Complete Interrupt En
0: Di sabl e operation compl etion
12 OCI E | R/ P , ple!
1: Enabl e operation completion
I f this bit is set, an interrup
For©eti on Byte Load
When this bit is set to 1, forc
13 OBLOAD R/ system reset.
0: I dl e
1: Force to | oad
15: Reserved
Doubl e Bit Fault Interrupt Enab
When an uncorrectable ECC faallt
storage read access, DBFIEN con
16 DBFI ENR/ .
0: Di sabl e
l1EnabAs .l ong as the DBFIFLG bit
wi || be generated.
Opt iBynRegi St e Ererlot erEmughl e
17 oBRI E|Rr/ %7 Disable
lEnablAsed | onbea®PTRERR, fhagersup
request is generated
Mass Erase Area Selection
00: Sel ect PFLASH
19: MER_TYIFI R/
- 01: Sel ect DFLASH
1x: Sel ect PFLASH and DFLASH
Programmin Length Configuratio
21: 17 PROGLE|R/ ¢ g ¢ g
One twirimegb6dfsbh( 2"~ PROGLEN)
23: ] Reserved
FLASH I nitialization Control
31 1 SCR W When it is configured to 8'-h66,
executed.
I'f it is configut éeareexe fafngc tod he
366 Addr eRegi s(tFeMC_ADDR)
Of fset address: 0x14
Reset value: 0x0000 0O0OO
This register must be configured by
or write operation.
Fie Name | R/ V Description
FI ash Address
31 : ADDR W I n programmipg owe'rat'enntothhgbia
progr ammed; in page erase, this
erased.
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367 OptiByteCont Stodat/Resgi ster (FMC_OBCS)
Of fset address: O0x1C
Reset value: OxXXXX XXO0X
The reset value of the mwagdgitdteer iins trhel atpad otn
the reset value of OBE bit is related to the
option byte is consistent with its inverse
Fie Name R/ V Description
Option Byte Error
0: No corresponding error
0 OBE R 11: The poadedbpte does not ma
code. The option byte and its
to write to OxFF
Read Protection
Di splay which Il evel of read p
The |l evel is 1 when Biits 1ls ets.
2:1 READPROT R
00: Level O
01: Level 1
1x: Level 2
FLASH Initialization Key Erro
3 SCRKERR!| R 0: No corresponding error
1: I ndicates the initializati
incorrect.
Uncorrectable ECC Enrbraburzan
4 SCRECCER| R 0: No corresponding error
1: An uncorrecitehébtl ec tEeCdC cumrion
initialization.
Option Byte Store Error
5 OPTRERR!| R 0: N o correspo.ndlng erro.r
1: Acompl ementiadreyt eecrtreodr i n t h
after they were | oaded.
Uncorrectable ECC Error in Op
6 OPTECCER| R 0: No corresponding error
1: An uncorrecitehébtl ec tEe€Cd iem rtohr
afterarfebayled.
7 Reserved
Sel atchdog
8 WDTSEL R 0: Har dware watchdog
1: Software watchdog
nReset in STOP Mode
9 RSTSTOP| R . Generate
1: Not generate
nReset in STANDBY Mode
10 RSTSTDB| R : Generate
1: Not generate
11 nBOOTO R Configure nBOOTO Mode
12 nBOOT1 R |Confi g0O®O® M™MBde

www. geehy. com

Page?9



Fie Name R/ V Description
153 Reserved

23: 1 DATAO R Data O

31: ] DATA1 R Data 1

368 Write Protection Register 0O (FMC_WRTPRC
Of fset address: 0x20
Reset value: OxXXXX XXXX (the reset value de
value in option byte)

Fiel Name R/ V Description

PFLASH Write Protection

Each bit provides the wroirt edept
refer to the coWries@poRdonegctiab
Description of Main Memory BI ¢
0: Valid
1: Invalid

31: ( PWRTPRO| R

369 Write Protecti( 6 MCROWRITPROTIL])
Of fset address: 0x24
Reset value: OxXxXXXX XXXX (the reset valwue de
value in option byte)

Fiel Name R/ V Description

DFLASH Write Protection
Each bit provides the Woiteepd
refer to the coWriesepoRdongctiad
Description of Main Memory BI ¢
0: Valid

1: Invalid

31: ( DWRTPRO] R

36.10ECC Address Register (FMC_ECC_ADDR)
Of f set addr ess: O0x30
Reset ®x0@@0 0000O0

Fie Name R/ V Description
31 FMC_ECC R Address of the Last Detected Un
' DDR When the ECC error flag is cl ed

36.11Programmi ng Data Register I(EMC_PROG_DAT/
Of fset addbedy:
Reset value: 0x0000 O0O0O0O

Fie Name R/ V Description
31 FMC_PRO W Data Written to Flash
' DATAY Values Written to FLASH during

www. geehy. com Pag8ago



4 Static Memory Subsystem (SMS)
41 Ful | Name and Abbreviation Descrip
Tabl4ull Names and Abbreviations of Ter
Ful I Na me Abbrevia
Static Memory Subsystem SMS
Software SW
Har dwar e HW
I nterface I/ F or
AHB Sl ave Interface AHBS | F
AHB nterface AHB | F
Har d warriece r@g nt hes-dsf Used CFG HW
Softwarent esdy,ntpheessp rsogirsemmed t hrou PRG SW
Arbiter ARB
Decoder DEC
Store Queue STQ
Most Significant Bit MS B
ButiInt sel f test BI ST
Error Correction Code ECC
Nor mal Read NR
Re aModiWry t e RMW
42 FunctiDesaliption
421 ECC
The SMS (SRAM Memory System) provides ECC (E
protection for the SRAM, enchimpaesisi oalg error
correctionbianeérdoubldet ect iaodndi tEaocrha la dedhr eecsks
bits appended. dbhea 323 configured with 7 chec
When the ECC feature is enabl ed, the SMS int
during every write operation. I f the number
operation a¢adheds hmotmematr y's bit width, the SMS
write and thenMpeiMpytm &§RR&®Wadoperation. This
introduces an additional cycle of | atency.
Note: When ECC is enabled and the writea thidanwfiet hsi ae i s
RMW transfer is initiated to generate the correct ECC ch
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4.2.2

Example: When the AHB sl ave inter fhacte writes
memory intetsrfidcenenohrey I hterface wildl return
three i nsv.allind tbhyitse case, the system executes

SMS merges the read data with the write data
bits for the complete word.

For every read operation (including RMW oper
reported and elpoogrgteedd. ETChCe errors can generate
interrupt, and the valid address and ECC err
bit error is detected, error correction can

The SMS can inject erevsediterddraggosSRAM puo
The | NSERT_ERR register can-bbée,cdobtibgered to
tribpilte errors.

I f the number of error bits exceeds two (exc
capability of the BGC begrcoyretheddata wil/l

Programming Gui de

The SMS configuration registers (including S
SMS_ECC_CFG) can be configured at any ti me w

restrictions. However, since each configurat
domain, relgpaeecfy may be significantly | ower t
domain signals, it is rtkhemmdndédateggdopt a

For certain configuration registers related
SMS_ECC_CFG, they shouldreroarbependf nguABEB i
transactions. It is advised to insert a barrtr
register configuration instruction.

When ECC is enabled, the SMS reports interru
transactions. Theref or eer anteewd idnutreirnrgu potrs anfatyer
interrupt handling process.

The configuration registers SMS_STAT, SMS_ECI
SMS_|I NTRSn operate i the HGIlpk edlo mgpier.atDbwe ,t
rapid register overwriting may occur.

S «Q

43 Regi Addr eMaspipn g

TablsSMRegi ster Address Mapping

Regi ster name Description Of f set 4
SMS_ECC_CFG Error correction c O0x0014

SMS_STAT Status regist 0x008
SMS_ECC_LOGN Error address 1 0x100
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Regi ster name Description Of fset 4
SMS_|I NTRRn Interrupt flag ¢ 0x140
SMS_ I NTRMn Interrupt mask 0x180
SMS_I NTRShn Interrupt fl ag 0x1cCO
44 Regi Ftect i @ensaclr i pti on
441 Error Correction Configuration Register
Of fset address: 0x004
Resealue: 0x0000 0001
This register configures the interrupt notif
Fie Name R/ W, Description
Enabl e ECC Detection
0 ECC_EN R/ W 0: Disabl e
1: Enabl e
ECC Correction Enabl e
1 RD_COR_HE R/ W O0: Di sabl e
1: Enabl e
Enathlae dware read ECC error-de
wor d analc ebsyst e
2 RMW_COR _| R/ W, .
0: Disabl e
1: Enabl e
Error Insertion at ECC Encode
00: No error inserted.
01: A -bsiithgelrer or is inserted on
4 | NSERT _E R/ W ) _ )
10:doAutbliea error is inserted o
11: Abitipreor is inserted on
This is only valid when SMS_E
31: Reserved
442 St at e RegViSs tSEJTAT (
Of fset address: 0x008
Reset value: 0x0000 00O0O
ldny bit in this register becomes active, an
Reading this register clears the interrupt s
Fie Name R/ W Description
Read Error Detection
0 RD_ERR_D| Rgr This bit is set when an ef(RDY
and the error is not masked.
Read Single Bit Error Detectidg
1 RD_ERR_S§ R This bit i s sheitt wehrernora issi ndge tee
(RD) and the error is not maskKk
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Fie Na me R/ W Description
Read Double Bits Error Detecti
2 RD_ERR_D| Rr This biwheins as-Bbubémreror i s det ¢
(RD) and the error is not maskKk

RMW ECC Error Detecti on

3 RMW_ERR_IL R This bit is set when an ECC er
(ReModiWry te) operation and th

RMW Read Single Bit Error Det€g

4 RMW_ERR_ R This bit i s sheitt wehrernora issi ndge tee
operation and the error is not

RMW Double Bits Error Detectiadg
5 RMW_ERR_I[ R This bit is s-bitwbenoadiamiubeg e a

operation and the error is not
15: Reserved

Interface Interrupt
16 I'F_INTHR R Each bit in this field indicat

has generated an interrupt.
31: Reserved

443 Error Addr esSMRemG& tled®GnN)
Of fset address: 0x100
Reset value: 0x0000 00O0O
The ERP Memory Error Address Register is use

|l ast ECC event in the memory.
This regi®osnéy amasdraag attempt to write to it
After an ECC event occurs, the reserved bits
may not be zer o; pl ease ignore them. When re
oper ateiloinmithaete effects.

Fi e Name R/ W Description

6: 0 Reserved

Er rAfodrdr es s

Memory Error Addr ess: ishyisst efm
19: ADDR R addressbhi(tatad®ress granul ari t)
the memory.

Error Addr elb00=0 0+ 20DDDR* 4

31: Reserved

444 SMS I nterrupt Flag Reset Register (SMS._
Of fadtdress: 0x140
Reset value: 0x0000 O0O0O0O
The SIMSTRR@gi ster can be reset by a system r e
operation. Resetting this register wildl cl ea
SMS_I NTRSn registers.
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Fie Na me R/ W Description
Read ECC Error Detection

0 RD_ERR_D| R/w|This bit is set wherCoar EIEICK
detected in a read operation

Read Single Bit Error Detecti

1 RD_ERR_S R/w|This bit is sheitt wehrerno ra Recaddagtl se
(RD) on this interface.
Read Doubl eDeBtietcst iEornr or

2 RD_ERR_D| R/wW|This bit is s-eitwbhenon Recadat g
(RD) on this interface.

RMW Error Detection

3 RMW_ERR_I Ryw|This bit is set when afodsnrfogr
Write (RMW) operation on thig

RMW Read Single Bit Error Det

4 RMW_ERR_ R/ W|This bit is sheitt wehrernora issi ndgete
RMW operation on this interfg

RMW Doubl e Bits Error Detecti

5 RMW_ERR_I Ryw|This bit is sbttwbhenonan dsubeét
RMW oper aotni a his interface.

31: Reserved

445 I nterrupt Mask Register (SMS_| NTRMn)
Of fset addr ess: 0x180
Reset val ue: Ox0000 OO3F

Fie Na me R/ W Description
Read Error Detection Interrug
0 RD_ERR_D| R/w|This option masks interrupt

detected during a read operat

Read Single Bit Error Detecti
1 RD_ERR_S R/w|This option masks interr rhipt e
is detected during a read ope€

Real@oubl e Bits Error Detectio

2 RD_ERR_D| R/wW|This option masks interrupt- g
bit error is detected during

RWM Error Detection

This option masks interrupt (
detected duModdiMryat Re @ BMW) o0pe€
interface.

3 |RMW_ERR_I[ R/ w

RMW Read Single Bit Error Det

This option masks interrhiptt e
is detected -MadiNMnygt a REBMW) op
t histerface.

4 RMW_ERR_ R/ W

RMW Doubl e Bits Error Detecti

5 RMW_ERR _ I R/W.Thls option mas_ks_lnterrﬁnptt q
is detected -MaudiWnygta RKREBMW) op
this interface.

31: Reserved
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446 I nterrupt FISalS R eagriRsStner (
Of fset address: 0x1CO
Reset value: 0x0000 00O0O

Fie Na me R/ W Description
Read ECC Error Detection

0 RD_ERR_D R This bit is §et when an Error
detected during the read oper
errsornat masked.
Read Single Bit Error Detecti

1 RD_ERR_ S R This bit i s sbheitt wehrernora oscicnugrl se
operation on this interface 4
Read Double Bits Error Detect

2 RD_ERR_D R This bit idouwklid waenonan occur s
operation on this interface ¢
RWM Error Detection

3 RMW_ERR_I R Th|§ bit |s. s.et when an error
duri ng tMoed i\Wrejatde ( RMW) oper at
inface and the error is not n
RMW Read Single Bit Error Det

4 RMW_ERR_ R This bit is sheitt wehrernora issi ndgete
RMW operation on this interfg
RMW Doubl e BdattesctEiramr

5 RMW_ERR_ I R This bit is s-bitwbenon dsubeét
RMW operation on this interfg

31: Reserved
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5 System Configuration Controller (SYSCFG)
51 Ful | Name and Abbreviation Descri
Table@&ul | Names and Abbreviations of Ter
Ful | Na me Abbreviati
Fast Mode Pl us FM+
System Configuration Con SYSCFG
52 I ntroducti on
The SYSCFG (System Configuration Controller)
memory remap@mntmgolainidng i nterrupt sources. It
Configuring DMA trigger source remapping
Remapping memory to the code start regio
Managing external interrupts connected t
For detailed configuration Rengfiosrtrearti on, refe
Configuration.
53 Regi Addr eMasppi ng
Tabl®YSCFG Register Address Mapping
Regi ster ng¢ Description Of fset a
SYSCFG_CFG1 Configuration reg 0x00
SYSCFG_EI NTC(C External interrupt 0x08
SYSCFG_EI NTC(C External interrupt 0x0C
SYSCFG_EI NT(C External interrupt 0x10
SYSCFG_EI NT(C External interrupt 0x14
SYSCFG_CFG2 Configuration reg 0x18
54 Regi Fttect iDensaclri pti on
541 Configuration Register 1 (SYSCFG_CFG1)

Of f set addr ess: Ox00O0

Reset value: 0x0000 000X (X means memory mod
After reset, these bits select mode configur
This register is used ©DMAcoefQugstedt he maemo n
and control the specific I/ O pins.
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Twhytaerse used to configure the storage type
0x0000 00O0O.

Al l of these bits can skip the hardware to h
physical mappicnognt raond ecdananbde reset by softwar
Fie Name R/ V Description

Select Memory Mapping

Control the memory mapping at
values of these bits after a r
1: 0 MMS E L R/ Vystate of the nBOOTO/1 pins.

x0: Maash mapping address: O0x0
01: Reserved
11: Embedded SRAM mapping addr

7: 2 Reserved

ADC DMA Request Remapping
Control remapping request of A
0: No remapping

ADEDMA _CH1

1: Remapping

ADEDMA _CH2

USART1_TX DMA Request Remappin
This bit controls remapping re

8 ADCDMARM R/ V

0: No remapping

USART1I_OMA_CH2

1: Remapping

USART1I_OMA_CH4

USART1_RX DMA Request Remappin
This bit contrreqluesntemdp UISART 1 _|
0: No remapping

USART1i BMA_ CH3

1: Remapping

USART1i BMA_CHS5

9 USARTITX|R/V

10 |[USART1RX|R/V

15: Reserved

TMR4CH3 DMA Request Remapping
This bit control sTMBAGHD I DMA.r e
0: No remBBACHIADMA CH1

1: RemaPMRAQH3DMA CH5

TMR4UP DMA Request Remapping
This bit control sTMBAAD pDMA. r e
0: No remBMBpUMIMA_CH1

1: RemaPMRAWPDMA_ CHS5

16 | TMR@H3 RM| R/ V

17 TMRYUPRMP| R/ V

31: Reserved

542 Ext endnntaelr Reigit s t(eSrsYSICFG_EI NTCFG1)

These bits are controlled by software to be
interrupt sdwred@Bd .ofThEel MTeX ected external i nte
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represented by the values of the EI NTx [ 3:
Tabl&xternal I nterrupt Sources Selected
EI NTx [ 3: 0] External Interrupt
x000 PA[ x] pin
x001 PB[ x] pin
x010 PC[x] pin
x011 PD[ x] pin
x100 Reserved
x101 PF[ x] pin
Ot her s Reserved
Of fset address: 0x08
Reset value: 0x0000 O0O0OO
Fi ell Name| R/ W Description
EI NTO Configure
These bits are controlled by so
3:0/ EINT R/Wexternal interrupt source of EIN
The selected external intervabpue
di fferent bits a'reextsenrorwanl ilnnttehrer u
for Different Values™
EI NT1 Configure
These bits are controlled by so
74| EINT R/Wexternal interrupt so-urce of EI N
Theel ected external interrupt s q
di fferent bits a'rkextsenronrwenl ilnnttehrer u
for Different Values"
EI NT2 Configure
These bits are controlled blecto
11:- 8 EINT R/Wexternal interrupt source of EI N
The selected external interrupt
di fferent bits a'rkxtseironvenl ilnntteirer u
for Different Values"
EI NT3 Configure
These bits are controlled by so
151 EINT R/Wexternal interrupt source of EIN
The selected external interrupt
di fferent bits a'rkextsenronrwanl ilnnttehrer u
forebenf Values"
31: 1 Reserved
543 Ext ernmtaelr Resgpit st er 2 (SYSCFG_EI NTCFG2)
These bits are controlled by software to
interrupt sout@®.offhElI BlEkertdd external i

represent ed shyoft hed dWwTaxl d IBa van
Sources

I nterrupt
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Of fset addr ess: O0x0C
Reset value: O0x0000 0O0O0OO

Fie Name R/ W Description

ElI NT4 Configure

These bits are contralelwedtbegnso
external interrupt source of EIN

The selected external interrupt
di fferent bitsadiEietehoahnh Imteheuq
for Different Values

EI NT5 QComefig

These bits are controlled by so
external interrupt source of EIN
The selected external interrupt
di fferent bitsadbiEiet ehoah Imtéeheuq
for Different Values

EI NT6 Configure

These bits are contralelwed tbegenso
external interrupt source of EIN

The selected external interrupt
di fferent bitsaafEet ehoan Imtéeheuf
for Different Values

EI NT7 i Qanfe

3:0 EINT4 R/ W

7:4 EINTH R/ W

11: EI NT§ R/ W

These bits are controlled by so
15: El NT 7 R/V\‘external interrupt source of EIN
The selected external interrupt

di fferent bitsadiEetehoahn Imteéheuq
fo Different Values

31: Reserved

544 Ext ednntaelr Reagpit st er 3 (SYSCFG_EI NTCFG3)

These bits are controlled by software to be
interrupt soutdeé)of TEENIg(BecBed external i nt
represented by thelaveal gé&e wod bilBdtheTren a[l3: 0

I nterrupt Sourlciefsf eeelnetc tVead ufeosr

Of fset address: 0x10

Reset value: 0x0000 00O0O

Fie Name R/ W Description

EI NT8 Configure

These bits are controlled by so
external interrupt source of EIN
The selected external interrupt
di fferent bitsadiEiet eshoah Imtéeheuq
for Different Values

3:0 EINT8 R/ W
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Fie Name R/ W Description

EI NT9 Configure

These bits are contralelwed tbegnso

7.4 EINTO R/V\‘external interrupt source of EIN

The selected external interrupt
di fferent bitsadiEieteshoahnh Imteheuq
for Different Values

EIl NT1O0f iQounr e

These bits are controlled by so
11 - EINT1 R/v\‘external interrupt source of EIN
The selected external interrupt

di fferent bitsadbiEiet ehoah Imteheuq
for Different Values

EI NT11 Configure

These bits are controlled by so
15 EI NT1 R/V\‘external interrupt sour.ce of EI N
The selected external interrupt

di fferent bitsaafEet ehoan Imtéeheuf
for Different Values

31: Reserved

545 Ext ernnntaelr Reegpit st er 4 (SYSCFG_EI NTCFG4)

These bits are controlled by software to be
interrupt source of EINTx(x=12 to 15). The s
represented by thelaveael sb&s wod biilBdthefre a[l3: 0

I nterrupt Sobtopced®di EékteenedVal ues

Of fset address: 0x14

Reset value: 0x0000 00O0O

Fie Name R/ W Description
EI NT12 Configure
These bits are controlled by so
3-d EINTL R/V\‘external interrupt source of EIN
The selected external interrupt

di fferent bitsadiEiet ehoahn Imtéeheuq
for Different Values

EI NT13 Configure

These bits are control |l edt obys eslo
74 EINT1 R/V\‘external interrupt sour.ce of EIN
The selected external interrupt

di fferent bitsadiEiet eshoah Imteheuq
for Different Values

El NTAdnfigur e

These bits are controlled by so
11 - EINT1 R/V\‘external interrupt sour.ce of EIN
The selected external interrupt

di fferent bitsadiEiet eshoahn [ mt e heeud
for Different Values
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Na me

R/ W

Description

15:

EI NT1

EI NT15
These

extern
The se
di ffer
for Di

R/ W

Configure

bits are
al interrupt

controll e
source
|l ected external
e rsth obwint § &t ditee r n al
ffear ent Values

interrupt

d by
of

S0
EI N

I nterr uj

31:

Reserved

5.4.6

Conf i gulReagtiisotner

Of f set
Reset

addr es
val ue:

2
S . 0x18

O0x0000 O0O0OO

(SYSCFG_CFG2)

Name

R/ W

Description

LOCK

Cor e
Thi s
It ¢

R/ W

LOCKUP Hardf aul t

L OEK&IWRI e
shei tt
an

biys soft ware an

enabl e and | ock

EtChoe & ’MDMH
(hardwar e

d cl ear ¢

err

Reserved

PVDLOC

PVD
It c
TMR1

R/ .
in

1: Connection

Lock Enabl e

enableommeac tl io@rk
input and

an
brake

PMU_CTRL.
0: Connection

| ocked;
enabl ed;

| ock

PVDEN bi

lh entewe en
t he

PVDBM I b

31:

Reserved
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6 Reset and Clock Management (RCM)
6.1 Ful I Name and Abbreviation Descr.i
Tabl®ull Names and Abbreviations of Ter
Ful l Na me Abbreviati
Reset and Clock Manageme RCM
Reset RST
Pow®m Reset POR
Powd®mown Reset PDR
Hi gh Speed External Clo HSECLK
Hi gh Speed Internal Clo HSI CLK
Low Speed Internal Cl oc LSI CLK
Phase Locked Loop PLL
Main clock output MC O
Calibrate CAL
Trim TRM
Wakeup WU P
Aut omatic Wakeup AWUP
Low Power L PWR
Cl o8&curity System CSS
Non Maskable Interrupt N MI
Clock Monitoring Modul ¢ CcCMU
6.2 ResEunctibensaclri pti on
The supported reset is divided into two form
reset.
621 SystRenset
6211 "System reset" reset source
The resetdiswiuded irsto external reset source
External reset source:
. Low | evel on NRST pin.
I nternal reset source:
., I ndependent watchdog termination count (
www. geehy. com Pagé3



Software reset (SW reset)
Lowower management reset
Load optieh byte res
Power reset
LososiCl ock Reset (LOC Reset)
A system reset wil!/l occur when any of the ab
reset event source can be identified by view
(control/status register)yd. oThails@®I| Raels dty can
configuring the RCM_I NT2[ SLOCEN] register bi
When the system is reset, all registers exce
(control/state register) reset flag bit (ref
Diagram) will beateset to the reset st
Software Reset
Software can be reset by §@oti#®@+SYSRESETREQ
interrupt application and reset control regi
Lowower management reset
Lowower management may reset in two cases, O
st anmddbdge, and the other is when entering the
cases, i f RSTSTDBY bit (in standby mode) or
useasrel ected byte is cleared, the system wil
or stop mode.
For mor e ianbfoourtrsastsieocnt ed byt es, refer to the ¢
Me mor y" .
Load option byte reset
The |l oad byte reset is triggered by OBLOAD b
is controlled by software.
6.212 "System reset" reset circuit
All reset sourceisnacwhioaohthem®&iR8g Ppow during
process.
The internal reset source gener ast east at tpaul s e
NRST pin through the pulse generator, which
the |l evel to generateureeedjrelbel gxpeaet hal does
NRST pin |l evel for resetting.
The "system reset"”" reset circuit is shown in
www. geehy. com Pagé4



Fig2@Reset Circuit for "System Reset"
VoV opa
: System
External reset m;(j {% Filter " “aget
IWDT reset—
Power reset
Software Reset Pulse
Low power generator > [
management reset (1071 s)
Load option byte
reset
LOC reset

6.2.2

6.3

6.3.1

Powde s et

"Power reseurceceisetas foll ows:
Powem reset (POR)
, Poweown reset (PDR)
., Wake up from standby mode

A power reset wildl occur when any of the abo

Power reset wildl reset all regi sters.

Funct iDesali ptCl odMeofhge ment

The csloowcrkces of the whole system include HSEC(
LSICLK and PLL. For the characteristics of t
relevant chapter of "Electrical Characterist

ExterChatSkur ce

The external cHO@LK (shpigehdl exs eHB8al ¢l ock) sig

There are two kinds of external cl ock source
External crgsctcial Vatomamic
External clock of user

The hardware conf i gursgpteieadn exft eH SIBRCL KK | (olcikgh s i
shown in the following figure.

www. geehy. com Pagé5



Fiug®®HSECLK Hardware Configuration

Clock source Hardware configuration

‘ OSC_INOSC_OuUT ‘
External clock ? [}

L f
GPIO

External clock source

‘ OSC_INOSC_OUT ‘
Crystal/Ceramic ] M

resonator |D|
= G G

In order to reduce the distortion of clock o
stabilization ti noescitlhlrealtcorryasd ad d gaeaiatmirc must
close toltaAeopbspin as possible. The value of
C.) must be adjusted according to the selecte

2 -

6311 HSECLK +{lpieghl external clock) signal

HSECLK signal i s gener awhidc HHyEtGRL K elxd ek nadur
crystaloser am@cdHSEQLKTr nal clock

Tab2@®!| ock Sources Generating HSECLK Sign

Name Description

Provide clock to the MCU through OS§F

The signal can be generated by ordi
debugging), crystal oscillator and
be square wave, sine wav60odutriyi iyg
External CIt he maxi mum frequency is up to 20MH
(HSECHypas I n hardware connection, it shoul d b
OSC_OUT pin is suspended; in MCU co

mode by setting HSEBCFG and HSEE®ON

register 1).
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Na me Description

The clock is prowisdkdd |tam oM&W dbnya titahde
cryotsal lalnat eareosaamilcl at or

The frequeney rMHzge i s 8

When needing to connect OSGcliN |aartdo
enabled and disabled by setting the
RCM_CTRL1 (clock control register).
HSERDYFLG bit in the clock control
(HSECLK <crlregisfig is used to ingpeadeexwthertmalr

External
crystall/c

oscillat

stable. After it is enabled, the cl
by hardware. | f interrupt is allowe
correspondind]|i rbtee gremnetr aw ed .

632 I nternal Clock Source

The internal c¢clock soufSpeedi hotedeal HEI ClcKk ) (
HSI CLKHi-§pheed I nternal 14 MHz 6peel), and LSI
I nternal Clock) signal s.

6.321 HSI CLK -¢plegth i nternal <c¢clock) signal
HSI CLK signal is generated by internal 8 MHz

The RC oscillator frequency of different <chi
chip may be different with the change of tem
frequency of eachr a&thep thdislBhOOITLTAREBDb3 V) by

the manufacturer before | eaving the factory.
calibrated by the manufacturer wil!/l be | oade
register); in addition, thecywsky ssetatni faurthe

HSI TRM in RCM_CTRL1 according to the applica
and voltage) of the site.

HSI RDYFLG bit can be used to indicate whethe
stable. In the c¢clock startup proseds, HSICLK
until the HSIRDYFLG bit is set to "1" by har
enabled or disabled by HSIEN bit in RCM_CTRL

Compared with HSECLK crystal oscillator, RC

cl ock without any exterRlfCalosdevilad ,ort hes stharrtt
t hat of HSECLK crystal oscill ator ; even afte
accuracy is stil!l inferior to that of HSECLK

6322 HSI CLKXKHi-§heed I nternal 14 MHz Clock) signal
HSI CL& i gnal i sygemeratnad H4MHz RC oscill ator

The RC oscillator frequency of different <chi
chip may be different with the change of tem
frequency of each chip has bOONCRXB)EBbbyr at ed t
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6.3.2.3

Ma i

6.3.3

WWwWWw.

the manufacturer before |l eaving the factory.
calibrated by the manufacturer wil/l be | oade
register); in addition, the users can furthe

HSIZ4RM i M_RTRL2 according to the application
(temperature and voltage) of the site.

HSI 14RDYFLG bit can be HSledLR®4 0 ndii lclagdteomwhieg

stabl e. I n the cHScEKLRC4ouwuwupuprolcesl,i s not
until the HSI 14RDYFLG biHSIiGL RsCe4to stcoi 1"l1a"t obry h
can be enabled or disabled by HSI14EN bit in
Compared with HSECLK crystal oscillator, RC
clock wiékhobeatnahydevice; the start time of R
that of HSECLK crystal oscillator; even afte
accuracy is stil!l inferior to that of HSECLK
LSICLKspeawd internal c¢clock signa

naChcteristics of LSICLK Signal

LSICLK signal is generated by RC oscillator
frequency may change along with the change o
keep running in both stop and standby mode a

i ndependent watchdog) .

The LSICLK frequency of each chip has been ¢

before | eaving the factory. When the system

manufacturer wil/l be |l oaded to RCMnCTRL2 (cl
the users can further adjSUdRM REM . CaRLENcY b
according to the application conditions (tem

LSICLK can be enabled or disabled by LSIEN b
register). i Sl REEWFICG TSI ti ndi catsgpeevdh et her t he

internal oscillator is stable. At startup st
bit is set to "1" by hardware. I f it is allo
LSICLK interrupt rtegduest will be genera

PLL (phase |l ocked | oop)

The internal PLL can be used to double the f
or HSECLK crystal output cl ock.

To configure PLL parameters, first clear PLL
cleared (PLL is in ghaetllé sphbl ametserase)t hemasn
to 1, enabl e PLL, and when PLLRDYFLG is set

completed. The c¢clock source and multiplicati
activated. Once PLL is activated, the select

WheRLL is ready and PLL interrumpmtenier aR@M_1 NT
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interrupt request
6.34 CI| o @rke e
G32A1085 Al cAk1lOx4d>e is shown in the figure

Fi gdG82A1085 Al cAkl0I4=®e

HSICL Flash Program Interface ‘
J HSICLK sw
\
HSICLK)
\
\ AHB/core/
AHBPSC | memory/DMA
|
PLLMUL pLLCL| ~
nouklL PR PO svseiknanl Howg (g
Al
S
RCM_CFGZh Te HSICLK—»| CMU / /1‘6 eripherals
HSE_CLK is refclk /
OSC_OUT— HSECLK PLL/HSlmocllfléemZnc;HSECL APB1PSC PR TMR1/2/3
oscC / ! L 4/6/7/8
0SC_IN.]— 820MHZ | HSECLK /
4 v
132 cs
SYSCLK
LSICLK -RT —»USART1/2
— HSICL
HSICLK14  psicLki
e ﬁ __ HSECL
ADC Asynchronous Signal Input CAN
PLLCLK
LSICLK LSICLK
32kHz
LSICLK WD
/
Clock / ELLCLK
SYSCLK
Output  |/1,/2,/4,/8, I HSECLK
MCQ l&—/16,/32,/64, HSICLK
/128
\ ————HSICLK14
\\7LSICLK
Not e:

(1) HCLK refers to an AHB clock, an operating clock (FCLK) of the Arm® Cortex®-M0*.
(2) PCLK s a clock signal of the peripheral connected to APB.
(3) The frequency of AHB and APB domains can be configured by multiple prescalers.

(4) When needing to run the peripheral connected to AHB and APB, it is required to enable the

corresponding enable end to make the peripheral get the clock signal.

(5) The clock frequency for all TMRXCLK (Timer clocks) except TMR8 is automatically configured

by hardware based on the following two conditions:

If the corresponding APB prescaler factor is 1, the clock frequency of the timer is the

same as the frequency of the APB bus.
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(6)
6.3.5

6.3.6

6.3.7

6.3.8

Otherwise, the clock frequency of the timer will be set to twice the frequency of the APB
bus connected to it.

The clock frequency of the TMRS8 timer is identical to that of APB bus connected to the

timer.

The frequency of TMRx (x=1, 2, 3, 4, 6, 7, 8) clock signals is divided by APB.

Cl o8kur el ection of | WDT
When | WDT (independent watchdog) is enabl ed,
enabled by force, and when it is stable, it

After LSICLK is enablkra dryalhloedeandtcanhdt abh
di sabl ed.

Cl o8kur 8=l ection of MCO

When the corresponding GPI O port register is
function, the clock signal can be selected t
configuring MCOSEL i n RCaM_iCohnG1lr ¢ il sotcekr )c.o nS e g
instructions for c¢clock tree or MCOSEL bit of
clock signals. The available division factor
2, 4, 8, 16, 32, 64, and 128. TOPIRE dareflidgur a
in the RCM_CFG1l register.

SYSCLK Source Selection
SYSCLK sources can be HSECLK, PLLCLK and HSI

The status bit of RCM_CFG1 can indicate the
SYSCLK c¢clock source.

After the system iscarrsett ,bd het appmpedk isfoul fleCl
oscillator is selected as the system cl ock,
the system cl ock. I f you want to switch the
until the target, cWhic&htshoes atrekeo gi kst sroevardcye i s
stabl e.

CSSl ocSkcurSytsy em

I n order to prevent MCU from failing to to r
external c¢crystal oscillator, MCU can activat
software. After the setcthei HSECGKte@esciilsl atcoili vi
as the system clock directly or indirectly (
the system clock), the external HSECLK oscil
HSECLK ¢l ock fails, and the sytso ethlcClokc.k wi I

I
At this time, the PLL which selects HSECLK a
system clock input source wil/ al so be disab

CSS can be activated by software. When HSECL
be generated, and NMImawiilclalbeg.gé&Mér avi ¢ d det e
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6.3.9

6.3.10

6.4

WWwWWw.

continuously until the CSS interrupt pending
interrupt must be cleared by setting CSSCLR
register) in NMI processing program.

Cl o6kur el ecti on of ADC

Thel occk source of ADC is controlled by ADC_CF
or PCLK with the frequency divided by 2/ 4 as
used as the clock source of ADC, HSI CLK14 ca
interface.

L ovwoweMode
The pedi gheorc&k and DMA clock of APB can be di

Sl eep mode:
Stop CPU <cl ock
FIl ash and RAM interface clocks can be st
When all peripheral clocks connected to
AHl/ APB bridge <cl ocklsarctawmarbee st opped by

Stop mode:
PLLCLK, HSI CL K, HSI CLK14 and HSECLK are

B

Standby mode:
Al I 1.2V power domains are disabl ed
PLLCLK, HSICLK, HSICLK14 and HSECLK are

Deep sl eep mode:

The system can be debugged by setting ST
STANDBY_ _E£TX bit in DBGMCU_ CFG.

The system selects HSICLK as SYSCLK by i
or reset (standby mode)

B

., I'f Flash programming is in progress, the
sl eep mode only after all programming op
, I f APB idoonmdinng used, the system will en
mode only after all operations are compl

CMU Monitoring Function Descripti

The CMU (Clock Monitor Unit) circuit primar:.i
modul e (CLK_MEAS) and iaohnomesdwlfe Cl ©lck_ID@C)e,ct
designed to monitor whether the c¢clock freque

., Reference clock counting period can be c
Monitors the clock frequency.

5

., Supports interrupt and interrupt maski ng
., Clock Loss Monitoring.
., Supports syst esns roefs ectl oucpko.n | o
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641 StrucBlurdgkagr am

Fi gbe€®MU Structure

Bl ock Diagram

Not e: REF_CLK i s

a reference ¢l ock,

642 FunctiDesalkiption

The monitoring

cycles of
the measur

t he
ed

functi on
reference

for
clock for a specific

MEAS_VALUE LOC_EVT
A A
REF CNT PARAM—»  CLK_MEAS LOC
REFPRE —» REF DIV
REF_CLK MON_CLK

and MON_CLK is a moni

the measured cl o

clock is counted synchronousl y.
cl ock mowndatoiro maleihtatbd efdr equency nmMéeaesur ement

measured value is

the end of
remains
of both th
countin

e a

| atched
e reference

ch cycl e.

g period.

result, rendering

frequenci e
speci fied

643 Ref erence

The refere

measured cl ock.

S O
i n

Cl

nce

t he

ock

automatically wupdated into

During the counting p
to t he rpacgwiiroauds tnheaats utrheemefnrte
cl ock

and the measur ed

I f the c¢clock frequency chan
that particulthre measur emen
f tamdhrefmermrsmncedclcdolk k exceed t

datasheet

clock is the

| t i s recommended

range. | f

results cannot be

which 1 s u
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HSE clock and use
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6.4.4

6.4.5

fractional frequency clock.| Foscielxlaanpdre ,i $ f 2
MHz, setting RCM_CFG4[ REFPRE] to 19 will pro

Measur ement Functi on

Once the CMU is enabled, it continuously mon
monitored clock, performing periodic measur e
frequwuy. The measurement result is automatica
each measurement cycle. This result value ca
RCM_MEAS register. The measurement window ca
RCM_REF_CNT[ REF_CNT] r enge nstt eprer iTchde inse adseutreer mi
the following formul a:

4 . Pz . p TAE
Wherein, is the value configured in the RCM_|
registerjs the value configured in the RCM_C

A is the reference cl ockAf=r pueiHzy,.= For exam
Ox3F,. and& Ox1F, the resulting measurement pe
that i f the referegepcy tbwchnflregeeREM_REF_CN
[ REF_CNT] wvalue is set very high, the measur
relatively |l ong.

When the frequencies of both the reference <c
within the specified design rangbe the expec
measurement result can be calculated using t

B . p z £ z . p TAE o

Wherein, is the value configured in the RCM_
regi o eirs the monitored cliosckt hfer evqauleunec yc;onf i g
in the RCM_CFG4 | REFIPREthe ergdfsdreeance cl ock f1

For insftamcd6 MHzs 64 MHz (PLL), with config
= OxF.and= 0x13, the measur ement period w
andtdhet expected measurement result reference v

To avoid measur ement error s, it i's necessary
mul tiple times consecutively. A measurement |
when two consecutivealr e adhiemgsnearsa riidgntfireque
recommetntdeetd t he AHB c¢clock is nottdivided (no

ensure that multiple readings can be obtaine
wi ndow.

Measurement Accuracy

The prerequisite for CMU monitoring is that
known and stable. The measurement deviati on
cycles: one from the clock edge capture erro
measurement cl| ock ucroeummetnetr aecrcruorrac yMeiass al so af
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6.4.6

6.4.7

6.4.8

6.5

measurement period and clock precision. High
and |l onger measurement periods result in rel
accuracy.

Loss of Clock Detection

After the CMU i snietnoarbltehde, meta swirleld ntol ock f or
| oss is det ectoddl,ocak )L GO e(nLtosiss generated. The
event can be determined by reading RCM_CFG4
window for a |l ost clock i s GMU rcoaxn noatt ed eyt elcOt
the | oss of the reference clock. I f the refe
results become invalid. A measured clock fre
a clock |l oss, causing the system to generate
LOGroni toring result is higher than that of t
When the measured clock frequency is |l ess th
frequency measurement result may be wunreliahb

prioritize the LOCudgeimeaotindgot éowled bgrt he
measurement result.

I nterrupt and Reset

I f thebiit®e@bBl ed, an RCM interrupt wildl be ge
occurrence of LOC event s. I f the SLOC bit is
i mpl emented upomhhe ROV @STeht[.22] bit indicate
source.

L ovwoweMode

When entering STOP mode, the CMU is automat:i
After-upwakéhe HSE cleoalblmust Tlhhe measur ement r
becomes valid only afot elr. tihe t\ileD nfelassgu riesd scd to
PLL clock, the PLL-emladdl dmusathdalme@a stug erment s
only be performed after the PLLRDY flag beco

Regi Adtdr eMasppi ng

Tab2®RCM Register Address Mapping

Regirstreame Description Of fset a
RCM_CTRL1 Clock Control Re 0x00
RCM_CFG1 Clock Configurati 0x04
RCM_I NT1 Clock Interrupt 0x 08
RCM_APBRST?2 APB Peripheral Res O0x0C
RCM_APBRST1 APB PeriphRegl sRes 0x10
RCM_AHBCLKEN AHB peripheral cl og 0x14
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Regirstreame Description Of fset a
RCM_APBCLKEN2| APB Peripheral Cl ®c 0x18
RCM_APBCLKEN1 APB Peripheral Cl dc O0x1C
RCM_RTCCTRL RTC Control Reg 0x20
RCM_CSTS Control/ Status K 0x24
RCM_AHBRST AHB peripheral re 0x28
RCM_CFG2 Clock Configurati 0x2C
RCM_CFGS3 Clock Configurati 0x30
RCM_CTRL?2 Clock Control Re 0x 34
RCM_1I NT2 Clock I nterrupt 0x40
RCM_CFG4 Clock Configurati 0x 44
RCM_REF_CNT Clock Cycle Config 0x 48
RCM_MEAS Measurement Resul't 0x4C
66 Regi FuectibDensaclri pti on
66.1 Cl ock Contr d( REMgCHRET
Of fset address: 0x00
Reset @#x@0@@0 XX83; X means undefined
Access: Access in the form of word,
Fie Name R/ V Description
Enabl e High Speed I nternal Cl ock
Set to 1 or cleared by software.
HSI CLK is an RC osctihlel atodrl.o wWhnegn
occurs, it wildl be sethh sbattbyshbs
0 HSI EN R/Vwakwp from_stand@p fho den, swalpe mode
externapebdghbl ock source (as syst
cl ock throughSIPALLK .i sWhuesnedH as sys
system clock through PLL, this bi
0: HSICLK RC oscillator is disab
1: HSI CLK RC oscillator is enabl €
High Speed I nternal Clock Ready H
1 HSI RDYHR R 0: HSI CLK RC oscillator is not st
1: HSI CLK RC oscillator is stabl e
2 Reserved
High Speed I nternal Clock Trim
The product has beernl % adhienr dteeadv it
7:3 HSITRMR/Vfactory. However, it changes as t
but the frequenayciolfl &HtSdrCLKarmRCbe
HSI TRM[ 4: 0] .
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Fie Na me R/ V Description

Hi gh Speed Internal Clock Calibrag

15: Hs| cAl R It WiII.be cwHMbmmﬁmdetde&Mng t
system is started up, the calibra
writtenegbsthe.

Hi gh Speed External Clock Enabl e
When entering the standby or stopg
and HSECLK is disabl ed; when HSEC(

16 HSEEN |R/Vsource or the system cl ock ciasnnportg
cleared.

0: HSECLK is disabled
1: HSECLK is enabl ed

Hi gh Speed External Clock Ready H

When HSECLK is stable, this bit i
17 |HSERDYF R software.

0: HSECLK is not stabl e

1: HSECLK is stable

Hi gh Speed External Clock Bypass

Bypass mode refers to the mode in

HSECLK clock sourceci bsheomwids as t

18 HSEBCF| R/ V
clock source.

0: Mygmass mode
1: Bypass mode

Cl os&curity System Enabl e
19 CSSEN|R/V0: Disabl e
1: Enabl e

23: Reserved

PLL Enabl e
When entering the standby and stag

hardwar e; when PLLCLK has been caqg
24 PLLEN|R/Vconfiguratiosguasetbe thec&kystem
cl eared; in other cases, it can b

0: PLL is disabl ed
1: PLL is enabl ed

PLL Clock Ready FIl ag

PLL is set to 1 by hardware after
0: Publiosked

1: PLL is locked

25 | PLLRDYH R

31: Reserved

662 Cl o€knfi guRadgi ltr{fceRRCM_CF G1)
Of f set addr ess: Ox04
Reset val ue: Ox0000 O0O0OOO

Al bits of this register are set or cleared
Access: Access in the form of2 wwaidt ddywydlfewor
1 or 2 wait cycles are inserted only when th

switching.
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Fie Name R/ V Description
Select System Clock Source
When returning from Stop or Sta
in HSH@LK her directly or indir¢g
the hardware wild.l select HSI1 CL H
1:0 SCLKSE|R/VWSecurity system has been enable
00: HSI CLK is used as system cl
01: HSECLK is used as system cl
10: PLLCLK isst eurs ecd oacsk sy
11: Reserved
System Clock Selection Status
I ndicate which clock source is
to O by hardwar e.
3: 2SCLKSEL| R 00: HSI CLK is used as system cl
01: HSECLK is used as system cl
10: PLLCLK siyss tuesne dc |aosc k
11: Reserved
AHB Cl ock Prescaler Factor Conf
Control the prescaler factor of
Oxxx: No division
1000: S¥SCILKed frequency
1001: SY¥&WCLKed frequency
1010: S®SWCiLKed frequency
7:4 AHBPSC/ R/ VW1011: SYSI@liKed6frequency
1100: SYS@GiKeddfrequency
1101: SYS@AGLIKdAd® 8f requency
1110: SYSELIKdd 6frequency
1111: SYSE@LIKd&d 2frequency
Not e: When tfhactparesaefal ehe AHB ¢
the prefetch buffer must be ena
Configure APB1 Clock Prescaler
Control the prespaledr AfPBdt ¢l ocfk
Oxx: No frequency division for
10: APB1PS({R/ VM100: HELiKdferde quency
101: HELIKded frequency
110: HELIKd&8d frequency
111: HClvK dle6d frequency
15: Reserved
PLL Clock Source Select
This bit can be changed only wh
16 | PLLSRCS R/ V0o: HSICLK oscil | actloorc ki ss owsrecce aas
di vision
1: HSECLK is used as PLL clock
17 PLLHSEPR/VHSECLK Prejscaler Factor for PLL
Refer to Bit 0O of RCM_CFG2.
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Fie Name R/ V Description
PLL MultipliCoamtffiigmurkactor
Determine PLL multiplication fa
PLL is disabl ed.
0000: -rrLILt i2pl e frequency output
0001: -rellILt i3pl e frequency output
0010: -rRLiILt i4pl e frequency output
0011: -rRLILt i5pl e frequency output
0100: -rRLILt i6pl e frequency output
0101: -rRllILt i7pl e frequency output
0110: -rRPLILt Bpl e frequency output
21: | PLLMULC| R/ V .
0111: -mWLILt 9pl e frequency output
1000: #ful tiple frequency output
1001: ultiPple frequency output
1010: #fnul t1 Zuleen cfyr eoqut put
1011: #ul tiPl e frequency output
1100: ¥l tiple frequency out put
1101: #ul tipPle frequency output
1110: Pl tiple frequency output
1111: #ful tifpl e frequency output
Note: The output frequercydBfdnP
23: Reserved
Main Clock Output Select
Set or clear 0 by software.
0000: No clock output
0001: HSI CLK14 is output as a ¢
0010: LSICLK is output as a clo
27 MCOSE L R/\/0011: Reserved
0100: SYSCLK is output as a clo
010HSICLK is output as a clock
0110: HSECLK is output as a cl o
011 PLLCLK is output as a clock
MCOPLLPSC)
1000: Reserved
Main Clock Output Prescaler Fac
Used to conf i gufroer tthhee pMGCeG c(aMiecr
Out put) . Modi fying this prescal
highly recommended to change th
and before enabling the externa
000: No division
30: MCOPRE|R/ VW0O0Oldvd2ed frequency
0l10dvidded frequency
0ll1dvidBded frequency
100:dvlieded frequency
101:dv32ded frequency
110:dv64dded frequency
111: dek8ed frequency
31 Reserved
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663 Clock I nterrupt RPpgister (RCM_INT
Of fset address: 0x08
Resealue: 0x0000 00O00O
Access: Access in the form of word, half
Fie Name R/ V Description
LSI CLK Ready Interrupt Fl ag
When LSICLK is stable and LSI RE
0 LSI RDYF| R har dwar e ;s osfettwalr eoyand cl ear 0 b
0: No LSICLK ready interrupt
1: LSICLK ready interrupt occur
1 Reserved
HSI CLK Ready Interrupt Flag
When HSICLK is stable and HSI RLO
2 HSI RDYF| R |hardware; set 1 by ys difStlvReDryeCLaRn d
0: No HSICLK ready interrupt
1: HSICLK ready interrupt occur
HSECLK Ready Interrupt FIl ag
When HSECLK is stable and HSERL
3 HSERDYF| R |hardware; set 1 by software and
0: No HBSE&HUK interrupt
1: HSECLK ready interrupt occur
PLL Ready I nterrupt FIl ag
When PLL is stable and PLLRDYEN
4 PLLRDYF| R hardware; set 1 by software and
0: No clock ready interrupt cau
1:1 €&ck ready interrupt caused b
HSI CLK14 Ready Interrupt FIl ag
When t he i mtpeererdalc | bickh i s ready
is set to 1, set 1 by hardware.
° HST 14RDY R Set 1 by software and clear 0 b
O0: IGIISK4 orteady
1: ICGISK4 eady
6 Reserved
Clock Security System Interrupt
When the external oscillator cl
7 CSSFLG| R This bit is set to "1" by softw
0: No security systHSECLIK efraiulpu
1: Clock security system interr
Enabl e LSICLK Ready Interrupt
8 LSIRDYER/VEnab!e or disable internal RC o
0: Disabl e
1: Enabl e
9 Reserved
www. geehy. com PagB?9



Fie Name R/ V Description

HSI CLK Reaedyrupt Enabl e

Enable internal 8MHz RC oscill 4
10 HSI RDYE R/ V )

0: Di sabl e

1: Enabl e

Enabl e HSECLK Ready Interrupt

Enabl e external oscillator read
11 HSERDYE|R/V .

0: Di sabl e

1: Enabl e

PLL Ready I nterrupt Enabl e

Enable PLL ready interrupt.
12 PLLRDYE R/ V )

0: Di sabl e

1: Enabl e

HSI CLK14 Ready Interrupt Enabl e

Enable internal 14MHz RC oscil
13| HSI 14RD]| R/ V .

0: Di sabl e

1: Enabl e
15: Reserved

LSI CLK Ready Interrupt Clear

Clear U&la@QlyK interrupt fl a bit
16| LsI RDYC| W Y P g

0: No effect

1: Clear
17 Reserved

HSI CLK Ready Interrupt Clear

Clear HSICLK ready interrupt f1
18 HSI RDYC| W

0: No effect

1: Clear

HSECLK Ready Interrupt Clear

Cl ear HSECILKt ereradpyt fl ag bit HS
19 HSERDYC| W

0: No effect

1: Clear

PLL Ready Interrupt Clear

Clear PLL ready interrupt flag
20 PLLRDYC| W

0: No effect

1: Clear

HSI CLK14 Ready Interrupt Clear

Clear HSICLK14 reaHSl Ii4MRRYRL@.t
21 |HSI 14RDY W

0: No effect

1: Clear
22 Reserved

Clock Security System Interrupt

Clear the security system inter
23 CSSCLR| W

0: No effect

1: Clear
31: Reserved
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664 APB Peripheral Reset Register 2
Of faddr ess: 0x0C
Reset value: 0O0x0000 OOOO
Access: Access in the form of word,
Al bits can be set or cleared by so
Fie Na me R/ V Description
SYSCFG Reset
0 SYSCFGR R/ V|0 No effect
1: Reset
8: 1 Reserved
ADC Reset
9 ADCRST| R/ V|O: No effect
1: Reset ADC
10 Reserved
TMR1 Ti mer Reset
11 TMR1RS|R/ VO: No effect
1: Reset
Reset SPI1 (SPI1 Reset)
12 SPI 1RS/ R/ VO: No effect
1: Reset
13 Reserved
USART1 Reset
14 | USART1RR/ VO: No effect
1 Reset
TMR8 TRenget
15 TMRBRST| R/ V| O: No effect
1: Reset
21: Reserved
Reset Debug
22 DBGRST| R/ VO: No effect
1: Reset
Reset S MS
23 SMSRST/ R/ V0O No effect
1: Reset
31: Reserved
665 APB Peripheral Reset Register 1
Of fadtr ess: O0x10
Reset value: Ox0000 0O0OO
Access: Access in the form of word,
Fie Name R/ V Description
Ti mer 2 Reset
0 TMR2RS|R/ VO0: No effect
1: Reset
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Fie Name R/ V Description
Ti mer 3 Reset
1 TMR3RS|R/ VO No effect
Reset
Ti meRe de t
2 TMR4RS|R/ VO No effect

1: Reset

Reserved

4 TMR6RS| R/ VO

Ti meRe He t
N o
Reset

effect

5 TMR7RS| R/ V

Ti meRe s/et
0: No effect
1: Reset

10: Reserved
Wi ndow Watchdog Reset
11 WWDTRS|1R/ VO: No effect
1: Reset
16: Reserved
USART2 Reset
17 |USART2HR/ VO No effect
1: Reset
241 Reserved
CAN Reset
25 CANRST R/ VM0: No effect
1: Reset
27: Reserved
Power I nterface Reset
28 PMURST/ R/ V0: No effect
1: Reset
31: Reserved
666 AHBPer i phGtroabdkabRegi ster (RCM_AHBCLKEN)
Of fset addr ess: Ox14
Reset value: Ox0000 0014
Access: Access in the form of word, hal f wor
Al bits can be set or cleared by software.
Note: When the peripheral ctaohkhoi sreatd ehabl
value of the peripheral register, and the va
Fie Name R/ V Description
DMA1 Clock Enabl e
0 DMA1EN R/ VO: Di sabl e
1: Enabl e
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Fie Name R/ V Description
1 Reserved
SRAM I nterface Clock Enabl e
Enabl e SRAM chmodc&. in sl eep
2 SRAMEN| R/ V )
0: Di sabl e
1: Enabl e
3 Reserved
FMC Clock Enabl e
Enable the flash interface circu
4 FMCEN | R/ V )
0: Di sabl e
1: Enabl e
5 Reserved
CRC Clock Enabl e
6 CRCEN | R/ VO: Di sabl e
1: Enabl e
TRNG CEvoakl e
7 TRNGEN R/ VVOoDi sabl e
1: Enabl e
SHA CEoabkl e
8 SHAEN |R/ V0: Di sabl e
1: Enabl e
AES256 Edaklke
9 AES256| R/ VO0: Di sabl e
1: Enabl e
16: Reserved
I/ O PortA Clock Enabl e
17 PAEN R/ V| O: Di sabl e
1: Enabl e
I/ O PortB Clock Enabl e
18 PBEN R/ V0: Di sabl e
1Enabl e
|/ O PortC Clock Enabl e
19 PCEN R/ V| O: Di sabl e
1: Enabl e
| / O Por tEnDabdleoc k
20 PDEN R/ V| O: Di sabl e
1: Enabl e
21 Reserved
|/ O PortF Clock Enabl e
22 PFEN R/ V0: Di sabl e
1: Enabl e
31: Reserved

www. geehy. com

Pagés3



667 APB Peripheral Cl ocK REMaRIPB CR&KEINZt)er 2
Of fset address: 0x18
Reset value: 0x0080 00O0O
Access: Access in the form of word, half wor
Usually there is no access wait cycle. Howeyv
APB2 bus is accessed, theuwtiltinlge sARB2 wi | |
peripheral access ends.
Al bits can be reset or cleared by software
Note: When the peripheral c¢clock is not enabl
value of the peripheral register, and the va
Fie Name R/ V De s ctrii gn
SYSCFG Clock Enable
0 SCFGEN|R/ VO0: Di sabl e
1: Enabl e
8: 1 Reserved
ADC I nterface Clock Enabl e
9 ADCEN |R/ V0: Disabl e
1: Enabl e
10 Reserved
TMR1 Timer Clock Enabl e
11 TMR1EN|R/VO: Disable
1: Enabl e
SPI CHmakl e
12 SPI EN |R/V0: Disabl e
1Enabl e
13 Reserved
USART1 Clock Enabl e
14 USART1E|R/ VO: Disabl e
1: Enabl e
TMR8 Ti meEn ad loec k
15 TMR8S8EN|R/VO: Disable
1: Enabl e
21: Reserved
Debug Ehabke
22 DBGEN |R/VO0O: Disable
1: Enabl e
SMS ClEmabl e
23 SMSEN |[R/ VO0: Disable
l1Enable (reset value)
31: Reserved
668 APB Peripheral Clock Enabl e Register 1
Of fset address: O0x1C
Reset value: 0O0x0000 OOOO
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Access: Access in the form of word,
Usually there is no accesspewaiipthecryacll eo.n Hohwee v/
bus is accessed, the waiting state w
access ends.
Al bits can be reset or cleared by
Note: When the peripheral clock is n
value of ®wherpgispker and the value
Fie Na me R/ V Description
Ti nmeCrl ock Enabl e
0 TMR2EN |R/ VO Di sabl e
Enabl e
Ti mer 3 Clock Enabl e
1 TMR3EN |R/ VO Di sabl e
Enabl e
Ti mer 4E nQlbd cek
2 TMR4EN|R/ VO0: Disabl e
1: Enabl e
3 Reserved
Ti mer 6 Clock Enabl e
4 TMRG6EN |R/ VO Di sabl e
Enabl e
Ti mer 7E nQGl bd cek
5 TMR7EN | R/ V|0 Di sabl e
1: Enabl e
16: Reserved
USART 2 Clock Enabl e
17 USART2E|R/ VO0O: Disabl e
1: Enabl e
241 Reserved
CAN Clock Enabl e
25 CANEN R/ VfoDisabl e
1: Enabl e
27: Reserved
Power I nterface Clock Enabl e
28 PMUEN R/ V0O: Disabl e
1: Enabl e
31: Reserved
669 RTC Control ReRTGG@T™®WRL ( RCM_
Of fset addr ess: 0x20
Reset val ue: O0x0000 0O0O0OO
Access: Access in the fbortme,ofwiwdr d,
When the register i s accessed conti
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Note: Only when BPWEN bit in PMU_CTRL is set
RTCCLKEN be changed.

Fie Na me R/ W Description

7:0 Reserved

RTC Soselcect

First set the RTCRST bit to I
RTC source. I't is impossible
to modi fy.

00: No cl ock
01: Reserved
10: LSICLK is used as RTC cl
11: HSECLK is usedt 3s2dRVICdel ¢

9: 8 RTCSRCSE R/ W

14: | Reserved

RTC Clock Enabl e
15 RTCCLKE R/ W|O0: Di sabl e
1: Enabl e

RTC Reset

This function is only applic
0: No effect

1: Reset

16 RTCRST R/ W

31: 1 Reserved

6.6.10 Control R&Sgasuser (RCM_CSTS)
Of fset address: 0x24
Reset value: OxXXX0 0000, except reset fl ag,
and reset flag can only be cleared by power

Access: Access in the form of weoirtd,c vhcalles .wor
When the register is accessed continuously,
Fie Name R/ W Description
LowBpeed I nternal Oscillator

Set to 1 or cleared by softw
0: Disabl e
1: Enabl e

0 LSI EN R/ W

LowBpeed I nternal Oscillator
Set 1 by hardware when LSICL
1 LSI RDYF R hardware when it is unstable

0: Not ready
1. Ready

21: Reserved

LOC Reset FIl ag

Cleared by setting RSTFLGCLR
0: No reset

1: Reset

22 LOCRSTEFLI R
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Fie Na me R/ W Description
Reset Flag of 1.2 V Domain
It is set to "1" by hardware
23 PWRRSTFL R set, and cleared by setting 1
0: No reset
1: Reset
Reset Flag Clear
Set or clear reset flag BLR.s
24 RSTFLGCL RT_ W
- 0: No effect
1: Clear reset flag
Option Byte Loader Reset FI a
When the option byte | oad re
25 OBRSTFL R otherwise, clear by setting
0: No reset
1: Reset
PI'N Reset FIl ag
Set by har pwar ¢ ewleén occur s;
26 PI NRSTF| R setting RSTFLGCLR
0: No reset
1: Reset
POR/ PDR Reset Occur Flag
Set to "1" by hardware; and
27 PODRSTFL R RSTFLGCLR bit.
0: No -pro/weadwewn reset occurs
l1Powem/ pedwoewn reset occurs
Software Reset Occur FIl ag
Set to "1" by hardware; and
28 SWRSTFL | R RSTFLGCLR bit.
0: Not occur
1: Occurred
Independent Watchdog Reset FI
Set to 1 by hadewameewhenmat c
59 | WbTRSTH R gff?rswwmav clear by softwar
0: Not occur
1: Occurred
30 Reserved
Low Power Reset Occur Fl ag
Set 1 by hardwawer wimama ¢ eme nt
31 LPWRRSTF R clear by wofitwamge RIBWFLGCLR b
0: Not occur
1: Occurred
6.6.11 AHBPer i phResaRegi ster (RCM_AHBRST)
Of fset address: 0x28
Reset value: 0x0000 O0O0O0O
Access: Access in the form of word,
Set to 1 or cleared by software.
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Fie Name | R/ V| Description
6:0 Reserved
Reset TRNG Cl ock
7 TRNGEIR/ VO: Il nval id
1: Reset
Reset SHA Cl ock
8 SHAEN/ R/ V| 0: Il nval id
1: Reset
Reset AES256 Clock
9 AES256| R/ VO: Il nval id
1: Reset
16: Reserved
I/ O Port A Reset
17 PARST| R/ V0: Il nval i d
1 Reset
I/ O Port B Reset
18 PBRST| R/ VO: Il nval id
1: Reset
I/ O Port C Reset
19 PCRST|R/ VO: Il nval i d
1: Reset
Reset I/ O Port D
20 PDRST|R/ V|O: Il nval i d
1: Reset
21 Reserved
I/ O Port F Reset
22 PFRST|R/ VO0: Il nval id
1: Reset
31: Reserved
6.6.12 Cl o€knfiguration Register 2
Of fset address: O0x2C
Reset value: 0Ox0000 OOOO
Access: Access in the form of word, hal
Fie Name R/ V Description
Configure PLLCLK I nput Division
Configure the input clock signal
000O0: Na divisio
3:0 PLLDIVQR/ Vf00OO1di Wi ded frequency
0010di Bided frequency
1111di¥6ded frequency
31: Reserved
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6.6.13 Cl o€knfi guRadgi t{eRrFCM3_ CFG3)
Of fset address: 0x30
Reset value: 0x0000 O0O0OO
Access: Access in the form of word, half wor

Fie Na me R/ W Description

USRAT1 Clock Source Select
Set oedcd ebayr s of tdweafraeu.l tT hveal u
00: PCLK is used as USARTI1CL
01: SYSCLK is used as USART1
10: Reserved

11: HSICLK is used as USART1

USRAT2 Clock Source Select
Set oedcd elayyr software. The deé
00: PCLK YUSARGR CaK

01: SYSCLK served as USART2C
10: Reserved

11: HSI CLK served as USART2C

1:0 USART1SEI|I R/ W

3: 2 USART2SEI| R/ W

11: Reserved

CAN CIl oc kSeSloaucrtc e
Set oedcO emyr software. The deé

12 CANSEL R/ W
0: HSECLK served as CANCLK
1: PLLCLK served as CANCLK
31: Reserved

6.6.14 Cl o€knt Reggi ster 2 (RCM_CTRL2)
Of fset addr ess: 0x 34
Reset value: OXxXXA4 XX80; X means undefined
Access: Access in the form of word, hal f wor

Fie Name R/ V Description

HSI CLK14 Enabl e
Set to 1 or cleared by softwar e,

0 HSI1 14E R/ V . .
0: I nternal 14MHz oscillator di g
1: I nternal 14MHz oscillator engi
HSI CLK14 Ready Fl ag
Set by hardware, indicating the

1 HSI 14RD| R
0: Not ready

1: Ready

ADG nterface Turn On HSI CLK14
ADC interface can enabl e HSI CLK]

2 HSI 14T/ R/ Vhardwar e.
0: Can enabl e
1: Cannot enabl e
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Fie Na me R/ V Description
HSI CLK14 Trim
The product has beeml®Wawhénatlt edy
7:3 HSI14T|IR/ Vfactory. Hhareyes,astthe temperat
changes, but the frequency of HSJ
adjusted by HSI14TRM.
HSI CLK14 Calibrate
15 - HS1 14C| R It wi || be _cabﬂ%rhl_eédrteglkévMHg
the system ithestcatiddatpon par a
automatically written to the r eq(
17: Reserved
LSI Trim
The product is calibrated duri ng
23: LSI TRNR/Vmay vary with temperatur e farnedg we
can be trimmed via the LSITRM r ¢
Default value: 6b101001
LSI Calibration
31: Lsl cal R It wiII.be cglibrated before.del
the calibration parameters wil!/l
Thefdelt value is determined by
6.6.15 Cl ock I nterrupt Register 2
Of fset address: 0x40
Reset value: 0x0000 00O0O
Access: Access in the form of word,
Fiel Na me R/ W Description
10 Reserved
Ref erence Clock Loss Interru
When LOCIE is enabl ed, this
2 LOCFLG R LOC event occurs.
0: No interrupt
1: I nterrupt
9: 3 Reserved
Enabl e Reference Clock Loss
10 LOCI E R/ W o0 Di sabl e
1 Enabl e
17: 11 Reserved
Clear the reference clock 1o
Cl ear LOCFLG
18 LOCCLR w
0 No effect
1 Clear
25: 1 Reserved
Enabl e LOC Reset
26 SLOCEN R/ WO No reset up on LOC event
1 Reset up on LOC event
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Fiel Na me R/ W Description
31: 2 Reserved
6616 Cl ock Configura¢(RGN_BEG#d4ster 4
Of fset addr ess: O0x 44
Reset value: 0x0000 00O0O
Access: Access in the form of word,
Fie Name R/ W Description
Enabl e CMU
0 CMU_EN R/ W]|O: Di sabl e
1: Enabl e
Sel ect Measured Clock
1 CLK_SE R/ W]|O: HS I
1.PLL
9: 2 Reserved
Reference Clock Loss Event
0: Nor mal <c¢cl ock
10 LOC RC_WIl1: Clock |l ost
Write "1" to this bit to clear
On Reset (POR) and cannot be tor
I nitial FreqgueNalBilleasur ement
Il ndiesashe eindtmeé&lsur ement
11 VLD R .
0: Frequency measurements inval
1: Frequency measurements valid
15: Reserved
Reference Clock Frequency Divi g
Generate 1 MHz HSBOCLK bfarseegdu eomc y
O:dilvifddeedguency
l:dRvifdbeedquency
21: REFPRI R/ W|2:dBvifdeedquency
3:dédvifddeedquency
|.
49: dbOifdeedquency
50~63: Reserved
31: Reserved
6.6.17 Cl ock Cycle Configuration Regi st
Of fset address: 0x 48
Reset value: O0x0000 00O0O
Access: Access in the form of word,
Fie Name R/ W Description
Ref erence Clock Counting Cycl
5. 0 REF_CNT R/WMeasurement cycl e: REF_CNT+1
I't is recommended thatonhegme
value be greater than 15.
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Fie Name R/ W Description

31: Reserved

6.6.18 Measurement Result Latch Register (RCM_
Of fset address: 0x4C
Reset value: 0x0000 00O0O

Access: Access in the form of word, half wor
Fie Name R/ W Description
15: MEAS_ VAL R Measurement Result Latch R
31: Reserved
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7 Power management unit (PMU)

7.1 Ful | Name and Abbreviation Descri
Tab2 Zul | Names and Abbreviations of Ter
Ful Il Na me Abbreviati on
Power Management U PMU
Power On Reset POR
Power Down Reset PDR
Power Vol tage Det € PVD
7.2 | ntroducti on
The power supply is the foundation for stabl

operating vhed.tha\W,e aonfd 22.n78 YV, 21 V6p¥wer supply
provided #Hy tvlod tlagiel r egul at or .

73 StrucBlurdgk agr am

FigéPewer Supply Control Structure Bl ock
VDD VDDXSSA

X X X

VLDO_D|G_3P§3-3V
LSICLK A
LDO_FLASH | SICLE |1 \wpG| | PLL| [Tsensor| | apc |[—T>—X] GPIc
HSECLK PWR
Veiash =1.6V
Veore1.2V
PMU ‘CORE
SRAM Core
DMA
PFLASH SPl USART
DFLASH CAN TMR
RTG IWDG
AES256/SHA256/RNG
% : L
VSS
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7.4

7.4.1

74.11

1.

74.1.2

FunctiDesablki ption

Power domai n

The product includes t heppfoavlelrovwidgm@mi mgwer dom
power domain, 3.3 V power domai n, 1.6 V powe
domai n.

Voppower domain

It powers 3.3 V voltageDD 8&milm.t or and |1/ O po

.3 V voltage regul ator

t powers the 3.3 V power domain, including s
Wat chdog Ti-mgrhogwakand cl ock sources (HSI 8M
PLL and Tsensor)

.2 V voltage regul ator

It powe2V pgdiveerl.domain in theddwo!| owing oper ¢
Nor mal mode: I n this mode, 1.2 V power
Stop mode: I n this mode, l-pdDwérpower don
state, all clocks are off, peripherals s

ent er s -ptohwee rl oomo d e .

Standby mode: hlen 1t Ri & modve,r tdomai n i s po
resulting in |loss of 1.2 V domain regist
the 3.3 V LDO -powrdrc hmesdda.o | ow

6 V voltage regul ator
It powers PFLASH and DFLASH
Vopapower domai n

It powers PMU and ADDDAMSSAt pmodul es v

I ndependent ADC power supply

7.4.1.3

I ndependent ADC power supply can i mprove con
specific power pins are as foll ows:

VDDA : Power pin of ADC

VSSA: I ndependent power ground pin

1.2V power domain

The cor e, Fd nacs hd i ¢SiRtAaM peripherals are power ¢
regul ator.
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742 Power management
7421 Powem/ podwewn reset (POR and PDR)

When thiewpd/s | ower than t heord Mdre} htohe whilp age

will automatically rewmavaf bdgmaolfe apraemseert st at e
reset anddownoweerset are shown in the figure be
hysteresis voltage, hysteresis time and filt

FigiuPew®m Reset amdvnP dRMasveetf or m Di agr am

Vod Vopa

A

Hysteresis voltage

Hysteresis
voltage

Hysteresis time

Filter
delay

POR

Reset

7422 Programmable voltage detector (PVD)

A threshold can be set Vo VpoAdPVDhit@hemmononrn olr o weéi

than the Itfhrtehsehoilndt.errupt i s enabled, the int
procesVegd Ydwexceeding the threshold in advance.
The usage of PVD is as foll ows:

(1) Set the PVDEN bit of the configuration re
enabl e PVD

2) Select the vadbldfagRVDhtrlesdhhwogh t he PLSELJ[ 2:
configuration register PMU_CTRL

B ThPVDOFbGt of the configuration register

val uéppmifgher or | ower than the threshol d
4 When it is \Mbdgtveics edowbantamr thh e htehr @ hhol d
PVD, PVD interrupt wildl be generated
The threshold oscill ogram of RePfVeDr itso shown i n
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"Datasheet" for PVD threshold and hysteresis

Fi g8P¥D Thr ®Wafief dirangr am

\od Vopa

A

PVD threshold

Hysteresis
voltage

\4

PVD output
| |
| |
| |
743 Power contr ol
7431 Reduce the ppwowweri mobdew
There arepboitweeembdws: sl eep mode, stop mode
The power is reduced by disabling the core a
voltage regul ator.
Tk power consuunptdtoar,t wigkrameqgdavakred data stor e
after-uwakep emacwer omode are different; the | o\
consumption is, +{ulpetlioegewi |[tthdewphkdnedéess th
is, the |l ess tbeatlatcwmp wakear swiddnbchoose the
appropripawer!|l oonwmde according to their needs.
shows thesdmbéhgpleawee modes.
Tab2®i fference among "SLEEP Mode and STOP
Ef fect
Ef fectp (
Vol tal.2 V
Mo d e DescriptEntry m{Wak-ep mo ) power do
regul domai f
cl ock
cl ock
ArfcCor ke Call W , only
Sl ee ) Any int On None
MO + core I nstr uif core c |
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Effect
Ef f ectop
] Vol tal.2 V
Mo d e DescriptEntry m{Wak-ep mo . power do
regul domai f
cl ock
cl ock
and al di sabl
periphe and it
including Call W I nterru effect
) . None
peripher instru( wakep ev ot her
still w and AL
cl ock
PDDSCF(
and Enabl| Al'l cl HSI CLK
st Al'l ¢l oc|LPDSCFG Any ext|be in1.2 V HSECLK
o]
g stopped+SLEEPD]I interr powe | domai oscill g
bit + WH mo d e di sabl di sabl
WF E
PDDSCFG RTC al g )
1.2 Di sabl HSI CLK
+ event,
1.2 V p voltgclocks HSECLK
St an( . SLEEPDE| external )
domain d ) regul V powe oscill g
bit OMRST p ] ] )
di sab domai di sabl
+ WF | or | WDT r e
Sl eep mode
The characteristics of sleep. mode are shown
Tab24haracteristics of Sleep Mode
Characte Description
Enter the sleep mode i mmediately by e
When SLEEPONEINT is set to O and WFI
Enter |[system will entiemmedieatséleyep woer SLEEF
the system will exit the interrupt pr
i mmedi atel y.
I f  WFI instruction is executed to ent
Wa k-e p awakened by any inteatriugpn ;i 9§ fexeeutWEFdE
mode, it can be awakened by either an
The core stops working, al | periphera
Sl eep )
registers and memory before sleep are
Wakeup (¢ None
If the system is awakened by an inter
exit the interrupt, and then execut e
Aft er-uwé ] ] ]
system is awakened by an event, i WF Bvi
instruction.
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Stop mode
The characteristics of stop mode are shown i

Tab2® haracteristics of Stop Mode

Characte Description

SLEEPDEEP bit of the core regi stegri sitse

PMU_CTRL is set to "0", and when exec
stop mode immediately
Entoer When LPDSCFG bit of the register PMU_
working in nor mal mode; whemMUW POISROF d s
1, the voltage regplobaweor mosewomMhi ngdu
consumpti on, be sure to set the LPDSC
Stop mode.
I'f WFI instruction is executed the ent
Wa k-e p awakened by any interrupt; if the WFE
mo d e, it can be awakened by either an
The core and the peripheral will stop
Stop

and memory el obdbrbdessaped.

Wak-ep time of HSI CLK pogdinlel atforvot twmake
Wakeup ¢
power mode.

I f the system is awakened by an inter
exit the intercruutpet ,t haen dp rtohgerna ne xaef t er V|
After-uwa ) ) )
system is awakened by an event, it owi

instruction.

Standby mode
The characteristics of standby mode are show

Tab2&harearcitsti cs of Standby Mode

Characte Description

SLEEPDEEP bit of the core register is
PMU_CTRL is. set to "1"

Enter

WUEFLG bit is set to "0" and when exe

standbyi nmoeddei at el y.

The system i s awakened by RTC al ar m,
Wa k-e p

reset.

The core and the peripheral will stop
Standb )

and memory will be | ost.

Wakeup dChip reset ti me.

Aferr wafx | The program starts executing from the
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7432 Lowower state

Tab2 2o0WRower St at e

Sl ee Stop Stand
Na me Wa k-e p Wa k-e p Wa k-e p
stat stat stat
Cor e - - - - D -
HSE X - - - - -
HSI 8 M X - - - - -
Cloc| HSIN4 o - - - - -
LSI (0] - (0] - - -
PLL X - - - - -
P MU Y Y Y Y Y -
3.3 V Y - N - L -
1.2 V Y - N - - -
1.6 V Y - - - - -
ADC (0] - - - - -
Anaog
Temp Se
(o) - - - - -
or
Oonl
Only y
NRST ¢
I O Y Y Y Y NRST
be
wor k
awakert
Pfl ag Y - Y - D -
Me mor| DFLAS Y - Y - D -
SRAM Y - Y - D -
3.3 RTC (0] Y (0] Y 0] Y
digitl | wpaG o Y o} Y o) Y
D MA (6] - - - D -
GPI O (0] Y - Y D -
Base EI NT (0] Y (0] Y D -
RCC Y Y - - D -
SYSC (0] - - - D -
TMR1 (0] Y - - D -
TMR2 (0] Y - - D -
Ti me
TMR3 (0] Y - - D -
TMR4 (0] Y - - D -
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Name slee Wa k-e p Stop Wa k-e p Stand Wa k-e p
stat stat st at

TMR6 o} \'% - - D .

TMR7 (0] Y - - D -

TMRS8 0] Y - - D -

SPI 0] Y - - D -

Commu| USART o] Y - Y D -

catio UsSART o Y - Y D -

CAN (0] Y - Y D -

CRC o - - - D )

Securl TRNG o) - - - D -

I P AES25 o) - - - D -

SHA25 o) - - - D -
Note: X: Indicates that at | east one sleep mode is enabl
(controll ed-"by nwoaf tswgrpeo)r.t"ed i n this mode; N: Indicates t

| opvower mode :doDvn;p¢grwevré 0w
7433 Reduce theopowmpitn ornun mode

I n run mode, reduce power consumption by slo
di sabling or reducing the APB/ AHB peripheral

75 Regi AddreMasppi ng

Tab2& WU Register Address Mapping

Register na Description Of fset addr
PMU_CTRL Power control 0x00
PMU_CSTS Power control/ 0x04

76 Regi Fttect i@ensaclri pti on

761 Power control register (PMU_CTRL)
Of fset ad0@0ess:
Reset value: 0x0000 0000 (cleared when wakin

Fie Name R/ W Description

Lowower Deep Sleep Configur
Configure the working state

0 LPDSCFG R/ W|mode.
0: Enabl e
1: power mode
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Fie Na me R/ W Description

Power Down Deep Sl eep Confi g
When the CPU enters deep s

regul ator state in standby ¢
1 PDDSCFG R/ W .
0: The voltage regulator is
entering the stop mode
1: Enter standby mode
Cl ear -uwa kFel ag
2 WUFLGCLRRc wq0+ !nvalid

1: Clear-uphél wgkby writing
cycl es

Standby Flag Clear
3 SBFLGCLRHRRC_W|O0: Il nval i d
1: Write "1" to clear the st

Enabl e Power Voltage Detectd
4 PVDEN R/ W|O0: Di sabl e

1: Enabl e

Select PVD Voltage Threshol g
0x'02. 73V
0x'12. 73V
0x'23.05V
0x'33.37V
0x'43. 66V
0x'53. 95V
0x'64. 26V
0x'74. 52V
Note: See "Datasheet". for de

Enabl eDRm&Li n Write Access

The RTC domain includes RTC
Write access is prohibited

7: 85 PLSEL R/ W

8 BPWEN RI-W this bit enables write acces
0: Di sabl e write
1: Enabl e write
STOP_FILTER_EN:
1: Har-daoatrreol | ed Filter Swit
is enabled. After the systen
i nput is uaed At ewakde sys
9 STOP_FILTE R/ W|Stop mode, the | O automat ine
filtered function.
0: SofCtowmarreol | ed Filter Func
function configures the | O &
filter function co-Aflgered
31: Reserved

762 Powe&rontrol/ Status Register (PMU_CSTS)
Of fset address: 0x04
Reset value: 0x0000 000X (not cleared when w
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Compared
register.

with the

standard APB r

ead,

Name R/ V

Description

0 WUEFLG| R

Wakeup Even
Thi s
wa kwep
0: Not

1: Occurred

occu

bit is
event .

t Fl ag

set hardwar

by

rred

e to

1 SBFLG R

Standby
This bit
POR/ PDR {omad
the Power
0: Ndrmandby
1: Standby

Fl a

i s

Control

g
set
w -t owe I

to "1" by
regets)etdr
Regi ster
mo d e
mo d e

har

ntg t
( PMU

2 PVDOFL R

PVD Out put

I ndieswh et hoe/r ¥oN s

selected
This bit
O0:popWMpA s
1:poV VoA s
Not e: Thi s
(PVD stops

by.
i s

hi gher
|l ower

Fl ag

hi gher
PLSEL[ 2: 0]
valid only when
PVD
PV D
N

t han
t han
bit i s
wor k) .

than t

t hr eshg
threshol
a fsttearn drbeys

he

PVD

31:

Reserved
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Nested Vector Interrupt Controller (NVIC)

n

81 Ful | Name and Abbreviation Descr.i
Tab2®ul | Names and Abbreviations of Ter
Fu N4 me Abbreviati on
Non Maslkmtbdrer upt N MI
82 I ntroduction
ThArfCor &M+ core in the product integrates
controller (NVIC), which is c¢closely coupled
exceptions and interrupts and power manhageme
| ow deéMryhCor t-Mx+ TechhiecahcReManual for more
instructions about NVI C.
83 MaiGharacteristics
(1) 32 maskable interrupt channels (excluding 16 Arm® Cortex®-M0+
interrupt lines)
(2) 4 programmable priority levels (use 2-bit interrupt priority level)
(3) Power management control
(4) Low-delay exception and interrupt processing
(5) Implementation of system control register
84 I nterr upceanvg otsor
Tab3@nterrupt and sexception Vector
Name Vector Prior| Vector ad Description
- 0x0000_0O Reserved
RST -3 0x0000_O Reset
N MI -2 0x0000_0O Nomaskabl e in
Hard f au -1 0x0000 _O Various har dwag
System service d
SVvVCal l Can be 0x0000_0O )
S Wi instruct
PendSV Can be 0x0000_0O Pending syster
SysTick Can be 0x0000_0O System tick
- 0x0000_0O Reserved
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Name Vector Prior| Vector ag Description
PVD 1 Ca be 0x0000_0O PVD comparator
RTC 2 Ca be 0x0000_0O RTC interru
FLASH 3 Ca be 0x0000_0O FLASHiterrup
RCM 4 Ca be 0x0000_0O RCM interru
EI NTO 1 5 Ca bel 0x0000_0 EI'NT line [1:
EI NT2_3 6 Ca be 0x0000_0O EI'NT |Iine [ 3:1
EI NT4_15 7 Ca be 0x0000_O EINT line [15:
SMS 8 Ca be 0x0000_0O SRAM ECC inte
DMA_ CH1 9 Ca be 0x0000_0O DMA channel 1
DMA_CH2 3 10 Ca be 0x0000_0O DMA Channel 21/
DMA_CH4 _5 11 Ca bel 0x0000_0O DMA Channel 4/
ADC 12 Ca be O0x0000_0O ADCGC nterrupt
TMR1_BRK_UP TMR1, BRK, UP, T
E:OM - 1 13 Ca be 0x0000_0O interrupt
TMR1_CC 14 Ca be O0x0000_0Of TMR1 capture/co
TMR2 15 Ca be 0x0000_0O TMR2 interr g
TMR3 16 Ca be 0x0000_O TMRBnterrupt
TMRG6 17 Ca be 0x0000 _O TMR6 interr\
TMRY7 18 Ca be O0x0000_0O TMR7 interr |
TMRA4 19 Ca be 0x0000_0O TMR4 interr |

- 20 Ca be 0x0000 _O Reserved
SHA256 21 Ca be 0x0000_O SHA256 inter
AES256 22 Ca be 0x0000_0O AES256 inter
CAN_I1TO 23 Ca be 0x0000_0O CAN interrupt
CAN_1T1 24 Ca be 0x0000_0O CAN interrupt
SPI 25 Ca be 0x0000 _O SPI interru

- 26 Ca be 0x0000 _O Reserved
USART1 27 Ca e 0x0000_0O USART1 inter
USART2 28 Ca bel 0x0000_0O USART2 inter
TRNG 29 Ca be 0x0000_0O TRNG interru
T MR8 30 Ca be O0x0000_0O TMR8 i nterruyj
CAN_SMS_I 31 Ca bel] 0x0000_0O CAN SRAM ECC in
staopkam inter
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9.1

9.2

9.3

9.3.1

External Interrupt and Event Controller (EINT)

| ntroducti on

The interrupts/events are divided into inter
interrupts/ events. In this manual, external
caused by I /O pin input signal, which EIN
i nterreuptng earmal interrupts/ events.
The events can be divided into hardware even
events are generated by external/ core hardwa
are generated by instructions.
I nterrupts need topgohahdbeghfuhetioneto i mp
work to be processed, while events do not ne
function, and the preset work can be trigger
can output pulse by events esweaerht sast rGPddger whi
another TMR to work, for example, by upda
MaiGharacteristics
(1) Support 32 event/interrupt requests
(2) Can be configured independently as the line of external/internal event

request
(3) Each event/interrupt line can be masked independently
(4) The internal line is automatically disabled when the system is not in the

stop mode
(5) Each external event/interrupt line can be triggered independently
(6) Each external interrupt line has dedicated status bit
(7) Simulate all external event interrupts
FunctiDesalki ption
Classification and difference of exter
"External interrupt and event" can be cl assi
external hardware event, external spotf t war e e
according to trigger source, configuration a
di fferences are shown in the table bel ow:
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Tab3¥| assi fication and Differences of "
Name| Trigger Configuraéxeoautandn proces
(1) Set the trigger mod e, all o
corresponding peripheral inte
Exter (2) When an edge consi stgeearnerwatte
hardw External external interrupt line, an i
inter the corresponding pending bit
corresponding bit of the pend
wi || be cleared.
Exter (1) Set the trigger mode and ena
har dw External(2) When an edge consistent with
external event |line, an event
e vret the corresponding peodilng bit
Softwal
Exter interr|(1) Enable the event I|ine.
softwWregister (2) Write 1 to the software inte
event l'ine to generat e an e
even event ( corredsipnogn pending bit will not
i nstrug
(1) Allow interrupt request, an
Exter Soft wal interrupt I|Iine (enable in NVI
softw interr (2) Write 1 to the softwareoirnees
] ] interrupt | ine to generate an
Inter regi st pending bit will be set to 1;
pending register and the intefi

932 Cor e wgpke

Using WFI ianrsd rWkE i ons can stop the core.
sed, any interrupt can wake up the core

u
C

ore can be woken up by an event

When interrupt -uips ushed ifnarerwakyg handl er

t
e
t

riggerneod,madnd nterrupt configuration can

vent is used to wake up the core, the

Extern

Wh e
: w h

func
w a k
nt er

riggered, which -umg Itli mee,duacred tthhee weadkref i gur at i

(1) Trigger an internal interrupt (internal hardware event) but do not trigger
the interrupt handler function for wake-up.

., Enabl e an internal interrupt in the peri
corresponding interrupt in NVIC to avoid
handl er .functi on

., Enabl e SEVONRENMDEebistystem controller of
execute WFE instruction to make the core

., Generate an interrupt to wake up the cor
from WFE, it is required to clear the pe

peripheradnd ntthee rpugondi ng bit of peripher

channel (clear the pending register

(2) Wake up by EINT line events (external hardware event)
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Configure EINT Iine as the event mode

, Execute WFE instructionsteemakkedehe core
., Generate an interrupt to wake up the cor
from WFE, since the pending bit of corre
set, it is unnecessary to clear the inte

corresponding peripher alt eor uphe cthamdiehg

933 External i nterrupt and event | ine mappi
Tab3Zxternal I nterrupt and Event Line Ma
External Interrupt and External Interrupt a
PAO/ PBO/ PCO/ PFO EI NT O
PAl1/ PB1/PC1l/ PF1 EINT 1
PA2/ PB2/ PC2/ PD2 EI NT 2
PA3/ PB3/ PC3 EI NT 3
PA4/ PB4/ PC4/ PF4 EINT 4
I I
PA7/ PB7/ PC7/ PF7 EI NT 7
PA8/ PB8/ PCS8 EINT 8
I I

PA15/ PB15/ PC15 EINT 15
PVD output EI NT 16
RTC alarm event EI NT 17
Reserved EI NT 18
Reserved EI NT 19
Reserved EI NT 20
Reserved EI NT 21
Reserved EI NT 22
Reserved EI NT 23
Reserved EI NT 24
I nternal U SUAPR Telv ewnat k EI NT 25
Reserved EI NT 26
I nternal U AR Te2v ewnat k EI NT 27
Reserved EI NT 28
Reserved EI NT 29
Reserved EI NT 30
Reserved EINT 31
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94 Regi Addr eMasppi ng
Tab3External I nterrupt/ Event Controller Regi
Regi ster nad Description Oof fset ad
EI NT_I MASK Interrupt mask r 0x00
EI NT_EMASK Event mask regi g 0x04
EI NT_RTEN Enable the rising edg 0x08
EI NT_FTEN Enable the falling ed oOx0C
EI NT_SWI NTE Software interrupt 0x10
EI NT_I PEND Interrupt pending 0x14
95 Regi Ftiect ibensaclri pti on
951 I nterrupt mask register (EI NT_ | MASK)
Of fset address: 0x00
Reset value: OxOF94 00O0O
Fi el Name| R/ Description
Mask I nterrupt Redg@Q@&pt on Line x (
27:|1 MASIRW | 0: Ma s k
1: Open
31: Reserved
952 Event mask( EleNT sEMASK)
Of fset address: 0x04
Reset value: 0x0000 00O0O
Fie| Name|R/ V Description
Mask Event Reque&27)n Line x (x=0
27:|EMASKR/W |0: Ma s k
1: Open
31: Reserved
953 Enable the rising edge to trigger the
Of fset Aad0@Bess:
Reset value: 0x0000 00O0O
Fie| Name|lR/ V Description
Enabl e Rising Edge Trigger Eé&le)t ¢
16:| RTEN]R/ V0: Disable
1: Enabl e
31: Reserved
Note: Since t hep elxitreestadt gwpekcegd, t here should be no glitec
l ines; when writing EINT_RTEN register, if the rising ed:i
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not be recognized andet seetpemdci ndebistamei lilntreatrupt | ine,
and falling edge trigger can be set at the same ti me.
954 Enable the falling edge to trigger the

Of f set addr ess: OxO0C
Reset val ue: Ox0000 O0O0O0OOO

Fi el Namel R/ W Description

Enable Falling Edge Trigger &Veéhnt
16: | FTENRW |0: Disabl e
1: Enabl e

31: ] Reserved

Note: Since t hwep elxitreesntadtr gwpektegd, t here should be no glitec

l'ines; when writing HlaNTEdRgTEN irgenail s tier ,oni ft hteheext er nal in
not be recognized antd bhdesptenddomgt be ts aineé | i mtoerrupt | ine,
and falling edge trigger can be set at the same ti me.

955 Software interrupt event register (EI NT
Of fset address: 0x10
Reset value: 0x0000 O0O0O0O

Fie Name | R/ V Description
Software I nterruptélBByent on Line
Set 1 by software, write 1 or cle

EI NT_I PEND.

16:|swI NT R/VWhen this bit is 0, the pending b

1. 1 f EINT_I MASK ( EIl NTt_HEeMAISIKLt) e rirsu

request, an interrupt (event) wil

0: No effect

1: Software generates an interrup
31: Reserved

956 I nterrupt pending register (EINT_I PEND)
Of f set addr ess: Ox14
Reset val ue: OX XXXX XXXX

Fie Name R/ W Description

Fl ag of Interrupt életn)ding on Li
Whet her the selectable trigger 7

0: N o
16: |PENERC_W 1: OCcurred
When a request is triggered by t
EI NT_RTEN/ EI NT_FTEN on the eéxt arn
to "1*" by hardwar e; and cleared
31: 1 Reserved
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10  Direct Memory Access (DMA)

10.1 Ful | Name and Abbreviation Descr.i
Tab34ull Names and Abbreviations of Ter
Full Name Abbreviation
Gl obal G
Transfer T
Hal f H
Compl et e C
Error E
Channel CH
Circul ar ClIR
Peripheral PER
I ncrement I
Me mor vy M
Priority PRI
Number N
Addr ess ADDR

102 I ntroducti on

DMA (Direct Memarcyhifkiveess) dabbr transmissi on
peripheral devices and memory or between mem
intervention, thus saving CPU resources for

The product has a DMA controller, with 5 cha
managepmal DMA requests, but each channel <can
request at the same ti me. Each channel can s
coordinate the priority of corresponding DMA
according to the priority of the channel s.

1003 MaiGharacteristics

(1) DMA has 5 channels

(2) There are three data transmission modes: peripheral to memory,
memory to peripheral, and memory to memory

(3) Each channel has a special hardware DMA request for connection
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(4) Support software priority and hardware priority when multiple requests
occur at the same time

(5) Each channel has three event flags and independent interrupts
(6) Support circular transmission mode

(7)  The number of data for transmission is programmable, up to 65535

104 FunctiDesalki pti on

1041 DMA request

| f ptehrei pheral or memory needs to transmit dat
first transmit DMA request and after it is a
can be started.

DMA has five channel s. Each channel is conne
and eanhetbthhas three event flags (DMA hal f t
transmission completion and DMA transmission
event fl ags may become a separate interrupt
software trigger.

When multiple peripherals request the same channel, it is required to configure
the corresponding register to enable or disable the request of each peripheral,
so0 as to ensure that one channel can only enable one peripheral request.

Tab3®MA Request Mapping

Chann TMR1 TMR2 TMR3 TMRA4 TMRG6 TMR7 ADC SPI USART
Chann . } TMR4 _C€H ; ;
TMR2 _C ADCEY
1 TMR4 WP
Chann TMR2 _C ; B
TMR1_C TMR3_C TMR4 _CH ADEC?) SPI1 1 _|USART 1)
2 TMR2 _TH
Chann TMR3_C ; ;
TMR1_C| TMR2 _C TMR4 _CH TMR6 _ | SPI 1_|USART 1}
3 TMR3_U
TMR1_C
Chann TMR3_C TMR4 _CH 3 3 3 USART1(?)
TMR1 _TH - TMR7 _
4 TMR3_TH TMR4 _TR USART2 _
TMR1 _C(
Chann TMR1 _C| TMR2_C TMR4 _C¢H 3 3 3 3 USART1(?f
TMR3_C
5 TMR1_U TMR2_U TMR4 _(3P USART2 _
Not e:

(1) This DMA request is mapped to the DMA channel only when the corresponding bit of
SYSCFG_CFGL1 register is cleared.

(2) This DMA request is mapped to the DMA channel only when the corresponding remapping bit
of SYSCFG_CFGL1 register is set to "1".
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1042 DMA channel

10421 Tr ansmi SsSi

The data t

transmi ssi
PERSI ZE bi

10422 Tr ansmi SsSi

DMA transmi s

Fig@Teansmi ssi on

Fi gafdler ansmi ssi on

www. geehy. com

programmabl e

by DMA are programmabl e
width of peripherals a
d MSI ZE bit of DMA_CHCFGx regi

on data are
ransmitted
on data bit
t an
on width and
sion
Wi dt h
Source Target
0x0 | Data0O » DataO| 0xO
0x1 |Datal » Datal Ox1
0x2 |Data2 » Data2| 0x2
0x3 | Data3 » Data3| 0x3
Wi dt h
Source Target
0x0 | DataO » DataO| O0xO
Ox1 |Datal Ox1
ox2 DataZ\ Datal| Ox2
0x3 Data3\ 0x3
Data2| 0x4
0x5
Data3| 0x6
0Ox7

alignment method are

operation of programmabl e ds

with Source of 8 Bits

awidt TaSgernceo fofl 68 BBittss
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Fi gdfTe ansmi ssi on

Figdllee ansmi ssi on

www. geehy. com

0x0
Ox1
0x2
0x3

0x0
Ox1
0x2
0x3
0x4
0x5
0x6
0ox7
0x8
0x9
OxA
0xB
0oxC
0xD
OxE
OxF

Source

Wi

Target

DataO

Datal

Data2

Data3

Source

Wi

DataO

Datal

Data2

Data3

Target

DataO

Datal

Data2

Data3

Data4

Data5

Data6

Data7

Data8

Data9

DataA

DataB

DataC

DataD

DataE

DataF

A

DataO

Data4

Data8

DataC

dt h

0x0
Ox1
0x2
0x3
0x4
0x5
0x6
Oox7
0x8
0x9
OxA
OxB
oxC
0xD
OxXE
OxF

dt h

0x0
Ox1
0x2
0x3

Wi

Wi

t h

t h

Source of

Source of

Page3
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FigdBlee ansmi ssi on

0x0
Ox1
0x2
0x3
Ox4
0x5
0Ox6
Oox7

Figdadle ansom sWii dt h
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0x0
Ox1
0x2
0x3
0x4
0x5
Ox6
Ox7

Source Target
DataO » DataO
Datal » Datal
Data2 » Data2
Data3 » Data3
Data4 » Datad
Data5 » Datab
Data6 » Data6
Data7 » Data7

wi t

Source Target
DataO » DataO
Datal——» Datal
Data2
DataS\
Data4\ Data2
Data5 Data3
Data6
Data7

Data4
Data5
Data6
Data7

0x0
Ox1
0x2
0x3
Ox4
0x5
0x6
Oox7

0x0
Ox1
0x2
0x3
0x4
0x5
0x6
Oox7
0x8
0x9
OxA
0xB
oxC
0xD
OxE
OxF

Source

of

16

Page4

Bi

Wi dieBi wet hnBotlacgebfof
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16 Bi
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Figablee ansmi ssion Wi dth with Source of 32 Bit

Source Target
0x0 | DataO » DataO| Ox0
Ox1 |Datal » Datal| Ox1
Ox2 |Data2 Data4| 0x2
0x3 |Data3 / Data5| 0x3
0x4 |Data4 / Data8| 0x4
0x5 | Data5 Data9| 0x5
0x6 | Data6 DataC 0x6
Ox7 | Data7 DataD 0x7
0x8 |Data8
0x9 |Data9
OxA | DataA
0xB |DataB
OxC | DataC
OxD | DataD
OxE | DataE|
OxF |DataF

10423 Address setting

The transmi ssupmporatddrtes modes: fixed mode al
i ncrement mode.

Transmi ssion address pointer increment mode
The automatic pointer increment of periphera
PERI MODE bit and MI MODE bit of configuration
next wagddtre be transmitted is the one by addi |
previous address. The increment depends on t

10424 Tr ansmi ssion Mode
There are two channel -ciomdulgamr amodea avrod esi:r ¢
mode.
Nofircular mode

When the data transmission ends, the DMA ope
mor e, and a new DMA transmission wil/ be st a
not working, the register DMA_CHNDATAXx wi |l |

Circul ar mo d e

After tthendatiasasi on ends, the content of the
wi || be automatically reloaded to the previo
peripheral address register DMA_CHPADDRXx and
DMA CHMADDRXx wi || al so bebmasekoadddeas.the in
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The configuration method is as foll ows:
Set the CIRMODE bit of the configuration
to turn on the circular mode;

This mode is used to process continuous
the number of dataofmes Oransmwssi oanubeme
return to the initial value and conti nue
the CIRMODE bit is cleared, it owi I exit

10425DMA request priority setting

Arbiter
When multiple DMA channel r eeqdu etsa smeorcacque ,t haen
response sequence. Management is divided int
software stage, which is divided into the hi
priorities; the second stage is hardware sta
samefg ware priority, the | ower the channel n
i s.

10426 Transmi ssion direction

10.4.3

WWwWWw.

Support three directions: from memory to mem
and from peripheral to memory.

I f the write operatioaoame(dt aorng dth ea dnkrmeos ), it hep
includes external RAM supported by internal
the read operation (source address) is perfo
includes internal FLASH and internal SRAM.

Exampl es nmefmo'rfyr am@ memory" configuration are

, M2MMODE bit of configuration register DN
t he metmmemory mode;

, The DMA operation in this mode is perfor
no peripheral request. Segi sCtHEN bit of ¢
DMA_CHCFGx to 1, and after the channel i
transmission will start and when the tra
DMA_CHNDATAX becomes 0, the transmission

I nterrupt
Each DMA channel has three typabfof interrup
transmission (HT), transmission completion (
(1) The interrupt event flag bit for half transmission is HTFLG, and the
interrupt enable control bit is HTINTEN
(2) The interrupt event flag bit for transmission completion is TCFLG, and
the interrupt enable control bit is TCINTEN
geehy. com Pageé6



(3) The interrupt event flag bit for transmission error is TERRFLG, and the
interrupt enable control bit is TERRINTEN

105 Regi Addr eMasppi ng

Tab3@®MA Register Address Mapping

Register Description Of fset add
DMA_|I NTST DMA interrupt stat 0x00
DMA | NTFC| DMA interrupt flag 0x04

0x08+@Ohann

DMA_CHCF Gy DMA Channel x confi g
numb &y

O0xO0C+2@hann

DMA_CHNDAT| DMA Channel x transmi
numb &y

0x10+@Ohann

DMA_CHPADD DMA Channel X periphe
numb &y

O0x14+@0Ohann

DMA_CHMADD DMA Channel x memory
numb &y

106 Regi sFEFwenrct i @ensaclri pti on

106.1 DMA i nterrupt status register (DMA_|I NTS
Of fset addr ess: O0x00
Reset val ue: Ox0000 0O0OO

Field Name | R/ V Description
Channel x Gl obal I nt.eF)rupt Oc
I ndicate whether ntTe&r, r uHpTt oirs Tg
16, I NTEU R channel; these bi.ts are set t
12,8, on the corresponding bit of D
0: Not generate
1: Generate
Channel x All Transf.ebr) Compl et
I ndi cat e wthregarhemi stshheon compl e
17, generated on the channel; the
13,9, TCFLG R write 1 and clear O on the co

0: Not compl eted
1: Compl eted

Channel x H@dmplTewasEI®Bdg (x=1.
I ndicate whether the half trari

18, on the channel ; these bits ar
HTFLG| R ;
14,10, clear O on the corresponding |
0: Not generate
1: Gener at e
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Field Name | R/ V Description
Channel x Transfer .EB)yor Occurl
I ndicate whether t he transm

19, generated on the channel; t he

TERRFL| R .

15, 11, write 1 and clear O on the co
0: Not generate
l1Generate

31: 20 Reserved

106.2 DMA i nterrupt flag clear register (DMA_
Of fset address: 0x04
Reset value: 0x0000 O0O0O0O

Field Name | R/ V Description
Channel x Gl obal I nterribpt Oc
16 Clear coheesponding GI NTFLG
’ GI NTCL W |TERRFLG flags in the interrupi
12, 8, .
0O: Invalid
1: Clear the GINTFLG fl ag
Clear Channel x Tr ansmiésbs)i on
17, Clear the correspondi rsg alt WKL G
TCCLR| W _ P ¢
13, 9, 0: I nvalid
1: Clear the TCFLG fl ag
Channel x Half Trans&é&) Compl ¢
18, Clear the corresponding HTFLG
HTCLR] W .
14, 10, 0: Il nvalid
1: Clear the HTFLG fl ag
Channel x Transfer &Byor Occur
19 Clear t he corresponding TERR
’ TERRCL| W |[register.
15,11, 0: I nvalid
1: Clear the TERRFLG fl ag
31: 20 Reserved

106.3 Configuration register of DMA Channel X
(x=1¢é5)

Of fset 8d0Be26: x (chapnel number

Reset value: 0x0000 00O0O

Fi e Name R/ W Description

DMA Channel Enabl e
0 CHEN R/ W 0: Di sabl e
1: Enabl e

All Transfer Complete Interrupt
1 TCINTH R/ WO0: Disabl e
1: Enabl e
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Fie Na me R/ W Description
Hal f Tr ansflemrt eCrormpptetEenabl e
2 HTI NTH R/ WO0: Disabl e
1: Enabl e
Transfer Error Occur Interrupt
3 TERRI NT R/ WO0: Disabl e
1: Enabl e
Data Transfer Direction Configu
4 DI RCFq R/ WO: Read from peripheral t o memo
1: Read from memory to peripher
Circular Mode Enabl e
5 Cl RMOD| R/ WO0: Disable
1: Enabl e
Peripheral Address Increment Mo
6 PERI MO| R/ WO0: Disabl e
1: Enabl e
Memory Address Increment Mode E
7 MI MODE R/ WO Di sabl e
1 Enabl e
Peripheral Data Size Configure
00: 8 bits
9: PERSI Z R/ W01: 16 bits
10: 32 bit
11: Reserved
Memory Data Size Configure
00: 8 bits
11: ] MSI ZE| R/IWO0O1: 16 bits
10: 32 bits
11: Reserved
Channel Priority Level Configur
00: Low
13: ] CHPL R/W01: Medium
10: Hi gh
11: Hi ghest
Memory toMdMeemoEwgabl e
14 | M2 MMOD| R/ WO0: Disabl e
1: Enabl e
31: ] Reserved

1064 Tr ansmi ssi
( DMA_CHNDATAX)
Of f set
Reset

on ¢

addr ess:

val ue:
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Name | R/ V

Description

Number

Th
nu

This r
t he ¢
number

The r
trans
chann
relo
trans

i s
mber

15: NDATA] R/ V

register

hannel

egister
mi ssi on
el
aded
mi ssion
or not.

o fTraantsad etro Set up

indicates t he
transmi ssion

can only be writte
is enabl edea-drhley,r eign dg
remaining bytes to be {
decrease every
compl et ed, the r
twi lalutlobe r
confi
regar

num

of dat a rangeé

egister

of
wi ||
i s

configuredt
the previously
wi || not occur

i s
to

31:

Reserved

1065 DMA Channel

X peripheDMA &£HPADDPRX)egi st

(x=165)
Of fset address: O0x10%20 x (channel number
Reset value: 0x0000 00O0O
This register cannot be written when the cha
DMA_CHCFGx) .

Fie Name R/ W Description

Peripheral BSaestiucp Addr ess

When PERSI ZE= '01' (16 bits) and
31:| PERADD R/ Wbe alignedd twiatddrleéss aut omati cal

When PERSIZE= '10' (32 bits) an

wi || be al-bghedddr &b sy3 2aduutroi magt itcrg

1066 DMA Channel

X memory address register (

(xEDH)
Of fset address: 0x14%20 x (channel number
Reset value: 0x0000 O00O0O
This register cannot be written when the cha
DMA_CHCFGx) .
Fie Name | R/ V| Description
Memory Basic Address Setup
When MSI ZE= 'O01' (16 bits) and M
31:|MEMADD| R/ Vlal i gned-biatdtdr els&6 automatically du
When MSI ZE= 10" (32 bits) and MEH
alignedbiwtthd8@8Ress automatically
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11  Debug MCU (DBGMCU)

112 Ful |l Name and Abbreviation Descr.i
Tab3 &ull Names and Abbreviations of DBGMCL
Full Name Abbreviati g
Frame Cl ock FCLK
Data Watchpoint Triggf¢ DWT
Break Point Unit BPU

11.2 I ntroducti on

G32A1085 AlGE&ET iAls0HT o diuCotr tubkle+s cAohrivec h
includes hardware debug module and supports

During debugging, the module can make the ru
and achieve the effect of querying the inter
state of theesyshemguandg Bftcompleted, the <c

operation can be restored to continue to exe
Supported debugging interface: Serial interf

Note: The hardware debu§fCont-sfticmce iisclaudeddigthtdfrmArm Co
devel opmenRe fteotoritoe £ 810+ (Version ri1lpl) Technical Referen
and CorkeSiglhdpment Tool Set (Version rl1lp0) TRM for more i
ArfCor 80+ core.

11.3 MaiGharacteristics

(1) Fl exible debug pin assignment

2) MCU debug box-posweppowrmwtdel,omwontrol peripher

www. geehy. com Pag#&O01l



Fi gdB®32A1085 Al106G%eAl®d Ar #MOB Cervted x DEbuggi ng
Bl ock Diagram

Arn® Cortex® MO+Chip
Arn® Cortex® MO+

Core system
AHBAP ‘ ‘
Debu —
hogg <——»{ SWDP or SWJDP TAR Address
DAP on Arffi Ccsw Contro} > Buswa?rix
Cortex® M4 DRW < Data >

Memory system

114 FunctiDesalki pti on

(1) Achieve the on-line programming and debugging of the chip

(2) Using KEIL/IAR and other software to implement on-line debugging,
downloading and programming

(3) Flexible implementation of production of offline programmer

115 Regi Atdr eMasppi ng

Tab3®BGMCU Regi ster Address Mapping

Register na Description Addr ess
DBGMCU_I| DCOD Debug dM&€Wi ce | D re 0x4001 5
DBGMCU_CFG Debug MCU configurg O0x4001 5
DBGMCU_APBL1H Debug MCU APB1 fres 0x4001 5
DBGMCU_APB2H Debug MCU APB2 freg 0x4001 5

116 Regi Fuect i @ensaclr i pti on

1161 Debug ME€Wice I D register (DBGMCU_ | DCODE
Address: 0x4001 5800

Reset value: OxXXXX XXXX
Only suppgartac2ss
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Fi e|NamgR/V Description

Equi pment Recognition

This field indicates device I D
G32A1085 series: 0x015

G32A1065 series: 0x022

G32A460 seri 8s: 0x02

The debugger/ programmi nEQR oolll:i0den

11:| EQR| R

15: ] Reserved (reading return O0xA

Wafer Version Recognition

This field indicates device versio
G32A1085 AlGeky ilklsO4ps y oduct

Versi @xn0®&z214

31: ] WVR| R

1162 Debug MCU confi gurBGMOU rGRG)st er
Address: 0x4001 58014
Reset val Wweh:0(00x®0VD0O®cted by system reset)
't onl y sbuptp oarctcse s3s2
This register allows configuring-pMG@ié&rduring
mode.
ltréset asynchronously by POR (not reset by
debugger through system reset
I f the debugging master does not support the
software can write to these registers.

Fie Name R/ V Description

0 Reserved

Configure Debug Stop Mode
O:I'n the stop mode when both
di sabled, all c¢clocks wil
When exiting the stop mode€g
the same as that aptevi det

8 MHz internal RC oscill at
1 STOP _CLK_4R/ V needs to reponflgure the g
crystal oscillator, etc.

1:ln the stop mode when both
enabl ed, both FCLK and HCL

RCoscillator. The interna

active in the stop mode.
the software must reconfid
enabl e PLL, crystal osci |l
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Fi Na me R/ V Description
Debug Standby Mode
0O:Whemoth FCLK and HCLK are

is not powered on. From t
that when the MCU just ex

2 STANDBY_ CLHR/ V exit the debug mode, whi ch
1:When both FCLK and HCLKi aa

is powered on, and the in
FCLK and HCLK <clocks. Bes
standby mode by system re
reset .

31: Reserved

1163 Debug MCU APBl1l freeze register (DBGMCU._

Addr d&x4001 5808

Reset val Wweh:0(00x®0D0OO&cted by system reset)

't onl y sbuiptp oarctcse s3s2

This register is used to configure MCU durin
I nvadARPB peripheral s:

Freeze the timer counter

Freeze supporting systempwinmddkeaw regul at o
watchdog counter

This register is reset asynchronously by POR
written by the debugger through system reset

5

5

Fi Name R/ V Description
Conf iTgMR eWor k Status When Co
Whet her coMRR2er continues to
0 TMR2 STS|RW|stops. wor Kk
0:Continue to work
1: Stop working
Configure Timer3 Work Statusg
Whet her TMR3 counter contindy
1 TMR3 _STS|RW |stops. wor Kk
0:Continue to work
1: Stop working
3: Reserved
Configure Timer6 Work Status
Whet her TMR6 counter conti ny
4 TMR6 STS|RW|stops. wor Kk
0:Continue to work
1: Stop working
7 : Reserved
Conf iTgiumeer 4 Wor k Status When
Whet her TMR4 counter conti ny
8 TMR4 STS|RW|stops. wor Kk

0:Continue to work
1: Stop working
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Fie Na me R/ V Description
9 Reserved
10 R/ VfConfigure RTC Work Status WH
Whet her RTC counter continuse€g
RTC_STS stops. wor k
0:Continue to work
1: Stop working

11 Reserved

Configure I ndependent Watchd
St o.ps

12 | WDT_STS|RW |Whether | WDT continues to wd
0:Continue to work

1: Stop working

31: 1 Reserved

1164 Debug MCU APB2gfiseere(DBGMCU_APB2F)
Address: 0x4001 580C
Reset val WO:@ WOxaDfof0oeOct ed by system reset)
't onl y sbuptp oarctcse s3s2
This register is used to configure MCU durin
I nvadARPB peripheral
., Freeze the timer counter
This regdett easyimchreonously by POR (not reset
written by the debugger through system reset

Fiel Name R/ V Description

10: ( Reserved

Configure TMR1 Work Status

Whet her TMR1 counter ctonet icnoy
11 TMR1_STS|R/ Vstops

0:Continue to work
1: Stop working

15: 1 Reserved

Configure TMR7 Work Status 'V
Whet her TMR7 counter conti ny
16 TMR7 STS| R/ Vstops

0:Continue to work
1: Stop working

Conf iTgMIR eWor k St atus When Co

Whet her TMR8 counter conti ny
17 TMR8 _STS/ R/ Vstops. wor k

0:Continue to work
1: Stop working

31:1 Reserved
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12  General -Purpose/Alternate Function /O Pin

(GPIO/AFIO)
121 Ful | Name and DAebsbcrreivpitaitoinonof Ter ms
Tab3 ®ul | Names and Abbreviations of Ter
Full Name Abbreviati
Pchannel Met al Oxi de Semi ¢ P-MOS
N-channel Met al Oxi de Semi N-MO S

122 MaiGharacteristics

The GPI O pocrotnsf icgaunr ebde f or t he f ol-bliotwi ng funct
configurati &Pl OegMODEr 8§ GPI Ox _OMODE [/ GPI Ox _
GPI Ox _PUPD) #H®md ©Wwd a32egisters (GPI Ox _1 DATA

(1) Input mode

Fl oating input
Pu-up i nput
Pudbwn i nput

B

B

(2) Output mode
Puspiul | out put
Opedirain output
Configurable maxi mum output rate

(3) Multiplexing mode
Puspul | mul tiplexing function
Opedirain multiplexing function

B

B

(4) Analog mode
(5) GPIO can be used as external interrupt/wakeup line

(6) Support locking 1/0 configuration function
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123 StrucBluordegk agr am

Fi gaeEPI O

Write Bit set/clear
register

Structure

Bl

Vopiox

—
—

Output data
i register
(Readwrite 9 | oup
From on Chip Multiplexing function output control
peripheral
Read Input data ) .
register Filter function 1
Multiplexing
To on-chip function input TTL schmitt
peripheral power trigger

control and EINT

‘Analog input/output

Vss

ock

\

Note: Theoretically, whether the input signal is filtered does not affect the GPIO functions.

Di agram

Push pull, open -
drain, disable
oS

VDDIO><

PULL
UpP

|
1/0 pin

PULL
DOWN

124 FunctiDesalki pti on
Each pin of GPI O camnmupbe-dpouatnfi guoati ag podl an
i nput , -paurl Ipdosgem out put and iipnlpeuxti nngo dfeu nacntdi omm
by software. Al GPI O interfaces have extern
1241 1 O status during reset and ust after r
During and just after GPI O reset, i f the mul
I/ O port wild.l be oanf i mpured as floating in
After reset, the -dpbagwlwimi stias eiin AF pul |
PA14: SWCLKp imogall
PA13: SWDI-dowm npoud€d
1242 I nput mode
I n input GRddan bbkeconf tugur-dpdmeds pubbting, or
analog input. The filter function can be opt
Theoretically, whether the input signal is f
operation of the GPI O.
When GPI O ied @enfiingwt mode, al GPI O pins ha
pultp andopuwml| Iresi stor, whidhscannbetadtivated
Pudulp, -¢goawh, and fl oating modes
I n fupul-dpouwn, fl oating) input mode
., Schmitt trigger i s enabled
www. geehy. com Pag&O07



Di sable @®@utput buff

By confi guwuipn gldwoitwhne rpewglilst er GPI Ox _PUPD,

whet her t-wp/uwelwlpult esi stor

The input data register GPI Ox_I| DATA capt

each AHB clock cycl e.

Read |/ O state by the input data registe
TR initial l evel state of the floating input
di sturbed by the outside; when connecting th

the external input | evel (except for the

The initial luevddlovent aitnep uotf npoudielp ,i sarhd glhow fi fp

pudidbwn; when connecting the equipment, it

i nput |l evel and | oad i mpedance.

FigadBe O Structure in I nput Mode

VDDlOX

Read Input data Filter \ \
register function

TTL schmitt
trigger

1/0 pin

5\ AN

1243 Out put mode

I n the output mode;puiltl oan phir adend cogt gouts.h

When GPI O is configured as the output pin,
configured and the ocpulplutdaopdamty ebenosiel d ptues dh.

I n output mode
Schmitt trigger is enabled
Activate output buffer

By confi guwuipnh gdwitwhne rpewlilst er GPI Ox PUPD,

whet her t-wp/ugwelwlputlt esi stor
Puspiul | mo d e :

i s

t

- Doubl e MOS transi storouwtopkts dat & urrengi st

can control the high and | ow | evel

- Read the finally written value through

GPI Ox _ODATA

Opedrain mode:

- Onl YWO® works, and the output dat a
out putr ersii gt amae | otwatl e v el

www. geehy. com Pag#&08
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Write Bit set/clear — — opendrain,
register Output data disable

The input d&PtlaOkrDeAgTIAstcampt ures t he dat a

in each AHB clock cycle

Read the actual I/ O state through the

GPl OKDATA

Figda®e O Structure in Output Mode

Vbbiox

Pushpull,  Vppiox

i register
Readwrite o] Output -
From onchip  Multiplexing function output control _
peripheral 1/0 pin

1244 Mul ti pl exing mode

In multiplexing

mul tiplexing.

I n ppuwslhl fddoappem mul ti pl exing mode:

5

5

5

Enabl e the output buffer

OQut put buffer is driven by peripheral
Activate Schmitt trigger input

By €oguringptf{ pelwnulrlegi ster GPI Ox _PUPD,
whet her t-wp/ugwlwlpul esi stor

The data on the | /O pin is sampled in
stored in the port input status regist
Read the actual I/ O state through the

GPI Ox _| DATA

Fig2aOe O Structure in Multiplexing Mo

Vbbiox  Push pull, Vbbiox

open drain,
p. mo4gisable T

—

Multiplexing function output N Output
g control
‘ PULL
L]
1/0 pin
PULL
| | . DOWN
Multiplexing function input Eilter
< function
TTL schmitt
trigger Vss
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1245 Anal og mode
I n analog function mode:
Di sabl e output buffer
The inputtof g§ehmiwst di sabl ed, and the oL
Schmitt trigger is forced to be O
Weak -ppuldndlopvml Iresi st ors are disabled

Read the val deataefgitshteeri nnpputbe 0
Fig@rdenal og Function 1 /O Port Structure
VDD
Analog input/output
< g Inp p > ]
1/0O pin

1246 Ext er nal

Al l GPI O ports
interrupt 1

1247 1/ O data bit
GPI O port s
bit of the

set/ reset r

et/
out

egi

Wr i ti
regi
oper
corr
Set)
whi l
corres

ng 0 to
ster. BSy
ation of
esponding
field of
setting

ponding

0]

When u
necess

t he
to d

sing
ary

1248 Mul ti pl exi ng

Mul tiplexer

www. geehy. com

ne

anywiblilt
and
BSy

.

S

I n tuepr rlu pnte/ wak e

external
port mu s t

have
, t he

interrupt funct
be configured

processing

reset
put
ster

regesfieeseGPbPrrBSCpPnaflhb
data register (GPI Ox_ODATA

is double the valid dat a

nion @HIfGexctBIthe value of

bits of GPI Ox_BSC are
has the priority. The G
bits in the GPFINOxt hGDABTR ( Rigti st
GPI Ox _BSC sets the correspondi
a bit in the BC (Bit Clear) fi
bit in GPI Ox_ODATA.

BCy
bit

set or
i sabl e

reset acsteaeis, metc hiasmi s on
interr@pltex vOBABA.ft war e

function and remapping

Pag&lo0



The multiplexer is used to connect the |1 /0O p
embedded peripheral mo datth@n e aantd tihe caame ntl iym

Each I/ O pin is equipped with a multiplexer.
mul tiplexing inputsy7( ARIB)Ii mnnipadcts,i whaisds aup
configured by GPI Ox_ALFL and GPI Ox_ALFH regi
al |l pin ports are connected to AFO.

Remapping

Each peripheral has multiple multiplexing fu
function input can be selected for a pin, so
peripheral can be mappetdhd omwltthieg| d XiOn @i fnsnc
signal can be reassigned to a pin address.

The pin multiplexing function and the remapp
t hpg mul ti plisieximgthe Datasheet.

I /O multiplexing configuration

When |/ G opnonretctiesd to the peripheral mul ti pl ex
debugging needs to be done:

After reset, the pin is configured with
I/ O port is configured as input, output
The |/ O port is connected to the defined
Configureppmmlwhulalnd out put speed
Configure I/ O as multiplexing function i

B

When the |1/ 0O port is configured with multipl
mode is as foll ows:
Enabl e the output buffer
OQut put buffeeriphdraven by p
Activate Schmitt trigger input
By confi guwuipnh gdwiwhne rpewlilst er GPI Ox PUPD,
whet her t-wp/ugwelwlputlt esi stor

The data on the | /O pin is sampled in ea
stored in the port input status register
Reatdhe actual I/ O state through the inpu

GPI Ox _I| DATA

The multiplexing mode | /O structure is shown

www. geehy. com Pagell



Figalde O Structure in Multiplexing Mode
Vboiox ~ Push pull, Voo
open drain, o
ﬁ p. Mo&isable T

Multiplexing function output N Output
e control
PULL
]
1/0 pin
PULL
N o DOWN
AMuItlpIexmg function input Filter
N function ) L
TTL schmitt
trigger Vs
1249 GP1 O |l ocking function
Theocking mechanism of GPI O can protect the
Write sequence (specific) to GPI Ox_LOCK regi
register of Port A and Port B. I f you want t

specific writelr

I / O configuratio
When a port bit
cannot be modi fi

Each GPI Ox_LOCK
(GPI Ox _MODE, GPI
GPI Ox _AFRL, and

badtsagsenteéeedhoul d

|l ocked
t he
t he

n can be
executes
ed before

configuri
ng program
reset .

by
| oc ki
next

bit firrege zkeist st hien ctolre ecsgrotnrdo |
Ox _OMODE, GPI Ox_OSSEL, GPI Ox
GPI Ox _AFRH) .

The LOCK sequence (Lock RegB3tes €GRFOguLeadk
for the GPI O Port) must be plirfosmedes hel usi
GPI Ox _LOCK register. This is because Bit 16
must be set simultaneousl!ly.

12410HSECLK pin served as GPI O
Enable or disable HSECLK RC oscillator via c
RCM_CTRL1 and RCM_BDCTRL registers.
When HSECOa&ciRICIl ator is enabl ed, the oscill at
and the related pins are unrelated to GPI O c
oscill ator i s disabl ed, the related oscill at

www. geehy. com
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125 Regi Add

reMasppi ng

Tab4 @PI O Regi ster Address Mapping
Register na Description Of f set ad
GPIlI Ox _ MODE Port mode regis 0x00
GPI Ox _OMODE Port output mode 0x04
GPIl Ox _OSSEL Poowutput drive cap 0x08
GPIlI Ox _PUPD Popu-tp/ @mwlwin regi s ox0C
GPI Ox _| DATA Port bit input dg 0x10
GPIl Ox _ ODATA Port bidtatroagiputter O0x14
GPIlI Ox _BSC Port set/reset 0x18
GPI Ox _LOCK Port |l ock regig O0x1C
GPI Ox _ALFL Port multiplleo®bmng e 0x20
GPI Ox _ALFH Port mul ti-ghhietxi meagih 0x 24
GPI Ox _BR Port reset regi 0x28
GPI Ox _FI1 LTER| Filter Enabl e Rg¢g 0x30

126 Regi Ftiect i @ensaclr i pti on
126.1 Port mode register KDBPI BX_ MODE) (x=A
Of faddress: 0x00
Reset valueOf Ox2BO®I0Ot 0RO
Ox000@fOOO0OOther ports
Fi e Name R/ W Description
Configure Port IX1%)n y Mode (y-=¢(
00: Il nput mode (state after rese
31:|MODEy[ | R/ W01: General out put mode
10: Multiplexing function mode
11: Anal og mode
126.2 Port out put mode registébD, (6FPI Ox_ OMODE)
Of fset address: 0x04
Reset value: 0x0000 00O0O
Fie Name | R/ V Description
Configure Port x PFr&a5y Output Mod
15: | OMODE|R/ V|0O: Ppuwslhl output (reset state)
l1Opedirain output
31: ] Reserved
www. geehy. com Pagel3



1263 Port output drive capabiilty Dhbedi)ster (
Of fset address: 0x08
Reset value: 0x0CO0O 0000 for Port A
Ox0000 0000 for other ports

Fie Name R/ V Description

Sel ect PoQutt pxutPiShpeyebd (y =0

00: Low speed, | ow drive capabil
01: Mi ddl e speed, |l ow drive capab
31:|OSSELY][ R/ YV . . .
10: Low speed, high drive capabi
11: High speed, high drive capab

The speed and drive of I /O port

1264 Porpudulp/ pdudwn regi ster (GRIDOx FRUPD) (x=A
Of fset address: 0xO0C
Reset value: 0x2400 0000 for Port A
Ox0000 0000 for other ports

Fie Name | R/ V Description

Configure Po-up/ RIwPBMnn I(Yy5pu l |

These bitsbwpreofwrwartent-wp /cmuwlivihg o
port bit

31:|PUPDY[|R/VMOO: -wPu/l Hwlwn i s disabl ed

01: Pul I up
10: Pul I down
11: Reserved

1265 Port i nput data registéer, (FGPI Ox | DATA)
Of fset address: 0x10

Reset val ue: Ox0000 XXXX

Fi ell Namel R/ W Description
PoxPin y I npdtls5Data (y=0
15: (1 DAT| R These bits can only be read to st
correspondi.ng |1/ O ports
31: 1 Reserved

1266 Port output data regi stleh, (FQGPI Ox _ODATA)
Of fset addr ess: O0x14
Reset @x0@@0 0000

Fiel Name|lR/ YV Description

Port x Pin y Oabput Data (y=0

15 - ODATAR/VRead and write operations.can be p

For atomic bit settibrig/ aclamarbieng,ett
writing to GPI Ox_BSC. or GPI Ox_BR r

31: 1 Reserved

1267 Port set/reset regisltlyr EXGPI Ox_BSC) (x-=
Of fset address: 0x18
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Reset value: 0x0000 00O0O
Fi el]NamgR/ V Description
Port x Pin lyl5et Bit (y=0
These bits can only be written, and
. reading these bits.
1o+ BSyp W These bits are used to affect the c
0: No effect
1: Set the corresponding ODATAyYy bit
Port x Pin ylRe)set Bit (y=0
Thess BbBian only be written, and the
reading these bits.
31:| BCy| W |These bits are used to affect the ¢
0: No effect
1: Clear corresponding ODATAyY bit
| fSyBbi tCyanbd tB are set &yhatsh et hsea nper ito
126.8 Port | ock register \R) GPI Ox _LOCK) (x=A
This register protects the configuration of
during the running of the program. I f the GP
modi fied again, it canhbeesyodeéemi esl oasgt af We
configuring GPI O locking function, it is nec
sequence to the register to enable the GPI O
Of fset address: 0x1C
Reset value: 0x0000 00O0O
Fie Name | R/ V Description
Configure Port(weE®Psn y Lock Bit
0: The configuration of Port x P
15:| LOCKy/R/M1: The configuration of Port x P
These bits can be read and writt
LOCKKEY=0.

www. geehy. com
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Fie Name | R/ V Description

Lock Key

Thi sdebtietr mi nes whether the port c¢
activated

0: Not activated

1: Activate; GPIOx_LOCK rewdWbese
generated.

Lock key write sequence:
Write LOCK[16] =1+LOCK[ 15: 0]
Write LOCK[16]=0+LOCK[15: 0]
Writ€KLD6]=1+LOCK[ 15: 0]

16 | LOCKKER/V Read LOCK

Read LOCK[16] =1 (this read oper

whet her to activate the | ock key
Not e:
The value of LOCKy cannot be ch
operation | ock key.
Any error in the wrior Isegkiekhey
l ock.
After the first |l ock sequence o
on the LOCKKEY bit wildl return
peripheral is reset.
31: ] Reserved

1269 Pomtuul ti pl exing fHunctriegn sitew &§ GPI Ox _ALF
(x+mD, F)

Of fset address: 0x20

Reset value: Ox0000 OOOO

Fie|l Name|R/V Description

Select the alternate fUnctf{iPomtofk P
Mul t i pHuenxci igb e ct )

These bits can be read by software
the port.

ALFSELY selection:
O0OO0OARAFO

000 AF1

0O01®RAF2

0O01AFS3

0O010RAF4

010 AF5

0O011AF6

011AF7

1xXxX: Reserved

31:|ALFSE|R/YV

126.10Pomtul t i pl exi ng fluintctr eqi shtiddyrk HEGP 1 Ox _
(x+ &)

Of fset address: 0x24

Reset value: Ox0000 OOOO
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Fie|l Name|R/V Description
Port xMuRitn pHuenxcitnigon &dl5¢ct (y=8
These bits can be read by software
the port.
ALFSELY selection:
O0OO0O®FO
000 AF1
31:|ALFSE|/R/V OO0O1®F2
O01AFS3
O10®RF4
010 AFS5
011RAF6®6
O11RAF7
1xXX: Reserved
126.11Port reset registedrD,( GBI Ox _BR)
Of fset address: 0x28
Reset value: 0x0000 00O0O0
Fi elNamgR/V Description
Confi gurPei nPoyr tRexslest) (y =0
These bits can only be written, and
15| BR W these bits.
' y These bits are used to affect the co
0: No effect
1: Clear corresponding ODATAyY bit
31: Reserved
126.12Fi | t er enabl d& Oxe ¢-il LITER _IEBR (FY= A
Of fset address: 0x30
Reset value: 0x0000 00O0O
Fie Name R/ V Description
Enabl e Port x IRi59) y Filter (y=0
15:|FILTER_|R/ VO: Di sable 10O filter
1: Enable 1O filter
31: Reserved

www. geehy. com
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13  Timer Overview

131 Ful | Nambbawragi ati on Description o

Tab4®ull Names and Abbreviations of Ter
Full Name Abbreviation

Ti mer T MR

Updat e U

Request R

Event EV

Capture C

Compare C

Length LEN

132 Ti m€at egor Maialmd f er ence

This semrioelsicdefs contains three types of ti mer
purpose timer and basic timer (watchdog ti me

The advanced timer incl uglerspdde tfiumern i amd bd:
timer. The advancapt durnenecommar ¢ oaalrannel s, suj
function, input capture and output compare f

compl ementary outputbiftuncdtmeoan,t haantd ciasn a oluéent

The functi oepnuropfo sgee nteirmaelr i s si mpl merthan that
The main differences are the total number of
compl ementary output channel groups and the
The basic timer is a timer that can only rea

interface.

The main difmeesemnanesd uadfedtiin the products are

bel ow:
TabdMMain Differences among Timers I ncluded
Speci fi|l]Advancd Gene-pafFpos ) )
It em Basic ti mg
content/ C ti meil ti mer
Name i TMR1 [ TMR? TMR3JTMR4TMREgTMR] TMRS
Ti meb Counter 16 bits 16 bit 16 bi
unit Prescal 16 bits 16 bitf 16 bi
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Speci fi|lAdvangd Gene-pafkpos ) )
I'tem ) ) Basic ti mg
content/ C ti mel ti mer
UupP
Count md Down UP UP
Centadri gned
Il nput <ch 4 0 0
Capture [/
7 4 0 0
Chann channel
Compl e me |
3 0 0 0
output c
Generate
Yes Yes N o
request
PWM mod ¢ Yes N o N o
Singluése
Yes Yes Yes
Funct mode
Forced o
Yes N o N o
mo d e
Dead zo
_ _ Yes No No No
insert.i
Ti mer Ter ms
Tab4®efinitions and Terms of
Name Description

TMRx _ETR

External trigger si

TMRXx _CH1, TMRx_CH2,
TMRxXx _CH4

Channel 1/ 2/ 3/ 4 of

T MR x HYCN Compl ementary Output (
TMRx _BKI N Braking signal of
Tabd44efinitions and Terms of 1| n
Na me Description

ETR TMRx _ETR external tridg
ETRF External trigger fi
ETRP External trigger pr €

I TRETRO TR1 I nternal trigger
TRGI Clock/ Trigger/ Sl ave mode
TI F_ED Ti mer input filter ed
www. geehy. com Pageéel

Pins

ternal

9

Si



Name Description
CK_PSC Prescaler clock
CK_CNT Counter clock
PSC Prescaler
CNT Counter
AUTORLD Aut ol oad register
TIEXTI 1 Ti mer input
TIXFI 1F Timer input filter
TI'1_ED Ti mer input edge det
Ti x FPx, TI 1FP Ti mer input filter
ICx , | C1 Il nput capture
Il CXx'PISC1PS l nput capture presc
TRC Trigger capture
BRK Braking signal
Ti mer output compare

Oc x, OC1

reference

OCx REF, OC1REH Out gwtmpar e
TGI Trigger interrupt
Bl Braking interrupt
CCcxlIiCcC1l Capture/ Compare inte
UEV Update event
Ul FLG Update interrupt f

www. geehy. com
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14  Advanced Timer (TMR1)

141 I ntroducti on

The advanced timer TMR1 takes the time base

functions of input capture, outputhicompare a
aut oload counter. Compared with other timers
compl ementary ouwtpaind pe p@a é@dimanbsdeer t i on

function, and is more suitable for motor con

142 MaiGharacteristics

(1) Timebase unit

Count ebri:t 1c6o u n-tt pr , edooomnh taenna é i gne d
count

Prescaiden: pt®grammabl e prescaler
Repecaotunt eébriit rGpeat counter
Autorel oad functi on

B

B
B

B

(2) Clock source selection

I nternal <c¢cl ock
External i nput
External trigger
I nternal trigger

(3) Input capture function
., Counting function

., PWM input mode (measurement of pulse wid
cycl e)
Encoder interface mode

B

(4) Output compare function
PWM output mode
Forced output mode
Singplué se mode
Compl ement ary obuatnpdns eahdodead

(5) Timing function
(6) Braking function

(7) Master/Slave mode controller of timer
Ti mers can be synchronized and cascaded
Support multiple slave modes and synchro

5

5

(8) Interrupt output and DMA request event
Update event (counter overrun/underrun,
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, Trigger event (counter start, stop, inte
Capture/ Compare event
Braki nagl siingpnut event

5

143 StrucBluordegk agr am

Fig@BleMR1 Structure Block Diagram

Clock failure event
TMRX_BKI BR |
TMRx_CH
TMRX CHE:'—TI4> TixFP A 4 ]
- g ICx IcxPs . [Channel x Capture/| i outp
Filter X | TIxFP4 Prescaler comparison H DTS control
edge detector - » register TMRx CH
Tl X TRG
TMRx_CHBJ Sy T TMRx_CH
|
|
I
|
TMRx_CHE ] T2, TIXEP ‘ ’ o
i 7 TMRx_CH
Filter x ICx ICxPS , [Channel x Capture/ —
edge TIXFP! comparison OCx VEFDTS» Outpult
detector x R register control |OCxN-- TMRx_CH
TMRx_CHL ] » [T TRG
L Repeat
XO counter ETRF
7'y
Auto reload CNT
register e m—T Counter
ITRO————»| TIlF‘E; CK_CNT
ITRI——b —IRC
F——
ITR2Z—> ITR TILFP
TI2FP Encoder
ITRZ——> mode
Edge External CK_PSC PSC
ETR ETRP . ETRE TR clock >
TMRx_ETR. TZ:CCa?e'r Input filter mode 1 Prescaler
1FP1 External
—ETRE  clock
TI2FP2 mode2 TRGO >
Other timer /
Internal
Internal clock CK_INT ';ggg ADC
m

144 FunctiDesalki pti on

1441 Cl ock source selection

The advanced ti mer has four cl ock sources:

Il nternal cl ock
It is TMR1_CLK from RCM, namely the driving
sl ave mode controll er i s disabl ed, the c¢cl ock

driven by the internal clock CK_I NT.

External clock mode 1
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The input channel s Ttlslel2f/ 3gedn efrraotme tthrei ggemers i

polarity selection and filtering, which are
controller to control the operation of the ¢
channel 1 is processed thr ougeh thootnh, rainsdi ntgh ea
resulting pulse signals are |l ogically OR to

known as the-edbE_E®DWMabnput can only be provi
through the TI1 or TI2 inputs.

External clock mode 2

After pol arity seslieocnt iaonnd, ffirletgeureinncgy, dtihvei si gr

trigger interface (ETR) is connected to the

input selector to control the work of the co
I nternal trigger input

The timer is set to workouncelasetmedeut pntd

of other timers. At this time, the c¢clock sou

synchronization or cascading between timers

ti mer can reset, start, stop or provide cloc

14.4.2

Ti meshea uni t

The timebase unit in the advanced timer cont
Counter register (CNT) 16 bits
Autoreload register (AUTORLD) 16 bits
Prescaler (PSC) 16 bits

Repetition count register (REPCNT) 8 bit

Counter CNT

There are three cowmt emodes tfther atdlveanced ti me
Cou-np mode
Cou-dbwn mode
Centadri gned mode

Couqutp mode

WWwWWw.

Set to tultpe moadwentoy configuring CNTDIR bit of
(TMR1 _CTRL1) .

When the counttprmbdejntbeuabunteeveviyl count
time a pulse is generated, the counter wildl

the counter (TMR1 _CNT) is equal to the value
(TMR1 AUTORLD), the counter will-uptart to co
overrun event winldl tbhee gveanl eureatoefd,t he auto relc
(TMR1 _AUTORLD) is written in advance.
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When the counter overruns, an update event
repeat count shadow register, the auto rel
buffer wil lhebeupdatae eedv.enft can be di sabl ed

of control register TMR1_CTRL1.

The figure below is t-bp mobthenwhdnaghemdo®i sbD

factor :is 1 or 2

Fig2dleé mi ng Di agrugm Mofd eComwmhretn Di vi si on Factor

CK_Pscmffffiiiiiiiiii
CNT_EN—‘

PSC=1
CKenNT—— L e b

Counter register

Counter overrun

Update event

P2 L T

\/ \/ \ / \/
: X \ 0003
Counter register 0024 |/ 0025 [ o026 [ 0000 f 0001 0002

Counter overrun

Update event

Couqtown mode

Set to tdmevnc anordte by configuring CNTDIR bi
(TMR1 _CTRL1) .

When the countlewni modae, countwi dowat &r omt 6t heou

value of the auto reload (TMR1_ AUTORLD) ;
the counter wildl decrease by 1 and when i

count again from (TMR1_ _AUTORWID)oveeaonwheévVent
wi || be¢é egenaeama the value of the auto reload

in advance.

When the counter overruns, an update event
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I

repeat count shadow register, the auto reloa
buffer wieldl. bleheupudgatate event can be di sabl ed
bit of the TMR1_CTRL1 register.

Fi g@bled mi ng Di agrdaomvno fMoQloeu mthen Di vi si on Factor
CNT_EN—‘
CK_CNT——

Counter register 06'/ 05 ,‘ 04 " 03 " 02 " o \r{ 0 { 2 \‘ 25 \" 24 \‘ 2 " 22 |

Counter overrun

Update event

PSC=2 L T
CK_CNT

\ /,’ \\ // \\ J \\ // \\ / \ //
Counter register 0002 |} 0001 /\/\ 0000 \,x’\ 0026 /\/\ 0025 \/ 0024 ) 0023 \/\
"\ /\ / [\ \ / / \\

Counter overrun

Update event

Centaelri gned mode
Set to tébphednmede by configuring CNTDIR bit
(TMR1 _CTRL1) .
When the countadri gine di moadent earthe counter count
when it reaches the value of auto reload (TM
0O from the val uk (0TMRI eAlWTUQRL D)e,l ovahi ch wi | |
counting up, when the cbluntarc ovwidtuer iev g rArUaro
will be generated; in counting down, when th
underrun event will be generated.

www. geehy. com
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Fi g2ele mi ng

CK_PSC[L(L

Di agr-Almi

priedceMdaee when Division Fac

CNLEN———J

PSC=1

Counter register

Counter underrun

Counter overrun

Update event

PSC=2
CK_CNT

/

\ \

. I X

Counter register 0003 A 0002 / \
/A \

/
0000 ) 0001 \/ 0002
I\ \ \ /
/

Counter overrun

Update event

Repeat counter REPCNT
There is no repeat count efp uRBPRGCGNT tiimMmetrhe whas
means that when an overraancwewvenitnotrhenderrun
basic/ ganerosle ti mer, an update event will be
the advanced timer, because of the existence
overrun/unerrrun event occurs to the advance
geneéeed only when the value of the repeat <cou
For exampl e, i f the advanced ti mer needs to
overrun/underrun event occur s, the value of
0.
I f the repeat counteercofupnnmoden esvewpedi ma th
counter counts up to AUTORLD, an overrun eve
value of the repeat counter wil/l decrease by
generated when the value of the repeat count
That i s, (wWhdms N+l value of repeat counter) o
occur, an update event wil/l be generated.

www. geehy. com
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Figafife mi ng Di agruagm Mofd eComwhretn Se

tting

CKCNT

Counter

P

f

overrun

Update
event

Pr

14.4.3

I n

escal er PSC

The preasscalléerbits and programmabl e,

frequency of the counter to any
register), and after frequency

I nput capture

put capture channel

REPCNT=

and it c a
val ue

wi t hin

division, the
count. The prescaleanhhses ehbadnfgédrduwhnghrunn

The advanced timer has four independent capt
which is surrounded by a capture/ compare reg

I n the input capture, the measu
T1/ 2/ 3/4 of the timer, first pa

then enter the capture channel s.

capture regiestapt uWremctchur s, th
| atched in the capture register

ti me.

|l nput capture application

WWwWWw.

l nput ecdapt wrsed to capture exter
indicate the occurrence time of
events (measure the frequency o

geehy. com

red signal wi
ss through th

e val
CCx.

Each
ue of
Befor
signal will pass through the prescaler to

captur

w o ~
® >

nal events, a
the event an
r pul se width
edge appears on thleCCnpuegpishertiwel TMRaptur e
value of the counter and the CCxIFLG bit of
be set to 1; if CCxIEN=1, an interrupt wil!/l
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I n capture mode, the timing, frequency, cycl
be measured. I n the input capture mode, the e
detection. When the rising edge appears on t
capture occurs, at this time, the value of t
capture regiasteéeheC€ame time, it wildl enter t
capture will be recorded in the interrupt se
recorded. When the next rising edge is detec
value of counter i @GNT awitlulr ebe elgatscleed CCx agai
it owi I enter the capture interrupt again; r
the cycle of this pulse signal wil.l be obt ai

1444 Out put compare
There are eight modes of eutpuiscompadelevVelk
mat ching, channel x is invalid | evel when ma
val i d, PWM mode 1 and PWM mode 2, which are
TMR1 _CCMx register and can control the wavef
compare mode.

Output compare application

I n the output compare mode, the position, po
pul se generated by the timer can be controll
When the value of the counter is equal to th
the mélanout put can be set as high Il evel, | ow
OCxMOD bit in TMR1_CCMx register and the CCx
TMR1 _CCEN register.
When CCxI|I FLG=1 in TMR1_STS register, if CCxlI
an intédedr bt gweiner at ed; if CCDSEL=1 in TMR1l_C
request wil/l be generated.

1445 PWM out put mode
PWM mode is pulse signal that can be adjuste
The pul se width of the signal is determi ned
CCx, and the cycle is determined by the valu
PWM out put mode contains PWM mode 1 and PWM
PWM mode 2 are d{uwi deddowimb taon dc ceudngge al i gnment
counting; in PWM modthe Touinfterh& NWal sel @fss th
of the compare register CCx, the output | eve
invalid.
Set the timing diagram in PWM Mode 1 when CC
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Fig@a8e mi ng Diagram-wod NMoMM1 Count

| |
| : |
|
AUTORLD- —————— F-————————- e o i - -
|
! |

OCXREF

Fig@2®e mi ng Diagram-bdwrP WWddeount

OCXREF

Fi g@80led mi ng Diagram -Af i BwhMiEl ®Nedeer

OCXREF— —
| | | | I |
i | ! ! | | | |
In PWM mode 2, if the value of the counter C
register CCx, the output Il evel will be inval

Set the timing diagram in PWM Mode 2 when CC
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Fig@dle mi ng Diagram-wod NWOMME Count

OCXREF

Figd&2lee mi ng Diagram-bdwrP W¥Rd e€ount

OCXREF

Fi g@8ed mi ng Diagram -Af i BWME WNedeer

OCxREF

14.4.6

WWwWWw.

PWM i nput mode
PWM i nput mode is a particular case of input

In PWM input mode, as only TI1FP1 and TI 1FP2
mode controller, inpyttbaoubé peefohmedebs T
and TMR1_CH2, which need to occupy the captu
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In the PWM input mode, the PWM signal enters

signal wil!l be divided into two channels, on
ot hcean measure the duty cycl e. I n the confi gt
the polarity of one channel , and the other w

the opposite polarity.

I n this mode, the sl ave mode cont roadlel er shou
(SMFSEL bit in TMR1_SMCTRL register)

Fig@dleé mi ng Diagram in PWM I nput Mode

TI1

\ / /
\ / \ /

TMRx_CNT 0005 0000 K 0001 /\X\ 0002 /X/\ 00%3 /X\ 0004 /;xf\ 0005 /)x\ 0000 )

TMRx_CC1 (003

TMRx_CC2 0005

IC1 capture IC2 capture IC1 capture
IC2 capture Pulse width Period
Counter reset The value is latched in The value is latched in
TMRx_CC1 TMRx_CC2

1447 Si nelud se mode

The spunhse mode is a speci al case of timer ¢
speci al c acsuet pout PriveMd e .

Set SPMEN bit of TMR1_CTRL1 -papgsstempbdeand se
After the counter is started, a certain numb
update event occurs. When an update event oc
counting, sabdeghent PWM waveform output wild.l

After a certain controllable delay, a pul se
generatedplilnssimgde t hrough the program. The
by the value of TMRdo @& medede,s ttere denl ayh et i me
CCx and the pulseC@ikxdthnisbAdTORIE , the del a
time i s ZLZCKORWB the pulse width is CCx.
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Fi g@ble mi ng Di agrPaut soef Moidneg | e

AUTORLD- — — _l_
CCx  ———t————-
|
|
|
|
|
|
<—t PULSE9: t DELAY

OCXREF

|
OCx

1448 | mpacof the register on output wavefornm

The foll owing registers will affect the | eve
details, refer to "Register Functional Descr

(1) CCxEN and CCxNEN bits in TMR1_CCEN register
CCxNEN=0 and CCXEN=0:edhé¢é¢ootupptutdi sadi &a

B

inval i d)
, CCxNEN=1 and CCxEN=1: The output is enab
nor mal out put)

(2) MOEN bitin TMR1_BDT register
MOEN=0: |l dl e mode
MOEN=1: Run mode

(3) OCxOIS and OCxNOIS bits in TMR1_CTRL?2 register

OCx Ol S=0 and=o0QCxWh&InsS i dl e ( MOEN=0), the
after ®Hhedde®rd

OCx Ol S=1 and OCxNOI S=1: When idle ( MOEN-Z=
after ®Hhleddelad

B

5

(4) RMOS bitin TMR1_BDT register
Application environment of RMOS: I n corr
channel and timer run mode (MOEN=1), the
(CCXxEN=0, CCxNEN=0) or is working (CCxEN

(5) IMOS bitin TMR1_BDT register

Application environment of | MOS: I n idl e
compl ementary channel ainnde rt iinse rn o tMOWNEANr=Kk0i )
(CCxEN=0, CCxNEN=0) or is working (CCxEN

5

(6) CCxPOL and CCxNPOL bits of TMR1_CCEN register
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, CCxPOL=0 and CCxNPOL=0: Outopu
CCxPOL=1 and CCxNPOL=1: Outpu
The folilgouwieng ifsts the register
out put waveform
Fig@83BReegi ster Structur al
CCXEN/CCXNEN=1 Normal output
RMOS= .
{ CCXEN/CCXNEN=0 Off state/Invalid state (off state),
output level is controlled by polarity;
MOEN=1 output invalid level
run mode
CCXEN/CCXNEN=1 Normal output
RMOS=<§
- CCXEN/CCxXNEN=0  Qutput disable, output 0
Output disable, first output the invalid
— level in the dead zone (affected by the
IMOS1 COXEN/CCXNEN=1 polarity), and after it is received by
dead zone, output the idle level OIS
MOEN=0
idle mode
¢ CCXEN/CCXNEN=0
Output disable, first output O in the dead
- zone, and after it is received by dead zone,
IMOSOl CCXEN/COXNEN=1 output the idle level OSI
CCXEN/CCXNEN=0"
1449 Braking function
The signal sour cd aafl tbreavkeinng ainsd ceIxd ek nal i
Besi des, t he BRKEN bit in TMR1_ _BD
and the BRKPOL bit can configure
When a braking event occurs,
according to the state of the rel
www. geehy. com Pa

t polarity,
t polarity,

T
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Fi g@fer aki ng

Event

Ti

mi

ng

OCXREF———

Brake

OCx

CRPOL=0,0Cx0IS=0

OCx
C&POL=0,0Cx0IS=1

OCx

CRPOL=1,0Cx0IS=0

OCx

CXPOL=1,0Cx0IS=1

14410Compl ement ary dewtdppuatn deemrd i on

gener ate

TMRL i s

i nsertibamdgdewasled to

t hat twhaey tcwoomp |l ement ary
same ti che adbias ds et

the timer and its

The durati

TMR1_BDT register.

Fi g@8kompl ement ary

characteri

olma wcda nt hee dceand r ol

signal s
accor di nigc & oc darhmree cotuet cp utto d

stic

ed

Di

conft gnpeae ¢ swiotfh compl ement ary
compl ement ary

of channel

S .

by

agram

configurin

Obapdnts ewittihonDe a d

| | | ! | | | |
AUTORL‘B————:— N 1 __I ________ [ L A 1
CCx ——=——- H- o

|

| | | ! | | | |

| | | | | | | |

| | | | | | | |

| | | | | | | |

| | | | | | | |

: | | : | : | |
OCXREF ' ' [ o L

| | | ! | | | |

| | | | | | | |
0oCx e | ' ! ‘ |

| f [ I

| :Delaynme : \Delaytime : IDelaytlme : :Delaytime

| | | | | | | |

| | | | | | | |

| | | | 1 | N
OCXN |Delaytime | iDeIaytimeI iDeIaytimel i Delaytime,

| | | ! | | | |

I I I ! I ! I I
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14411Forced output mode

In the forced output mode, the comparison re

corresponding | evel is directly output accor
CCxSEL=00 for TMR1_CCMx register, set CC
OCxMOD=100/101CMxr rEdRt@r, set to force
signal to invalid/valid

I n this mode, the corresponding interrupt an
generated.

14412Encoder interface mode
The encoder interface mode is equivalent to
selecthenen¢odeér i nterface mode, the content

indicate the position of the encoder.

The method of selecting encoder interface is
Set the counter to coundoMor theneede of
count on theTédgesdoffl Boah the same ti me
SMFSEL bit of TMR1_SMCTRL register.
Select the polarity of TI1 and Tl 2 by se
CC2POL bits of TMR1_CCEN register.

Select to filter or not by setting the I
TMR1 CCM1 register.
Thewo input TI1 and TI2 can be used as the
encoder. The counter is driven by the effe
and TI2FP2 after filtering and edge select
The count pulse and dir ectoiradn ngi gmalt har & ng
signals of. TI'1l and TI 2
The counter wild/l count wup/down according
the input signal
Set CNTDIR of Control Regi-shkey TMR1 CTRL
(CNTDI'R wddllc bleatreed due to jumping of an

Thehange mechanism of counter count directio

Tab4®el ati onship between Count Direction a

. Count in b
Effective Count only Count only

and TI 2
Level ofsirge Hi gh Low Hi gh Low Hi gh Low

Ri sin Coun Coun
Count Count

Edge ; down down

TI 1F - |

Fal | i Coun Coun

Count Count
Edge down down
Ri sin Coun | Coun

Tl 2FH Count | Count
Edge down down
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) Count in b
Effective Count only Count only
and TI 2
Falli Coun Coun
Count Count
Edge down down
The external i ncremental encoder can be dire
needing external interface |l ogic, so the com
di fferential output of the encoder to digita
noiisret erference.
Among the foll:owing exampl es

I C1FP1 is mapped to TI1

| C2FP2 is mapped to TI 2

Neither | C1FP1 noirnvieG2tFiPlRg i s phase

The input signal is valid at the rising
Enabl e the counter

5

Fig@®eperation Instance of Counter in Enco

L I I

TI1

T2 | ’—\— L

Counter 4,—,—‘
For example, when TI1 is at | ow |l evel, and T
counter will count wup.
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FigdfEencoder I nterface Mode I nstance with |

] I N
e —| ] L]

Counter

For example, when TlI1 is at |l ow |l evel, and t
counter wil/ count down.

14.4.13S1 ave mode

TMR1 timer can synchronize external trigger
., Reset mode
Gagd mode

Trigger mode

B

SMFSEL bit in TMR1_SMCTRL register can be se

SMFSEL=100 set the reset mode, SMFSEL=101 se
SMFSEL=110 set the trigger mode.

I n the reset mode, when a trigger input even
wi || be initialized, and the rising edge of
reinitialize the counter and generate a sign

In the gat edhamdcke,oft idhe counter depends on t

selected input end. When the trigger input i
be enabled. Once the trigger input becomes |
be reset). The stuwntteranar e topntorfo ltlheed .c 0

I n the trigger mode, the enable of the count
selected input, the counter wil!/ be enabl ed
(but not be reset), and only the start of th

14414Ti menterconnecti on

Each ti mer of TMR1 can be connected with eac
synchronization or cascading between timers.
ti mer i n master mode and the other ti mer i n
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When the timer i s i netmassttearr tmo dset,o pi ta ncda np rroevs
source for the counter of the slave mode tim

Fi gddlda mer 1 Master/ Sl ave Mode I nstance
Master Slave
timer timer
TMR3Master modd TRGO | |TR1 _
controller T5=001
1RGO | 1TR? TMR1Slave mode
TMR4Master mode _ controller
controller TS=010
TMRMaster modg TRGO| ITRO _
controller TS=000
When the timers are interconnected:

., A timer can be used rasr eghiestperescal er of

, Start the other register by the enabl e s
, Start the other register by the update e
., Enabl e one timer to select another ti mer
., Two timers can be synchronized by an ext

14415l nt errupt and DMA request

Thei mer can generate an interrupt when an ev

., Update event (counter overrun/underrun,

., Trigger event (counter start, stop, inte
, Capture/ Compare event
, Braking signal input event.

Somient ernal interrupt events can generate DM

interfaces can enable or disable trigger DMA

14416Cl ear OCXREF signal when an external ev
This function is used for output compare and
I n one channelof tEW&RKRFhiiqlpulteyp®lrt will reduce

OCXxREF to |l ow |l evel, and the OCXCEN bit in c
TMR1 CCMx is set to 1, and OCxREF signal wi |
update event occurs.

Set TMR1 to PWM mode,ridggabl er ¢ebealat eramad d
external trigger mode 2; when ETRF input 1is

www. geehy. com Pag#&38



out put OCxREF signal is shown in the figure

Fi gdPCx REF Ti ming Diagram

ETRF

OCxREF

OCxCER

Set TMR1 tdePWWMi mable the external trigger p
external trigger mode 2; when ETRF input is
out put OCXREF signal is shown in the figure

Fi gdB8®CxREF Timing Diagram

ETRF

S |
145 Regi AtdreMasppi ng
I n the following table, all regi st-eirs of the

addressable (addressing) space.

Tab4d@&@ MR1 Regi ster Address Mapping

] ) ] Of f set
Register naq Description addres
TMR1_CTRL1 Control register 0x00
TMR1_CTRL2 Control register 0x04
TMR1_SMCTRL Sl ave mode control 0x08
TMR1_DI EN DMA/ I nterrupt enabl 0Ox0C
TMR1_STS Status register 0x10
TMR1_CEG Control event gener @ O0x14
TMR1_CCM1 Capture/ Compare mod e 0x18
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Register na Description Of fset

addres
TMR1_CCM2 Capture/ Compare mod e O0x1C
TMR1 _CCEN Capture/ Compare enal 0x20
TMR1_CNT Counter register 0x 24
TMR1_PSC Prescale registe 0x28
TMR1_AUTORL Auto reload regi g 0x2C
TMR1_REPCNT Repeat count regi 0x30
TMR1_CC1 Channel 1 capture/co 0x 34
TMR1_CC2 Channel 2 capture/co 0x38
TMR1_CC3 Channel 3 capture/co 0x3C
TMR1_CC4 Channel 4 capture/co 0x40
TMR1_BDT Br aki nge achbtdaengli st er 0x 44
TMR1_DCTRL DMA control regis 0x 48
TMR1_DMADDR DMA address register (¢ 0x4C

146 Regi Ftiect i @ensaclr i pti on

146.1 Contr ol Register 1 (TMR1_CTRL1)
Of fset address: 0x00
Reset value: 0x0000O0
Fie Name| R/ V Description
Counter Enabl e
0: Di sabl e
o | cCNTENR/ 1+ Enable
When the timer is configured as e
mo d e, it is required to write 1 't
when it is conf ingoudree,d iats ctahne wrriitgeg
Update Disabl e
Update event can cause AUTORLD, P
of update setting.
0: Enabl e update event (UEV)
1 ubD R/Vf An update event can occur in any
The coawmedgrerruns/ underruns;
Set UEG bit ;
Update generated by slave mode c(
1: Di sable update event
www. geehy. com Pag&40



Fie Name| R/ V Description
Update Request Source Select
| f interrupt or DMA i s enabl ed,
interrupt or DMA reegqesestst Pobufeesen
by this bit.
0O: The counter overruns or wunderr
2 URSSER/V Set UEG bit
Update generated by sl ave mode cd
(An update interrupt or DMA requ
events)
1: The counter overruns or underry
(Ampdate interrupt or DMA reques
Single Pulse Mode Enabl e
When an update event is generated,
changed; in this mode, the CNTEN
3 SPMENR/ V| st oepdp, and the subsequent output |
changed.
0: Disabl e
1: Enabl e
Counter Direction
This bi-dnliy wkan t he courtaeaiaéiigmedd
4 CNTDI|R/ Vfor encoder mode.
0: Count wup
1: Count down
Center Aligned Mode Select
I n ¢ é&evéi gmoede , the counter count g
ot her wi se, it owi || only count wup
affect the timing of setting tlhiet
out put channel to 1; when t he cou
center alignment mode.
6: 5 CAMSE R/ V0O: Bdggned mode
01: Center alignment mode 1 (the o
channel is set to 1 when counting
10: Centmentambdae 2 (the output com
channel is set to 1 when counting
11: Center alignment mode 3 (the o
channel is set to 1 when counting
Enabl er dlud ada dProefl of MR1 _AUTORLD Regi
When the buffer is disabled, modi f
wi || i mmedi ately |l ead to modifica
7 ARPEI‘R/VW.hen thg t?uffgr is enabled, modif
wi || |l eadi tatimod of the values 1| ¢
update event.
0: Di sabl e
1: Enabl e
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Fie Name| R/ V Description

Clock Division

During the coeédiamdtdiogn toafl filte
cl ock, anlanadnel déaed cl ock of the d
by setting this bit.

O0O0Torsdk 1 NT

01Tots2 lck I NT

10Tors4lck I NT

11: Reserved

9: 8 CLKDI|R/ V

15: Reserved

1462 Cont Reodi s t(elrMRZA _ CTRL 2)
Of fset address: 0x04
Reset value: O0x0000
Fiel Name|R/ W Description

Capture/ Compare Preloaded Enabl e
This bit affects the change ofal@
When preloading is disabled, the
affect the timer setting; when p
after COMG is set, so as to affe
wor ks on chanreenlemntwirtyh owd mpult .

0: Disabl e

1: Enabl e

0 CCPENR/ W

1 Reserved

Capture/compare Control Updat e Se¢

I't works only when the capture/ co
2 CCUSE|R/Wand it works only for compl ement 4

0: I't can onlsyetbtei nugp d&aQ MG bbiyt
1: It can be updated by setting (

Capture/ Compare DMA Sel ect
3 CCDSE|R/W0O: Transmit DMA request of CCx wh
1: Transmit DMAwhemuamrstupdatCexeve

Select Signal for TRGO in Timer M

The signals of timers working in
af fect the work of timers in sla
ti mer, and thésspetiatied tmpabe co
ti mer.

000: Reset; the reset signal of n
001: Enabl e; the counter enabl e g

6: 4 MMSEL R/ WTRGO
010: Update; the update evehor oTR

011: Compare pulses; when the mas;s
successfully (CCxIFLG=1), a pul se

100: Compare mode 1; OC1REF i s wus
101: Compare mode 2; OC2REF i s wus
110: Compear3;, mMdAU3IREF is used to t
111: Compare mode 4; OC4REF i s wus
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Fiel Name|R/ W Description

Ti mer Il nput 1 Select
0: TMR1_CH1 pin is connected to T

1: TMR1_CH1, TMR1_CH2 and TMR1_CH}
i nputXCRf toeprer ati on

7 TI 1SHR/ W

OC1l Oultdhtugat e Configure

Only when MOEN=0 and OC1IN is i mpl
state after the deadband of OC1.

8 OC1OI|R/ WO: OC1=0

1: OoC1=1

Not e: When LOCKCFG bit in TMR1_B
this bit cannot be modified.

OC1IN Output IfdileurSe ate Con

Only the | evede adhbastfredOLCfLt érs talid ect
and OC1IN is realized.

9 OC1INO|R/WO0O: OC1IN=0

1: OC1N=1

Not e: When LOCKCFG bit in TMR1_B
this bit cannot be modified.

10 OC20Il|R/ WConfiguoet P2 idle state. Refer t
11 |[OC2NO|R/ WConfigure OC2N output idle state.
12 OC30OI|R/ WConfigure OC3 output idle state.
13 |OC3NO|R/WConfigure OC3N output idle state.
14 OC40I1I|R/ WConfigure OC4 output idle state.
15 Reserved

1463 S| ave Mode Contr ol Register (TMR1_SMCTRFR
Of f set addr ess: O0x 08
Reset val ue: Ox0000O0
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Fiel Name | R/ W Description
Sl ave Mode Function Select
000: Di sable the sl ave mode, t h¢
ti mer to affect the work of sl ay
prescaler is directly driven by
001: Encoder Mode 1; according
wokks at the edge of TI1FP1.
010: Encoder Mode 2; according
wor ks at the edge of TI2FP2.
011: Encoder mode 3; according t
the counter counts at the edge (d

2:- 0|l SMESE R/wlooReset mode ; t he sl ave mo d e t
receiving the rising edge signa
update the register.
101: Gated mode; when the sl ave
l evel signal, t he rd&kgu mtheern witl Ir e
| evel signal, the counter wildl g
l evel signal again, the timer w
reset during the whole period.
110: Trigger mode, t he sloauwmd emo
after receiving the rising edge
111: External clock mode 1; sel {
the clock source to drive the cd
Sel ect OCREF Clear Source

3 0CCSE R/V\This bit I sOCREH tbeaerl sotrce
0: Reserved
L.ETRF
Trigger Input Signal Select
In order to avoid generating fa
value of this bit, it mu st be ch
000: Internal trigger | TRO
001: I nternlal trigger | TR

6: 4 TRGSE| R/ W010: I nternal trigger |1 TR2
011: Reserved
100: Channel 1 input edge detect
101: Chan#dell terpogt ti mer input
110: Chan#dell t2Zrpogt ti mer input ]
111: External trigger input (ETR
Master/ sl BwvabIMode

7 MSMEN R/ WO0: Invalid
1: Enabl e the master/ sl ave mode
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Fiel Name | R/ W

Description

External

Trigger Filter Configur

0000: Disabl e fordter, sampled by
0001: DIV=1l, N=2
0010: DIV=1l, N=4
0011: DIV=1, N=38
0100: DIV=2, N=6
0101: DIV=2, N=8
0110: DIV=4, N=6
o11mlv=4, N=8
11: § ETFCF| R/ W 1000 DIV=8, N=6
1001: DIV=8, N=8
1010: DIV=16, N=5
1011: DIV=16, N=6
1100: DIV=16, N=8
1101: DIV=32, N=5
1110: DIV=32, N=6
1111: DI V=32, N=8
Sampling frequency=ti mer cl ock
and a jump is generated by ever
tck_i1when DIV =1; for aisl other va
External Trigger Prescaler Confi
The ETR n(aelx tteri gger i nput) signa
di vision. The signal frequency
frequency; when ETR frequency i s
13: 1 ETPCF| R/ Whe reduced through frequency di V
00: Di sable the prescaler
O1ETR signal 2 frequency divisio
10: ETR signal 4 frequency divi g
11: ETR signal 8 frequency divi g
External Clock Enable Mode?2
0: Disabl e
1: Enabl e
Setting ECEN bit has the same f
14 ECEN R/V\‘mode donmmect TRGI to ETRF; sl avdg
can be used at the same ti me wi
cannot be connected to ETRF in s
1 and external clock mode 2 artwt
of external clock i s ETRF.
External Trigger Polarity Config

15 ETPOL R/ W

This bit

0: The external

deci des whet her

or rising edge is valid

1: Ehkxd er nal

falling

edge is valid

triigqger tER,i |@n

tri ggierv e&rTtR nigs, pahnads

t-haeverxt
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Tab4@d@MR1 Internal Trigger Connection
Sl avg
G I TRORGSEL=Z00Q I TRTRGSEL=Z0J( I TRZRGSEL=Z01(
i me |
TMR1 TMRA4 TMR2 TMR3
1464 DMA/ I nterrupt Enabl e Register (TMR1 DI E
Of fset address: O0xO0C
Reset value: 0x0000O0
Fie Name | R/ V Description
Update I nterrupt Enabl e
0 Ul EN|R/ V0O: Disabl e
1: Enabl e
Capture/ Compare Channell Interrup
1 CCll EfR/ Vf0O: Disabl e
1: Enabl e
Capture/ Compare Channel 2 I nterrup
2 CC21 EfR/ Vf0O: Disabl e
1: Enabl e
Capture/ Compare Channel 3 I nterrup
3 CC31 EfR/ V0O: Disabl e
1: Enabl e
Capture/ Compare Channel 4 I nterrup
4 CC41 EER/ VfO: Disable
1: Enabl e
COM nterrupt Enabl e
5 COMI E|R/ Vf0O: Disable
1: Enabl e
Trigger Interrupt Enabl e
6 TRGI EfR/ Vf0O: Disable
1: Enabl e
Break I nterrupt Enabl e
7 BRKI EfR/ V|0: Disabl e
1: Enabl e
Update DMA Request Enabl e
8 UDI ENR/ V|0: Disabl e
1 Enabl e
Capture/ Compare Channel 1l DMA Requ
9 CC1DE|R/ Vf0O: Disabl e
1 Enabl e
Capture/ Compare Channel 2 DMA Requ
10 | CC2DE|R/ V|0O: Disable
1 Enabl e
Capture/ Compare Channel 3 DMA Requ
11 | CC3DE|R/ V0: Disabl e
1 Enabl e
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Fie Name | R/ V Description

Capture/ Compare Channel 4 DMA Requ
12 | CC4DE|R/ V|0O: Disabl e
1: Enabl e

Enabl e COM DMA Request
13 | COMDE|R/ Vf0O: Disable
1: Enabl e

Trigger DMA Request Enabl e
14 | TRGDE|R/ V|0: Disabl e
1: Enabl e

15 Reserved

1465 St atus register (TMR1_STS)
Of f set addr ess: Ox10
Reset val ue: Ox0000O0

Fie Name R/ W Description
Update Event Interrupt Gener &
0: No update event interrupt
1: Update event interrupt occ
When the counter value is re
event wyehkraeed. The bit i s
cleared to O by software; up
foll owing situations:

0 Ul FLG|rRc w{(1) UD=0 on TMR1_CTRL1 regist

repeat counter overruns/unde
genedat e

(2) URSSEL=0 and UD=0 on TMRI1
UEG=1 on TMR1_CEG register t
and the counter needs to be i
(3) URSSEL=0 and UD=0 on TMR
update event wil It hbee cgoeunnetreart ei
trigger event.

Cape/uCompar e IXChlamtnerrupt FIl ag
When the capture/compare chan

0: No matching occurs

1: The value of TMR1_CNT matc
1 CCllI FL{RC_W|When ctahpet ur e/ compare channel

0: No input capture occurs

1: I nput capture occurs

When a capture event occurs,
and cleared by software or r ¢

Capture/ Comp®r d nCleammupt FIl ag

2 CC21 FL|IRC_ Wi . )
- Refer to the description of S
Capée/uGompar e Xhlamtnerr upt FIl ag
3 CC31 FL|RC_W, . .
- Refer to the description of S
Cape/uGompar e 4Lhlamtnerr upt FIl ag
4 CC41 FLIRC_ Wi

Refer to theSTH®sCCIiIIlpEli®G.n of
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Fie Name R/ W Description
COM Event I nterrupt Generate
0: No COM event occurs
5 COMI FLIRC_W{1: COM interrupt waits for r ¢
Af ter COM event is generated,
and cleared to 0O by software.
Triggerl nEwventupt Generate FI ag
0: No trigger event interrupt
6 TRGI FLIRC_Wj1: Trigger event interrupt oc
When a trigger event is gen
hardware and cleared to 0 by
Break Event Interrupt Generat
0: MNroake event occurs
7 BRKI FLIRC_W|1: Brake event occurs
When brake input is valid, t h
brake input is invalid, t his
8 Reserved
Cape/uGCompare IChRemetli ti on Capt
0: Repeated capture does not
9 CClRCFlRC_W\l: Repeated capture occurs
The value of the counter is c
CCll FLG=1; this bit i s set t
software only when the channge
Capture/ Compare Channel 2 Rep
10| CC2RA@ G| RC_W, ) )
Refer to the description of S
Capture/ Compare Channel 3 Rep
11 | CC3RCFI RC_ W ) )
Refer to the description of S
Capture/ Compare Channel 4 Rep
12| CC4RCFLRC_W, ) )
Refer to the description of S
15: Reserved

1466 Contr ol Event Gener dtCH@) Regi ster

Of fset address: O0x14
Reset valwue: 0x0000O0
Fie Name | R/ V Description
Updat e GEewnmerrtat e
0: I nvalid
1: Initialize the counter and gen
0 UEG w |This bit is set to 1 by software,
Not e: When an update event i s ge
wi || be cleared to Or eraitng hen pha
couwthawn mode, the counter reads t
centaéi gned modie onmdequnthe counter
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Fie Name | R/ V Description

Capture/ Compdr &€&vémanrGelner ati on

0: I nvalid

1: Gencearpattuer e/ compare event

This bit is set to 1 by software

I f Channel 1 is in output mode:
1 CC1Ed W Wh e n CCll FLG=1, i f CC1ll EN and

corresponding interrupt and DMA r

I f Chhninelin input mode:

The value of the capture countef
configure CCllFLG=1, and i f CCll E

corresponding interrupt and DMA r
CCll FLG=1, itto icsomnmfeiquurreedCC1RCFL G5
Capture/ Comp&2r &€&veémanrGelner ati on

2 CC2EQq W ) .
Refer to CC1EG description

Capture/ Comp&@8r &vémanrGelner ati on
Refer to CCl1EG description

3 CC3EQq W

Capture/ Compar &veémanrGelner ati on
Ref e€Ci1BG description

4 CC4EQq W

Capture/ Compare Control Update Ev

0: I nvalid
5 COMG| W |1: Generate capture/ Compare updat
This bit is set to 1 by software
Not e: COMG bitcomphiamédt anyyounpu
Trigger Event Generate
0: Il nvalid
6 TEG w )
1: Generate trigger event
This bit is set to 1 by software
Break Event Generate
0: Il nvalid
7 BEG w
1: Generate brake event
Thi s shkeitt tios 1 by software and cl ea
15: Reserved

146.7 Capture/ Compare mode register 1 (TMR1 _C
Of fset address: 0x18
Reset value: 0x0000

The timer can be configured as input (captur
by CCxSEL bit. The functions of other bits o
and output modes, and the functions of the s
mode and i Thet O8Bxckein the register describes
channel in the output mode, and the I Cxx 1in

of the channel in the input mode.

Out put compare mode:
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Fie Name | R/ V Description
Capture/ Compare Channel 1 Select
This bit defines the input/ output
00: CC1 channel is output
01: CCl channel is input, and | C1
1: 9 CC1SE[R/V10: CcC1 channel is input, and |C1
11: CCl channahdi $§Cilnpet mapped on
internal trigger input
Not e: Thi s bit can be written

( TMR1_CCEN register CC1EN=0).

Out put Compal eFa&shtantbredbl e
0: Di sabl e
2 OC1FE/ R/ V1: Enabl e

This bit irsoweetdhda orasaqponse of t he
the trigger input event.

Out put Compal ePrChlamaace IEnabl e

0: Di sable preloading function;
through the progiamednadtielt ywil |l w
1: Enable preloading function; w
3 OC1PEIR/Vthrough the program and it will w
Not e: When the protection | evel i

output, thissmobifieanndhelmethe pre
PWM mode can be usemul srel ymoidre
ot herwise, the following output <c

Out put Compal eMcCchea n@endfi gur e
000: Freeze Thehastpateftfoenptaren O

001: The output valwue is high whe
CNT matches the value CCx of capt |
forced to be high

010: The output value is | ow when
mat ches the value of the capture/ ¢
to be | ow

011: OQut put reverses when matchi

mat ches the value of the capturel/
6: 40C1MO|lR/ VyOC1REF

100: The outguhte ilsow.orFcoerdcete OC1REH

101: The output is forced to be h
110: PWM mode 1 (set to high when
val ue; other wi se, set to | ow)

111: PWM mode 2 (set to high whemnd
val ue; other wi se, set to | ow)

Not e: When the protection | evel i
output, this bit cannot be modi fi
l evel changes when the compari son

compare modeschrom freeze mode to

OQut put Compal eClChamnkErdabl e
7 OC1CE|R/V0O: OC1REF is wunaffected by ETRF i
1: When high I evel of ETRF input

www. geehy. com Pag#&50



Fie Name | R/ V Description
Capture/ Comp&@r SeClannel
This bit idredudtn/ecsuttthiet direction an
00: CC2 channel is output
01: CC2 channel is input, and | C2

9: 8 CC2SE R/ V10: cCc2 channel is input, and | C2
11: CC2 channel is input, and | C2
i nt etrrniagger i nput
Not e: Thi s bit can be written
(TMR1_CCEN register CC2EN=0).

10 | OC2FE|R/ VOutput ComparFeasQh aBnnaebl| €2

11 | OC2PE|R/ V|Out put Compa2Per edhoaaabé le

14: |OC2MO|R/ V|Out put COhgpragid de

15| OC2CE|R/ VfOut put Compa2z eClCharnniEdabl e

I nput capture mode:

Fi el Name|R/V Description
Capture/ Compare Channel 1 Select
00: CC1 channel is output
01: CC1l channel is input, and | C1

1:OCC1SER/V10: €ERkdnnel is input, and | Cl1 is n
11: CCl channel is input, and | C1
internal trigger input
Note: This bit can be written only
bit CC1l1EN=0) .
I npQuatpt ure ThRemedal er Configure
00: PSC=1
01: PSC=2

3:221 C1PYR/V
10: PSC=4
11: PSC-=8
PSC is prescaler factor; capture i
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Name

R/ V

Description

I C1H

R/ V

Il nput
0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
11001
1110:
1111:
Samp

indicating

Capt ur &eiChenrnelonfigure

Di sabl e
DI v=1,
DI v=1,
DI v=1,
DI v=2,
DI v=2,
DI V=4,
DI V=4,
DI v=8,
DI v=8,
DI V=16,
DI v=16,
DI v=16,
V=32,
DI v=32,
DI v=32,

ford t er , sampl ed

z2zZ2ZzZ2zz2z22
ZZ =z 0 o boun oo oo ononon
N 11 o oo © o v o © A~ N

o o o

N=5

N=6
N=38

by f

ling

i <k _tiwsh en

frequency=ti mer

t hat
DIV =1

a

’

jump is
for aisl

cl ock f
generat e
other val

CC2SHR/V

Capture/ Compar e

00:
01:
10:
11:
inte
Not e
regi

CC2
CC2
CC2
CC2
r nearl
. Th
ster

channel
channel
channel
channel
i tnrpiugtg

is bit

Channel

can

2
out put
i npwt,
i nput,
input,

S
S
S
S

be

CC2EN=0) .

written

Sel ect

I C2
I C2
I C2

and
and
and

only

11:

I C2PS

R/ V

Il nput Capt &r PeClamidelr Configure

15: Il C2ZHR/ VI nput Capt ®r &iChtennelonfigure

1468 Captur
Of f set
Reset
Refer

OQut put

e/ Co mprae ei sroedre 2
address: O0x1lC
value: 0x0000

to the description
compare mode:

( TMR1_CCM2)

of the above CCM1 r

Na me

R/ V

Description

Capture/ Compa&8Sel Ebannel

CC3SER/YV

Thi s
00:
01:
10:
11:

i nt etrrniagger

Not e:
( TMR1_CCEN

bit
CC3
CC3
CcC3
CC3

Thi s

idreff u tn/esu tt het

channel
channel
channel
channel

i nput
bit
regi ster

dir
is output
is input,

is input,

i s input,

can be

CC3EN=0) .

ection arf
| C3
| C3
| C3

and
and
and

written
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Fie Name | R/ V Description
Out put ComparkFea &hamine | 3
0: Di sabl e

2 OC3FE/ R/ V1 Enabl e
This bit is used to iamapptowreeh h@emp 8
the trigger input event.

3 OC3PE|R/ VOut put Compad3 ePrChlamamck IEnabl e

6: 40C3MO|R/ VOutput Compad eMcChan@edfigur e
Out put Compad eClChamnkErdabl e

7 OC3CE|R/ V0: OC3REF is wunaiffpwtt.ed by ETRF
1: When high I evel of ETRF input
Capture/ Compare Channel 4 Select
This bit defines the input/output
00: CC4 channel is output
01: CC4 channel is inpu#g, and | C4

9: 8 CC4SEIR/ Vf10: CcC4 channel is input, and | C4
11: CC4 channel is input, and | C4
internal trigger input
Not e: Thi s bit can be written
(TMR1_CCEN register CC4EN=0) .

10 | OCA4FE|R/ VfOut put CompadFea &hamine |

11 | OC4PE|R/ VOut put Compa4 eBfthfasmmmeBEnabl e

14: |OC4MO|R/ VfOutput Compad eMcChan@edfi gur e

15| OC4CE|R/ VfOut put Compa4 eClCcharnniEdabl e

Input capture mode:

Fie| Name|R/ V Description
Capture/ Compare Channel 3 Select
00: CC3 channel is output
01l: CC3 channel is input, and | C3

1:OCCSSER/V10: CC3 channel is input, and | C3
11: CC3 channel is input, and | Ci3r
internal trigger input
Note: This bit can be written only
register CC3EN=0).
Il nput Capt Br eeChlamielr Configure
00: PSC=1
01: PSC=2

3: 21 C3PYR/V
10: PSC=4
11: PSC=8
PSC is pfrectcarlercapture is trigger

7:4 1 C3FR/VInput Capt BFé |Edemmfningdr e
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Fi el Name|R/ V Description
Capture/ Compare Channel 4 Select
00: CC4 channel is output
01l: CC4 channel is input, and | C4
9:SCC4SER/V10: CC4 cihrapinte,l arsd 1 C4 i s mapped
11: CC4 channel is input, and | C4
internal trigger input
Note: This bit can be written only

register CC4EN=0) .

11: |1 C4PYR/

VI nput CamtniredPer scal er Configure

15: | C4H R/

Vil nput Capt uhdre&iChennelonfigure

1469 Captu

re/ Compare enabl e register

Of fset address: 0x20
Reset value: 0x0000
Fie Name R/ W Description
Capture/ Compdr ©uElparbn el
When CC1l is configured as out put
0: Di sable output
1: Enabl e output
0 CC1EN R/ W/when CC1 is configured as input:
This bit determines whether the
captured and enter TMR1_CC1l regi
0: Disable capture
1: Enabl e capture
Capture/ Compdr QuClpanneélol arity C
When CC1 channel is configured &
0: OC1 is active high
1: OCl1l is active | ow
When CC1 channel is configured &
CCi1POL and CC1NPOL <control t he
captured signals TI1FP1 and TI 2H

1 CC1PO

TI xFP

R/Wand i
exter

01: P
Tix FP1
is ca
cl ock
10: R

00: -Noamseverting/rising edge:

11: -pNloaseverti nmgd Rfiaslilnighng edges:

1 is-imoterphage (triggered i
s captured atix FtPhle (rriessientg te|
nal c| ontokdeand trigger

hase inverting/falling edge€
i si pvherstei ng (triggered in
pt ufraldé dagpgikdRfP1T (reset trigg
and trigger mode) .

eserved

Tx FP1 i s npiontvepha<eg (triggered i

used in encoder mode), aanndd ifsaday

ofix FP1 (reset trigger, capture,

Enabl e CapauvueeCiCampel 1 Compl e mg
2 CC1INE| R/ W/ 0: Disable

1: Enabl e
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Fie Name R/ W Description
Capture/ Compare Channel 1 Compl €
When CC1 channel is configured @
0: OC1IN is active high
1: OC1N is active | ow
When CC1 channel iinpucdonfigured &
3 CCi1NP( R/ w| This Dbit, together with CC1lPOL,
TI 2FP1
Not e:
On the complementary output cha
CCPEN=1 for TMR1_CTRL2, CC1NPOL
the preload bit onl ys wheme raa treedv.€
When the protection level is 2 d
Capture/ Comp@&r ©QuClpann&linabl e
4 CC2EN R/ W
Refer to CCEN_CC1EN
Capture/ Comp&r ©QuCtlpannelol arity C
5 CC2PO| R/ W
Refer to CCEN_CC1POL
Enabl e Capture/ Compare Channel 1
6 CC2NE| R/ W
Refer to CCEN_CC1NEN
Configure Compl ementary Out put
7 CC2NP( R/ W|[Channel 2
Refer to CCEN_CC1NPOL
Capture/ Compare Channel 3 Output
8 CC3EN R/ W
Ref e€CCEN_CC1EN
Capture/ Compare Channel 3 Output
9 CC3PO| R/ W
Refer to CCEN_CC1POL
Enabl e Capture/ Compare Channel 3
10 | CC3NE| R/ W
Refer to CCEN_CC1NEN
Configure Compl ementary OQut put
11 |[CC3NP( R/ W|Channel 3
Refer to CCEN_CC1NPOL
Capture/ Compare Channel 4 Outoput
12 CC4EN R/ W
Refer to CCEN_CC1EN
Capture/ Compare Channel 4 Outoput
13 CC4PO| R/IW
Refer to CCEN_CC1POL
14 Reserved
Configure Compl ementary OQutput
15 |CC4NP( R/ W|{Channel 4
Refer to CCEN_CC1INPOL
146.10Count er Register (TMR1_CNT)
Of fset address: 0x24
Reset value: 0x0000
Fiel Name |R/ V Description
15: CNT R/ VfCounter Value
www. geehy. com Pagé&b55



146.11Pr escal er Register (TMR1 _ PSC)
Of fset address: 0x28
Reset valwue: 0x0000O0
Fi e|NamgR/V Description
Prescal er Val ue
15:| PSC|R/ YV
Clock frequency offccedkdnP8C+I)XCK_CNT)
146.12Aut o Rel oad Register (TMR1_ _AUTORLD)
Of fset address: 0x2C
Reset @xaFhkEFE
Fie Name | R/ V Description
Aut o Reload Value
15:|AUTORL R/ V )
When the value of auto reload is
146.13Repeat Count Register (TMR1_ REPCNT)
Of fset address: 0x30
Reset valwue: 0x0000O0
Fi el Name|R/YV Description
Repetition Counter Value
When the count value of the repeat
7: REPCNR/ Y wi I I be generated, and the <count
REPCNT value; the new value newly
when an update event occurs in nex
15: Reserved
146.14Capture/ Compare Channel 1 register (TMR
Of fset address: 0x34
Reset value: 0x0000
Fi elNam¢gR/V Description
Capture/ Compare Channel 1 Value
When ctahpet ur e/ compare channel 1 is ¢
CCl contains the counter valwue tran
1 event .
When Capture/ Compare Channel 1 is ¢
CCl contains the val ueagtuumre/ndtcdmpadro
15:| cc1/r/ vyCompare the value CC1 of the captur
CNT of the counter to generate the
When the output compare preload is
register), t hel wriinmnmeedni ax &Il ye awif ect
resul ts;
| f the output compare preload is
register), the written value wil!/
update event i s generated.

146.15Capt u
Of f set
Reset

re/ Comparree Cihatnemrel ( PMR1 _CC2)

addr ess:
val ue: 0 x
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Fi el|NamgR/ YV Description

Capture/ Comp&@r aCluannel

15:| CC2|R/ YV
Refer to TMR1_CC1

146.16Capture/ Compare Channel 3 register (TMR
Of f set addr ess: O0x3C
Reset val ue: Ox0000O0

Fi el NamgR/V Description

Capture/ Compare Channel 3 Value

15:| CC3| R/ V
Refer to TMR1_CC1

146.17Capture/ Compare Channel 4 register (TMRF
Of f set addr ess: O0x40
Reset val ue: Ox0000O0

Fi e|NamgR/ V Description

Capture/ Compare Channel 4 Value
Ref eTMRD_CC1

15:| CC4| R/ V

14.6.18Br ake Damad b&®edi ster (TMR1_BDT)

Of fset address: O0x44

Reset value: 0x0000O0

Note: According to the |l ock setting, AOEN, B
and DTS[7:0] bi-psotkttedn bAerdwittkes necessar
them whémning to TMR1_ _BDT register for the fi
When performing consecutive write operations
write before proceeding with the next write

Fie Name | R/ V Description

De addanSdet up

DT i sdetahdebdodati on, and t he rel a
register DTS is as foll ows:
DTS[7:5] =0xx=>RTs=EHBSy 7: 0] 1T
DTS[7:5]=10x=>DT'=TuH:s4FRDF{ 5: 0] )
DTS[7:5]=110=>DT|=TuBs2&BMSr[s4: 0] )

DTS[7:5]=111=>DT=¢,32FD6ISE4: 0] )T T
7:0 DTS |R/VfFor exampl eTormb3aMmé ML deaaedbiands q
foll ows:
the step tdenad ba@aard 2b5en ss,e tt hfer o m
the step tdemedbaan® 50en ss,e tt of er30lny
t he s téesp dWihmee biammdlbe s &ts ftrésrf 3
f the stéesp dWihmeed bammd2be s &ts ft rod sh.2
e
2

Once LOCK | evel (LOCKCFG bhi
or 3, these dits cannot be n
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Fie Name | R/ V Description
Lock Write Protection Mode Config
00: No Lock write protection; it
01: Lock write protection | evel 1
|t cannot be written t o DTS, B R
TMR1_BDT, and OCxOlS and OCxNOI S
10: Lock write protection | evel 2
9: 8LOCKCHR/ w!t cannot be written to all bit
OCxNPOL bits in TMR1 aOh\GENRMGYiasnd
TMR1_BDT register.
11: Lock write protection | evel 3
It cannot be written to all/l bits
OCXxPEN bits of TMR1_CCMx register
Not e: Af ter system reset, t he tl tog
once.
Il dl e Mesdet@f fConfigure
l dl e mode means MOEN=OEN=Q ;s atbh ies 1
the i mpact of different values f
10 | MOS R/VMOEN_:0 axnEN Cchanges from 0O to 1.
0: Di sca bcodl OQOut put
1: XENE1l, the invalid I|dewadlb(ainke os
| evel value is affected by the pg
output deadbantde
Run Modset aGfef Conf i gur e
Run mode means MOEN=IcxEN+FB@abtil ki sne
the i mpact of different values f
11 RMOS |R/ V\ MOEN=1 awmHEN Cchanges from O to 1.
0: Di sca bcod® OQOut put
1: cx@c®N first outptus i heskldvhewu
by the polarity configuration)
Break Function Enabl e
0: Disabl e
12 BRKENR/V]_: Enabl e
Note: When the protection | evel i
to this bit requires an APB cl ock
Bake Polarity Configure
0: The brake input BRK is valid a
13| BRKPO|R/ V1: The brake input BRK is valid a
Note: When the protection | evel i
to this bit requires an APB cl ock
Aut omatic Output Enabl e
0: MOEN can only be set to 1 by s
14 AOEN|R/VM1: MOEN can be set to 1 by softwg
next update event (braking input
Note: When the protecti omolde ¥ éledi
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Fie Name | R/ V Description

Enabl e Waveform Main Output
0: Di sabl e tcheamaiM@Pat fodr ©e t he o

1: Wh&xmENC and CCxNEN bits of t he

15 MOE N R/VOCX ancd NOout puts are enabl ed

Wh e n t he brake i mput!| eiasxr ed altiod, (
asynchronousl| y.

Not e: Setting 1 by software or se
bit of the TMR1_BDT register.

146.19DMA Contr ol Register (TMR1_DCTRL)
Of f set addr ess: Ox 48
Reset val ue: Ox0000O0

Fiell Name|R/YV Description

DMA Base Address Setup

These bits define the base addres
reading or writing TMR1_DMA regi s
of fset from the address of TMR1_C]

0000ODMR1_CTRL1
0000MLMR1_CTRL2
000'1DMR1_SMCTRL
éee.

4: ODBADD| R/ YV

7:5 Reserved

DMA Burst Transfer Length Setup
These bits define the transmissio
in continuous mode. The data tran

When reading/writing TMR1_DMADDR
continuous transmission;

00000: Transmission once

00001: Transmission twice

00010: Transmission for three ti mé
éé

10001: Transmission for 18 times

The transmission addrews: formul a |
12:{ DBLENR/ VTransmi ssi on address=TMR1_ CTRL1
+DBADDR+DMA i ndex; DMA i ndex=DBLEJ
For exampl e: DBLEN=7, DBADDR=TMR1 |
the address of the dat al MP1 _bETRdrda n
+DBADDR+7 meamss$ hef atdlhle data to K

Data transmission wil!/l occur to:
starting from DBADDR.

The data transmission will change
When the transmission datwills bett

seven registers

When the transmission data is set
the MSB bit of the first data, th
of the first data,trmrans mihtet elcattao wg

15: 1 Reserved
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146.20DMAADd d r eReg i st @rntofnMode ( TMR1 DMADDR)
Of fset addr ess: O0x 4CcC
Reset val ue: O0x0000O

Fie Name | R/ V Description

DMA Register for Burst Transfer
Read or write opewrRdt iDAMA DDRc g g i ¢ ft

access to the register in the fol
TMR1_CTRL1 address + (DBADDR+DMA
Wherein:

15:| DMADD| R/ V|
ifTMR1 CTRL1 oOaidsdr eshse addr ess of

(TMR1_CTRL1) ;
fiDBADDBIRs t he base address defined

fDMA i didsext he offset automatically
on DBLEN defined in TMR1 _DCTRL re
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15

15.1

15.2

General -Purpose Timer (TMR2/3/4)

| ntroducti on

The gemwerrmdse ti meirmea atkese tthreit as the cor e,
functions of input capture and output compar
pul se width, frequency and duty cycle, and g
|l ncl udki ta db6t o rel oad counter-a(igalkidze up, di
counting) .

The timers are independent of each other, an
synchronization and cascading.

MaiGharacteristics

(1) Timebase unit
Count ebri:t 1lceount er, -8 pp pedootmwinnh cpennddb @ n t
al i gcnoeudn t
Prescaiden: pIimdgtamprescaler
Autorel oad function

(2) Clock source selection

, I nternal <clock
., External input
., Internal trigger

(3) Input function
Counting function
PWM input
Encoder interface mode

(4) Output function

PWM out put mode
Forced output mode
Singuése mode

5
5

5

(5) Master/Slave mode controller of timer
Ti mers can be synchronized and cascaded
Support multiple slave modes and synchro

(6) Interrupt and DMA request event

Update event (counter overrun/underrun,
Triggen(cowuaenter start, stop, internal/ ext
l nput capture

OQutput compare

5
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153 StrucBluordgk agr am
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FigddE&enebPatpose Timer TMR2/3/ 4 Structure BI
Ti4 TIXFP!
TMRx_C > Channel x
) 1Cx ICXPS OCxXREF, | Output | 0Cx
Filter Prescaler capture/compare > ——{ ]TMRx_CH
edge TITLPS: - register control
d
TMRx_CH3 TI3 etector
|
TMRx_CHl-—— 112, TIXFPL| :
Filt Channel x
.Iade(;e TIXFPQ Iex ICxPS capture/compare — OCxRER, C?)t:?:;t ﬂPDTMRX_CH
detector TRC register
TMRX_C)-[‘} T ¥
XO Repeat ETRF
counter
Auto reload A CNT
register counter
T CK_CNT
>
TIlFPJ'
TRO———™ N1 E TRC TizFpg,| Encoder
TRI > - mode |y psc PSC
TR2Z———p ITR TIIFP1 4GWR E)étlf)::(al % Prescaler
TR3I————» TI2EP2 mode 1
Internal
Internal clock ~ CK_INT clock TRGO >
> mo Other timer
/ADC
154 FunctiDesabkipti on
1541 Cl ock soucrtcieonsel e
The gemwerrmdse timer has. three clock sources
Il nternal cl ock
It is TMROMCIRCM, namely the driving clock of
sl ave mode controller is disabled, the ¢l ock
driven by the internal c¢clock CK_I NT.
External clock mode 1
The input channels TIlI 1/ 2/ 3t4ifggem shgntil memrf
polarity selection and filtering, which are
controller to control the operation of the ¢
channel 1 undergoes both rising and falling

(



pul se signal sedarteo Ifoogrint atlhley TQ 1 F_ED signal , &
Tl F_EBeddguealsi gnal . Not abl vy, PWM input can onl
TI 2.
I nternal trigger input

The timer is set to work in slave siogeal and
of other timers. At this time, the clock sou
synchronization or cascading between timers
ti mer can reset, start, stop or provide cloc

15.4.2

Ti mebase uni't

The tagne bnit ipPurpbesgememalr contains three
Counter register (CNT) 16 bits
Autoreload register (AUTORLD) 16 bits
Prescaler (PSC) 16 bits

Counter CNT

There are three counting modpeusr pfoosre tthiemecrount
Counp mode

Coudbdbwn mode

Centadri gned mode

B

B

Cou#wutp mode

WWwWWw.

Set to tulpe moadwentby configuring CNTDIR bit of
( TMRx _CTRL1) .

When the countprmodejnthbheuabunter wildl count
time a pul se e scoguennteerratweid,l tihncrease by 1 anc
the counter (TMRx _CNT) is equal to the value
( TMRx _AUTORLD), the counter willwupgtart to co
overrun event will be generated, and the val
(MRx _AUTORLD) is written in advance.

When the counter overruns, an update event w

auto reload shadow register and the prescale
update event can be disabled ®d§tyeconfiguring
TMRx _CTRL1.
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Fi gdble mi ng Di agrugm Mofd eCowhretn Di vi si on Factor

CNT_EN—‘
PSC=1 HuuuuguduyyyyL
CK CNT——————|

Counter register

Counter overrun

Update event

P2 L T

\/ \/ \ / \ \
0024 /X\ 0025 /X\ 0026 /X 0000 X/ 0001 0002 0003 X

Counter register A ( / A

Counter overrun

Update event

Couqwtown mode

Set to tdlbevnc aonordte by configuring CNTDIR bit o
( TMRx _CTRL1) .

When ctohuent er idso winn ntooduent it wi || start to cou
value of the auto reload (TMRx_ AUTORLD); =eve
the counter wild.l decrease by 1 and when it b
count again from (davRwhiAlUe-OR&ugoumtr r un event
wi | | be generated, and the value of the auto
in advance.

When the counter overruns, an update event w
auto reload shadow regfetewi bBhdbéehepgdaeedal &
update event can be disabled by configuring
register.
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Fi gdlBle mi ng Di ag¥rdaomvno fMoQloeu mthen Di vi sion Factor

PSC=1

Counter register

Counter overrun

Update event

PSC=2

Counter register

Counter overrun

Update event

Ce

WWwWWw.

CNT_EN—‘
L

LI
B

| 03| 02 | o1 | 00}

\/ \
\ |
05 | 04
\ N
I\ |\ [

[\ [\ I\ [\ [\ |\ |
/L \ /il I\ / \

T

/ \ / \ Y \ / \ /

\/ \/ \ /

0002 || 0001 | o000 | 0026 | 0025 |/ o024 ( 0023 |
\ \ A

\
\ /\ / [\
/ o\

ntaelri gned mode

Setto thealkiegned mode by configuring CNTDIR bi
( TMRx _CTRL1) .

When the countadr gine di moadent dérhe counter count

when it reaches the value of auto reload (TM
O from tohfe tvheel meut o rel oad (TMRx_ AUTORLD), wh
counting up, when the cbunteaercowmrdtuer i v d rArUaTrO
wi | | be generated; in counting down, when th
underrun event wil/ be generated.
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Figdie mi ng Diagr-Alm griecCeMddee when Division Fac
CNT_EN—‘
Psc=1 Huytubyuduy
CK CNF—————
Counter register °4A ‘ '°° ' oL ‘ 02 ' 03 ' o4 ' 03 ' 02 ' oL \\
Counter underrun T
Counter overrun
Update event T T
Pec=2 L T
CK_CNT
\\ // \\ // \// \\ // \\/ // \//
Counter register ooo3 | o002 | o001 /\,.(\\ 0000 /x\ 0001 ;/\ 0002 // 0003 /\/\\
Counter overrun
Update event
Prescaler PSC
The preascalléerbits and programmabl e, and it <ca
frequency of the counter to any value within
register), and after frequency division, the
count. The prescaleanhbhses ahadnfgédrduwhnghrunn
1543 I nput <capture
|l nput capture channel
The gemwerrmdse timer has four independent capt
each of which is surrounded by a capture/com
In the input capture, the measured signal wi
T1/2/3/ 4 of the timer, first pass through th
then enter the capture channels. Each captur
capture regiestapt uWremctcurs, the value of th
| atched in the capture register CCx. Before
signal will pass through the prescaler to se
ti me.
l nput capture application
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15.4.4

|l nput ecapt wrsed to capture external events, a
indicate the occurrence time of the event an
events (measure the frequency or pulse width
edge appears on t hxe_ QQxp urte gpiisnt,ert hwei ITTMRcapt ur e
value of the counter and the CCxIFLG bit of

be set to 1; if CCxIEN=1, an interrupt wil/

I n capture mode, the timing, frequency, cycl
be measured. I'n the input capture mode, the e
detection. When the rising edge appears on t
capture occurs, at this time, the value of t
capture regiasteéeheC€ame time, it wildl enter t
capture wild@l be recorded in the interrupt se
recorded. When the next rising edge is detec
value of counter i @GNT awitlulr ebe elgatsécleed CCx agai
it owi || enter the capture interrupt again; r
the cycle of this pulse signal wildl be obt ai

Out put compar e

There are eight modes of eutypuiscompadewheéne

mat ching, channel x is invalid when matching
PWM mode 1 and PWM mode 2, which are configu
TMR_CCMx register and can control the wavefo

compare. mode

Out put compare application

1545

WWwWWw.

I n the output compare mode, the position, po
pul se generated by the timer can be controlll

When the value of the counter is equal to th
t he channen boeutspeutt acsa hi gh I evel, |l ow |l evel ¢
OCxMOD bit in TMRx _CCMx register and the CCx
TMRx CCEN register.

When CCxI|I FLG=1 in TMRx_STS register, i f CCx I
an interruptedviililf beC@embBlexhtin TMRx _CTRL2 r e
request will be generated.

PWM out put mode

PWM mode is pulse signal that can be adjuste
The pulse width of the signal is determined
CCx,d atnhe cycle is determined by the value of

PWM output mode contains PWM mode 1 and PWM
PWM mode 2 are d{iuypi deddownnh taon dc oeudngte al i gnment
counting; in PWM mode 1, NiTf ishéevasl abdaonf thke
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of the compare register CCx, the output | eve
invalid.

Set the timing diagram in PWM Mode 1 when CC

Fi gd8le mi ng Diagram-wd WoMMEL Count

AUTORED ——————

! |

! |
_________ i-- S S _

! I

I

|
|
|
-
|
|

OCXREF

Figd@le mi ng Diagram-bdwrP W¥ddeount

OCXREF

Fi gboled mi ng Diagram -Af i BwWhMal Nedeer

OCXREF— —

I n PWM mode 2¢f itthe heowmti eare CNT is | ess than
register CCx, the output Il evel wildl be inval

Set the timing diagram in PWM Mode 2 when CC
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Fi gbdled mi ng Diagram-wof NWOANME Count

OCXREF

Figb2le mi ng Diagram-bdwrP W¥Rd e€ount

AUTORED

OCXREF

Fi gbBle mi ng Diagram -Af i BWME WNedeer

OCxREE | I

1546 PWM i nput mode

PWM i nput mode is a particular case of input

In PWM input mode, as only TI1FP1 and TI 1FP2
mode controller, inpyttbaoubé peefohmedebs T
and TMRx _CH2, which need to occupy the captu
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In the PWM input mode, the PWM signal enters

signal wil!l be divided into two channels, on
ot hcean measure the duty cycl e. I n the confi gt
the polarity of one channel , and the other w

the opposite polarity.

I n this mode, the sl ave mode cont roadlel er shou
(SMFSEL bit of TMRXx_SMCTRL register)

FigbdMe mi ng Diagram in PWM I nput Mode

T
/ \/ \/ \/ \/ / \/ \
TMRx_CNT 0005 / 0000 0001 ( 0002 ) 0003 ) 0004 ) 0005/ 0000 |
/\ /\ / / \ \
TMRx_CC1 (003
TMRx_CC2 0005
IC1 capture IC2 capture IC1 capture
IC2 capture Pulse width Period
Counter reset The value is latched in The value is latched in
TMRx_CC1 TMRx_CC2
1547 Si neglud se mode
The spunhse mode is a speci al case of timer ¢

speci al c acsuet pout PriveMd e .

Set SPMEN bit of TMRx_CTRL1 -pebhsetmodeand se
After the counter is started, a certain numb
update event occurs. When an update event oc
counting, sabdeghent PWM waveform output wild.l

After a certain controllable delay, a pul se
generatedplilnssimgde t hrough the program. The
by the value of TMRxo @uix moedge ,s ttehre, denl atyh et i me
and the pulse wC@xh is -AUFORMDME, the del ay
is AUTORKKDand the pulse width is CCx.
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Fi goblee mi ng Di agrPaut soef Moidneg | e

AUTORLD- — — _l_
ca —--t---——-
|
|
|
|
|
|
<—t PULSE9: t DELAY
OCXREF
|
OCx

1548 Fordeout put mode

In the forced output mode, the comparison re

corresponding | evel is directly output accor
CCxSEL=00 for TMRx_CCMx register, set CC
OCxMOD=100/101 foegiTMRar CCMxt rt o force O
signal to invalid/valid

I n this mode, the corresponding interrupt an
generated.

1549 Encoder interface mode
The encoder interface mode is equivalent to
sel ectiom.odler timad eerf ace mode, the content of

indicate the position of the encoder.

The method of selecting encoder interface is
By setting SMFSEL bi¢giost @aMRxs SMCITIRé& cou
count on the edge of TI1 channel [/ Tl 2 <c¢h

of Tl 1 and Tl 2 at the same ti me.

Select the polarity of Tl 1 and Tl 2 by se

CC2POL bits of TMRx_CCEN register.

Sel ect to fitlttienrg otrhenoltClbFy asned | C2F bits

TMRx CCM1 register.
The two input TI1 and Tl 2 can be used as t
encoder. The counter is driven by the effe
and TI2FP2 after filtering2.and edge select
The count pulse and direction signal are g
signals of TI1 and TI 2

The counter wild/l count wup/down according

the input signal
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Set CNTDIR of control regiosntl gr
(CNTDI'R wdadllc bleatreed due to jumping
The change mechanism of counter count
Tab4&& el ati onship between Count Directi
Count in b
Effective Count only Coot only
and TI 2
Level of re Hi gh Low Hi gh Low Hi gh Low
Ri sin Coun Coun
Count Count
Edge } down down
TI 1FH i
Fal |l Coun Coun
Count Count
Edge down down
Ri sin Coun Coun
Count Count
Edge down down
TI 2 FH
Fal | i Coun Coun
Count Count
Edge down down
The external i ncrement al encoder can be
needing external interface | ogic, so the
di fferenti adnoaderutt o fditdiet al signal o]
noi se interference.
Among the following exampl es:
., IC1LFP1 is mapped to TI1
., I C2FP2 is mapped to TI 2
., Neither |1 C1lFP1l noirnveC2tFiPR2g i s phase
., The input signal is validgeat the ri
., Enabl e the counter
FigbB®peration I nstance of Counter in
N I D
T2 | ’—\— L
Counter
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For exampl e, when Tl 1 is at l ow | evel, and T
counter wil/ count wup.
FigbiMmencoder I nterface Mode I nstance with |

] I N S
e — ] L]

Counter

For example, when TIlI1 is at |l ow | evel, and t
counter wil/ count down.

154.10S1 ave mode

TMRx timer can synchronize external trigger
Reset mode
Gated mode
Trigger mode

SMFSEL bit in TMRx_SMCTRL register can be se
SMFSEL=100 set the reset mode, SMFSEL=101 se
SMFSEL=110 set the trigger mode.

In the reset mode, when a trigger input even
will be initialized, and the rising edge of
reinitialize the counter and generate a sign
I n the gatedamdekce oft Hdhe counter depends on t
selected input end. When the trigger input i
be enabled. Once the trigger input becomes |
be reset). The stumrtteranar e toontorfoltlhesd .c o

I n the trigger mode, the enable of the count
selected input, the counter will be enabl ed
(but not be reset), and only the start of th

154.11Ti menterconnecti on

Refer to fThenesed it eamod o TiMRRdA t if onm detail s.
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15412 nt errupt and DMA reqguest

The timer can generate an interrupt when an

Update event (counter obometrahimatdeonyun,

5
5

Capture/ Compare event

5

Some internal interrupt events can generate

Trigger event (counter start, stop, inte

interfaces can enable or disable trigger DMA

154.13C1l ock function test

TMR8an mapmpndi fcfleorc k sources to CH2 by configu

and the frequency of this c¢clock can then be
capture function.

155 Regi Addr eMasppi ng

In the following table, all regbsters of TMR

addsrseabl e (addressing) space.

Tab4d ¥ MR3 and TMR4 Regi ster Address Mappi |

Register na Description Of fset

addres
TMRx _CTRL1 Control register 0x00
TMRx _CTRL2 Control register 0x04
TMRx _SMCTRL Sl ave modreegiosnt el 0x08
TMRx _DI EN DMA/ I nterrupt enabl 0Ox0C
TMRx _STS Status register 0x10
TMRx _CEG Control event gener & O0x14
TMRx _CCM1 Capture/ Compare mod e 0x18
TMRx _CCM2 Capture/ Compare mod e 0x1C
TMRx _CCEN Capture/ Compare enal 0x20
TMRxXx _CNT Counter register 0x24
TMRx _PSC Prescale registe 0x28
TMRx _AUTORL Auto | oad regist 0x2C
TMRx _CC1 Channel 1 capture/co 0x 34
TMRx _CC2 Channel 2 capture/co 0x 38
TMRx _CC3 Channel 3 capture/co 0x3C
TMRx _CC4 Channel 4 capture/co 0x40
TMRx _DCTRL DMA control regis 0x48
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) ) ] Of f set
Regi ster na Description
addr es
TMRx _DMADDR DMA address register ( 0x4C
TMR3 _OPT Il nput Channel Remapp 0x50
156 Regi Fttect i @ensaclr i pti on

156.1 Contr ol Register 1 (TMRx _ _CTRL1)
Of fset address: 0x00
Reset valwue: 0x0000
Fi el Name|R/V Description
Counter Enabl e
0: Disabl e
o | cCNTENR/ 1+ Enable
When the timer is configured asce
mod e, it is required to write 1 t
when it is configured as the trigg
Update Disabl e
Update event can cause AUTORLD, P
of uepdsagtti ng.
0: Enable update event (UEV)
1 uUubD R/Vf{ An update event can occur in any
The counter overruns/underruns;
Set UEG bit;
Update generated by sl ave mode c(
1: Di sabl e update event
Update Requ8slteSburce
| f interrupt or DMA i s enabl ed,
interrupt or DMA request. Di fferen
by this bit.
2 URSSER/VO: The counter overruns or underr(
Set UEG bit
Update generated by slave mode c(
1: The counter overruns or underru
Single Pulse Mode Enabl e
When an update event is generated,
changed; in this mode, the CNTEN
3 SPMENR/ Vstopped, sabdeghent out put l evel o]
changed.
0: Di sabl e
1: Enabl e
Counter Direction
This bi-dnliy wkan t he courtaeaiéiigmoedd
4 CNTDI/R/ Vfor encoder mode.
0: Count wup
1: Count down
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Fie Name| R/ V Description

Sete CeAltieggrned Mo de

I n ¢ &evéi gmoede , the counter count g
ot her wi se, it owi || only count wup
affect the timing of setting the
out phuan ncel to 1; when the counter
center alignment mode.
6: 5CAMSE R/ VO0O: Bdgegned mode

01: Center alignment mode 1 (the o
channel is set to 1 when counting
10: Center al{ghmeaut motec@8mpare i
channel is set to 1 when counting
11: Center alignment mode 3 (the o
channel is set to 1 when counting

Enabl er dlua@ad Prel oad of TMRx_AUTOR
When the buffer is disabled, mo di f

wi || i mmedi ately |l ead to modifica
7 ARPEPR/VWhen the buffer is enabled, mpdod
wi || l ead to modification of the

update event.
0: Di sabl e
1: Enabl e

Clock Division

During the coeédlamdtdiogn toal filte
cl oc k, daenadd btametl o lhec k of the digit
by setting this bit.

OO0Torsd¢k_I NT

01TpTs2 lck I nT

10Tors4lck_ I NT

11: Reserved

9: 8 CLKDI|R/ V

15: Reserved

156.2 Contr ol Register 2 (TMRx _CTRL2)
Of fset address: 0x04
Reset value: 0x0000

Fi e Name‘ R/W‘ Description

2:0 Reserved

Select Sending Capture/ Compare [
3 CCDSEH R/W|0: Transmit DMA request of CCx W
1: Transmit DMA request of CCx W
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Fie Name R/ W Description
Master Mode Signal Sel ect
The si gtnianhesr sofwor ki ng in master
to affect the work of ti mers i
master timer, and the specific i
sl ave mode ti mer.
000: Reset; the reset rsiigsnads eod
001: Enabl e; the counter enabl e
for TRGO

6.4 MMSEL R/ W 010: Update; the update event of
011: Compare pulses; when the mg
captures/ compar@GxIlsklc@=k)sf ud |l yul(
output for TRGO
100: Compare mode 1; OC1REF i s
101: Compare mode 2; OC2REF i s
110: Compare mode 3; OC3REF is U
111: Compare mode 4; OC4REF is wu
Ti mer I nput 1 Select

7 TI1si R/ W 0: TMRx_CH1 pin is connected to
1: TMRx_CH1, TMRx_CH2 and TMRx _(
input after exclusive

15: Reserved

156.3 S| ave mode control register (TMRx_SMCTR

Of fset address: 0x08
Reset @x0Q@@0

Fie Name| R/ W Description
Sl ave Mode Function Select
000: Di sabl e the sl ave mode, t he
timer to affect the work of sl av
prescaler is directly driven by
001: Encoder Mode 1; according t
woks at the edge of TI1FP1.
010: Encoder Mode 2; according t
wor ks at the edge of TI2FP2.
011: Encoder mode 3; according tadg
counter counts at the edge of TI

2:-0 SMESE| R/ W100: Rreosdeet ; the slave mode ti me
receiving the rising edge signal
update the register.
101: Gated mode; when the sl ave
| evel signal, the colenert wreéecteis
| evel signal, the counter wi | | S
|l evel signal again, the timer wil
during the whole period.
110: Trigger mode, the sl avet modg
receiving the rising edge signal
111: External c¢clock mode 1; sel eq
clock source to drive the counte

3 Reserved
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Fie Name| R/ W Description
Trigger I nput Signal Sel ect
I'n ordergéemeraavtoiimg fal se edge de
value of this bit, it must be ch
000: Internal trigger | TRO
001: Internal trigger | TR1
6: 4 TRGSEl R/ WO010: Internal trigger |1 TR2
011: Reserved
100: Channel 1 input edge detect
101: Chamsftell terpng timer input T
110: Chan#dfell tZ2rpogt ti mer input T
111: Reserved
Master/slave Mode Enabl e
7 MSMEN R/ W 0 : I nvalid
1: Enable the master/ sl ave mode
15: Reserved
Tab3 @ MRknt ernal Trigger Connecti on
Slave t| | TRORGSEL=<0( | TRTRGSEL=<0(Q | TRZRGSEL €01
TMR2 TMR1 TMR3 TMR4
TMR3 TMR1 TMR2 TMR4
TMR4 TMR1 TMR2 TMR3
1564 DMA/ I nterrupt enable register (TMRx _DIE
Of fset address: 0xO0C
Reset value: 0x0000O0
Fie Name | R/ V Description
Update Interrupt Enabl e
0 Ul EN|R/ VfO: Disabl e
1: Enabl e
Capture/ Compdré nCerammuelt Enabl e
1 CCl1I1 HER/ Vf0: Disable
1: Enabl e
Capture/ Comp&2rdé nClreammuelt Enabl e
2 CC21 HER/ Vf0O: Disable
1: Enabl e
Capture/ Comp@&8reé nCerammuelt Enabl e
3 CC31 HER/ Vf0: Disabl e
1: Enabl e
Capture/ Comparée nCrerammuelt Enabl e
4 CC41 HER/ VfO: Disable
1: Enabl e
5 Reserved
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Fie Name | R/ V Description
Trigger Interrupt Enabl e
6 TRGI HER/ V0: Disabl e
1: Enabl e
7 Reserved
Updat eR®YAest Enabl e
8 UDI ENR/ V0O: Disabl e
1: Enabl e
Capture/ Compdr &©M&Gh Rremeilest Enabl e
9 CC1DE|R/ V0O: Disabl e
1: Enabl e
Capture/ Comp&@r ®©MGh Rremgellest Enabl e
10 [ CC2DE|R/ V0O: Disable
1: Enabl e
Capture/ Compa@8r & M&h KeHmnealedd te
11 |CC3DE|R/ V0O: Disabl e
1: Enabl e
Capture/ Compar ®©M&h Rremgellest Enabl e
12 [ CC4DE|R/ V0O: Disabl e
1: Enabl e
13 Reserved
Trigger DMA Request Enabl e
14 [ TRGDE|R/ V0: Disable
1: Enabl e
15 Reserved
1565 St atus register (TMRx _STS)
Of fset address: 0x10
Reset value: 0x0000
Fie Name R/ W Description
Update Event I nterrupt Gener a
0: No update event interrupt
1: Update event interrupt occ
When the counter value is re
event will .beThgenheirtatiesd set
cleared to O by software; up
foll owing situations:
- repeat counter overruns/unde
generated;
(2) SPRL=0 and UD=0 on TMRx_CT
UEG=1 on TMRx_CEG register t
and the counter needs to be i
(3) URSSEL=0 and UD=0 on TMR
update event wil/l beugemer atse
trigger event.
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Fie Name R/ W Description

Cape/uGompar e IXChlamtnerrupt FIl ag
When the capture/ compare chan

0: No matching occurs

1: The value of TMRX_CNT mat c
1 CClI FLIRC_W|{When the capterehaomel 1 is d

0: No input capture occurs

1: Il nput capture occurs

When a capture event occur s,
software or clear 0 when read

Capture/ Comp&2tet€hanpeéel FIl ag

2 CC21 FLIRC_ Wi . .
- Refer to the description of S

Capt/uGoempar e X hlamtnerrupt FIl ag

3 CC3I FL|RC_ W, i )
- Refer to the description of §

Capt/uGoempar e 4L hlamtnerrupt FIl ag

4 CC41 FLIRC_ W .
Refer to theSH®EsCClilpElLi®.n of
5 Reserved
Trigger Event I nterrupt Gener
0: No trigger event interrupt
6 TRGI FLIRC_Wj1: Trigger event interrupt oc
When a trigger event i's gen

hardware and clodamwad et o 0 by

8 : 7 Reserved

Capt/uGoempar e IChReymegdla ptikornz g

0: Repeated capture does not
9 CC1RCFLRC_W\1: Repeated capture occurs
The value of the counter i s

and CC1ll FLG=1; t hhar dwéar e sand
software only when the channeg

Capt/uGoempare Channelap2 eReget i
10| CC2RCFLRC_W,

Refer to the description of S

Capt/uGoempare Channelapl eReget i
11 CC3RCFLRC_ W

Refer to the description of S

Capt/uGoempare Channelap4 eReget i
12 CC4RCFLRC_ W

Refer to the description of S

15: Reserved

1566 Contr ol event genfeMrRaxt iCoENG)r egi st er
Of fset address: 0x14
Reset value: 0x0000
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Fie| Namel R/ V Description
Update Event Generate
0: I nvalid
1: I nitialize the counter and gene

0 UEG W This bit i s set to 1 by software,
Note: When an update event is gene
be cleared to 0, but the prescal er
down mode, the counter reads the -
aligned modie® onodeoumthevi tdbubeecl ear
Capt/uGeempar e IChBweiretlt Generati on
0: I nvalid
1: Generate capture/compare event
This bit is set to 1 by software a
I f Channel 1 is in output mode:

1 CC1E| W |When CC1I FLG=1, GOC1DEON IbEN sanmad e set
interrupt and DMA request will be
I f Channel 1 is in input mode:
The value of the capture counter i
CCll FLG=1, and i f CCl1lI EN and ccC
corresponding interrupt and DMA r ¢
CCll FLG=1, it is required to confi
Capt/uGeempar e X hBwewrett Generati on

2 |cc2Ee| w P P cen
Refer to CClEG description
Capt/uCGoempar e XhEwG@eatler ati on

3 CC3E| W . )
Refer to CClEG description
Capt/uGoempar e L hEwnmerett Gener ati on

4 CC4E| W . .
Refer to CClEG description

5 Reserved
Trigger Event Generate
0: I nvalid

6 TEG| W .
1: Generate trigger event
This bit is set to 1 bytemétwaakl g

15: Reserved

1567 Capture/ Compare mode register 1

Of fset address: 0x18

Reset val ue: O0x00O00O

( TMRx _ C

The timer can be configured as input (captur
by CCxSEL bit. The functions of other bits o
and output modes, and the functions of the s

ri bes th

mode and i Tpheetx@moidne.t he regi ster desc
channel in the ouwkpuinmbbde, ragdstbe describe
the channel in the input mode.

Out put compare mode:
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Fie Name | R/ V Description

Capture/ Compdr SeClannel
This bit defines the input/ output

00: CC1 channel is output

01: CCl channel is input, and | C1
1: 9 CC1SE[R/V10: CcC1 channel is input, and |C1

11: CCl channel i nsa piprepdu to,n arnRIC, | QGlr

internal trigger input

Not e: Thi s bit can be written

( TMRx_CCEN register CC1EN=0).

Out put Compal eFa&shtantbredbl e
0: Di sabl e
2 OC1FE/ R/ V1: Enabl e

This bit is usreeds poon s enpofo vteh e hceapt
the trigger input event.

Out put Compal ePrChlamaace IEnabl e

0: Di sable preloading function;
through the program and it will w
1: Enabldei nmr efluonact i on; write the
3 OC1PEIR/Vthrough the program and it will w
Not e: When the protection | evel i
out put, this bit cannot be rmoidsi fun
PWM mode can be usemul srel ymoidre
ot herwise, the following output <c

Out put Compal eMcCchea n@endfi gur e
000: Freeze The output compare ha

001: The output valwue is high whe
CNT matches the value CCx of capt |
forced to be high

010: The output value is | ow when
matches the vcvalpwteref ctompare regis
to be | ow

011: OQut put reverses when matchi

mat ches the value of the capturel/
6: 40C1MO|lR/ VyOC1REF

100: The output is forced bteo | mav |
101: The output is forced to be h
110: PWM mode 1 (set to high when
val ue; other wi se, set to | ow)

111: PWM mode 2 (set to high when
val aeher wi se, set to | ow)

Not e: When the protection | evel i
output, this bit cannot be modi fi
l evel changes when the compari son

compare mode dhareges mordemt o PWM m

7 Reserved
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Fie Name | R/ V Description
Capture/ Comp&@r SeClannel
This bit defines the input/ output
00: CC2 channel is output
01: CC2 channel is input, and | C2

9: 8 CC2SE R/ V10: €gannel is input, and 1C2 is
11: CC2 channel is input, and | C2
internal trigger input
Not e: Thi s bit can be written
( TMRx_CCEN register CC2EN=0).

10 | OC2FE|R/ VOutput €oGpammatd Ehabl e

11 | OC2PE|R/ V|Out put Compa2Per edhoaaabé le

14: |OC2MO| R/ VOutput CompaZModGkhannel

15 Reserved

I nput capture mode:

Fi el Name|R/V Description
Capture/ Compare Channel 1 Select
00: €kannel is output
01: CC1l channel is input, and | C1

1:OCC1SER/V10: CC1l channel is input, and | C1
11: CCl channel is input, and | C1
internal trigger input
Note: This bit can hkke cvwraintnted n i snlcy
bit CC1l1EN=0) .
I nput Capture Channel 1l Perscaler (
00: PSC=1
01: PSC=2

3:221 C1PYR/V
10: PSC=4
11: PSC-=8
PSC is prescaler factor; capture i
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Fi el Name|R/ V Description

Il nput Camtndired=i [ t er Configure
0000: Disable fprdter, sampled by f

0001 DI V=1 N=2
0010 DI V=1, N=4
0011 DI V=1, N=8
0100 DI V=2 N=6
0101 DI V=2, N=8
0110 DI V=4, N=6
0111 DI V=4 N=38
7 4 IClFR/VlOO:O DI V=8, N=6
1001 DI Vv=8, N=8
1010 DI V=16, N=5

101DI V=16, N=6
1100 DI V=16, N
1101 DI V=32, N
111:0 DI v=32, N
1111: Dl v=32, N=38

8
5
6

Sampling frequency=timer clock fre
indicating that a jump is generat e
frequeakcywhesn tDI Val=l1;otfloer Towal ues,
Capture/ Compare Channel 2 Select
00: CC2 channel is output
01: CC2 channel is inpwt, and | C2
9:8CC28ER/V10: CC2 channel i's i nput, and | C2
11: CC2 channel imappnepdutgn amRIC,lI Ca&n
internal trigger input
Note: This bit can be written only
register CC2EN=0) .
11: {1 C2PYR/ I nput Capt r eeC@Clamielr Configure
15: I C2HR/ VI nput Capt L&r & i@dtredfrringgd r e

1568 Capture/ Compare mode register 2 (TMRx _C
Of fset address: 0x1C
Reset value: 0x0000
Refer to the description of the above CCM1 r
Out put compare mode:

Fie Name | R/ V Description

Capture/ Compa&8Sel Ebannel
This bit defines the input/output

00: CC3 channel is output

01: CC3 channel is input, and | C3
1: 9 CC3SE[R/10: cC3 channel is input, and 1C3

11: CC3 channahdi $§CBnpat mapped on

internal trigger input

Not e: Thi s bit can be written

( TMRx _CCEN register CC3EN=0).
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Fie Name | R/ V Description
Rapid Enable Output Compare Chann
0: Di sabl e
2 OC3FE|R/Mf1: Enabl e
This bitimprosedthe response of t
the trigger input event.
3 OC3PE|R/ V\Output Compare Channel 3 Preload E
6: 40C3MO|R/ VfOutput Compare Channel 3 Mode Conf
7 Reserved
Capture/ Compare Channel 4 Select
Thibst defines the input/output di
00: CC4 channel is output
01: CC4 channel is input, and | C4
9: 8 CC4SER/V10: CcC4 channel is input, and | C4
11: CC4 channel is input, and olrR4
internal trigger input
Not e: Thi s bit can be written
( TMRx_CCEN register CC4EN=0) .
10| OC4A4FE/R/ VOut put CompaFea EGhaabnnee | 4
11 | OC4PE|R/ VfOut put Compare Channel 4 Buffer ENn
14: |OC4MO|R/ VfOut put Compare Channel 4 Mode Conf
15 Reserved
Input capture mod e :
Fi el Name|R/ V Description
Capture/ Compare Channel 3 Select
00: CC3 channel is output
01: CC3 channel is input, and | C3
1:OCC3SER/V10: CC3 cihrapwnte,l armd | C3 is mapped
11: CC3 channel is input, and | C3
internal trigger input
Note: This bit can be written only
regi ster CC3EN=0) .
Il nput Capture Channel 3 Perscaler (
00: PSC=1
01: PSC=2
3: 221 C3P3YR/ YV
10: PSC=4
11: PSC=8
PSC is prescaler factor; capture i
7:4 1 C3FAFR/ MInput Capt uFielOdénefnngeulr3e
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Fi el Name|R/ V Description
Capture/ CompafSel Eobannel 4
00: CC4 channel is output
01l: CC4 channel is input, and | C4
9:SCC4SER/V10: CC4 channel is input, and | C4
11: CC4 channel is input, and | C4
internal trigger input
Note: Thi swrhittt emamnde when the cha
register CC4EN=0) .
11: {1 C4PYR/ I nput Capture Channel 4 Perscaler (
15: | CAFR/ VI nput Capture Channel 4 Filter Conf
1569 Capture/ Compare Enabl e Register
Of fset address: 0x20
Rest value: 0x0000O0
Fie Name | R/ W Description
Capture/ Compare Channel 1l Output
When CC1l is configured as output
0: Di sabl e output
1: Enabl e output
0 CC1ENR/Wwhen CC1 is configured as input:
This bit determines whetdceunttelre
captured and enter TMRx_CC1l regi g
0: Di sable capture
1: Enabl e capture
Capture/ Compare Channel 1l Outoput
When CC1 channel is configured aj{
0: OC1 is active high
1: OC1l is active | ow
When €Ghnnel is configured as in
CC1POL and CC1NPOL control the poqd
signals TI1FP1 and TI2FP1 at the
00: -Noamseverting/rising edge:
TXxFP1 is nAiontvephds:eg (triggered in
1 CcCl1PO|l R/ Wana icaptured at t hxeF Prli s(irnegs eetd gte
external clock and trigger mode)
01: Phase inverting/falling edge]
Tix FP1 i si mpvwearstei ng (triggered in g
captured adttdglexofP 1T ( r eesret ctarpitgugr
clock and trigger mode) .
10: Reserved
11: -Noaseverting/ Rising and falldi
TxFP1 is Amtvephdseg (triggered in
in encoder mode), andand fozadpteurddR]
(reset trigger, capture, external
2 Reserved
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Fie Name | R/ W Description
Capture/ Compdr ©@uC€Clpannelol arity Co
When CC1 channel is configured a
3 CClNP(R/\ACClNPOL remains in cleared state
When CC1 cbanheguised as input:
This bit and CC1POL control t he
signals TI1FP1 and TIlI2FP1 at the
4 CCZENR/V\Capture/CompéreDu(thDalr'lneEInabIe
Refer to CCEN_CC1EN
5 CC2PO R/V\Capture/CompéOetﬁh.anﬁ’.elarity Con
Refer to the description of CCEN]
6 Reserved
7 CC2NP(R/V\C0nfigure Out put P_ola.rity of Capt
Refer to the description of CCEN]
8 CCSENR/V\Capture/Compeﬁlreju‘(trpajnneElnable
Ref erhé odescription of CCEN_CC1EN
9 CC3PO R/V\Capture/CompeﬁreDu(trp.aMnfaPlolarity Co
Refer to the description of CCEN]
10 Reserved
11 CCSNP(R/V\Capture/CompeﬁreDu(trpaMnePlolarity Co
Refer to theCOENCCCDHONRPOI. of
Capture/ Compar ©QuClpanneé&inabl e
12 CC4EN R/ W
Refer to CCEN_CC1EN
Capture/ Compdar ©Qu€Clpanneélol arity Co
13 CC4PO| R/ W . .
Refer to the description of CCEN]
14 Reserved
Capture/ CompdaOet @obhankPel arity Con
15 [CC4NP( R/ W . .
Refer to the description of CCEN]
Tabd ®ut put Control cBi €Chahn&tandard
Ccx EN bit Ocx output state
0 Di sable oux(puutENEOD)
1 Ocx =OCXx REF+ pwl BNEFLlYy, O
Note: The state of external I/ O pin connected to

Ocx channel and the GPI O and AFI O registers.

156.10Counter register (TMRx_CNT)
Of f set addr ess: Ox 24
Reset val ue: Ox0000O0

Na meg

R/ V Description

15:

CNT

R/ \fCounter Value

156.11Prescal er register (TMRx _PSC)

Of f set addr ess: O0x 28
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Reset value: 0x0000O0
Fi Na mel R/ V| Description
Prescaler Val ue
15: PSC|R/ V
Clock frequency offccehnP8C+L)CK_CNT

156.12Aut o rel oad register (TMRx_AUTORLD)

Of fadtlr ess:

Reset val ue:

0x2C
OXFFFF

Fie Name | R/ V Description
Aut o Reload Value

15:|AUTORL R/ V )
When the value of auto reload is

156.13Channel 1

capture/ compare

register

CNT of
When t
regi st
result

regi st
updat e

| f t he

Of fset address: 0x34
Reset @x0@e@o0
Fi Namdq R/ V Description
Capture/ Compare Channel 1 Value
When the capture/compare channel 1
CCl contains the counter value tran
1 event .
When ctehpet ur e/ compare channel 1 is ¢
CCl contains the value currently |gdg
15:| cc1|/lr/ VyCompare the value CCl1l of the captur

the counter to genleerate the
he output compare preload is
er) , the written value wil!/l
S

out put compare preload is
er), t he fwercitt tteme vaad tupeu twidd mp

event is generated.

156.14Channel 2
Of f set addr

Reset val ue:

capture/ compare
ess: 0x38
0x0000

register

Fi NamgR/ V Description
Capture/ Comp&r &aChannel
15: CC2| R/ V
Refer to TMRx _ CC1

156.15Channel 3
Of f set addr

Reset val ue:

capture/ compare
ess: 0x3C
Ox0000O0

register

Fi Namg R/ V Description
Capture/ Compare Channel 3 Value
15:| CC3| R/ V
Refer to TMRx_CC1

156.16Channel 4
Of f set addr
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Reseal ue: O0x0000O0

Fi e| NamgR/ V Description

Capture/ Compare Channel 4 Value
Refer to TMRx_CC1

15:|] CC4|R/V

156.17DMA Contr ol Register (TMRx_ _DCTRL)
Of fset addr ess: 0x 48
Reset val ue: O0x0000O

Fi el Name|R/YV Description

DMA Base Address Setup

These bits define the base addr es
reading or writing TMRx_DMADDR r e
the offset from the address of TM]}
O0O0OO0ODMRXx _CTRL1

0O000TLMRx _CTRL2

0O00'1DMRx _SMCTRL

é é.

4: 0ODBADD| R/ YV

7:5 Reserved

DMA Burst Transfer Length Setup
These bits define the transmissio
in continuous mode. The data trang;g
When reading/ writim@giTMRer_ ,DMAID® Rt
continuous transmission;

00000: Transmission once

00001: Transmission twice

00010: Transmission for three ti mg
éeé

10001: Transmission for 18 times

The transmission address formul a

12:{ DBLENR/ VTransmi ssi on xadQTrRlsls =aldWR ess (sl av
+DBADDR+DMA i ndex; DMA i ndex=DBLE|
For exampl e: DBLEN=7, DBADDR=TMRA4 |
the address of the dat aT MPx bGTaRdrda i
+ DBADDReAnNns the address ofeathe da

Data transmission wil/| occur to:

starting from DBADDR.

The data transmission will change

When the transmission data is set

severgirsters

When the transmission data is set

the MSB bit of the first dat a, t h

of the first dat a, and the data wi
15: 1 Reserved

156.18DMA address register of continuous mode
Of fset address: 0x4C
Reset value: 0x0000
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Fie Name | R/ V Description

DMA Register for Burst Transfer
Read or write operationragteser of

access to the register in the fol
TMRx _CTRL1 address + (DBADDR+DMA
Wherein:

15:| DMADDHR/ V
fiTMRx CTRL1 oOaidsdr & ©1® addr ess of

(TMRx _CTRL1) ;
iDBADDBDIRs the base address defined

MMA iiodexthe of fset automatical
depends on DBLEN defined in TMRx |

156.191 nput Channel Remapping Register (TMR3_
Of fset address: 0x50
Reset value: 0x0000O0

Fie Name | R/ V Description

Ti mer I nput Channel 2 remapping g
00: TMR3 Channel 2 connected to (
01: TMR3 Channel 2 connected to H
15:) RMPSEIR/V10: TMR3 Channel 2 connected to H

11: TMR3 Channel 2 connected to
sel ecti oguriesd choynftihe MCOSEL bit
Regi ster RCM_CFG1.
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16

16.1

Basic Timer (TMR6/7 /8)

| ntroducti on

The basi

c timer TMRG6/ 7/ 8bicbnsoshtsepf

amt anmseé .

register, prescaler and trigger

controll er.

The basi
configur

c ti mer
ation,

provi de g ua ptoisme th anmea sf. o rT htr loau
they can gen¢teatlT®MBRBNMASrequest

not support DMA requests.

16.2 MaiGharacteristics

)
2
©)

Counter: 16-bit counter, which can only count up
Prescaler: 16-bit programmable prescaler

Clock source: There are only internal clocks

163 Str ucBluordegk agr am

Figb®Beasic Timer Structure Bl ock Diagrai
Auto reload
register Counter CNT
y
CK_CNT
Trigger
Inttlernsl processing CK_PSC PSC
cloc > prescaler
164 FunctiDesalki pti on
1641 Cl ock source selection
The basic timer is driven by internal <clock
Configure the CNTEN bit of TMRx rCTRWHemegi st
CNTEN bit is set, the internal clock CK_INT
counter through the controller and prescaler
1642 Ti mebase uni't
The time base wunit in the basic timer contai
Counter register (CNT) 16 bits
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Autoreload register (AUTORLD) 16 bits
Prescaler (PSC) 16 bits

5

Counter CNT
The basic timer only Rhuaps one count mode: cou
Couqwutp mode

When the countprmodejntbeuabunter wil.l count
time a pulse is geinlelr aitredr,edshe kkyulhtenrd when
the counter (TMRx_CNT) is equal to the value
( TMRx _AUTORLD), then the counter wiubpl start
overrun event wil!/l be generated, and the val
(TMRxT@RLD) is written in advance.

Di sable the update event and set UD bit of T

Generate the update interrupt or DMA request
TMRx CTRL1 register.

When an update event occurs, both the auto r
register will be updated.

Figb®le mer Timing Diagram (Il nternal Clock Diwv

s

CKCNF— |

PSC=1

/ \/ \/ \/ Y \/ \
| \ i \/ \ \ \ \ | \ |
Counter register 21 22 | 23 | 24 x 25 r 26 % 27 jl\ 00 ffl‘\ 01 r 02 “‘x‘\ 03 r 04

AN /\ /' ‘ J'\

| \ \ [\ \ \ \ I\ J\ [\

Counter overrun

Update event

o )

PSC=2 / \ / / \ / \ /

\ / \/ \/ /
\ \
Counter register 0024 [ 0025 ﬁ\ 0026 | 0000 f o001 o002 /& 0003

Counter overrun

Update event
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Prescal er PSC

The preslbalbart si sand programmabl e, and it can
frequency of the counter to any value within
register), and after frequency division, the
count. The prescalen baschabgétiedurwhgchuaoai

165 Regi Addr eMasppi ng

In the following table, all -begiatddresefbl MR
(addressing) space.

Tab3d MR MR@nd TR&§8i ster Address Mapping

Register na Description Of fset

addres
TMRx _CTRL1 Control register 0x00
TMRx _DI EN DMA/ I nterrupt enabl 0x0C
TMRx _STS Status register 0x10
TMRx _CEG Control event gener @ O0x14
TMRx _CNT Counter register 0x 24
TMRx _PSC Prescealge st er 0x28
TMRx _AUTORL Auto reload regig 0x2C

166 Regi Fttect i @ensaclr i pti on

166.1 Contr ol Register 1 (TMRx _CTRL1)
Of fset addr ess: O0x00
Reset val ue: O0x0000O

Fie Name| R/ V Description

Counter Enabl e
0: Di sabl e

o | cNTEfR/L: Enable

When thecbobinfhféguired as external cl
mode, it is required to write 1 t
when it is configured as the trig

Update Disabl e

Update event caD, c®5€e aAUTCKIXx t o
of update setting.

0: Enable update event (UEV)

1 ub R/V| An update event can occur in any
The counter overruns/underruns;
Set UEG bit;

Update generated by slave mode ¢

1: Di sabl entupdate eve
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Fie Name| R/ V Description

Update Request Source Select

| f interrupt or DMA i s enabl ed,
interrupt or DMA request. Differen
by this bit.

2 URSSER/VWO: The counter overruns or underr
Set UEG bit

Update generated by slave mode ¢
1: The counter overruns or underr
Note: TMR8 does not support DMA f

Single Pulse Mode Enabl e

When an update event is generated,
changed; oide,t hihe MMNTEN bit wil!l b
3 SPMENR/ V|stopped, and the subsequent outpu
changed.

0: Disabl e

1: Enable

6: 4 Reserved

Autrcel oad Preload Enabl e
When the buffer is disabl ed, modi f

wi || i mmedi ately lead to modifica
2 ARPEPR/V\Nhen the buffer is enabl ed, modi f
wi || |l ead to modifiedtitontbaft tChban

update event.
0: Disabl e
1: Enabl e

15: Reserved

16.6.2 DMA/ I nterrupt enable register (TMRx_DIE
Of f set addr ess: Ox0C
Reset val ue: Ox0000O0

Fi el Namg R/ W Description

Update Interrupt Enabl e
0 Ul EN R/ WO0O: Disabl e
1: Enabl e

7: 1 Reserved

Update DMA Request Enabl e

0: Di sabl e

1: Enabl e

Note: TMR8 does not support DMA fu

8 UDI E| R/ W

15: Reserved

1663 St atus register (TMRx _STS)
Of f set addr ess: Ox10
Reset val ue: Ox00O00O0
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Fi el Namg R/ W Description
UpdaBveent I nterrupt Generate Fl ag
0: No update event interrupt occu
1: Update event interrupt occurre
When the counter value is reloade
be generated. The bit is set to 1
updeatevents are generated in the f

0 |UIFURC_W/ (1) uUD=0 on TMRx_CTRL1 register,
counter overruns/underruns, an up
(2) URSSEL=0 and UD=0 on TMRx_CTR
TMRx _CEGi sBter to generate an upda
to be initialized by software;
(3) URSSEL=0 and UD=0 on TMRx_CTR
will be generated when the counte

15: Reserved

1664 Contewént generation register (TMRx_CEG
Of fset address: O0x14
Reset value: 0x0000

Fi ef]NamgR/V Description
Update Event Generate
0: I nvalid
1: Initialize the counter and gener
0 UEG| w This bit i s set to 1 by dvafrdware, a
Note: When an update event is gener
cleared to O, but the prescal er -dfoawg
mode, the counter reads the vadhleg
mode orumgomad the counter wildl be cl
15: Reserved
Note: The state of external I/ O pin connected to the st al

Ocx channel and the GPI O and AFI O registers.

1665 Counter register (TMRx _CNT)
Of fset address: 0x24
Reset ®¥x00@0

Fi e|Namg R/ W Description

15:| CNT| R/ WCounter Value

1666 Prescaler register (TMRx _PSC)
Of f set addr ess: O0x 28
Reset val ue: Ox0000O0

Fi e|Namg R/ W Description

Prescal er Val ue

15:| PSC| R/ W
Clock frequency offccebdnPR8C+ )X CK_CNT

16.6.7 Autroel oad register (TMRx_AUTORLD)
Of fset address: 0x2C
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Reset value: OXFFFF
Fi Name | R/ V Description
Aut o Rel oad Val ue
15: | AUTORLU R/ V )
When the value of auto reload is
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17  Independent Watchdog Timer (IWDT)

171 I ntroducti on

The independent watchdog is used to monitor
errors.

The independent watchdog wil/l initiate a sys
decrements to zero. Additionally, if the cou
thame window value before reaching zero, a r

The independent wat ebhidto gp rceosncsa Isetrs -doViiD Ta nP BC, ¢
down counhietr,r@al d2d register | WDT_CNTRLD, a |
| WDT_KEY, a status r eognisntdeorw IrVEDQT sSTeS, |anDdT _awl

The independent watchdog has an independent
master clock fails, it is stildl val i d.

The independent watchdog is applicabl e when
required but the acacturhicgh.requirement is n

172 Funct iBbodkagr am

Fi g6l ock Diagram of I ndependent Watchd:

IIWDTreset
Auto _reload Reload value Down counter
register 1 y
A
N
State register ¢ Prescaler -
LSICLK
K . Prescaler register
ey register WDT PSC
Note: The prescaler,dowhoaaduwvtaéd ueampeodlieaoastruépdp liyn a ea; t he
prescelgdrster, status register, reload register and keywo
area. The wat chdo@ppfouwnecrt isounp pilsy ianr eeaheanvd it can work norn

standby mode.
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173 FunctiDesalki pti on

1731 Key register

Wri x&C@CC in the key register to enable the i
counter starts to count down from the reset
counts to Ox000, a reset will be generated.

Write OXAAAA in the key regigteterawdl|lt hbeva
reloaded to the counter to prevent the watch

Write 0X5555 in the key register to rewrite
reload register and window value register.

1732 Wi ndow register

The default valuel WDT WhNHNoiws RexygFBE.erWit hout I
wi ndow option is disabled. When the window v
operation wil!/ be performed, and the value o
value of | WDT_CNTRLD, which ceasnetdel ay the cy

The independent watchdog can work in the win
value of window register | WDT_WIN needs to b

1733 Conf i guration | WDT

Configure | WDT when window register is used
(1) Enable IWDT (write OXCCCC to the key register IWDT_KEY)

(2) Enable the register access permission (write 0x5555 to the key register
IWDT_KEY)

(3) Configure IWDT_PSC prescaler register (write the value within 0~7 to
IWDT_PSC)

(4) Wait until the value of status register IWDT_STS is updated to 0x00

(5) Configure the window register IWDT_WIN (the value of auto reload
register IWDT_CNTRLD can be updated to the value of watchdog
register)
Note: When the value of status register | WDT_STS is 0x00

the counter by the auto reloaded value.

Configure | WDT when window register is disabl e
(1) Enable IWDT (write OXCCCC to the key register IWDT_KEY)
(2) Enable the register access permission (write 0x5555 to the key register

IWDT_KEY)
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(3) Configure IWDT_PSC prescaler register (write the value within 0~7 to
IWDT_PSC)

(4) Configure reload register IWDT_CNTRLD

(5) Wait until the value of status register IWDT_STS is updated to 0x00

(6) Refresh the watchdog counter using IWDT_CNTRLD register
1734 Regi ster access protection

The pregdaslter naVDT_PSC, reload register | WDT
register | WDT_WI N have the function of write
these three registers, you need to write O0x5
other value in thet ketyi orgofsttelme tdegi pt er wi

Write OXAAAA to the key register and the wri
enabl ed.

The prescaler register, reload register and
through the status register.

1735 Har dwar aedwgt c

Afterfatrtdewar e &athachdogn i s enabled, and the s\
on and reset, the watchdog will run automat.i
key register, reset wild.l be generated after

1736 Debug mode

Thewdiependent watchdog can be configured in d
stop or continue to worKk. I't depends on the
register in DBGMCU modul e.

174 | WDRe gi sAdaelmr eMasppi ng

Tab3® WDT Register Mapping

Regi ster namg Description Of f set ad
| WDT_KEY Key register 0x00
| WDT_PSC Prescale regi 0x 04
| WDT_CNTRLD Counter reload 0x08
| WDT_STS Status regist 0x0C
| WDT_WI N Window regi st 0x10

175 | WDRe gi sRuerct i @ensaclr i pti on

These peripheral regi sters can be operated b
bits).
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1751 Key

Of f set
Reset

register (1 WDT_KEY)
addr ess: O0x00
val ue: Ox0000 O0O0OOO

(reset in

standby

NamgR/ V

Description

15:

KEY

Al | owc e s s
Writing
| WDT _WI N
When the software writes
and a certain interval i s
Write OxCCCC to t he
by this command
The

| WDT Register Ke

O0x5555 means
registers

enabl e
word) .

0x0000O0.

roauad val ue i s

enabl ed

y Value
access§g

O0x AAAA, it
r e quti trierdg
wat chdog

31:

Reserved

1752 Prescal er
Of f set
Reset

register
addr ess: Ox04

val ue: Ox0000 O0O0OOO

(1 WDT_PSC)

Nam¢g R/ V

Description

Prescaler

Factor

m

Configure

Support

factor

write

register, it i
register,

only

protection
s allowed t
when PSCUF

functi on;
0O access
LG=0 for

000 :
001:
010:
011:
100:
101:
110:
111:

PSC|RW

PSCUFLG=0,

be changed;ofi nr etaldéd ngr add s
caonutt vealrueeadf PSC regis

PSC=4
PSC=8
PSC=16
PSC=32
PSC=64
PSC=128
PSC=256
PSC=256

31:

Reserved

1753 Count er
Of f set ad
Reset v al

rel dd dVDrTe (CiNSTtReLrD)
dr es s: 0x08

ue: Ox0000 OFFF(reset in

Name| R/ V|

Description

Wa t
It
wat

11:|cNTRL RW|PTO

The
cl o

CNTUFLG=0. I n
CNTUFLG=0 1in

chdog Counter Reload Value Setu

supports write protection func
chdog ceonun>xAAA¥h i s written to
cess of writing this register,
t he process of re
| WDT_STS register, c 4
wha g ht i meout
ck prescaler

cycle can be <cal

val ue.

31:

Reserved
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1754 St atus register (I WDT_STS)
Of fset address: 0xO0C
Reset value: 0x0000 0000 (not reset in stand

Fie Name | R/ V Description

Wat chdog Prescaler Value Update H
0 PscuUuFl R When the prescale'r factor is wup
prescaler factor is updated, cl eq
updated only when the PSCUFLG bit

Wat chdogerCoRentoad Value Update FI
1 cNTUEI R When the counter relolad value i s
counter reload value is updated,
value is updated only when the CN

Watchdogt €o Window Value Update H

When the window value is updated,
2 WI NUFL R |[the window value of the counter
hardwar e; the window value is val

enabl ed.

3 13: Reserved

1755 Wi ndow register (1 WDT_WI N)
Of fset address: 0x10
Reset value: (0r6000i BFBFandby mode)

Fi el NamgR/ V Description

Set Watchdog Counter Wi ndow Val ue
These bits include the windowcwahue
These bits can be modified only whe

11:| WINIRW|Rel oading the counter between the
prevent resetting

Not e: When reading this regpower, S

domain, so if yo,u ywaunts htooulrde aedn sduart eq
31: Reserved
Note: When the reload setting, prescaler setting and win
change the reload value, prescaler value and gwindow val ui
bitshtarBhere is no need to wait after-powdatempdenl ess you
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18

Universal Synchronous/Asynchronous

Transceiver (USART)

181 Ful | Name and Abbreviation Descri
Tab3 4 ul | Name and Abbreviation Descriptio
Ful | Na me Abbreviati g
Clear to Send CTS
Request to Send RTS
Most Significant Bit MS B
Least Significant Bi LSB
Guard GRD
Overrun OVR
182 I ntroducti on
USART (umiymerthgalnous/ asynchronous transceiver
communi cation device t hadtupclaenx fdoegxlikbalyf e x c ha
data with external devices, and meets the re
industry standard NRZ asatn.c hUSDARTU sa lssea i parl o vdiac
wide range of baud rates and supports multip
USART not only supports the standard asynchr
supports synwhyonomsmuoneati on and some ot her
exchangesmaethesas LI N protocol and hardware f|
USART al so supports DMAs faadc td atha t@mo mmuan ii zaet i
183 MaiGharacteristics

(1) Full-duplex asynchronous communication
(2) Single-line half-duplex communication
(3) NRZ standard format

(4) Characteristics of programmable serial port:

, Data bit: 8 or 9 bits

Check bits: Even parity check, odd parit
Support 0.5, 1, 1.5 and 2 stop bits

5

5

(5) Check control
Transmi't the check bit
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Check the received dat a

(6) Select speed and clock tolerance with programmable 8-time or 16-time
oversampling rate

(7) Programmable high or low priority

(8) Independent transmitter and receiver enable bit

(9) Independent signal polarity control transmitter and receiver

(10) Can switch TX/RX pins

(11) Support timeout detection

(12) Programmable baud rate generator, with the baud rate up to 8 Mbit/s
(13) Automatic baud rate detection

(14) Multiprocessor communication:
I f the address does not match, enter the
Wake up from mute mode through idle bus
detection

(15) Double-clock drive
Functionupff waket he stop mode
Baud rate selection independent of PCLK

B

(16) Synchronous transmission mode

(17) Generation and detection of LIN break frame

(18) Support hardware flow control and RS485 drive enable
(19) DMA can be used for continuous communication

(20) Status flag bit:

Transmi ssion detection flag: The trans mi
receive register is not empty, and trans
Error detection fl ag: Overrun error, noi
error

(21) Multiple interrupt sources:

The transmit register is empty
Transmission completed

CTS changed

., The receive register is not empty
, Overrun error
Bus idl e

, Parity check error
LIN break detection
Noi se error
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Overrun error

Frame error

Address/ Character match

Wake wup fr aorodtehe st op

Failed to receive interrupt on ti me

184 FunctiDesabkipti on

Tab3®SART Pin Description

Pin Type Description
USART_R Il nput Data receiving
Data transmissi

Output . .
USART_T ) When ttrheensmi tter i s en
I/ O (i mgl mo( ]

transmit data, the

USART _C OQut put Clock output
USART_nR Il nput Request to send in har
USART_n( OQut put Clear to send in hard

Driewreabl e activatin
USART_D I nput )
transmitter/ rece€g

1841 Si ndlieme-du@l €x communi cati on

The HDEN bit of USART_CTRL3 register deter mi
singiepedbh@lldx mode.

When USART enltienred ihgaillrdgxl eno d e :

The CLKEN NMMEN bits of USART _CTRL2 regis
of USART_CTRL3 register must be cleared.

., RX pin is disabled.

., TX pin should be -dcroanifn gouwrtepdu ta sa nodp ecnonnec
RX pin inside the chip.

, Transmitting data and recaitviang tdata can

B

same time. The data cannot be received ©b
To receive data, the reception function
TXCFLG bit of USART_STS register is set
, I f there is data collision omgd he bus, s

the distributed communication process.

1842 Fr ame f or mat

The frame format of data frame i:s controll ed
., DBLCFG bit controls the character | ength
bits

The PCEN bit control pawhledg/dhietr t o enabl e

5
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The PCFG bitpa&mdnittercokl sbitthet o deter mi ne if

even
Tab3@&SART Frame For mat
DBLCFG PCEN b USART data frame
0 0 Start-bbitd8&8ta+stop bi
0 1 Start-bbitedadat a+ pbarti+tsyt ocph ebci
1 0 Start-bbitd@ta+stop bi
1 1 Start-bbitd8&8ta+ parity che

Configurable stop bit

Four different stop bits can be configured t
USART_CTRL2 register.

, 1 stop bit: The default stop bit

, 0.5t op bit

, Two stop bits: Used-liimenoronael amald eh,a rsdiwmag
fl ow control mo d e
1.5 stop bits

B

Par iheck bit

The PCFG bit of USART_CTRL1 determines the p
PCFG=0, it is even parity cheblkeckon the cont
Even parity check: When the nianber of fr
is even, the ®Ogemthlee dh skei ti ti § s
Odd parity check: When the nufbdber of fr a
even, the oditq chtelcekr fBd 2e iist i s
Check generation: When transmitting dat a
USART_CTRL1 register, and the check bit
the data and be transmitted.
Parity check:

- I f the paritthye cPhEeFcLkG ffdialgs ,bit of USART_
wi | | be set.
- I f the check control i s enabl ed, corre

triggered. Write 1 to the PECLR bit of
and PEFLG flag bit can be cleared.

1843 Transmitter

When the TXE&Ngbsteof UBSARTrCTRL1 is set, the
register wild. out put data through TX pin and
be output through CK pin.
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18431 Char acter transmi ssi on

During transmission period of USAR®, the | ea
wi || be moved out by TX pin first. I n this m
buffer between the internal bus and the tran
A data frame is composed of the start bit, c
| o-lwev el st ar tealiht cihmrfarcdaretr ;oft beal t Beop bBEt a
whose number is configurable.

Transmission configuration steps

(1) Decide the word length by setting the DBLCFG bit of USART_CTRL1
register

(2) Decide the number of stop bits by setting the STOPCFG bit of
USART_CTRL2 register

(3)  If multi-buffer communication is selected, DMA should be enabled in
USART_CTRL3 register

(4) Setthe baud rate of communication in USART_BR register

(5) Setthe UEN bit of USART_CTRL1 register to enable USART. Wait for
TXBEFLG bit of USART_STS register to be setto 1

(6) Enable the TXEN bit in USART_CTRL1 register, and transmit an idle
frame

(7)  Write data to USART_TXDATA register (if DMA is disabled, repeat Step
7 for each byte to be transmitted)

(8) Wait for TXCFLG bit of USART_STS register to be set to 1, indicating
transmission completion

Note: TXEN bit cannot be reset during data transmission;
destroyed, which is because if the baud rate generator s
|l ost .

18432 Signl-leyt e communi cati on

TXBEFLG bit can be cleared by writing to USA

TXBEFLG bit i s set by hardwar e, the shift r e
transferred from the data transmit register,
t hkeata transmit register wildl be cleared. The

data register without overwriting the previo

(1) If TXBEIEN in USART_CTRLZ1 register is set to 1, an interrupt will be
generated.
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(2) If USART is in the state of transmitting data, write to the data register to
save the data to the TXDATA register, and transfer the data to the shift
register at the end of the current data transmission.

(3) IfUSART is in idle state, write to the data register, put the data into the
shift register, start transmitting data, and set TXBEFLG bit to 1.

(4) When a data transmission is completed and TXBEFLG bit is set,
TXCFLG bit will be set to 1; at this time if TXCIEN bit in USART_CTRL1
register is set to 1, an interrupt will be generated.

(5) After the last data is written to the USART_TXDATA register, before
entering the low-power mode or before disabling the USART module,
wait to set TXCFLG to 1.

18433 Br eak fr ame

It is regarded that tfwi bheakoheameamal pereo
break frame ¢aedbbdbyt samsming the TXBFQ bit of
regi ster, and the | ength of the break fr ame
USART_CTRL1 register. I f the TXBFQ bit is se
transmission of current datme, tdred TXftleme wi
compl etion of transmission of break frame, t
end of the break frame, the transmitter inse

the start bit.

Not e: | f the TXBFQ bit is redetameef athe traemakmifsaimen wof |t
transmitted. To transmit t wo consecutive break frames, t !

the previous break symbol
184341 dl e fr ame

The idle frame is regarded as a cdanpl et e dat
foll owed by the start bit of the next frame
USART_CTRL1 register to 1 and one idle frame
first data frame.

1844 Recei ver
18441 Character receiving

During receiving periodntofodWwSART:, h eRXl edsnt wsilg

bit (LSB) of the dat a. I n this mode, USART _R
bet ween the internal bus and the receive shi
to the buffer bit by bit. Whennffurlkygeigeei vi
register is not empty, then the user can rea

Receiving configuration steps

(1) Program the oversampling rate to 8 or 16 times
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Not e:

1)

)

®)

(4)
(®)

(6)

(2) Decide the word length by setting the DBLCFG bit of USART_CTRL1
register

(3) Decide the number of stop bits by setting the STOPCFG bit of
USART_CTRL2 register

(4)  If multi-buffer communication is selected, DMA should be enabled in
USART_CTRLS register

(5) Setthe baud rate of communication in USART_BR register
(6) Setthe UEN bit of USART_CTRL1 register to enable USART

(7) Setthe RXEN bit of USART_CTRL1 to enable reception

RXEN bit cannot be reset during data receiving period; otherwise, the bytes being received will
be lost.

In the process of the receiver receiving a data frame, if an overrun error, noise error or frame

error is detected, the error flag will be setto 1.

When data is transferred from the shift register to USART_RXDATA register, the RXBNEFLG
bit of USART_STS will be set by hardware.

An interrupt will be generated if RXBNEIEN bit is set.

In single-buffer mode, the RXBNEFLG bit can be cleared by reading USART_RXDATA
register by software or by writing O to it.

In multi-buffer mode, after each byte is received, the RXBNEFLG bit of USART_STS register

will be set to 1, and can be cleared by reading the data register by DMA.

18442 Br eak fr ame

When the receiver receives a break fr ame,

a frame error.

184431 dl e f r ame

When the receiver receives an idle frame,

us

us

an ordinary data framARTIiI €CTRh&e | ODLEEEN Antino

will be generated.

18444 Sel ect the c¢clock source

www. geehy. com

The c¢clock source must be selected by
enabl ed:

(1) The clock source shall be selected according to the transmission speed
and the possibility of use of USART in low-power mode.

(2) The clock source frequency is fck.
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18.4.45 Ov er
The

I f t
tol e
big.

18.446 Ov e r

Wh e n
rece
rese
Afte
be r
ot he

The range of communication speed i s det e
source. USART should be enabled before t
selected.

When USART adbpt& dombhin or wakes up the
PCLK, HSICLK or SYSCLK can be used as th

otherwise, the clock source is PCLK

I f LSICLK is selected as the clock sourc
even iproweaow mode. I't can select accordin
and wakemode, apdM@bdkewhen necessary, so

can read the received dat a.

The receiver realizes the data recovery

technol ogies configured by users to dist
and noises, whi cohf fr ebgeutiweeesn at hter antlaex i mu m

communi cation speed and noise/clock inac
sampling Ratio

OSMCFG bit of USART_CTRL1 register deter

he oversampling rate is 8 times the baud
resmead li.s I'f it is 16 times, the speed is

run error

RXBNEFLG bit of USART_STS register is s
ived at the same time, an overrun error
thecdata be transferred from the shift r
r the byte is received, the RXBNEFLG bit
eset before receiving the next data or s
rwise, ani bveocaorerror w

Wh e n an overrun error occur s

The OVREFLG bit of USART_STS is set to 1

The data in RXDATA register wild.l not be
The data in the shift register previous
but the data received | ater wil/ not be
I f RXBMEKENMTr ERRIEN bit of USART_CTRL1

wi || be generated

When OVREFLG bit tihkeath@as, Hieoessnimedlinhser e ar e
two possibilities:

- When RXBNEFLG=1, the previous valid da

regi ster, and can be read

- When RXBWNE®G, there is no valid data in
The OVREFLG bit can be reset by reading
USART_ _RXDATA registers.
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18447 Noi se error

Not e:

When noise is detected in the receiving proc

Set NEFLG flag on the riosfi nlgS ARITgeSToS RXE
regi ster

Invalid data is transmitted from the shi
regi ster.
I n s-bryglee communi cation, no interrupt wil
mu kbtuif f er communi cation, an interrupt wi
the ERRITENUSDART oCTRL3 register

8Xx oversampling ratio cannot be used in LIN mode.

18448 Fr ame error

18.4.5

18.4.6

I f the stop bit is not received and recogni z

to excessive noise or |l ack of synchronizatio

Whea frame error i s detected by the receiver
., Set the FEFLG bit of USART_STS register
o, Ilnvalid data is transmitted from the shi

register.

, I n s-bryglee communi cati ongemer atneécc,yr rhupt iwvn |
mu tbtuif f er communi cation, an interrupt wi
the ERRIEN bit of USART _CTRL3 register

Tol erance of receiver to the change of

Only when the total clock system deviation i
receer, can the USART receiver work normally.
Deviation wil!/ occur in any of the foll owing

(1) DTRA: Deviation caused by transmitter error
(2) DQUANT: Deviation caused by receiver baud rate quantization
(3) DREC: Change of receiver oscillator
(4) DTCL: Deviation caused by transmission line
Baud rate generator

The baud rate divisionbfacnhombeUSABNABRI¥)Y iing
integethiandracti on. l'ts relationship with th

Baud rate=PCLK/ 16*( USARTDI V)

The value of U SIA RiToDtl Ve xscheoeud O X FFF 7 ; ot her wi s

corrupted.

WWwWWw.

USART2/3 uses PCLK1 as its system clock, whi
system cl ock. USART must be enabled after th
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clock control uni t .
1847 Aut omati c baud rate detection

When a character is received, USART can det e
value of the USART_BR register. Automatic ba
the communication speed of the system is unk

precision is kusdedv,i aotri arhei sclmoct measured to
rate. The c¢clock source must be compatibl e wi
speed.

A npero baud rate must be written for initia
content, and then ena&bldetawctomnat i ABRDCHE Gr di t
USART_CTRL2 register can be set to select th
possi bl e character content i s:

(1) For all characters starting with 1, in this case, measure the length of the
start bit (the duration from the falling edge to the rising edge).

(2) For all characters starting with 10xx, in this case, measure the length of
the start bit and the first data bit, the duration of the falling edge, to
ensure better accuracy when the signal slew rate is small.

(3) One 0x7F character frame (it can be 0x7F in the first mode of LSB, or
OxFE character in the first mode of MSB). In this case, first detect the
baud rate of start bit, then take samples of the bits 0 to 6 at the end of
Bit 6, and further take samples of the bit rate of the character of Bit 6.

(4) A 0x55 character frame; in this case, first detect the baud rate of the
start bit, then detect the baud rate at the end of Bit O data, and finally
detect the baud rate at the end of Bit 6 data. Take samples of Bit 0, bits
1 to 6 and Bit 6 respectively.

The ABRDEN bit of USART_CTRL2 register deter
automatic baud rate detection. After the aut
enabled, wait for the first character on RX
flag bit of USARWISTSbheegeéest

Not e:

(1) If the line noise is too loud, correct baud rate cannot be guaranteed. In this case, the BR value
may be damaged and the ABRDEFLG flag bit will be set, but FEFLG flag bit will not be set.
This situation can also happen if the communication speed and automatic baud rate detection

are not compatible.
(2) RXBNEFLG interrupt will be generated after detection.

(3) Atany time, automatic baud rate detection may be restarted by resetting the ABRDFLG flag
(writing a 0).
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(4) USART cannot be disabled during automatic baud rate detection; otherwise, the BR value

may be damaged.

(5) If the USART auto-baud rate detection fails, the ABRDEFLG flag is set, but FEFLG in the
USART_STS register will not be set.

1848 Mul ti processor communication

I n multiprocessor ¢ ommuanriec actoinonne,c tneudl ttiop Ifeo rhg
net wor k. In this network, two devices commun
mute mode can be enabled for other devices n
communication to reduce the burden of USART.

of USART2 CTeRd-i st er, and the SCEN and HDEN bit

register are cleared, any receiving state bi
interrupts wil/l be disabl ed.
When mute mode is enabled, therée€ are two way

(1) Exit the mute mode when WUPMCEFG bit is cleared and the bus is idle.
(2) Exit the mute mode when WUPMCFG bit is set and the address flag is
received.
|l dl e bus detection (WUPMCFG=0)

When RXWFMUTE is set t omulneo dJeS ARaIN ke nittercsan hvea k
up from the mutd emdde mehen ametiedct ed, meanwhi
RXWFMUTE bit wild.l be cleared by hardwar e. R X
through software.

Figérdedl e Bus Exits Mute Mode

RXBNEFLG set to 1 by hardware

T

RX Data 1 Data 2 Data 3 Idle frame Data 4
RXMUTEEN Mute mode Normal mode
RXMUTEEN set to 1 Idle frame is detected

Address flag detection (WUPMCFG=1)

I f t heessadidrag bit is 1, thi s Tbhyet el oiwse rr edg abri dtesc
of the address byWheatbhe tbheeaddressceives
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byte, it will be compared with its own addre
the receivbe mutée mader tf the addresses mat
wake up from the mute mode and be ready to r
address byte is received again after exiting
does not match its own ndddr dhe, muhe modei vagra

FigbAeddress Flag Exits Mute Mode

RXBNEFLG set to 1 by hardware

|
|

RX Data 1 ><Address 1 Data 2 Address 2 Data 3 Address 3 Data 4
|

|
| -
|

RXMUTEEN 1 Mute mode Normal mode Mute mode

] ! !

Unmatched address Matched address Unmatched address
RXMUTEEN setto 1

1849 Wake up from stop mode

When USART uses HSICLK as clock source, USWM
register decides whet heamodtea wWBalkerwep efnrtemitnige
stop mode, set USWMEN bit of USARITp CTRL1 reg

event is detected, set WSMFLG to 1, and at t
generated as |l ong as WSMIEN is set.

Mute mode in stop mode
I't is notexaltl dwedn tdhe mute mode during idle
exits the mute mode by using the address mat
event can be t-agkesoascéetsl|l wakbe start bit is
up, WSMFLG wi |l be Isa¢g Bind WXBINER&G. f

18410Synchronous mode

The synchronous nldoudpd esxu pspyonrcthsr ofnwluls ser i al CC
in master mod e, and has one more signal l i ne
synchronous c¢clock than the asynchronous mode

The CLKEN bit ofreyySSsRTerCTdRLlcZ des whether to e
synchronous mode.

When USART enters the synchronous mode:
The LI NMEN bit of USART_CTRL2 register,
SCEN bits of USART_CTRL3 register must b
The start bit and stop dligagckfouthputdat a f

www. geehy. com Pagels3



Whet her the | ast data bit of the data fr
clock is determined by the LBCPOEN bit o
USART_CTRL2

The clock polarity of USART_CK is deci de
USART_CTRL2 register

The phase of USABTbgKthe C€€HAdDdDbiIi t of
USART_CTRL2 register

The external CK clock cannot be activat e
break frame appears

Fi g6BLSART Synchronous Transmission Examp

USART Slave

CK P Clockinput

TX [ ® Data input

RX 4— Data output

Fi g6ALSART Synchronous Transmission Timing Dia

DBLCFG=10(Fit data €
CK(CPOL=0,CPHA=0)

exeroocmasy 1 v L L L

CK(CPOL=1,CPHA=0) %

TX (from master device) S Igito | Bit1 |Bit2 |Bits | Bit4 | Bits | Bit6 \i‘sp\

RX (from slave device) | Bit0 | Bitl |Bit2 |Bit3 |Bit4 | Bit5 | Bit6 |
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Fi g6BRLSART Synchronous Transmission Timing Dia

DBLCFG=00(8it data €

CK(CPOL=0,CPHA=0)
excroocany— 1 v L L L

CK(CPOL=1,CPHA=1) f

TX (from master device) St [sito | sit1 | Bit2 | Bit3 |Bit4 | Bits | Bit6 | Bit7 | Stor|

RX (from slave device) | Bito | Bit1 | Bit2 |Bit3 |Bit4 |Bit5 | Bit6 | Bit7 |

Fi g6BkeSARISynchronous Transmission Timing Diagr:

DBLCFG=01(Sit data €

CK(CPOL=0,CPHA=0)
exeroocmay v L e e

1 e e e
CK(CPOL=1,CPHA=1) f

Start

TX (from master device) bt | Bt [Bit1 |Bit2 [Bit3 |Bita | BitS | Bite |Bit7 | Bits | SiOP|

RX (from slave device) (Bit0 |Bit1 |Bit2 |Bit3 |Bit4 | Bit5 | Bit6 |Bit7 |Bit8 |

184.11LI N mode
The LI NMEN bit of USART_CTRL2 register decid

When entering LIN mode:

Each data frame includes 8 data bits and
The CLKENSPOPCEGU of USART_CTRL2 registe
HDEN and SCEN bits of USART _CTRL3 regi st

5

I n LIN master mode, USART can generate break
|l ength of break frame can beCBE6&6tbibd @D or 11
USART _CTRL2. The break frame detection circu
receiver, and whether in idle state or in da
det ect the break frame, and the LBDFLG bit o]
at this$hei m8DIIEMN bit of USART _CTRL2 is enabl
generated.
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Detection of break frame in idle state

I n idle state, if a break frame is detected
data frame of O and generate FEFLG error.

Fi g6éfer eak Frame Detection in | dle Stat
RX Data 1 Data 2 Idle Break Data 3 Data 4 Data 5
frame frame
FEFLG
USART_DATA Data 1 >< Data 2 0x00 Data 3 Data 4
LBDFLG
Detection of break frame in data transmission
In the process of data transmission, if the
currently transmittedEFdtGa effrmradame will gener a
Fi géBBer eak Frame Detection in Data Transmi ¢
RX Data 1 Data Break frame Dgta Dgta Data 4
FEFLG
USART_DATA Data 1 Data 2 Data 3 Data 4
LBDFLG

184.12Har dware fl ow contr ol and RS485 drive e

The function of hardware flow control is to
bet ween two devices through nCTS pin and nRT
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Figé®kear dware Flow Control between Two US/
X RX
Transmit circuit Receive circuit
« |NCTS nRTS
<« | RX TX
Receive circuit Transmit circuit
nRTS nCTS$
USART1 USART?2

CTS flow control

The CTSaN BDBART_CTRL3 register determines wh
fl ow control . I f CTS flow control is enabl ed
the data frame of nCTS pin can be transmitte
USART _STS register and en@TaS ai sf rpauniel ecdant dbel ow
transmitted. | f nCTS becomes high during tra
transmitting after the current data frame is

RTS flow control

The RTSEN bit of USART_CTRL3 register determ
fl owrobntl f RTS flow control is enabl ed, whe
NRTS wi || be pulled to |l ow. When a data fram
high to inform the transmitter to stop trans

RS485 drive enabl e

The DEN bit of regART eCTRIE: er mi nes whether to

enable functi on, and this function all ows DE
of the external transceiver.
Lead ti me: The time interval bet ween the dri

the férsktt bys controlled by DLTEN[4: 0] of US.

Lag time: The time interval between the stop
DE signal . I't is controlled by DDLTEN[4:0] o

When RS485 driver enabtlhee fRITNS tpiionn wisl la ccto nvtaitr
out put a |l ow | evel if the UEN bit in the USA
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18.4.13D MA mt+blutf if er communicati on

To reduce the burden of processors, USART ca
mode.

Transmission in DMA mode
The DMATXHEN WSART_CTRL3 register determines w

DMA mode. When transmitting by DMA, the dat a

be

transmitted to the buffer by DMA.

Configuration steps of transmission by DMA:

@)
)
®3)

4
®)
(6)
7
®

Clear the TXCFLG flag bit of USART_STS register to 0
Set the address of SRAM memory storing data as DMA source address

Set the address of USART_TXDATA register as DMA destination
address

Set the number of data bytes to be transmitted
Set channel priority

Set interrupt enable

Enable DMA channel

Wait for TXCFLG bit of USART_STS register to be set to 1, indicating
transmission completion

Receive by DMA

The

DMARXEN bit of USART_CTRL3 register dete

DMA. When receiving by DMA, every time one b
redve buffer wild.l be transmitted to the desi

Configuration steps of receiving by DMA:

1)
)

®3)
“4)
()
(6)

Set the address of USART_RXDATA register as DMA source address

Set the address of SRAM memory storing data as DMA destination
address

Set the number of data bytes to be transmitted
Set channel priority
Set interrupt enable

Enable DMA channel

www. geehy. com Pagel1l38



184141 nt errupt request
Tab3 ASART I nterrupt Request
I nterrupt even Event f 1l a Enabl e bi
The receive regist RXBNEFLG
RXBNEI EN
Overrun error OVREFLG
ldle I'ine is de | DLEFLG | DLEI EN
Parity check er PEFLG PEI EN
LI'N break erro LBDFLG LBDI EN
Noi se e NEFLG
Receiving er
Overrun OVREFLG ERRI EN
mo d e
Frame e FEFLG
Mat ching charac CMFLG CMI EN
Error of failing t RXTOFLG RXTOI EN
Wake wup
Stop mode WS MF L G WS MI EN
stop mog
Data transmit regi TXBEFLG TXBEI EN
Transmi ssion com TXCFLG TXCI EN
CTS flag CTSFLG CTSI EN

Alilnt errupt
and
the interrupt
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Fi giOkLSART I nterrupt Mapping

OVREFL RXBNEIE
IDLEFLNG:D
IDLEIE!
PEﬁ:E]
PEIE
LBDIE
NEFLG— Lo
OVREFL or Receive interrupt
FEFL ERRIE
CMFL: ‘
CMIE
AL [ SR
RXTOIE

USART
interrupt

WSMIE

TXBEFL@

TXBEIE )
Transmit

TXCFLS:D or |interrupt

TXCIE

CTSIE!

185 Regi Atdr eMasppi ng

Tab&SART Regi ster Address Mapping

Register na Description Of fset a
USART_CTRL1 Control registe 0x00
USART_CTRL?2 Control registe 0x04
USART_CTRL3 Control registe 0x08

USART_BR Baud rate regis 0x0C
USART_RXTO Receive timeout 1 O0x14
USART_REQUES Request registeg 0x18
USART_STS Interrupt and st a 0x1C
USART _|I NTFCL Interrupt flag cl 0x20
USART_RXDATA Data receive reg 0x24
USART_TXDATA Data transmit re 0x28

186 Regi Fttect i @ensaclr i pti on

186.1 ContReogi ster 1 (USART_CTRL1)
Of fset address: 0x0O0
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Reset value: 0x0000 00O0O

Fie Name R/ V Description
Enabl e USART
0: Di sabl e USART prescaler and o
l1Enabl e USART modul e

0 UEN R/I'VI|t isloset cteared by software; cl
current operation and the presca
working i mmediately. The setting
status flag iinl USAKRTr 8ISt w
Enable USART in Stop Mode to Wak
0: Di sabl e
1: Enabl e

1 US WME N| R/W . .
This bit can be set to 1 and cl e
required to select HSICLK as the
chapter of RCM)
Receive Enabl e

5 RXEN R/VO: Di sabl e
1: Enabl e, and start to detect t
Set to 1 or cleared by software.
Transmit Enabl e
0: Disabl e

3 TXEN | R/ V
1: Enabl e
Set to 1 or cleared by software.
I DLE I nterrupt Enabl e
ODi sabl e

4 | DLEI BR/ V )
1: Generate an interrupt when | D
Set to 1 or cleared by software.
Receive Buffer Not Empty I nterru
0: Di sabl e

5 RXBNEI | R/ V i
1: Generate an interrupt when OV
Set to 1 or cleared by software.
Transmit Complete Interrupt Enab
0: Di sabl e

6 TXCI ENR/ V ]
1: Generate an interrupt when TX
Set to 1 or cleared by software.
Transmit Buffer Empty I nterrupt
0: Disabl e

7 TXBEI E R/ V .
1: Generate an interrupt when TX
Set dro dl eared by software.
Parity Error interrupt Enabl e
0: Disabl e

8 PEI EN|R/ V .
1: Generate an interrupt when PH
Set to 1 or cleared by software.
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Fie Name R/ V Description
Odd/ Even Parity Configure
0: Even parity check
1: Odd parity check
9 PCFG |R/Vset tol daoped by software.
The selection wild.l not take eff g
bytes is completed.
This bit can be set only when US
Parity Control Enabl e
0 Di sabl e
1: Enabl e
I f this ardHhescks ebti,t awi Il be ins
10 PCEN |R/Wsignificant bit (MSB) when trans
check whether the check bit of t
The check control wildl nons miakei
bytes is completed.
This bit can be set only when US
Wakeup Method Configure
0 Il dl e bus wakeup
11 | WUPMCF({R/ V1 Address tag wakeup
Set to 1 or cleared by software.
This bit can be set eonnalbyl emdh.en US
Data Bits Length Configure
12 DBLCFG R/ V|Set to 1 or cleared by software.
This bit can be set only when US
Receive Mute Mode Enabl e
13 RXMUTEER/VO: Nor mal operating mode
1: Able to switch betwenewmenor mal
Set to 1 or cleared by software.
Character Match Interrupt Enabl e
14 cmi En|R/ (27 Disable
1: Generate an interrupt when CM
Set to 1 or cleared by software.
Oversampling Mode Configure
15 OSMCFGR/VO:-t1|6me oversampling
1: t8 me oversampling
This bit can be set only when US
Dri velreabde Ti me Enable This field
|l ast stop bit and DE signal duri
l'ts wraimplisng time, determined by
20: |DDLTEN[|R/ Moperation is performed for USART,
just written data wil!/l be transn
ti me.
This field can be set only when
Driver Lead Time EnableThis fiel
signal and the first start bit d
25: DOEN[ 4| R/ V . . . .
l'ts unit is sampling time, deter
This field can be set only when
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Fie Name R/ V Description
Receiver Timeout Interrupt Enabl
26| RxTOlI E[R/ 0" PDisable
1: Generate an interrupt when RX
Set or cleared to O by software.
31: Reserved
186.2 Cont Reogi ster 2 (USART_CTRL2)
Of fset address: 0x04
Reset value: 0x0000 0O0OO
Fie Name R/ V Description
3:0 Reserved
Sl ave Address Length Configure
4 ADDRLEI\R/VO:_Mit addr ess
l:-birt address
This field can be set only when
LI'N Break Detection Length Conf
0: 10 bits
5 LBDLCF(R/ V1: 11 bits
This bigetcamnlby when USART i s n
Note: The Break | ength depends
LI'N Break Detection Interrupt H
6 LBDI ENR/ VfO0O: Disabl e
1: Generate an interrupt when L
7 Reserved
Last Bit OuoepktPENhadl e
0: Not output from CK
8 LBCPOENR/ V1: Output from CK
This bit is valid only in synch
This bit can be set only when U
Clock Phase Configure
This bit indicates on theceddec
9 CPHA R/V0: The first
1: The second
This bit is valid only in synch
This bit can be set only when U
Clock Polarity Configure
The state of CK pin when USART
10 CPOL R/VO: L_OW level
1: High | evel
Thibst is valid only in synchron
This bit can be set only when U
Clock Enable (CK pin)
11 CLKEN |R/V0: Disabl e
1: Enabl e
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Fie Name R/ Description
This bit can be set only when U
STOP Bit Configure
00: 1 stop bit
01: 0.5 stop bit
13: STOPCF(R/ )
10: 2 stop bits
11: 1.5 stop bits
This bit can be set only when U
LIN Mode Enabl e
0: Di sabl e
1: Enabl e
14 LI NMEN|R/ V sSet or cleared to O by software
I'n LI'N mode, TXBFQ bit can be s
syncnhoruos break symbol
This bit can be set only when U
Swap TX/ RX Pins Function Enabl e
0: Use according to standard al
1: The functions of TX and RX p
15 SWAPEN|R/Vithey will work when crossing an
USART.
Set or cleared to O by software
This bit can be set only when U
RX Pin ActveesiemeEnahbl e
0: Standardopkdadgi OLEev&hdETY/ mar K
16 RX| NVEIR/ 1: pfEY/ mar k, Gnd-:1/IDLE), whi ch
external phase inverter on RX |
Set or cleared to O by softwar ¢
This bit can be set only when U
TX Pin Active Level I nversion H
0: Standard |l ogic |l evel (VDD=1/
external phase inverter on TX |
Set or cleared to O by softwar ¢
This bit can nbedSARIT arsl mowhenal
Bi nary Data Inversion Enabl e
0: Positive/direct |l ogic (0=L, 1
18 Bl NVENI R/ 1: Negative/reverse | ogic (0=H,
Set or cleared to O by softwar ¢
This bit can be set only when U
Thpardhegck bivewitkd Wwbennthis b
Enabl e Most Significant Bit Fir
0: The data of Bit 0 i mmediatel
1:The data of the most significa
19 MSBFEN| R/ .
start bit
Set or cl|l esacgfedwame 0 by
This bit can be set only when U
Aut o Baud Rate Detection Enabl ¢
20 ABRDEN| R/ .
0: Di sabl e
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Fie Name R/ V Description

1: Enabl e
Set or cleared to O by softwar ¢

Aut o Baud Rate Detection Mode (
00: Measure the start bit

0OlMeasure the falling bit
22: ABRDCF(QR/ V10: O0Ox7F frame detection
11: 0x55 frame detection
Set or cleared to O by software
Note: The baud rate must be wit

Receive Timeout Detection Function Enable

0: Disable
1: Enable

23 RXTODENR/ ViSetcbeared to O by software.
Set this bit, and when it i s f o

l ength of ti nRXTQregrsterj the RXTOHLG titywill
be set by hardware.

USART Device Node Address Low S
This fiefladr impladetdechiitonaddr &ss
57 ADDRL R/Vmul-ctmmputer communication when
stop mode.

This bit can be set only when t

not enabl ed.

USART Device Node Address High

This field is noup oddtye clisiegadnafdafr
fl ag durciomg umwelrt icommuni cati on

state or stop mode. (The most s
31: ADDRH |R/ Vftransmitter should be 1detectso
nor mal receiving process. (Then

the r echeiitvebdyt8¢e mat ches ADDRH,

This bit can be set only wheTi st
not enabl ed.

186.3 ContReogi ster 3 (USART_CTRL3)
Of fset addr ess: 0x 08
Reset val ue: Ox0000 0O0OO

Fie Name R/ V Description
Error interrupt Enabl e
0 ERRI ENR/yOi PDisable _
1: Enable; when any bit among F
set, an interrupt will be gene
2: 1 Reserved

Hadfupl ex Mode Enabl e

0: Di sabl e

1: Enabl e

This bit can be set only when U

3 HDEN R/ V

5: 4 Reserved
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Fie Name R/ V| Description

DMA Receive Enabl e

0: Di sabl e

1: Enabl e

Set or cleared to O by software

6 DMARXEI R/ V|

DMA Transmit Enabl e

0: Di sabl e

l1Enabl e

Set or cleared to O by software

7 DMATXEI R/ V

RTS Function Enabl e

0: Di sabl e

1: Enabl e RTS interrupt

RTS: Require To Send, which is

8 RTSEN R/ Vready to receive.
Request is made to receive thea
receive buffer; when data can b

| ow.
This bit can be set only when U

CTS Function Enabl e
0: Di sabl e

1: Enabl
CTS: Clear To Send, which is inj

e

a

Only when CTS iwnputhesidgarntal ciasm Ib
9 CTSEN | R/ V gy her wise, the data cannot be t
high during data transmission,
after the data transmission is
performed fgistke whea C&S i
be transmitted unti/l CTS is val

This bit can be set only when U

7]
>

CTS Interrupt Enabl e
10 CTSI ENR/ VO: Di sabl e
1: Generate an interrupt when C

Sampl e NMetnHodur e

0: Sampling for three times
11 SAMCFG| R/ V . ) )
1: Single sampling; flag of noi

This bit can be set only when U

Overrun Detection Disabl e

0: E nvéhbn RXBNEFLG bit is set and new data is received,
OVREFLG bit will be set.

12 OVRDEDIR/ Vf1: Disable. When new data are r
OVREFLG is not set, the data no
dat a.

This bit can be semnotnéwyalwhen. U
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Fie Name R/ V| Description
DMA Disable on Receive Error En
0: Not di sable DMA. The corresp
in order to avoid data from ove
RXBNEFLG wil |l not be set.

13 DDISRXER/Vlf Digable DMAiIi s|l 8eRXBNEELGorr e
bit wildl al so be set. DMA reque
corresponding error flag bit is
di sable DMA request or first cl
the error flag
This bit can be set only when U
Driver Enabl e
Users are allowed to activate t
transceiver through DE signal

14 DEN R/VO: Di sabl e DE function
1: Enabl e DE function, and outop
This bit can be set only when U
Dri ver oon fairg urye
0: DE signal is acti high

15 DPCFG | R/ YV . . .

1: DE signal is active | ow
This bit can be set nly when U
19: Reserved
Wakeup From Stop Mode Interrupt
00: When address matches
21:| wsi FLeg R/ (01" Reserved
10: Whteanr t bit i s detected
11: When the receive data regi st
This bit can be set only when U
Enable Wakeup Interrupt from Stop Mode
22| wsmi EN| R/ y O Disable
1: Generate an interrupt when WSMFLG is set
Sear cleared to 0O by software.
31: Reserved
1864 Baud rate register (USART_BR)
This register can be set only when
by hardware during automatic baud
Of fset address: 0xO0C
Reset value: 0x0000 O0O0OO
Fie Name| R/ W Description
Fraction of USDRTI dBearu dF &Ratt cer

3:0 FBR |R/WThe fractional part of the USART
determined by these 4 bits.
Integer of USART Baud Rate Divide

15: I BR| R/WThe integer part of the USART bau

determined by these 12 bits.

31: Reserved
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Note: The value of this register must not exceed OxXFFFG6.

1865 Recei ve timeout register (USART_RXTO)
Of f set addr ess: Ox14
Reset val ue: Ox0000 O0O0OOO

Fie Name | R/ V Description

Receiver Ti &Gebobup Value
This field specifies the receive
23: RXTO |R/'V\In standard mode, after the | ast

detected within the duration of
hardwar e.

31: Reserved

1866 Request register (USART_REQUEST)
Of fset address: 0x18
Reset value: O0x0000 00O0O

Fie Name | R/ V Description

Aut o Baud Rate Detection Request

0 ABRDQ W |set this bit, the ABRDFLG flag wi
rate det ecctoinodrucwieldl wheen recei ving

Transmit Break Frame Request

1 TXBF( W |set this bit, TXBFFLG flag will b
transmitted after the transmissio

Mut e Mode Request

2 MUTE(Q W )
Set thisrbthetmuenateamode and cl ear

Receive Data Flush Request
Set this bit and RXBNEFLG fl ag wi

The data that has not been read o
di scarded to avoid overrun error

3 RXDF{ W

31: Reserved

1867 | nterrupt and status register (USART _ ST
Of fset address: O0x1C
Reset value: 0O0x0000 OOCO

Fi e Name R/ W Description
Parity Error Occur Fl ag
0: No error

0 PEFLG R 1: Parity error is detected
In receiving mode, when a par
hardwar e; it can be cleared b

Frame Error Occur Fl ag

0: No frame error

1 FEFLG R 1: Frame error or break symbo
When there is synchronous dis
symbol, it is set tob®k kYyelmar

setting FECLR.
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Fie Na me R/ W Description
Noi se Error Occur FIl ag
0: No noi se

2 NEFLG R 1: Noise is detected
When there is noise error, t h
can be cleared by setting NFC
Overrun Error Occur Flag
0: dNwerrun error

3 OVREEL R 1: Overrun error is detected
When the RXBNEFLG bit is set
is to be transmitted to the r
hardwar e; this bit can be cl e
| DLE DRhatnect ed FI ag
0: Il dle bus is not detected

4 I DLEFL R 1: 1 dle bus is detected
When idle bus is detected, t h
bit can be cleared by setting
Receive Data Buffer Not Empty
0: The receive data buffer is

5 RXBNEEL R 1: The receive data buffer is
When the data register receiyv
receive shift register, it is
cleared by RKPATA nrgegihet er or g
TransmiGonbDpalteat e FIl ag
0: Transmitting data is not ¢

6 TXCFLG R 1: Transmitting data is compl
After the | ast frame of data
set , it is set to 1 by hardwa
to TXDATA register or setting
Transmit Data Buffer Empty FI
0: The transmit data buffer

7 TXBEEL R 1: The transmit data buffer
When the shift register recei
transmit data register, t his
becl eared by writing to TXDATA
LI'N Break Detected FIl ag
0: LI'N break is not detected
1: LIN break is detected

8 LBDFLG R When LIN break is detected, t
bit can be cleared by setting
| f LBDUEART NCTRL2 is set, an i
generated.
CTS Change FIl ag
0: No change on nCTS state |

9 CTSFLG R 1: There is change on nCTS st
| f the CTSEN bit i s set, when
bit i s set to 1 bhehaltdwaed; b
CTSCLR.

10 CTSCFG R CTS Status Configure
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Fie Na me R/ W Description
0: Set nCTS | ine
1: Reset nCTS | ine
This bit is set to 1 or clear
This bit sets the reversed st
Receiver Timeout FIl ag
0: Not ti med out
11| RXTOFL¢ R |1Timed out
I f the start bit i's not det ec
bit, this bit is set to 1 by
setting RXTOCLR bit.
13: Reserved
Aut o Baud Rate Detection Erro
This bit ihsarsdesmarteo wihetmy baud r
14 ABRDEFL R this bit can be cleared by se
0: No automatic baud rate det
1: Automatic baud rate detect
Aut o Baud Rate Detection Flag
When the aut onfadun«ct ibamudi g adreal
automatic baud rate operation
hardwar e; this bit can be cl e
15 ABRDFL( R detection.
0: No automatic baud rate det
baud rate detection
1: Aut omdtrat badetection or a
detection failed
Busy FIl ag
0: Il dl e state
16 BSYFLG R 1: In the process of receivin
This bit is set to 1 by hardw
and it wild/l be cleared after
Thi s sbeitt tios 1 or <cl eared by hadg
Character Match FIl ag
0: No character mat ches
17 CMEL G R 1: There is matching characte
When the received character m
ADDR[ 7: 0], this bit is set to
clearedt byng CMCLR bit.
Transmit Break Frame FIl ag
0: Not transmit
18 TXBEEL R 1: Wi || transmit
| f TXBFQ bit is set, this bit
transmitting the stop bit of
hardwar e.
Receiver f Wakoetuep Mo d e
0: Nor mal mo d e
When switchi-uwmp mddcke waarkde t he my
is set to 1 and cleared by ha
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Fie Na me R/ W Description
signal, this bit is set to 1
register.

WUPMCFG bit determines the co
Wakeup From Stop Mode FIl ag
0: Not detected

20 WS MFL G R 1: Detected
This bit can be cleared by se
| f WSMFLG bit i s set, an inte
Transmilte BAcakbnow!l edge FI ag
Set to 1 by hardware when rea

21 |TXENACKE R The idle frame request will b
ensure minimum cycle of TXEN=
i mmedi atel y.

Receive Enable Acknowl edge FI

22 |[RXENACKH R Seto 1 by hardware when readi
This bit is used to confirm w
receive data before entering

31: | Reserved

1868 I nterrupt flag clear register (USART _ 1 N

Of fset address: 0x20
Resealue: 0x0000 00O0O

Fie Name R/ W Description
Parity Error Flag Clear

0 PECLR|RC_W/set this bit and the PEFLG fl ag
cleared.

Framing Error Flag Clear

1 FECLR|IRC_W|set this bit and the FErFeLgd sftlearg
cleared.

Noi se Detected Flag Clear

2 NECLR|RC_W|set this bit and the NEFLG fl ag
cleared.

Overrun Error Flag Clear

3 OVRECL RC_W|sSet this bit and the OVREFLG fI
be cl.eared
| DLE Line Detected Clear Fl ag

4 I DLECURC_W|sSet this bit and the | DLEFLG f|
be cleared.

5 Reserved
Transmi ssion Data Complete FI ad

6 TXCCLRRC_W|sSet this bit and the TXCRIgG sftled
be cleared.

7 Reserved

8 LBDCLERC_W|LIN Break Detection Flag Clear
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Fie Name R/ W Description
The LBDFLG flag bit of USART_ST
setting this bit.
CTS Flag Clear

9 CTSCLRERC_W|sSet this bit and the CTS3SFRIgE sftleg
be cleared.

10 Reserved
Receiver Timeout Flag Clear

11 | RXTOCL/RC_W|set this bit and the RXTOFLG f |
be cleared.

16: Reserved
Character Match Flag Clear

17 CMCLR|RC_W|set this bit amdtthd CBRIRG fSITS(
cleared.

19: Reserved
Wakeup From Stop Mode Fl ag Cl esg

20 WSMCLRRC_W WSMFLG flag bit of USART_STS r ¢
setting this bit.

31: Reserved

1869 Data receive register (USART_RXDATA)

Of fadtdress: O0x24
Reset value: 0x0000 O0O0OO

Fie Name R/ W Description
Receive Data Value Setup
I nclude the received data byte.

8 - RXDATAl R Provide the parallel interface
bus.
| f ptahreiteyck bit when ureeai winng d
register and the most significa

31: Reserved
18.6.10Tr ansmit data register (USART_TXDATA)
Of fset address: 0x28
Reset value: 0x0000 00O0O
Fi e Name R/ W Description
Transmit [BaettapVal ue
I nclude the data byte to be tra
Provide the parall el interface
8: TXDATAIR/ Minternal bus.
| f ptahreiteggck bit is turned on whe
to write to the most wsildnibfei aaemp
check bit and transmitted.

31:

Reserved
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Descr

of SPI

19  Serial Peripheral Interface (SPI)
191 Full Name and Abbreviati on
Tab3®ull Names and Abbreviations
Full Name Abbreviati
Most Significant Bit MS B
Least Significant Bit LSB
Master Out Slave |In MOS |
Master I n Slave Out MI SO
Serial Clock SCK
Serial Data SD
Master Clock MCK
Wor d Sel ect WS
Pul-sede Modul ati on PCM
Transmit T X
Receive R X
Busy BSY
192 I ntroducti on
SPI interface can be configured to
Seri al peripher al interface (SPI)
functions based on SPIl protocol, which
external devicesuphekRal 6yduaopt
can work in master or slave mode.
193 MaiGharacteristics of SPI
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(1) Master and slave operation with 3-wire full duplex synchronous
transmission and receiving

(2) Simplex synchronous transmission can be realized by two wires (the
third bidirectional data line can be included/not included)

(3) Select the format of 4-bit to 16-bit transmission frame

(4)  Support multi-master device mode

(5) Support special transmission and receiving mark and can trigger

interrupts
Pag233
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(6) Have SPI bus busy state flag

(7)  SPI supports Motorola mode

(8) Fast communication in master/slave mode, up to 8 MHz

(9) Clock polarity and phase are programmable

(10) Data sequence is programmable; select MSB or LSB in front
(11) Aninterrupt can be triggered by master mode fault or overrun
(12) Have DMA transmit and receive buffers

(13) Calculate, transmit and verify by hardware CRC

(14) CRC error flag

(15) Two 32-bit embedded RXFIFO and TXFIFO have DMA function

194 SPFunctibensaclri pti on

1941 Description of SPIl signal l i ne
Tabé@®PI Sigbabkckipéi on
Pin na Description
Master device: SPI c¢clock output
SCK
Sl ave device: SPI clock input
Master device: Il nput the pin and recei

Ml SO Sl ave device: Output the pin and trans

Data direction: From sl ave device to m

Master device: Output the pin and tran
MOS I Sl ave device: I nput the pin and receiyv

Data direction: From master device to

Software NSS mode: NSS pin can be wused
Hardware NSS mode of master device har
NSS NSS out putsnasitersimoglee

NSS OFF output: Operation of multiple
Sl ave hardware NSS mode: The NSS signa

of the sl ave

1942 Communi cation for mat

I n 8PMmMmunicati on, receiving data and tr ansmi
at the same time. SCK transmits and sampl es
synchronously. The communication format depe
pol arity and dat a nfnruanmec aftaromati.s Infortntad ,cad he
device and the slave device must be in the s
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19421 Phase and polarity of clock signal

The clock polarity and clock phase are CPOL
regi ster.

Clock polarity CPQOLgnmaelanosf tSh@EK lIseivgenlal | i ne wh
idle state.
When CPOL=0, SCK signal Iline is |l ow in
When CPOL=1, SCK signal line is high in
Clock phase CPHA means the sampling moment o
When CPHA=0, the signal ovm | MO®Ble cmramidl &0
by foldad &admeSCK clock 1 ine.
When CPHA=1, the signal on MOSI or MI SO
by felveen ®®age&s CK cl ock line.
SPlI can be divided into four modes according

CPHA and c¢l oRRLpol arity C

Tabé Bour Modes of SPI

Sampl i
SPI mo d CPHA CPOL |l dl e SCK
moment
0 0 0 Odd ed Low | eve
1 0 1 Oodd ed Hi gh | ev
2 1 0 Even e Low | eve
3 1 1 Even e High | ev

Not e:

1)
@)

To change CPOL and CPHA bits, SPI must be disabled by clearing the SPIEN bit to O.

When SCK is in idle state, if CPOL=1, pull up SCK; if CPOL=0, pull down SCK.

19422 Data frame for mat

19.4.3

W w w

Select LSB or MSB first by configuring LSBSE
Seltect he data word I ength by configuring DSCF
no matter which daladwedmisltemegt mligned with

when performing read access to FIFO. When ac
data frames ar eneal.wdys trhieg lptr oxleisgg of communi
bits within the data word | ength range wil

NSS mode

Soft ware NSS mode: Select to enable or disab
SSEN bit of SPI CTRL1 regisltelrevalndi & her i nd re
| SSEL bit of SPI _CTRL1 register.

Hardware NSS mode:
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Enabl e NSS output: When SPI is in master
NSS pin wildl be pulled to |l ow and SPI wi
mod e .

Di sabl e NSS outputd iOp-emwltteion i s all owe

environments.

1944 SP1I mode
194411 nitialization of SPI master mode
I n master mode, serial c¢clock is generated on
Configuration of master mode:
, Configure MSMCFG=1 in SPI _CTRL1 register
mo d e
., Select the searatael bcyl occokn fhiagwdr i ng BRSEL b
SPI _CTRL1 register
, Select the polarity and phase by confi gu
SPI _CTRL1 register
., Select the transmission mode by configur
BMEN bits in SPI _CTRL1 register
, Select thehdayacbnfigudtng DSCFG bit in
regi ster
., Enabl e NSS pulse mode by configuring NSES
register (when configuring this bit, CPF
., Set RXFIFO threshold value for trigging
configuringnFRBRPCEGTRL®2 register
, I f DMA function is used, it is required
bits of SPI _CTRL2 register
, I'f CRC is wused, it is required to set CF
set CRCEN bit
., Select LSB or MSB first by Lclonfiguring L
register
, NSS configuration:
NSS pin works in input mode: i n hardwa
connect NSS pin to high Il evel during t
transmission; in software mode, it is
| SSEL bit in SPI _CTRL1 register
NS works in output mode and it is requ
bit of SPI _CTRL2 register
Configure SPIEN bit in SPI_CTRL1 registe
I n master mode: MOSI pin is data output, whi
194421 ni tialization of SPI sl ave mode
I n sl ave S@8&Kde@in receives the serial clock fr
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Configuration of sl ave mode:
Configure MSMCFG=0 in SPI _CTRL1 register
Select the polarity and phase by confi gu
SPI _CTRL1 register
Select tihesitomnmonde by configuring RXOME
BMEN bits in SPI _CTRL1 register
Select the data bit width by configuring
register
Enabl e NSS pulse mode by configuring NSS
register (when conf inguusrti nbge tsheits tboi t1,) CPF
., Set RXFIFO threshold value for trigging
configuring FRTCFG bit in SPI_CTRL2 regi
I f DMA function is wused, it is required
bits of SPI _CTRL2 register
I f CRC is used, GRC ipsolryengouriradd atso isneptut
set CRCEN bit
, Select LSB or MSB first by configuring L
regi ster
NSS configuration:

- I'n hardware mode: NSS pin must be | ow
transmi ssion process

- In software mode: 9IRILISSENIBitteri mnBPlIcl
| SSEL bit

Configure SPIEN bit in SPI _CTRL1 registe

I n sl ave mode: MOSI pin is data input, while

19443 Fudiupl ex communication of SPI

Usually, SPIl i sdupolnex gcuo nendu naisc abttiikorn ,a nadn dt hteh e
sl ave shift registers are connected through
MI SO. During SPI communication, synchronous

according to SCK clock edge. The data of the
sl ave tWOSbughnM and the data of the sl ave ar
through MI SO pin. When the data transmission
information is exchanged successfully.

19444 Ha{dfupl ex communication of SPI

One clock |l ine and olnienédi directional dat a
Enable this mode by setting BMEN bit of
Control the data |Iine to be input or out

SPI _CTRL1 register
SCK pin is used as c¢l ock, MOSI pin is wus
transmit dat a, and vMl SIG vpiicne itso utsreadn simmi ts
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19445Si mpl ex communication of SPI

One clock line and one wuni einrleyc toiromalayngatia | i n
In this modualse IFsled aoanlrye waiowd gns mi t

Tranomilty mode:

Data are transmingt epdi non( MOSXlnsimi tmaster m
in slave mode)

Then the receive pinpoapobe USOd( MES@ehnan
master mode, MOSI in slave mode)

5

Receornmky mode:

Di sabl e SPI output function by setting F
regi ster

Rel ease mihte pirmncEMOSI in master mode, MI
I n master mode, enable SPI to start comn
of SPI _CTRL1 register and receiving dat a
i mmedi ately, not needing to read BSYFLG
I n sl ave motde: | Pw|] |l ahN&Sas | ong as SCK i s
clock, SPI wildl al ways receive

5

19446 Communi cation of multiple slave devices of S

SPI can be operated by multiple slave device
pin to manage the chip selectinogohitme®!| oft wohe
more independent sl ave devices.

The master device decides using which sl ave
down the NSS pin of the slave device.

1945 Data transmission and receiving process
SPI

Tabéd®Run Modes of SPI

Mo d e Configur al Data pin

Futdupl ex mode of| BMEN=O0, RXO MOS I transmits;

Uni directional 1
) BMEN=&XOMEN MOS | is not used;
master devid

Bidirectional tr )
) BMEN=BMOEN= MOS | transmits,; N
master devid

Bidirectional r ]
) BMEN=BMOEN=| MOSI is not used;
master devi d

Futupl ex mode off BMEN=O, RXO MOS I redMéiSOe$ 7 an

Uni directional f
) BMEN=®XOMEN MOSI receives,; MI
sl ave devic
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Mo d e Configur alf Data pin
Bidirectional tr
) BMEN=BMOEN=| MOSI is not used:;
sl ave devic
Bidirectional r )
) BMEN=BMOEN= MOS | recei ves; M
s| adveevi c e
Fi gudGonnection in Full Dupl ex Mode
Master device Slave device
SCK > SCK
MISO < MISO
MOSI »  MOSI
NSS > NSS
Fi gdfConnect i eDw pilne xHaMofd e
Master device Slave device
SCK >  SCK
MISO > MISO
MOS| < MOSI
NSS > NSS
FigudBkonnection in Simplex Mode (the master i s u
slave is used for transmitting data)
Master device Slave device
SCK > SCK
MISO < MISO
MOSI MOSI
NSS > NSS
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FiguddAGkonnection in Simplex Mode (thtthenasltave only

receives dat a)

Master device Slave device
SCK »  SCK
MISO MISO
MOSI » MOS
NSS » NSS

19451 Transmitting and receiving of dat a

I n order to prevent overrun when the data fr
can work continuously, all S Poli td aetnab endedeedd t o
FI FBach direction wil! have its own FIFO, TX|

Handle FIFO according to SPI simplex and dup
access size executed on FIFO data register a
process FIFO when accessing FI FO.

After cesad taa SPI _DATA register, the earliest
read yet and are stored in RXFIFO wildl be re
SPI _DATA, the written data wil!/ be stored in

queue. Read accessgnneuds twiatl hwaRyXsF IbFeO atlhir es hol d
configured by FRTCFG bit in SPI _CTRL2 regist

bits indicate the current occupancy |l evels o
The read access to SPI _DATA register must be
When the drmed iameRXFIOFO and reach the thresh:
previous bit), this event will be triggered,;
will be regarded to be empty, and in the sim
frame to be transmKBEEDGi svenanhagWiebyTXFI FO

than or equal to half of its capacity, RXBNE
otherwise, TXBEFLG wil/ be cleared, meanwhi

are data stored in TXFIFO. Ther ed otrlegagn when t

or equal to one byte, RXFIFO can store 4 dat
store 3 data frames. When the software attem
i n-blit mode, this differ ebnicte dcaana pfrreavireenst tthhaet
been snoTXKlI FO from being damaged. TXBEFLG al
events can be polled or handled by interrupt

19452 Sequence processing

I n transmitting data, multiple data can be f
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Not e:

1)

)

®)

(4)
(®)

When the transmission is starsle,i nl Xdrl & .wi |

I n single r eceduvpel enxo doer, siinmphlaelxf mode, when SF
the master device wild/l i mmedi ately receive t
the single receive mode is ditgamlsard.s sWhoenn t h
the slave cannot control the data sequence,
before the transmission, to ensure there are
When there are multiple slave devices, weach
di fftersdmve devices, so NSS pulse should be wu
to ensure it is correct

Check whether the data transmission is completed according to FTLSEL bit and BSYFLG bit,
and the clock output will stop when the transmission is completed.

In packet mode, special attention should be paid to empty bytes when the data being
transmitted are odd.

In single receive mode of the master device, it is required to disable SPI or single receive
mode to stop clock output.

Master the correct receiving time to ensure the correct data transmission

The action of disabling should be performed between the sampling time of first bit and the first
bit of the next byte.

19453 Data packing

Not e:

I f t he dsaitkzas flreasnse t han or equal tdé@idne byt e,
read and write access to SPI _DATA register,
automatically and double data can be process
write access -bpt 8PdaDATHWN] 12 be transmitted;

of RXFI FO is asetecteo vE6 RIXIBINEFLG event wil/l be
For a single RXBNEFLG event, the data receiyv

operation to SPI _DATA, and only after that,

The threshold value of RXFIROoshbopl|l datve saoonssstent

1946 NSS pul se mode

NSS pulse mode can be set by configuring NSS

this mode takes effect only when SPI is conf
and captures the first edgepullmetind angmintetrian @
bet ween two continuous data frames, and NSS
cycle. NSS pulse mode allows the slave to | a

1947 T mo d e

Master mode of TI protocol
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Not e:

19.4.8

SPlI interface can be made compatyble with ma
configuring FRFCFG bit of SPI _CTRL2 register

I n master mode of TI protocol, it is unaffec
regi ster, and the clock polarity, phase and

requirements of TI protocoteqlency adievimoerre, i
used to control MI SO pi-inmpedarake Ml &t0e piand n
baud rate can be used, ensuring the best fl e
Genertahd ybaud rate is set as the baud rate of

the del ay f orbeMloSnte stiihgapald agrhcc e st at e depends
baud rate set synchronously and through BRSE
internally. The formula i s:

Thaud /rRdletpcfitel <abaeud + Htloci k
This function does nofatappl|l ymyode MEREFCHFIGabEPI i commu

CRC Functions

SPI module contains two CRC computing units,
receiving and data transmission respectively

CRC computing units are used to define polyn
(should be an odd number, and does not suppo

Enabl e CRC computing by configuring CRCEN bi
same ti me, reset the CRC register (SPI _RXCRC

CRC i s managed by CPU during transmission

To obtainvalhuee WRC transmission calculation, a
to the transmit buffer, it is required to se
that the hardware transmits the CRC value af
the CRCNXT birtedwi ldlurbengclICRa&C data transmissio
wi || be frozen.

The received CRC data wild! be stored in RXFI
needs one more data frame to communicate at

However, when daant a8 frambé ¢ h€RICed sbset, t wo da
frames are needed to transmit the complete C

received, the received value and the value o
compared. By checking CRCEFLG flag bit in SP
theatdh are destroyed in the process of transnm

cleared by writing 0. RXBNEFLG bit can be cl
register.

Sequence of clearing CRC values

WWwWWw.

(1) Disable SPI (SPIEN=0)
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(2) Clear CRCEN bit
(3) SetCRCEN bitto 1
(4) Enable SPI (SPIEN=1)

When SPI works in slave mode, the software must en

stabl e. Periobgtthiee data phase and CRC phase, the NSS sign

mai nt ained.

1949 DMA Functi on

The request/ respomsien D3MAlI mfeashpadndidsad atsa hi gh
transmission, improves the system efficiency
transmit buffer promptly, and the receive bu
prevent overrun.

When SPIlI only transmmietds tdatea,abilte iDMAO I v nsene
channel

When SPI only receives data, it is only need
channel

DMA function of SPI mode can be enabled by c

bits of SPI _CTRL2 register.
., When transmitting: bWhemnmsTXREFL® fll, ad ss ue

request, DMA controller writes data to S
TXBEFLG flag bit will be cleared.

., When receiving: When setting RXBNEFLG f|
DMA request, DMA controller reads data f

then RXBNEFLG flag bit is cleared.

By monitoring BSYFLG flag bit, confirm wheth
after DMA has transferred all data to be tra
can avoid damaging the transmission of | ast

DMA funchi € RCwi t

By the end of communication, if SPIl enabl es
function, transmitting and receiving of CRC
automatically. The CRCNXT bit is not control

DMA channel couneesewnft ®Pi henusaumilber t hat doe.
CRC dat a, but the DMA channel counter must ¢
CRC data when receiving.

After reading CRC data in CRC check 1 ink, t h
SPI _RXCRC wi ||l be cl| earoend ianwtoounsa ttircaanlslnyi.s sTihoen
realized by DMA circulraercemovcke moeaedxgept i n sin
At the end of data and CRC transmission, i f
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register is set to 1, it indicates that an e
19.4.10Di sablle SP
After data transmission is over, end the com
modul e.
When data are being transmitted or there are
to disable SPI by operating SPIEN bit in SPI
the cscligaolkl wil!l be transmitted continuously
again. Certain steps are required to disabl e
Steps of disabling SPI
(1) Wait for clearing FTLSEL to O
(2) Wait for clearing BSYFLG flag bit to O
(3) Wait for clearing FRLSEL to O
(4) Disable SPI (SPIEN=0)
Steps of disablingr8Pkive mothe singl e
(1) Wait for clearing RXOMEN to O or setting BMOEN to 1
(2) Wait for clearing BSYFLG flag bit to O
(3) Wait for clearing FRLSEL to O
(4) Disable SPI (SPIEN=0)
194.11SPIlI interrupt
An ernrtupt can be triggered by the foll owing e
TXFI FO ready for |l oading
RXFI FO receives dat a
Master mode error
Tl frame format error
194111 Status flag bit
There are three flag bits for fully monitori
Transmit buffer idle flag TXBEFLG
TXBEFLG=1 means that TXFIFO has space to sto
TXBEFLG flag bit is connected to TXFIFO bit,
data, if the storage content of TXFIFO is |e
TXBEGLfl ag bit remains high. When the storag
than FIFO/ 2, TXBEFLG flag bit wildl be cleare
SPI _CTRL2 register is set, an interrupt wil!/
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Receive bwefmpeary fdrmg RXBNEFLG

RXBNEFLG dépgnths ton the value of FRTCFG bit
register:
I f FRTCFG=1, when the storage content of
equal to 8 bits, RXBNEFLG=1
I f FRTCFG=1, when the storage content of
equal t RXB®NEWFiLIGs,1

RXBNEFLG flag bit will be cleared automatica

I f RXBNEI EN=1 in SPI _CTRL2 register, an inte

Busy flag BSYFLG

BSYFLG flag is set and cleared by hardwar e,

SPtommunication | ayer. When BSYFLG=1, it i nd|
BSYFLG flag can be used to detect whether tr
destroying the | ast transmitted dat a.

BSYFLG fl ag will/l be cleared in the following

End the toansemimaster mode

Master mode faul't

I n sl ave mode, there is at | east one SPI
transmissions

Di sabl e SPI

During continuous communicati on:
, In master mode: BSYFLG=1 in the whole tr
I n save mode: BSYHLNG oinse kSeQokt clloow kwictyhc | e

bet ween transmission of dat a

B

Not e: I't is better to use TXBEFLG and RXBNEFLG flags to

each data item.

19.4.11.2 Error flag bit

Master mode error MEFLG
MEFLG is an error flag bit.

The master modesewhen: o

., the NSS pin of the master device is pul
mod e ;
, | SSEL bit is cleared in software NSS mod
. MEFLG bit is set automatically.
I nfluence of master mode failure:
MEFLG is set to 1, and SPI i nterrupt i s
set ;
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SPIEN is cleared (output stops, and SP
MSMCFiGs cl eared and the device is forced
Operation of clearing the MEFLG flag bit:
When MEFLG bit is set to 1SPIli_tSTiSsS requir
register, and then write to SPI _CTRL1 re
When MEFLG flag bit is 1, it is not allowed
Overrun error OVRFLG
An overrun error wil/l be generated when the
When RXBNEFLG f | aeg hihte imsa sstteirl Id elviafet ha.
transmitted dat a
When the space in RXFIFO cannot store th
when receiving dat a
When the software or DMA cannot read the
When CRC is only enabled in receive mode
amd the receive buffer is Ilimited to the

When an overrun error occ

an interrupt will be gene
After an overrun error oc
transmitted by the master
the data not read before,
OVRFLG flag can be cleare
register according to the
CR@&rror flag bit CRCEFLG
Enabl e CRC operation by s
error flag can be used to
When the value transmitted

in SPI _RXGRGrr,ega CRC
in SPI _STS register wil

error
be set to 1.

rs: OVRFLG bi't i s
at ed.

urs, thea data in t
device, and by rea
and the subsequent

by reading
sequence.

SPI _DA

tting CRCEN bit of
check whether the
by SPI _TXCRC regi

will be generated

CRCEFLG can be cleared by writing 0 to CRCEF
The SPI error interrupt does not respond to
words, setting the CRCEFLG (CRC Error Flag)
Tl mode frame format error (FREFLG)
Under the slave device and in accordance wit
appears in NSS during data commurmirc amiildn, a
be caused. When TI mode frame format error o
SPI _STS register wildl be set to 1, SPI wil
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ignored, and SPI wi || wait for the next NSS
error detyecthuseer mhe | oss of two data bytes,
destroyed.

FREFLG fl ag can be cleared by reading SPI _ST

an interrupt wild!l be generated when NSS erro
di sabled, whichnsissbecauysef tthe@t @ ocannot be g
When SPI is enabled again, the master server
Tabt SPI I nterrupt Request
I nterrup Interrupt e Enable c Clearing me

bit

TXBEFLG Trandmiff er em TXBEI EN Write SPI _DA

RXBNEFL(QRecei ve barhgtey RXBNEI E| Read SPI _DAT

Read/ Write
MEFL G Master mode f register, an
SPI _CTRL1 r

ERRI EN| ReaSiPlI _DATA r
OVRFLG Overrun err and then rea

register

FREFLG TI mode fr ame Read SPI _STS

195 Regi Adtdr eMasppi ng

Tab6 4Pl Register Address Mapping

Register na Description Of fset acd
SPI _CTRL1 SPtontrol regi st 0x00
SPI _CTRL2 SPI control regi 0x04
SPI _STS SPlI status regi 0x08
SPI _DATA SPlI data regist 0x0C

SPI _CRCPOLY SPI CRC polynomi a 0x10
SPI _RXCRC SPI receive CRC O0x14
SPI _TXCRC SPlI trangmigi sCRC 0x18

196 Regi Fuuect i @ensaclr i pti on

These peripheral registers can be operated b
bits).

196.1 SPI control register 1 (SPI _CTRL1)
Of f set addr ess: Ox00O0
Reset val ue: Ox00O00O0
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Fie Name | R/ V Description
Clock Phase Configure
This bit indicates on the edge o
0 CPHA R/VO: On the edge of the first cloc
1: On the edge of the second cl o
Not e: This bit cannot be modi fi g
CRC function isthsedbin T motdeu
Clock Polarity Configure
The state maintained by SCK when
1 cpoL |r/ v 07 SCK Tow
1: SCK high
Not e: This bit cannot be modi fi g
CRC functionmodeuseldi $nbiTt i s not
Mast earé SMode Configure
5 MSMCF(R/VO: Confi.gure as slave mode
1: Configure as master mode
Note: This bit cannot be modifie
Baud Rate Divider Factor Select
000: DIV=2
001: DI V=4
010: DIV=s8
011: DIV=16
5:3 BRSEL|R/V100: DI V=32
101: DIlIV=64
110: DIlVv=128
111: DI V=256
Baud rate=Fmaster/ DIV
Note: This bit cannot be modifie
SPI Device Enabl e
0: Disabl e
6 SPIENR/M1: Enabl e
Note: When SPlI depécatésadcsesndie:q
di sabling SPI
LSB First Transfer Select
7 LSBSE|R/ VO0: First transmit the most signi
1: First transmit the | east sign
Internal Slave Device Select
8 | SSEL R/ V|Deter mi ne tNSe& Ipégwel on
This bit can be set effectively
Software Slave Device Enabl e
9 SSEN R/VO: Di sabl e
1: Enabl e
When SSEN is set, the | evel of N
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Fie Name | R/ V Description

Receive Only Mode Enabl e

0: Trangmictei ared at the same ti me
1: Reoeael yemode

10 RXOMENR/ | RXOMEN bit and BMEN bi't togeth
direction-limetlewdy wawode . I'n the
mul tiple slave devices, in order

necessary to set RXOMEN bit to 1
accessed.

CRC Length Select
0: UbetB8CRC

11 CRCLSER/ V1: Uskei t16CRC

Not e: This bit can be written on
wi || occur.

Enabl e aNresxmi tTtred Val ue CRC

0: Next value to be transmitted
12 CRCNX]TR/M1: Next value to be transmitted
Note: After the | ast data is writ

i mmedi atel y.

CRCCal cul ate Enabl e
ODi sabl e
13 CRCEN|R/ M1 Enabl e

CRC <check functi on -dounpllye x a pnpol diee;s
SPI EN=0, can this bit be changed

Bidirectional Mode Output Enabl e
0: Di sabl-cenl(y eccdd)v e
14 BMOEN|R/V1: Enabl eor{lty amsdne )t

WheBMEN=1, namel ynenbsdngketional
the transmission direction of tr

Bidirectional Mode Enabl e
0: Do-utbhe bidirectional mo d e
15 BMEN |R/ V1: Singleebidirectional mode

Singli ébe di rectional transmission
MOSI pin of data master and MI SO

19.6.2 SPI control register 2 (SPI _CTRL2)
Of fset addr ess: O0x04
Reset val ue: Ox0700

Fi e Name R/ V Description

Receive Buffer DMA Enabl e

WheRXDEN=1, once RXBNEFLG fl ag i
0 RXDEN|R/ Vi ssued.

0: Di sabl e
1: Enabl e
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Fie Name R/ V

Description

Transmi't Buffer DMA Enabl e

When this Dbit is set once TXBEF
1 TXDEN|R/ Vi ssued.
0: Disabl e
1: Enabl e
Enabl e SS Output
SSoutput in master
2 SSOEN| R/ VO: Di sable SS output-masneéri modan
1: Enabl e SS output, amdctietr areordre
Note: Not availabl e TI mode o
NSS Pul se Management Enabl e

0: Di sabl e
1: Enabl e
Not e:

Dum@g continuous transmissi
3 NSSPENR/ Vbetween transmission

During single data
at the end of transmission.

on, it
two dat a
transmission,

This bit is invalid when CPHA=1
Thi s thiet woan ten only when SPI ENS
Not available in Tl mode of SPI.
Configure Frame For mat

4 FRFCF(R/VO: SPI Mot orol a mode
1: SPI TI mo d e
Note: This bit can written on
Error interrupt Enabl e
0: Disabl e

5 ERR|ETR/V1: Enabl e
Enabling the ERRI EN or interr
flag, but no interrupt wild.l be g
Receive Buffer Not y Interru

0: Di sabl e
6 RXBNEI | R/ V| 1: Al |l owed

generated

When RXBNEFLG fl ag

i s set t o

0: Di sabl e
7 TXBEI BHR/ V| 1: Enabl e

When TXBEFLG fag
generated

Transmit Buffer Empty

nter

rupt
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Fie Na me R/ V Description
Data Size Configure
Configure the bit width of SPI t
OOOReserved
0001: Reserved
0010: Reserved
0011: 4 bits
0100: 5 bits
0101: 6 bits
0110: 7 bits
11:| Dpscrg|Rr/yOttl: 8 bits
1000: 9 bits
1001: 10 bits
1010: 11 bits
1011: 12 bits
1100: 13 bits
1101: 14 bits
1110: 15 bits
1111: 16 bits
Note: When reser vsedf thwar d,s twrd tu
to be 0111 (8 bits)
FI FO Reception Threshold Configu
Configure FIFO threshol d, and wh
12 FRTCF(R/ RXBNEFLG will occur
0: 16 bits
1: 8 bits
Last DMA Receive
Thebets are used in data packing
received by DMA to be odd or eve
0: Even
1: odd
13 LDRX | R/ V{Not e:
These bits are meaningful only w
register is set and the packing
This bit can hbhenwSPEEN®AOONIl Yy w
The SPlI is disabled according to
sectifdinsalbl ang SPI
Last DMA Transmit
These bits are used in data pack
transmitted by DMA to be odd or
0: Even
1: odd
14 LDTX |R/ VNot e:
These bits are meaningful only w
register is set and the packing
This bit can be written only whe
The SPI is disabled according to
sectidinsalbl ang SPI
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Fie Name R/ V

Description

15

Reserved

19.6.3 SPI st at
Of f set ad
Reset v al

us register (SPI _STS)
dr ess: O0x 08
ue: O0x0002

Fie Name R/ W

Description

0 RXBNEF R

Receive Buffer Not Empty FIl ag
Thibst indicates that the recei\
0: Empty

1: Not empty

1 TXBEFL R

Transmit Buffer Empty FIl ag

This bit indicates that the tra
0: Not empty

1: Empty

Sound Channel Direction FIl ag
0Ol ndicate that the | eft channe
required data
2 SCHDI | R 1: Indicate that the right chan
required dat a
Not e: Not wused in SPI mode, wit
mode.
Under rawmr OFEIl ag
This bit indicates whether the
3 UDRE L R 0: Not occurred
1: Occurred
This f1 g bit is set by hardwar

Not use in SPI mo d e

4 CRCEFL RC_W

CRC Error Occur FIl ag

a
d
o}
This bit indicates whalthermatheh
value of RXCRC register

h

m

0: Mat c
1: Not
This bit is set by hardware and

atch

Mode Error Occur Fl ag

This bit ndi cates whether mode

5 MEFLG R 0: Not occurred
1: Occurred
This bit can abree saentd brye sheatr dowy s
Overrun Occur FIl ag
This bit indicates whether over
6 OVRFL( R 0: Not occurred
1: Occurred

This bit can be set by hardwar ¢
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Fie Name R/ W Description
Busy FIl ag
This bit indicates the work st a
7 BSYFL( R 0: SPI is idle
1: SPlI is communicating
This bit can be set or reset by
Frame Format Error FIl ag
0: Not occurred
8 FREFL( R 1: Occurred
Note: This bit is set to 1 by h
SPI _STS register.
FI FO Relceevievle Sel ect
po0oO0: FIFO i s empty
01: FI FO/ 4
10: FRL SEI R 10: FI FO/ 2
11: FI' FO is full
Note: This bit is set to 1 or ¢
SPI single receive mode with CR
FI' FO Trlaemweni tSel ect
po00: FIFO is empty
0l: FI FO/ 4
12: FTLSE R 10: FIFO/ 2
11: FIFO is full (it can be con
value of FIFO is greater than 1
Note: This bit is set to 1 or (¢
15: Reserved
1964 SPlI data register (SPI _DATA)
Of fset address: 0xO0C
Resealue: 0x0000O0
Fi e|NamgR/ V Description
Transmit Receive Data register
Store the data to be transmitted or
When writing this register, the dat
15 DAT/R/VWhen reading thisreegigsvéebuftaer dat
The size of the buffer is consisten
formbi& dat a, DATA[ 7: 0] wil| be used
and DATA[ 15: 8] -bist icatad,i dD AT Ao[r1h5E 60 ]
transmitting and receiving dat a.
1965 SPI CRC polynomi al register (SPI _CRCPOL
Of fset address: 0x10
Reset value: 0x0007
Fie Name R/ W Description
CRC Polynomial Value Setup
15:| CRCPOY R/ WThis register contains CrR«Cdipfoil df
the reset value is 0x0007.
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1966 SPI Receiving CRC Register (SPI _RXCRC)
Of fset address: O0x14
Reset valwue: 0x0000O0
Fi el Name| R/ W Description
Receive Data CRC Value
The CRC data of receive bytes dalid
register; the bits and the | ength
received data are 8 bits, the CRC
15:|RXCR( R the received data are 16 bits, t he
CRC16.
When CRCEN i s waete, ctlileartsandcde regi s
Note: When BSYFLG bit is set to 1,
may be wrong.
196.7 SPI Transmitting CRC Register (SPI _TXCR
Of fset address: 0x18
Reset value: 0x0000
Fi el Namel R/ V| Description
Transmit WBataeCRC
The CRC data of transmitted bytes
TXCRC; the bits and the | ength of
transmitted data are 8 bits the C
15| TXCR| R '
the transmiti@dbidas a tilsea€CRC compu
CRC16.
Note: When BSYFLG bit is 3$XQAQRQ or elgi
may be wrong.
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20  Controller Area Network (CAN)

2001 Ful | Name and Abbreviation Descr.i
Tabé & ul | Name and Abbreviation Descriptio
Full Name Abbreviation
Bit Rate Prescaler BRP
Bit Stream Processo BSP
Bit Timing Logic BTL
Controller Area Netw CAN
Controller Area Netwatlk w CAN FD
CycRedundancy Check CRC
Data Length Code DLC
Error Correction Cog ECC
El ectronic Control U ECU
Error Management Log E ML
End of Fr ame EOF
Finite State Machin FSM
mi ni mum time quantum = CAN mt q
Start of Fr ame SOF
Secondary Sampl e Poi SSP
Transmitter Delay Comp TDC
Ti me quantum Tq
Ti me Segment before San TSEG1
Ti me Segment after Sam TSEG2

202 I ntroducti on

The CAN modul e supports -th2a0sdbaaddrdhefpft 800
of BOGAN FD (Version: V1.0). To be connected
additional transceiver hardware is required.

The Message RAM is impobeme8RAM asdacamnnige¢e
accessed by either the CPU or the CAN modul e

Al messagrelhamneadndhgarcag ii mpl emented by the Re
Handler (Rx Handler) and the Transmit Handl e
Handl er manages message reception filtering,
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from the CAN core to the Message RAM, and pr
received messages. The Transmit Handler is r
messages to be sent from the Message RAM to
transmission status information.

The reception filtering functicombi®aaclhinseved
Each filter can be configured as a range fil

filter.

The CAN module can be con-bettegenteoi thsel @RPY v

interface. The cl ock domain ofprtehcei sGAON modul
CANl ock to be separated from the host <c¢cl ock
PLL.

2003 MaiGharacteristics

(1) Conformsto ISO 11898-1:2015

(2) Supports the CAN FD protocol with data payloads of up to 64 bytes
(3) Features CAN error logging functionality

(4) Supports AUTOSAR (Automotive Open System Architecture)

(5) Supports the SAE J1939 protocol (a communication protocol for
commercial vehicles)

(6) Improved acceptance filtering capability

(7) Two configurable receive First-In-First-Out (FIFO) buffers

(8) Provides a dedicated signal upon reception of a high-priority message
(9) Up to 64 dedicated receive buffers

(10) Up to 32 dedicated transmit buffers

(11) Configurable transmit FIFO buffers

(12) Configurable transmit queue

(13) Configurable transmit event FIFO buffer

(14) CPU has direct access to the Message RAM

(15) Programmable loopback test mode

(16) Maskable module interrupts

(17) Dual clock domains (CAN protocol clock and CAN peripheral clock)

(18) Supports power-down mode and wake-up functionality
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(19) Supports SRAM ECC check; ECC errors can trigger an interrupt and the
error address can be read

204 Structure Bl ock Diagram
Fi gdBeAN Controller Structure BI
Rx_state
Tx Prioritization Acceptance Filter
can_rx
> CAN Peripheral
Rx state |:| Clock Domain
can ix CAN Core | | Sync Tx Handler = Rx Handler
“— Tx_state CAN Communicatio
Tx_Req |:| Clock Domain
il I
CFG & CTRL Message RAM Interface |«
T Iy
Interrupt & N
Timestamp APB SLAVE IF WAKEUP & ECG CLK
32 32
v v
Host IF Memory IF
Tabé@®escription of CAN Controll er
Name Meani ng Description
The CAN protocol controller a
Regi satreeeponsi bl e for handling
CAN Co1 CAN cor ) ) ] ]
with thle8d48&8D)uPpportinbhi bowhidtl
identifiers.
I't synchronizes signals from
Sync Synchron )
the CAN protocol clock domain
I't synchronizes the CANNrpesmrit
CLK Cl ock )
clock domain and the CAN prot
ConfigunfnThis includes configuration a
CFG & C
and confcor e.
I't features intkeiaptCANomt it olt
generating receive and transm
Interr{ Interru .
) ] externally -giemevadctear 16éan be
Ti mest & ti mest a . . ) .
inter-hat CAN bit time counter
ti mestamps.
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Na me Me ani ng Description

ltonc rols the transfer of me s s
RAM to the CAN core.
Up to 32 transmit buffers can

ltransmission. These buffers c
Tr ans mi )
Tx Hang buffers, as part of a traassmsmm
Handl e ) ) )
queue, or in a combination of
FIFO stores the transmit ti me
corresponding message I D. Tra
supported.

I't controls thedtmansdges offr o
to the external message RAM.
The Receive Handl er supports
buffers, as wel | as up to 64
Rx HandgReceive all messages that pass the ac
Recei vOe bRIIfF er s, dedicated rec
store only messages with spec
stored along with a receive t
can be defhihtbd &od @0p tobbd f

APB S g APB Sl ajThe CAN module is connected t

Il er f ac Interfdglnterface supports -connkasi on

Message MessageThe extédrinalme33age RAM is acc
I nterf|storage CPU a@armae CAN controll er.

Wakeup Wak-ep arnnThe CAN modul e supports wapkoiwe

ECC ECC chelmode (STOP mode) and also fea
The CAN module operates wi Nh

Can_pcl Doubl e peripheral c¢clock (can_pcl k) a
can_cc source|(can_ccl k), which correspond

described infCtlloe kg dateispre cdafi ve

The modul e provides threiegnaltg
be routed to CAN_INTO, CAN_IN

CAN controller, al | interrupt
and CAN_INT1 lines. These two

I nterr I nterry. ) ) .
individually enabled or disab
and INEIJ]JEIbits, respegptawvael gC(
events, al/l interrupts can be
interrupt |ine.

www. geehy. com Page2558



205 Functional Description

2051 Operation mode

20511 Software initialization

Software initialization is triggered by sett
initiated by a software setting, a hardware
enters -Ofhfe Btuaste. When CCCR [I NIT] bit is sei
the CANhaduseds and the CAN bus output can_tXx
|l evel ). The counter of the Error Management
Setting CCCR [INIT] does not alter any confi
[ I NI'T] completes tihensoftware initializa
Foll owing this, the Bit Stream Processor (BS
transmission on the CAN bus by waiting for t
recessive bits (indicating bus idle, Bus_1dlI

it patret iicni ppaus acti vities and begin message t

Access to the CAN configuration registers is
CCCR [INI'T] and CCCR [CCE] bits are set (vi

o]

The CCCR [CCE] bit can only be.s®Whear reset
CCCR [INIT] is reset, CCCR [CCE] is automat

When the CCCR [CCE] bit is set, the followin
HPMS (High Priority Message Status)
RXFOS (Rx FIFO O Status)

RXF1S (Rx FIFO 1 Status)

TXFQS (Tx FI FO/ Queue Status)

TXBRP BuTf¥ er Request Pending)

TXBTO (Tx Buffer Transmission Occurred)
TXBCF (Tx Buffer Cancellation Finished)
TXEFS (Tx Event FIFO Status)

When CCCR [CCE] is set, the timeout counter
with the value configured in TOCC [TOP].
Furtbeem when CCCR [ CCE] = 1, the state mach
the Rx Handler remain in an idle state.

The following registers are writable only wh

TXBAR (Tx Buffer Add Request)
TXBCR (Tx Buffer Cancellation Request)

5

5

The CCCR phUWESTLCRa[ MON] bits can only be set

CCCR [INIT] = 1 and CCCR [CCE] = 1. Both bit
CCCR [ DAR] bit can only be set/reset when CC
= 1.
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Note: The message RAM is naduiityped twiitsh rEC® mmemateido t o i ni
message RAM after a hardware ref®600byoweathnmesbageeRAMp!
to generate a valid ECC checksum. This prevents the acti
uninitialized sections of the message RAM.

205.1.2 Nor mall operation

Once the CAN controller completes initializa

to O, it synchronizes with the CAN bus and i
The received messageand( imecslswadiiend Dt)h e rzL C
stored into either a dedicated Rx Buffer
passing the acceptance filtering.

The messages to be transmitted can be us
update of the dedicated Tx Bounfafteircs, Tx F
transmission of remote frames is not sup

205.1.3 CAN FD operation

There are two variants of CAN FD frame trans
frame with bit rate switching disabled. The
Control Fiel dCRZatFra efFidelad,e amansmitted at a
compared to the beginning and end parts of t

I n a CAN framet widbnanfilédr, the previously r
first reserved bit -bint ai €CAMNt if fr iaemed ev it ths an W |
the FDF (FD Frame) bits. FDF recessive indic
dominant indicates a classic CAN fr ame.

In a CAN FD frame, the two bits following FD

Rate Switch), determine wWwiethien thiesbCANrRDEe
frame. CAN FD bit rate switching is indicate
recessive. The recessive (res) code is reser
the CAN controller receives a frame with FDF
igignals a Protocol Exception Event by setti|
Exception Event) bit. When protocol exceptio
[ PXHD] = 0), thi & @axudexe tsheatmodwl ehange fro
(PSR[ACT] = 10) to GW¥Ihchr®h) zatn gt { &€ SR¢g At s a mj
When protocol exception handling is disabl ed
controller treats the recessive res bit as a

error frame.

CAN FD operation is enabl eddCEy] pbriodcgr ammi ng t

I f CCCR [FDOE] = 1, the transmission and rec
enabled. The controller can always transmit

determines whether a CAN FD frame or a cl ass
according uoathencohfitbe FDF bit in the corr

El ement .
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I f CCCR [FDOE] = 0, received frames are inte
This wild.l cause an error frame to be transmi
When CAN FD operatiBb fsathesablfednpoCANr ans mi
if the FDF bit in the Tx Buffer EIl ement i s s
[ BRSE] bits can only be changed when both CC
set .
If CCCR [FDOE] = 0, the settings ahdt hbeFDF
frames are transmitted in the format of <c¢l as
CCCR [BRSE] = 0, only the FDF bit in the TX
CCCR [FDOE] = 1 and CCCR [BRSE] = 1, the tra
with bit riagd eesablted.i nhl I Tx Buffer EIl ements
and BRS bits set are transmitted in the CAN
During CAN operation, a mode change is recom
foll owing circumstances:
(1) During system startup, all nodes transmit classic CAN frames until it is
verified that they are capable of communicating in the CAN FD format. If
s0, all nodes switch to CAN FD operation.
(2) Wake-up messages in a partial CAN network must be transmitted in the
classic CAN format.
(3) The fault rate during the CAN FD data phase is significantly higher than
that during the CAN FD arbitration phase. In this case, the CAN FD bit
rate switching option for transmission is disabled.
(4) End-of-line programming is implemented if not all nodes support CAN
FD operation. Non-CAN FD nodes remain in mute mode until
programming is completed. Afterwards, all nodes switch back to classic
CAN communication mode.
I n the CAN FD format, the DLC code differs f
codes 0 to B tahe swaimedaes in standard CAN, whi
whi ch are al | -beyntceo ddeadt aa sf iaenl d8 i n st andard CAN
according to the following table in CAN FD.
Tabt ®LC Codes
DLC 9 10 11 12 13 14 15
Number
12 16 20 24 32 48 6 4
datby t e
In a CAN FD frame, if the BRS (Bit Rate Swit
switches within the frame after this bit. Be
timing defined by the nomi nalNBIiPt) tiismiursg dand
during the CAN FD arbitration phase. I n the
the data phase bit timing defined by the Dat
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(DBTP) is wused. The
CRC dietem or wupon error detection, whichever

Th

c
re

n

r

r
20514 Tr

Du
tr
t h
S

a

as

e aximum configu

ocC
S u

frequency i s
ting bit rate

m

CAN protocol cl ock
k
[

oth data fr ame

a
ive state, t he
smitted i n domi

> W oS © T

a

bit timing switches back

rable bit rate for the CA
frequency (can_ccl k). For
20 MHze almidt tthiemeaniins mu m «,0
for the data phase is 5 M

formats (CAN FD and CAN F

e of the ESI (Error State Indicator) bit
smittar tatoft Hdhes transmi ssi on-= | f the tra

ESI bit i s transmitted in
nant for mat .

ansmdeltey compensati on

ring the data phase of omeChANdIED atcrt an sami ¢ die

ansmitter, while
is phase. When tr
mul taneously rece

al | other nodes are recei
ansmitting via the can_tx
ives the transmitted dat a

t hean_rx pin. The received data is delayed di

de
wi
| o
Wi
p h

|l ay exceeds TSEG1

(the time segment before

I'l be detected. To achieve data phase ti mi
op delamyttartdahay compensation (TDC) mech

thout transmitter
ase of a CAN FD f

Description

Th
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t h
i
To
tr
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t h
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Th
t h
1
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t h
of

www. ge

del ay compensation, the
rame would be | imited by

e protocol unit ionfpltetme n€CEAN acdmtamaesimi ¢t er De

mpensation (TDC)
ereby enabling hi
mited by the spec

mechani sm to compensate f
gher bit rates in the CAN
ific delay of a CAN trans

check fon bhe datarphase at the transmitt
ansmitted data is compared with the receiv
int (SSP). I f a bit error is detected, the
e next regul alme saanpday ngommé msat iTon i s al wa
ring the arbitration phase.

e transmitter delay compensation allows fo
at are shorter than the transmitter | oop d

2015. Thienabéadubyg isetting the DBTP [ TDC]

the SSP, the receiving bit is compared wi

sition is defined
ansmit output <can

as the sum of &he measur

_t x t hreouigrhp uth ec @ m_arnxs,c ea n

e configured Transmitter Delay Compensatio

fset is used to a
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examplto half of the data phase bit time). TI
secongamypl ing point is rounded down to the n
mini mum time quantum (mtaq).

The PSR [TDCV] register displays the actual
compensation value. PSR [ TDCV] 1is cleared wh
updated eaaxcrh RDmrame is transmitted whil e DI

The transmitter delay compensation mechanism

adhere to the foll owing boundary conditions:
., The sum of the measured | oop delay from
configuredr tdalnaynicaddmpensation offset TD
be |l ess than or equal to 127 mtq. | f thi
maxi mum value of 127 mtg is used for tra
compensation.
, During the data phase, the sum of the me

can_tx trx camd the configured transmitte]
of fset TDCR[TDCO] 4ust thenel ess than 6

The data phase ends at the sampling poin
which point the checking of receiving bi

Transmitter (dealtayonc omepaesrur e ment

I f transmitter delay compensation is enabl ed
bit to 1, the measurement starts at the fal/l
bit in each transmitted CAN FD frame. The me
is deed at th&® teae@iswetiteput, can_rx. The r e
measurement is one minimum time quantum ( mtgq

FigudlBlee ansmitter Delay Measur ement

Delay Compensation Offset

4

TDCR[TDCO}

SSP Position
+—

m can cclk——, Delay Counter Delay

Start Stop
A A
Transmitter
Delay
FDF > res BRS ESI DLC
m_can_tX Arbitration phase Data phase
m_can_rx Arbitration phase Data phase
To prevent a dominant glitch within the rece

ending the delay compensation measurement be
recei vedwhieshbwoéul d cause the SSPato be posi
transmitter dellatyerc owmiprechsvatdaom Kd enabl ed by
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Not e:

of st

20.5.1.5

Not e:

exter

20.5.1.6

WWwWWw.

TDCR [ TDCF]. This defines a minimum value fo
transmitter delay measurement, dominant edge
an earlier SSP position are ighered. The mea
calcul ated SSP position is at | east TDCR [ TD
The CAN controller always performs a dynamic trans:
atic (fixed) transmitter delay is not supported.
Restrictedmogderation
I n Restricted Operation Mode, a node is capa
frames and acknowledging valid frames, but
remote frames, active error frames, or over.]l
conditiohoad owvaditi on, instead of transmitt
the occurrence of a bus idle state to resync
communication. While error |l ogging (ECR[CEL]
(ECR[ REC] , ECR[TEC]) asetftbee@ANThenhostl en

Restricted Operation Mode by setting the CCC
set by the host when both CCCR [CCE] and CCC
host can reset this bit at any ti me.

The controller audtomadtied| Oyercattiecars Mede whe
Handler fails to read data from the message
Operation Mode, the host CPU must reset CCCR

Restricted Operation Mode can be used in app
di fferenhtr @ANsbiln such cases, the APP tests
Restricted Operation Mode upon receiving a Vv

Restricted Operation Mode must not be used in combi
nal ) .
Bus monitoring mode
TheAN controller can be set to Bus Monitoring
CCCR [ MON] bit to 1. I nflBud4MBruistaMminh g oMo dheg
the 1 S0GL:128B8B), the CAN controller is able t«
and valid remotei hramasebattrcansmissi on. 1| n
transmits only recessive bits on the CAN bus
dominant bit (such as an ACK bit, overload f
internally rerouted sa ttolrati tt,h e veeonn ttrhoolulgenr tch
CAN bus may remain in the recessive state. |
TXBRP register remains in its reset state.

Bus Monitoring Mode can be used to analyze t
affecting it biynatnrtanbsinist.t iTnhge dfioingur e bel ow st
of the can_tx and can_rx signals when the CA
Mode.
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FigdfMmeus Monitoring Mode
m_can_tx m_can_rx

=1

| )

TX Rx

M_CAN

205.1.7Di sabl e automatic retransmissi on

Fr

WWwWWw.

According to the CiB®BN3spgeReftciovatr JomMa(heege me n't
| SO 1182815), the CAN controller provides a

retransmission of frames that have | ost arbi
errors duri ng otnheiBry tdreanasunhits,s automatic retra
enabl ed. To s-ttppggetreHecbmmenication as desc
9.2 of I-B:02A18B98automatic retransmission can

CCCR [ DAR] bit.

ame transmission in DAR mode

I n DODAR sable Automatic Retransmission) mode,

the CAN bus are automatically cancelled. Upo
Tx request pending bit TXBRP [TRPx] in the T
al so cl ear ad sisfi othh éh atsr ammed st arted by the can
aborted due to arbitration |l oss, or if an er

When arbitration is lost or the frame tr
corresponding Tx Buffer XBTaOOgii 6§ si on Occ
not set, and the corresponding Tx Buffer
TXBCF[ CFx] is set.

When transmission is successful, the cor
Transmission OccOx)eidsbset TXBTO[The corr
Tx Buffer Camedl bati GIXBEIFAICEX] i s not se

When a frame is successfully transmitted
corresponding Tx Buffer Tramgmi §si on Occ
set, and the corresponding Tx Buffer Can
TXBCF[ CFx] is set.

| f a ifsrasmueccessfully transmitted and Tx Event
with Event Type ET = 10 (transmission occurr
into the Tx Event FIFO el ement.
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20518 Powdalrown (sl eep mode)

The contr ol | edrowenn tneordse pva waé tayn
request signal or by setting
1 as Il ong as the external cl

Af transmissi
detected. |t
transmissions. Next
setting the output
setting the CCER[rCH Al bietlgitsd el .
deactivating the module cl ocks

CCCRJ[ I NI T] bit, ch remains s

ter all pending
until dhebassate is
further CAN
f or pdoowenr by

on

whi

of severe disturbance
the CAN
register.
1, whi ch

ssion

Not e: I n cases on

controller wildl

I'f the CAN

consequentl vy,
the PSR[ACT]
[ 1 NI T]

transmi

not

control

or reception.

To exi tdopwnwenrode, the APP must
resetting the external clock
controll er dgiel t haskmewli ®en by
acknowl edge signal and cl eari

CAN cation by resetti

st

ng

communi ng

20519 Wak-ep request

When the system is in STOP mode
request upon the

., A dominant bit (logic 0)

The user can wake the system fr
setting ERM_CTRL[ WAKE_I NT_EN])
ERM_CTRL[ WAKE_HBVWENT_EN

Not e: After the CAN modul e

the HSE

wakes the syst

user mu st enabl e clock and then r

20.5.1.10 Test Mo d e

t he
t he

Write access
set tbslenahl

to
es

TEST regi st
configurati
bit
four outp

By programming the TEST[ TX]
configured for one of
al data out puwtu,t piutt dare hCeA Nd
monitoring the CAN bit ti ng,
value. The current | ogic |l evel
TEST[RX] bit. These two

seri
mi

www. geehy. com

ienxpt vetr
t he
ock

dhea@AN bus, a

veiolnlt @WorGhaedr i @ad rmrhyn ihad tti d r,e

open

resett.i

OCC UTr ruepn ceev eonft :
on

ock sto
[ CSR]
request

cl
CCCR
stop

ar e
CCC

requests
then sets
, the CAN con
clock stop ac
accesses are
can_hcl k and
et to 1.

b
[ 1 NI T]

not

CCCR
does

set
|l er ent

regardl ess of

the modul
request si
ng the o
CCCR[ CSA
[INIT] b

op

t he
CCCR

,;-uphe CAN mod
the following
the can_rx p

om STOP mode
or via an eve

from STOP mo
CCCR[I NI'TT] .

em

eset

i s
of

er
on

only
test

pe
mo

t he CAN tr
functi ons.
rsiavmgpr itha poi n
or to output

of the receiyv

S,
ut

funphyeinsalcahayer ust
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the CAN bus.

Due to the synchronization mechanism between

and the CAN peripheral clock domains, a | ate
occur from writing to TEST[TX] birts wmtil the
the output pin can_tx. The same applies when
the TEST[RX] bit.
Note: The test mode should only bet easptp.l i Soafbtlwa rfeo rc opnrtordoul c
can_tx pin interferesctwiotnis.alTlheCANRspr onoadeoli sf mmt r ecomme
applications
External Loopback Mode
The CAN controller can be set to External Lo
TEST[LBCK] bit to 1. I n Loopback Mode, the C
messages ist asraesmitived messages and stores t
acceptance filtering) into the Rx Buffer or
illustrates the connection of the signal inp
controller in External Loopback Mode.
This modedi 6or hdrdwar dosekfmain independent
influences, the CAN controller ignores ackno
recessive bit in the acknowledge sl ot of a d
Mo de . I n this mode, t hfee AN kaonk riotld eTx i Ot tep
Rx input. The actual valwue of the can_rx inp
controller. The transmitted messages can be
FiguBexternal Loopback Mode
fdcan_tx  fdcan_rx
A |
TX RXx
FDCAN
I nternal Loopback Mode
The CAN controller can enter I nternal Loopba

TEST[LBCK] and CCCR[ MON] bits tiol.-seHifs mod
t egatl,l owing the CAN contr ol lgert hteo obpee rtaetsitoenda | v
CAN system connected to the can_tx and can_r
pin is disconnected from the CAN controller,
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recessive state. The diagram below illustrat
can_rx pins to the CAN controller in Interna

Figu®enternal Loopback Mode

can_tx can_rx

[

=1
TX Rx
CAN

2052 Ti mestamp generation

205211 nternal timestamp generation
The CAN controller i mpl ementosn ame cihnatneirsnnal t i
usingbat 1&rapping counter. This counter <can

prescaler TSCC[TCP] toéidrreimenheaCARMubiti pti
current value of the counter can be read fro
the TSCYteegresets the counter to zero. The
whenever the timestamp counter wraps around.

At the statrede@mtifommer transmission (SOF),
counter is captured. Thisticmpstuampf aread tuieon s(
examplRXTS[15:0]) of the respective Rx buffel
Event FI FO oerl eemyeaniXI{&S[ 15: 0] ) .

20522External timestamp generation

As an alternative botusiongtehebintexmelrnaé 1
bas vector input of CAN can be captured as t}
the TSCC[TSS] bits.

The external timestamp €MB.8 kF sro udecteaiilse d rwsvd ¢
ofTMR8 refer to thesispeTMREBlach udaels.cri pti on

2053 Ti meout counter

The CoMtroller is -pirtovt idrmeelowti thoantlér t o sig
Rx FI'FO 0, Rx FIFO 1, and the Tx Event FI FO.
configured via the TOCC register, and its cu
TOCV[ TOC] .

This ti meout caosunat edre corpeenteantteisng counter and
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prescaler controlled by TSCC[TCP] as the tim
counter can only start when CCCR[INIT] = 0.
example, when the CAN ©Odhitsolater enters the

Te interrupt flag I R[TOO] is set when the va
continuous mode, the counter i mmediately res
TOCC[ TOP] .

The operating mode is selected via TOCC[TOS]
mode, urmttercobegins running when CCCR[INIT] i
TOCV register presets the counter to the val
continues decrementing.

When the timeout counter is controlled by a
causes t hteo chaungreegset to the value configur e
Decrementing begins when the first FIFO el em
writing to the TOCV register has no effect.

Note: The clock signal for the timeoutlcobtntbe C&Ndebpree
Consequently, the ex&ctdetcirminreqntesf malye vaowntdaure t o t he

synchronization/resynchronizati on mechani sms of the CAN ¢
enabl ed, the timeout counherhei &tbiticktiaondanhtfedana fiaelk:

2054 Rx handl er

The Rx Handl er controls the acceptance filte
messages to either the Rx buffer or one of t
put and get indices for the Rx FI FOs.
Not e: clunr rtehnet design, it is not possible to block the rec
toggling of their associated status bits. However, this
controll er.

20541 Acceptance filtering

The CAN controldreed cwint thet waoondaetgs of accept al

for standard identifiers and another for ext
assigned to either the Rx buffer or to Rx FI
each filter list iemexécOtedtstiathiendgi fsommBa
el ement is found. The acceptance filtering p
mat c h, and subsequent filter elements in the
The key features are as foll ows:
Each filter elementitherbaccemptiageredrf o
rejection filtering.
., Each filter el ement can be individually
Each filter el ement can be configured as
- A filter fdoerdiocha®seodr t wo
- A classic bit mask filter
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- A range filter
Filters are chyecKehde seexceweaurttiioanl Ist ops as
first matching filter element is found.

Rel ated configuration registers:
Standard I D Filter Configuration (SIDFC)
Extended I D and Mask (X1 DAM)
Extended I D Filter Configuration (XIDFC)
Gl obalCdnrfliteeur ati on ( GFC)

Depending on the configuration of the filter
triggers one of the following actions:
., Set t hperihdrgiht y message interrupt flag IR
., Set t hperihdrgiht y message interrupt flag IR
redved frame in FIFO O or FIFO 1
, Store the received frame in FIFO 0 or FI
, Store the received frame in the Rx Buffe
Reject the received fr ame

B

Acceptance filtering begins after. the compl e
Once acceptanceeftiel aeadi mg mads chommgl Rx Buffer
found, the message handl er writhedg tume trsed ei v
the matched Rx Buffer or Rx FIFO. I f the CAN
errfoor (exam@plC&kC error), the Mbssabhasi $ hei sca
foll owing consequences for the affected Rx b

Rx Buffer: The new data flag for the mat

the Rx buffer is (partially) overwritten

type can be checkPeSAR[IDIL EFCJR[ LEC] o
Rx FIFO: The put index for the matched F

the associated Rx FIFO element is (parti
received data. The error type can be che
PSR[DLEC]. I f the mat chwdar WRrxi tFd Frdo dbe,e rtaht

boundary conditions of the Rx FIFO in th

Note: When a received message that has passed acceptance
FI FOs or to a Rx Buffer, t he u,nnmoad dri celde g s ceefi vveldi d hld efnitli tf &
used. The outcome of the acceptance filtering process de|
filter el ements.
Range filter
This filter matches all received frames whos
defin®d@d1b®P/ SF2I D or EF11 D/ EF2I1 D.
When range filter works with extended frames
EFT = 00: The AND opedatnmeosrs agfe rlebDc eainvde ¢ hfer am
Extended I D and Mask (XI DAM) will be i mpl eme
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applied.
EFE 11: The range filter is applied without
( XI DAM) .

Specific message I D filter
A single filter element can be configured to
| Ds. To filter a single specstfilbemessfhigguil &d
such that SF1I D = SF2I D or EF11 D = EF2I1 D.

Classic bit mask filter
Classic bit mask filter is designed to filte
individual bits of the received message | Ds.
SF11 D/ EF1| Dt sermessage | D filter, while SF2II
filter mask.
A zero bit at the filter mask will mask out
configuredFbDb #ftkthempheael,ue of the received mes:
bit positindn fiog iarcrcelpgwvaance filtering. Only t
t he masfkoi mi t hiesreceived message | Ds are sign
filtering.
I f all maisik abimast car eoccurs only when the rece
identical toftiHea emesddg@dlibmaskebsbagealb wil
mat c h.

Standard message I D filter
The following figure illustrates thatfilteri
identifier). The standard message | D filter
secns .o
Under the control of the Gl obal Filter Confi
Configuration (SIDFC) r&gmeseage tbe Remet we
Transmi ssion Request (RTR) bit, and I dentifi
compared aganhisgutéde | ist of filter el ements
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Fi g8t andar d Me shksiatgei debnt(ilfli er) Filtering FI

‘ Valid frame received ‘

A

11 bit 29 bit
4{ 11/29 bit identifier }—»

4 yes - GFC[RRFS]=1
‘ Remote frames ’—% Reject remote frames }7
no GFC[RRFS]=0
‘ Receive filter list enabled ‘
SIDFCLSY[7:0]>0
; yes
Match filter element #0
no
o
I
g
N~
&
0
-
&
LL
[a) v reject
n ) vy \ -
Match filter element# SIDFCLS$ %‘ Acceptance / Rejection }—>
yes
no accept
4 GFCANFH1] =1 v
Accept non- matching frames } 4% Discard frame
Y
GFCANFH1] =0
4
FIFO selected and target yes
FIFO full (blocking)
no
Store frame
Extension message I D filter
The following figure illustrateagéhleDf (2% eri
bit identifier). The extension message | D fi

sections.

Under the control of the GI obal Filter Confi
Filter Configuration ( X| DBWC)mersesgaigset elrDs,, t he
Remoe Transmission Request (RTR) bit, and | de
compared against the configured |list of fildt

The AND operation of the Extended I D and Mas
identifier wildl be i mpilse naepnptieide do.ef ore the fi
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Fi g8rnextensi on Mebsagedebt{2Ber) Filtering FI

‘ Valid frame received ‘

A

11 bit — — 29 bit
4—{ 11/29 bit identifier }7
GFC[RRFE]=1, - yes 4
4{ Reject remote frames F—{ Remote frames ‘

GFC[RRFE]=0 no

Lo

4
‘ Receive filter list enabled ‘

XDFQ LE][6:0]>0
yes )
Match filter element #0 —
no x
o
T
e
[
i
)
9
reject vy s
4—{ Acceptance / Rejection }4 4 Match filter element #X  IDFQ LSE]
yes
accept no
4 GFCANE][1] =1 4
Discard frame }47 ‘ Accept non- matching frames
Y
GFCANE][1] =0
4
yes FIFO selected and target
FIFO full (blocking)
no

Store frame

20542Rx FI FO

Both Rx FIFO 0O and Rx FIFO 1 can be individu
el ements. The tovonfRixg Frlégdsviaa et he RXFOC and |
regi sters. Received messages that pass the a
to the Rx FIFO based on the configuration of
description of the Rx FlIFOgelmemémanhi stmsuctur e
available for Rx FIFO O and Rxs.FI FO 1, refer

To prevent Rx FIFO overfl ow, an Rx FIFO wate

| evel of the Rx FIFO reaches the watermark v
RXFnC[ FnWM], thleRi REeW]r uips d$é¢tag When the num|
FI O put indexes reaches the get Il evel, RXFn S
is full. Additionally, the interrupt flag IR
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Fig8tRex FI FO Status
Get Index
RXFnS[FnGl]
7| 0
6 1
5 2
4 | 3
Put Index Fill Level
RXFnS[FnPI] RXFnS[FnFL]
When reading data from Rx FIFO, the Rx FIFO
multiplied by the FIFO el ement size and then
FI'FO start address RXFnC[FnSA].
Tabé&x FI FO aHkldenrelnFtO Si z e
RXESC[ RBDS] [ ) _
Data Field (bytes) FIFO Element Size (RAM words)
RXESC[ FnDS] |
000 8 4
001 12 5
010 16 6
011 20 7
100 24 8
101 32 10
110 48 14
111 6 4 18
Rx FIFO Blocking Mode
Rx FIFO Blocking Mode is configured by setti
default operating mode of the Rx FIFO.
When the condition for a full Rx FI FO is met
no further messages will be wuhtténatol ehetc
one message is read, causing the Rx FIFO get
= 1 signals that the Rx FIFO is full Addi t i
set .
I f a message is received while the correspon
is discarded, and RXFnS[RFnL] = 1 signals a
interrupt flag | R[RFnL] is set.
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R x

20.5.4.3

WWwWWw.

FI FO Overwrite Mode

Rx FIFO Overwrite Mode is ¢

o

nfigured by sett

When RXFnS[FnF] = 1 and it lsi(®X&inS[tFm&d Jt Fe
RXFnS[FnGI]), the next message accepted by t
FI'FO message. Both the put ndex and the get

%)

When Rx FI FO operates in Overwrite Mode and
Rx FBEF®ments should start from at | east the

because a situation may arise where the CPU
RAM (at the get index) while a received mess
written to the mepsagenBAKM) (atnthhis case, i
mi ght be read from the corresponding Rx FIFO
get index when reading from the Rx FIFO avoi
of fset depends on &hacseses dtio-fG.h &aTehRCHUW gur e

below illustrates a scenari o where an offset
during FI FO read operations. I n this case, t
1 and 2 are |l ost.

Fig8sRex FDFOr fPromwessing

Rx FIFO Full Rx FIFO Overwrite
(RXFnS[FnF]=1 (RXFnS[FnF]=1
Element 0
RXFnS[FnPI] overwritten
=RXFnS[FnGI]
RXFnS[FnPI]
710 710 =RXFnS[FnGl]
5 2 5 2
4 3 4 3

Read Get Index + 2

After reading data from an Rx FI FO, it mu st
read el ement to the Rx FI FOIAcKImawl eadcgge olnnd e
increments the get index t o etxhahtaselneome nytetnum
incremented to this Rx FIFO el ement, t he RX
(RXFnS[FnF] = 0).

Dedi cated Rx buffer

The CAN controller supports up to 64 dedicat
the dedicated Rx buf CéRBiIS®A]configured via RX

For each Rx buffer, a standard or extension
configured with SFEC/EFEC = 111 and SFI D2/ EF
After a received message is accepted by a fi

buffer withiRAM hteh ante sissagreef erenced by that fi
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format is identical to that of the Rx FIFO e
(message stored to a dedicated Rx buffer) in
Tabd®x Buff€onfFigueati on Exampl e

Filter SFID1[10: SFI D2[ 5: ( SFID2[ 10:
El ement EFID1[ 28: EFI D2[ 5: ( EFI D2[ 10:

0 I D Messag 00 00O0O 00

I D Messag 00 00012 00

2 I D Messag 00 0010 00

After the |l ast word of the matching message
message RAM, the corresponding new data fl ag
register is set. As |l ong as the new data fl a
is locked to prevmatchiewgyfremesverom being

host must reset the fibew dheacdtargspygndirnygi by

When the new data flag of a Rx buffer is set
referencing that s ppercoidfuicce Rax nbautfcfhe r awillolwinnogt
acceptance filtering process to continue. Su

el ements may cause the received message to b
the Rx FIFO, or rejected, according to the f

Rxbuffer handling

., Reading the message from the message RAN
Resetting the interrupt flag | R[] DRX]
., Resetting the new data flags for the pro
., Reading the new data register

2055 Tx Handl er

The Tx Handler is responsibleffom handling t
dedicated Tx buffers, Tx FIFOs, and Tx queue
and read indices of messages to be transmitt

Tx Event FIFO. Up to 32 Tx buffers can be co
transmissiomnssTlhe tCAANnsnmde (classic CAN or C
Tx buffer element can be individually config
possible configurations for frame transmissi

TabT@®@onfigurations for Frame Transmi ssi

Tx BuHEIfement CCCR
Frame Tr ans mi
FDF BRS BRSE FDOE
ignor ¢ ignor ¢ ignor e 0 Cl assic CAN
0 ignor ¢ 0 1 Cl assic CAN
1 ignor ¢ 0 1 FD without bit
0 ignor ¢ 1 1 Classic CAN
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Tx BuHEIfement CCCR
Frame Tr ansmi
FDF BRS BRSE FDOE
1 0 1 1 FD without bit
1 1 1 1 FD withtbi swit
Note: AUTOSAR requires at |l east three Tx queue buffers ai

When the Tx Buffer Request Pending Register
Handl er performs a Tx scanning of t-he messag
priority pending Tx request (the Tx buffer w
is updated when a transmission is completed,
transmission by writing to TXBAR, or after t
transmission by writing to TXBCR.

When new scan results are available, tempora
temporary buffers store the preloaded first
with the highest Tx priority. The time requi
depends on theehowsncyg,l otctke number of confi gu
the number of CAN modules connected to the m

Since the Tx scanning of the message RAM t ak
situations may occur:
, Preloading of the temporbarfyorbeufafner s i s n

ongoing transmission/ reception finishes
start transmission at the first opportun
may start transmission witho@t having to
transmi ssion messagehastfathboweot pber omest g
may be considered external priority inve
, Preloading of the temporary buffers is ¢
transmission/reception finishes: The pre
transmission at the first opportunity.

20551 Transmi ssion pausing

The Transmission Pausing feature is applicab
message identifiers are (permanently) assign
easily changed. These message identifiers mi
pri ohran yotther defined messages, whereas in sfg

relative arbitration priority should be the
where one ECU sends a series of CAN messages
from another ECU t ot hhees ed ed talyeerd meescsaaugsees hav e
CAN arbitration priority.

For exampl e,-1 idna&AINeEECtUhe Transmi ssion Pausi:

application software requests the transmissi
first successful me swsialgle wariatn sfnoirs stivoon ,CAN bit
idl e time before allowing the next requested
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ot her ECUs have messages pending for transmi
transmission during the i daltee twiniléd ain€dtdo not
message. After recedlvicag atmessags, nEQWU tran
once the received message has released the C

The Transmission Pausing feature is controll
is set to lauskef GANtWEel time of two CAN bits
message transmission before starting the nex

CAN nodes in the network to transmit message
l owermi ority identifinems$ ssByndehasling freat Tnmea
di sabled (CCCR[TXP] = 0).

This feature mitigates burst transmissions f
ferroneous oOwmlsdrmactthenasppl i cation incorrectly
excessive number of transmissions.

20552 Dedi cax elduf f er
Dedicated Tx buffers are used for message tr
the host CPU. Each dedicated Tx buffer is co
I D. When multiple Tx buffers are configured
buffer wistth tuhfef droweumber i mpl ements the trar
be achieved in one of two ways:
, ITx buffers should be requested in ascend
with theumbeawesd buffer.
All Tx buffers configured wigtulesttlea s ame
simultaneously via a single write access
A transmission is requested by semldimigt an Ad
typically after the message data has been up
arbitrates intersndlrloyn wihteh ompe s saa@!l Tx FIFO o
externally with messages on the CAN bus, bef
their message | Ds.
A dedicated Tx buffer is allocated an el emen
32bit words (bseeleow)h.e Qoambsleequent |l y, the start
dedicated Tx buffer in the message RAM is ca
Buffer l3nldexby( 0t he el ement size and adding it
address (TXBC[TBSA]) .
TabTHx Buff FI @0De &d @& ment Si ze
TXESC[ TBDS] [ Data Field ( El ement Size (
000 8 4
001 12 5
010 16 6
011 20 7
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TXESC[ TBDS] | Data Field ( El ement Size (

100 24 8

101 32 10

110 48 14

111 6 4 18

20553 TxFI FO
Tx FI FO operation is configuredelsy agresgr a mmi
stored in the Tx FIFO are transmitted start:i
the read index TXFQS[TFGI]. After each trans
incremented cyclically wuntil the Tx FIFO is
transmissionwiofh meses ag@me message I D from di-
in the order they were written into the Tx F
FI'FO Free Level TXFQS[TFFL] as the differenc
the read index. 1t indieca(tferse et)h eT xn uFmMbFeQ eol fe nae
New transmission messages must be written in
Tx buffer referenced by the write index TXFQ
increments the write index to the next free
i ndrex<kaches the read index, a Tx FIFO Full cor
signal ed. I n this case, no further messages
until the next message is transmitted and th
When adding a singlFd Frfbes s agen stmd stsheonTx s requ
wr i tildbthgg t he TXBAR bit associated with the Tx
FI O write index.
When adding multiple (n) messages to the Tx
consecutive Tx bufwreirtse sitradd X .ngTrfamamitshsei on i
requested via TXBAR. The write index is cycl
number of requested Tx buffers should not ex
indicated by the Tx FIFO Free Level
When a transmi sqicen lraqdest tihe dx buffer ref
read index, the read index is incremented to
transmission request, and the Tx FIFO Free L
transmission cancellation he appldi eddea amy
FI'FO free |l evel remain unchanged.
A Tx FI FO el ement is allocated in the Messag
bit words. Therefore, the start address of t
is calculated by mukuepWyihg thdeXxTRFOSO[] DEQ
(0é31) by the el ement size and adding it to
TXBC[ TBSA] .
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20554 Tx Queue

20.55.5

Not e:

WWwWWw.

TXx queue operation is configured by programm
stored in the Tx queue ar e stargaen swnittht etdhest ar t
| owest Message I D (highest priority). I f mul
with the same Message | D, the transmission o
numbers where the messages are stored for tr
numbers deéepmpenduoment state of the write inde

cannot be predicted.

New messages must be written to the Tx buffe

TXFQS[ TFQPI]. The write i ndrewmbadr rweady sf rpeoeé nt s
buffer guetbde Tk the Tx queue is full (TXFQS
becomes invalid, and no further messages sho
unt i |l at | east one requested message has bee
transmission request has been cancell ed.

ThePRA can use the TXBRP register instead of t
messages into any Tx buffer that does not ha
A Tx queue buffer is allocated in t-he Messag

bit words. Ther eafdadrree,s st hoef stthae next availabl e
buffer is calculated by multiplying the Tx F
TXFQS[TFQPI] (0é31) by the el ement size and
Address TXBC[TBSA].

Mi xed Dedicated Tx Buffers [/ Tx FI FO

I n tbnhsiguration, the Tx buffer section in t
set of Dedicated Tx Buffers and one Tx FI FO.
, The number of Dedicated Tx Buffers is co
, The number of Tx Buffers allocated to th
TXBTFQS] .
I f TXBC[TFQS] is programmed to zero, only Dedicat e

Tx Priority:
The buffer with the | owest Meswiage | D ha
be transmitted next.
Scamsoth the Dedicated Tx Buff &0Os and the
buffer (relfX@S¢ TE&Gddbryi ng next transmi ssi
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Fig8dexample of a Mixed Configuration with Dedi
Transmission FIFO

Get Index Put Index

Lo

Tx Sequence 1. 5. 4. 6. 2. 3.

ID3 | ID15 ID8 | ID24 ID4 | ID2

Buffer Index o 1 2 3 4 5 |6 7 8 9

\ 4

Dedicated Tx Buffers I~ Tx FIFO

20556 Mi xed Dedicated Tx Buffers [/ Tx Queue

|l nst kionfi guration, the Tx buffer section in
set of Dedicated Tx Buffers and one Tx Queue
The number of Dedicated Tx Buffers is <co

., The number of Tx Queue Buffers is config
Not e XBO[ TFQS] is programmed to zero, only Dedicated Tx B

5

Tx Priority:

The buffer with the | owest Mensds awiel Il D ha
be transmitted next.

Scaal |l Tx Buffers with the transmission
transmission.

B

B

Fig@8Bexample of a Mixed Configuration with Dedi
Transmi ssion Queues

Put Index
Tx Sequence 2. 5. 4. 6. 3. 1.
ID3 | ID15 ID8 | ID24 ID4 | 1D2
Buffer Index o 1 2 3 4 5 6 7 8 9
Dedicated Tx Buffers T Tx Queue
20557Tr ansmi ssion cancell ation

CAN supports transmission canlceldaefiwhn.fdahis
gat eway appl i cat i-boansse da nadp pAlUiToOsStAiRo n s .

To cancel a transmission request from the De
Buffer, the fiid@ot trhiestcowrrietseppondi ng bit (= Tx
the TXBCR regi staenrc.e|A astuicocre sissf uilndci cated by s
corresponding bit ifMathe TXBCF register to

Transmission cancellation does not apply to
cancellation is requested for a Tx Buffer wh
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ongoi nggrnédepondi ng TXBRP bit wildl remain set
transmission is stildl in progress. I f the tr
corresponding TXBTO and TXBCF bits wil!l be s
message will not be redtrmeasmondiendg ahXBORI lyi t
set .
Note: There is a short time window where, if a pending 1t
transmission is about to start, no transmission wild/ be |
messageThis may all ow another node to transmit a message
second message in this node.

20558Tx event handl ing

20.5.6

WWwWWw.

To support Tx event handling, the CAN modul e
After a message is tbwuansmhtet Mé semgtehé DCANI t

ti mestamp are stored in the Tx Event FIFO el
Tx Event FIFO el ement, the Message Marker frr
copied into the Tx Event FIFO el ement.

The configurati onemnmi €€ Ry MBViEMY e-lmreta h 6 8

Message Marker is used. When CCCR[ WMM] = 1,
function is disabl ed.

The Tx Event FIFO can be configured for up t
The purpose of the Tx Event FtlrFEOnsmi ¢2i adrecou
status information from the handling of the
That is, the Tx buffers only hold the messag
transmission status information is stored se
of feres ssdbwvmmant ages, particularly during dynami
transmission queues, as the Tx buffers can b
message after a successful transmission. The
transmission status intbometpobeverwfitheagTkhbm
When | R[ TEFF] signals that the Tx Event FIFO
written to it until at | east one el ement is
is incremented. I f a Tx event oceceurts iwshi |l e t
di scarded and the interrupt flag | R[ TEFL] is

To prevent Tx Event FI' FO overfl ow, a Tx Even:
The interrupt flag IR[TEFW] is set when the
reaches the Tx Event FI FIXB&FaQ[eErFnavlk conf i gur

When reading data from the Tx Event FI FO, tw
TXEFS[EFGI] must be added to the Tx Event FI
TXEFC[ EFSA] .

FI FO Acknowaenddd i ng

The read indices for Rx FI FO 0Oared&x FIFO 1, a
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controlled by writing to the corresponding F
the FI FO Acknowledge I ndex sets the FIFO rea
Il ndex value plus one, thereby updating the F
use cases:

When mngadoinly a single element (the el ement p
from the FIFO, write this read index value t

Wh reading a sequence of el ements from the
Acknowl edge I ndex onlyadnsegaenctcde( enidngft hd
of the |l ast read el ement) to update the FIFO

(0]
=)

Si

be
re
me
Ac
in
som

=]

ce the CPU has féedMeacages RAM, t speCANI ca
taken when reading FIFO el ements in an atr
d indexht @ITeéiwsenfiul , for exgmploag,i twhen r e:
sage from one of the two R& FI FOs. I n suc
nowl edge I ndex should not be written, as
orrect position and & sd lilndcervredct ICy ncsheagru
e older FIFO elements would be | ost.

Note: The application must ensure that the value written
CAN modul e does not perform checks for erroneous values.

2057 Message RAM

To steceived (Rx)/transmitted (Tx) messages
CAN modul e must be conpecte8RAM, aref &Brednghb
Message RAM.
Note: The Message RAM supports ECC (Error Corlriecedé i ng Cod
the Message RAM af. todFr ehxaarnmipwaer,e bryesvati ting 0Ox00000000 to eect
RAM to generate valid check bits. This avoids falsely ¢tr

uninitialized sectionasefthédeENMEScshgek RAMat uneci s enabl ec
20571 Message RAM configuration

The Message RAM has a width of 32 bits. The

to allocate up to 512 words in the Message R
configure every sectown adndtekdeie@ ahe hoguese
on the order in which the sections are arran

I n CAN FD mode, the required Message RAM si z

el ement sizes configured via RXESC[FODS], R X
and TXESC[TBDS] for0 t(lRRx HWddFei We ,FIRR@ei ve FI F
FI'FO 1), Receive Buffers (Rx Buffers), and T

respectivel y.
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Fig@Bkessage

Start Address

SIDFC[FLSSA]
XIDFC[FLESA]
RXFOC[FOSA]

RXF1C[F1SA]
RXBC[RBSA]

TXEFC[EFSA]
TXBC[TBSA]

11- bit Filter

29 bit Filter

Rx FIFO O

Rx FIFO 1

Rx Buffers

Tx Event FIFO

Tx Buffers

+«—32 bit —

0-128 elements/ 0 - 128 words

0-64 elements/ 0 -128 words

0-64 elements/ 0 -512 words

0-64 elements/ 0 -512 words

0- 64 elements/ 0 -512 words

PIOM ZTS Xew

0-32 elements/ 0 - 64 words

0-32 elements/ 0 -512 words

RAM Configuration

When the CAN module addreascsessishéBi2iMessage RA
wor ds, not single bytes. The -xiotnfwagrud abl e st
addresses. This means that only bits [15: 2]
the two | east $iggoirfidcant bits are

Note: The CAN module does not check for errors in the Me:

must be taken when configuring the start addresses of di:

per section to avoid data corruption or | oss.

20572Rx uB f ers and FI FO EIl ement s
Up to 64 Receive Buffers (Rx Buffers) and tw
configured in the Message RAM. Each Receive
up to 64 received messages. The table bel ow
Buff &rO /elrRlIment. The el ement size can be conf
register to store CAN FD messages with dat a

TabT®x Buffers and FI FO EIl ement s

Nameg 31: 24 23:16 15: 8 7:0

RO ESI|XTQORTR | D[ 28: 0]

R1 |ANMA FI DX[ q§Reser|FDRBRS DLC[ 3 RXTS[15: 0]

R2 DB3[7:0] DB2[ 7: 0] DB1[ 7: DBO[ 7:

R3 DB7[7:0] DB6[ 7: 0] DB5[ 7: DB4[ 7:

é é é é é

Rn DBm[ 7: 0] DBrLl [ 7: 0] DBr2[ 7: DBRB[ 7 :

RO Register Bit Description
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Bit 31 ESI I hHicat o8 at e

This bit indicates the error state of the tr
0: I ndicates that the transmitting node i s i
this node has not accumul ated a critical num

bus c¢ommunoircraatliloyn n

1: I ndicates the transmitting node is in the
node has accumul ated a significant number of
communication is restricted.

Bit 30 XTD (Extended Il dentifier):

This bit informs the host whether the receiv
extended identifier.

0: I ndicates that thebrecetardafdamdensifi an
commonly wused in CAN bus communicati on.

1: I ndi cates that tah9rte ceexitveendd efdr ai ndee nutsiefsi er
provides a | arger address space for more com

of nodes.

Bit 29 RTR (Remote Transmission Request):

This bit informs the host whether the receiyv

frame.

Ol ndicates that the received frame is a dat a

payl oad.

1: I ndicates that the received frame is a re

data but requests another node to transmit a
Note:otRemframes do not exi st in the CAN FD for mat. I n a (

(Remote Request Substitute) bit replaces the RTR bit.
Bits 28:0 | D[28:0] (ldentifier):
The type of identifier (standard or extended
XD = 0 (Standard I dentifier), the Standard |
XTD ,thkenEusended I dentifier.
R1 Register Bit Description
Bit 31AANMPtemdatncohn ng f r ame

Acceptancnatocdhinmogh frames can be enabled via (
GFC[ ANFE] .

0: Il ndicates that the received frame matched

1: Il ndicates that the received frame did not
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Bit 2430 | Dk[i6t@) : I ndex

This value, i-In27,her epmegse mitfmatticé i inmgd Re cefi vieh ¢
Accept Filter element (this valwue is invalid
SIDFC[-LS@Sflor Standard I dent-iIf(fears)Extremdaed X
I denti fiers).

Bit 2(DFDFF) mat

This bit indicates the frame for mat.

0: lcgegadC AN frame for mat .

1: CAN FD frame format (uses new DLC code an

Bit 2@BiBRSRat): Switch

This bit i ndicates whether the received fram
0: Il ndi cates that the received frame did not
1: lan &isc t hat the received frame did use bit

BitsleldDLCP&E8t a]l]Lengyth Code

I n both CAN and CAN imOli catwal ueheofr8e0cei ved fr
data bytes.

I n CAN, a-lbaliwmaiacfat®s the rebgteed frame has

I n CAN FD, -A5viahdiecafe® the received frame h
12/ 16/ 20/ 2dldt32 / Bt/ &4 respectivel y.

Bits IRXTS[Rece&ilJve T mestamp

This field captures the value o0of6 the Ti mest a
reception started. I'ts resolution depends on
Counter Prescaler TSCC[TCP].

R2Rn Regi ster Bit Description
These registers are used to store the data b

For exampl-24: oBi RegBittea Rt stdrEeDBA[ 7: 0] )

Bitsl623f Register R2 sto&andasta Byte 2 (DB2]
Not e: Depending on the confit@wr evdralse mdnlt3l2s)bzarsd RORBSQ)

used to store the data field of CAN messages.
20573 Tx buffer el ements

The Imanh Buffer section can be configured to
wel | as a Transmit FIFO (Tx FIFO) [/ Transmit
section is shared by Dedicated Transmit Buff
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then the DedicatedaTrnamgdmittheBibfefge msani ng of th
section, followed by the buffers allocated t
Handl er distinguishes between Dedicated Tr an
Queue by evalwuating the neag@instmins bUXBE@[rTEQ@D]f
and TXBC[ NDTB]. The el ement size can be conf
to store CAN FD messages with data fields up

TabT&Hx Buffer El ement s

Na me 31: 24 23:16 15: 8 7:0
TO |[ESIXTODRTR | D[ 28: 0]

T1 MM[ 7: 0]]EFQReser|FDABRSDLC[ 3 MM[15: Reseryv
T2 DB3[ 7:0 DB2[ 7: 0] DB1[ 7| DBOJ[ 7:
T3 DB7[7:0 DB6[ 7: 0] DB5[ 7] DB4[ 7:
é é é é é

Tn DBm[ 7:0 DBRL[ 7: 0] DBr2[ 7: DBnRB[ 7:

TO Register Bit Description
Bit 3(ErErSdr State Indicator):
0: I n CAN FD format, the ESI bit depends sol

1: The transmitted ESI bit in CAN FD for mat

Not e:MRoperati on bet ween ESI bit in the Tiransmit Buffer
i mpl emented to determine the value of the ESI bit in the
FD protocol specification, a node in the error active st
a node in the erroayatssarwvemistt ad er avdi ddsiavev ESI bit.

Bit 30 XTD (Extended Il dentifier)

0: -blilit standard identifier.

1: -b2i%t extended identifier.

Bit 29 RTR (Remote Transmission Request)
0: Transmit a data frame.

1: Transmit a remote frame.
Not e: When RTR=1,FDeOEen einffabC@&GR transmission in CAN FD for
transmit a remote frame-lacdadrs5ding to the | SO 11898

Bits 28:0 |1 D[:28:0] (ldentifier)
The type of identifier (standard or extended
Standard iwWetntbdiwristtmen into | D[28:18].

Tl Register Bit Description
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Not e:

Bit 243 IMM[(Me s0sjlage )Mar ker

Written by the CPU during Tx Buffer configur
FIFO el ement to identify the status of the t

Bit 28entC FI FQ :Contr ol

0: Do not store a Tx event.

1: Store a Tx event.

Bit 2(DFDIF): mat

0: Transmit the frame in classic CAN format.
1: Transmit the frame in CAN FD format.

Bit 2@BiBRSRat): Switch

0: The CAN FD frame i ste¢rawistméhitregl. wi t hout b

1 The CAN FD frame is transmitted with bit r
The ESI , FDF, and BRS bits are only evaluated when

(CCCR[FDOE] =1). Additionally, the BRS bit is only eval uat

Bitsl@OC[ Jpabt]a Lenyt h Code
0-8 : I n both CAN and CAN FD-8 tdhaet at rbayntsensi.t t e d

9-15: I n CAN, the transmitted frame has 8 dat
transmitted frame has 12/16/ 20/ 24/ 32/ 48/ 64 d

Bits81MM[ IMes8sjlage )Mar ker

The high bytes of the Message Marker, are wr
configuration. It is copied into the Tx Even
the transmitted message. Only availabl e when

T2Tn RegitstRPesdrii pti on

Not e:

Bits43Wf T2 correspond to DB3[7:0] (Data Byt
Bitsl62Xorrespond to DB2[7: 0] (Data Byte 2)
Bits3 Icorrespond to DB1[ 7: 0] (Data Byte 1)
Bi t-8 dorrespond to DBO[7:0] (Data Byte 0)

This pattern continuesguémt TBegiegti ete,r w@anad sfu
the data bytes of the CAN message.
Depending on the confiléuweddsl emeBR dHize (TXESENLT)

to store the data field of CAN messages.

WWwWWw.
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206574 Tx Event FI FO el ement s

Each el ement asti omesabiomtomamtransmitted messag
can retrieve this information in the order t
Tx Event FIFO. The status information on the
from the TXEFS register.

E1A: When CCCR[AMAMMXTS] 015EQlbiholtd snetsht ea mlp6
generated by the CAN internal timestamp | ogi

E1B: WhewrittheMelssage Marker is enabled (CCCR]
E1B[MM][15: 8] holds the upper 8 bits of the

TabTdx E¥e#®tO EIl ement s

Name 31:24 23:16 15:8 7:0
EO ESI | XTD | RTR ID[28:0]
E1A MM[7:0] ET[1:0] | FDF | BRS | DLC[3:0] TXTS[15:0]
E1B MM[7:0] ET[1:0] | FDF | BRS | DLC[3:0] | MM[15:8] Reserved
EO Register Bit Description

Bit 31 ESI (Error State Indicator):

O0: Thensmitting node is in the error active
1: The transmitting node is in the error pas
Bit 30 XTD (Extended I dentifier):

0: -blilit standard identifier.

1: -b2i%t extended identifier.

Bit 29 RTR (Remote Transmission Request)

0: Afdatme was transmitted.

1: A remote frame was transmitted.

Bits 28:0 | D[:28:0] (ldentifier)

The type of identifier (standard or extended
Standard identifiers must be stored into | D]

E1A/ B Register Common Bit Description

WWwWWw.

Bits243 MMM[(Me sOsjlage )Mar ker

Copied from the Transmit Buffer into the Tx
status of the transmitted message.

Bits222 ZT(EVed]t) Type
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00: Reserved.

01l: Transmission Event.

10: Transmisdeepi becurmrnedl |l ation (Transmissi
al ways set this status).

11: Reserved.

Bit 2(DFDFF): mat

0: Legacy CAN frame format.

1: CAN FD frame format (uses new Data Length
Cyclic Redundancy Check (CRC)).

Bit 2MBiBER&Se SJwi tch

0: The frame was transmitted without bit rat
1: The frame was transmitted with bit rate s

BitsleldDLCPa&8t a]J]Lenydth Code

0-8 :

9-1 5:

I n

I n

bot h CA

transmitted fr

E1l

A, BOtEXTLS[TIr5:n0s]mi t

N and

CaArNs mit thteed rf r ame
ame has

CAN FD,8 tdhaet at rbayntsensi.t t e d

has 8 data bytes; i
12/16/ 20/ 24/ 32/ 48/ 64 d

Ti mest amp

Captures the value of the TiGmetsrtaannspmiCsosuinaotne r
started. l'ts secol ubhéeé onomdeipgmdati on of the T
Prescaler TSCC[TCP].
E1B, B8tNMML1HBes8slage )Mar ker
The high byte of the Message Marker, written
configuration. |t is copied denntoi ftyh et hTex sEvaetnt
the transmitted message.
20575St andard message I D filter el ement
The-blit | Ds can be configured with up to 128
a standard message I D filter element, its ad
SI DFC[ FLSSA]e oFi IMeesrsalgi st plus the filter el e
0 to 127).
TabTsStandard Message I D Filter EIl ements
Name 31: 24 23:16 15: 8 7:0
S0 SFT[1| SFEC[2]SFID1[| Reser \ SFID2[ 10:

Bits3031SFT($tlamdgarld e)r: Type
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00: Range filter from SFIDHAI D) . SFI D2 (requir

01: Dual I D filter for either SFI D1 or SFI D2
10: Classic filter: SFI D1 serves as the fildt@t
11: Filter el ement di sabl ed.

Not e: Whefbh® SEh e=keflielmteenrt s are disabl ed, and acceptance fil
the same aBO0BFEC =

Bit 272 FECJtzamdard Filter E)l:ement Configurat

Al enabled filter elements are wus-ed for acc
bit I Ds. Acceptance filtering stops at the f
at the end of t héeil ODilOtle fd LEDi sat .maltfc hSKEQG si & he
intdgrrMfdpg | R HPM] and, if the interrupt feat
generated. I n this case, the HPMS register i
status.

000: Disable filter el ement.

001: I f filter matches, the FFCQi.ster will st
010: I f filter matches, the register will st
011: If filter matches, the register wildl re

messages) .

100: I f filter matches, the regi sotuesr will se
messages, no storage).

101: I f filter matches, the register will se
110: If filter matches, the register wildl s e
111: The message is store inmesaaBecéihne Buf

SFT[1: 0] configuration is ignored in this ca

Bitsl626SFI| D@S[t ath:d&]rd )Fi Il ter | D 1

This is the first I D for the standard I D fil
Buf fer, synchronous message,f iomre sd etbhueg Inl® sosfa gt
message to be stored. The received identifie

mechanism i s used.
Bits 1SFI D2A$t1l&dnddrd )Fi l ter | D 2
The meaning of this bit field depends on the

When SFEC has aifwvOathni@ l1det wees the second | D
standard I D filter el ement .

When SFEGL =i t is used for filtering for a Re
message:
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SFI D2[10: 9] determine whether the received m
buffer or bBasdbygedAasBM or C in a debug messa

00: Store message into the receive buffer.
01: Debug Message

A
10: Debug Message B.
11: Debug Message C

S

Note: CAN module does not upport debug messages.
SFI D2[ 8: 6] : Reserved.
SFI D2[ 5: 0]ofdfedatn,e rtehleati ve to the Receive Buf
RXBC[ RBSA], wused for storing the matching me
205,76 Extended message I D filter el ement
The-b2t | Ds can be configuredhwi addupssof 64 f
accessing an extended message I D filter el em
filter |list start address XIDFC[FLESA] pl us
(range: 0O to 63).
TabTeEXtended Message I D Filter EIl ements
Name 31:24 23:16 15:8 7:0
FO EFEC[2:0] EFID1[28:0]
F1 EFT[1:0] Reser EFID2[28:0]
FO register
Bits293IEFECHXt:eOnNded Filter E)ement Configurat
All enabled filter elements are usedtfor acc
| Ds. Acceptance filtering stops at the first
the end of EREC flicdDileOd FMiILPHt a Imfat ch sets the
intefragtl R HPM] and, if the interrupt featu
generated. In this case, the HPMS register i
status.
000: Di sable filter el ement.
001: I f fil messmagtec we $iJn tRexe skFtl oFrCe O .
01 0: I f f il treeas steag ec hveisljintbRex sFtloFrCe dl .
oO11: 1 f filtdé®r windtl cfemsot efskret@atbl e for synchro
messages) .
100: I f filter wnatlc lfbee® s esthhé t pbil er if oy synchro
messages, no storage).
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101: I f filter insatbsocetibees sechgge pt Do EHFYP 0.

110: I'f fil tperin omattyhes, stehe anidntRleF@hekssage i
111: The mesdciangteo iax Rtwdefievr or as a Debug mes
EFT[1: 0] configuration is ignored in this ca

Bits E&F|I DUERBemwWded Filter |1 D 1

This is the first I D for the extended | D fil
Buf fer, synchronousesneaga,get hiog fdiedlud dnef i ne:
extended message to be stored. The received

only XI DAM masking mechanism is used.

F1 register
Bit sB03IEFTEAt®OAded Filter Type
00: Range filter fromEEFDD10tBFIEB1D2 (requir
01: Dual I D filter for either EFID1 or EFI D2
10: Classic filter: EFI D1 serves as the filt

11: Range filter from EFID1 to EFID2 (requir
not applied.

Bits E&FI|I D2AERBedd Fi l)t:er | D 2
The meaning of this bit field depends on the

When EFEC has aiiwOalhni@ldet wees the second | D
extended ID filter el ement.

When EFECGL =it is used for filtering for Rece
message:

EFI D2[ 10: 9] determine whether the received m
buffer or handled as Message A, B, or C in a

00: Store message into the receive buffer.
01: Debug Message A.
10: Debug Message B.

11: Debuge Messag

Note: CAN module does not support debug messages.
EFI D2[ 8: 6] : Reserved.
EFI D2[ 5: 0] define the offset, relative to th
RXBC[ RBSA], used for storing the matching me
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206 Regi ster Address Mapping
Regi staiwviarea into:
., CAN registers, with a base address of
CAN_ERM registers, with a base address
TabT ®€AN Register Address Mapping
Register n Description Of fset ad

CREL Core Release Regi 0x00
ENDN Endi anness Regi st 0x04

- Reserved 0x08
DBTP Data Bit Timing and H 0x0C
TEST Test Register 0x10

R WD RAM Watchdog 0x14
CCCR CC Control Regi st 0x18
NBTP Nomi nal Bit Timing and O0x1C
TSCC Ti mestCommter Configur 0x20
TSCV Ti mestamp Counter Va O0x 24
TOCC Ti meout Counter Confi 0x28
TOCV Ti meout Counter Val 0x2C

- Reserved 0 x 300x 3 C
ECR Error Counter Reg 0x40
PSR ProtocoRef§iates 0x 44
TDCR Transmitter Delay Com 0x 48

- Reserved 0x4C

I R I nterrupt regist 0x50

I E I nterrupt enabl ¢ 0x54
I'LS I nterrupt Line Sele 0x58

I LE I nterrupt Line Enap® 0x5¢C

- Reserved 0 x 800x 7 C
GFC Gl obal Filter Config 0x80
SI DFC Standard I D Filter Co O0x 84
XI DFC Extended I D Filter Co 0x 88

- Reserved 0x8C
Xl DAM Extended | D and Mas 0x90
www. geehy. com Page2o4
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Register n Description Of fset ad
HP MS High Priority Rdgs sa @ ¢ 0x94
NDAT1 New Data 1 0x98
NDAT2 New Data 2 0x9C
RXFO0C Rx FIFO O Configut 0x AO
RXFO0S Rx FIFO O Status O0x A4
RXFOA Rx FIFO O Acknowl ¢ 0Ox A8
RXBC Rx Buffer Configu 0x AC
RXF1C Rx FIFO 1 Configut 0xBO
RXF1S Rx Fl &0Oattus 0x B4
RXF1A Rx FIFO 1 Acknowl ¢ 0x B8
RXESC Rx Buffer/ FIFO EIl emen 0xBC
TXBC Tx Buffer Configu 0xCO
TXFQS Tx FI FO/ Queue St 0OxC4
TXESC Tx Buffer El ement Si 0xC8
TXBRP Tx Buff erPehadugst 0x CC
TXBAR Tx Buffer Add Req O0xDO
TXBCR Tx Buffer Cancel R 0x D4
TXBTO Tx Buffer Transmiss 0x D8
TXBCF Tx Buffer Cancell at 0xDC
TXBTI E Tx Buffer Transmissio OxEO
TXBCI E Tx BuWfafneerel | ati on |1 nt 0x E4

- Reserved 0 x E@Bx EC

TXEFC Tx Event FIFO Conf O0xFO

TXEFS Tx Event FIFO St a O0x F4

TXEFA Tx Event FIFO Ackn 0Ox F8

- Reserved OXxX0MR1IFC
TabT&AN_ERM Register Address Mapping

Regi ster na Description Of fset add
ERM_CTL ERMind Power Contro 0x00
ERM_STS ERMind {fPower Status 0x04
ERM_ECCLOG ERMrror address 0x08
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207 Regi gunect i @ensaclri pti on

The CAN registerbiotnlac ceagpp.orts 32

2071 Core Rel ease Register (CREL)
Of fset address: 0x000
Reset valwue: 0x3315 0415

Fiel Na me R/ W Description
Ti mestamp Day
7:0 DAY R
A number, BCD code
Ti mestam Mont h
15: 8 MON R P
A number, BCD code
Ti mestamp Year
19:1 YEAR R

A number, BCD code

Core Rel esatseep Sub
A number, BCD code

23: 2 SUBSTEHR R

Core Release Step
27: 2 STEP R
A number, BCD code
Core Version
31: 2 REL R
A number, BCD code

2072 Endi anness Register (ENDN)
Of fset asd6nDeds:
Reset val ue: 0x8765 4321

Fiell Name|R/V Description
Endi anness Test Val ue
31: ETV R
Test value: 0x8765 4321

2073 Data Bit Timing and Prescaler Register
Of fset address: 0x00C
Reset value: 0x0000 OA33
This register i s wrhiet albdCR[oOhWEy] wahnedn CoCoQRY | NI T

are set. The CAN bit time can be programmed
qguanta (tg). The CAN time quantum can be pro
32 can_cclk c¢cycles. Tq = (DBRP + 1) mtaqg.

Therefore, the téemgthsofprbgrhimmed value) [D
DTSEG2 + 3] tq, or (functional value) [Sync_

Phase Seg2] tq. The Information Processing T
data for the next bit i s avadsdmplliengtp dihret .fi
Fiel Name R/ W, Description

Data (Re)Synchronization Jump
3:0 DSIJW| R/ WOoOx0®x0F: Valid values are 0 to
value as the programmed value

7: 4 DTSEG| R/ WData Time Period after Samplin
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Fiel Na me R/ W Description
OxO0®xO0OF: Valid values are 0 to
value as the programmed value
Data Time Period before Sampl:
12: 8 DTSEG| R/ Wox0®4F: Valid values are 0 to
value as the prpdgrsammed val ue
15:1 Reserved
Data Bit Rate Prescaler
OxO0®x1F: This value is used to
to generate the bitThe mei tgutainmg
20: 1 DBRP | R/Wmultiples of this quantum. The
prescaler is 0O to 31. When TDC
1. The hardware interprets thi
plus one.
22: 2 Reserved
Transmitter Delay Compensation
23 TDC R/ W0: Transmitter delay compensat
1: Transmitter delay compensat
31: 2 Reserved
Note: With a CAN communication clock (can_cclk) of 8 MHz.
the €AN a data phase bit rate of 500 kbit/s. The bit rat:
DBTP must be greater than or equal to the bit rate confi
20074 Test Register (TEST)
Of fset address: 0x10
Reset @x0@@0 000O0
Write access to the test registers is only e
bit to 1. When the CCCR[TEST] bit is cleared
reset to their default values.
Loopback mode and software btamdwal eoft eshe ca
modes. Programming the Tx coM@bmay field to a
interfere with message transmission on the C
Fiel Name R/ W Description
3:0 Reserved
Loopback Mode
4 LBCK R/ WO : Reset val ue, Loopback mode (d
lioopback mode enabl ed.
Transmit Pin Control (TX)
00: Reset valwue; the can_tx pin
6 5 Tx R/Wis updated at the.end of the CA
01l: The sample point can be mon
10: Drive dominant (0) Il evel on
11: Drive recessive (1) |l evel o
Receive Pin
7 R X R Monitor the actual value of <can
0: CAN bus is dominant (can_rx
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Fiel Na me R/ W Description
1CAN bus is recessive (can_rx A
31: Reserved
2075 RAM Watchdog ( RWD)
Of fset address: O0x14
Reset value: 0x0000 O0O0O0O
RAM watchdog monitors the ready output of th
accessing the message RAM via the CAN messag
RAMvat chdog counter starts with the value <cor
the message RAM indicates that the access ha
by activating its ready output signal, the c
RWD[ WDC] . I f the messpoeadRAMfdoes thet coeant er
decrements to zero, the counter stops counti
set. The RAM watchdog counter is clocked by
Fie Name R/ W Description
Wat chdog Configuration
7:0 WD C R/ W|Start value of Message RAM Wat
i M@ the counter is disabled.
15 - WD V R Wat chdog Val ue
Actual count value of Message
31: ] Reserved
2076 CC contr ol register (CCCR)
Of fset address: 0x18
Reset val WehH:010x0000
Refer Mof t war e I10nhtt Al szatcbobnon for details.
Fiel Name R/ W Description
Initialization
0: Nor mal running,;
1: Initialization start.
0 I NI T R/ wW | Note: Due to the synchronizat
cl ock domamanys ,bet haecrdeel ay befor
I NI' T can be read back. Theref
that the previously written v
reading I NIT before setting a
Configuration Change Enabl e
00 The CPU has no write access
1 CCE R/'W |registers;
1: The CPU has write access t
registers (when CCCR[INIT] =
Restricted Operation Mode
The host can set the ASM bit
2 ASM R/ W |setfld oThis bit can be reset b
0: Nor mal CAN operation;
1: Restricted operation mode
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Fiel Name R/ W Description
Clock Stop Acknowl edge
3 CSA R 0: No clock stop acknowl edge;
1: CAN can set this by stoppi
Clock Stop Request
0: No clock stop request;
4 CSR RI'W|l1: Clock stop requested. When
after all pending transmissio
CAN besomes idl e, first I NI T
Bus Monitoring Mode
The host can set the MONndiltNI
5 MON R/ W |setfld oThis bit can be reset b
0: Bus Monitoring Mode disabl
1: Bus Moodéoenall &d
Di sabl e Automatic Retransmiss
6 DAR R/ W 0: Ena.ble automatic retransmi
transmitted messages;
1: Disable automatic retransm
Enabl e Test Mode
7 TEST R/W|0: Normal operation, TEE&3etey
1: Test mode, write access to
Enabl e FD Operation
8 FDOE R/ W | 0: Di sabl e
1: Enabl e
Bit Rate Switch Enabl e
0: Disable transmission bit r
9 BRSE R/'W |1: Enable transwiitsshiomgbit ra
Note: When CAN FD operation i
is not considered.
10 Reserved
Wi de Message Marker (WMM)
Enabl es-bt hewilie message mnirtk ey
message mar ker i s usaidn t(eWMMVeEll
11 WMM R/ W |timestamp function of the Tx
0: Ubet8message marker
1: Ushkei t16message mar kelyi,t rteipmeg
the Tx Event FIFO
Protocol Exception Handling D
0: Enabl e xgrepttd ool handl ing
12 PXHD R/ W 1: Di sabl e protocol exception
Note: When protocol exception
wi || transmit an error fr ame
condi tion.
Edge Filtering during Bus Int
13 EEBI R/ W 0: Diescdd ef il tering
1: Two consecutive dominant t
synchronization edge
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Fiel Name R/ W Description
Transmit Pause
| f this bit is set, the CAN p
14 TXP R/ W |the next transmi s stirosman sarittetri rsg
0: Disabl e
1: Enabl e
Non | SO Operation
| f this bit is set, the CAN wu
specification V1.0 defined by
15 NI SO R/ W
0: CAN FD frame format,-lc@8mpb
1: CAN FD freamegl!l if @amtmawi tlt Bos
speci fication V1.0
31: 1 Reserved
20.7.7 Nomi n al Bit Timing and Prescaler
Of fset address: O0x1C
Reset value: 0x0600 OAO03
This register is writable only after
CAN bit tipmegcammee in the range of
CAN time quantum can be programmed
cyclTgs= (NBRP + 1) mtgq.
NTSEG1 is the sum of Prop_Seg and
Therefore, the WIiPtr otgirmenmean gtalh uie) :
tg or (Functional wvalue): [Sync_Sedg
t q.
An I nformation Processing Time (1IPT)
available at the first «ilmtck edge
Fie Name R/ W Description
Nomi nal Ti me Period after Samp
Val ueéex 0efx 7 F: 1 to 127. The hard
6: 00 NTSEG]| R/ W | as one more than the progr amme
Note: When the CAN cl ock (walnu
O0OXx0600 OA0O3 configures the CAN
7 Reserved
Nomi nal Time Period before Sam
15:| NTSEG| R/ W |val uexOefx FF: 1 to 255. The har
as one more than the programme
Nomi nal Bit Rate Prescaler
Ox0B00x1FF is the divider value
241 NBR P R/ W quan.tum oscilla?or frequency.
mul tiples of this quantum. The
to 511. The hardwaeeasnboee pmet
programmed value.
Nomi nal (Re) Synchronization Ju
31: 1 NSJW R/'W |Range oOxDPKOOO to 127. The har
as one more than the progr amme
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2078 Ti mest amp Counter Configuration (TSCC)
Of faddress: 0x20
Reset value: 0x0000 00O0O

The int-brnhati m6stamp counter is configured.
external timestamps.
Fie| Namel R/ W Description

Ti mestamp Sel ect

00: The timestamp counter value
1: 0 TSS R/ W|01: tTihmestamp counter value increg
10: Use external timestamp count
11: Saié@ as

15: Reserved

Ti mestamp Counter Prescaler

O0x-0xF: Configures the timestamp
armul tiples of th¥e6]CANTIe thar dwear

19: TCP R/ W
value as one more than the progr
Note: Using CAN FD requires an e
ti mestamp (TSS=10) .

31: Reserved

2079 Ti mestamp CoWVM)nter (TSC
Of fadtr ess: Ox24
Reset val ue: Ox0000 O0O0OOO

Fi el Name R/ W Description

Ti me Stamp Counter

At the start of a frame (includ
the value of the internal/exter
WhehSCC[TSS] =01, the timestamp
mul tiples of the CAN bit time [

A counter overflow sets the int
15: | TSC RC_Wto it resets the counter to zer
the evaolfu t he external timestamp

has no effect.

Notf®ver brleofwer s t o the &i masuamp
from @aemonval ue to zero, wher e
a write access to TSCV.iAtwri tre
ti mestamp counter.

31: 1 Reserved

20.7.10Ti meout Counter Configuration (TOCC)
Of f set addr ess: O0x 28
Reset val ue: OXFFFF 00O00O

Fie Name R/ W Description

Enabl e Ti meout Counter
0 ETOC R/ W|O0: Di sabl e timeout counter
1: Enabl eounmeout
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Fie Name R/ W Description
Not e: For the information on thge
t hifi meout 0€euhtf en.
Ti meout Select
When operating in continuous mogdg
counter to the value confdaguwmrtedo
continues.
When the timeout counter is cont
21 TOS R/ W|lpresets the counter to the val ug
Decrementing begins when the finrn
00: Continuous operation
01: Timeout cBweéenol FeEEOby Tx
10: Timeout controlled by Rx FIH
11: Ti meout controlled by Rx FIHR
15: Reserved
Ti meout Period
31: TOP R/'W|The start value for the timeout
used to configure the timeout pg¢g
20.7.11Ti meout Gaulmutter( TOCV)
Of fset addr ess: Ox2cC
Reset val FeesFFOX0O0O0O
Fiel|l Name|l R/ W Description
Ti meout Counter
The ti meout counter decrement sk i
15:0 TOC |[RC_VI16] as configured by TSCC[TCP].
the interrupt flag | R[TOO], and
and reset/restart conditions ar ¢
31:1 Reserved
20.712Er r or Counter Register (ECR)
Of fset address: 0x40
Reset value: 0Ox0000 OOOO
Fiel Name R/ W Description
Transmi't Error Counter
I ndicates the current state o
7.0 TEC R value ranges from O tp 255.
Note: When CCCR[ASM] is set,
does not increment the TEC an
potocol error, but the CEL is
Receive Error Counter
14:8 REC R Indicates the current state o
value ranges from 0 to 127.
Receive Error Passive
0: The Receive Error Q@ausrstiere
15 RP R 128.
1: The Receive Error Counter
|l evel of 128.
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Fi

Name

R/ W

Description

2 3:

CEL

RC_ W

CAN

Thi
cau
Rec
inc
not
t he
TEC
cou
inc
A r

Error Logging
s counter is i
ses-btheTBansmit Error -bdotun
eive Error Counter (REC) t
remented wowhénltmetbus reac
incremented when only the
REC. The increment of the
is mnedemk read access to
nter. The counter stops up
rement of the TEC or REC s

to this registe

ncremented w

ead access

31:

2

Reserved

20.713Pr ot oc ol Résg iad tuesr
addr ess:
ue:

Of f set
Reset

v al

( PSR)
Ox 44

O0x0000 0707

Fi

el

Na me

R/ W

Description

Last

LED
fiel

transmitted)
0 (No
by a
1 (Stuff
wer e
owed.

al |

Code

indicates the type of
d i sfowvlhear ed mes sage i s
without error.

error): N o
successful

Error

t he
tr

error has ocd
mestsagm®es mes ®ip o
than 5 ¢
of the

Error): Mor e
detected in a part

he

LEC R/ S

2 (Format

Ef oomat

paritxed t

t he

wr

3 (Ack
by ano
4 (Bit
arbitr
(1 ofgd ¢
5 (Bit
active
a domi
monito
status
bits i
t he

d o mi

was in
t he

7 (No

-cbfufs
nant

6 (CRC Er

CRC ¢

ong

Er tammi t CAN message

ther

1 Error):
on

ati
but

0O Error):

err
nant
red
i s

s monitored.
recovery
or

rorhecKrshiem CRfC tch e

corr

Cha

al
nge) :

format.

node.

During
field), the
the monitored
During
or fl ag, or ov
foofeavre | d g tl @ ga rc
bus wvalue
set each ti me
Thi s
sequenc
persistently

ect . The
cul ated

CRC o
from

Any r eadi

wad fr ¢ eeions

LEC intdo When t

he

was

mes s a
devic
bus

mes s a
erl oa
ident.i

oo < m©

a sequy
al |l ows
e (ind
di stu
rec
f the
the re
raictcieasls
anewaa

LEC #&bowg
has been detecte
the Protocol Status Register Q4
Not e: When a CAN FD
the data phase, t reornext
di splayed in the DLEC ot her

CAN bus event

for mat frg
V@A N dsg
t h

www. geehy. com

Paga03



Fi Name R/ W

Description

CAN FD CRC
than stuff

bruescovery sequelnc2ed 1(5
by setting or rg
sthaet dbusit sets (
autonomously, stopping al/l busg
CCCR[I NI'T], the device waits f
(129 equences ofe clels sciovnes ebci uttsi
retu to nor mal operation.
ar e at t-chfef ernedc v e rtyh es ebqgl
wai t eriod after CCCR[I NI T
wr it 0 PSR[LEC]e eodfchllt icmen
rece bits is monitored. T
i fot CAN bus is stuck doming

i

c

e

t he
ot her

bisttuff bits of
format errors
Not e: Fanhfef
cannothobé¢ emed

device enteffs

ing
set
g p
n t
i ve

mo n i r-ofierkedovery sequence.
t o nt these sequences.

o
|
s
n
e
n
e
s
e
0
u
A r d abtcessegbst er fislélt s t

[ I o T T R

he

ACT

Status

the CAN
nchroni zing
neither
operating
operating

<

Act i ity
Monitors
00: Sy
01: I d node,
10: Re ng

11: Triamg mnode,
Not e:

communicati
CAN
transmi

on

on a nod

| e
cei vi node,
as a

A protocol exception eve

Error Passive Fl ag
0: CAN is i mthRrtrear Noaotmavd y
communication and transmits
detecting an error;
1: CAN is in Er

pa
an

ror_ Passive stag

rning Status

0: Both error counters are bel

At |

ror _ Wa

easwunoe
rning

e dasoreaached
96.

i mit of

(O]

Bu
0:
1:

s _Of f
CAN
CAN

Status
i s not

has ent
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ered Bus _ Of

stat €
f st g

10: 8 DLEC R/

Dat a

I ndicates
of

ph
en

Ph

ase
codin

CAN FD
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A

read

Las
t he
a CAN
g is id
format
or t

ase

access

t Error
type
FD for mat
ntical t o
rame with
ansmitted)

of

e
f
r
t

Code
t he

oh & hD LsHiIGldiga st er

| ast
framg
t he |
t he H
wi t h

11 RESI

RC_ R

ESI

Th
fi
0:

1:
A

i's bi
I teri
N o
ESI

read

flag

ESI

of | a
t i s

ng.

S e
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st
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set for
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received

t he

register

CAN
wi t h
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Fi el Name R/ W Description

BRS flag of | ast received CAN

This bit is set together with
Ffiltering.

12 RBRS | RC
~—|0: No BRS flag set for the | afg
1: BRS flag set for the | ast r
A read access to this registe
Received CAN FD Message
This bit is set independent of
13 RFDF | RC_R0O: NoFDAMessage received sincse
1: A CAN FD format message wit
A read access to this register
Protocol Exception Event
0: No protocol exception event
14 PXE RC_Haccess
1: A protocol exception event
A read access to this register
15 Reserved

Transceiver Delay Compensation
Range: T@OxDP. Defines the posit
sampling point (SSP). I't i s de
22:1 TDCV R delay from can_tx to can_rx an
phase, the SSP position is thgeg
(tg) from tthreamsgmirtt ift tthe t he

point. Valid values are 0 to 1

31: 2 Reserved

20714Transmi tter Delay Compensation Register
Of fset address: 0x48
Reset value: 0x0000 00O0O

Fiell Name| R/ W Description

Transmitter Delay Compensation H

Range:-08XB0 Defines the mini mum

sampling point position. Domi na
6: 0] TDCF| R o _

the SSP position to occur earl i€

measament. This feature is enabl

value greater than TDCO. Valid WV

7 Reserved

Transmitter Delay Compensation §
Range:-08XB0 This offset value de€

the measured delay from can_tx {

14: 4§ TDCO R

sampling point. Valid values ar g

31:1 Reserved

20715l nt errupt Register (1 R)
Of fset address: 0x50
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Reset @x0@@0 0000

When one of the conditions I|isted below is d
corresponding flag bit is set. These fl ag bi
the host. A flag biiotto iist £ | eiatr e o dayrt rivartn .t i Wrgi t i
clear flag bits. A hardware reset clears thi
(I'nterrupt Enable) controls whether an inter
of I'LS (Interrupt Line Select) controls on w

asserted.

Fie| Name|R/ V Description

Rx FIFO O New Message

0 RFONR/VMO: No new message written to Rx FI
1: A new message written to Rx FIF
Rx FIFO O Watermark Reached

1 RFOWR/MO0O: The fill Il evel of Rx FIFO 0 is
: The fill level of Rx FIFO 0 has
Rx FIFO 0 Full

2 RFOHRR/ V|O: Rx FI FO O not full
: Rx FIFO 0 ful!l

Rx FIFO O Message Lost

0: No Rx FI FO O message | ost

3 RFOL R/ V
1: An Rx FIFO O message |l ost. This
to Rx FIFO O when its size is zero

Rx FIFO 1 New Message
4 RF1INR/ VO: No new message written to Rx FI
: A new message written to Rx FIF

Rx FIFO 1 Watermar k Reached
5 RFIWR/MO0O: The fill l evel of Rx FIFO 1 is
1: The fill l evel of Rx FIFO 1 has
Rx FIFO 1 Full
6 RF1HR/ VO: Rx FIFO 1 not full
Rx FIFO 1 full

Rx FIFO 1 Message Lost
No Rx FI FO 1 message | ost

7 RF1ILR/V1: An Rx FIFO 1 message | ost.
his bit is also set after attempt
zer o.

High Priority Message
8 HPM|R/VO0O: Nophighity message received
A-phiigh ity message received

Transmi ssion Completed
9 TC R/ V| 0: No transmission completed
Transmi ssion completed

Transmission Cancell ation Finished
10 TCF|R/Vf0o: No transmission cancellation co
Transmi ssion cancellation compl

Tx FI FO Empty
11 TFE|R/M0: The Tx FIFO is not empty
1: The Tx FIFO is empty
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Fi e| Name| R/ V Description
Tx Event FIFO New Entry
12 TEFNR/ VO: No change in the Tx Event FIFO
1: The Tx Handler has written a Tx
Tx Event FIFO Watermark Reached
0: The fill Il evel of the Tx Event
13 TEFWR/ V .
1: The fill InetveAl FoO htahse rTexa cEhveed o
wat er mar k
Tx Event FIFO Full
14 TEFAR/V0: The Tx Event FIFO is not full
1: The Tx Event FIFO is full
Tx Event FIFO El ement Lost
0: No Tx Event FIFO element | ost
15 TEFY R/ V . .
1 A Tx Event FI|I FDi el emeatsboset @
write to the Tx Event FIFO when it
Ti mestamp Wraparound
16 TSW|R/V0: The Timestamp Counter has not w
1: The Timestamp Counter has wrapp
Message RAM Access Failure
This flag i ReseHawtikeart he
Fails to complete the acceptance f
message before the arbitration fie
this case, acceptanseofageersngbor
Handl er starts processing the next
Il's unable to write a message to th
storage is aborted.
I n both cases above, the FIFO writ
17 MRAF R/ \\data fl @agcaftea deceive buffer is n
message wil/ be overwritten when t
|l ocati on.
This flag bit is also set when the
the Message RAM in timagelnrt@amismi g
aborted. If a Tx Handl er access fa
to Restricted Operation Mode. To e
CPU must reset CCCR[ASM].
0: No Message RAM access failure
1: A Message RAM access fail
Ti meout Occurred
18 TOO|R/V0O: No timeout
1: The timeout period has been rea
Message Stored to Dedicated Rx Buf
This flag is set whenever a receiyv
19 DRX |R/ fReceive Buffer.
0: No receive buffer updated
1: At Il east one received message h
21: | Reserved
Error Logging Overfl ow
22 ELO|R/VO: The CANgémgocolunter has not ove
1: The CAN error |l ogging counter h
Error Passive Status
23 EP R/ V| O: No changepaismsitvhee serartaurs
1: Change jpassheeestatus
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Fie| Name|R/ V Description

Warning Status
24 EW R/ V| O: No changewairmitnhge serartaurs
1: Changewairmienrgr osrt at us

Bus_ Off Status
25 BO R/ W O: No chafmgfd isnt aB wss
1: Change -O0fnf tstea tBwss

Watchdog I nterrupt

0: No Message RAM Watchdog event
1: A Message RAM Watchdog event ha
READY signal

26 WDI | R/ V

Protocol Error in Arbitration Phas

27 PEA|R/VM0: No protocol error has occurred
1: A @roe¢wnrcor was detected in UBg)

Protocol Error in Data Phase (Data
28 PED | R/ WW0O: No protocol error has occurred
1: A protocol error was det e dtOegrd i

Access to Reserved Address

29 AR R/ V| 0: No access to a reserved address
1: An access to a reserved address
31: 1 Reserved

20.7.161l nt errupt Enabl e (1E)
Of fset addr ess: O0x54
Reset val ue: Ox0000 0O0OO

The settings in the Interrupt Enabl e Registe
the Interrupt Register will signal an event
O0: Disable interrupt
1: Enable interrupt

Fiel Name R/ V Description

0 RFONE |[R/ VRx FI FOMeésNawe I nterrupt Enab

1 RFOWE |R/ VVRx FI FO O Watermark Reached |

2 RFOFE |R/ VRX FIFO O Full I nterrupt Enab

3 RFOLE |[R/VRx FI FO 0O Message Lost Interr

4 RF1INE |[R/VRx FIFO 1 New Message I|Interru

5 RF1IWE |[R/ VVRxFI FO 1 Water mark Reached I nt

6 RF1FE |R/I VRX FI FO 1 Ful!/l I nterrupt Enab

7 RF1LE |[R/VVRx FI FO 1 Message Lost Interr

8 HP ME R/ VfHi gh Priority Message | nterru

9 TCE R/ Vi Transmi ssion Completed Interr

10 TCFE R/ Transmi ssion Cancellation Fini

11 TFEE R/'VTX FI FO Empty Interrupt Enabl
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Fiel Name R/ V Description

12 TEFNE |R/ \Tx Event FIFO New Entry Inter
13 TEFWE |R/ VTx FI FO Watermar k Reached I nte
14 TEFFE |R/ VTXEveRht FO IFutlelr rupt Enabl e

15 TEFLE |R/ VTx EvenEl ¢&amFE®Dst | nterrupt Enalhf
16 T SWE R/ Ti mestamp Wraparound I nterrupt
17 MRAFE |R/ VVMessage RAM Access Failure 1| nt
18 TOOE R/ VI Ti meout Occurred Interrupt En
19 DRXE R/ Message Stored to Dedicated R
21: 2 Reserved

22 ELOE R/ fError Logging Overflow Interrtr
23 EPE R/ fError Passive I|Interrupt Enabl
24 E WE R/ fwarning Status I nterrupt Enabl
25 BOE R/ fBus_®fatus I nterrupt Enable
26 WDI E R/ fwatchdog Interrupt Enabl e

27 PEAE R/ VfProtocol Error iEmafrlbei tration
28 PEDE R/ M ProtocolDaBPdna&enahl e

29 ARAE R/ fAccess to Reserved Address En
31: 3 Reserved

207171 nt err updal ddatne
Of f set addr ess: 0Ox58
Reset val ue: OX XXXX XXXX

The Interrupt Line Select register assigns i
interrupt flags in the interrupt register to
generate an interrupterthetcoinesmosdi hg ena
I LE[] EI NTO] and I LE[EI NT1].
0: I nterrupt applied to Interrupt Line CAN_I
1: I nterrupt applied to Interrupt Line CAN_I

Fiel Name R/ W Description

0 RFONL R/ W|Rx FIFO O New Message Inter

1 RF O WL R/ W|Rx FIFO O Water mar k Realcehcetd

2 RFOFL R/ W|RX FIFO 0 Full Interrupt Li

3 RFOLL R/ W|Rx FIFO O Message Lost I nte

4 RF1NL R/ W|Rx FIFO 1 New Message Inter

5 RF 1 WL R/ W|Rx FIW®Otdr mark Reached | nter
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Fiel Name R/ W Description

6 RF1FL R/ W|RX FIFO 1 Full Interrupt Li
7 RF1LL R/ W|Rx FIFO 1 Message Lost Inte
8 HP ML R/ W|High Priority Message I nter
9 TCL R/ W|Transmission ComplSetleedctl nt e
10 TCFL R/ W|Transmission Cancellation Fi
11 TFEL R/'W|TX FIFO Empty Interrupt Li ng
12 TEFNL R/ W|Tx Event FI FO New Entry | nt g
13 TEFWL R/'W|Tx Event FIFO Water mar kSeReea
14 TEFFL R/ W|Tx Event FIFO Full Interrupt
15 TEFLL R/ W|Tx Event FI'FO El ement Lost
16 TS WL R/ W|Ti mestamp Wraparound I nterr |
17 MRAFL R/ W|Message RAM Access Failure
18 TOOL R/ W|Ti meout Occurred Interrupt |
19 DRX L R/ W ZETZ??e Stored to Dedicated
21: 2 Reserved

22 ELOL R/ W|Error Logging Overflow Inte
23 EPL R/ W|Error Passive Status Interr
24 E WL R/ W|{Warning Status Interrupt Li
25 BOL R/ W|Bus_Off Status Interrupt Li
26 WDI L R/ Wi Watchdog Interrupt Line Sel ¢
27 PEAL R/ W|Protocol Error Interrupt Li
28 PEDL R/ W|Protocol Error | nbatPtehape Li
29 ARAL R/ W|Access to Reserved Address |
31: 3 Reserved

20.7.18l nt errupt Line Enabl e
Of fset address: O0x5C
Reset value: 0x0000 00O0O
The two interrupt | ines iocmannmnegcodtuead Ityo t he CPU
enabl ed/ di sabled by programming EINTO0O and EI

Fiel Name R/ W Description
Enable I nterrupt Line 0

0 EI NTO R/ W | 0: Di sable I nterrupt Line CA
1: Enable I nterrupt Line CAN]|
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Fiel Name R/ W Description
Enable I nterrupt Line 1

1 EI NT1 R/ W | 0: Di sable Interrupt Line CA
1: Enable I nterrupt Line CAN]

31: 2 Reserved

20.7.19GI| ob al Filter Configuration (GFC)
Of fset addr ess: 0x80
Reset val ue: O0x0000 0O0O0OO

This is the global setting for message | D fi
Fi el Name R/ W Description
Reject Extended Remote Frames
0 RRFE R 0: Filters remetig ferxamersd evdi tlItDg
1: Rejects all rédmdt exftreandesd W
Reject Standard Remote Frames
1 RRFS R 0: Filters remédtd fstramadarwi tIiDs
1: Rejects all rédmotastfamame s W

AcceptmaNocnhi ng Frames Extended
Defines how a receivwdd nmeDs & apd

match any el ement in the filte
3:2 ANFE R 00: Accept in Rx FIFO O

01: Accept in Rx FIFO 1

10Reject

11Rej ect

AcceptmaNocnhi ng Standard Fr ames
Defines how a receiyvaed rmds ddpd

match any el ement in the filte
5: 4 ANFS R 00: Accept in Rx FIFO O
01: Accept in Rx FIFO 1
10Reject
11Rej ect
31: ¢ Reserved

20.7.20St andard I D Filter Configuration (SIDFC
Of faddress: O0x84
Reset value: 0x0000 00O0O
This is the confifputasianmdbhod fMmeksagiengDs1l T
I D filter el ement configuration controls the

Fiel Name| R/ W Description

1:0 Reserved

Standard Filter List Start Addr
15: 2 FLSS4 R The start -bddrwesd (8@dress) of
I D Filter List in the Message R

Standard List Size

0: No Standard Message | D Filt ¢
1 to 128: Number of Standard Me
Val ues greater than 128 are int

23:1 LSS R
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Fiel Name| R/ W Description
31: 2 Reserved
207.21Ext ended I D Filter Configuration (XI DFC

Of f set addr ess: Ox 88
Reset val ue: Ox0000 O0O0O0OOO
This is the donftiepamageir®r niderd message | Ds. T

I D filter el ement configuration controls the
Fi el Name‘R/W‘ Description
1:0 Reserved
Extended Filter List Start Addre
15: 39 FLES4 R The start -adddwaddn(8L2s) of the e
Filter List in the Message RAM.
Extended List Size
0: No Extended Message | D Filter
22:1 LSE R
1 to 64: BW\utnebndtieesstge | D Fil ter H
Val ues greater than 64 are inter
31: 2 Reserved
20722Ext ended | D and Mask (XI DAM)

Of fset address: 0x90
Reset value: OX1FFF FFFF

Fiell Namel R/ W Description
Extended | D Mask
Acceptance filtering f oBl2pertaemidde
be i mplemented between the exten

28: ( EI DM R

8 received frames. Thi®$Hiits | Dséa 1{pao
SAE J19309. When the reeett hal mas
invalid.

31: 2 Reserved

20.7.23Hi gh PrMeasrsiatgye St atus ( HPMS)

Of fset addr ess: O0x914
Reset val ue: Ox0000 0O0OO

This register is updated whenever a Message
generate a priority event, finds a match. Th
of i nconprnigorhiiggyte snessmsd enabl es fast access to
Fiell Namel R/ W Description
Buffer | ndex
5: 0| BI'DX R The index of the Rx FIFO el ement
is only valid if MSI[1] = 1.
Message Storage Indicator
00: No FIFO selected
7:6 MS | R 01: FI FO message | ost
10: Message stored in FIFO O
11: Message stored in FIFO 1
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Fiell Namel R/ W Description
Filter |l ndex
14:§ FI DX R The index of the matching filter
SI DFC[-LS®] XI| DFCJ[ LSE]
Filter List
| ndates the list of filter matchi
1s FLST R 0: List of Standard Filters
1: List of Extended Filters.
31:1 Reserved
20.724New Data 1 (NDAT1)
Of fset address: 0x98
Reset value: 0x0000 0O0OO
Fie|Namg R/ W Description
New Datla3 )y =0
This register holds the new data f
set when the corresponding Rx Buff
These flag bits remain set until t
1:| N R/ W
3 dy ! cl eared 0yt ovriittsi nbgit @PPodanmoin.c We a
hardware reset clears this registe
0: Rx Buffer not wupdated
1: Rx Buffer updated with a new me
20.7.25New Data 2 (NDAT2)
Of fset address: 0x9C
Reset value: 0x0000 0O0OO
Fie Name | R/ W Description
New Datla3 )y =0
This register holds the new data |1
are set when the corresponding RX
frame. These flag bits remai nsts.etA
1:|ND +| R/ W
3 Cy / bit is clealded bys wbiti pgdannwoin.cl
bits. A hardware reset clears thid
0: Rx Buffer not wupdated
1: Rx Buffer updated with a new mg
20726Rx FI FO O Configuration (RXFO0C)
Of fset ad@ress: 0x
Reset value: 0x0000 00O0O
Fiel Name‘ R/M Description
1:0 Reserved
Rx FIFO 0O Start Address
15: 2 FOSAH R The start address of Rx -FiltFOw®r ¢
addr ess)
Rx FIFO 0 Size
0: No Rx FI FO O
22:1 FOS R 1 to 64: Number of Rx FIFO 0 el
Val ues greater than 64 are inte
Index of Rx FIFO O elemé&nts ran
23 Reserved
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Fiel Name| R/ W Description
Rx FIFO 0O Watermark
30 2| EOWM R 0: Di sabl e watermark interrupt
' 1~64: Level of Rx FIFO O waterm
More than 64: Di sabl e water mar k
FI FO O Operation Mode
FIFO O can operate in Block Mod
31 FOOM R 0: FI'FO 0O Bl ock Mode
1: FI'FO O Overwrite Mode
20.7.27TRx FI FO ( RXtFatSy s
Of fset address: O0xA4
Reset value: 0x0000 00O0O
Fi el|NamgR/ V Description
. Rx FIFO 0 Fill Level
6:9QFO0F) R Number of elements stored in Rx FIF
7 Reserved
Rx FIFO 0O Read I ndex
13:| FOG| R . . .
Rx FIFO O peiadt endexanging from 0 t
15: Reserved
Rx FI FO Write I ndex
21: | FOP| R ) ) )
Rx FI FO write index pointer, rang
23: Reserved
Rx FIFO 0 Full
24 FOF| R 0: Rx FIFO O not full
1: Rx FIFO O full
Rx FIFO O Message Lost
This bit is a copy of interrupt fl a
0: No Rx FI FO O message | ost
25 | RFO| R 1: Rx FIFO O message |l ost. This bit
FI'FO 0 when its fildl l evel i s zero.
Not e: When RXFOC[FOOM] = 1, over wri
this flag.
31: Reserved
20728Rx FI FO O Acknowl edge (RXFOA)
Of fset address: O0xA8
Reset value: 0x0000 00O0O
Fi e|NamgR/V Description
Rx FIFO O Acknowl edge | ndex
After the host has read one message
5:0 FOA{R/ FI FO 0, it mu st write the Buffer | n
0 to FOAIl . This sets the Rx FIFO O
updat éeéhe FIFO 0 fill l evel RXFOS[ F(
31: Reserved
20.729Rx Buf fer Configuration (RXBC)
Of fset address: O0xAC
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Reset value: 0x0000 O0O0OO
FielNamelR/V\l Description

1:0 Reserved

Rx Buffer Start Address

15: RBSA R Configures the -bsittarateddadledrses sof( I 2h e
section in the Message RAM.

31: 1 Reserved

2007.30Rx FI FO 1 Configuration (RXF1C)
Of fset address: O0xBO
Reset value: 0x0000 00O0O

Fi el NamelRlM Description

1:0 Reserved

Rx FIFO 1 Start Address
15: 27 F1SA R The start aRIdF@sls iof NMexsdagewBAM
addr ess)

Rx FIFO 1 Size
0: No Rx FIFO 1
22:1 F1S R 1 to 64: Number of Rx FIFO 1 ele
Val ues greater than 64 are inter
Index of Rx FIFO 1 elemé&nts rang

23 Reserved

Rx FLW®Ht er mar k

30: 2 F1wWMm R 0: Di sabl e watermark interrupt
1~64: Level of Rx FIFORE1NWater ma
More than 64: Di sabl e water mar k

FIFO 1 Operation Mode

FIFO 1 can operate in Block Mode
0: FIFO 1 in Block Mode

1: FIFO 1 in Overwrite Mode

31 F1O0OM R

20.7.31 R x FI'FO 1 Status (RXF15S)
Of fset addr ess: Ox B4
Reset val ue: Ox0000 0O0OO

Fi e| NamgR/ V Description
6-0ol F1El R Rx FIFO 1 Fill Level .
Number of el ements stored in Rx FI
7 Reserved
13- F1Gl R Rx FIFO 1 Read !ndex ' .
Rx FIFO 1 read index pointer, rangi
15: ] Reserved
>1-1 F1pl R Rx FIFO 1 Wr!te !ndex .
Rx FIFO 1 write index pointer, ran g
23: 1 Reserved
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Fi e| NamgR/ V Description
Rx FIFO 1 Ful!ll
0: Rx FIFO 1 not full
24 F1F| R 1: Rx FIFO 1 full
Bit 21: 16 F1PI [ 5:0]: Rx FI FO 1 wi
Rx FIFO 1 write index ®ointer, rang¢
Rx FIFO 1 Message Lost
This bit is a copy of interrupt f1l g
reset .
0: No Rx FIFO 1 message | ost
25 REL1R R 1: Rx FIFO 1 message Igost. This bit
Rx FIFO 1 when its filldl l evel i's z¢
Note: When RXF1C[F1OM] = 1, overwri
set this flag.
31: 1 Reserved
207.32Rx FI FO 1 Acknowledge (RXF1A)
Of fset address: O0xBS8
Reset value: 0x0000 0O0OO
Fi e|NamgR/ V Description
Rx FIFO 1 Acknowledge | ndex
After the host has read one message
5:0 F1LA|IR/VMFI FO 1, it must write the Buffer | n
1 to F1AI . This sets the RxtdlIFIOAIL
updates the FIFO R1IRLI]. 1 evel RXF1§
31: Reserved
20.7.33Rx Buf fer/ FIFO El ement Size Configurat
Of fset address: O0xBC
Reset value: 0x0000 O0O0O0O
Configures the number of data bytes for
Rx FIFO. A data field onlze wsedatfear t @AM BDby
operation.
Fi el]NamgR/V Description
Rx FIFO O Data Field Size
000by8e data field
001:-bylt2e data field O
10:-by6e data field
011:bytoe data field
100:-by2tde data field
2: 0F0ODYy R 101:-by3t2e data field
110:-bwt8e data field
111:-bytde data field
Not e: If a received CAN frame has ¢
size configured for the matching R
bytes configured by RXESC i sFISR® reeld
The remaining data field of the fra
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Fie NamelR/VI Description
3 Reserved
Rx FIFO 1 Data Field Size
00O0Oby8e data field
001:-bylt2e data field
010:-byltée data field
6: 4 F1Dy R 011:-bytte data field
100:-by2tde data field
101:-by3t2e data field
110:-bwt8e data field
111:-bytde data field
7 Reserved
Rx Buffer Data Field Size
000by8e data field
001:-bylt2e data field
010:-byltée data field
10:|RBDY R 011:-bytoe data field
1024byte data field
101:-by3t2e data field
110:-bwt8e data field
111:-bytde data field
31: Reserved
20.7.34Tx Buf fer Configuration (TXBC)
Of fset address: 0xCO
Reset value: 0x0000 00O0O
Fie NamelR/\d Description
1:0 Reserved
Tx Buffers Start Address
Start address of the Tx Buffer sect
15:|TBS4 R NotTh:e sum of TFQS and NDTB may not
configurations are not checked. The
starts with tBwuef foeeedsi.cated Tx
Number of dedicated Tx buffers
0: No dedicated Tx buffers
21:|NDTH R 1 to 32: Number of dedicated Tx buf
Values greater than 32 are interpre
23: Reserved
Transmit FIFO/ Queue Si ze
0: No Tx FI FO/ Queue
2911 TFQY R 1 to 32: Numbe? of Tx buffers for F
Val ues greater than 32 are interpre
Tx FI FO/ Queue Mode
30 | TFQN R 0: Tx FI FO mode
1: Tx Queue Mode
31 Reserved
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207.35Tx FI FO / Queue Status (TXFQS)
Of fset address: 0xC4
Resealue: 0x0000 00O0O
The Tx FI FO/ Queue status is related to the p
register TXBRP. Therefore, the effect of add
del ayed due to an ongoing Tx scan (TXBRP has

Fi el NamgR/V Description

Tx FIFO Free Level
The number of consecutive free Tx H

ranging from O to 32. Reads as 0 wh
mode (TXBC[TFQM] =1) .

5: 0 TFFI| R Note: I n configurat iBounfsf emisx iwig hd ead i
Queue, the write and read indices i

from the first dedicated Tx Buffer.
dedicated Tx Buffers and a Tx FI FO
t heurftoh buffer of the Tx FI FO.

7.6 Reserved

Tx FIFO Read | ndex
12:| TFGl R |Tx FIFO read index pointer, ranging
configured to Tx queue operation mg

15: Reserved

Tx FI FO/ Queue Write I ndex
Tx FI FO/ Queue write index pointer,

Tx FI FO/ Queue Full
21 | TFQR R 0: Tx FI FO |/ Queue not full
1: Tx FIFO / Queue full

31: Reserved

20: |TFQR R

20736 Tx Buffer EIl ement Size Configuration (T
Of f set addr ess: Ox C8
Reset val ue: Ox0000 O0O0OOO

Configures the number of data bytes in Tx bu
greater than 8 bytes is only used for CAN FD
Fie| Name|l R/ W, Description

Tx Buffer Data Field Size
000by8e data field

001:-bylt2e dat a
010:-byltbe dat a
011:-byt0e dat a

field
f d
f d
100:-by2tde data field
f d
f d
f d

i el
i el
2:0 TBDS R
101:-by3t2e dat a i el
110:-byt8e dat a
111:-bytde dat a
Not e: I f the data |l ength ctodies (Dd|

with a value higher than the Tx B

i el
i el

undefined bytes of the Tx Buffer

31: Reserved

www. geehy. com Pag2&l1l38



207.37Tx Buffer Request Pending (TXBRP)
Of fset address: O0xCC
Reset val Weh:000x0000O0

Fie|Namg R/ W Description

Pending Request flo3rl1)Tx Buffer y (y

Each Tx Buffer has its own Tr ansmi
ar e set via the TXBAR register.
transmisempheied or canceled via t
are only set for Tx Buffers config
Tx scan is initiated to check for

priority (the Tx BuffelrD)wi tCha ntched i
resets the corresponding Transmiss
register. | f the transmission h a
cancell ation request, t he reset 0
regardl essr oft whaest hseuccessf ul or n
bit is reset i mmedi ately after th
completion of the cancellation is

31:|TRPYy R |feduest:
Upon su

c
When t he
e

_.‘
Q

cessful t n<mirg «is@ro,ndalnagn
t

ransmission has not yet
When th transmission is aborted d
When an error occurs during frame
I n DAR mode, al | transmissifontsh ey e
unsuccessful For all wunsuccessful
TXBCF bit is set
0: No transmission request pending
1: Transmission request pending
Note: TXBRP bits set during an ong
that speanfitfTa eancell ation is r
this add request is canceled i mmed

bit is reset.

20.738Tx Buffer Add Request (TXBAR)
Of fset address: O0xDO
Reset value: O0x0000 00O0O

Fie|Namg R/ W Description

Add Request forl 3Tx) Buffer y (y=0

Each Tx Buffer has its own Add Req
corresponding Add Request bit; wri
host to set transmission requests
t aXBAR. TXBAR bits are only set fo

These bits are reset i mmediately w
81:) ARy R/Wthey remain set until the Tx scan

0: No transmission request added

1: Transmi saddedrequest

Not e: I f an Add Request is applied

pending transmission request (its

this Add Request is ignored.

207.39Tx Buf fer Cancell ation Request (TXBCR)
Of f set addr ess: Ox D4
Reseal ue: Ox0000 0O0OO

www. geehy. com Pag&1l9



Fi e| Namsg

R/ W

31:| CRy

R/ W

Description
Cancell ation Requedt31ffor Tx Buf fer
Each Tx Buffer has its own Cancell
corresponding Cancell ation Request
all owe host to set cancellation re
single write to TXBCR. TXBCR bits
via TXBC. These bits remain set un
reset.
0: No cancell ation pending
l:ai€cell ation pending

20.740Tr ansmi ssion Occurred for Tx Buffer (TX
Of f set

Reset

addr ess: Ox D8

val ue: Ox0000 O0O0OOO

Fi e| Namg

R/ W

Description

Transmission Occurré@®@1lhor Tx Buffe
Each Tx Buffer harabhsmcesir @&bpO®odl
bits are set when the correspondin

31:| TOy R successful transmission. They are
requested W& owrtihtei cgpraiers ptoma i TXB AR
0: No transmission
1: Transmission occurred
20.741Tx Buf fer Cancellation Finished
Of fset address: 0xDC
Reset value: 0x0000 O0O0OO
Fie|Namg R/ W Description
Cancellation FinishHed)f or Tx Buffe
Each Tx Buffer has its own Cancell
when the corresponding TXBRP bit i
requested via TXBCR. I f the corres
31:| CFry R time of cancell ati en, atlee yCF Thiety id
new transmission i|isditeoqueaet adriry swy
the TXBAR register.
0: Tx Buffer cancellation not fini
1: Tx Buffer cancellation finished
20.742Tx Buffer Transmissi(oinXBITANtEer r upt
Of fset address: OXEO
Reset value: O0x0000 00O0O
Fi e|Namg R/ W Description
Transmission I nterrupt | Bdable for
31:| T1E R/WEach_Tx Buf fer has its correspondi
0: Di sabl e
1: Enabl e
20.743Tx Buffer Cancell ation Finished
Of fset address: Ox E4
Reset value: O0x0000 O00O0O
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Fi Namg R/ W, Description
Cancellation Finished Intelr3u)pt En
Each Tx Buffer has its correspondi
31:|CFI E R/IWEnable bit.
0: Di sabl e
1: Enabl e
20744Tx Event FIFO Configuration (TXEFC)
Of fset addr ess: OxFO
Reset value: Ox0000 0O0OO
Fical Name‘ R/M Description
1:0 Reserved
Event FI'FO Start Address
15: ] EFSA R The start address of Tx Ewbkeintt wWdr
addr ess)
Event FIFO Size
0: Disable Tx event FIFO
21:1 EFS R 1 to 32: Number of Tx event FI FO
Values greater than 32 are intergy
I ndex of Tx event FIFO el-gment s
23: 2 Reserved
Event FI FO Water mark
) 0: Di sabl e watermark interrupt
29: 23 EFWM R 1~32: Level of Tx Even FIFO Wat ef
More than 32: Di sabl e water mar k |
31: 3 Reserved
20.745Tx Event FIFO Status (TXEFS)
Of fset addr ess: Ox F4
Reset value: Ox0000 0O0OO
Fi el]NamgR/ V Description
Event FI'FO Filll Level
5: EFF| R i
Number of el ements storadgimgTkr &me
7 Reserved
Event FI' FO Read I ndex
12:| EFG R
Tx Event FI'FO read index pointer, r
15: Reserved
Event FIFO Write | ndex
20: EFP R
Tx Event FI'FO write index pointer,
23: Reserved
Event FI' FO Full
24 EFF| R 0: The Tx Event FI'FO is not full
1: The Tx Event FI'FO is full
Tx Event FI FO EIl ement Lost
This bit is a copy of interrupt fl a
25 | TEFI| R 0: No Tx Event FI'FO el ement | ost
1: A Tx Event FIFO el ement | ost. Th
to the Tx Event FI'FO when its size
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Fie Narn4R/% Description

31: Resed ve

20.746Tx Event FIFO Acknowl edge (TXEFA)
Of fset address: O0OxF8
Reset value: 0x0000 00O0O

Fi e|Nam¢g R/ W Description

Event FIFO Acknowledge | ndex

After the host has read one el emen
4: 0l EFA| R/WTx Event FIwWFO,t eitt hmudtndex of the |
Event FIFO to EFAI. This sets the

to EFAlI + 1 and updates the Event

31: Reserved

Note: The correspondi nmgodwelge sareeg ss todwrC AaNs EfRAM | ows .

20.747TERMand ower Contr ol (ERM_CTRL)
Of f set addr ess: Ox00O0
Reset val ue: Ox0000 O0O0OOO
Fi el Name R/ W Description
Enabl e SRAM ECC Check and
ECC Check
0: Di sabl e CAN SRAM ECC Chg
I nterrupt

1: Enable CAN SRAM ECC Che
I nterrupt

0 ECC_EN R/ W

Bit Error Correction I nter
0: Di sabl e
1 BEC_|I NT_ R/ W|1: Enabl e

Nde: To ensure correct gen
ECC_EN = 1.

Bit Er«€CorrMHaeahnion Interrupt
0: Di sabl e
2 BEU_I NT_ R/ W|1: Enabl e

Note: To ensure correct ger
ECC_EN = 1.

CAN Waldent errupt Enabl e
3 WAKE_I NT_| R/ W|0: Disabl e
1: Enabl e

CAN WakEveBmnabl e
4 WAKE_EVEN1T R/ W|O0: Di sabl e
1: Enabl e

31: 4 Reserved

20748ERM andPawer Status (ERM_STS)
Of f set addr ess: Ox04
Reset val ue: Ox0000 O0OOO
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Fie Na me R/ W Description
Sin®iéeé Error Detected an
0 BEC_FLAG R/ W |0: No error detected
1: Sibngl error detected
Mulbtt Error Detected and
1 BEU_FLAG R/ W |0: No error det ebcttederoror

1: Muiltt ierror detected

CAN Wadllpe FI ag

2 CAN_WAKEUP_ R/ W | 0: No CAWNp wh&teect ed
1: CAN-uwakietected
31: Reserved

200749ERM Error Address Register (ERM_ECCLOG)
Of fset ad0@Bess:
Reset value: 0x0000 00O0O

Fie Name R/ W Description

Error Location Address

8:0 ERR_ADDR R/'W [Note: This address is the
of fset address shifted ri

31: Reserved
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21  Analog -to-Digital Converter (ADC)

211 I ntroducti on

This series productbhihtagremrd sADG wintdh 1192 c hann
including 16 external channels and 3 interna
continuous or intermittent A/ D conversion mo
conversion rleedltlitgnnedamrigmmedhand-bbstodatdain 16
registers.

21.2 MaiGharacteristics

(1) ADC power supply requirements: From 2.75V t0 5.5V
(2) ADC input range: VssaU VinU Vppa
(3) 12-bit resolution

(4) Conversion mode
Single conversion mode
Conti mwawsr si on mode
I ntermittent mode

(5) Analog input channel category
, External GPI O input channel

One internal temperature sensor (Vs e N 9dnput channel
One internal reference voltage (Vr e F 1 )nimput channel

(6) High performance
120i t-pi th)i t8-bdator6f i gur abl e resol uti on
Sechlibration
Programmabl e sampling ti me
Data alignment
DMA supported

(7) Low power
Lowower operation reduces PLCK frequenc)
opti mum ADC performance

5

., Automatic delay mode: Run in PGLK | ow sp
[ ii m
, Automatic shutdown mode: ADC can power O

ti mes except during conversion period

(8) Interrupt

End of conversion interrupt
End of sequence conversion interrupt
End of sampling phase interrupt
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ADC ready interrupt
Overrun interrupt
Anab watchdog state reset interrupt

(9) Trigger mode
I nternal signal txhgpeti gnemerated by on

21.3 FunctiDesaliption

2131 ADC pin and internal signal

TabT®DC I nternal Signal

Name Description Signal t
TMRx _TRG I nt eirmfadr mati on fro I nput
VsENSE Out put voltage of inte I nput
VREFI NT OQutput of internal r I nput

Tab8®&DC Pins
Name Description Signal typ

Anal og power supmpéfyer @
Vbbpa . Il nput, anal og
vol t aop& VDY

Vssa Anal og powegss®sound| |l nput, anal og
ADC_ | N[ ] léchanamal og input Anal og inpu

21.32 Cal i brati on

The function of <calibratiofA/ Dscomvetsimomaodft
each chip, so calibration should be conducte
modul e cannot be used during calibration.
Calibration configuration process:

Configure ADCEN bit of register ADC_CTRL
Configurer@Ahl shier ADC_CTRL to 1, and ene
After calibration is completed, CAL bit
har dwar e

The calibration factor is read in CDATA]

B
B

5

5

21.33 ADC conversion mode
21331Single conversion mode

I n thi domodengle channel, only one conversio
channel |, and for mul tiple channel s, only one
group of channel s.

When CMODESEL bit of configuration register
single convAb€i oonmedsion can be enabled by
bit of configuration register ADC_CTRL to 1
triggered event.
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After the conversion of each channel, the co
l1ebit ADC_DATA regi dtlerbe BGRAFL® bli,t awid i f EOC
to 1, an interrupt wild.l be generated. After
EOSEQFLG bit wildl be set to 1, and i f EOSEQI
be generated.
21.332Continuous conversion mode
In thi ©«rmesdeglfe channel, continuous conversi
this channel; for multiple channels, continu
this group of channel s.
When CMODESEL bit of configuration register
set to ucsonctoinnvueor si on mode; ADC conversion can
STARTCEN bit of configuration register ADC_C
har dwarieggered event.
After the conversion of each channel, the co
lebit ADC_DATATrrnredEOCFLG bit will be set to 1,
to 1, an interrupt will be generated. After
EOSEQFLG bit will be set to 1, and if EOSEQI
be generated.
21333l ntermittent mode
WhebBl SCEN bit of configuration register ADC_
intermittent mode; ADC conversion canh be ena
triggered event. In this mode, only one chan
a ti me. I f DéesSCeEHN, batl i shannels of one seqgue
at a ti me.
For exampl e:
DI SCEN bit is set to 1, and the channel
- 1strigger, Channel 0 is converted and g
event
- 2"t rjigger, Channel 1 isnc&O@OCE&LGed and ¢
event
- 34rigger, Channel 5 is converted and g
event
DI SCEN bit is set to O, and the channel
1strigger, channels 0, 1 and 5 are conyv
the conversion of each cihlaln nbed , an EOC
generated. After the conversion of the
compl eted, an EOSEQFLG event wil!l be g
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21.34 ADC channel classification

21341 Anal og input channel introduced by GPI O pin
I n tlo6t acchannel s ar e colnAmbeC tleNdl 5.0 ADC_ | NO

213421 nteamal og input channel

Temperature sensor

The temperature sensor is used to measur
of the chip
., The temperature sensor selects ADC1_1N16
., Enable by TSEN bit of configuration regi
., Select sampling ti me
I nternal reference voltage VREFI NT
, The internal reference voltage is used t

out put for ADC
I nternal referemged ecdlst APE€IVI N17 i nput ¢
I nternal power monitoring

The internal connectieh ol bwe ARGdI N8 voham
via ADC_ANA_SWI TCH configuration, including
VDD_FLASH_1.7_256K, and VDD_CORE_1. 2.

21.35 External Trigger and Trigger Polarity

The external trigger event can be selected b
regisDErCrFG1.

Tab8¥®xternal Trigger

Trigger so EXTTRGSEL Trigger type
TMR1_TRGO 000

TMR1 _CC4 001

TMR2 _TRGO 010

TMR3_TRGO 011 I nternal signakthgene
TMR4 _TRGO 100

Reserved 101

Reserved 110

Reserved 111

When the bitUBK®BPOL SEhe regi ster ADC_CFG1, t
event can trigger conversion on its selected
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Tab8&rigger Polarity Configuration

EXTPOLSEL Source
00 Di sabl eddtre gtgiean
01 Detection on rising ¢
10 Detection on falling
11 Detection on both rising

21.36 Data register

The data @aangmedhbrgnedhtwhich is determined
bit of configuratioenr ®4diL$ GEFGADG_GEG1 ¢t owld,
riahti gned, and i f DALI GCRG iigwmks&let onwerls i oint n
results @adnmgmedabffgnedhand-bstodatai negybster.

21.37 Programmabl e ToegedsBopsi on

Reduci hgetglue nc y adchi vimpirmrwe t he conversion tin
or-b6t modes can be selected by configuring D
ADC_CFG1.

Tab83onversi ogaHéeéelmat ed to Conversion Resol ut

DATARESC
bit tsar | tsak Nn@®&Mmoc=14 M| tsmpemin| tabpc | tapéns Pfape 1 4 MH
6 7.5 535 ns 1.5 9 643 ns
8 9.5 678 ns 1.5 11 785 ns
10 11. 821 ns 1.5 13 928 ns
12 12. 893 ns 1.5 14 1000 ns

2138 I nterrupt

Tab84DC I nterrupt

I nterrupt event Event f| Enabl e con
End of conversi | EOCFLG EOCI EN
End of sequence cd EOSEQFLG EOSEQI EN
End of sampling | EOSMPFLG EOSMPI EN

ADC ready ADCRDYFLG ADCRDYI EN
Overrun OVREFLG OVRI EN
Anal og watchdog st AWDFL G AWDI EN

21.39 ADC overrun

ADC overrun means when the converted data is
ti me, anot her converted data wil/l take effec
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Wh e n

1; i f
| t i s de
data in

occur s

OVRMAG
d i
OVRMAG
regi ster

hel

Wh e n
t he

N oet :
ADC
to ¢

cause

transfers
21.3910Overrun

I n ADC c
ADC dat a
an ADC o
I n this
be reini

21.3.10Dat a <co

21.3.10.1 Dat a ¢

The soft
EOCFLG b
ADC_DATA

21.3.10.2 Dat a ¢

Wh e n
need
ADC

one
to

cony

21.3.10.3 Dat a ¢

Transmi s
data reg
the ADC_

DMA can
After ea
converte

Due to t
manner,
DMA reqgu

www. geehy. com

EOCFLG bit i
overrumn wivleln
OVRI

using
to

anot her new
OVREFLG bit
to 1, an

1 but
and

set

S
occur,
EN bit i

convers
of regi si

S overrun int

t er mi
t he

ned by OVRMAG bit of configurat
ADC datawregitenewhamne almelodeor uav

is 0: When
ADC_DATA register
is set to 1: When
wi || overwrite
DMA in continuous
set -etntadd | OVIRER Ih@

ontinue.

an overrun event is de
n
an overrun
the data by

conversion mode,
fDIM&Ag ¢ hR & n e |

even
t he
di sabl

at this poi

Ev e n tlsn vwiltvhe nbeMA

a DM
or c

ontinuous conversi
transfer, a DMA
verrun event. The
cQ swei, | It hceo MAtDi nu e
tialized; ot her wi

on mode, when
transfer error
OVREFLG bit in the
to generate DMA reqglt
se, the transmitted

nversion management

onversion management without DMA inv

ware control s datea cocomrvvee rssioonn .i SEvceormyp
it be set to 1, and the convers
register. OVRMAG bit i ADC_CFG1

wi ||

n r e

onversion management without DMA inv

maree comavremralesd aand each conversio
read, OVRMAG bit wild be set to 1
on andAThAel yeghastesrtABClIlBst conyv

or
be
er si

onversion management D MA

by

t he
to

MAom almy be used to transmit
ister to the memory in time
DATA register.

conve
preve

bit of t
generated to
to the memor

be enabled by setti
chac®MAer gigomre st
d data of dat a

ng DMAEN
will be
regi ster

t he DMA
stop g
new co

he DMA failing to respond to
an ovier fmORstrursheé¢ ADC wil l

eantds t he data corresponding to
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transmitted via DMA. This means that al | dat
can be considered valid.

DMA mode is selected by DMACFG bit of config
When DMACFG iss i, sbDMAIlie mode
- DMA programming i s usteéngohtdabnamit th

- I n this mode, ADC wi | | generate a DMA
converts data effectively. When ADC co
will stop generating DMA request

When DMACFG , sDMAti 4 0ifn circular mode

- DMA programming i s in-bcuifrfcewl arodneode or

- In this mode, when ADC conversion is s
converted data is valid, a DMA request

21.311Lowower <characteristics
213111 Automatic delay e€onversion mod

This mode is used to simplify the software a
performances gpaed ngudmmiwng, and ADC overrun ma)

Set WAITCEN of configuration register ADC_CF
del ay conver sieowvn APCde,onared sn on wi | | start on
ADC data register are read, which is a metho
adaptive system reading ADC data speed.

21.3.11.2 Automatic shutdown mode

This mode can greatly reduce thedpbwer consu
suitable for applications with relatively fe
request time interval. Automatic shutdown mo
with automatic del ayfceguensiyoapmbdeatnohow

Automatic shut dewmbrhedle boyarsedd i ng AOEN bit o

regi ster ADC_CFG1 to 1. When AOEN bit is set
conversion, it will be powered off automatic
started, ADC will be woken up automatically.
Not e: Jofh fodwmt;®@nraebl i ng t he ADC will not set t he ADC READY f

214 Regi AddreMasppi ng

Tab3®DC Register Address Mapping

Register n Description Of fset add
ADC_STS ADC status regi 0x00
ADC_1 EN ADC i nterrruepgi setner 0x04
ADC_CTRL ADC control reg 0x08
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Register n Description Of fset add
ADC_CFG1 ADC configuration 0Oxo0C
ADC_CFG2 ADC configuration 0x10
ADC_SMPTI M ADC sampling ti me 0x14
ADC_AWDT ADC watchdog thres 0x20
ADC_CHSEL AD@ hannel selecti 0x28
ADC_DATA ADC data regist 0x40
ADC_ANA_SWI ADC anal og power mo 0x300
ADC_CCFG ADC geperpabse config 0x308

215 Regi guect i Densaclri pti on

2151 ADC state register (ADC_STS)
Of f set addr ess: Ox00O0
Reset val ue: Ox0000 O0O0OOO

Fie Name R/ W Description

ADC Ready Fl ag
0: ADC not ready
0 ADCRDYF RC_W|1: ADC has been ready to start

I n AQftfo mo-deabkieng the ADC doeg
READY fl ag.

End of Sampling Flag

This bit is set to 1 by hardwa
1 EOSMPFLHRC_W .
- 0: Not in the phase of end of

1: Reach the condition for end

EndfConversion Fl ag

This bit is set dloedr d¢g bhwyrdafa
2 EOCFLGRC_W )
- 0: Conversion does not end

1: Conversion ends

End of Sequence FIl ag

This bit is set to 1 by hardwa
3 EOSEQFLH4RC_W ]

0: Sequence conversion not com

1: Sequence conversion compl et

ADC ©Ovean Event FIl ag

This bit is set to 1 by hardwa
4 OVREFL|RC_W

0: No overrun event

1: Overrun event occurred
6: 5 Reserved
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Fie Name R/ W Description
Anal og Watchdog FIl ag
This bit is set to 1 by hardwa
7 AWDFLG RC_W|indicatingamwdleadh ewatamhdog even
0: Not occur
1: Occurred
31: Reserved

2152 ADC interrupt enable register (ADC_1 EN)
Of fset address: 0x04
Reset value: 0x0000 O0O0O0O

Fi el Name R/ W Description

ADC Ready Interrupt Enabl e
0 ADCRDYI| R/ WO: Di sabl e
1: Enabl e

End of Sampling Flag Interrupt
1 EOSMPI | R/IWO0: Disabl e

1: Enabl e

End of Conversion Interrupt Eng¢é
2 EOCI EN R/WO: Disable

1: Enabl e

End of Conversion Sequence | nt g
3 EOSEQI | R/WO0O: Disabl e

1: Enabl e

Overkrmnerrupt Enabl e
4 OVRI EN R/ WO0: Disabl e
1: Enabl e

6:5 Reserved

Anal og Watchdog I nterrupt Enabl
7 AWDI EN R/ WO0: Disabl e
1: Enabl e

31: Reserved

Note: The value of the ADC_I EN register can only be modi f

2153 ADC control register (ADC_CTRL)
Of f set addr ess: 0Ox 08
Reset val ue: Ox0000 O0O0OOO

Fie Name R/ V Description

ADC Enabl e
This bit is set to 1 by softwar €
0: Disabl e
1: Enabl e

Note: ADCEN bit can be set by s
ADC_CTRL nregi Ot er

0 ADCEN | R/ §
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Fie Name R/ V Description

ADC Disabl e
This bit is set to 1 by softwar €
0O: Invalid
1: Di sabl e ADC,dawd mader power
Note: ADCD bit can be set by sof
STARTCEN=0.

ADC SCamversion Enabl e

1 ADCD R/

rn

This bit is set to 1 by softwar €
5 STARTCER/<0: Di sable ADC conversion
1: Enable ADC conversion

Note: STARTCEN bit can be set by
and ADCD=0.

3 Reserved

ADC Stop Cé&nwabtei on

This bit is set to 1 by softwar €
4 | sTopcg|Rr/g0F !nvalid

1: Stop ADC conversion

Note: This bit can be set by sof

ADCD=0.
30: Reserved

ADC Calibrate

This bit is set ctloealr ebdy bsyo fhtaw adrwe
31 CAL R/ §0: Calibration is completed

1: Start calibration
Note: CAL bit can be set by soft

2154 ADC configuration register 1 (ADC_CFG1)
Of f set addr ess: Oxo0C
Reset val ue: Ox0000 O0O0OO

Fiell Name| R/ W Description

DMA Enabl e
ODi sabl e

0 DMAEN R/ W|1: Enabl e
Note: Software is only allowed
0.
DMA Mode Configure
DMACH This bit is valid only when DMA
1 R/ W )
G 0: DMA single mode
1: DMA circul ar mode
Scan Sequence Direction Configu
SCANS
2 R/ W0: Scan forward (from CHSELO to
QDI R

1: Scan backward (from CHSEL16

www. geehy. com Pag233



Fiel

Na me R/ W

Descri

ption

DATAR
SCFG

R/ W

Dat a Re sColnutiigaunr e
00: 12 bits
01: 10 bits
10: 8 bits

11: 6 bits

DALI @
FG

R/ W

DatAd i gnment
0: Ralgihgdned
1: Bbéfgned

Configure

EXTTR
SEL

R/ W

Sel rnal tr

These

exte
bits

ect
are use
conversi
000 : Ev
001: Ev
010: Ev
011: Ev
100: Ev
101: Ev
110: Ev

111: Ev

on.
nt
nt
nt
nt
nt
nt

® o ®o ® @® ® O

nt

N o o~ W N P O

ent

igger event (

d to select t

Reserved

11:1

EXTPQO
SEL

R/ W

External

Trigger

Enabl e and Pol

00:
by

01:
10:

11: Har dwar e

Har dwar e

software)

Har dwar e

trigger

Har d wadreet etcrtii gogne ro n

trigger
trigger

detection
rising ed
detection

detection

t h
to g

Avoi d
t his

modi fying

may | ead

e ADC

l'itches or un

trigger

12

OVRMA

R/ W

Ov e
0: When
pr
1: When

| ast

rrun Management

an overrun
evious dat a
an overrun

converted dat

Mo d e
event is det
event is det

a

13

CMODE
SEL

R/

Sel
0: Single
1: Contii

ect
conversi

nuous conyv

Si n g lGeo/nGroenrtsiinouno uMso d e

on mode

ersion mode

14

WAl TC

R/ W

Wai t Conversion Mo
0: Di sabl e

1: Enabl e

de Enabl e

15

AOEN| R/ W

Au tob f Mode Enabl e
0: Di sabl e

1: Enabl e
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Fiel

Name

R/ W

Description

16

DI SCEH

R/ W

Di scontinuous Mode Enabl
0:

1:Enabl e

Di sabl e

e

21:

Reserved

22

AWDCH
EN

R/ W

Enabl e
0:
1

T he oWaA cSidrogl e

Enabl e analog watchdo

Enabl e analog watchdo

Channel

or

on al

g

g on

a

23

AWDEN

R/ W

Anal og Enabl e
0:

1

Watchdog
Di sabl e
Enabl e

25:

Reserved

30: 2

AWDCH
SEL

R/ W

Anal og Watchdog Channe

bits t o

ADC

These are used c
monitor
0

1

watchdog to
00000:
00001:
é. .

10010:
Ot her
Not e:c hrahren el

CHSEL

Channel
Channel

18

Reserved,

by

Channel
val ues:
selected

regi ster

Sel ect

onfigur

not
AWDCHSHEH

us e

31

Reserved

Not e:

2155 ADC

These

Of fset
Reset

bit

conf

ad
a0

s can be rewritten only

i guration
dr ess: 0x10
@0 1000

register

when STARTCEN=0

(

2 (ADC_CFG2)

Na me

R/ V

Description

29:

Reserved

31: 1

CLKCFG

R/ V

Mo d e
(asynchronous

ADC Cl ock

00: ADCCLK
01: PCLK/ 2
10: PCLK/ 4
11: Reserved

Not e: The
di sabl ed.

Configure

(synchronous
(synchronous

sown iwtaireg atl h ® we

clock
clock m
clock m

bits

21.5.6

ADC
Of f set
Reset

sampling

ad
v al

www. geehy. com
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dr ess: Ox14
Ox0000O

regi ster

ue: 0000

(ADC_SMPTI M)
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Fie Na me R/ V Description
Sampling Cycles Select
000: 1.5 ADC clock cycles
001: 7.5 APElI es ock
010: 13.5 ADC clock cycles
011: 28.5 ADC clock cycles
2: SMPCYCS| R/ V
100: 41.5 ADC clock cycles
101: 55.5 ADC clock cycles
110: 71.5 ADC clock cycl es
111: 239.5 ADC clock cycl es
Note: These bits can be rewritte
31: Reserved
2157 ADGvat chdog threshold register (ADC_AWD"
Of fset address: 0x20
Reset value: OxOFFF 0000
Fi el Name R/ W Description
11: ( AWDLT[ 1) R/ WAnal og Watchdog Low Threshol d
15: 1 Reserved
27: yAWDHT[ 1] R/ WAnal og Watchdog High Threshol d
31: 2 Reserved
Note: These bits can be rewritten only when STARTCEN=0.
2158 ADC channel selection register (ADC_CHS
Of fset address: 0x28
Reset value: 0x0000 0O0OO
Fiel Name R/ W Description
ChanmelSel ect
17:( CHxSE| RIWO: I nput chaehet¢tadidasnoonver si
1: I nput channel x is selected
31: 1 Reserved
Note: These bits can be rewritten only when STARTCEN=0.
2159 ADC data register (ADC_DATA)
Of fset address: 0x40
Reset value: 0x0000 O0O0O0O
Fie Name R/ V Description
Converted Data
These bit-enhye realdude the conve
15:|CDATA[ ] R conversion channel
CDATA[ 6: 0] value is calibration
compl eted.
31: Reserved
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21.5.10ADC Anal ogeRceweri on Register (ADC_ANA_S)

Of fset addr ess: 0x300
Reset value: O0x0000 0O0O0OO

Fiel Na me R/ W Description

ADC_ | Arla8l RPogveDet ect i on sel e
00: 1.7 V Flash regul ator
1: 00 ADC_ANA_SWI| R/ WO0L 1.7 V Fl ashpueéegRARGEH_
10: 1.2 V core regulator
11: Reserved

31: Reserved

Note: This bit can be rewritten only when STARTCEN=0.

215.11ADC germparrgplose configuration register
Of f set addr ess: O0x308
Reset val ue: Ox0000 O0O0OOO

Fiel Name R/ W, Description

21:( Reserved

VrRerrknabl e
22 VREFEN R/ W|0: Di sabl e
1: Enabl e

Temperature Sensor Enabl e
23 TSEN R/ W0: Disabl e
1: Enabl e

31: 2 Reserved

Note: This bit can be rewritten only when STARTCEN=0.
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22  True Random Number Generator (TRNG)

221 I ntroducti on

TRNG is a random number gehbhetatandwmi oampeoyv
the master reading based on continuous anal o

222 MaiGharacteristics

(1) Provides 32-bhit random numbers generated by the analog generator

(2) The interval between two consecutive random numbers is 40 clock
signal cycles

(3) Monitors TRNG entropy to mark abnormal behaviors

223 FunctiDesali pti on

The true random insmbrepl| gmemmtl @dyolcyi rcui t. Thi s
provides seeds for the | inear -fietedrbaancckom hi f t
number s.

Mul tiple ring oscillators form an analog cir
XOR operation through theatoequ@RblE BCLBEKUL sb
dedicated clock of TRNG_LFSR, and it provide

quality of random numbers is related to the
TRNG_LFSR introduces a | arge number of seeds
transferredTtAor EBN&tBPr. The system wil/l mo n i
status bit in TRNG_STS register indicates th
the seeds. An interrupt wildl be generated wh

2231 Enabl e TRNG
The setting sequence wlfl emsacbl i ng TRNG is as

(1) Enable interrupt and an interrupt will be generated when the random
number is ready or an error occurs.

(2) A random number will be generated when TRNG_CTRL[TRNGEN]=1.
At this time, the analog part, TRNG_LFSR and error detector will be
activated.

(3) Atthe time of each interrupt, when CLKERINT bit and FSINT bit of
TRNG_STS register are set to 0 and DATARDY=1, TRNG_DATA
register can be read.

The first random number generated after TRNG
and it shall be s ahvetdnef onre xcto mipaanrdi osno nn uwnbte r . E
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random number needs to be compared with the
pair is equal, it means that the continuous

2232 Err or state
22321Seed error

I n case of a seed errmonwb,ert hwa |il ntber rgiemte rrad redo
as FSCSTS=1. Since the entropy may be insuff
TRNG_DATA register, the generated interrupt |

TRNGEN bit shall be set after dF SleNT abritt i s ¢
TRNG.

224 Regi Addr eMasppi ng

Tab83@&@RNG Regi ster Address Mapping

Register na Description Of fset a
TRNG_CTRL TRNG control regi 0x00
TRNG_STS TRNG status regi 0x04
TRNG_DATA TRNG data regist 0x08

225 Regi guect i Densaclri pti on

2251 TRNG Contr ol Register (TRNG_CTRL)
Of f set addr ess: Ox00O0
Reset val ue: Ox0000 O0O0OOO

Fie Name | R/ V Description

1:0 Reserved

TRNG Enabl e
2 TRNGE| R/ VO Di sabl e
1: Enabl e

I nterrupt Enabl e

0: Di sabl e

1Enabl e; when any of DATARDY bit,
TRNG_STS register i s set to 1, an

3 I NTEI| R/ V

31: Reserved

2252 TRNG St at us RegSTspt er ( TRNG_
Of f set addr ess: Ox04
Reset val ue: Ox0000 O0O0OOO
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Fie Na me R/ W Description
Data Ready
0: TRNG_DATA register is not
not availabl e

0 DATARDY R 1: TRNG_ DATA register is rea
availabl e
An interrupt wildl be pending
TRNG_DATA regi st ecrl,e atrheids thoi tz e
valid value is figured out.

1 Reserved
Faulty Sequence Current Statu
0: Sequence error is not dete

5 FSCSTS R means that a sequence error
nor mal
1: Mohaen 64 0/1 or more than 3
detected

5:3 Reserved
Faulty Sequence Interrupt Sta
0: Faulty sequence is not det
1: More than 64 0/1 or more t

6 FSI NT | RC_W|detected
This bit camsalme $étmeatwitthe FSC
cleared by writing 0. An inte
I NTEN=1.

31: Reserved

2253 TRNG Data RegiDB>ATAr ( TRNG_
Of fset address: 0x08
Reset value: 0x0000 00O0O
This regi®osnéy asdr ebaidtv irdaeosthb3s2r when reading.
This register can be read only when DATARDY
register wildl provide new random number with

Fie| Namel R/ V Description

Random Dat a
32birtandbat a

31: DATAl R
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23

23.1

23.2

Encryption Module (AES256)

| ntroducti on

AES256 i mplements the AES256 (Advanced Encry
algorithm, also known as the Rijndael al gori

AES256 supports three keys in different | eng
AES 28
AES 92
AE®56

AES256 suppeet smodes:

ECB (El ectronic Codebook)
CBC (Cipher Block Chaining)
CTR (Counter)

B
B

B

AES256 supports two algorithms:
CMAC al gorithm
MPcompress algorithm

The data |l engths for the input block, output

i sepresented by Nb = 4, -rietf lvecrtd sn gi n hteh en usnmbeet
The Il ength of the cipher key, K, can be 128,
represented by Nk = 4, 6,bi8tt werdfdecitm ntghe hei
key.

The numbeunadd required &ureixreg utth e naldeereintdlsm o
key I ength. The number of rounds i s represen
= 10; when Nk = 6, Nr = 12; when Nk = 8, Nr

MaiGhar acteristics
(1) Supports three keys in different lengths, including128-bit, 192-bit, and
256-hit.
(2) Supports encryption, decryption, and key expansion.
(3) Supports ECB mode, CBC mode, and CTR mode.

In ECB mode, each data block is encrypted/decrypted using the same
key.

In CBC encryption mode, the input plaintext is obtained by XOR-ing the
current plaintext with the previous ciphertext. In CBC decryption mode,
the current decrypted output plaintext is obtained by XOR-ing the
previous ciphertext with the decrypted result. If the user selects CBC
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mode, the initial value must be written to the IV register before each
operation according to the requirements above.

(4 Supports the CMAC algorithm, includi
generation.

(5) Supports the MP-compress algorithm.

233 Programming Gui de

2331 ECB Mode

The recomme nrdee dc osnoffitgmar ati on fl ow i s as
(1) Write the data and key to the corresponding registers.

(2) CTRL Configuration:
Encryption: START + Encrypt
Decryption: START>+SKARTExpbBbaesippt

(3) Wait for the computation to complete, then read out the result.

Fi g8fseof t ware Configuration Flow for

Write Key <

<eayp 7>

Y

Config CTL_REG
Start to key expand

v N

Wait key expand finish

v

Write Data < v

Config CTL_REG
Start to encrypt or
decrypt

N | Wait encrypt or decrypt
finish

v

Read Data

Change KeyZ>
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23.3.2 CBC Mode
The recommended software configuration fl ow
(1) Write the data, key and IV to the corresponding registers.

(2) CTRL Configuration:
Encryption: START + Encrypt
Decryption: START>+SKARTExpbesippt

(3) Wait for the computation to complete, then read out the result.

Fi g@&8B8oftware Configuration Flow for CBC

Write Key

<eayp 7>

Y

Config CTL_REG
Start to key expand

v N
Wait key expand finish

v

Write IV

v Y

Write Data

Config CTL_REG
Start to encrypt or
decrypt

N | Wait encrypt or decrypt
finish

v

Read Data

2333 CTR mode
The recommended software configuration fl ow

(1) Write the data, key and counter (match with IV_REG) to the
corresponding registers.

(2) CTRL Configuration:
Encryption: START + Encrypt
Degpti on: START + Decrypt

(3) Wait for the computation to complete, then read out the result.
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Fig8m®eeoft ware Configuration Flow for CTR

Write Key

y

Write
CNT(IV_REG)

Write Data

Config CTL_REG
Start to encrypt or \%
decrypt

N Wait encrypt or
decrypt finish

Read Data

The recommended software configuration proce
foll ows:

23.34 CMAC Mode

(1) Reset AES256 to clear K1/K2 data.
(2) Write the data, key and IV to the corresponding registers.

(3) Configure the CTRL register, let n = &len/128Qfor i =1 to n:
I f < n, configure START + CMAC + Encr
I f = n, first configure+START + ECB +
Valid_ |l ength to generate the Subkey. The
+ Encrypt + Valid_ Il ength to generate the

Not e: Ml en = the bit I ength of the input string. For exa

(4) Wait for the computation to complete, then read out the result.
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23.35 MPC Mode

The
f ol

)

)
©)

www. geehy. com

FigOmseoft ware

recommended
OWS :

Write Key

v

Write IV

<Tost o>

N

Write Data

v

Configuration

Config CTL_REG
Start to encrypt

v

Wait encrypt finish

Start to SubKey
Generate

y

Wait SubKey Generate
finish

v

Write Data

v

Config CTL_REG
Start to encrypt

v

Wait encrypt finish

v

Read Data

Configure CTRL, set START + encrypt +MPC.

software

FIl ow for

configuration

Write the data and key (All 256 bhits are f09 to the corresponding
registers.

Wait for the computation to complete, then read out the result.

Paga&45

CMAC

proce



Fig9nseoft ware Configuration Flow for
Write Key
v
Write Data
Config iTL_REG
Start to encrypt
N v
Wait encrypt finish
<TGt book >
Y
Read Data
234 Regi Addr eMasppi ng
Tab8 AES256 Register Address Mapping
Regi ster n Description Of fset add
Dat ai3n_0 Data input3Iegi 0x00
Dat a4i7n _ Data input-6@egi g 0x04
Dat a3iBn _ Data lieag@giustiér : 6 0x08
Dat aG-Fn _ Data input-1R&dgi s O0x0C
Key _0 Key reg3bkter: 0x10
Key _1 Key regi6s3t er : 0x14
Key _2 Key regi9st er : 0x18
Key _3 Key r egil2t7ier : ¢ O0x1C
Key _4 Key regi-sb5er: 1 0x20
Key _5 Keyegist-291 160 0x24
Key _6 Key regi-228&r: 1 0x28
Key 7 Key regi-2358r: 2 O0x2C
I'v_o0 Initializati omlve 0x30
Iv_1 Initializati on6¥egq 0x 34
IV _2 I nitializati on9¥%ecq 0x 38
IV _3 I nitializationl2®c 0x3C
CTRL AES256 control 0x40
STATE AES256 status r Ox 44
Dat ao-8t _0 Data output3dlregi 0x48
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(Datai n_

(Datai n_

(Datai n_

Regi ster n Description Of fset add
Dat addt _ Data output63egi 0x4C
Dat a8Bt _ Data output95%egqi 0x50
Dat aG#t _ Data output-l122&gi 0x54
235 Regi guect i Densaclri pti
2351 AES256 Data I nput Beggister
Of fset addr ess: 0x00
Reset value: O0x0000 O00O0O
Fiel Name R/ W Description
31: ( I N_O R/W |l nput -dlata O
2352 AES256 DatiRaglispetr {DPatain_4
Of fset address: 0x04
Reset value: 0x0000 00O0O
Fi el Name R/ W Description
31:( I N_1 R/W |l nput ®8&ta 32
2353 AES256 Data I nput mBegister
Of fset address: 0x08
Reset value: 0x0000 O0O0OO
Fiel Na me R/ W Description
31:0 I N_2 R/'W |l nput ®&ta 64
2354 AES256 Data I nput Register
Of fset address: 0xO0C
Reset value: 0x0000 0O0OO
Fiel Name R/ W Description
31:0 I N_3 R/ W|l nput d&tra 96
2355 AES256 Key Reghb&)er (KEY_O
Of fset addoxe2sG: O0x10
Reset value: 0x0000 0O0OO
KEYO (Offset address: 0x10)
Fiel Name R/ W Description
31: 0 KEY_O R/ W|lnitiaB1lKeys 0
KEY1l (Offset address: 0x14)
Fiel Name R/ W Description
31:00 KEY_1f R/ W|lnitial63Keys 32
KEY2 (Offset address: 0x18)
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Fiel Na me R/ W Descripti
31:00 KEY_2/ R/ W|lnitial95Keys 64
KEY3 (Offset address: 0x1C)
Fi el Name R/ W Descripti
31: 00 KEY_3 R/ W{lnitiall2Kk7eys 96
KEY4 (Offset address: 0x20)
Fi el Name R/ W Descripti
31:0 KEY_4 R/ W|lnitial-188ys 128
KEY5 (Offset address: 0x24)
Fi el Name R/ W Descripti
31:0 KEY_5 R/ W|lnitial-1RBdys 160
KEY6 (Offset address: 0x28)
Fiel Na me R/ W Descripti
31:0 KEY_6] R/ W|lnitial-2BR8ys 192
KEY7 (Offset address: 0x2C)
Fiel Name R/ W Descripti
31:0 KEY_7/, R/ W|Ilnitial-2Kéys 224
2356 AES2bf6itialization Vé&8)or Register
Of fset addorxe3sG: 0x30
Reset value: O0x0000 O0O0O0O
IV _0 (Offset address: 0x30)
Fiel Name R/ W Description
31:0 I V_o0 R/ W[l nitializa8B8ilon Vectors O
lv_1 (Offset address: 0x34)
Fiel Name R/ W Description
31:0 v _1 R/ W|lnitializaté3n Vectors 32
lv_2 (Offset address: 0x38)
Fiel Name R/ W Description
31:0 I'Vv_2 R/ W[l nitializatd5n Vectors 64
lv_3 (Offset address: 0x3C)
Fiel Name R/ W Description
31:0 I v_3 R/ W[l nitializatli2om Vectors 96
2357 AES2B6ntr ol RCeTgRiLs)t er  (
Of fset address: 0x40
Reset value: O0x0000 00O0O
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Na me

R/

Description

0 START

R/

AES256 Enabl e

When this bit is set,
remains active for
cleared upon completion

t he
o rmluy oomad i @

AES

of th

1 KEY_I NT

R/

Key Expand Finish Interr

W|O0: Di sabl e
1: Enabl e

upt E

2 DATA_ 1| N1

R/

Encrypt or De Fi
W|O0: Di sabl e

1: Enabl e

crypt

ni sh |

nt

3 BI G_END

R/

Bi-gndi alni t&nlde an
W|0: Leintdilaen
1: -8ndi an

register
register

Registers

KEY_LE

R/

Key
00:
01:
10:
11:

Length

-i2t8 key
-Hiot2 key
-2i5t6 key
Reserved

OPCODE

R/

Code
Encrypt
Decrypt
Key

Operation
00:
01:
10:
11:

extension
Reserved

11: MODE

R/

Mo d e
000:0
0001
0010

ECB mode
CBC mode
CMAC mode
0011 MPC mode
0100 CTR mode
0101~11Reserved

18: Val i d_|I

R/

Val id Length

Padding
CMAC i s

i s
set

required for
to 1.

t he |

19 SubKG

R/

Sudrey Generation
0: Reserved

Wi1: Enable subkey
performed before

mo d e .

gener at

processing t

i on.

31:

Resed ve

Not e: Before
be

activate

written to

key expansion

2358 AES 256
Of f set
Reset

a
vV a
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Ox0000O0

| ue: 0000
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Fiel Name R/ W Description
Busy I ndication Bit (BUSY)
0 BUS R 0: I P free
1: I P busy with key expans
Ke E and Fihlias Interr
1 KEY _|I NT R/ W y xP HFli s up
- - Wrifboe o cl ear KEY_I NT_FLG
Data Finish Interrupt FIl ag
2 DATA | NT R/ W N
- ] Wr ifboé o cl ear DATA_I NT_FLG
31: 3 Reserved

2359 AES2bAat a

Out put(DaRteaga Bt _elr

Of f set a8xd4dd& ess:

Reset @x@0I0We:00
Fiel Name R/ W Description
31:( ouTo R/ W Qutput CipPphertext O

235 10AES2DPAat a
Of fadtr 6&s4C
Reset

Out put(DaRteaga Bt _ed

@x@0!1 0wed:0 0

Fielq Name R/

W Description

31: 0| ouTL R/

w Out gCutpher t668xt 32

235.11AES2P6&t a
Of f set
Reset

Out putDateagaB)it e& (

axdsdor e s s :
@x@0I OuWeD:0 0

Fi el Na me R/

w Description

31:0 R/

ouT2

W 6 4

Out lCutpher 19éx t

235.12AES2P6&t a
Of f set axdsd4r
Reset

Out putDaRteagad tBjt eC
ess.:

(

@x@0! 0weD:0 0

Fi el ( Na me R/

w Description

31:0 OuUT3 R/

W Out lCitpher t1@Xxt 96
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24  Cyclic Redundancy Check Computing Unit
(CRC)
241 I ntroduction
The cryedimdancy check (CRC) comnrppiut i OhRgC uni t c
computing result by calculating the input da
polynomial, which is mainly used to detect o
of the data aftengtransmission or savi
242 FunctiDesalbi ption
2421 Cal cul ati on met hod
Use GRC (Ethernet) polynomial: 0x4C1 1DBY
(( XF X& XRF X XGEXF XL XE R+ X+ R+ X+ X+ X+1)
2422 Cal cul ating Ti me
The calculation time is four AHB clock ¢
2423 Functi onal characteristics
, Procelistei t amidt 3dRat a
, Programmable CRC initial wvalue
., Independent ihidut/ out put register
., It can be usegdrgposet Bergli st er for tempor
storage
., Reversible option of | /O dat a
., The data width can be dynamimbealrl ywyfadj ust
ti mes of calculating and writing
, The high and | ow bits of input data can
di fferent data storage met heddi dbyte, ha
and -eondgi an system)
., Word or byte cal cul at inodni ncga no nb et hpee rdfiofrfnee
data formats written
., Have input buffer to reduce wait cycl es
CRC wunit <coittairnesada/ vBr2i t e register CRC_DATA,
data and give CRC computing results. Every t
resul t wild.l be a combination of the | ast <cal
result (Execute operation for the whole word
ri gghti gned hal falwgmaedormyrtieght whil e other regi
access 32 bits.
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243 Regi sAdaelmr eMasp pi ng

Tab3& RC Regi ster Address Mapping

Register na Description Of fset add
CRC_DATA Data registenr 0x00
CRC_I NDATA I ndependent dat 0x04
CRC_CTRL Control regis 0x08
CRC_I NI TVAL CRG nitial val uce¢ 0x10

244 Regi guect i Densaclri pti on

2441 Data register (CRC_DATA)
Of f set addr ess: Ox00O0
Reset val ue: OXFFFF FFFF

Fi elNamg R/ W Description

32bit Dat a
31:| DATAR/WAs an input register: Store tvarei tnier
As an output register: Return the

2442 Il ndependent data register (CRC_I NDATA)

Of f set addr ess: Ox04
Reset val ue: Ox0000 O0O0OO

Fiell Name|l R/ W Description

Il ndepenietnt D&t a
Can be useenpofroarr y sbtydrea gdeataoaf. 1

CRC rest generated by RST bit of
on this register.

7: 01 NDATR/ W

31: ¢ Reserved

Note: This registeCR@@écunatt itomkeanglarctani st or e

2443 Contr ol register (CRC_CTRL)
Of fset addr ess: 0x 08
Reset val ue: Ox0000 0O0OO

Fi el Name|R/V Description

Reset CRC Calculation Unit
Set the data register to OxFFFF FBH
0 RST | R/ automatically cleared to 0O by hard
0: I nvalid

1: RBRegtster CRC_DATA

any

4: 1 Reserved
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Fie|l Name|R/V Description
Il nput Data Reverse
Reverse the input data in differen
00: Not reverse
6: 5 REVI|R/YV
01: I'n byte
10: l-mo rhaa | f
11:f windr d
OQut put Data Reverse
7 REVO|R/ V0: Not reverse
1: Reverse
31: Reserved
2444 CRA nitial Value Register
Of fset address: 0x10
Reset val ue: OXFFFF FFFF
Fi el Nameg R/ V Description
I nitial CRC Value
31:|VALU R/WThe CRC initial value is programma
value of CRC.

www. geehy. com
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25 Real-Time Clock (RTC)

251 I ntroducti on

The RTC condmmd andedB&«HDobd, time, and date regi
with their corresponding alarm registers. It
and time compensati on.

252 MaiGharacteristics

(1) Timebase unit

(2) Clock calibration

(3) Subsecond, time and date

(4) Time error compensation

(5) Alarm (subsecond, time and date mask)

(6) Multiple interrupt control

253 StrucBlurdgkagr am

Fi g9RTC Structure Block Diagram

Calendar

HSECLK/32— \ RTCCLK

Asynchronous Synchronous

pre;g_étller —> prescaler @)_;Tirp:g?;irdate
LSICLK—> I 15hit

Alarm

Alarm » ALRAFLG

254 FunctiDesablbki ption
2541 Ti mebase uni't

Cl ock source

RTC has two clock sources RTC_CLK:
, I nternal LSICLK
External HSECLK cr3yXdtal dedcfltkegtuencwith

5

Di fferent c¢clock sources are configured via t
RCM_RTCCTRL rtehgei sQleorc kofControll er (RCM).

Prescal er
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25.4.2

C

The power consumption of RTC peripheral shou
possible. Considering the poweirt consumpti on,
asynchronous presbhaltesyhARSC ocmmdisl pPprescal er S
used in RTC.

RTC_CLK first pasgashtbnoughpthbhecal er, and t
frequency division reaches the synchronous p
reasonably configured to generate a 1Hz <cl oc
prescaler is wused, it is suggresstheadultch abte t he
adjusted as high as possible to reduce power
prescaled value can also be used as the relo

Clock calibration

ock synchronization

RTC can realize clock sgxtcéropiebigbonaccord
cdack and the register RTC_SHIFT. The deviatio
external clock is detected mainly by acquiri
time period twice. Since the synchronous pre
val utthefsubsecond counter, and the SFSEC bit
works in the subsecond counter, the SFSEC bi
the RTC clock and increase or decrease sever

RTC digital calibration

25.4.3

WWwWWw.

RTC USRI C2LK as a calibration cy!ddréd®dby def aul
RTC_CLK can be set as a calibration cycle th
CAL8CFG.

When LSICLK is used as RTC_CLK c¢clock source,

can be 32 s, 16 s or 8 s.
16 s calibration cycle: tflae hardware set
8 s calibration cycle: thM@hardware sets
Take 32 s calibration cycle as an example, t
or reduce some RTC_CLK signals in the calibr

When RECALF is used, the RTC_CLK is redu
RTC_CLK cycP®RFCeCeKyc¥cl es.
WhehCALHKEBN used and | CALFEN=1, one RTC_C|
everrlRTZ _CLK

WheRECALEKB used and | CALFEN i s ienabled, (
RECALF) RTC_dled a&nv&RiMad TL K.

RTC Write Protection

I n order to prevent counting exception cause
adopts write protection mechanism. Only when

geehy. com Pag&55



25.4.4

can the register with wratedprotection funct

After -opnoweRTC register wil/l enter the write p
the protection cannot be removed by system r
removed by writi ndyx @dpredcx B30 Kehyewaredgs st er
RTC_WRPROT. I f other keywords are written, R
write protection.

Cal endar Register

RTC has subsecond, time and date shadow regi
are RTC_SUBSEC, RTC_TI ME and RTEnDATE respec
calendar can be obtained by accessing the sh
from the calendar register. The time system
selected by TIMEFCFG bit of configuration re

RTC updates the sbetdeswthegiféttgrbanhdRSFLG eve
RTC _CLK cycles. When waking up from the stop
the shadow register wildl not be updated, whi
RTC_CLK cycles. The reset of shadow register

The shadow registerapgss synchronized with f

The way to read the calendar can be selected
register RTC_CTRL.

RCMCFG=0, read the calendar from the shadow r e

In this mode, it apgpCtftmenrded to set f

Af ttéhre shadow register is updated, the flag b
software can read the date only after the bi
is read, the RSFLG flag should be cleared ma
reading of caleqgudiaredatlt aeread ilkershadow reg
calendar obtained twice is the same, the cal

When waking up from stop or standby mode, si
updated, the RSFLG flag should be cleared im

RCMEG=1, read the calendar from the calendar c
Whenpeli s | es sprrtdmrmn t7rd system waadwsr up from |
mo d e, it is recommended to read the calendar

counter.

I f RSFLG flag bit i s naatt esgtustto alt when srt eagcei
change of calendar counter, it is required t
is also advised to read the calendar counter
val ue is the same t wice, it means that the <c
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2545 Ti me Compensation

seasonal
able for
me fl ag.
rtowh needs.

Due to
more sui-t
summer ti

accordhapg

By
increase
nter ti
summer ti

setting STCCFG bit

by 1 hour; by
me wi | |
me i s

Wi
set .

2546 Popgrammabl e Al arm

As RTC i

a l

a-trienel cl ock,
arm configuration

al
and
al

when

Configure the
RTC_ALRMASS,
period of the
triggered only
ti me, the
processing

t he al

ar m.
wi | | be

écetc odnckss t he t i me
prescaler

Sel
synchronous
Not e: A

reset calusred éwe mtn

2547 RTC Reset

t he
RTC

Certain bits in
RTC_DATA) and the
values by

foll
ar e

t he
and

I n
domai n
Regi ster,
RTC Catliiobnr aRegi st er

contrast,
reset

RTC domai n
are set

When an

registers to

255 Regi Addr eMasppi ng

Tab83®RTC Register

changes,
dai |y
Users

of
setti
decrease

regi ster

arm and

period
val
RXTICt i ng

status
aldmavesdtabd eursyesg.

o Wi

reset
their

ti me
needs.
can

t he

ng
by 1

ntegrates
and

al

arm mask
Af ter
t he

t he

of th

ue i s
Standby

ng

occur s,

Addr ess

choose

register
WTCCFG bit
hour .

al

arm mask

al
concerned
alfrmhél agai mm seterftupt is
triggered.

greater

regi sters
unaffected
RTC Contr olPrResgcRaslteerst E RTCRTTREHC) ,
(RTC_CAL), R
Al arm A RedgAIsRMASESRERCRMA

reset

compensation i
RTC i

ntegrate
whet her t

RTC_CT
of

BAKP f

arm functio
al arm mask

t hrough t
informs RTC
arm functio

time perio
enabl ed

and
t han
wi ||

e al ar m,

mo d e not

sha8dUBWSE@REE€dalr MEggasder
regi ster

(RTC_S

are res
by a system

TC Shift Regi

t he
v al

RTC
ues.

sto

Mapping

Regi ster na Description

Of f set

addr

RTC Ti me

RTC_TI ME Regi

0x00
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Regi ster na Description Of fset addr
RTC_DATA RTC Date Regi 0x04
RTC_CTRL RTC Control R € 0x08
RTC_STS RTC Status Re( O0x0C
RTC_PSC RTC PreReai £t e 0x10
RTC_ALRMA RTC Al arm A Re Ox1C
RTC_WRPROT RTC Write Proted O0x24
RTC_SUBSEC RTC Subsecond H 0x28
RTC_SHIFT RTC Shi ft Reg 0x2C
RTC_CAL RTC Calibratiof 0x3C
RTC_ALRMASS] RTC Al ar m A R3:ughisse O0x 44
256 Regi Ftiect iDensaclri pti on
256.1 RTC Ti me Register (RTC_TI ME)
Of fset address: 0x0O0
Powem reset value: 0x0000 OOOO
System reset value: OX XXXX XXXX
RTC_TIME is date time shadow register, and t
initialization mode to be put in write prote
Fiel Na me R/ W Description
3:0 SECU R/ WSet the value of the second uni
6: 4 SECT R/ WSet the value of the second ten
7 Reserved
11: Ml NU R/ WSet the value of the minute uni
14: 1 MI NT R/ WSet the value of the minute ten
15 Reserved
19: 1 HRU R/ WSet the value of the hour wunits
21: 7 HRT R/ WSet the value of the hour tens
Ti me For mat
22 TI MEFC| R/ WO0: AM-hoorur24system
1:.PM
31: 7 Reserved
256.2 RTC Date Register (RTC_DATE)
Of fset addr ess: O0x04
Reset val ue: O0x0000 2101
www. geehy. com Pag&58



RTC_DATE is date shadowrreggdgisdteer cammnde writt
initialization mode to be put in write prote
Fiel Na me R/ W Description
3:0 DAY U R/ WSet the value of the day wunits
5: 4 DAYT R/ WSet the value ofsttoreedddyn tBeCrDs fd
7:6 Reserved
11: MONU R/ WSet the value of the month wunit
12 MONT R/ WSet the value of the month tens
Week Day Units Select
000: Disable
001: Monday
15: 1 WEEKSE| R/ W
010: Tuesday
|.
111: Sunday
19: 1 YRU R/ WSet the value of the year units
23: 2 YRT R/ WSet the value of the year tens
31: % Reserved
256.3 RTC Contr ol Register (RTC_CTRL)
Of fset address: 0x08
Powem reset value: 0x0000 00O0O
System reset value: OX XXXX XXXX
Not e:
(1) The bits 7, 6 and 4 of this register can be written
(2) 1t is not recommended to rehwrurtse itrhitsh e edyatsda eirn owheeans €
is because the correct increment of hours may be masked.
(3) The written values of STCCFG and WTCCFG will take ef/
(4) This register is wunder write protection.
Fie Name‘R/V‘ Description
4: 0 Reserved
Read Calendar Value Mode Configur
0: The calendar valwue is read fradg
register is updated every two RT(
5 RCMCF(R/V _
1: The calendar value is read frqd
I f the cl ock f rleagweern ctyh aorf sAe€PBeln i ts
frequency, RCMCFG must be set to
Ti me Format Configure
6 TI MEFCQR/ VO: -204ur / day f or mat
1: AM/ PM time for mat
7 Reserved
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Fie Name | R/ V| Description
Al arm A Function Enabl e
8 ALREN/ R/ V0: Disabl e
1: Enabl e
11: Reserved
Al arm A I nterrupt Enabl e
12 ALRI E|R/ VO0: Di sabl e
1: Enabl e
13 Reserved
Wakeup Timer Interrupt Enabl e
14 WUTI E|R/ V0O: Disabl e
1: Enabl e
15 Reserved
Summer Time Change Configure
The bit will always be 0 in theh
16 STCCEl W initiali?ation mode, the date tinrn
0: I nvalid
1: The current time increases by
change
Wi nter Time Change Configure
The bit will always be 0 in the T
initialization mode, and HRx of R
17 WTCCF( W invalid, and if HRx is not O, t h e
0: I nvalid
1: The cudermasdebontey o calibrate
change
Backup Value Setup
18 BAKE |[R/VThis bit indicates whether the s
by the user.
31: Reserved

2564 RTC Status

Regi ster

(RTC_STS)

Of fset address: 0xO0C
Powem reset value: 0x0000 0007
System reset Ox XXXX XXXX
This register (except RTC_STS[13:8] bit)
Fiel Name R/ W Description
Al arm A Write Flag
When ALREN=0 for RTC_CTRL, t he
0 AL RWF R andits bit widbly bharsevtarto
G This bit is cleared by hardwar ¢
0: Alarm A cannot be updated
1: Alarm A can be updated
2:1 Reserved
www. geehy. com Pag260



Fiel Name R/ W Description
Shift Operation Pending FIl ag
0: Not occurred
1: Occurred
3 SOPFL R This fmmgdiately set to 1 by hag
is initiated by writing to the
hardware upon completion of the
Writing to the SOPFLG has no ef
Datleni ti alization State FIl ag
I NI TS When fy daéfri el d in te thise bbstnw
4 R hardwar e.
G 0: Not occurred
1: Occurred
Date and Shadow Registers Synch
Fl ag
When the content in the gdhmadcowe
registers (RTC_SUBSEC, RTC_TI1 MH
set to 1 by hardware; when shif
5 RSFLQRC_W|(SOPFLG=1) or is in the mode tRh
(RCMCFG=1), this bit is cleared
tihs bit can also be cleared by
This bit is cleared by hardwar e
0: Not synchronized
1: Synchronized
Date Register Initialization FI
RI NI T This bi tilgi sRTsCeti st on initializa
6 R and prescaler registers can be
G 0: Not initialized
1: Initialized
I nitialization Mode Enabl e
0: Free running mode
7 I'NI'TE R/Wi1: Jnitialization modeRTCi_tT|dvkEn
RTC_DATE and RTC_PSC. The count
I NI TEN i s reset, the counter wi
Al arm A Match Fl ag
8 ALRAFRC w/When RTC_TIME and RTC_DATE matc
G - RTC_ALRMA, this rfdlweag ei,.s set by
This flag can be cleared by wri
15: ¢ Reserved
Recal i bration Pending FIl ag
RCALP When the software writes to RTA(
16 R automatically, and the RTC_CAL
LG This bit wildt hreert unrenw Oc aMhiebnr at i
perfor med.
31:1 Reserved

2565 RTC Prescaler Register (RTC_PSC)
Of f set addr ess: Ox10
Powe®m reset val ue: Ox007F OOFF

www. geehy. com Pag261



System reset: OXx XXXX XXXX
The register can only be writitentialthetiaont
must be completed by two independent write a
write protection state.
Fiell Name R/ W Description
Synchronous Prescaler Coefficie
14: ¢ SPSC R/ W
ck_spre frequency=ck_apre frequ
15 Reserved
Asynchronous Prescaler Coeffici
22:1 APSC R/ W
ck_apre frequency=RTCCLK freque€
31: 2 Reserved

2566 RTC Al arm A Register (RTC_ALRMA)
Of fset address: 0x1C

Powem reset value: 0x0000 00O00O
System reset: OXx XXXX XXXX
This regiwtéetteanobéey when ALRWFLG of RTC_ST
initialization mode, and it is in write prot
Fie Name | R/ V Description
3:0 SECU |R/VSet the value of the minute unitd
6: 4 SECT |R/ V|Set the vaéwuendftéehmhe digit, stor€g
Al arm A Seconds Mask Enabl e
7 SECMENR/ V0: Ifettmatches, set Alarm A
1: Mask thefsefcfomal uef onhd&l arm A
11: MI NU |R/ V|Set the value of the minute unitg
14: MI NT |R/ ySet the value of the minute tens
Al arm A Minutes Mask Enabl e
15 MI NMEIR/ VO0: Iffni breeet ches, set Al arm A
1: Mask thefmefnfoeaet uef onbhhal arm A
19: HRU R/ V|Set the valweiofs dhihgihoumstored
21: HRT R/ VfSet the value of the hour tens di

22 | TI MEFC

Ti me Format Configure
R/ V0: AM-hoorur24system
1:PM

Al arm A Hour Mask Enabl e

23 HRMEN|R/ VO: |Ifiobmeet ches, set Alarm A

1: Mask thefmeofotracteodntAlearm A
27: DAYU |[R/ |Set the value of the day units d
29: DAYT |R/ V|Set the value of the day tens di g

30 | WEEKSHE

Date Select
0ODAYU means days

1: DAYU means the number of weeks§g
invalid.

R/ V
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Fie Name | R/ V| Description
Al arm A Date Mask Enabl e
31 | DAYEMER/ VfO: | f the date/ week matches, set
1: Mask the effect of the date/ wg
256.7 RTC Write HMRRregtiesdteiron RTC_ WRPROT)
Of fset address: 0x24
Reset value: 0x0000 00O0O
Fi el Namg R/ W Description
Write Protection Key Value Setup
This byte is written by software;
15 KEY W 'write O0xCA and O0xr5e3moivne stehgeu ewrciet et of
RTC register; when writing other -v
protected state.
31: 1] Reserved
2568 RTC Subsecond Register (RTC_SUBSECQC)
Of fset address: 0x28
Reset value: 0x0000 O0O0OO
Fie Name| R/ V Description
Sub Second Value Setup
SUBSEC is the value of synchronousg
by the following formul a:
15:|SUBSE R |Subsecond va3WRSHEG)P/SCSPSC+1)
After one shift operation is perfaqda
SPSC. The correct time/date i s ong¢g

RTC_TI ME/ RTC_DATE.

31: Reserved
2569 RTC Shift Register (RTC_SHIFT)
Of fset address: O0x2C
Powem reset value: 0x0000 OOOO
System reset value: OX XXXX XXXX
This register istamewrite protection
Fie Na me R/ V Description
Subtract a Fraction of a Second
This bit bhelkhd rsadingethis byt ¢
to this bit are ignored when an
The set SFSEC value will be addgq
counter. | f the counter counts
the delay time is determined by
14 - SEsec| w Del ay (seconds)=SFSEC/ (SPSC+1)
Wh e it takes eff eictth aAtD Di1hSeE CsEaNm €
t he l ock and a fraction of a sg¢

c

value is determined by the folld

Advance(se€SRFR&EELCE(BPSC+1)))

Conduct write operation to this
S
e

The okewaserunning until RSFLG
val u of the shadow register is
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Fie Na me IR/VI Description
30: Reserved
Add One Second Enabl e
0: Not add
1: The clock/ date increases by d
31 |ADD1SEC W |This biwribtheeyd reading this byt ¢
to this bit are ignored when an
When it takes effect at the samg
the value of fhactlookobya secor

25.6.10RTC Cal i

Reqit st oemr ( RTC_CAL)

Of fset address: 0x3C
Powem reset value: 0x0000 0000
System reset value: OX XXXX XXXX
This register is in write protection state.
Fie Name | R/ V Description
Reduced Calibration Frequency
Reducefdageency: Mask RECARTRCCLWK g
8: 0 RECAL|R/ Vpulses (32sec if the output freqy
frequency will be reduced (the rg
frequency: I't takes effect at t heé
12: Reserved
16 Second Calibration Cycle Peri (
13 CALlBCR/VWhen CAL16CFG i-ssecsernd tmalli,brlet i on
it cannot be set to 1 at the samg
When CAL16CFG=1, RECALFI[ 0] is al
8Second Calibration Cycle Period
14 CAL8CFR/VWhen CAL8CFG isse csoentd tcoalll,br8at|0n.
cannot be set to 1 at the same ti
When CAL8CFG=1, RECALF[ 1: 0] i s al
I ncrease CalighrattiyoEnabl e
0: RTCCLK pulse is not increased
1: One RTCCLK pulse is increased
ppm) eVpulys s
15 I'CALFER/ V| ¢ takes effect at the same ti me
is high, the date freéehgeenopuwi fF
32768 Hz, the number of RTCGL&Kc @n
window is determined by the f70TII
RECALF.
31: Reserved

256.11RTC Al

Of fset address: 0x44

Powem reset value: 0x0000 O0O0O0O

System reset Ox XXXX XXXX

This register can be written only when

is in initialization mode

This register is in write protection state.
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arm A Subsecond

Regi ster

(RTC_ALR

ALREN



Na me

R/ V

Descroinpt i

14:

SUBSE

R/ V

Sub Second Value Setup
The subsecond value is compared w
prescealuenrt er t o determine whether
the bits fromlOane MASKSEL.

2 3:

Reserved

27 :

MASKSE

R/ V

Mask thei ¢Moisti cant Bits Starting

0000 Al arm A is not c omphaerne d.h eT hsee
increases by 1

0001: When comparing for Alarm A,
only SUBSEC [O0] is wused.

0010: When comparing for Al arm A,
only SUBSEC [1:0] are used.

0011 When compAdrairmg Awi tSHUBSEC [ 14:
only SUBSEC [.2: 0] are used

e

1100 When comparing with Alarm A,
only SUBSEC [11:0] are wused

1101 When comparing with Alarm A,
only SUBSECup&d: 0] are

1110 When comparing with Alarm A,
SUBSEC [13: 0] are wused

1111: When A@ampnaAind5 SUBSEC bits
the alarm can be activated only w

The synchronous c(oBiintt elr5)o viesr rruenv eb
is not O only after shift operati

31:

Reserved
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26  Hash Algorithm (SHA256)

261 I ntroducti on

SHAR56 (Secure Haslthi tA) gios i @ henr 2 ptogr aphi c has
a part o2 fhbntS#Hder at i-2HP6 amo SHIAe i nt o an MCU,
provides the system with efficient and secur
and can be apeprieileadt eidn ssceecnuarriitoys such as dat a

verification, digital signaaruea eismp laennme nptaastsiwoor
of th€58HAl gorithm significantly improves <co
to software i mplementation while reducing th
message |l ength is 63 * 256 bits, with each m

512 bits.

26.2 MaiGhaacteristics

(1) Supports little-endian mode (0x6463 6261).
(2) Supports the SHA-256 algorithm.
(3) Supports segmented transmission.

The HASH computation module processes one data block at a time. If
the message length exceeds the size of one data block, the message
must be divided into multiple blocks for processing. The computation
can be performed through multiple transmissions of message data;
however, the first several transmissions must consist of complete data
blocks, and the final data block must be padded. The total message
length is transmitted with the last block.

(4) Supports single-block computation only.

During multi-block computations, the result from the previous
computation must be loaded into the DIGEST register for the current
hash calculation.

263 Regi Addr eMasppi ng

Tab9@HA Register Address Mapping

Register na Description Of fset a
REV_REG Ver sion Registerq 0x00
CTRL_REG Control registe 0x04
STAJNS REG Status register 0x08
BLKCNT _REG Bl ock Number Regi 0Oxo0C
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Register na Description Of fset a
DI LH_REG DILH Register 0x10
DI LL_REG DI LL Register O0x14
DI N_REG I nput Data Regi s 0x18

DOUT_HO_REG Output Data Regis 0x1cC

DOUT_H1_ REG Out put Data Regis 0x20

DOUT_H2_ REG Out put Data Regis 0x 24

DOUT_H3_REG Output Data Regis 0x28

DOUT_H4 _REG Output Data Regis 0x2C

DOUT_H5 REG Output Data Regis 0x30

DOUT_H6 _REG Output Data Regis 0x 34

DOUT_H7_REG Out put Data Regis 0x38

DOUT_H8 REG Output Data Regis 0x 3C

DOUT_H9_ REG Output Data Regis 0x40

DOUT_H10_RE Output Data Regis 0x 44

DOUT_H11_RE Output Data Regis 0x48

DOUT_H12_RE Output Data Regis 0x4cC

DOUT_H13_RE Output Data Regis 0x50

DOUT_H14_RE Output Data Regis 0x54

DOUT_H15_RE Out put Data Regis 0x58
DI GEST_REG IV Register 0x5C

264 Regi Fuiect ibensaclri pti on

2641 Ver si on RrREOMBEE@)r (
Of fset address: 0x00
Reset valwue: 0x0001 0000O
Fielag Name R/ W Description
Mi nor revision
7:0 MI N R .
I ndi catRaTd mdmfnogre se x(mlmapt o rcmme
Mi ddl e revision
15: 8 MI D R . . S
I ndi cat esi nfviirsmwaree RTL changesg
Maj or revision
23:14 MAJ R
I ndi cat esi nfviirsmwaree RTL changesg
31: 24 Reserved
2642 Contr ol Register (CTRL _REG)
Of fset address: 0x04
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Reset value: 0x0000 O0O0OO
Fie Na me R/ W Description

Start a New Operation
0 OP_STA| R/ WOP_START must be set to high aff

written. OP_START will be cl ear g
Whet her tQ@P ElhGMB teer rupt
1 I E R/ WO0ODi sabl e

1: Enabl e

Hash Al gorithm Type
5: 2 TYPE R/ W 2: SHA_256
Ot her s: Reserved

Hash I nitial Mo d e

6 I NI Mg R/ W O: Initialization mode
1: Niomi ti ali zation mode
Hash Pad Mode

7 PAD MO| R/ WO: Pad mode

1: Npad mode

31: Reserved

2643 St atus REBFABS RE)G (
Of fset address: 0x08
Reset value: 0x0000 00O0O
Fie Name | R/ W Description

Operation Done

OP_DONE is read as 1 when the op
the start of a néwooPerBONEnNcI!| &a
OP_DONE and | NTR.

0 |OP_DON R/ W

Hash Busy
BUSY¥s 1 when the Hash oper atBWwShy

1 BUSY R . o )
is 1, anynféegusteéi on or attempt
be ignored.
2 I NTR R Cal cul ation Completed I nterrupt
31: Reserved

2644 Bl ock Number LRKeCHNTs tlReErG ( B
Of fset address: 0xO0C
Reset value: 0x0000 0001

Fiel Name R/ W Description

Message Blocks to be Processed

5:0 BLKN R/ W|The block | ength is 512 bit-blo
computation.

31: 6 Reserved

2645 DI LH Re @il 4tHe RE@G)
Of f set addr ess: Ox10
Reset val ue: Ox0000 O0OOO
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Fiel Na me R/ W Description

Length of Input Message High 3
31: 0 DI LH R/ W
Used only for the final oper at

2646 DI LL Re®i st eREG)
Of fset address: O0x14
Reset value: 0x0000 00O0O
Fiel Na me R/ W Description

Length of Input Message Low 32
31: 0 DI LL R/ W

Used onlfyi fa@alr omMeration, in bi

2647 | nput Dat aDIRNgREGer (
Of fset addr ess: 0x18
Reset value: O0x0000 O00O0O
Fiel Name R/ W Description

31: 0 DI N W Il nput Message Register

2648 Out put Dat a DREWIHyt (RIEGY L H F O
Of f set addr ess: O0x1C+4y
Reset ®x0@@0 00O00O0

Fi el Na me R/ W Description
Out ut Message Regi ster

31: DOUT _vy R P g 9 y
Note: SHA256 uses HOF*MHY (0x1CH

2649 | V RegDbIsGEST (REG
Of fset addr ess: O0x5C¢C
Reset val ue: Ox0000 0O0OO

Fiel Name R/ W Description
I NI Mode DHiggl tf or
When the | NI _MODE signal i s as
31: 0 IV w
wi || be | oaded into the DI GEST
Not e: F»%56 SHIAhe DI GEST registe
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27  Chip Electronic Signature

271 I ntroducti on
The chip el ectroens cFlsdasgmadapeciitny liurdf or mat i or
memory and data me-motyuasqwel thap 08, which

written into the system memory area of the ¢
are naebhg and can not be modified by wusers.

272 Funct iDes gkttii on

Main usei ofcB®i6p | D:

, Used as serial number

., As the password, when writing the flash
password can be combined by algorithm to
codes in Fl ash.

., Used for startup configuration

., The r efneurnebnecre provi ded by the identity I
MCU series. Users cannot change the wunig
circumstances. According to different wus
read the identity |l abel in byte, half wo

27.3 Regi Fuiect i ensaclri pti on

2731 96it wunique chip 1D
Base address: OX1FFF F440
Of fset addr ess: O0x00

Fie Name | R/ V Description

31:|U_ID[ 3 R Uni que | dentifier bits 31:0

Of fset address: 0x04
Readanly, the value has been pr.epared before |

Fie Name R/ W Description

31:|U_I D[ 6 R Uni que I dentifier bits 63:32

Of fset address: 0x08
Readanly, the value has been pr.epared before |

Fie Name | R/ W Description

31:{U_I D[ 9] R Unique I dentifier bits 95:64

2732 Fl ash mempagity register
Base addr ess: OX1FFF F44CcC
Of f set addr ess: Ox00O0
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Fie Name | R/ V Description
PFLASH Memory Capacity
15: | PF_SI R I ndicate the capacity of the main
Example: 0x0080 = 128 KB
DFLASH Memory Capacity
31: |DF_SI R I ndicate the capacity of data mem
For example: 0x0040=64 KB
2733 PI D register
Base address: Ox1FFF F450
Of fset address: 0x00
Fie Name | R/ V Description
Product Version
7:0 P_Vers| R
- O0x Al
. Product Series 1
15: P_Seri| R
- O0x01l: G32A1ABB4RA1065
Product Series 2
. O0x0: G32A1065
23: ] P_Seri R
- 0x01: G32A1085
0x0k G32RA10
31: ] Reserved (0x00)
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28 Revision History

Tabd9®ocument Revi

sion History

Dat e Ver si Revision History

Febr ey 1.0|0 Initial release

0o Corrected the I C2 mapping fo

configurations) in TMR regist

o Corrected the rising andcClalPld

bits (01 and configuratiorn

O Corrected the number of pul sg

Apri |l 2¢( 1. 1 chapter and ibration regi g

0 Removed CMU

O Corrected the falling edge dg¢
0O Corrected the

HSI 14RDYFLG bit

clockndedcsipti

frequency thresh
related registers (RCM_FHCR,

in RCM_I NT1

© Modified the
May 202 1. 2 © Modified the
onl y.

mi ni mum operatin
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