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1. System and memory architecture
Th&D32E50s2%xxi es -hdrte gbhhepabe microcontrolfers be
Cor X3 processboQor (B3 Hrrmmcessor includes two Al
Code and System buses. All ECoomdME3 apcosessonfl a
executed on these two buses according to the d
spacée. memory organizati on us edsefai nHead vnae ndo rayr cnhma p
up to 4 GB of memory space, making the system f|

1.1. ArmE CortexE-M33 processor

The CBM32xprocesshort ipsr oce3X3or that ptosseyw sansd | c
| oo st debug. The <characteristics of E-MBB8grat e
processor suitable for market products that req
and | ow power consf®iuvd3 immac eihxeorCoirmvekasedhionethe

and supports a power ful and scalable instructio
control tasks, advanced data processing bit fi
peripherals |isted bel o##M&a3e also provided by C.
A Internal Bus Matrix connected with Code bus, System bus, and Private Peripheral Bus
(PPB) and debug accesses
A Nested Vectored Interrupt Controller (NVIC)
A Breakpoint Unit (BPU)
A Data Watchpoint and Trace (DWT)
A Instrumentation Trace Macrocell (ITM)
A Serial Wire JTAG Debug Port (SWJ-DP)
A Trace Port Interface Unit (TPIU)
A Memory Protection Unit (MPU)
A Floating Point Unit (FPU)
A DSP Extension (DSP)

The foll oWi gglflETihgeurset ruct ur e EMB33t pbeoGbhewskt he
ArfCor &-MX3 processor block diagram. F&€omber inf
M33 Technical Ref erence Manual
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Figure 1-1. The structure of the Cortex®-M33 processor
Cortex-M33 processor
Cortex-M33 core
Nested
Interrupts Vectored Floating Point
< > Interrupt (@ Unit(FPU) <
Controller
(NVIC) DSP Extension
f A A
A A 4 A 4
. Data
Breakpoint Memory '
Unit > Protection |€P VX?E'C.??:S;I <
(BPU) Unit(MPU) (OWT)
[y 1 ! S
¢ \ 4 ¢ J 4
Serial-Wire
Or JTAG AHB Instrumentation Trace Port
Debug Port P Accessport € BusMatrix |4 Trace Macrocell <«—T¥| Interface Unit
(SWDP or (AHB-AP) (IT™m) (TPIV)
SWJ-DP)
y A A
I vy
o System v }
AHE-C AviB-Lite
Serial-Wire or interface _Stys;em CoreSight PPB APB
interface
JTAG Debug ROM table Debug system
Interface .
interface
NotARlLt houGb32B®8G2XxXx es has an I TM modul e, it
of trace dat a.
1.2. System architecture

ua.

doe:

A D3t multilayer busGD32EMpZEeimeersed whnchhenabl
access paths between multiple masters and sl aves:s
of an AHB interconnect matri x, one AHB bus anda
relationship of the AHBni beéoewonhactifbhaido ichad iessn g
the corresponding master is able to access t h
interconnect matri x, while the blank means the
corresponding sl avteertdhamrugdt trhaet rAiHB. i n
This architecTabkri Blushewnohnhnection MatriXx
Tabl-k Blust erconnection Matrix
CBUS SBUS DMAO DMA1
FMC 1 0 1 1
SRAM 1 1 1 1
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CBUS SBUS DMAO DMA1

AHB1 0 1 1 1

AHB2 0 1 1 1
As i s shown above, there are several masters co
including CBUS, SBUS, DMAO and DNMAIt-&MREBUSoire,t h
which is used for any instruction fetch and dat

is the system bM33 ocdotde WhirclkxiEs used for instr
l oading/ storing and debuegiiomnmngs .acTchees ss yosft enh er esgyisd
internal SRAM region and the Peripheral region.
and DMAl1l respectively.

There are al so nsreevcetread vsiltalhv etshec oAHB i nterconnec
SRAM, AHB1, AHKB2.heFMQis interface of the {1l ash n
chip static random access memories. AHB1 is the
slaves except GPI O. AHB2 is the AHB bus connect e
the two APBnédauatsed wiot h al l of the APB sl aves.

The two APB buses connect with salup tthodA PBBAPNBH zp er
operates at full speed (up to 100MHz depending

These are interconnected using a mulkrtiiguxldeer AHB
Series ayshéeme GIDBR2ES5dfexxbed o w:
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Figure 1-2. Series system architecture of GD32E502xx series
LDO
1.1v
TPIU SW GPIO Ports
oo A B.C.DE —1 POR/PDR
ARM Cortex-M33
Processor > C/SBus
) I SRAM —  LVD
Fmax 100MHz & > Controller K—>| SRAM
2 ®
o Z
SBus % s Flash Flash — BOR
x Memory M as
NvIC Controller emory PLL
-
Fmax: 100MHz
GP DMAO @
7chs ():D < AHBL: Fmax = 100MHz > AL
GP DMAL @ @ @ | 2-40MHz 1€—
7chs
DMAMUX AHB o ¢ ’\'f AHB o RST/CLK IRC8M
APB R APB Controller 8MHz
Bridge 2 C C || Bridge 1
o
M | IRC4oK
Powered by LDO (1.1V) 40KHz
{—) PMU LXTAL
< @ — 32.768kHz
12-bit ADCO <#>| FWDGT Powered by Voo/Vooa
SAR ADC
SAR ADC
< » USARTO |<#>
< > SYSCFG k#) RTC |«
12C0~1 |« >
N @
T H<#>| USART1~2 [« >
g 7
< > CMP i £
B A <#>| SPIL/I2S1 [« >
8 3
2 g
I I
< » TIMERO |<#>N N
<#>| TIMER5~6 |« >
< > TIMER? |<#>
< > TIMER19 |<#>
< > TIMER20 |<#>
<#>| TIMERL [« >
< » TRIGSEL |<#> DAC |« >
< > CANO-1 |<#>
1.3. Memory map
The RA€Cmr X3 processor is structured in Harvar
separate buses to fetch instructions and | oad/

regi anedr ¢/ O ports

t he

ma X i

mu m

addr ess

ar e

or gan iGbeyd ewiatdhdirre stsh es psaacmee
EM8Bgesiofcet hdeChbutsexadtdr ess
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Addi ti onallelfy,neal pmreenor y map

the software

s ome
modi fied.
0 fGD 3 2 E5 0d2exvxi

regions
However, t he
sbows the

Code, SRAM,
1KB of

space. Thi s

complexity of

Table 1-2. Memory map of GD32E502xx devices

ot her

i SE-M3 30 vp rdoecde sbsyo rt hteo O
repeated
areft QeridM3uBy stylsed ehr nper i pher al s
reghblezn s Mamer gvambaba

i mpl ement at

me mo IGYD 3 R&p dkekvi tcle e
peri pheefalne@ande pittvper phlerac atl
al |l dwes odii mpgl iffoyi r@cthhe@ ead prhe

Pre-defined .
. Bus Address Peripherals
Regions
Cortex M33 internal
OxE004 4400 - OXEOOF FFFF )
peripherals
OxE004 4000 i OxE004 43FF DBG
Cortex M33 internal
0xEOO00 0000 i OxEO004 3FFF )
peripherals
External RAM 0x6000 0000 - OX9FFF FFFF Reserved
AHB1 0x5000 0000 - OX5FFF FFFF Reserved
0x4800 1800 - Ox4FFF FFFF Reserved
0x4800 1400 - 0x4800 17FF GPIOF
0x4800 1000 - 0x4800 13FF GPIOE
AHB2 0x4800 0CO00 - 0x4800 OFFF GPIOD
0x4800 0800 - 0x4800 OBFF GPIOC
0x4800 0400 - 0x4800 07FF GPIOB
0x4800 0000 - 0x4800 03FF GPIOA
0x4003 8C00 - Ox47FF FFFF Reserved
0x4003 8400 - 0x4003 8BFF MFCOM
0x4002 3400 - 0x4003 83FF Reserved
0x4002 3000 - 0x4002 33FF CRC
0x4002 2400 - 0x4002 2FFF Reserved
Peripheral
0x4002 2000 - 0x4002 23FF FMC
AHBL 0x4002 1C00 - 0x4002 1FFF Reserved
0x4002 1800 - 0x4002 1BFF Reserved
0x4002 1400 - 0x4002 17FF Reserved
0x4002 1000 - 0x4002 13FF RCU
0x4002 0CO00 - 0x4002 OFFF Reserved
0x4002 0800 - 0x4002 OBFF DMAMUX
0x4002 0400 - 0x4002 O7FF DMA1
0x4002 0000 - 0x4002 03FF DMAO
0x4001 C000 - 0x4001 FFFF Reserved
0x4001 B0OOO - 0x4001 BFFF CAN1
APB2
0x4001 A000 - 0x4001 AFFF CANO
0x4001 8800 - 0x4001 9FFF Reserved
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Pre-defined .
Regions Bus Address Peripherals
0x4001 8400 - 0x4001 87FF TRIGSEL
0x4001 8000 - 0x4001 83FF Reserved
0x4001 7CO00 - 0x4001 7FFF CMP
0x4001 5800 - 0x4001 7BFF Reserved
0x4001 5400 - 0x4001 57FF TIMER20
0x4001 5000 - 0x4001 53FF TIMER19
0x4001 4CO00 - 0x4001 4FFF Reserved
0x4001 4800 - 0x4001 4BFF Reserved
0x4001 4400 - 0x4001 47FF Reserved
0x4001 4000 - 0x4001 43FF Reserved
0x4001 3C00 - 0x4001 3FFF Reserved
0x4001 3800 - 0x4001 3BFF USARTO
0x4001 3400 - 0x4001 37FF TIMER7
0x4001 3000 - 0x4001 33FF SPIO
0x4001 2CO00 - 0x4001 2FFF TIMERO
0x4001 2800 - 0x4001 2BFF ADC1
0x4001 2400 - 0x4001 27FF ADCO
0x4001 2000 - 0x4001 23FF Reserved
0x4001 1C00 - 0x4001 1FFF Reserved
0x4001 1800 - 0x4001 1BFF Reserved
0x4001 1400 - 0x4001 17FF Reserved
0x4001 1000 - 0x4001 13FF Reserved
0x4001 0COO0 - 0x4001 OFFF Reserved
0x4001 0800 - 0x4001 OBFF Reserved
0x4001 0400 - 0x4001 O7FF EXTI
0x4001 0000 - 0x4001 03FF SYSCFG
0x4000 DCOO - 0x4000 FFFF Reserved
0x4000 D800 - 0x4000 DBFF Reserved
0x4000 D400 - 0x4000 D7FF Reserved
0x4000 DOOO - 0x4000 D3FF Reserved
0x4000 CCO00 - 0x4000 CFFF Reserved
0x4000 C800 - 0x4000 CBFF Reserved
0x4000 C400 - 0x4000 C7FF Reserved
APBL 0x4000 C000 - 0x4000 C3FF Reserved
0x4000 8800 - 0x4000 BFFF Reserved
0x4000 8400 - 0x4000 87FF Reserved
0x4000 8000 - 0x4000 83FF Reserved
0x4000 7CO00 - 0x4000 7FFF Reserved
0x4000 7800 - 0x4000 7BFF Reserved
0x4000 7400 - 0x4000 77FF DAC
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Pre-defined
Regions Bus Address Peripherals

0x4000 7000 - 0x4000 73FF PMU
0x4000 6CO00 - 0x4000 6FFF BKP
0x4000 6800 - 0x4000 6BFF Reserved
0x4000 6400 - 0x4000 67FF Reserved
0x4000 6000 - 0x4000 63FF Reserved
0x4000 5C00 - 0x4000 5FFF Reserved
0x4000 5800 - 0x4000 5BFF 12C1
0x4000 5400 - 0x4000 57FF 12C0
0x4000 5000 - 0x4000 53FF Reserved
0x4000 4CO00 - 0x4000 4FFF Reserved
0x4000 4800 - 0x4000 4BFF USART2
0x4000 4400 - 0x4000 47FF USART1
0x4000 4000 - 0x4000 43FF Reserved
0x4000 3C00 - 0x4000 3FFF Reserved
0x4000 3800 - 0x4000 3BFF SPI1/12S1
0x4000 3400 - 0x4000 37FF Reserved
0x4000 3000 - 0x4000 33FF FWDGT
0x4000 2C00 - 0x4000 2FFF WWDGT
0x4000 2800 - 0x4000 2BFF RTC
0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF Reserved
0x4000 1C00 - 0x4000 1FFF Reserved
0x4000 1800 - 0x4000 1BFF Reserved
0x4000 1400 - 0x4000 17FF TIMERG6
0x4000 1000 - 0x4000 13FF TIMERS
0x4000 0COO0 - 0x4000 OFFF Reserved
0x4000 0800 - 0x4000 OBFF Reserved
0x4000 0400 - 0x4000 O7FF Reserved
0x4000 0000 - 0x4000 03FF TIMER1
0x2000 D000 - Ox3FFF FFFF Reserved
0x2000 C000 - 0x2000 CFFF Shared SRAM(4KB)
0x2000 8000 - 0x2000 BFFF

SRAM 0x2000 6000 - 0x2000 7FFF
0x2000 4000 - 0x2000 5FFF SRAM(48KE)
0x2000 0000 - 0x2000 3FFF
Ox1FFF FC10 - OX1FFF FFFF Reserved
Ox1FFF FCOO - Ox1FFF FCOF Reserved

Code Ox1FFF F818 - Ox1FFF BFFF Reserved

Ox1FFF F800 - Ox1FFF F817

Option Bytes (24B)

Ox1FFF BOOO - Ox1FFF F7FF

System memory(18KB)
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Pre-defined
. Bus Address Peripherals
Regions
Ox1FFF 7400 - Ox1FFF AFFF Reserved
Ox1FFF 7000 - Ox1FFF 73FF OTP(1KB)
0x0AO00 DOO0O - Ox1FFF 6FFF Reserved
0x0AO00 C000 - OXx0OA00 CFFF Shared SRAM(4KB)
0x0AO00 8000 - 0xOA00 BFFF
0x0AO00 6000 - OXxOA00 7FFF
SRAM(48KB)
0x0AO00 4000 - 0xOA00 5FFF
0x0A00 0000 - 0X0A00 3FFF
0x08CO0 1000 - 0x09FF FFFF Reserved
0x08C0 0000 - 0x08CO0 OFFF EEPROM(4KB)
0x0881 0000 - 0x08BF FFFF Reserved
0x0880 0000 - 0x0880 FFFF DFlash(64KB)
0x0808 0000 - 0x0871 FFFF Reserved
0x0806 0000 - 0x0807 FFFF Reserved
0x0802 0000 - 0x0805 FFFF
0x0801 0000 - 0x0801 FFFF Main Flash memory
0x0800 0000 - 0x0800 FFFF
0x0006 0000 - 0x07FF FFFF Reserved
0x0002 0000 - 0x0005 FFFF
Aliased to Flash or
0x0001 0000 - 0x0001 FFFF
system memory
0x0000 0000 - 0x0000 FFFF
Not @€x200000DPO0O0OBFFF and-0RRAAOBBEBBO are t
addresses mapped to t he sOaxn2e0 0 8 B & MF x 02A002I00@000C0 0 0
OXOAOOCFFF are two different | ogical
1.3.1. Onchip SRAM memory

Th&D32E5GGRXxiIXes contain

0x2000 000O0. It saumpdport e biytt e),,
ECC
When reading and

det matti p(ltewaob elxistos).

I't must be written before
operations wil/ be
operations
SRAM,

to be written

into

toget hef.orhemwhen initializi

readi
per f ebrime dr eiard acpeaal radgannecdes .wwrilNtor
wi |I-ho pinfoydueepsasr edr
firshilty deétea ainootrheead 1but
arbeé tc admbiane ca ntdo tfa ch&aB d yi & hver i3t2t en i

ng SRAM,

«pi poSRBKIBwbfcbnstarts a
hand word

(32 bi't

writhbing BRAGM{umntt i soppolkt scd@n co

ot her wi

e xmimp | kgt avhiemn vire

SHAM, wiitd

Hbromthae BSKRA

tchan onl

32



Z

GigaDevice

GD32E%R2Yr Manua

The ECC module is composed of an encoder and a

Encoder: When performing i SRECwrciode wpét abieomy
written into the SRAM aogether with th

Decoder: When performing a SRAM read operation
encoder to decodebiandECyCe nceordeet.e Tehe7 ECC code i ncl
and information whi®dhtspeadiaf hasbisti ngfl et be t32rr o

Tk decoder i s s hownidfden EtCICe dfbieg uwrew

Figure 1-3. ECC decoder

SRAMECCMEIF
SRAMECCSEIF

Dataout[31:0] SRAMECCSERRBITS

Bit

Correction Decoder

Datain[38:0]

Addr[31:0]

EEI C
The EEI C(ECC Error I nterrupt Control) modul e p1
management and ECC interrupt configuration.

Single bit correction error event
When a single-bit correction error event is detected in SRAM, EEIC:

(1) The SRAMECCSEIF bit int SYSCFG_STAT register will be set. Software can clear it by
writing 1.

(2) The SYSCFG_CFG3 records the address where the single-bit error correction event
occurred.

Multi-bits (two bits ) non-correction error event
When a multi-bits (two bits) non-correction error event is detected in SRAM, EEIC:

(1) The SRAMECCMEIF bit int SYSCFG_STAT register will be set. Software can clear it by
writing 1.

(2) The SYSCFG_CFG3 records the address where the two bits non-correction error event
occurred.

Single bit error correction interrupt

Set the SRAMECCSEIE bit in SYSCFG_CFG3 register. When a single-bit error correctable
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event is detected, a corresponding interrupt will be generated.
Multi-bits (two bits ) non-correction error interrupt
Set the SRAMECSYSEAGECFB3rte giinst e r multiwitsgtwo b#is) er r or
no-norrection eveMMi ntserdred ptct widl,| abe generated.
1.3.2. Onchip Flash memory
The devices provide high-density on-chip flash memory, which is structured as follows:
A Up 38B of main Flash memory.
A Up 1®B of information blocks for the boot | oat
A Option bytes to configure the device
RefertoEl ash memor vy c o)fotmorelddtadgsr ( F MC
1.4. Boot configuration

T h &D32E502xx series provide three kinds of boot sources which can be selected by the
BOOTO and BOOT1 pins. The details are shown in the following table. The value on the two
pins is latched on the 4th rising edge of CK_SYS after a reset. It is up to the user to set the
BOOTO and BOOT1 pins after a power-on reset or a system reset to select the required boot
source. Once the two pins have been sampled, they are free and can be used for other
purposes.

Table 1-3. Boot modes

Boot mode selection pins
Selected boot source
Bootl Boot0
Main Flash Memory X 0
System Memory 0 1
On-chip SRAM 1 1

Af ter -oppevguence or a sy$sCemtMEI epgr,oddies dr mf et che
ofstack value from address 0x0000 0000 and the L

0004 in sequence. Then, it starts executing cod
Accortdo ntghe sel ected boot source, either the mai
beginning at 0x0800 0000) or the system memory
Ox1FBO®WO) is aliased in the boot memory space whi
When t hcehiopn SRAM whose memory space i s beginning
the boot source, in the application initializat

SRAM using the NVIC exception table and offset

The embeddoeadd ebrooits Il ocated in the System memory,
FIl ash mé&mer poot |l oader can be activated throug|

USARTO ( PA1O0,LHN(RA3 dhéRAY)) and CANO (PB13 and PB14).
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System configuration controller

The main purposes of the system configuration controller (SYSCFG) are the following:
Remapping

b~

of some

I/ O ports
A Managing the external interrupt | ine connecti
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1.6. System configuration registers
SYSCFG base address: 0x4001 000O
1.6.1. Systeomnf i guration register 0 (SYSCFG_CF(
Address offset: 0x00
Reset wvalue: OXx0000 000X (X indicates BOOT_MODE
the BOOTO pin and the BOOT1_n pin after reset.)
This register can blkiarcessed by word(32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BOOT( PA9 _
Reserved PFO_|Reser| PA12 Reserve( BOOT _ MQIDE
RMP RMP
rw rw r
Bits Fields Descriptions
317 Reserved Must be kept at reset value.
6 BOOTO_PFO_RMP  BOOTO and PFO remapping bit
This bit is set and cleared by software. It controls the mapping of either BOOTO or
PFO function on the BOOTO pin.
0: No remap (BOOTO function is mapping on the BOOTO pin)
1: Remap (PFO function is mapping on the BOOTO pin)
5 Reserved Must be kept at reset value.
4 PA9_PA12_RMP PA9 and PA12 remapping bit for small packages (32 pins).
This bit is set and cleared by software. It controls the mapping of either PA9/12 or
PA10/11 pin pair on small pin-count packages.
0: No remap (pin pair PA9/12 mapped on the pins)
1: Remap (pin pair PA9/12 mapped instead of PA10/11)
3:2 Reserved Must be kept at reset value.
1:0 BOOT_MODE[1:0] Boot mode (Refer to Boot configuration for details)

Bit0 is mapping to the BOOTO pin; the value of bitl is mapping to the BOOT1 pin.
x0: Boot from the main flash

01: Boot from the system flash memory

11: Boot from the embedded SRAM
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1.6.2. System configuration register 1 (SYSCFG.
Address offset: O0x04
Reset value: O0x0000 O0O0OO
This register can blkitarcessed by word(32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADCOCHADCOJADC1(ADC1(
Reserved
9RMP| 8RMP| 15RM| 14RMI
rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved
Bits Fields Descriptions
31 ADCOCH9RMP ADCO channel 9 remapping bit
0: ADCO_IN9 is mapping on PB1.
1: ADCO_IN9 is mapping on PC6.
30 ADCOCH8RMP ADCO channel 8 remapping bit
0: ADCO_IN8 is mapping on PB2.
1: ADCO_IN8 is mapping on PC7.
29 ADC1CH15RMP ADC1 channel 15 remapping bit
0: ADC1_IN15 is mapping on PB13.
1: ADC1_IN15 is mapping on PD14.
28 ADC1CH14RMP ADC1 channel 14 remapping bit
0: ADC1_IN14 is mapping on PB14.
1: ADC1_IN14 is mapping on PD15.
27:0 Reserved Must be kept at reset value.
1.6.3. EXTlI sources selection register 0 (SYSCI
Address offset: 0x08
Reset value: 0x0000 00O00O
This register can blkiwarcessed by word(32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ EXTI3_SS [3:0] EXTI2_SS [3:0] EXTI1_SS [3:0] EXTIO_SS [3:0] ‘
w w w rw
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Bits

Fields

Descriptions

31:16

15:12

11:8

7:4

3.0

1.6.4.

Reserved

EXTI3_SS[3:0]

EXTI2_SS[3:0]

EXTI1_SS[3:0]

EXTIO_SS[3:0]

Must be kept at reset value.

EXTI 3 sources selection

X000: PA3 pin
X001: PB3 pin
X010: PC3 pin
X011: PD3 pin
X100: PE3 pin
X101: PF3 pin
X110: reserved
X111: reserved

EXTI 2 sources selection

X000: PA2 pin
X001: PB2 pin
X010: PC2 pin
X011: PD2 pin
X100: PE2 pin
X101: PF2 pin
X110: reserved
X111: reserved

EXTI 1 sources selection

X000: PA1 pin
X001: PB1 pin
X010: PC1 pin
X011: PD1 pin
X100: PE1 pin
X101: PF1 pin
X110: reserved
X111: reserved

EXTI 0 sources selection

X000: PAO pin
X001: PBO pin
X010: PCO pin
X011: PDO pin
X100: PEO pin
X101: PFO pin
X110: reserved
X111: reserved

EXTI sources

Addr ess

of fset

sel ect

0x0C

(0]

n

register

1

38
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0000

Reset value: 0x0000

This register b-ei axcessed by word(32

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

can

‘ Reserved ‘

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

EXTI7_SS [3:0]

EXTI6_SS [3:0]

EXTI5_SS [3:0]

EXTI4_SS [3:0]

Bits

w

Fields

w

w

Descriptions

w

31:16

15:12

11:8

7:4

3.0

Reserved

EXTI7_SS[3:0]

EXTI6_SS[3:0]

EXTI5_SS[3:0]

EXTI4_SS[3:0]

Must be kept at reset value.

EXTI 7 sources selection
X000: PA7 pin

X001: PB7 pin

X010: PC7 pin

X011: PD7 pin

X100: PE7 pin

X101: PF7 pin

X110: reserved

X111: reserved

EXTI 6 sources selection
X000: PA6 pin

X001: PB6 pin

X010: PC6 pin

X011: PD6 pin

X100: PE6 pin

X101: PF6 pin

X110: reserved

X111: reserved

EXTI 5 sources selection
X000: PA5 pin

X001: PB5 pin

X010: PC5 pin

X011: PD5 pin

X100: PE5 pin

X101: PF5 pin

X110: reserved

X111: reserved

EXTI 4 sources selection
X000: PA4 pin
X001: PB4 pin
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1.6.5.

31

X010: PC4 pin
X011: PD4 pin
X100: PE4 pin
X101: PF4 pin
X110: reserved
X111: reserved

EXTI sources selection register 2 (SYSC|

Addr ess

of fset: Ox10

Reset value: 0O0x0000 OOOO

This register can blkitarcessed by word(32

30 29 28

27 26 25 24 23 22 21 20 19 18 17 16

Reserved ‘

15

14 13 12

11 10 9 8 7 6 5 4 3 2 1 0

EXTI11_SS [3:0]

EXTI10_SS [3:0] EXTI9_SS [3:0] EXTI8_SS [3:0] ‘

Bits

w

Fields

w w w

Descriptions

31:16

15:12

11:8

7.4

Reserved

EXTI11_SS[3:0]

EXTI10_SS[3:0]

EXTI9_SS[3:0]

Must be kept at reset value.

EXTI 11 sources selection
X000: PA11 pin
X001: PB11 pin
X010: PC11 pin
X011: PD11 pin
X100: PE11 pin
X101: reserved
X110: reserved
X111: reserved

EXTI 10 sources selection
X000: PA10 pin
X001: PB10 pin
X010: PC10 pin
X011: PD10 pin
X100: PE10 pin
X101: reserved
X110: reserved
X111: reserved

EXTI 9 sources selection
X000: PA9 pin
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3.0

1.6.6.

31

30

EXTI8_SS[3:0]

EXTI

Addr ess

Reset

Thi s

29 28

sour ces

v al

register

X001: PB9 pin
X010: PC9 pin
X011: PD9 pin
X100: PE9 pin
X101: reserved
X110: reserved
X111: reserved

EXTI 8 sources selection
X000: PAS8 pin
X001: PB8 pin
X010: PC8 pin
X011: PD8 pin
X100: PES pin
X101: reserved
X110: reserved
X111: reserved

selection register

of fset Ox14

ue: Ox0000 0OOO

can bleitBrtcessed by

27 26 25 24 23 22 21 20 19 18 17

(SYSCH

word(32

16

Reserved

15

14

13 12

11 10 9 8 7 6 5 4 3 2 1

EXTI15_SS [3:0]

EXTI14_SS [3:0] EXTI13_SS [3:0] EXTI12_SS [3:0]

Bits

w

Fields

A A w

Descriptions

31:16

15:12

11:8

Reserved

EXTI15_SS[3:0]

EXTI14_SS[3:0]

Must be kept at reset value.

EXTI 15 sources selection
X000: PA15 pin
X001: PB15 pin
X010: PC15 pin
X011: PD15 pin
X100: PE15 pin
X101: reserved
X110: reserved
X111: reserved

EXTI 14 sources selection
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7:4

3.0

1.6.7.

31

30

X000: PA14 pin
X001: PB14 pin
X010: PC14 pin
X011: PD14 pin
X100: PE14 pin
X101: reserved
X110: reserved
X111: reserved

EXTI13_SS[3:0] EXTI 13 sources selection
X000: PA13 pin
X001: PB13 pin
X010: PC13 pin
X011: PD13 pin
X100: PE13 pin
X101: reserved
X110: reserved
X111: reserved

EXTI12_SS[3:0] EXTI 12 sources selection
X000: PA12 pin
X001: PB12 pin
X010: PC12 pin
X011: PD12 pin
X100: PE12 pin
X101: reserved
X110: reserved
X111: reserved

System configuration register 2

Address offset: O0x18
Reset val ue: 0O0x0000 0O0OOO

Thiregi ster can be altictessed by word(32

29 28 27 26 25 24 23 22 21 20 19 18

(SYSCFG.

16

Reserved

15

14

13 12 11 10 9 8 7 6 5 4 3 2

Reserved

SRAM]|
LVD_| Ecc_
LOCK|/ERROR
LOCK

LOCK
UP _
LOCK
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Bits Fields Descriptions
31:3 Reserved Must be kept at reset value.
2 LVD_LOCK LVD lock
This bit is set by software and cleared by a system reset.
0: The LVD interrupt is disconnected from the break input of TIMERO0/7/19/20. LVDE
and LVDT[2:0] in the PMU_CTL register can be programmed.
1: The LVD interrupt is connected from the break input of TIMERO/7/19/20. LVDE
and LVDT[2:0] in the PMU_CTL register are read only.
1 SRAM_ECC SRAM ECC check error lock
ERROR_LOCK This bit is set by software and cleared by a system reset.
0: The SRAM ECC check error is disconnected from the break input of
TIMERO/7/19/20.
1: The SRAM ECC check error is connected from the break input of
TIMERO0/7/19/20.
0 LOCKUP_LOCK Cortex-M33 LOCKUP output lock
This bit is set by software and cleared by a system reset.
0: The Cortex-M33 LOCKUP output is disconnected from the break input of
TIMERO0/7/19/20.
1: The Cortex-M33 LOCKUP output is connected from the break input of
TIMERO0/7/19/20.
1.6.8. System status register (SYSCFG_STAT)
Address offset: 0x1C
Reset value: 0x0000 00O00O
This register can bleitakrcessed by word(32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKMNM F L ASHSRAMEC | SRAMEC
Reserved NMI PI
F CCIl F| CSEIF CMEIF
r rc_wl rc_wl rc_wl rc_wl
Bits Fields Descriptions
315 Reserved Must be kept at reset value.
4 NMIPINIF Interrupt flag from NMI pin
0: no input
1: interrupt input from nmi pin
3 CKMNMIIF HXTAL clock moniotor NMI interrupt flag
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The software can clear it by writing 1.
0: no HXTAL clock moniotor error
1: HXTAL clock moniotor is detected.

2 FLASHECCIF Flash ECC NMI interrupt flag
The software can clear it by writing 1.
0: no Flash ECC error
1: Flash ECC error is detected.
1 SRAMECCSEIF SRAM single bit correction error interrupt flag
The software can clear it by writing 1.
0: no SRAM single bit correction error event is detected.
1: SRAM single bit correction error event is detected.
0 SRAMECCMEIF SRAM multi-bits (two bits) non-correction error interrupt flag
The software can clear it by writing 1.
0: no SRAM non-correction error event is detected.
1: SRAM non-correction error event is detected.
Note: SRAM multi-bits (two bits) non-correction ECC error will cause a NMI interrupt
when the SRAMECCMEIE bit is set.
1.6.9. System confriegguirsatteiron3 ( SYSCFG_CFG3)
Address offset: 0x28
Reset value: OxXXXX XO0OO0OF
This register can be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SRAMECCSERRBIT
SRAMECCEADDR[13:0]
S[5:4]
r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKMNMII | FLASHE | SRAMEC | SRAMEC
SRAMECCSERRBITS[3:0] Reserved NMIPINIE
E CCIE CSEIE CMEIE
r w w w w w
Bits Fields Descriptions
31:18 SRAMECCEADRecord the fault iSRA MECCIEADDRA Hd cersess [
3:0] 2) where the lereihtSRAMSRAB occurred.
17:12 SRAMECCSERWhi ch one bit has &dntSRAMrECCadbil egler

S[5: 0] 0: no error
1: bit O

32: it 3
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11:5 Reserved Mu sbe kept at reset value.
4 NMI PI NI E N MI pin interrupt enabl e
0: di sabl e
1: enabl e
3 CKMNMI | E HXTAL cl ock martieetnarptMMI
0: disabl e
1: enabl e
2 FLASHECCI EFIl ash ECC NMI enabl e
0: di sabl e
1: enabl e
1 SRABMCCSEI ESRAM singl e Pkr timectoerrrreucptti cemnabl e
0: SRAM singl er biiort ecrorrurpetc tiisondi sabl ed.
1SRAM singl e Bbrtioctoerrrreucptti oins enabl ed.
0 SRABMCCMEI| ESRAMNIU Ibtiit svo()bb-berreecrtrNdvh nt errupt enab
0: SRAMonmoreertrNath nt errupt i s disabl ed.
1: SRAMOnmaoreertrNavvh nt errupt i s enabl ed.
1.6.10. TI MERMput source select register
Address offset O0x2C
Reset value: 0x0000 00O00O
This register can be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TIMERO_ | TIMERO_ | TIMERO_ | TIMERO_ | TIMER7_ | TIMER7_
TIMERO_ETI_SEL | TIMER7_ETI_SEL Recerved TIMER19_ETI_SEL | TIMER20_ETI_SEL srno, | s | s, | s, |sro. | srie.
[1:0] [1:0] [1:0] [1:0]
SEL SEL SEL SEL SEL SEL
w w w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TIMER19 | TIMER19 | TIMER19 | TIMER19 | TIMER20 | TIMER20 | TIMER20 | TIMER20
TIMERT | TIMERT- _BRKINO | _BRKIN1 | _BRKIN2 | _BRKIN3 | _BRKINO [ _BRKIN1 | _BRKIN2 | _BRKIN3 TIMERT-
BRKIN2_ | BRKIN3_ Reserved Reserved | CHON_
SEL SEL N B B B B B B B SEL
SEL SEL SEL SEL SEL SEL SEL SEL
w w w w w w w w w w w
Bits Fields Descriptions
31:30 TI MERO_ETI TI MERO external trigger select
0] 00: timer external trigger O
01: timer external trigger 1
10: timer external trigger 2
11: Reserved
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29:28 TI MER7 _ETI TI MER7 external trigger select
0] 00: tixmernal trigger 0

01l: timer external trigger
10: timer external trigger 2
11: Reserved
27:26 Reserved Mu sbe kept at reset value.
25: 24 TI MER19_ETTI MER19 external trigger select
0] 00: timer external trigger O
01l: timer external trigger 1
10t:i mer external trigger 2
11: Reserved
23:22 TI MER20O_ETTI MER20 external trigger select
0] 0: ti mer external trigger O
1: timer external trigger 1
10: timer external trigger 2
11: Reserved
21 TI MERO_BRKTI MERO break input 0 select
EL 0: fGPdM pin
1: from TRI GSEL
20 TI MERO_BRKTI MERO break input 1 select
EL 0: from GPI O pin
1: from TRI GSEL
19 TI MERO_BRKTI MERO break input 2 select
EL 0: from GPI O pin
1: from TRI GSEL
18 TI MERO_BRKTI MERO break input 3 select
EL 0: fromi @GPI O
1: from TRI GSEL
17 TI MER7_BRKTI MER7 break input O select
EL 0: from GPI O pin
1: from TRI GSEL
16 Tl MER7 _BRKTI MER7 break input 1 select
EL 0: from GPI O pin
1: from TRI GSEL
15 TI MER7 _BRKTI MER7 break input 2 select
EL 0: from GPI O pin
l1from TRI GSEL
14 Tl MER7 _BRKTI MER7 break input 3 select
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EL 0: from GPI O pin
1: from TRI GSEL
13:10 Reserved Mu sbe kept at reset value.
9 TI MER19_BRTI MER19 break input 0 select
EL 0: from GPI O pin
1: from TRI GSEL
8 TI MER19_BRTI MERIr%eak input 1 select
EL 0: from GPI O pin
1: from TRI GSEL
7 TI MER19_BRTI MER19 break input 0 select
EL 0: from GPI O pin
1: from TRI GSEL
6 TI MER19_BRTI MER19 break input 3 select
EL 0: from GPI O pin
1: from TRI GSEL
5 TI MER20_BRTI MER2rleak input 0 select
EL 0: from GPI O pin
1: from TRI GSEL
4 TI MER20_BRTI MER20 break input 1 select
EL 0: from GPI O pin
1: from TRI GSEL
3 TI MER20_BRTI MER20 break input 2 select
EL 0: from GPI O pin
1: from TRI GSEL
2 TI MER20_BRTI MER2rleak input 3 select
EL 0: from GPI O pin
1: from TRI GSEL
1 Reserved Must be kept at reset value.
0 TI MER7 _CHOTI MER7 Channel 0O complementary input
0: TIMER7_CHON_IN
1: exclusive OR of TIMER7_CHO_I N, Tl ME
1.7. Device electronic signature

The device electronic signature contains memory density information and the 96-bit unique
device ID. It is stored in the information block of the Flash memory. The 96-bit unique device
ID is unique for any device. It can be used as serial numbers, or part of security keys, etc.
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1.7.1. Memory density informati on

Base address: Ox1FFF F7EO
The value is factory programmed and can never b

This register has to be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

SRAM_DENSI TY[15: 0]

r

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

FLASH_DENSITY[15:0]

r

Bits Fields Descriptions
31:16 SRAM_DENSITY SRAM density
[15:0] The value indicates the on-chip SRAM density of the device in Kbytes.

Example: 0x0008 indicates 8 Kbytes.

15:0 FLASH_DENSITY Flash memory density
[15:0] The value indicates the Flash memory density of the device in Kbytes.
Example: 0x0020 indicates 32 Kbytes.

1.7.2. Uni que device I D (96 bits)

Base address: Ox1FFF FT7ES8
The value is factoay pewvgr almeneal a@ded by user

This register has to be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

UNI QUE_ID[31:16]

r

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

UNI QUE_ID[15: 0]

r

Bits Fields Descriptions
31.0 UNIQUE_ID[31:0] Unique device ID

Base addresseCOx1FFF F7Y
The value is factory programmed and can never b

This register has to be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

UNI QUE_I D[ 63: 48]
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

UNI QUE_ID[47:32]

r

Bits Fields Descriptions
310 UNIQUE_ID[63:32] Unique device ID

Base addresskEO0O Ox1FFF F7

The value is factory programmed and can never b

This register has to be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21

20 19 18 17 16
UNI QUE_I D[ 95:80]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UNI QUE_ID[79:64]

r

Bits Fields Descriptions
31.0 UNIQUE_ID[95:64] Unique device ID

49



Z

GigaDevice GD32E%®2Er Manua
2. Flash memory controller (FMC)
2.1. Overview
The flash memory controll er, FMC, pr ocvhiidpe sf lad sl h
memory. A |ittle waiting time is needed while CF
bytes of the flash. I't al so proamdepse patgieores afser,
memor y.
2.2. Characteristics
A Up to 384KB of on-chip flash memory for instruction and data. Up to 1KB OTP. Up to
64KB Extend flash. Up to 4KB emulated EEPROM.
- bank0: 256KB
- bankl: 128KB
- Extend Block: 64KB shared for data flash and EEPROM backup
-  OTP: 1KB
- Shared RAM: 4KB used for basic SRAM or EEPROM SRAM or fast program buffer
A Dual bank architecture for read-while-write (RWW) capability.
A ECC with single bit error corrected and double bit errors detected.
A 0~3 waiting time within bank0 / bank1 / Data Flash when CPU executes instructions and
read data.
A Pre-fetch buffer to speed read operations.
A Cache with 1K bytes which organized as 32 cache line of 4X64 bits.
A The flash page size is 1KB.
A Double word programming, page erase and mass erase operation.
A 1KB OTP(one-time program) block used for user data storage.
A 24B option bytes block for user application requirements.
A 4B option bytes 1.
A Option bytes are uploaded to the option byte control registers when the system is reset.
A Flash security protection to prevent illegal code / data access.
A Page erase / program protection to prevent unexpected operation.
A Fast program support.
2.3. Function overview
2.3.1. FIl ash memory architecture

The flash memory consists of up to 384paKgBe smai n
with 1KB capacity, an 18 KB information block f

Bl ock shared for Data Fl adh page BEPR@MNnbddlksph. ml
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Table 2-1. Base address and size for 384 KB flash memory

Block Name Address size(bytes)
Page 0 0x0800 0000 - 0x0800 03FF 1KB
Page 1 0x0800 0400 - 0x0800 O7FF 1KB
Page 2 0x0800 0800 - 0x0800 OBFF 1KB
bank0
Page 255 0x0803 FCO0O0 - 0x0803 FFFF 1KB
Main Flash Block
Page 256 0x0804 0000 - 0x0804 03FF 1KB
Page 257 0x0804 0400 - 0x0804 O7FF 1KB
Page 258 0x0804 0800 - 0x0804 OBFF 1KB
bankl
Page 383 0x0805 FCO00 - 0x0805 FFFF 1KB
Data Flash® | 0x0880 0000 - 0x0880 FFFF

Extend Flash Block EEPROM 64KB

backup®

EEPROM

0x08CO0 0000 - 0x08CO OFFF
SRAM
Shared RAM 4KB
. Refer to Table 1-2. Memory
Basic SRAM ]
map of GD32E502xx devices.
Information Block Bootloader®® | 0x1FFF B0O0O - Ox1FFF F7FF 18KB
) Option bytes 0| Ox1FFF F800 - Ox1FFF F817 24B
Option byte Block :
Option bytes 1 0x4002 2068 4B

One-time program Block OTP bytes® Ox1FFF 7000~0x1FFF 73FF 1KB

feho®84t KB f

Note: 1. Data Flash and EEPROM backup share total 64KB Extend Flash Block. It can be
configured as 0/ 64, 16 /48,32 /32,48 /16 and 64 /0.

2. The Information Block stores the boot loader. This block cannot be programmed or erased

by user.

3. 1 Kbyte (128 dotubme wpnod)a@m®bl(enedata area
area is only operated by bankl register. The OT
only once. I f any bi td ohuabsl eb eweonr ds ecta nOn, o tt hbee ewnrtiitrt
with the value 0x0000 0000 0000 00O0O.

Table 2-2. Base address and size for 256 KB flash memory

Block

Name

Address

size(bytes)

Main Flash Block bank0

Page O

0x0800 0000 - 0x0800 O3FF

1KB
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Block Name Address size(bytes)
Page 1 0x0800 0400 - 0x0800 O7FF 1KB
Page 2 0x0800 0800 - 0x0800 OBFF 1KB
Page 255 0x0803 FCOO0 - 0x0803 FFFF 1KB
Data Flash® 0x0880 0000 - 0x0880 FFFF
Extend Flash Block EEPROM 64KB
backup®
EEPROM
0x08C0 0000 - 0x08CO OFFF
SRAM
Shared RAM 4KB
. Refer to Table 1-2. Memory
Basic SRAM ]
map of GD32E502xx devices.
Information Block Bootloader® | 0x1FFF B0O0O - Ox1FFF F7FF 18KB
] Option bytes 0| Ox1FFF F800 - Ox1FFF F817 24B
Option byte Block :
Option bytes 1 0x4002 2068 4B
OTP bytes® Ox1FFF 7000~0x1FFF 73FF 1KB

One-time program Block

Note: 1. Data Flash and EEPROM backup share total 64KB Extend Flash Block. It can be
configured as 0/ 64, 16 /48,32 /32,48 /16 and 64 /0.

2. The Information Block stores the boot loader. This block cannot be programmed or erased

by user.
3. 1 Kbyte (128 dotubme wood)am@m®bllenhedata area
area is only operated by bank 1 register. The O
only once. I f any bid ddawsblbe emorsketc @dnndthebenwriirt
with the value 0x0000 0000 0000 00O00O.
Table 2-3. Base address and size for 128KB flash memory
Block Name Address size(bytes)
Page 0 0x0800 0000 - 0x0800 03FF 1KB
Page 1 0x0800 0400 - 0x0800 07FF 1KB
Page 2 0x0800 0800 - 0x0800 OBFF 1KB
Main Flash Block bank0
Page 127 0x0801 FCOO0 - 0x0801 FFFF 1KB
Data Flash® 0x0880 0000 - 0x0880 7FFF
Extend Flash Block EEPROM 32KB
backup® )
EEPROM
Shared RAM SRAM 0x08C0 0000 - 0x08CO0 O7FF KB
Basic SRAM Refer to Table 1-2. Memory
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Block Name Address size(bytes)
map of GD32E502xx devices.
Information Block Bootloader® | 0Ox1FFF B0O0O - Ox1FFF F7FF 18KB
] Option bytes 0| Ox1FFF F800 - Ox1FFF F817 24B
Option byte Block -
Option bytes 1 0x4002 2068 4B
One-time program Block OTP bytes® Ox1FFF 7000~0x1FFF 73FF 1KB

Note: 1. Data Flash and EEPROM backup share total 32KB Extend Flash Block. It can be
configured as 0/ 32, 8/24,16/ 16, 24/ 8 and 32/ 0.

2. The Information Block stores the boot loader. This block cannot be programmed or erased

by user.

3. 1 Kbyte
area is only
only once. | f
with the val

(128

ue

any bi

d o-u b ime
operated

0x0000

by bank 1

0000 OOOO

Table 2-4. 64KB flash base address and size for flash memory

wood) a@m®bl(enedat a
register.
g ddawsblbe emorscketc dnndthebe nwriirt
0000O0.

Block Name Address size(bytes)
Page 0 0x0800 0000 - 0x0800 03FF 1KB
Page 1 0x0800 0400 - 0x0800 O7FF 1KB
Page 2 0x0800 0800 - 0x0800 OBFF 1KB
Main Flash Block bank0
Page 63 0x0800 FCO00 - 0x0800 FFFF 1KB
Data Flash® 0x0880 0000 - 0x0880 3FFF
Extend Flash Block EEPROM 16KB
backup®
EEPROM
0x08CO0 0000 - 0x08CO0 03FF
SRAM
Shared RAM 1KB
) Refer to Table 1-2. Memory
Basic SRAM
map of GD32E502xx devices.
Information Block Bootloader®® | 0x1FFF B0O0O - Ox1FFF F7FF 18KB
) Option bytes 0| Ox1FFF F800 - Ox1FFF F817 24B
Option byte Block :
Option bytes 1 0x4002 2068 4B
One-time program Block OTP bytes® Ox1FFF 7000~0x1FFF 73FF 1KB

ar ea

Note: 1. Data Flash and EEPROM backup share total 16KB Extend Flash Block. It can be
configuredas 0/16,4/12,8/8,12/4 and 16/ 0.

2. The Information Block stores the boot loader. This block cannot be programmed or erased

by user.
3. 1 Kbyte
area is only

(128

do-tb e
operated

by bank 1

wood) am@m®bl( enedat a
register.

area
The
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only once. I f any bidg dawsblbe emorscketc dnndtheb e nwriirt
with the value 0x0000 0000 0000 00O0O.

2.3.2. Error Checking and Correcting (ECC)

The ECC mechanism supports:

A One error detection and correction
A Two errors detection

When one error is detected and corrected:

A When occurred in EEPROM backup / option bytes 0 (load option bytes 0 to register after
reset) / option bytes 1, the error is corrected without any notice.

A When occurred in other space including read option bytes 0 by Ox1FFFF80x, the
ECCCOR bit in FMC_ECCCS register will be set. If the ECCCORIE bit in FMC_ECCCS
register is set, an interrupt is generated.The OTP_ECC / DF_ECC / SYS_ECC /
BK1 _ECC / OB0O_ECC notice the space that error occurred. The ECCADDR notice the
offset address in each space.

When two errors are detected:

A When occurred in EEPROM backup, the EPECCDET bit in FMC_ECCCS register will
be set. If the ECCDETIE bit in FMC_ECCCS register is set, an interrupt is generated.
And the data return all F.

A When occurred in option bytes 0 (load option bytes 0 to register after reset), the
OBOECCDET bit in FMC_ECCCS register will be set. If the ECCDETIE bit in
FMC_ECCCS register is set, an interrupt is generated. And the data return all F.

A When occurred in option bytes 1, the OB1ECCDET bit in FMC_ECCCS register will be
set. If the ECCDETIE bit in FMC_ECCCS register is set, an interrupt is generated. And
the data return all F.

A When occurred in other space including read option bytes 0 at Ox1FFFF80x, the
ECCDET bitin FMC_ECCCS register and FLASHECCIF in SYSCFG_STAT register will
be set. And the NMI interrupt will be generated if FLASHECCIE bit in SYSCFG_CFG3
register is set. The OTP_ECC/DF_ECC/SYS _ECC/BK1_ECC/OB0_ECC notice the
space which error occurred. The ECCADDR notice the offset address in each space.
And the data return all F. The ECCDET bit in FMC_ECCCS register and FLASHECCIF
bit in SYSCFG_STAT register can be cleared by writing 1 to ECCDET bit in
FMC_ECCCS register or FLASHECCIF in SYSCFG_STAT register.

Note: 1. DatainFl ash memobiyt arwor7®s: 8 bits are added p:
but the added 8bits are calculated by hardware

2. For a virgin data OxFF FFFF FFFF FFFF FFFF, ECC is not supported.

The OTP_ECC /DF_ECC/ SYS_ECC /BK1_ECC / OBO_ECC / ECCADDR notice the first
error occurred in single bit error and double bit errors. If ECCCOR or ECCDET set, the value
will not changed even if a new error occurred.
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When an ECC error is reported, a new read at the error address may not generate an ECC
error if the data is still present in the current buffer / prefetch buffer / cache, even if ECCCOR
and ECCDET are cleared.

2.3.3. Read operations

The flash can be addressed directly as a common memory space. Any instruction fetch and
the data access from the flash are through the AHB BUS from the CPU.

Wai t state added:

The WSCNT bits in the FMC_WS register needs to be configured correctly depend on the

AHB clock frequency when reading the flash memory. The relation between WSCNT and

AHB clock frequency is show as the T _a b P-B&. The relation between WSC(
clock frequency when LDO is 1.1V

Table 2-5. The relation between WSCNT and AHB clock frequency when LDO is 1.1V

AHB clock frequency WSCNT configured
<= 25MHz 0 (0 wait state added)
<= 50MHz 1 (1 wait state added)
<= 75MHz 2 (2 wait state added)
<= 100MHz 3 (3 wait state added)

If system reset occurs, the AHB clock frequency is 8MHz and the WSCNT is 0.
Note:

1. If it is necessary to increase the AHB clock frequency, firstly, refer to T a b P-B. The
relation between WSCNT and AHB c | o,cdfighrethequency
WSCNT bits according to the target AHB clock frequency. Then, increase the AHB clock

frequency to the target frequency. It is forbidden to increase the AHB clock frequency before

configuring the WSCNT.

2. If it is necessary to decrease the AHB clock frequency, firstly, decrease the target AHB

clock frequency. Then referto T a b R-&. The relation between WSCNT
freguency when,canfip@re thesWSCNTI1bls according the target AHB clock

frequency. It is forbidden to configure the WSCNT bits before decrease the AHB clock

frequency.

Considering that the wait state is added, the read efficiency is very low (such as add 3 wait
state when 100MHz). In order to speed up the read access, there are some functions
performed as below.

Current buf fer:

The current buffer is always enabl é&d.t Hadm twi he
get and store in current -butf erni.t 1Thuef f@RU i onleya
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operation. So in the case of sequemrtnhitabuddee, wict
repeat fetch from flash memory.

Pr-eetch buffer:

The -petech buffer is enabled by setting the PFEN
of sequential code, when CPU e-kiect)btid8 ntelea sc wartr d |
2 clockshiandheleeds at | east 4f etl oltktshe I dattdhi cf cme
word address from fl ast ememombwfdred .stSor evhteem RPhe
current buffer and needs -efatchtBuftfher neixt dat a,
| CODE / DCODE <cache:

Cache is enabled by set the I DCEN bit in the FN
which orgaZXZXiazée ds nes, edxh 6ddbeches .l ines is

I f the data is in cache (cache hitwaithet@P¥B.r éi
data is not in cache (cache wnfietsgh amuf fneort, itnhecu
fetch data from flash memory and copied it to ca
used) policy used to replace the cache | ine
Read from DMA / option byte / EEPROM is not cac|

2.3.4. Dual bank archi t-whkitluriet evi (t MWW)e acdapabi | it
The Flash memory features a dual bank architect
1 (up to 128 Kbytes) / EBEOPORIA M a/d eGpTtHi o/D a thrahti &1 a s
architecture suppaht-wreitthe) RO & brielaidt y. It means
program operation is performed in a bank, t he
operation (read or praoglii damfowi tthheuendhefneeeradi
FoBootl oader [/ Data FlGpsthi o/nt BbbE/RARAW /fc a@BBi N ity i
bank1.

2.3.5. Unl ock the FMC_CTLx register

After reset, the FMC_CTLx(x=0,1) regi sftoerr tihse nc
OBRLD bit, which is used for reloading the opti
is 1. An wunlocking sequence consists of two wri

open the access to the FMC_CTLxarre gwrsitteirng Thxe4 5 &
and OxCDEF89AB to the FMC_KEYx register. After
FMC_CTLx register is cleared by hardware. The s

setting the LK bit in FMC_onhTgL xo preergaitsitoenrs. o nf tthhee
register, the LK bit in FMC_CTLx register wildl
|l ocked, then it wildl generate a bus error.

The OBWIPG and OBOER bit in FMC_CTL1 are also pr
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The umigoskiquence includes two write operations,
OXCDEF89AB to FMC_OBKEY register, then the OBWEI
har dwar e. The software can clear OBWEN bit to
FMC_CTIlgl srteer agai n.

2.3.6. Page erase

The FMC provides a page erase function which is

fl

ash memory page to a high state. Each page car

the contents of otherspabew.thkheatobbkewiseguehep

—

or a page erase operation.

A Unlock the FMC_CTLx register if necessary.
A Check the BUSY bit in FMC_STATX register to confirm that no flash memory operation

is in progress (BUSY equal to 0). Otherwise, wait until the operation has been finished.
A Write the page address into the FMC_ADDRKX register.
A Write the page erase command into PER bit in FMC_CTLx register.
A Send the page erase command to the FMC by setting the START bit in FMC_CTLx

register.
A Wait until all the operations have been completed by checking the value of the BUSY bit

in FMC_STATX register.
A Read and verify the page if required using a DBUS access.
When the operation is executed successfully, th
An interrmuipggevi é¢d Iy EMC if the ENDIE bit in th
that a correct target page address must be conf
of control if the target erase page i s being us:c
FMGOvi | | not provide any notification when it oc:
wi || be ignored on protected pages. FIl ash oper e
FMC if the ERRIE bit in the FMC_CTelexk rtehgei sWPeER R

bit in the FMC_STATXx register to det &dtgwhtei s con
Process of page hawse tlpermagoner ase operation f
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2.3.7.

Figure 2-1. Process of page erase operation

Start

Unlock the FMC_CTLx

Is the BUSY bit 0

Set the FMC_ADDRY,
PER bit

A

Send the command to
FMC by setting START
bit

/

Is the BUSY bit 0

Finish

Ma s s erase

The FMC provides a complete erase function whi ¢
Bl ock contents. The following steps show the ma:

>

Unlock the FMC_CTLXx register if necessary.

A Check the BUSY bit in FMC_STATX register to confirm that no flash memory operation
is in progress (BUSY equal to 0). Otherwise, wait until the operation has been finished.

A Write the mass erase command into MER bit in FMC_CTLXx register.

A Send the mass erase command to the FMC by setting the START bit in FMC_CTLx
register.

A Wait until all the operations have been completed by checking the value of the BUSY bit

in FMC_STATX register.
A Read and verify the flash memory if required using a DBUS access.

When the operation is exeaptedvi sucdbes sfrilglgye,r ear
ENDIE bit in the FMC_CTLx register is set, and
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Since all flash data will be reset to a value of
i mpl emented using & PBRAM am thlyatusr mmgs tihe debugc
the FMC registers directly. Additionally, the m:
is erase |/ program protected. I n this condition,
by thef FiMICe i ERRI E bit in the FMC_CTLx register
WPERR bit in the FMC_STATXx register to detect t
Fi gWwi2e Process of massi nedriacsaet eosp etrhaet inmanss er ase o0
Figure 2-2. Process of mass erase operation

Start
No Unlock the FMC_CTLx
Yes
Is the BUSY bit 0
Set the MER bit
A
Send the command to
FMC by setting START
bit
v‘
Is the BUSY bit 0
Finish
Note: The mass erase of bank 1 is split to 128 page erase by hardware, so the mass erase
time is longer than bank 0.
2.3.8. Main flash programming

The FMC pr olvitdeworad 32r ogrammi ng function by DBUS:S

main flash memory contents.m Whoi Ifel aascht tbeeltieyr, ¥ htéehse

foll owing steps show the register access sequen:
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> > > >

A

A

Wh

Unlock the FMC_CTLx register if necessary.

Check the BUSY bit in FMC_STATX register to confirm that no flash memory operation
is in progress (BUSY equal to 0). Otherwise, wait until the operation has been finished.
Write the word program command into the PG bit in FMC_CTLx register.

Write the data to be programed by DBUS with desired absolute address (0x08XX XXXX).
The DBUS write twice to form a 64-bit data and then the 64-bit data program to flash
memory. The data to be programed must double-wor d al i gnment .

Wait until all the operations have been completed by checking the value of the BUSY bit
in FMC_STATX register.

Read and verify the flash memory if required using a DBUS access.

en the operation is executed successfully, ar

ENDIE bit in the FMC_CTLxXx register is set, and t

t h
be
ad
pr
i n
re

I n
Th

Th
do

N o

at before the dmouwlgl @epworad i pmoymamshoul d check

en erased. I f the address has not been erased.
dress even if programming 0xO0. Additionally,

otected poapgeersa.t iFolnasehr r or i nterrupt wil/l be tri
the FMC_CTLx register is set. The software c
gister to detect this condition in the interr
the following ictasies,thdeFMPMGAERRTY register wi
e DBUS progranbidto wroitt euuse 32

e DBUS write is not aligmimentt he fs OBdrsd pDPBYS a
ubMoe d ali gnment and bwolrodn gadidor essasme doubl e

tef the pmrotgrwmi ties tot al 64bits, the data is

without any notice.

I n

these conditions, a flash operation error int

bit in the FMC_CTLx register is shett., TPhGA ESRoRf thw at
WPERR Dbit in the FMC_STATXx register to detect v

h a
pr

ndl erEi quui-& Process o f word pdiogplaany so pteheat w

ogramming operation fl ow.
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Figure 2-3. Process of word program operation

Start

Unlock the FMC_CTLx

Is the BUSY bit 0

Set the PG bit

Y

Perform word write by
DBUS

Is the BUSY bit 0

Yes
A\

Finish

Note: Reading the flash should be avoided when a program / erase operation is ongoing in
the same bank.

When programming double word, the ECC byte calculated from the 64 bits will be added
following the 64 bits, then the total 72 bits will be programmed at a time, even if the double
word is OXFFFF FFFF FFFF FFFF.

If the program / erase operation is interrupted by a power down, reset, ect, the contents in
flash will not be guaranteed and leave in an indeterminate state. So appropriate measures
should be taken to avoid data loss by interrupt of program / erase.

2.3.9. Main Flash Fast Programming

The FMC provides a fast programming function by
flash memory c¢ @dduldeawors). cAdwlogvr 68r ammed t o main f |
i n t hiteredooedhe page programming time by eliminating the need for verifying the

flash locations before they are programmed and to avoid rising and falling time of high voltage

for each word.

The foll ewshgwstép register access sequence of
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A 1. Set Shared RAM to fast program mode by configuring the SRAMCMD bits to "01".

A 2. Check the row (32 double-word) in flash to confirm all data in flash is all OxFF. The
check blank command can be used to check the page the row in.

A 3. Unlock the FMC_CTLx register if necessary.

A 4. Check the BUSY bitin FMC_STATX register to confirm that no flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.

A 5. Setthe FSTPG bit in FMC_CTLx register.

A 6. Write the one row data(32 double-word) to be programed by BUS with desired
absolute address (0x08XX XXXX). The 32 double-word should be written sequentialy
and continuously. Or else the PGERR bit in FMC_CTLx register will be set after setting
the START bit.

A 7. Set START bit to launch fast program operation to flash.

A 8. Wait until all the operations have been finished by checking the value of the BUSY bit
in FMC_STATX register.

A 9. Read and verify the Flash memory if required usingaBUS access.| t i s r ecomme nd
to flush the cache if cache is enabl ed.

When the operation is executed successfully, the ENDF in FMC_STATX register is set, and
an interrupt will be generated if the ENDIE bit in the FMC_CTLx register is set. In sequential
fast programming, if the row is confirmed erased, repeat 6~8 to fast program next row.

The program operation will be ignored on erase / program protected pages and WPERR bit
in FMC_STATXx will be set.

In these conditions, a flash operation error interrupt will be generated if the ERRIE bit in the
FMC_CTLx register is set. The software can check the PGSERR / PGAERR / WPERR /
PGERR bit in the FMC_STATX register to detect which condition occurred in the interrupt
handler. Fi gw#de Procesprofr ammt ng sohpoewsattihoen fast prog

operation fl ow.
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Figure 2-4. Process of fast programming operation
Start

l

Configure SRAMCMD
as | 01k

'

Check the row No
is all OXFF

Unlock the

Is the LK bitis 0 FMC_CTLx

Is the BUSY bitis 0

Set the FSTPG bit

Y

Perform 32 double
words write by DBUS

Set the START bit

Finish

Note: 1. The 32 double-word must be written successively.
2. The 32 double-word must be aligned.

3. Because the fast program do not check OxFF in flash macro by hardware, the software
must check OxFF firstand donét program one row twice or mor
one row twice or more between 2 erases, unpredictable result may occurred.

4. Between setting FSTPG and START, read operation is allowed, but the read address
should not be the address of the row where to be programmed, otherwise the data read out
may be old data.
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5. The cache must be flushed before fast programming.

2.3.10. Check blank command

The check blank command is used to check if the flash area which is specified by
FMC_ADDRx and CBCMDLEN bits in FMC_CTLx register are all OxFF or not. Configure the
check blank command by setting the CBCMD bit in FMC_CTLx register and send the check
blank command to the FMC by setting the START bit in FMC_CTLXx register, the BUSY bit
will be set, and the hardware will check if the flash area are all OxXFF or not. If the flash area
are all OXFF, the ENDF will be set, and the BUSY bit will be cleared, or else the CBCMDERR
will be set. The check blank command only support for bankO / bank1 / data flash.

Note: The flash area to be checked must be in one page and should not exceed 1KB
boundary.

2.3.11. OTP programming

The OTP programming opearation flow is as same ;
bl ock can only be programed once antiycapeotatbd |
bank 1 registers (FMC_KEY1l / FMC_STAT1 |/ FMC_CTI

Note: It must ensure the OTP programming sequence completely without any unexpected
interrupt, such as system reset or power down. If unexpected interrupt occurs, there is very
little probability of corrupt the data stored in flash memory.

2.3.12. Shared RAM

There are 4KB Shared RAM which can be used for basic SRAM, EEPROM SRAM or fast
program SRAM.

Basic SRAM

The basic SRAM command is sent by configuring the SRAMCMD bits as "10". After sending

the basic SRAM command, the Shared RAM initializes to all zeros. | f baskc 8RAMi s r eady,

t hBRAMRDYbit i n FMC_WS r egiSRAMEMD willibd cl | ebaer esde.t @tnhde r w
wait until the c¢omman thasib 3RAM ban leerused forrsystenh BRAM T h e

but without ECC. The EEPROM can not be read or write when the Shared RAM is configured

as basic SRAM.

EEPROM SRAM

The EEPROM SRAM command is sent by configuring the SRAMCMD bits as "11". After
sending the EEPROM SRAM command, the Shared RAM initializes to all "1", and the data
will be loaded from EEPROM backup to the EEPROM SRAM and the BUSY bit in
FMC_STAT1 will be set. | f HERROM SRAMi s r e a BRAMRDYteé t i n FMC_WS

register and ENDF bi't in FMC_STAMC ®TAT1 bandse
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SRAMCMD willbec | ear ed. Ot her wi se, wait wunt Nétethah e c o mr
bank 1 is used in the process and cannot be used for other operations.

Fast program SRAM

The fast program SRAM command is sent by configuring the SRAMCMD bits as "01". After

sending the fast program SRAM command, the Shared RAM initializes to all 1. | f fash e

program SRAMi s r e aRRAMRDYbét i n FMC_WS r egiSRAMCMD wi | | b
wilbec| eared. Other wise, wait wunt TheEBPR@Jcanonoimand h
be read or write when the Shared RAM is configured as fast program SRAM.

The reset state of Shared RAM is determined by EPLOAD in option bytes 1. If the EPLOAD
is 0, the Shared RAM will not be used for any function after system reset. Otherwise, the
Shared RAM is configured as EEPROM SRAM after system reset.

Note: When configuring the SRAMCMD bits, it is required to check which SRAM is available
currently. The configuration cannot be repeated. For example, if it is currently basic SRAM,
the SRAMCMD should not be configured as "10" again. The current type of SRAM can be
checked by BRAMRDY / ERAMRDY / PRAMRDY bitsinF MC_ WS r egi ster.

2.3.13. Data Flash operation

The data flash size is configured by EFALC.

Read

The read of Data Flash is same as main flash. RefertoRead oper ati ons

Program

The Program is same as bank 1 program. RefertoMai n _f |l ash porogramming

Page erase

The page erase is same as bank 1 page erase. RefertoPage er ase

Mass erase

The mass erase is same as bank 1 mass erase. RefertoMa s s er as e

Note: 1. The mass erase is split to page erase by hardware. The erase time is longer than
normal mass erase.

2. The mass erase command is setting MERDF bit in FMC_CTL1 register.

Datfal ash fast program

The fast program of data flash is same as bank 1 fast program. RefertoMai n Fl ash Fas
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Programming

2.3.14. Emul ated EEPROM

The EEPROM SRAM size is configured by EPSIZE. And the EEPROM backup size is
configured by EFALC. The larger the ratio of EEPROM backup and EEPROM SRAM makes
the better endurance.

The emulated EEPROM file system locates all valid EEPROM SRAM data records in
EEPROM backup and copies the newest data to Shared RAM. ERAMRDY bit in FMC_WS
register will be set after data from all valid EEPROM data records is copied to the Shared
RAM. After ERAMRDY bit is set, the Shared RAM is available for read or write access.

Setting the EPLOAD bit in option bytes 1, data will be loaded from EEPROM backup to the
Shared RAM after a system reset. Or when the SRAMCMD bits is configured as EEPROM
RAM mode, data will be loaded from EEPROM backup to the Shared RAM.

When reading the EEPROM, the data will be read from Shared RAM directly.

When writing the EEPROM, the data will be written in the Shared RAM and recorded in the
EEPROM backup. After a write to the RAM, the RAM is not accessible until BUSY bit is
cleared.

The read or write access can be byte, half-word or word.

Note: If the EEPROM operation is interrupted by a power down, reset, ect, the contents in
EEPROM will not be guaranteed and leave in an indeterminate state. So appropriate
measures should be taken to avoid data loss by interrupt of EEPROM operation.

When the data flash is configured as EEPROM backup, one error is detected and
automatically corrected before copying data to the EEPROM SRAM. If two errors are detected
in EEPROM backup and the EEPROM SRAM need to load the data, the data reload to the
EEPROM SRAM will be all F.

Note:

1. It is strongly recommended not to perform system reset or power reset when writing
EEPROM.

2. When using the EEPROM, after the data in the EEPROM SRAM is loaded to the backup
EEPROM, the EPECCDET bit in FMC_ECCCS register must be checked. If the EPECCDET
bit is set, the data in EEPROM backup is not properly. And all the data in EEPROM backup
should be erased before using it again.

3. Between two system resets, the shared SRAM cannot be switched to EEPROM SRAM
twice. For example, it is not allowed to switch from EEPROM SRAM to basic SRAM or fast
programming SRAM, and then from basic SRAM or fast programming SRAM to EEPROM
SRAM. But it is possible to switch from basic SRAM or fast programming SRAM to EEPROM
SRAM, and then switch from EEPROM SRAM to basic SRAM or fast programming SRAM.
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2.3.15. Option bytes 0O erase

The FMC provides an erase function which is used to initialize the option bytes 0 block in
flash. The following steps show the erase sequence.

A Unlock the FMC_CTL1 register if necessary.

A Check the BUSY bit in the FMC_STAT1 register to confirm that no flash memory
operation is in progress (BUSY equal to 0). Otherwise, wait until the operation has
finished.

A Unlock the option bytes operation bit OBWEN in the FMC_CTL1 register if necessary.

A Wait until the OBWEN bit is set in the FMC_CTL1 register.

A Setthe OBOER bit in the FMC_CTL1 register.

A Send the option bytes 0 erase command to the FMC by setting the START bit in the
FMC_CTL1 register.

A Wait until all the operations have been finished by checking the value of the BUSY bit in

the FMC_STAT1 register.
A Read and verify the flash memory using a DBUS access if required.

When the operation is executed successful, the ENDF bit in the FMC_STAT1 register is set,
and an interrupt will be generated if the ENDIE bit in the FMC_CTL1 register is set.

2.3.16. Option bytes programming

Option bytes 0 programming

The FMC probkidedoablbd word programming function

the option byte 0O contents. The following steps
A Unlock the FMC_CTL1 register if necessary.
A Check the BUSY bit in FMC_STAT1 register to confirm that no flash memory operation

is in progress (BUSY equal to 0). Otherwise, wait until the operation has been finished.
A Unlock the OBWEN bit in FMC_CTL1 register if necessary.
A Wait until the OBWEN bit is set in the FMC_CTL1 register.
A Write the program command into the OBOPG bit in FMC_CTL1 register.
A Writediidtata to be programmed by DBUS with des
A Wait until all the operations have been completed by checking the value of the BUSY bit

in FMC_STATL register.
A Read and verify the flash memory if required using a DBUS access.
When the operation is executed successfully, an
in the FMC_CTL1 register is set, and the ENDF i
chedle taddress that it has been erased before t
address has not been erased, PGERR ©bit in the
programming the address even if programming 0xO0.

tén ENDF bit in the FMC_STAT1 register.
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Option bytes 1 programming
The following steps show the modify operation sequence.
A Unlock the FMC_CTL1 register if necessary.
A Check the BUSY bit in FMC_STAT1 register to confirm that no flash memory operation
is in progress (BUSY equal to 0). Otherwise, wait until the operation has been finished.
A Unlock the OBWEN bit in FMC_CTL1 register if necessary.
A Wait until the OBWEN bit is set in the FMC_CTL1 register.
A Write the value to LKVAL / EPLOAD / EPSIZE / EFALC in FMC_OBICS register.
A Write the OB1START in FMC_OBICS register.
A Wait until all the operations have been completed by checking the value of the BUSY bit
in FMC_STATL1 register.
A lLaucha system reset or setting the OBRLD bit in
datlaasth / EEPROM.
A Read and verify the flash memory if necessary.
Note:
1.The option bytes 1 block of flash memory rel oc
system reset or OBRLD bit set in FMC_CTL1 regi s
2. The modified optiom bwytsdeml refsfedctororsley tafntge
FMC_CTL1 register.
3. After the system reset or setting the OBRLD
0x33CC, the OB1LK bit in FMC_OB1CS register will
modi fi ed eany mo
4. | f the unexpected val ueGSERRIwri t wielnl i me ope¢et oaf
the OB1START bit and the operation will be ignot
5. To modify the EPSIZE / EFALC bits, the extend flash will be erased by hardware first, then
modifytheopt i on bytes 1.
6. After modifying the option byte 1, it is strongly recommended to perform a power reset.
2.3.17. Option bytes description

Option bytes 0 description

The option bytes 0 block of flash memory reloade
aft®e@echesystem reset or OBRLD bit set in FMC_CTL1
The option complement bytes are the opposite of
i f the option compl ement bytes and optiiom byte
FMC_OBSTAT register is set, and_athi2& o®@gdti iomn bhbyttee
Qi s the detail of option bytes O0.
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Tab?2-&

Opti on

bytes 0

Address

Name

Description

Ox1fff f800

OB_SPC

option bytes 0 security protection value

0xA5 : no security protection

any value except OxA5 or OxCC : protection level low
0xCC : protection level high

Ox1fff f801

OB_SPC_N

OB_SPC complement value

Ox1fff f802

OB_USER

[7]: BOR_TH (Brown out reset threshold)

0: Have BOR, brownout threshold level (2.6V) (factory
value)

1: No BOR

[6:5]: reserved

[4]: OTA

0: When configured boot from main memory, if the BB is 0,

all data will be copied from bank1 to bank0 and then boot
from banko.

1: no effect.

[3]: BB

0: when OTA is 1, boot from bank1 or bankO if bank1l is
void, when configured boot from main memory

1: boot from bank0, when configured boot from main
memory

[2]: NRST_STDBY

0: generate a reset instead of entering standby mode

1: no reset when entering standby mode

[1]: NRST_DPSLP

0: generate a reset instead of entering deep-sleep mode
1: no reset when entering deep-sleep mode

[0]: NWDG_HW

0: hardware free watchdog

1: software free watchdog

Ox1fff f803

OB_USER_N

OB_USER complement value

Ox1fff f804

OB_DATA[7:0]

user defined data bit 7 to O

Ox1fff f805

OB_DATA_N[7:0]

OB_DATA complement value bit 7 to 0

Ox1fff f806

OB_DATA[15:8]

user defined data bit 15 to 8

Ox1fff f807

OB_DATA_N[15:8]

OB_DATA complement value bit 15 to 8

Ox1fff f808

OB_BKOWP[7:0]

Page erase / program protection of bankO0 bit 7 to 0
0: protection active

1: unprotected

Ox1fff f809

OB_BKOWP_N[7:0]

OB_BKOWP complement value bit 7 to O

Ox1fff f80a

OB_BKOWP[15:8]

Page erase / program protection of bankO bit 15 to 8

Ox1fff f80b

OB_BKOWP_N[15:8]

OB_BKOWP complement value bit 15 to 8

Ox1fff f80c

OB_BKOWP[23:16]

Page erase / program protection of bankO0 bit 23 to 16
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Address Name Description

0x1fff f80d OB_BKOWP_N[23:16] |OB_BKOWP complement value bit 23 to 16

0x1fff f80e OB_BKOWPJ[31:24] |Page erase / program protection of bankO0 bit 31 to 24

Ox1fff f80f OB_BKOWP_N[31:24] |OB_BKOWP complement value bit 31 to 24

Ox1fff f810 OB_BK1WP[7:0] Page erase / program protection of bank1l bit 7 to O

Ox1fff f811 OB_BK1WP_N[7:0] |OB_BK1WP complement value bit 7 to O

Ox1fff f812 OB_DFWP[7:0] Page erase / program protection of data flash bit 7 to 0

Ox1fff f813 OB_DFWP_NI[7:0] |OB_DFWP complement value bit 7 to O

Ox1fff (814 OB_EPWP[7:0] Page erase / program protection of EEPROM backup bit 7
to0

Ox1fff f815 OB_EPWP_N[7:0] |OB_EPWP complement value hit 7 to 0

Option byte

TabP-e

s 1 description

Option bytes 1 (384KalPk&s hOpdoriy o256 KL

fl aafd)l ab P-8.

Opti on byt esshdws thesdetKil of dpters hytes 1 in

different flash memory capacity.

Tab?2-&

Opti on

bytes 1 (384K flash or 256K

f(1 182s8hK

fl ash)

Address

Name

Description

[31:16]

LKVAL[15:0]

Option bytes 1 Lock Value
0x33CC: Lock Option bytes 1, the Option bytes 1 cannot be modified any
more.

other value : Do not lock Option bytes 1

(15]

EPLOAD

Determines whether the flash reset sequence takes time to load the
Shared RAM with valid EEPROM data.

0: Shared RAM is not loaded with valid EEPROM data during the flash
reset sequence.

1: Shared RAM is loaded with valid EEPROM data during the flash reset

sequence.

[11:8]

EPSIZE[3:0]

Specified the total available Shared RAM for EEPROM SRAM.
Note: 1. EPSIZE must be 0 bytes (1111b) when the extended flash
partition code EFALC[3:0] is configured as "No EEPROM".
0000: Reserved

0001: Reserved

0010: Reserved

0011: Reserved

0100: Reserved

0101: Reserved

0110: Reserved

0111: Reserved

1000: 4,096 bytes

1001: Reserved

1010: Reserved
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Address Name Description
1011: Reserved

1100: Reserved

1101: Reserved

1110: Reserved

1111: 0 Bytes

Specified the size of the data flash and EEPROM backup in the extend
flash memory. Extend memory that is not partitioned for data flash is used
to store EEPROM records.

EFALC Data flash size (KB) EEPROM backup size (KB)
0000 64 0
[7:4] EFALCI[3:0] 0011 48 16
0100 32 32
0101 16 48
1000 0 64
1111 Default value. The extended flash is not configured with
a valid partition code.

Tab2& Opbyoers 1 (128K fl ash)

Address Name Description

Option bytes 1 Lock Value

0x33CC: Lock Option bytes 1, the Option bytes 1 cannot be modified
[31:16] LKVAL[15:0]

any more.

other value : Do not lock Option bytes 1

Determines whether the flash reset sequence takes time to load the
Shared RAM with valid EEPROM data.

0: Shared RAM is not loaded with valid EEPROM data during the flash
reset sequence.

1: Shared RAM is loaded with valid EEPROM data during the flash
reset sequence.

Specified the total available Shared RAM for EEPROM SRAM.

Note: 1. EPSIZE must be 0 bytes (1111b) when the extended flash
partition code EFALC[3:0] is configured as "No EEPROM".

0000: Reserved

0001: Reserved

0010: Reserved

[11:8] EPSIZE[3:0] 0011: Reserved

0100: 2048 Bytes

0101: Reserved

0110: Reserved

0111: Reserved

1000: Reserved

1001: Reserved

[15] EPLOAD
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Address Name Description

1010: Reserved

1011: Reserved

1100: Reserved

1101: Reserved

1110: Reserved

1111: O Bytes

Specified the size of the data flash and EEPROM backup in the extend
flash memory. Extend memory that is not partitioned for data flash is
used to store EEPROM records.

EFALC Data flash size (KB) EEPROM backup size (KB)
0001 32 0
[7:4] EFALCJ3:0] 0110 8 24
1001 0 32
1011 16 16
1100 24 8
1111 Default value. The extended flash is not configured with
a valid partition code.

Tab?2-@ Option bytes 1 (64K fl ash)

Address Name Description

Option bytes 1 Lock Value

0x33CC: Lock Option bytes 1, the Option bytes 1 cannot be modified
[31:16] LKVAL[15:0]

any more.

other value : Do not lock Option bytes 1

Determines whether the flash reset sequence takes time to load the
Shared RAM with valid EEPROM data.

0: Shared RAM is not loaded with valid EEPROM data during the flash
reset sequence.

1: Shared RAM is loaded with valid EEPROM data during the flash
reset sequence.

Specified the total available Shared RAM for EEPROM SRAM.

Note: 1. EPSIZE must be 0 bytes (1111b) when the extended flash
partition code EFALC[3:0] is configured as "No EEPROM".

0000: Reserved

0001: Reserved

0010: 1024 Bytes

0011: Reserved

0100: Reserved

0101: Reserved

0110: Reserved

0111: Reserved

1000: Reserved

[15] EPLOAD

[11:8] EPSIZE[3:0]
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Address Name Description
1001: Reserved
1010: Reserved
1011: Reserved
1100: Reserved
1101: Reserved
1110: Reserved
1111: O Bytes
Specified the size of the data flash and EEPROM backup in the extend
flash memory. Extend memory that is not partitioned for data flash is
used to store EEPROM records.
EFALC Data flash size (KB) EEPROM backup size (KB)
0010 16 0
[7:4] EFALCI3:0] 0111 4 12
1010 0 16
1101 8 8
1110 12 4
1111 Default value. The extended flash is not configured with
a valid partition code.
Not e:
1. Bits 63:32 is the compl ement byte of Bits 31
compl ebmetneg and option byte does not match, the
i's set.
2. When the size and partition is modified, the
And the endurance data will be | ost.
3. I f the modificabnhiios obfl egalk, ankdepapér afiion w
occur s. I f EPSIZE is O bytes (1111b), EEPROM bact
is not O bytes (1111b), EEPROM backup size in EF
4 . I't is recommended to configure the option by
modi fication of option bytes 1orsettihgehe OBRRLD Btct af t
in FMC_CTL1 register.
5. I't is recommendedert ot deo mao dhiofwiearatriesretofafdapt i o
2.3.18. Erase / program protection

The FMC provides page erase [/ program protect
operations on the flash memory. The page erase ¢
on protec.teld ptahgeespage erase or program command
page, the WPERR bit in the FMC_STATX register wi
bit is set and the ERRIE bit is set, themnhothe f|
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get the attention of the CPU.

Page erase / program protection of bank 0

The page erase / program protection of bank 0 cz¢
OB_BKOWP[ 31:0] bit field to O in the optidomnbyt ¢
the Option Byte region, al |l the flash memory pa
be disabled. When setting or resetting OB_BKOWP
need to set OBRLD in FMC_CTL1 r é&dies tO8Br B&KO WP [ Sys |
bitsTabhhke0 OB BKOWP bit f ors hpoawgse swhpircoht epcatgeeds ar e
by setting OB_BKOWP[ 31:0].

Tab?2®0 OB_BKOWP bit for pages protected

OB_BKOWP bit pages protected
OB_BKOWP[0] BANKO_SIZE / 32
OB_BKOWP[1] BANKO_SIZE / 32
OB_BKOWP[2] BANKO_SIZE / 32
OB_BKOWP[30] BANKO_SIZE / 32
OB_BKOWP[31] BANKO_SIZE / 32

NotBANKO_SI ZE is the memory size of bankO.

Page erase / program protection of bank 1

The page erase |/ program protection of bank 1 c:
OB_BK1WP[ 7: 0] bit field to 0O in the option byte

one eighth of bank 1. I f a page eBytse rogegiran,i oal
flash memory page erase [/ program protection f
resetting OB_BK1WP[ 7: 0] in the option bytes 0,

FMC_CTL1 register or a system r eistest. TtalthPee® | oad t
OB BKI1IWP bit for psalhews pwbit ebt ggdages ar e pr ot e
OB_BK1WP[ 7:0].

Tab?2%®1 OB_BK1WP bit for pages protected

OB_BK1WP bit pages protected
OB_BK1WP[0] BANK1 SIZE /8
OB_BK1WP[1] BANK1_SIZE/8
OB_BK1WP[6] BANK1_SIZE/8
OB_BK1WP[7] BANK1_SIZE/8
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Not EBANK1 SI ZE issthe omembagk1.

2. OTP write protection is controlled by OB_BK1'

Page erase / program protection of data fl a

The page erase |/ program protection of data fl a
the OB_DFWP[7:0] bit field to O in the option b
one eighth of data fl ash. I f a pmtgieorer Bytee orpeg iac
the flash memory page erase |/ program protecti ol
resetting OB_DFWP[7:0] in the option bytes 0, th
register or a system resC]t biotTa.le2-®BRhedOB hleF \OB _DiFtW
for pmpmgetsected (EFALC: /exX@ehgitab®*230B DKWP bit for
pages protected (FFAREDWsx 3wh/i clhx pages are prot
OB_DFWP[ 7:0] .

Tab2?2k2 OB_DFWP biprboecpages EFALC: except O0x3 /

OB_DFWP bit pages protected
OB_DFWP[0] DFLASH_SIZE /8
OB_DFWP[1] DFLASH_SIZE /8
OB_DFWP[6] DFLASH_SIZE /8
OB_DFWP[7] DFLASH_SIZE /8

Tab?2-:230B_DFWP bit for pages protected (EFALZC: 0 x

OB_DFWP bit pages protected
OB_DFWP[0] DFLASH_SIZE /6
OB_DFWP[1] DFLASH_SIZE /6
OB_DFWP[4] DFLASH_SIZE /6
OB_DFWPI5] DFLASH_SIZE /6

NotBFLASH_SI ZE is the memory size of data fl ash.

Page erase / program protection of EEPROM

The page erase / program protection of EEPROM c
the OB_EPWP[7:0] bit field to O in t]lher eopprteisoenn tbhs
one eighth of EEPROM. | f a page erase operation
the flash memory page erase |/ program protecti ol
resetting OB_EPWP[7:0] in mkedopti setbOPB&RLEDO|] nt I
register or a system reset tolakl-®dadOB hEeP \OB _[EiPtW
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f or pr ostheocwtsedwhi céd prgescted by setting OB_EPWP]

Tab2®4 OB_EPWP bit for protected

OB_EPWP bit pages protected

OB_EPWP[0] EEPROM_SIZE /8
OB_EPWP[1] EEPROM_SIZE /8
OB_EPWP[6] EEPROM_SIZE /8
OB_EPWP[7] EEPROM_SIZE /8

Not EEPROM_SI ZE is théam&mmRROM.i ze of

2.3.19. Security protection

The FMC provides a security protection function

flash memory. This functisorf tiwarwsdf dli rfmovra rper dtre

There are 3 levels for protection:

No protection: when setting OB_SPC bypgrotaadti ¢

D

erations.

o
©

rformed after a system reset. The main Ifll ash ¢

Low | evel whreont exdtitoinng OB _SPC byte and its c¢comg
except OxXx5AA5 or @OrxadBt3eCcCt,i dno wp erefveerimed. The main
and EEPROM can only be accessed bryonuns®RAM oodre.b do
from boot | oader mode, al | operations to main
forbidden. I f a read operation is executed to m
boot from boot | oader mode, aodruasmel/rrerrasvd |/l ddtee
operation is executed to main flash, OTP, data f

SRAM or boot from bootloader mode, the WPERR bi
l ow | evel protection, ospithloen bbyy taelsl 0o poe roactki canrse.
no protection | &WP&l blyyt esatntdi ng sOR ompl ement val

erase for main fl.ash wil/ be perfor med

High | evel protection: when set OB_SPC kwted and

protection performed. When this | evel i s

progr a

boot from bootl oader mode is disabl ed. The main

from user code. The option byte cannost cboempelreanseend

val ue annot be reprogrammed. So, i f high

| evel

c
back to protection | evel l ow or no protection |

2.3.20. Error description

PGSERR bit in FMC_CTLx register will be set if one of the conditions occurs in T a b -5
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PGSERR conditions
Tab?2k5 PGSERR conditions
Mode Condition Operation
program / fast )
PG and FSTPG are cleared Write data
program
1. not write by address order
fast program 2. not write from 0 or not write full 32 double-word Set START
3. PRAMRDY is not set
CBCMD / FSTPG / OBOER / OBOPG / MERDF / MER
program / PER Set PG
are not cleared
CBCMD / PG/ OBOER / OBOPG / MERDF / MER /
fast program PER Set FSTPG
are not cleared
) CBCMD / FSTPG / OBOER / OBOPG / MERDF / MER
option bytes 1
i /| PER/ PG Set OB1START
modify
are not cleared
option bytes 1 ]
i not valid EPSIZE / EFALC Set OB1START
modify
CBCMD / FSTPG / OBOPG / MERDF / MER / PER /
option byte 0 erase PG Set OBOER
are not cleared
] CBCMD / FSTPG / OBOER /MERDF / MER / PER /
option byte 0
PG Set OBOPG
program
are not cleared
CBCMD / OBOER / OBOPG / MERDF / PER / PG
mass erase Set MER
are not cleared
CBCMD / FSTPG / OBOER / OBOPG / MER / PER /
data flash mass PG
Set MERDF
erase are not cleared
No Data Flash
CBCMD / FSTPG / OBOER / OBOPG / MERDF / MER
/| PG
page erase Set PER
are not cleared
FMC_ADDRX is not valid address
FMC_ADDRx and CBCMDLEN configure error:
check blank 1. exceed 1KB boundary Set CBCMD
2. not valid address
) read or write to
access EEPROM ERAMRDY is not set
EEPROM by bus
FSTPG / OBER / OBPG / MERDF / MER / PER / PG
check blank Set CBCMD
are not cleared
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PGAERR bit in FMC_CTLx register will be set if one of the conditions occurs in T a b P-£ 6

PGAERR conditions
Tab2k6 PGAERR conditions
Mode Condition Operation
1. The DBUS program do not use 32-bit write.
2. The DBUS write is not alignment. The first DBUS )
program ) ) Write data
write must double-word alignment and the second
write belong to same double-word address.
1. The DBUS program do not use 32-bit write.
2. The DBUS write is not alignment. The first DBUS
fast program Set START

write must double-word alignment and the second

write belong to same double-word address.

PGERR bit in FMC_CTLx register will be set if one of the conditions occursin Ta b P-£ 7

PGERR conditions

Tab?2®27 PGERR conditions
Mode Condition Operation
program If the program address is not erased Write data

WPERR bit in FMC_CTLx register will be set if one of the conditions occursin T a b P-£ 8

WPERR conditions
Tab2®28 WPERR conditions
Mode Condition Operation
1.The program address is write protected by option
byte )
program 2. read protection low and boot from sram or boot Write data
from bootloader or debug mode
1.The erase address is write protected by option byte
erase 2. read protection low and boot from sram or boot set START
from bootloader or debug mode
check blank read protection low and boot from SRAM or boot from set START
bootloader or debug mode
1.The write address is write protected by option byte
write EEPROM 2. read protection low and boot from sram or boot write data
from bootloader or debug mode
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2.4. Register definition
FMC base address: 0x4002 2000
2.4.1. Wait state register (FMC_WS)
Address offset: 0x00
Reset value: 0x0000 0210
This register has to-bbhd )accessed by word (32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PRAMRD | BRAMRD | ERAMRD
Reserved
Y Y Y
r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SLEEP_S
Reserved Reserved IDRST |Reserved| IDCEN Reserved PFEN | Reserved WSCNTI[2:0]
LP
w w w rw rw
Bits Fields Descriptions
31:19 Reserved Must be kept at reset value.
18 PRAMRDY Fast program SRAM ready flag. This bit is set by hardware. And cleared by
configuring the SRAMCMD bits as Basic RAM or EEPROM RAM mode.
0: Fast program SRAM is not ready.
1: Fast program SRAM is ready.
17 BRAMRDY Basic SRAM ready flag. This bit is set by hardware. And cleared by configuring the
SRAMCMD bits as fast program RAM or EEPROM RAM mode.
0: Basic SRAM is not ready.
1: Basic SRAM is ready.
16 ERAMRDY EEPROM SRAM ready flag. This bit is set by hardware. And cleared by configuring
the SRAMCMD bits as fast program RAM or Basic RAM mode.
0: EEPROM SRAM is not ready.
1: EEPROM SRAM is ready.
15 Reserved Must be kept at reset value.
14 SLEEP_SLP Flash goto sleep mode or power-down mode when MCU enters deepsleep mode.
0: Flash is in power-down mode.
1: Flash is in sleep mode.
13:12 Reserved Must be kept at reset value.
11 IDRST Cache reset

0: No reset
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1: Reset the cache if cache is disabled
10 Reserved Must be kept at reset value.
9 IDCEN Cache enable
0: Cache disable
1: Cache enable
8:5 Reserved Must be kept at reset value.
4 PFEN Pre-fetch enable
0: Pre-fetch disable
1: Pre-fetch enable
3 Reserved Must be kept at reset value.
2:0 WSCNTI[2:0] Wait state counter
These bits are configured by software.
000: 0 wait state added
001: 1 wait state added
010: 2 wait state added
011: 3 wait state added
100 ~111: reserved
2.4.2. ECC control and status register (FMC_EC
Address offset: 0x04
Reset value: 0x0000 0000
This register has to-bbe )accessed by word (32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
EPECCD OBOECC | OB1ECC |ECCDETI|ECCCOR | OTP_EC SYS_EC | BK1_EC | OBO_EC
ECCDET |ECCCOR Reserved DF_ECC Reserved
ET DET DET E IE C C C C
rc_wl rc_wl rc_wl rc_wil rc_wl w w r r r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ECCADDRJ[14:0]
r
Bits Fields Descriptions
31 ECCDET Two bit errors detect flag. This bit set when two bit errors is detected. And cleared
by writing 1 to ECCDET bit in FMC_ECCCS register or FLASHECCIF bit in
SYSCFG_STAT register.
0: Two ECC errors are not detected.
1: Two ECC errors are detected.
30 ECCCOR One bit error detected and correct flag.

This bit is cleared by writing 1.
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0: No ECC error is detected and corrected.
1: An ECC error is detected and corrected.

29 EPECCDET EEPROM two bit errors detect flag.
This bit is cleared by writing 1.
0: Two ECC errors of EEPROM are not detected.
1: Two ECC errors of EEPROM are detected.

28 Reserved Must be kept at reset value.

27 OBOECCDET Option bytes O two bit errors detect flag.
This bit is cleared by writing 1.
0: Two ECC errors of option bytes 0 are not detected.

1: Two ECC errors of option bytes 0 are detected.

26 OB1lECCDET Option bytes 1 two bit errors detect flag.
This bit is cleared by writing 1.
0: Two ECC errors of option bytes 1 are not detected.
1: Two ECC errors of option bytes 1 are detected.

25 ECCDETIE Two bit errors detect interrupt enable. When EPECCDET, OBOECCDET, or
OB1ECCDET is set, and this bit is set, an interrupt will be generated.
0: Two bit errors detect interrupt disable.

1: Two bit errors detect interrupt enable.

24 ECCCORIE One bit error correct interrupt enable.
0: One bit error correct interrupt disable.

1: One bit error correct interrupt enable.

23 OTP_ECC If an ECC bit error is detected in OTP, this bit will be set. And the ECCADDR records
the offset address of OTP.
0: No ECC error is detected in OTP.
1: An ECC bit error is detected in OTP.

22 DF _ECC If an ECC bit error is detected in data flash, this bit will be set. And the ECCADDR
records the offset address of data flash.
0: No ECC error is detected in data flash.
1: An ECC bit error is detected in data flash.

21 SYS_ECC If an ECC bit error is detected in system memory, this bit will be set. And the
ECCADDR records the offset address of system memory.
0: No ECC error is detected in system memory.
1: An ECC bit error is detected in system memory.

20 BK1 ECC If an ECC bit error is detected in bank 1, this bit will be set. And the ECCADDR
records the offset address of bank 1.
0: No ECC error is detected in bank 1.
1: An ECC bit error is detected in bank 1.
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19 OBO_ECC If an ECC bit error is detected in option bytes 0, this bit will be set. And the
ECCADDR records the offset address of option bytes 0.
0: No ECC error is detected in option bytes 0.
1: An ECC hit error is detected in option bytes 0.
18:15 Reserved Must be kept at reset value.
14:0 ECCADDRJ[14:0] The offset address of double word where an ECC error is detected.
Error address = base address + ECCADDR[14:0] * 8, the base address can be the
start address of bank0, bankl, data flash, EEPROM SRAM, system area, option
bytes 0, option bytes 1 and OTP. For details, refer to 2.3.1.
2.4.3. Unl ock key register 0 (FMC_KEYO0)
Address offset: 0x08
Reset value: 0x0000 0000
This register has to-bbe )accessed by word (32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ KEY[31:16] ‘
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ KEY[15:0] ‘
w
Bits Fields Descriptions
31.0 KEY[31:0] FMC_CTLO unlock key
These bits are only be written by software.
Write KEY[31:0] with keys to unlock FMC_CTLO register.
2.4.4, Status register 0 (FMC_STATO0)
Address offset: 0x0C
Reset value: 0x0000 0000
This register has to-bhd )accessed by word (32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CBCMDE
RSTERR Reserved ENDF WPERR [ PGAERR | PGERR |PGSERR | BUSY
RR
rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl r
Bits Fields Descriptions
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31:16 Reserved Must be kept at reset value.

15 RSTERR If the voltage is below 3.0V or a system reset occurs during flash programming or
erasing, an error will be generated and this bit will be set. When the error is occurred,
the data in the current address unreliable, and it is necessary to erase and program
again. And the EEPROM should be loaded again. If the voltage is lower than BOR
/ POR, the value of this bit will be reset after the BOR / POR reset, but retained after
a system reset.

Note: Programming/erasing is not recommended when the voltage is below 3.0V.

14:7 Reserved Must be kept at reset value.

6 CBCMDERR The checked area by the check blank command is all OXFF or not.

0: The checked area is all OxFF.
1: The checked area is not all OxFF.

5 ENDF End of operation flag bit
When the operation executed successfully, this bit is set by hardware. The software
can clear it by writing 1.

4 WPERR Erase / Program protection error flag bit
When erase / program on protected pages, this bit is set by hardware. The software
can clear it by writing 1.

3 PGAERR Program alignment error flag bit
This bit is set by hardware when DBUS write data is not alignment. The software
can clear it by writing 1.

2 PGERR Program error flag bit
When program to the flash while it is not OXFFFF, this bit is set by hardware. The
software can clear it by writing 1.

1 PGSERR Program sequence error flag bit.

0 BUSY The flash busy flag.

When the operation is in progress, this bit is set to 1. When the operation is end or
an error is generated, this bit is cleared to 0.
2.4.5. Control register 0O (FMC_CTLO)
Address offset: 0x10
Reset value: 0x0000 0080
This register has to-bbe )accessed by word (32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CBCMDLEN][2:0] Reserved ‘ CBCMD ‘
w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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‘ Reserved ‘ ENDIE |Reserved| ERRIE |Reserved| FSTPG ‘ LK ‘ START ‘ Reserved ‘ MER ‘ PER ‘ PG ‘
w w w rs rs rw w rw
Bits Fields Descriptions
31:29 CBCMDLEN[2:0] CBCMD read length 2 (CBCMDLEN).

The read length by check blank command.
The read length is 2* CBCMDLEN double words.

28:17 Reserved Must be kept at reset value.

16 CBCMD The command to check the selected area is blank or not.
15:13 Reserved Must be kept at reset value.

12 ENDIE End of operation interrupt enable bit

This bit is set or cleared by software
0: no interrupt generated by hardware.
1: end of operation interrupt enable

11 Reserved Must be kept at reset value.

10 ERRIE Error interrupt enable bit
This bit is set or clear by software0: no interrupt generated by hardware
1: error interrupt enable

9 Reserved Must be kept at reset value.

8 FSTPG Main flash fast program command bit
This bit is set or clear by software
0: no effect

1: main flash fast program command

7 LK FMC_CTLO lock bit
This bit is cleared by hardware when right sequence written to the FMC_KEYO

register. This bit can be set by software.

6 START Send erase command to FMC bit
This bit is set by software to send erase command to FMC.
This bit is cleared by hardware when the BUSY bit is cleared.

5:3 Reserved Must be kept at reset value.

2 MER Main flash mass erase command bit
This bit is set or cleared by software
0: no effect

1: main flash mass erase command

1 PER Main flash page erase command bit
This bit is set or clear by software

0: no effect
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1: main flash page erase command

0 PG Main flash program command bit
This bit is set or clear by software
0: no effect

1: main flash program command

Not®his register should be reset after the correspondi

2.4.6. Address register 0 (FMC_ADDRO)

Address offset: 0x14
Reset value: 0x0000 0000

This regi staecesaedt dbpbavdrd (32

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ ADDR[31:16] ‘
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ADDR[15:0] ‘
w
Bits Fields Descriptions
31:.0 ADDR[31:0] Flash erase / program command address bits

These bits are configured by software.
ADDR bits are the address of flash to be erased / programmed.

2.4.7. Option byte unlock key register (FMC_OBI

Address offset: 0x44
Reset value: 0x0000 0000

This register has to-bbe )accessed by word (32

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ OBKEY[31:16] ‘
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ OBKEY[15:0] ‘
w
Bits Fields Descriptions
31.0 OBKEY[31:0] FMC_CTL1 option bytes operation unlock register

These bits are only be written by software.
Write OBKEY[31:0] with keys to unlock option bytes command in the FMC_CTL1

register.
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2.4.8. Unl ock key register 1 (FMC_KEYL1)
Address offset: 0x48
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ KEY[31:16] ‘
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ KEY[15:0] ‘
w

Bits Fields Descriptions

31:.0 KEY[31:0] FMC_CTL1 unlock key
These bits are only be written by software
Write KEY[31:0] with key to unlock FMC_CTLA1 register.

2.4.9. Status register 1 (FMC_STATL1)

Address offset: 0x4C
Reset value: 0x0000 0000
This register has to-bhd )accessed by word (32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CBCMDE
RSTERR Reserved ENDF WPERR [ PGAERR | PGERR |PGSERR | BUSY
RR
rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl r

Bits Fields Descriptions

31:16 Reserved Must be kept at reset value.

15 RSTERR If the voltage is below 3.0V or a system reset occurs during flash programming or
erasing, an error will be generated and this bit will be set. When the error is occurred,
the data in the current address unreliable, and it is necessary to erase and program
again. And the EEPROM should be loaded again. If the voltage is lower than BOR
/ POR, the value of this bit will be reset after the BOR / POR reset, but retained after
a system reset.

Note: Programming/erasing is not recommended when the voltage is below 3.0V.

14:7 Reserved Must be kept at reset value.

6 CBCMDERR The checked page by the check blank command is all OxFF or not.
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ENDF

WPERR

PGAERR

PGERR

PGSERR

BUSY

2.4.10. Control

0: The checked page is all OxFF.
1: The checked page is not all OxFF.

End of operation flag bit
When the operation executed successfully, this bit is set by hardware. The software

can clear it by writing 1.

Erase / Program protection error flag bit
When erase / program on protected pages, this bit is set by hardware. The software
can clear it by writing 1.

Program alignment error flag bit
This bit is set by hardware when DBUS write data is not alignment. The software

can clear it by writing 1.

Program error flag bit
When program to the flash while it is not OXFFFF, this bit is set by hardware. The
software can clear it by writing 1.

Program sequence error flag bit.

The flash is busy bit
When the operation is in progress, this bit is set to 1. When the operation is end or
an error is generated, this bit is cleared to 0.

register 1 (FMC_CTL1)

Address offset: 0x50
Reset value: 0x0000 0080

This register has to-bbe )accessed by word (32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ CBCMDLEN[2:0] ‘ Reserved ‘ SRAMCMDI[1:0] ‘ Reserved ‘ CBCMD ‘
rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ OBRLD ‘ ENDIE |Reserved| ERRIE ‘OBWEN ‘ FSTPG ‘ LK ‘ START ‘ OBOER ‘ OBOPG ‘ MERDF ‘ MER ’ PER ‘ PG ‘
w w w w w rs rs w w w w 2 w
Bits Fields Descriptions
31:29 CBCMDLEN][2:0] CBCMD read length 2/ (CBCMDLEN).
The read length by check blank command.
The read length is 2* CBCMDLEN double words.
27:26 Reserved Must be kept at reset value.
25:24 SRAMCMDI1:0] Shared RAM command. These bits are set by software and cleared by hardware

when PRAMRDY, BRAMRDY, or ERAMRDY is set.
00: no operation
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01: set fast program RAM mode
10: set Basic RAM mode
11: set EEPROM RAM mode

23:17 Reserved Must be kept at reset value.
16 CBCMD The command to check the selected page is blank or not.
15:14 Reserved Must be kept at reset value.
13 OBRLD Option byte reload bit
This bit is set by software.
0: No effect

1: Force option byte reload

12 ENDIE End of operation interrupt enable bit
This bit is set or cleared by software
0: no interrupt generated by hardware.
1: end of operation interrupt enable

11 Reserved Must be kept at reset value.

10 ERRIE Error interrupt enable bit
This bit is set or cleared by software
0: no interrupt generated by hardware.
1: error interrupt enable.

9 OBWEN Option byte erase / program enable bit
This bit is set by hardware when right sequence written to the FMC_OBKEY

register. This bit can be cleared by software.

8 FSTPG Main flash fast program command bit.
This bit is set or clear by software.
0: no effect

1: main flash fast program command.

7 LK FMC_CTL1 lock bit
This bit is cleared by hardware when right sequence written to the FMC_KEY1

register. This bit can be set by software.

6 START Send erase command to FMC bit
This bit is set by software to send erase command to FMC.
This bit is cleared by hardware when the BUSY bit is cleared.

5 OBOER Option bytes 0 erase command bit
This bit is set or clear by software
0: no effect

1: option byte erase command
4 OBOPG Option bytes 0 program command bit
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This bit is set or clear by software

0: no effect

1: option bytes 0 program command

3 MERDF Data flash mass erase command bit
This bit is set or cleared by software
0: no effect

1: Data flash mass erase command

2 MER Main flash mass erase command bit
This bit is set or cleared by software
0: no effect
1: main flash mass erase command

1 PER Main flash page erase command bit
This bit is set or clear by software
0: no effect
1: main flash page erase command

0 PG Main flash program command bit
This bit is set or clear by software
0: no effect

1: main flash program command

Not®his register should be respérafien tbmpktetredspondi

2.4.11. Address register 1 (FMC_ADDR1)

Address offset: 0x54
Reset value: 0x0000 0000

This register has to-bbe )accessed by word (32

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ ADDR[31:16] ‘
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ADDR[15:0] ‘
w
Bits Fields Descriptions
31:0 ADDR[31:0] Flash erase / program command address bits

These bits are configured by software.
ADDR bits are the address of flash to be erased / programmed.

2.4.12. EEPROM counter register (FMC_EPCNT)

Address offset: 0x58
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Reset value: 0x0000 0000 (When the EEPROM has been configured as valid space by
EPSIZE and EFALC in option byets 1, the reset value is 0x0000 0000. Otherwise, the reset
value is OXOFFF FFFF.)
This register has to-bbhd )accessed by word (32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ EPCNT[31:16] ‘
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ EPCNT[15:0] ‘
r
Bits Fields Descriptions
31:.0 EPCNTI[31:0] Record the EEPROM erase counter.
2.4.13. Option byte status register (FMC_OBSTAT)
Address offset: 0x5C
Reset value: OxXXXX XX0X
This register has to be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ DATA[15:0] ‘
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ USER([7:0] Reserved PLEVEL[1:0] ‘ OBERR ‘
r r r
Bits Fields Descriptions
31:16 DATA[15:0] Store OB_DATA[15:0] of option byte block after system reset
15:8 USER[7:0] Store OB_USER byte of option byte block after system reset
7:3 Reserved Must be kept at reset value
2:1 PLEVELJ[1:0] Security Protection level
00: No protection level
01: Protect level low
10: Reserved
11: Protect level high
0 OBERR Option byte read error bit.

This bit is set by hardware when the option byte and its complement byte do not

match, and the option byte set OxFF.
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2.4.14. Erase / Program prOEBRCtWBD) register O
Address offset: 0x60
Reset value: OXXXXX XXXX
This register has tobbe)accessed by word(32
31 30 29 28 27 26 25 24 23 21 20 19 18 17 16
‘ BKOWP[31:16] ‘
15 14 13 12 11 10 9 8 7 5 4 3 2 1 0
‘ BKOWP[15:0] ‘
Bits Fields Descriptions
31:.0 BKOWP[31:0] Store OB_BKOWP[31:0] of option bytes 0 block after system reset.
2.4.15. Erase / Program protection register 1 (I
Address offset: 0x64
Reset value: OxXXXXX XXXX
This register has tobbe)accessed by word(32
31 30 29 28 27 26 25 24 23 21 20 19 18 17 16
‘ Reserved ‘ EPWP[7:0] ‘
r
15 14 13 12 11 10 9 8 7 5 4 3 2 1 0
‘ DFWP[7:0] ‘ BK1WP[7:0] ‘
r r
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value.
23:16 EPWP[7:0] Store OB_EPWP[7:0] of option bytes 0 block after system reset.
15:8 DFWP[7:0] Store OB_DFWP[7:0] of option bytes 0 block after system reset.
7:0 BK1IWP[7:0] Store OB_BK1WP[7:0] of option bytes 0 block after system reset.
2.4.16. Option byte 1 control and status regi st
Address offset: 0x68
Reset value: OxXXXX XX0X
This register has to be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 21 20 19 18 17 16

LKVAL[15:0]
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rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OB1STA
EPLOAD Reserved EPSIZE[3:0] EFALCI[3:0] Reserved | OB1LK OBlERR
RT
w I\ I\ r rw r
Bits Fields Descriptions
31:16 LKVAL[15:0] Load LKVAL of option byte 1 after reset. These bits can be written by software when
OB1LK is 0.
15 EPLOAD Load EPLOAD of option byte 1 after reset. This bit can be written by software when
OB1LK is 0.
14:12 Reserved Must be kept at reset value.
11:8 EPSIZE[3:0] Load EPSIZE of option byte 1 after reset. These bits can be written by software

when OB1LK is 0.

74 EFALC[3:0] Load EFALC of option byte 1 after reset. These bits can be written by software when
OB1LK is 0.

3 Reserved Must be kept at reset value.

2 OB1LK When LKVAL is 0x33CC, the OB1LK bit will be set. If OB1LK is 1, the FMC_OB1CS

register cannot be configured anymore.

1 OB1START Send option byte 1 change command to FMC.

It is set only by software and cleared when the BUSY bit is cleared.

0 OB1ERR Option bytes 1 read error bit.
This bit is set by hardware when the option bytes 1 and its complement byte do not
match, and the option byte 1 set OXFFFF FFFF.

2.4.17. Product | D register (FMC_PI D)

Address offset: 0x100
Reset value: OxXXXX XXXX

This register has tobbe)accessed by word(32

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ PID[31:16] ‘
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ PID[15:0] ‘
r
Bits Field Descriptions
31:.0 PID[31:0] Product reserved ID code register
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These bits are read only by software.

These bits are unchanged constant after power on. These bits are one time program
when the chip produced.
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3. Power management unit (PMU)
3.1 Overview

The power consumption is regarded as one of the most important issues for the devices of
GD32E502xx series. Power management unit (PMU) provides three types of power saving
modes, including Sleep, Deep-sleep and Standby mode. These modes reduce the power
consumption and allow the application to achieve a best tradeoff among the conflicting
demands of CPU operating time, speed and power consumption. For GD32E502xx devices,
there are three power domains, including Voo / Vopba domain, 1.1V domain and Backup domain,
as is shown in the Figure 3-1. Power supply overview. The power of the Voo domain /
Backup domain is supplied directly by Voo. An embedded LDO in the Vop / Vboa domain is
used to supply the 1.1V domain power.

3.2. Characteristics

b

Three power domains: Backup domain, Voo / Vooa domain and 1.1V domain.

A Three power saving modes: Sleep, Deep-sleep and Standby modes.
A Internal Voltage regulator (LDO) supplies around 1.1V voltage source for 1.1V domain.
A Low Voltage Detector (LVD) issue an interrupt or event when the power is lower than a
programmed threshold.
A Over Voltage Detector (OVD) issue an interrupt or event when the power is higher than
a programmed threshold.
3.3. Function overview

Figure 3-1. Power supply overview provides details on the internal configuration of the PMU

and the relevant power domains.
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Figure 3-1. Power supply overview

Vob E@» 77777777777777 S s | ;
| I VBaK Backup Domain
4 33viv. |
Voo Domain LXTAL l I BPOR l
PAO WKUPX WKUPR | | l I l
PC13 E | RTC BREG
BKP PAD
PMU
NRST Ei WKUPN CTL
WKUPF [—1-SLEEPING—
FWDGT L SLEEPDEEFLj Cortex-M33 l
I HXTAL | I POR/PDRI I LDO L, ,,,,, 5 I AHB IPs | I APB IPs |
1.1V
BOR 1.1V Domain
Vooa Domain
3.3V/I5V I IRC8M | I IRC40K | I ADC | I OVD
VDDA -=
I LVD | I PLLs | I DAC |
LVD: Low Voltage Detector LDO: Voltage Regulator OVD:Over Voltage Detector
POR: Power On Reset PDR: Power Down Reset BREG: Backup registers
BPOR: VBAK Power On Reset BOR: Brownout Reset
3.3.1. Backup domai n

The Backup domain is powered by the Vob. The Vsak pin which drives Backup domain,
supplies power for RTC unit, LXTAL oscillator, BREG and three BKP PAD including PC13 to
PC15.

The Backup domain reset sources include the Backup domain Power On Reset (BPOR) and
the Backup domain software reset. The BPOR signal forces the device to stay in the reset
mode until Veak is completely powered up. Also the application software can trigger the
Backup domain software reset by setting the BKPRST bit in the RCU_BDCTL register.

The clock source of the Real Time Clock (RTC) circuit can be derived from the Internal 40KHz
RC oscillator (IRC40K) or the Low Speed Crystal oscillator (LXTAL), or HXTAL clock divided
by 128. Before entering the power saving mode by executing the WFI / WFE instruction, the
Cortex®-M33 can setup the RTC register with an expected wakeup time and enable the
wakeup function to achieve the RTC timer wakeup event. After entering the power saving
mode for a certain amount of time, the RTC will wake up the device when the time match
event occurs. The details of the RTC configuration and operation will be described in theReal-
time clock (RTC).

When the Backup domain is supplied, the following functions are available:
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b~

PC13 can be used as GPIO or RTC function pin described in the RTC clock calibration.
A PC14 and PC15 can be used as either GPIO or LXTAL crystal oscillator pins.

3.3.2. Vopo/ p¥apower domain

Vob / Vopa domain includes two parts: Voo domain and Vopa domain. Vop domain includes
HXTAL (high speed crystal oscillator), LDO (voltage regulator), POR / PDR (power on / down
reset), FWDGT (free watchdog timer), all pads except PC13/PC14 / PC15, etc. Vbpa domain
includes ADC / DAC (AD / DA converter), IRC8M (internal 8MHz RC oscillator), IRC40K
(internal 40KHz RC oscillator), PLLs (phase locking loop), LVD (low voltage detector), OVD
(over voltage detector), etc.

Vopd o mai n

The LDO, which is implemented to supply power for the 1.1V domain, is always enabled after
the reset. It can be configured to operate in three different status, including the Sleep mode
(full power on), the Deep-sleep mode (full power on or low power), and the Standby mode
(power off).

The POR / PDR circuit is implemented to detect Voo / Voba and generate the power reset
signal which resets the whole chip when the supply voltage is lower than the specified
threshold._Figure 3-2. Waveform of the POR / PDR shows the relationship between the
supply voltage and the power reset signal. Vror indicates the threshold of power on reset,

while Vppr means the threshold of power down reset. The hysteresis voltage (Vhyst) is around
40mV.

Figure 3-2. Waveform of the POR / PDR

4 Voo / Vboa

VPOR === =====—=——————f (= ———

40mV
Vhyst

VPDR [——————————f—————

tRSTTEMPO

Power Reset (Active Low)

B i EE e R e

The BOR circuit is used to detect Voo / Vopa and generate the power reset signal which resets
the whole chip except the Backup domain when the supply voltage is lower than the specified
threshold which defined in the BOR_TH bits in option bytes. Figure 3-3. Waveform of the
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BOR shows the relationship between the supply voltage and the BOR reset signal. Veor,
which defined in the BOR_TH bits in option bytes, indicates the threshold of BOR on reset.
The hysteresis voltage (Vhyst) is 40mV.

Figure 3-3. Waveform of the BOR

4 Voo / Vboa

VBOR F————————————— - m g m——— -\~ —— -

40mvV
Vhyst

BOR Reset (Active Low)

Vopoad O mai n

The LVD is used to detect whether the Vob / Vopa supply voltage is lower than a programmed
threshold selected by the LVDT[2:0] bits in the Power control register (PMU_CTL). The LVD
is enabled by setting the LVDEN bit in the PMU_CTL register. And LVDF bit, which is in the
Power control and status register (PMU_CS), indicates if Voo / Vopa is higher or lower than
the LVD threshold. This event is internally connected to the EXTI line 16 and can generate
an interrupt if it is enabled through the EXTI registers. Figure 3-4. Waveform of the LVD
threshold shows the relationship between the LVD threshold and the LVD output (LVD
interrupt signal depends on EXTI line 16 rising or falling edge configuration). The following

figure also shows the relationship between the supply voltage and the LVD signal. The
hysteresis voltage (Vhyst) is 100mV.

The OVD is used to detect whether the VDD / VDDA supply voltage is over than a
programmed threshold selected by the OVDT bits in the Power control register (PMU_CTL).
The OVD is enabled by setting the OVDEN bit in the PMU_CTL register. And OVDF bit
indicates if VDD / VDDA is higher or lower than the OVD threshold. This event is internally
connected to the EXTI line 24 and can generate an interrupt if it is enabled through the EXTI
registers. Figure 3-5. Waveform of the OVD threshold shows the relationship between the
OVD threshold and the OVD output (OVD interrupt signal depends on EXTI line 24 rising or
falling edge configuration). The following figure also shows the relationship between the
supply voltage and the OVD signal. The hysteresis voltage (Vhyst) is 25mV.
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Figure 3-4. Waveform of the LVD threshold

A
Vop / Vbba

LVD
threshold

\
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Figure 3-5. Waveform of the OVD threshold

A
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threshold
t
OVD output | —————————————————————————

Generally, digital circuits are powered by Vop, while most of analog circuits are powered by
Vopa. To improve the conversion accuracy of ADC and DAC, the independent power supply
Vopa is implemented to achieve better performance of analog circuits. Vopa can be externally
connected to Voo through the external filtering circuit to avoid noise on Vopa, and Vssa should
be connected to Vss through the specific circuit independently. Otherwise, if Vopa is different
from Vop, Vbpba must always be higher, and the voltage difference should not exceed 0.3V.

To ensure a high accuracy on ADC and DAC, the AL
voltage shoul d bee/ edFminest eAlcdadm®r &/i ng t o trhre di f f e
pin can be cooprieact eod text\ernal refrey gtad B &2vol t age
ADCi npptns defaindiah Ibéi. DAC |1/ O d¥rercpininmust beo n
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connected to Vssa pin. The Vrer+ pin is only available on 100-pin and 64-pin packages. For
other packages, the Vrer+ pin is not available and it is internally connected to Vopa. The Vrer-
pin is internally connected to Vssa.

3.3.3. 1.1V power domain
1.1V power domain supgM3i3ed omower AH®Br / CAPBeyper i p
interfaces for the \B®/&doadp naad mgi retaend Onlcee t he 1.
up, the POR will generate a reset sequence on th
the specified power saving mode, the associated
a WMait for Interruptyo r  WWaitforEvent)i nstruction is executed, t
the specified power saving mode which will be di

3.3.4. Power saving modes

After a system reset or a power reset, the GD32E502xx MCU operates at full function state
and all power domains are active. Users can achieve lower power consumption through
slowing down the system clocks (HCLK, PCLK1 and PCLK?2), closing the clocks of the unused
peripherals. Besides, three power saving modes are provided to achieve even lower power
consumption. They are Sleep mode, Deep-sleep mode and Standby mode.

Sl eep mode

The Sleep mode is corresponding to the SLEEPING mode of the Cortex®-M33. In Sleep mode,
only clock of Cortex®-M33 is off. To enter the Sleep mode, it is only necessary to clear the
SLEEPDEEP bit in the Cortex®-M33 System Control Register, and execute a WFI or WFE
instruction. If the Sleep mode is entered by executing a WFI instruction, any interrupt can
wake up the system. If it is entered by executing a WFE instruction, any wakeup event can
wake up the system (If SEVONPEND is 1, any interrupt can wake up the system, refer to
Cortex-M33 Technical Reference Manual). The mode costs the lowest wakeup time as no
time is wasted in interrupt entry or exit.

According to the SLEEPONEXIT bit in the Cortex®-M33 System Control Register, there are
two options to select the entry mechanism of Sleep mode.

A  Sleep-now: if the SLEEPONEXIT bit is cleared, the MCU enters Sleep mode as soon as
a WFI or WFE instruction is executed.

A Sleep-on-exit: if the SLEEPONEXIT bit is set, the MCU enters Sleep mode as soon as it
exits from the ISR with the lowest priority.

Deegpl eep mode

The Deep-sleep mode is based on the SLEEPDEEP mode of the Cortex®-M33. In Deep-sleep
mode, SRAMO (OKB to 16KB) data is retained, all clocks in the 1.1V domain are off, and all
of IRC8M, HXTAL and PLLs are disabled. The registers' contents are preserved. According

to the configuration of SRAMSW1 and SRAMSW?2 bits in the PMU_CTL register, the data
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retention ability of SRAM1 (16KB ~ 32KB) and SRAM2 (32KB ~ 48KB) in deep sleep mode
can be set respectively. The LDO can operate in normal mode or in low power mode
depending on the LDOLP bit in the PMU_CTL register. Before entering the Deep-sleep mode,
it is necessary to set the SLEEPDEEP bit in the Cortex®-M33 System Control Register, and
clear the STBMOD bit in the PMU_CTL register. Then, the device enters the Deep-sleep
mode after a WFI or WFE instruction is executed. If the Deep-sleep mode is entered by
executing a WFI instruction, any interrupt from EXTI lines can wake up the system. If it is
entered by executing a WFE instruction, any wakeup event from EXTI lines can wake up the
system (If SEVONPEND is 1, any interrupt from EXTI lines can wake up the system, refer to
Cortex®-M33 Technical Reference Manual). When exiting the Deep-sleep mode, the IRC8M
is selected as the system clock. Notice that an additional wakeup delay will be incurred if the
LDO operates in low power mode.

The low-driver mode in Deep-sleep mode can be entered by configuring the LDEN bit in the
PMU_CTLO register. The low-driver mode provides lower drive capability, and the low-power
mode take lower power.

Normal-driver / Normal-power: The Deep-sleep mode is not in low-driver mode by configure
LDEN to 0 in the PMU_CTLO register, and not in low-power mode depending on the LDOLP
bit reset in the PMU_CTLO register.

Normal-driver / Low-power: The Deep-sleep mode is not in low-driver mode by configure
LDEN to 0 in the PMU_CTLO register. The low-power mode enters depending on the LDOLP
bit set in the PMU_CTLO register.

Low-driver / Normal-power: The low-driver mode in Deep-sleep mode enters by configure
LDEN to 1 in the PMU_CTLO register. And not in low-power mode depending on the LDOLP
bit reset in the PMU_CTLO register.

Low-driver / Low-power: The low-driver mode in Deep-sleep mode enters by configure LDEN
to 1 in the PMU_CTLO register. The low-power mode enters depending on the LDOLP bit set.

Note: In order to enter Deep-sleep mode smoothly, all EXTI line pending status (in the
EXTI_PD register) and related peripheral flags must be reset, refertoTa b6-3 E XTIl .sour ce
If not, the program will skip the entry process of Deep-sleep mode to continue to execute the

following procedure. Before enter Deep-sleep mode, need to set SLEEP_SLP bitin FMC_WS
register.

St andloy e

The Standby mode is also based on the SLEEPDEEP mode of the Cortex®-M33. In Standby
mode, the whole 1.1V domain is powered off, the LDO is shut down, and all of IRC8M, HXTAL
and PLL are disabled. Before entering the Standby mode, it is necessary to set the
SLEEPDEEP bit in the Cortex®-M33 System Control Register, set the STBMOD bit in the
PMU_CTL register, and clear WUF bit in the PMU_CS register. Then, the device enters the
Standby mode after a WFI or WFE instruction is executed, and the STBF status flag in the
PMU_CS register indicates whether the MCU has been in Standby mode. There are four
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wakeup sources for the Standby mode, including the external reset from NRST pin, the RTC

alarm, the FWDGT reset and the rising edge on WKUP pin. The Standby mode achieves the

lowest power consumption, but spends longest time to wake up. Besides, the contents of

SRAM and registers in 1.1V power domain are lost in Standby mode. When exiting from the

Standby mode, a power-on reset occurs and the Cortex®-M33 will execute instruction code
from the address of 0x0000 0000.

Table 3-1. Power saving mode summary

Mo d e Sl eep Deepl eep Standby
1. Allclocksinthe 1.1V | 1. The 1.1V domain is
) ) domain are off powered off
Descr i g OnlyCPU clockis off ]
2. Disable IRC8M, 2. Disable IRC8M,
HXTAL and PLL HXTAL and PLL
On (normal power mode or
On (normal power
) low power mode, normal
LDO St g mode, normal driver ) ] Off
driver mode or low driver
mode)
mode)
. SLEEPDEEP =1 SLEEPDEEP =1
Configu SLEEPDEEP =0
STBMOD =0 STBMOD =1, WURST =1
Entry WFI or WFE WFI or WFE WFI or WFE
) Any interrupt from EXTI )
Any interrupt for WFI ) 1. NRST pin
) lines for WFI ]
Any event (or interrupt ) 2. WKUP pin
Wakeup ~ |Any event(or interrupt when
when SEVONPEND is 3. FWDGT reset
SEVONPEND is 1) from
1) for WFE 4. RTC alarm
EXTI for WFE
IRC8M wakeup time,
Wakeup ) .
None LDO wakeup time added if Power on sequence
Latenc o
LDO is in low power mode

Note: In Standby mode, all | / Os are in high-impedance state except NRST pin, PC13 pin
when configured for RTC function, PC14 and PC15 pins when used as LXTAL crystal
oscillator pins, and WKUP pin if enabled.
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3.4. Register definition
PMU base address: 0x4000 7000
3.4.1. Control register (PMU_CTL)
Address offset: 0x00
Reset value: 0x0000 8000 (reset after wakeup from Standby mode)
This register canwbedBit8erssredwbydha? f
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SRAMSW | SRAMSW
Reserved Reserved | LDEN Reserved
2 1
w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ OoVvDT ‘ OVDEN | Reserved ‘BKPWEN‘ LVDT[2:0] ‘ LVDEN ‘STBRST ‘ WURST ISTBMOD‘ LDOLP ‘
w w w w w rc_wl rc_wl w w
Bits Fields Descriptions
31:22 Reserved Must be kept at reset value.
21 SRAMSW?2 SRAM2(32KB~48KB) power switch in deep-sleep mode
0: SRAM2 power on and data retention in deep-sleep mode
1: SRAM2 power off and data lost in deep-sleep mode
20 SRAMSW1 SRAM1(16KB~32KB) power switch in deep-sleep mode
0: SRAML1 power on and data retention in deep-sleep mode
1: SRAM1 power off and data lost in deep-sleep mode
19 Reserved Must be kept at reset value.
18 LDEN Low-driver mode enable in Deep-sleep mode
0: Low-driver mode disable in Deep-sleep mode
1: Low-driver mode enable in Deep-sleep mode
17:16 Reserved Must be kept at reset value.
15 ovDT Over Voltagdgadrksthecdor
0: 5V
1: 5.5V
14 OVDEN Over Vol tage Detector Enabl e
0: Di sable Over Voltage Detector
1: Enabl e Over Voltage Detector
13:9 Reserved Must be kept at reset value.
8 BKPWEN Backup Domain Write Enabl e

102



Z

GigaDevice GD32E®RRUYr Manua

0: Di sabl e write acBcaecsksupt odotnhael nr egi st
1: Enable write access to the registe
After reset, any write access to the

has to be set to enable write access

75 LVDT[ 2: 0] Low VoltagBEhbDeskral dr
000: 2.9V
001: 3.1V
010: 3.3V
011: 3.5V
100: 4.0V
101: 4.2V
110: 4.4V
111: 4.6V
4 LVDEN Low Voltage Detector Enabl e
0O: Disable Low Voltage Detector
1: Enable Low Voltage Detector

NotWhen LVD_LOCK bit is set to 1LVIDEEN
LVDT[ 2: 0] are read only

3 STBRST Standby Fl ag Reset
0: No effect
1: Reset the standby fl ag
This bit is always read as 0.

2 WURST Wakeup Flag Reset
0: No effect
1: Reset the wakeup fl ag

This bit is always read as 0.

1 STBMOD Standby Mode
OEnter theeBpemode whfM3 3 heen tCeorrst exL EE
1: Enter the Standby:-M8B8de nwteers tSHL& ERD

0 LDOLP LDO Low Power Mode
O0: The LDO operates nsest malpl moderi ng t
1: The LDO is idufk owgp 6sWeerelpmengoed e

Not 8ome peripherals may work wishetepe

I n this case, the LDO automatically s
mode and remains in this mode wuntil t
3.4.2. Control and status register (PMU_CS)

Address offset: 0x04
Reset value: 0x0000 0000 (will not reset after wakeup from Standby mode)
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This register can be accessed by half-word(16-bit) or word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘WUPENl‘WUPENO‘ Reserved ‘ OVDF ‘ LVDF ‘ STBF ‘ WUF ‘
w w r r r r
Bits Fields Descriptions
31:10 Reserved Must be kept at reset value.
9 WUPEN1 WKUP Pinl Enable (PC13)

0: Disable WKUP pinl function

l1Enabl e WKUP pinl function

I f WUPEN1 is set before entering theP
pinl will wake up the system from the Standby mode. As the WKUP pin1l is active
high, the WKUP pinl is internally configured to input pull down mode. And setting
this bit will trigger a wakeup event when the input is already high.

8 WUPENO WKUP PinO Enable (PAO)
0: Di sabl e WKUP pinO function
1: Enable WKUP pinO function
I f WUPENO is set before entering theP
pin0O will wake up the system from the Standby mode. As the WKUP pin0 is active
high, the WKUP pin0 is internally configured to input pull down mode. And setting
this bit will trigger a wakeup event when the input is already high.

74 Reserved Must be kept at reset value.

3 OVDF Over Voltage Detector Statwus FIl ag
0: Over Vol tage evembi habower tocaxmurt
threshol d)
1: Over Vol tage peivse negq waclc utra ear (Wi ghe

threshol d)
Not Bhe OGMihction is disabled in Standb

2 LVDF Low Vol tage Detector Status FIl ag
0: Low Vol tage eventopihsashingohte ro ctchuarnr €
threshol d)
1: Low Vol tage ewniesnte qoucaclurtroedor( VI ower

threshol d)
Not Bhe LVD function is disabled in St

1 STBF Standby FIl ag
0: The device has not entered the Sta
1: The device has been in the Standby
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This bit is cleared only by a POR/ PDR
register.

0 WU F Wakeup FIl ag
0: No wakeup event has been received
1: W kvent occurred from the WKUP pin or the RTC alarm event
This bit is reset by the system or cl

regi ster.
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4. Backup registers (BKP)
4.1. Overvi ew

The Backup registers are located in the Backup domain that remains powered-on by Vop
power, there are ten 16-bit (20 bytes) registers for data protection of user application data,
and the wake-up action from standby mode or system reset do not affect these registers.

In addition, the BKP registers can be used to implement the tamper detection and RTC
calibration function.

After reset, any writing access to the registers in Backup domain is disabled, that is, the
Backup registers and RTC cannot be written to access. In order to enable access to the
Backup registers and RTC, the Power and Backup interface clocks should be enabled firstly
by setting the PMUEN and BKPEN bits in the RCU_APB1EN register, and writing access to
the registers in Backup domain should be enabled by setting the BKPWEN bit in the
PMU_CTL register.

4.2. Characteristics

b

20 bytes Backup registers which can keep data under power saving mode. If tamper
event is detected, Backup registers will be reset.

A The active level of Tamper source (PC13) can be configured.
A RTC Clock Calibration register provides RTC alarm and second output selection, and
sets the calibration value.
A Tamper control and status register (BKP_TPCS) can control tamper detection with
interrupt or event capability.
4.3. Function overview
4.3.1. RT@Il ock calibration

In order to improve the RTC clock accuracy, the MCU provides the RTC output for calibration
function. The RTC clock, or a clock with the frequency is frrcck/64, can be output on the
PC13. It is enabled by setting the COEN bit in the BKP_OCTL register.

The calibration value is set by RCCV[6:0] in the BKP_OCTL register, and the calibration
function can slow down or speed up the RTC clock by steps of 1000000/2*20 ppm.

4.3.2. Tamper detection

In order to protect the important user data, the MCU provides the tamper detection function,

and it can be independently enabled on TAMPER pin by setting corresponding TPEN bit in
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the BKP_TPCTL register. To prevent the tamper event from losing, the edge detection is
logically ANDed with the TPEN bit, used for tamper detection signal. So the tamper detection
configuration should be set before enable TAMPER pin. When the tamper event is detected,
the corresponding TEF bit in the BKP_TPCS register will be set. Tamper event can generate
an interrupt if tamper interrupt is enabled. Any tamper event will reset all Backup data registers.

Note: When TPAL=0/1, if the TAMPER pin is already high / low before it is enabled (by setting
TPEN bit), an extra tamper event is detected, while there was no rising / falling edge on the
TAMPER pin after TPEN bit was set.
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4.4, Register definition
BKP base address: 0x4000 6CO0O
4.4.1. Backup data register 9 (BKP_DATAX)
Address offset: 0x04 to 0x28
Reset value: 0x0000 0000
This register can be accessed by half-word (16-bit) or word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DATA [15:0]
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:0 DATA[15:0] Backup data
These bits are used for general purpose data storage. The contents of the
BKP_DATAX register will remain even if wake up action from Standby mode or
system reset.
4.4.2. RTC signal output control regi ster

Address offset: 0x2C
Reset value: 0x0000 0000

This register can be accessed by half-word(16-bit) or word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘CALDIR ‘CCOSEL‘ Reserved ‘ ROSEL ‘ ASOEN ‘ COEN ‘ RCCV[6:0]

w w w w w w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15 CALDIR RTC clock calibration direction

0: Slowed down

1: Speed up
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14

13:10

6:0

4.4.3.

31 30

CCOSEL

Reserved

ROSEL

ASOEN

COEN

RCCVI[6:0]

Tamper

This bit is reset only by a Backup domain reset.

RTC clock output selection

0: RTC clock div 64

1: RTC clock

This bit is reset only by a POR.

Must be kept at reset value.

RTC output selection
0: RTC alarm pulse is selected as the RTC output
1: RTC second pulse is selected as the RTC output

This bit is reset only by a Backup domain reset.

RTC alarm or second signal output enable
0: Disable RTC alarm or second output
1: Enable RTC alarm or second output

When enable, the TAMPER pin will output the RTC output.

This bit is reset only by a Backup domain reset.

RTC clock calibration output enable
0: Disable RTC clock calibration output
1: Enable RTC clock Calibration output

When enable, the TAMPER pin will output the RTC clock or RTC clock divided by
64. ASOEN has the priority over COEN. When ASOEN is set, the TAMPER pin will

output the RTC alarm or second signal whether COEN is set or not.

This bit is reset only by a POR.

RTC clock calibration value

The value indicates how many clock pulses are ignored or added every 220 RTC

clock pulses.

This bit is reset only by a Backup domain reset.

pin control register

Address offset: 0x30
Reset value: 0x0000 8000

This register can be accessed by half-word (16-bit) or word (32-bit).

29 28

26 25 24 23 22 21 20 19

(BKP_TPCTL)

18 17 16

Reserved

15 14

13 12

10 9 8 7 6 5 4 3

2 1 0

‘ PCSEL ‘

Reserved

’ TPAL ‘ TPEN ‘

Bits

Fields

Descriptions

w w
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31:16 Reserved Must be kept at reset value.
15 PCSEL OSC32_IN pin select

0: PC13 is OSC32_IN pin
1: PC14 is OSC32_IN pin

14:2 Reserved Must be kept at reset value.

1 TPAL TAMPER pin active level
0: The TAMPER pin is active high
1: The TAMPER pin is active low

0 TPEN TAMPER detection enable
0: The TAMPER pin is free for GPIO functions
1: The TAMPER pin is dedicated for the Backup Reset function. The active level on
the TAMPER pin resets all data of the BKP_DATAX register.

4.4.4. Tamper control and status register (BKP._

Address offset: 0x34
Reset value: 0x0000 0000

This register can be accessed by half-word (16-bit) or word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ TIF ‘ TEF ‘ Reserved ‘ TPIE ’ TIR ‘ TER ‘
r r w w w
Bits Fields Descriptions
31:10 Reserved Must be kept at reset value.
9 TIF Tamper interrupt flag

0: No tamper interrupt occurred
1: A tamper interrupt occurred
This bit is reset by writing 1 to the TIR bit or the TPIE bit being 0.

8 TEF Tamper event flag
0: No tamper event occurred
1: A tamper event occurred
This bit is reset by writing 1 to the TER bit.

7:3 Reserved Must be kept at reset value

2 TPIE Tamper interrupt enable
0: Disable the tamper interrupt
1: Enable the tamper interrupt
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This bit is reset only by a system reset and wake-up from Standby mode.

1 TIR Tamper interrupt reset
0: No effect
1: Reset the TIF bit

This bit is always read as 0.

0 TER Tamper event reset
0: No effect
1: Reset the TEF bit

This bit is always read as 0.
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5. Reset and clock unit (RCU)

5.1. Reset control unit (RCTL)

5.1.1. Overview
GD32E502xs»xt control includes the control of thr
reset and backup domain reset. The power on res
system except the backup domain during a power
core and peripheral | P componlMmtcsoniirtohl Itehre aenxdc etp
domain. A backup domain reset resets the backup
external signal, internal event sonanadb otuhte trheesseet rg
wi || be described in the following sections.

5.1.2. Function overview

Power Reset

The power reset is generated by either an exter
( POR/ PDR reset), or by the i nt enrdnbayl nroedsee.t Tgheen eprc
reset sets all registers to their reset values ¢
active signal -aissselradw dwiwlhlenbd hade i nt er nal LDO vol
provil¥eower for GD3 2 E5(0s2exrxi esres &tee vi ce routine vecto
address 0x0000_0004 in the memory map.

System Reset

A system reset is generated by the following ev

A A power reset (POWER_RSTn)

A A external pin reset (NRST)

A A window watchdog timer reset (WWDGT_RSTn)

A A free watchdog timer reset (FWDGT_RSTn)

A The SYSRESETREQ bit in CortexE-M33 application interrupt and reset control register
is set (SW_RSTn)

A Option byte loader reset (OBL_RSTn)

A Reset generated when entering Standby mode when resetting nRST_STDBY bit in
user option bytes (OB_STDBY_RSTn)

A Reset generated when entering Deep-sleep mode when resetting nRST_DPSLP bit in
user option bytes (OB_DPSLP_RSTn)

A Low voltage detect reset (LVD_RSTn)

A Loss-of-HXTAL reset (LOH_RSTn)

A Loss-of-PLL reset (LOP_RSTn)

A CPU lockup reset (LOCKUP_RSTn)
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A FLASH or SRAM 2-bit ECC error reset (ECC_RSTn)
LVD_RSTn/LOH_RSTn/LOP_RSTn /LOCKUP_RSTn / ECC_RSTn should be enable by
software.
A system reset resets the processor core -and pe
DP controéleaclmnp ddmain.
A system reset pulse generator guas afndreeesadbt wr d:
source (external or internal reset).
Figure 5-1. The system reset circuit
NRST N Fitter
POWER_RSTn
WWDGT_RSTn
FWDGT_RSTn
SW_RSTn .
min 20 us
OB_STDBY_RSTn pulse [—® System Reset
generator
OB_DPSLP_RSTn
OBL_RSTn
LVD_RSTn
LOH_RSTn
LOP_RSTn
LOCKUP_RSTn
ECC_RSTn
Not &t i s conditional for LVD_RSThn / LOH_RSThn
ECC_RSTn to generate a reset. LVDRSTEN / LOHRST
/| ECCRSTEN bit in Reset source /clock register
Backup domain reset
A bacdkounpai n reset i s generated by setting the BK
register or backup dmopaiver powgr on reset (V
5.2. Clock control unit (CCTL)
5.2.1. Overview

The clock control unit provides a range of frequencies and clock functions. These include an
Internal 8 MHz RC oscillator (IRC8M), a High speed crystal oscillator (HXTAL), an Internal
40KHz RC oscillator (IRC40K), a Low speed crystal oscillator (LXTAL), a Phase Lock Loop
(PLL), a HXTAL clock monitor, PLL Clock Monitor (PLLM), LXTAL Clock Monitor (LCKM),
clock prescalers, clock multiplexers and clock gating circuitry.

The clocks of the AHB, APB and CortexE-M33 are derived from the system clock (CK_SYS)
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which can source from the IRC8M, HXTAL or PLL. The maximum operating frequency of the
system clock (CK_SYS) can be up to 100 MHz.

Fi gwbi2e Clock tree

P FMC CK_I2S

(to 125)

CK_FMC
SCS[L:0] FMC enable } >
(by hardware) (to FMC)

CK_IRC8M < HCLK >
00 AHB enable (to AHB bus,Cortex-M33,SRAM,DMA)
8 MHz 1 ck_csT
IRC8M L/2 CK_PLL| CK_SYS AHB CK_AHB - s _
10 Prescaler -8
100 MHz ma: 12,510 |10 Mz ma (to Cortex-M33 SysTick)
FCLK .
PLLSEL  PLLMF 0 (free running clock)
PREDV([3:0] TIMER1,5,6
if(APB1 prescaler = 1)
2-40 MHz MC'°°,nk ——— <1 CK_TIMERX
AL onitor else TIMERX
+[APBL prescaler/2] enable 1 TIMER1,5,6
CK_HXTAL
APBL CK_APBL
¢ Prescaler PCLK1
o8 M 12,4816 50 MHz max to APBL peripherals
pheral enable
32.768 KHz CK_RTC - TIMER0,7,19,20
LXTAL o gl if(APB2 prescaler = 1)
(to RTO) 1 CK_TIMERX
o clse TIMERX 10 TIMER0,7,19,20
B +[APB2 prescaler/2] enable e
RTCSRC[L:0
40 KHz o) CK_FWDGT - APB2 CK_APB2
JRCA0K to FWDOT) p——  Prescaler PCLK2
+1,2,4,8,16 100 MHz max o APB2 perpherale
Peripheral enable
CKOUTSEL[2:0]
CK_IRC8M
— gK ReaoK CK LXTAL CK_USARTX
- to USART0,1,2
oK ouT ———— CK_IXTAL cK_svs
I}g‘ = +1,24..128 CK_SYS CK_HXTAL-
——— ck_RcaM
[ [ CK_HXTAL USARTXSEL[1:0]
CKOUTDIV[2:0] N

CK_IRC8M
CK_PCLK2/2
CK_PCLK2
CK_HXTAL

CK_ADC to ADC
+(2~32) 15 MHz max

ADC
Prescaler

CANXSEL[1:0]

The frequency of AHB, APB2 and the APB1 domains can be configured by each prescaler.
The maximum frequency of the AHB, APB2 and APB1 domains is 100 MHz/100 MHz/50 MHz.
The Cortex System Timer (SysTick) external clock is clocked with the AHB clock (HCLK)
divided by 8. The SysTick can work either with this clock or with the AHB clock (HCLK),
configurable in the SysTick control and status register.

The ADC are clocked by the clock of AHB divided by 2~32 selected by ADCPSC bits in
configuration register 2 (RCU_CFG2). The USARTO0/1/2 is clocked by IRC8M clock or LXTAL
clock or system clock or HXTAL clock, which selected by USARTO/1/2SEL bits in
configuration register 2 (RCU_CFG2). The CANO0/1 is clocked by IRC8M clock or PCLK2/2
clock or PCLK2 clock or HXTAL clock, which selected by CANO/1SEL bits in configuration
register 2 (RCU_CFG2).

The RTC is clocked by LXTAL clock or IRC40K clock or HXTAL clock divided by 128 which
select by RTCSRC bits in backup domain control register (RCU_BDCTL).

The FWDGT is clocked by IRC40K clock, which is forced on when FWDGT started.

If the APB prescaler is 1, the timer clock frequencies are set to AHB frequency divide by 1.
Otherwise, they are set to the AHB frequency divide by half of APB prescaler.
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5.2.2. Characteristics

A 2to 40 MHz High speed crystal oscillator (HXTAL)

A Internal 8 MHz RC oscillator (IRC8M)

A 32.768 KHz Low speed crystal oscillator (LXTAL)

A Internal 40 KHz RC oscillator (IRC40K)

A PLL clock source can be HXTAL or IRC8M

A HXTAL clock monitor
5.2.3. Function overview

High Speed Crystal Oscillator (HXTAL)

The high speed crystal oscillator (HXTAL), which has a frequency from 2 to 40 MHz, produces
a highly accurate clock source for use as the system clock. A crystal with a specific frequency
must be connected and located close to the two HXTAL pins. The external resistor and
capacitor components connected to the crystal are necessary for proper oscillation.

Fi gwb3e HXTAL clock source

OSCIN oscour

Cl1— c2

The HXTAL crystal oscillator can be switched on or off using the HXTALEN bit in the control

register, RCU_CTL. The HXTALSTB flag in control register, RCU_CTL indicates if the high-

speed external crystal oscillator is stable. When the HXTAL is powered up, it will not be

released for use until this HXTALSTB bit is set by the hardware. This specific delay period is

known as the aocitlilmetoor AsSttahret HXTAL becomes st
generated if the related interrupt enable bit HXTALSTBIE in the interrupt register RCU_INT

is set. At this point the HXTAL clock can be used directly as the system clock source or the

PLL input clock.

Select external clock bypass mode by setting the HXTALBPS and HXTALEN bits in the
Control Register RCU_CTL. During bypass mode, the signal is connected to OSCIN, and
OSCOUT remains in the suspended state, as shown in Figure 5-4. HXTAL clock source in
bypass mode.The CK_HXTAL is equal to the external clock which drives the OSCIN pin.
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Fi gwbide HXTAL clock source in bypass mode

OSCIN oscour

— 5

External clock

Select the HXTAL frequency scale by using the HXTALSCAL bit in the control register,
RCU_CTL. If HXTAL frequency is higher than 8MHz, HXTALSCAL bit must be set.

Internal 8 MHz RC Oscillator (IRC8M)

The Internal 8 MHz RC oscillator, IRC8M, has a fixed frequency of 8 MHz and is the default
clock source selection for the CPU when the device is powered up. The IRC8M oscillator
provides a lower cost type clock source as no external components are required. The IRC8M
RC oscillator can be switched on or off using the IRC8BMEN bit in the control register,
RCU_CTL. The IRC8MSTB flag in the control register, RCU_CTL is used to indicate if the
internal RC oscillator is stable. The start-up time of the IRC8M oscillator is shorter than the
HXTAL crystal oscillator. An interrupt can be generated if the related interrupt enable bit,
IRCBMSTBIE, in the interrupt register, RCU_INT, is set when the IRC8M becomes stable.
The IRC8M clock can also be used as the PLL input clock.

The frequency accuracy of the IRC8M can be calibrated by the manufacturer, but its operating
frequency is still less accurate than HXTAL. The application requirements, environment and
cost will determine which oscillator type is selected.

If the HXTAL or PLL is the system clock source, to minimize the time required for the system
to recover from the Deep-sleep Mode, the hardware forces the IRC8M clock to be the system
clock when the system initially wakes-up.

Phase Locked Loop (PLL)

The internal Phase Locked Loop, PLL, can provide 16~100 MHz clock output which is 2 ~31
multiples of a fundamental reference frequency of 2 ~ 40 MHz.

The PLL can be switched on or off by using the PLLEN bit in the control register, RCU_CTL.
The PLLSTB flag in the control register, RCU_CTL will indicate if the PLL clock is stable. An
interrupt can be generated if the related interrupt enable bit, PLLSTBIE, in the interrupt
register, RCU_INT, is set as the PLL becomes stable.

Low Speed Crystal Oscillator (LXTAL)

The low speed crystal or ceramic resonator oscillator, which has a frequency of 32,768 Hz,
produces a low power but highly accurate clock source for the real time clock circuit. The
LXTAL oscillator can be switched on or off using the LXTALEN bit in the backup domain
control register (RCU_BDCTL). The LXTALSTB flag in the backup domain control register
(RCU_BDCTL) will indicate if the LXTAL clock is stable. An interrupt can be generated if the
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related interrupt enable bit, LXTALSTBIE, in the interrupt register RCU_INT is set when the
LXTAL becomes stable.

Select external clock bypass mode by setting the LXTALBPS and LXTALEN bits in the backup
domain control register (RCU_BDCTL). The CK_LXTAL is equal to the external clock which
drives the OSC32IN pin.

Note: In this series, only bypass mode (LXTALBPS is set to 1) can be used, and the
32.768KHz clock is provided externally.

Internal 40 KHz RC Oscillator (IRC40K)

The Internal 40 KHz RC Oscillator has a frequency of about 40 kHz and is a low power clock
source for the real time clock circuit or the free watchdog timer. The IRC40K offers a low cost
clock source as no external components are required. The IRC40K RC oscillator can be
switched on or off by using the IRC40KEN bit in the reset source/clock register,
RCU_RSTSCK. The IRC40KSTB flag in the reset source/clock register RCU_RSTSCK will
indicate if the IRC40K clock is stable. An interrupt can be generated if the related interrupt
enable bit IRC40KSTBIE in the Interrupt register RCU_INT is set when the IRC40K becomes
stable.

System Clock (CK_SYS) Selection

After the system reset, the default CK_SYS source will be IRC8M and can be switched to
HXTAL or PLL by changing the system clock switch bits, SCS, in the configuration register 0,
RCU_CFGO0. When the SCS value is changed, the CK_SYS will continue to operate using
the original clock source until the target clock source is stable. When a clock source is used
directly by the CK_SYS or the PLL, it is not possible to stop it.

PLL Clock Monitor (PLLM)

The PLL clock monitor function is enabled by the PLL clock monitor enable bit, PLLMEN, in
the control register, RCU_CTL. This function should be enabled after the PLL start-up delay
and disabled when the PLL is stopped or slow down. Once the PLL failure is detected, Loss-
of-PLL reset or an interrupt will generate. Reset function is decided by LOPRSTEN in the
Reset source /clock register, RCU_RSTSCK. Interrupt function is decided by PLLMIE in the
interrupt register RCU_INT.

The PLL clock is monitored by IRC8M.

If LOPRSTEN is 0O, the PLL lost flag, PLLMIF, in the interrupt register, RCU_INT, will be set
and the PLL failure interrupt will be generated. The PLL will be automatically disabled. If the
PLL is selected as the clock source of CK_SYS, the PLL failure will force the CK_SYS source
to IRC8M and the PLL will be disabled automatically.

If LOPRSTEN is 1, Loss-of-PLL reset will generate.
HXTAL Clock Monitor (CKM)
The HXTAL clock monitor function is enabled by the HXTAL clock monitor enable bit, CKMEN,
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in the control register, RCU_CTL. This function should be enabled after the HXTAL start-up
delay and disabled when the HXTAL is stopped. Once the HXTAL failure is detected, Loss-
of-HXTAL reset will generate decided by LOHRSTEN in the reset source /clock register,
RCU_RSTSCK. Or an NMI Interrupt may generate decided by the CKMNMIIE bit in
SYSCFG_CFG3 register.

If LOHRSTEN is 0, the HXTAL Clock Stuck Flag, CKMIF, in the interrupt register, RCU_INT,
will be set and the HXTAL failure event will be generated. The HXTAL will be automatically
disabled. This failure interrupt is connected to the Non-Maskable interrupt, NMI, of the
CortexE-M33. If the HXTAL is selected as the clock source of CK_SYS or PLL, the HXTAL
failure will force the CK_SYS source to IRC8M and the PLL will be disabled automatically.

If LOHRSTEN is 1, Loss-of-HXTAL reset will generate.
LXTAL Clock Monitor (LCKM)

A clock monitor on LXTAL can be activated by software writing the LCKMEN, in the control
register, RCU_CTL. LCKMEN can not be enabled before LXTAL and IRC40K are enabled
and ready.

A 4-bits plus one counter will work at IRC40K domain when LCKMEN enable. If the LXTAL
clock has stuck at 0/1 error or slow down about 20KHz, the counter will overflow. The LXTAL
clock failure will been found.

Clock Output Capability

The clock output capability is ranging from 32 kHz to 100 MHz. There are several clock signals
can be selected via the CK_OUT clock source selection bits, CKOUTSEL, in the configuration
register 0 (RCU_CFGO0). The corresponding GPIO pin should be configured in the properly
alternate function I/O (AFIO) mode to output the selected clock signal.

Tabb-Ek Clock source select

Clock Source Selection bits Clock Source

000 No Clock

001 Reserved

010 CK_IRC40K

011 CK_LXTAL

100 CK_SYS

101 CK_IRC8M

110 CK_HXTAL

111 CK_PLL or CK_PLL/2

The CK_OUT frequency can be reduced by a configurable binary divider, controlled by the
CKOUTDIV[2:0] bits, in the configuration register 0(RCU_CFGO).

Deep-sleep mode clock control

When the MCU is in Deep-sleep mode, the USARTO0/1/2 can wake up the MCU, when their
clock is provided by LXTAL clock and LXTAL clock is enable.
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If the USARTO/1/2 clock is selected IRC8M clock in Deep-sleep mode, they have capable of
open IRC8M clock or close IRC8M clock, which used to the USARTO0/1/2 to wake up the
Deep-sleep mode.

Voltage control

The core domain voltage in Deep-sleep mode can be controlled by DSLPVS[1:0] bits in the
Deep-sleep mode voltage register (RCU_DSV).

Tabb2 Core domain voltagkespl motiled in Deep
DSLPVS[1:0] Deep-sleep mode voltage(V)
00 0.8
01 0.9
10 1.0
11 1.1

The RCU_DSV register are protected by voltage key register (RCU_VKEY). Only after write
0x1A2B3C4D to the RCU_VKEY register, the RCU_DSYV register can be write.
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