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wEHB

AR FEEAN A T Goodix GRSSIXKINFEH T A LR SE (SoC) MIHAMFF K LHA (SDK) , LK A# FHKeilJF
RAVAFE T 78, CAIE BT R RAKIh#EW T (Bluetooth Low Energy, BLE) [ H.

EEXER
ARICEH T LA
*  GRS51XA
*  GRS51xJF R A B
« GRS5IxMA N 7

% = W

hR A1t BR
AT FELIARAT, R RLEI P b 2 51 HGR551x.

(ESARTRES
[I7F: HHA BITARE
1.0 2019-12-08 IR KA
1.3 2020-03-16 TR RAMELJEEH” | “Hitifillog” ZIHIA
BB “TEAT SRS “fEEESMUR” . “GRSS51x SDKH LM “fd FISDKIT
1.5 2020-05-30
KR EZATHA
1.6 2020-06-30 flifk “scA” ZHATRE. EH “RAMALFEH” &4, B3 “HihiHiflog”
1.7 2020-08-30 BB A7 Hpl R RS
o HEH “MirrortE N AIRAMAT J7) 7 T Mirrorf& U RAMAT 5 . #it “App Code
Execution Region” Bt IR {8 B & 7715
1.8 2020-09-25 ) ‘ X )
o HH “RNEkhexXfhFIFlash” &, GR551x_8MB_Flash. FLM A4 #ESDK AL F i 7%
By BEINF L hex U FE P LA “No Cortex-M SW Device Found” R 45
o flifb “NVDS” FEAT LT NVDSHIHAE . T Hridx i U {E Y5 HI JH0x0000 ~ Ox3FFF
1.9 2020-11-25 o HEIN “PCEcustom_config.h” AL EZSE, B3E: CHIP_TYPE. CFG_MAX_LEG_EXT_
ADVS. CFG_MAX_PER_ADVS. CFG_MAX_SCAN. CFG_MAX_PER_ADV_SYNC
2.0 2021-01-05 P “HHiARlog” TN “ME ST . BIHIGIL” FCfERTET AR
2.1 2021-01-27 itk “#rHiiAiLog” FATA “Hd B custom_config.h” &5 AHEIA
2.2 2021-04-15 BT AR LA BT A AL R
2.3 2021-06-22 FEHT “Tc B custom_config.h” F 5 custom_config.h 1S
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Rz HHEA &
2.4 2021-08-20

25 2022-02-20 .
2.6 2023-01-19

ES

B “fai” =AY, HriGR55151ENDURIGRS515I0NDAI: Ff
EHT “HeE custom_config.h” Fiicustom_config.hH IS4
TR “faiN” T, HIEGRS513BENDUE:

&0 “H B custom_config.h” 23 i I S5k

& “H & After Build” 715 1 [ IC B After Build b 1%

(150 Qe oA i S I S G SR 2 9 & 1y

B “FEk.hexSCAEFIFlash” 245 H T 8 hex S B Flash i 20 1
MRYESDKEEHr, E0L “WiR” AR 4 2%

Bk Ml FHGCCH R IR A “Af FIARIF R IR =55
MIB*GR551510ND

GR5515RGBDARAS FH “NRND” B3y “Active CIETEfEST) 7
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L fET T  cereesreereesrestessteesteeseeesesstessesssessessae s se s besa b e b e s b e s R b e b e b e R b e R b e AR e AR e AR e AR e Rt e RS e R e e Rt e Rt e R be s b e e b e e b eeRbessbessnaesaans 1
1.1 GRESIX SDKerereoeeceeeeeesesseseeesesseseees e sses st sssssssesss e s s st s e s e s s essess s s esee s sssesaesseseese e s s e s s s e s e aneeneaneneas 1
1.2 RTIFEIE T IR ettt s e 1

P L LN D A D = 3 O 4
2.0 B ZERA oottt ettt e et e e ena st enees 4
2.2 BRAEZERE oottt 5
2.3 FEAB BRI oottt ettt ettt en e 6
2.8 FIASRTFAE I ....ooceeeeeeeeee ettt s e e ettt s et n e n et en e 7
28,1 SCA oottt en e 7

2082 NVDS......oeeeeeee ettt ettt ettt ee e er s s 9

2.5 RAMAZREBILI ....oocveeceeeee ettt ea ettt a et s st a et s st st s s st s s e sssnsessnessnensanansesensssenen 10
2.5. 1 XIPEE T T RAMAT oottt a s st ss e st seae s s s ananssssssessasanes 11

2.5.2 PO T TRAMAT JF oottt e st ne et s et et en e ensseesneesaneas 12

2.5.3 RAMEELTE BT TH ..ottt ettt e sa st e ettt e st e s e s s s e st ne s n e s s et n st saneesanes 13

2.6 GRES51X SDK I STELE T ...ttt a s en e s st en e st anens 14

E R =B bt 1o Yo Lo T T 1) 0 AT 17
B FKEITF IR v vttt es s s s s bbb sa s s s s bbb bbb bbb bbb b s sebebesebesebesesesesesesssesasasasasane 19
1] OO 19
8.2 TZBEGRESIX SDK.ovvovevereceeieceeseeetessesesessssstssesassesassesesassessssssessssssssessassasssssssssesaseesssessnsesnsesessesesansesaneesansesanen 20
4.3 BFEBLE APPICAION.c..viuieiieteteteeeteteteecee ettt ettt ettt e et et etesese s et et eseas s et esesess et eseteteseas et et eseannsasesetennasanne 20
4.3.1 DI _aPP_EXAMPIC.....eieieeeteeeeeee ettt ettt ettt ettt ettt ettt ettt ae et et eteae st et teseaeas 20

B.3.2 T B R ettt ettt ettt et a ettt a e et et s et et sna ettt nen et e 24
4.3.2.1 TIL B CUSEOM _CONFIG.N.vivvivieiieeeieeetieeeeeeee ettt ettt st s st st esesteresaere s ebensetenesrens 24

B.3.2.2 B B AF B B AT TR coveeveeeeeee ettt 28

4.3.2.3 TIL B AFLEr BUIIG....ouieeeieieieeeiecececececececeeectetete ettt ettt ettt ettt ettt et e st et et et es et eses s s s s s s s s s asananas 29

B.3.3 TRIF T UARED oottt ettt ene e 30
B.3.3. 1 BB BRE oottt 30

4.3.3.2 TEIUBLEMEZEIZ EE ..ottt aes 31

4.3.3.3 BLE_Stack_IRQ. BLE_SDK_IRQ5Application IV FEHLA . ..oveeeeeeeeeeee et eeeeeeee e, 33

R OO 34
R S = oY= I Y VOO O OUOTRT 34
B.6 TR ettt ettt sttt a et et a ettt e e et et n e et et s s et s s eeaens 37
B.6.1 T B TR oottt 37

B.6.2 ST oottt ettt et e et et n et e ettt n e aeteeas 39

4.6.3 MirrOrB L T IR oottt a et n et e et es st a s nanes 40
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B.6.8.1 FEIIITTUR A oottt et et et e e et e et et et ea et e e et es et ea e et eaeseeneseeseneaseneeeneaeeaeneeennanas 40

BB F T T T oo et e oo oo e e e e e e et e e e e e e et e e e ae e e eae e e e e e e e e e e e e e e e e r et eeerereens 42

8.6.5 [0 ] GRTOOIDOX TR vttt e ettt oot et et et et e e e e e e eeeeeeeeesesesees s ses s s sesesesesesesesesesasesesesesenananas 43
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1 f&sr

GR551x R 41t i /& GoodixfE Hi [ 32 ##Bluetooth 5.1 LB IFERE 4 L RSt (SoC) 5 F, ATLAELE N
] #%# (Broadcaster) . M%ZHE (Observer) . #MHEI# % (Peripheral) FIHdii4% (Central) , JF3HF Lk %
MAGCRIHERNH, AT ZNHTEM (oT) FIERE 5 F s & .

GRS51x 2 542 H4 LIARM® Cortex -MAF CPUJAZ Ly, £EAL T Bluetooth 5.1HM M . 2.4 GHz RFUCR L. J& LT
PP AEE 2 Flash. RAMUL K2 Z Fh4hi% .

GRS51x ARSI Fi CUff HH 2 AN R RESR AL A 7l (R 1-1) , JFRE ARSI H 7 B £ A& )0

Ao
F 1-1 GRSSIX RIS R F s 2 H
GR551x &
GR5515IGND = GR5515IENDU | GR5515I0NDA | GR5515RGBD | GR5515GGBD = GR5513BEND = GR5513BENDU
51
CPU Cortex®-M4F Cortex®-M4F Cortex®-M4F Cortex®-MaF Cortex®-M4F Cortex®-M4F Cortex®-M4F
RAM 256 KB 256 KB 256 KB 256 KB 256 KB 128 KB 128 KB
Flash 1MB 512 KB N/A 1MB 1MB 512 KB 512 KB
Bk QFN56 (7x7 QFN56 (7x7x | QFN56(7x7x | BGA68 (5.3 x BGAS5S5 (3.5 x QFN40 (5x 5 QFN40 (5x 5 x
(mm) x 0.75) 0.75) 0.75) 5.3x0.88) 3.5x0.60) x 0.75) 0.75)
I/O¥ & 39 39 39 39 29 22 22
[ 354 RR:

*  GR5515IENDU. GR5513BENDUW & 5 [k Flash, 1Z%Flashff)fitH 5 HN1.65V ~ 3.6 V.

*  GR5515I0NDASZ FR4MER % E (fiLFEYEEIN1.65V ~ 3.6 V) Flash.

1.1 GR551x SDK

GR551x - IF & L. B4l (Software Development Kit, SDK) JNGR551x £ 41|SoCHe it 4= T i) 44 T /& S
Fro 1Z LHEA TS TBLE (Bluetooth Low Energy) Stack APl. System APl. AMEIKSNFER« hex SCAFAE AN R 3k
TH. TRREAHS LA IR P SO 45,

ARG S FFIGR551x SDKAR A, & T GR55IX R F I AT A it o

1.2 (R IhFEIE sk
RIDFEIET (BLE) PR mI 2Rt 1-1fR .

JRBUITAT © 2023 PRYINTHIC TR I 03 A7 PR A 7 1
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BLE Protocol Stack

Host

Generic Attribute Profile (GATT)

Attribute Protocol (ATT)

Logical Link Control and Adaption Protocol (L2CAP)

Controller

Link Layer (LL)

Physical Layer (PHY)

1-1 BLEMY A% 2R

BLEPIMX AR H¥E 2% (Controller) . FEAEEHHEIT (HCH) FIEHNL (Host) .

¥=#128 (Controller)

Y)#E (Physical Layer, PHY) 3271 MbpsHl12 Mbpsf & N BkAHIGFSK Cayiliifs sz B4 (RF)
BAE.

BERK 2 (Link Layer, LL) , 61 &RISHRURAS, WA DA T N AeRE, R3S 7 SR AH
HYJ#e: Standby, Advertising, Scanning, InitiatingE{# Connection.

FHEHIEO (HO)

FEHLFEHIEE ] (Host-Controller Interface, HCI) $2f T Host 5 ControllerZ [B] F#AE . %% )2
FISEEL AT LR B4 1, tHA] DU AR v Rgf44% 11, HLUWIUART, Secure Digital (SD) B{USB. HCI
commandsFleventsii i1 iX N [ JZ 7E Host 5 Controller []4% 33 .

E#1 (Host)

1P AR IR AERC B (Logical Link Control and Adaption Protocol, L2CAP) A FE#EAt T 25
M Bl B S HAMRS, I HISCFRE 5 v 1 5 s 815

ZEEME (Security Manager, SM) & X T HCX AU EH 4> R T7v%, N B ZE PR AN N 2 $2 3t
it 28 Bty P 22 4 i B FVEL B A H ) ) BE

BRI RFTEE (Generic Access Profile, GAP) A FJE N A FlProfilesE AL A1 I AR 8 2 38 B2

M, EEQRE . A, B, RERI. EESHE. 28R A N P FE T
Ao

JE I HUZ (Attribute Protocol, ATT) & SC 1 Ak 55 v A1 1 iy 2 18] P Ak 55 04 <2 B 1L

WA EMHTE)E (Generic Attribute Profile, GATT) JETFATTHMYZ b, B X T —&RFIHTGATT
ClientfIGATT Server 2 [B] iR &5 2088 2 BB E AR, ft EZEMNH . ProfilefliService#t 174 H .

FEAUITE © 2023 GEIITTIC TR 0 A BR 2 7]
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B ZBLER A 2 H P ) % BHE 17 I Bluetooth SIGHT B 5 I iiwww.bluetooth.com 3K HYL .

GAP. SM. L2CAPFIGATT ]It 7£ Bluetooth Core SpecH . JLAtIBLES ] )2 Profiles/Services Al ] LA
TEGATT Specs L[l F#K. BLEMN. FH AJ B84 H 2| HJAssigned Numbers, [IDsFCodes#B%17EAssighed Numbers U1 i -

AU © 2023 I TRHE A A R A 7
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GRSSIXRINFEIE T AT &

2 GRSSIXRTHHE I F 4N T &

GR551x SDKA&—% % T GR551x:ts Fi & IR DIFEIE 2 N H R 1k - &4, L HEBLE 5.1 APl System
APIRTAN A BRENAPIE 11, FHERAE T 32 & M WA 27 A AME N FH 75 49 TR AN FH 30 B oA . S T R & T DA

T GR551x SDK )7 5] T A2 AT BRIH P T A R AR

2.1 fE {5244

GRSSIXIBEHE R UI T o AR EA G A B BR, HZMITRAIBTRES % (GR551x Datasheet) .

Bluetooth Subsystem

RF Transceiver

]

PA—— PLL

I ;
LNA —— Mixer —BB — ADC

— Dig.Front End

Bluetooth LE

Communication Core

Bluetooth LE

Packet Buffer

< ARM® Cortex -MA4F: GRS51x SoCis [ B Gil b EE (CPU) . BLEM S kR Al Applicationf UG &R iz 1T
TEZAE TR S |,

*  RAM: BENLFEUZfEES, TR PHATI 35 Z N A5 .
s ROM: WiZfffit#%, [E1k 1 Bootloader, BLEWMMAR KIARA:EE >

*  Security Cores: ZAiFHE 5 T, FEAFETRNG. AES. SHAFIPKCERARHR, HAL T XN i
FH P R B Firmware AT AR 5 (SRS . 6T I35 Firmware AR 56 2 38 i ROM HH (1 22 4> JE Bhim B 52 B 1
(Bluetooth SPECH 5 %2 4 AH K B 1157 #2702 B &% T Communication CoreHH A7 iR, EjSecurity

Core 5%) &

*  Peripherals: GPIO. DMA. 12C. SPI. UART. PWM. TimerZsffiff .

*  RFTransceiver: 2.4 GHzS#i{E S UK 25 .

e Communication Core: Bluetooth 5.1F/MY I H| 2 I Z . B WAL 52.4 GHz S A1 2

ENibEeaue

*  PMU (Power Management Unit) : FLIFE BTG, & RGEBIR AR, RGN E S 4R

Modem MAC
DC/DC
Power  Memory/State SRAM Flash SPI  UART QSPI Timer
Sequencer Retention ARM®Cortex®-
LP LDO MA4F el
ROM Cache 2C GPIO 125 U
Timer
Sleep Osc. i g Wake up
ways-on " 150781 System
Domain Security Cache Ctrl. Flash & XIP g PWM ADC ey
RTC LP Comp. Cores Ctrl.
PMU Subsystem MCU Subsystem
& 2-1 GRS51xHE 5244

RIS ATIRAS, WESHDC/DC. 10-LDO. Dig-LDO. RF SubsystemZ5 i 24,

WAL © 2023 FINTHIC TR B G PR AT
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*  Flash: EPERAEN T A EIIFlashfE 80, F T2 P AR NS, SCRe P AU Bisdr ik

(Execute in Place, XIP) .

2.2 S5
] 2-2 /@7~ T GR551x SDKII AR {E 4L

Software

Application

I A

GATT Services/ Driver

Service Clients

A
SDK I
BLE API System API
I A A
BLE Stack Bootloader
Hardware
v v v v
® ®_
Bluetooth 5.1 Core ARM MC:Frtex Peripheral

2-2 GRS51xER 14 524
. Bootloader
SIS, ST RIS, RS I R BN R -
. BLE Stack

{RIHFEWE A AR SEBAZ O, HHIEHI 2 (Controller) « FENUIEHIHEL (HC) FIEHL (Host) ML
% (£9#5LL, HCl, L2CAP, GAP, SM, GATT) , X fFBroadcaster. Observer. PeripheralfliCentralffj
t,

«  BLESDK
B R T EA, $4E5 F 18 F SDK BLE APIFISDK System API.

°  SDKBLE API3FEL2CAP. GAP. SMFIGATT API.

°  SDK System APIF&HE T XT3 5 e E i /7 fi 24t (NVDS) . Firmwaref+4% (Device Firmware
Update, DFU) . FRZtFEJEE LA FH RS0 [l 42 O IAPLE o

. Application
TESDKELH, $fft 7 F 8 WIE A4 RAMORE TR, AR TR E e & ik e 0 b ey, AP
Al PAN R B s AT A . 6 R A R H . SDKELH ) GRToolbox (Android) 4t T
XN I EhEE, T A P A

JRBUITAT © 2023 PRYINTHIC TR I 03 A7 PR A 7 5
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. Drivers

ANE IR BN ER 4> AP X 1B . 5% T DriversHIVELINT 2, 5% (GR551x HALKX LLERSH P F
My .

2.3 FhEESARET
2-3J87R T GR551x R FlSoC A7 fifi s LS

1.RAM(0x0083_FFFF) is aliasing J 0xBOO1_FFFF
memory of RAM(0x3003_FFFF). / BLE_APB
/ 0xBOO1_0000
// 0xBOOO_FFFF BLE AHB
2.Flash(0x037F_FFFF) is aliasing )/ 0xB00O_0000 -
memory of Flash(0x017F_FFFF). /s P —
/ -
/ Present
,/ 0xA001_8000
, OxAQ01_7FFF
’ TRNG
J/ 0xAQ01_7800
, 0xA001_77FF
/ KRAM
’ 0xAQ01_7000
J/ OxA001_6FFF
"""""""""""""""""""""""" EFUSE

0xA001_6000

. OxAQ01_5FFF .
Devices HMAC Devices
0xAQ01_5800
OxAQ01_57FF

. AES
0x3003_FFFF \ ey
| \ OxAOO1_4FFF
0x3000_0000 RAM SRAM AN PKC
X . 0xA001_4000
\ 0xA001_3FFF
\ DMA
N 0xA001_3000
OxAOO1_2FFF
\ =
0x037F_FFFF \ GPIO 2
2 \ 0xA001_2000
Flash AN OxAO01_1FFF GPIo 1
A\
0x0300_0000 \ 0xA001_1000
\ OxAOO1_OFFF
AN GPIO 0
0xA001_0000
0x017F_FFFF AN 0xAQDO_FFFF APB
\
Flash Code \_ OxA000_0000
0x0100_0000 A
0x0083_FFFF 2
RAM
0x0080_0000
0x0007_FFFF
ROM
0x0000_0000
Memory Map

[&] 2-3 GR551x {7 fi% 2SS RfLET

(035 BR:

*  GR5515&%1SoC:
RAMA7fi%: 0x3000_0000 ~ 0x3003_FFFFI0x0080_0000 ~ 0x0083_FFFF, }t256 KB,
Flashf#fifi: 0x0100_0000 ~ Ox010F _FFFFE{0x0300_0000 ~ Ox030F_FFFF, 31 MB.

*  GR5513S0C:
RAMAZfi#: 0x3000_0000 ~ 0x3001_FFFFE{0x0080_0000 ~ 0x0081_FFFF, 3128 KB.

Flashf#fi#: 0x0100_0000 ~ 0x0107_FFFFE{0x0300_0000 ~ 0x0307_FFFF, 31512 KB.

AU © 2023 I TRHE A A R A 7 6
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2.4 Flash 77 {iRRET

GR551x:EF 4 T — AN HIXQSPI 2322 11 1) AT BE [ APl Flash 7265 2% . i%Flash 3 | i #F4 KB K /MEIFlash
Sectordllif; Wi L MRIEAFIFIN S, 2 A F H & A7 X 5.

P 2-473GR5515 L 78 W 37 5t I Flash A7t A7 )

End of Flash
Non-volatile Data Storage (NVDS)

NVDS_START_ADDR

Unused Space

User App

0x0100_2000

System Configuration Area (SCA)
0x0100_0000

2-4 FlashZ &/
*  System Configuration Area (SCA) : RAMEX, FEMHTHHAGHINISEMERGELE.

e User App: Application Firmwaref#fif [X 35 .

*  Unused Space: 75X, FFRETLLEATMA A ZX . than, EDFUAZEFEH, HUnused
Spacellfn i £ fi#s #7 f] Application Firmware.

*  Non-volatile Data Storage (NVDS) : IE5 P EuE A7 4% X 1

(0358 RR:
NVDSHERE 7 I Flash 15 )5 — AN IX (Sector) o FFRE tH AT DARRHE 7= St ) Flash A FH AT &y, & B HENVDSIP S
GEHHE DL K BT o s X A, BAREC B 5145 7%4.3.2.1 i B custom_config.h.

R NVDSE AL 75 Z R Flash i X R AR ML hE X0 55

2.4.1 SCA

System Configuration Area (SCA) 17 F-FlashJ A% {~Sector (3£8 KB, 0x0100_0000 ~
0x0100_2000) . SCATf7-fif | R4t Ja shidt R4 fAs & DA HoAth RS HC E 240 . SDK toolchainBi#: T A &R
P P B B S custom_config.h (#£1%: Project Folder\Src\config) AEKSCA Image, FHKHkEE
FISCA, Z#4.4 £l 1F. & 2-54System Configuration Areaffi Jj »

L {5 BR:
Project_Folder vy TR HIHR H 3.

JRBUITAT © 2023 PRYINTHIC TR I 03 A7 PR A 7 7
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|
UART Info(128B)

’ Enc:Hmac(32B)
UnEnc:Free ADV Name Info(22B)
NVDS Init Info(8B)

w» DFU Disable Cmd Info(4B)

/35568

Reserved
i Comments(12B)
0x0100_2000 Boot Config(4B)
Boot_Info v Boot Info(24B)
" i .. SPIAccess Mode(4B)
Bkl DFU Config Info Version(2B) 'l
[waeTy) (448) Run Addr(48)
0x0100_1000 ¢ ) Pattern(28)
B0t Infe Img_Info_10 Load Addr(4B)
oot_Info (408) ok
(0x1000) . CheckSum(4B)
0x0100_0000 4008 : Reserved(8B) APP Size(4B)
Img_Info_1 Boot Config(4B)
(408)
SPI Access Mode(4B)
Reserved W Run Addr(4B)
(328) ’ Load Addr(48)
Boot Info CheckSum(4B)
(328) |

S APP Size(4B)
4

Boot_Info sector

[&] 2-5 System Configuration Area®i 5

*  Boot_Info5Boot_Info Backupf#fii 7 #H [R5 5., Boot_Info Backup/&Boot_InfolJ %17 -
o AR L 4 RN, Bootloader£>Ekil MBoot_Info i FREUE 15 B .

o {EZ4WR N, Bootloader£ it EBoot_Info, W1 Boot InfolIb ANid, M<K EBoot_Info
Backup, 3FMBoot_Info Backup 3REL = 515 8 .

*  Boot_Info (32B) X H{7fif [ Firmware)Hd3{5 5, Bootloader= MR w5 2015 5., RIS ABkE:
FFirmwarefJ A 1 H04E .

°  Boot Config N RGN E(E B -

°  SPIAccess Mode NSPIVj M T AL E . ARGEERLE, HHLiEEl.

°  Run AddrANFirmwareiz {7k, custom config.h*H [\JAPP_CODE_RUN_ADDRX} M o

°  Load Addr AFirmwaref7figdthiii, Scustom_config.h™ F¥JAPP_CODE_LOAD_ADDRX] W .
> CheckSum AFirmware® 51, A fliFirmware/5, HISDK toolchain H &5 H .

> APP Size NFirmware[F]Sizef5 2., ZEJkFirmwaref, HISDK toolchain 535 i .

*  Img_InfolX B A7 it T i 2 10 Firmware {5 E.. 24 1# HH GProgrammer T #Firmware sl f# i DFU Tt
ZiFirmwaref, Firmwarefd B &8 76 2llimg_InfoX 3 .

° Comments AFirmwareffid (5 5., SCFrx 2 120FFF. A RFirmware)5, SDK toolchainfd
F Firmware 3444 /E N CommentsfE E..

> BootInfo (24B) AFirmware/idl{s 5, 5 _FiABoot_Info (32B) [)1k24 Byte#H [,

°  Version NFirmware R A&15 5., Hcustom_config.h ' VERSIONXS I o

JRBUITAT © 2023 PRYINTHIC TR I 03 A7 PR A 7 8
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o Pattern A[d] E1E0x4744.

DFU Config InfoX 38 /7  ROMHDFURRER AL EF S, FF k& o] LLd i i FHAH BN APISR B 212 [X 3
B, M & DFURER

°  UART Info yDFUREEFFJUART A AR GEC B, SFIRSAI. BRRR . GPIOAL B %5 .
°  ADV Name Info ADFURRER ) FEAHRICE, BIRIRESAL. T /4. T HKE.
°  NVDS Init Info NDFURRERFAINVDS R Gt FIMT IR AL B, BFIRASAL. NVDSIX I /N, il

°  DFU Disable Cmd InfoijFUi‘%ﬁ%E’]DFU ARSI E, SF5IRANADisable DFUCmd (2B, WE
¥ F NBitmask) , AJIE T 1% B Disable DFU Cmdf{E 622 F FE LS DFUA 4.

Hmac X A7 i 1 Hmacke Bl . IZXIBANAE L BT A KT ReB, 2530 (GR551x[H
fEInE &R D) .

2.4.2 NVDS

NVDS & — MR JOP BB RS, CHKB T Fashi@ {22 (Flash HAL) o HA7Ff#E T Flash,
I HdE A2 E K. NVDSERIME HIFlashiiJa — M X (Sector) 1y XI5

NVDS R Geil & A7 fl /N, ol an s FFE P AL E S50, REEEE . IREFAH P E E% . BLEMMURE S
5 FINVDSA7fifs 1% % 48 72 S5 540

NVDS R4 B A DL e

BNEEIT (TAG) A ME—ITAG IDH TAR IR, 27 0T AR PETAG 1D 24 P9 25 134T 1 U 5
R, AT B SCODAEAE Y L .

BEXS Flash 77 A BRRFEREAT TARAL, STRAEUERR . WordXf 5. 4 F BN 5 11l .

T DX /NI I bl T C B, Flash /74 X LASector N HLA, — A Sectorff) K/ N4 KB, NVDSAE
fig X 3k A C B VA T Sector; BC B A RS 4G Hiu kit 2444 KBXY 5% .

NVDSHEAE T LR TN R B AP T4 VE Flash /R (1) E 5 5 M 54 .

%2 2-1 NVDS API
it sk
uint8_t nvds_init(uint32_t start_addr, uint8_t sectors) HIEELNVDSTE FH [ Flash Sectors.
uint8_t nvds_get(NvdsTag_t tag, uint16_t *p_len, uint8_t *p_buf) MNVDS 3352 H tag b VR B 58

B HIE S NBINVDS I Ftaghn il . WX Mtag M E

uint8_t nvds_put(NvdsTag_t tag, uint16_t len, const uint8_t *p_buf)

£, MBI —NHTHT

uint8_t nvds_del(NvdsTag_t tag) MHIERNVDS FRtaghs VR F B -
uint16_t nvds_tag_length(NvdsTag_t tag) FHUFR SE Tag I BHE K .

NVDS APIFITEA 5 HH 15 2% (GR551x APl Reference) , BREIZEANVDSK I (fiT°SDK Folder\com
ponents\sdk\gr55xx nvds.h) o

NVDSAF i £ s ik X an &l 2-6 s :

AU © 2023 I TRHE A A R A 7
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8 bytes A1 E 1024 bytes
Data Header Data
2-6 NVDSTRHEEIER

¥k (Data Header) ¥ AN 2-2 fioRs:

3% 2-2 Data Headerf& =\

Byte Name Description
0-1 tag HlfE i taghr il
2-3 len e EiIRNE
4-4 checksum HH Sk AR B A
55 value_cs Hlls R IR AN
6-7 reserved TR 7B

(0 35 8R:

BLEPMM ARt & {F FINVDSFEfif— 2L 2%, [ b U INVDS /e Flash77-i% [X 45 . GR551x SDKZ:Hk 4

fd FFlash Memory i J5 —1~Sector{E INVDSS FH A7 i X 38, AT I8 B M custom_config. h LA H 1]
#*NVDS_START_ADDRAINVDS_NUM_SECTORKC B NVDS [X 15 (1 EE 4 b1k A1 5 F K/ o BLEWIMSUAR A Application3t:
LA FE INVDSF X IR, (HZTAG 1D 4 25 (A3 R 70 AN R 2500, FF & 3 R Befd FH 73 B 45 Application [ TAG

IDiT %4 25
*  Application ¥ Zifd FINV_TAG_APP(idx) K 3 HUN FH 2 7 2085 ITAG ID. i%TAG ID#E FHENVDS AP S 4L .
*  Application N AEKidx BLIEE/E UNVDS APIFI S . idxHU{H Y5 /£ 0x0000 ~ Ox3FFF.

TEApplication s —XIZATHI, F A& ] ] T FE.GProgrammar¥4 BLE B iU A1 Application BT FH I TAGH)
UH1E S NFINVDS. USRI & A8 F GR551x SDKERAE IINVDS X 381 22 [H 17 #5 E NVDS X ke df th bk, 1
i fRGProgrammar 1 iNVDS X i i il it B 5 custom_config.htf 5 SCIINVDSIX SiE d i AR R . 9%
TF-custom_config. nFINVDSIX 3k 4 il L &, £754.3.2.1 IiC B custom_config.h.

2.5 RAM7Zi&RR 5F

GR5515/JRAM ~256 KB, jtEffitihit y0x3000_0000, H1114N P FEER (RAM Block) ZH8 (4 AZEERI K
/INEIRI8 KB, HARHNAFERI /N AN32KB) o BEASRAM P AF B AT H A AT 4T T/ 5 P HL Ui

L7 354 8R:
GR5515 ML 4fi Hi11:0x3000_0000f RAMER AL T — /Nt 4 ik A10x0080_0000f] Aliasing Memory, LIE 2-3. U
FARHS 13247 Hi bk 7E Aliasing Memory i Ja F,  mT LU ERAAS/ERAM H 132 1T B . GR551x SDKHRAE i fig

1ZAliasing Memory .

256 KB RAMAF-fifi A7 & W1 ] 2-7Ffro:

JEAUITA © 2023 I EHB AR A IR A 7 10
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0x3003_FFFF

RAM_32K_6
0x3001_8000
0x3001_0000

RAM_32K_0
0x3000_8000

RAM_8K_3
0x3000_6000

RAM_8K_2
0x3000_4000

RAM_8K_1
0x3000_2000

RAM_8K_0
0x3000_0000

[& 2-7 256 KB RAMTZfiE % /5

TP T T L B WExecute in Place (XIP) #REMirrorti . TEAMECE /755 %4.3.2.1 i
E custom_config.hJ1 (] “APP_CODE_RUN_ADDR” . iXPMFiZ T A A [F [FIIRAMAT 5 -

* 23 BFEITERER
EITRR 3%
F BigATa, P BRI A TE v B FlashZS (8], F2/508 4725 (B A0 04823 (6] AH
o RGN FHBECEE, J@itcache Controller B 3 MFlash 2 AN FRIZ T -
BHRIBATIES, H A NS Flashz= 0], F2710ie 1720w LAERAM S
Mirror i ], EREFF R BL SERRSERUA, KR WS RFlash 2 [0 N2 2RAM A
8], FFPkEEBIRAMHHETIZAT

XIPRE

(1358 RR:
T XIPHE B AT I 75 B L M Flash, K124 R (38 1T ThAE 208 = T Mirror i 2

2.5.1 XIPFRT HIRAMTL B
2-8 9 XIPRLT I LT RAMAT SRS, T 45 55 11T LAHRAR 7 i 75 Bt FLE AT 1 2

REUITAE © 2023 IRYITHIL TR B B PR A 7 1



G@DIX GRSSIXRINFEIE T AT &

End of RAM
Call Stack Size=CSTACK_HEAP_SIZE

Unused RAM Space

RAM_CODE

App reserved RAM Size=APP_RAM_SIZE

Including .bss and .data

0x3000_4000
ROM Reserved RAM
Including .bss and .data Size=16KB
(Retention)

0x3000_0000

2-8 XIPFRRBIRAMA T

XIPAE AT Ja R VEFEARHS N 24k B 40T Application X ET, AT ikApplicationfE {8 F B8 2 IRAM P 1. 1E
HEATFlash3 8l BB, 75 ZoeIXIPAR R, SECPUTIL M Flash HELSE . [Kt, 7E 4 PRBE R 06 F0F Flash 3K 3
Az Tk 2 171 ZERAMZS 8] . £ GR551x SDK 7~ 151 A2 BT FH i Scatter U471, 52 . T RAM_CODE[X 33, Ff
Fig 7 ALz T b ZERAM AP RS . HEARA[A], RAM_CODEIX 15 (5 FH I)RAM Block v 4k -T-Retention R 4%

[ 354 RR:
TF & ASBE M Scatter SCAE R IR “RAM_CODE” B, KT-Scatter AR, 155%54.3.2.2 BL B A7 AT 5l o

2.5.2 MirroriZ 1\ IRAM7 |5
29 Mirror i i) B RIRAMA 55, TF 25 2 1T DARRAR 2= 5 5 sR X BLHEATAZ 2

WAL E © 2023 IRYINTIC TR A% (06 BR A 7] 12
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End of RAM
Call Stack Size=CSTACK_HEAP_SIZE

Unused RAM Space

App Code Execution Region

APP_CODE_RUN_ADDR

App reserved RAM
Including .bss and .data

0x3000_4000
ROM Reserved RAM

Including .bss and .data
(Retention)

Size=16KB

0x3000_0000

2-9 Mirrori® I\ BIRAMTR /5

Mirrorsi =07 J&) SUVFERAMAF AT Application ARG . &5 EHLZ 5, S ANAJE3IFE. Bootloaders:
i Application FJAHS M Flash 1 & #1344 4 “ App Code Execution Region” FRAMEY o FIEHR AR 2 08 F 4 e it f5
BN BRAE . AU S BT[], Bootloader AN 2= HF & il Application (AR5 2 44 “App Code Execution
Region” HJRAMEZH .

“App Code Execution Region” EX {2447 B Hcustom_config.h 1 [¥]%APP_CODE_RUN_ADDR¥E. T R#H
7 ZLAR Y Applicationff].data il bssSE b 15 L, R E AURS32 17 ik APP_CODE_RUN_ADDRIMi, 8 4 5 1kt
HEAL ) bss Bl st il AL () Call Stack Btk B S o IF K FTARYE. map SUAFRIRAFRAM S BU 73 Afi 15 400 o

HVUT & 2 18 FIRAM Aliasing Memory il (0x0080_0000 ~ 0x0083 FFFF) K%
B APP_CODE_RUN_ADDR. # HHIIRAMEIE &, 7E LFEMERN &t BlerrorffeRnESME, I REHHIAF
Pis 58 A7 RAMBL B S 15 I

2.5.3 RAMEE R EIE
& —"RAM BlockA] LAAE T =Fl A [ (¥ HLEARAS : POWER OFF. RETENTIONERFULL.

*  FULLX N T R GtActivelR A, MCUT] BL#EATRAM BlockE S o

*  RETENTIONEZEH T R4GiSleepiR s, AbTiZHIFIREGHIRAM Block BB A S LR, RS
MSleeptRZS K 3| Active 251F F

* AT POWER OFFIRAYIRAM Block & i, i TH ARSI &= £, T A IRIT TR

TEGR551xH1, HIFEHHFIT (PMU) £ RS A S ERINTF S T A& HRAMEE Y. GR551x SDKH 24t 1 58
ZIIRAMHL YR AP, JF & T DIARYE N A 75 2, & 2 AC B RAM Block 1 IR -

R AsE, BNEH T HIIRAMITFEE HE L, KA ApplicationffI RAMAE I 1E AL, H3hEIT
%RAM Block 1T FE RIS o BB B -

JEAUITA © 2023 I EHB AR A IR A 7 13
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AVAN
=

*  TERSActivelRZs, AEH FIRAM BlockZ: 13 B NPOWER OFFIRAS: 75 B Ad H FIRAM Block | ¥ &
HFULLIRES .

o Y ARG ASleepRAN, 2K ANE FHAIRAM Block {445 JPOWER OFFIRZAS, 1M 75 Z A% FH fIRAM
Blocki% B ANRETENTIONR A o

FESEPRR A, B E AR

*  TEBLEN A, RAM_8K_OFIRAM_8K_1/&f#F #5Bootloader FIBLEWM AR fH FH, Application/~A]
. fERSiActivelt, EATRALTFULLIRES; 75 R SiSleepla], EA1M 4L T-RETENTIONAR
. JEBLEZEMCUR A mJ LA FHIX 5 1~RAM Block.

*  RAM_8K_2 /% LLJ5 JRAM Block 1] FHI& 1T HH Application#F A7 #0 K1 & Mo 8%, W H P 2 iR 2

TERAM A HAT AL B 58 XAE MARAM_8K 2 FFURTRIZELEIX ] Kf pR B0E k% (Call Stack) FOARTIE X

TERAMI S kil o IX £ERAM Block ¥ FEYEIR A iT LAAX T /5, AT LLH Application H AT 4%l »

(1 53 B

1. HAAH4RAM Blockkh T FULLIR AR, MCUA BEXT H AT U5 M)

2. FAREBEWMREHEHRAMAEIR, ffiFApplicationfJMemory Layout(s B H1 %G £, 4 HJRAM Block, NI
f£ Application ¥ AL BC A Fimem_pwr_mgmt_mode_set_from(uint32_t start_addr, uint32_t size) £ 45RAM

Block |- Hi.

3. HEZRAMHIJEEHEAPIFIHEMULHESDK Folder\components\sdk\platform sdk.hH.

SDK_Folder yGR551x SDKIHR H 5%

2.6 GR551x SDK B SR 2544
2-10°9GR551x SDK [ 30432 H 4544

JRBUITAT © 2023 PRYINTHIC TR I 0 A7 PR A 7
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7 GR551xSDK

73 build

P . .
binaries

™7 config

™2 scripts

3 components

app_drivers
boards
drivers_ext
libraries
patch
profiles

sdk

[
linker

IR RNN

3 documentation

3 drivers

external

[

fat_fs
™7 freertos
P

segger_rtt
wechat
&3 projects

™ ble

™3 peripheral

P .
peripheral_app

3 toolchain

™1 cmsis

™3 gr551x

53 tools

2-10 GR551x SDKB &
%% 2-4 JNGR551x SDKH & 304 I VR LR IR

% 2-4 GR551x SDK3L# 3K
iR g
build\binaries Py i R P 7 A A T A
- TRECEHS, T lcustom_config AR SCIF. ZSCAFII 9 2 H T & AR A
FEHIESDK toolchain it 5 IIAH KA N S 4.
build\scripts B SCAERIEASCPE, TR, T#E. .
components\app_drivers 5T Application T & #1811 3K B APIJEARAL
components\boards FFRARAE L S ST A
components\drivers_ext FFRAR b5 = J7 oA R 3l .

JRBUITAT © 2023 PRYINTHIC TR I 0 A7 PR A 7 15
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GRSSIXIRIIFEWE T A &

R
components\libraries
components\patch
components\profiles
components\sdk
components\sdk\linker
documentation
drivers\inc
drivers\src
external\fat_fs
external\freertos
external\segger_rtt
external\wechat
projects\ble

projects\peripheral

projects\peripheral_app

toolchain\cmsis
toolchain\gr551x

tools

iR

GR551x SDK#fitfflibraries.

ROM Patch SIS0 HROMH fHIBLE Stack$ A1t Hi & 5 47 .
GR551x SDKHE ML AIGATT Services/Service ClientsSZHL R {7 HT I ST -
GR551x SDKHR ALK APISK LA

GR551x SDKfi 45 i Fie s il FH O 45 5 R SCAR AN S A

GR551x API Reference.

GRS51xFMEEIK AN ATHALRILLIK Sk SCfF

GR551xFMELAK AN HTHALFIRARHY o

BT, FatFSURIRAD.

B FEF, FreeRTOSUEAAD

H= A, SEGGER RTTIEIAT .

B FEF, WechatiFA(AS .

BLE Application LFE7/~f5], LbfHeart Rate Sensor, Proximity Reporter.
R AN AR R

O F HNEEAPP T AL R .

CMSIS¥IToolchain SC 14«

e G 1 TR .

GRS5 xR 5 1R TR Bfh

LT © 2023 RIS A A IR 22 7]
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JAZiiFE (Bootloader)

3 B2 (Bootloader)

GR551IxZ FF P AL IZ AT XIPE A AIMirrortisl. R4t LHE, B35 SN RSB E X (SCA)
ARG B EER, AT N E A B . RV E G, B BLia 47 25 R $ATAR
. ARPZEITHER, BaiERE 257,

XIPRER, 8 S ARG TE 58 O B RS S6 J5 . Wltht.Cache FIXIPES i 28, SR J5 Bk#% 1] Flash 23 (] 4%
i 47 bk AT AR AT

Mirrorti = R, JE SRS LE ¢ oM AR IR Je, IRIE RGBS S, KiFlash 2 8] ARAD In R 2 %F
N HIRAMIZAT A5 0] 5, B AFlashZE 8 CIRCE , BhEE BIRAM A ]334T AR HAT .

] 3-1°¥GR551x SDK_|-Application ] J5 Z7 %

Boot Start

v

Reset_Handler

v

Init Flash

v

Read boot information
&
Check Integrity of
Application Image

v

icati Yes
'Is App.llcatlon
image integral?

No ¢ No

Init instruction cache

v

Jump_to_app(start_addr) €¢——

. Yes  Copy Application Image to
? —»
Mirror Mode: RAM from Flash

Start up DFU service

3-1 GR551x SDK_E R Application /B B2

1. W& LHE, cPUKBkikF]ox0000 00004, #HATROMH ffjreset_handler, i ABootloader.

2. Bootloader$ AT Flash#]U51L »

3. Bootloader \\Flash 1 [{JSCAELEH {5 B, FFI AT Application Firmware 1] 5e B MEAG £ .

JEAUITA © 2023 I EHB AR A IR A 7 17



G@Dix JAhiifE (Bootloader)

Y5 BR:
GR551xFE it T 22 4 ThRE XF Application Firmware 1T N %544 .

o rafa: AR e, AR MSCATEIUSE (5 B IR THMACK S RIS JE, & #SCAMR
MER, JEEHIT R RSN EAERE A A, M T ORIEFirmware S BEPERIPT IEBLEG, B O8ess, &
RAERE A R, M AERE B AR TIRE . PEIETES R (GROSIxE N SN A 41D .

o AR EHARMRR A, B3R T A HSCAKE 315 B4 Application Firmwarei#t 47 CRC 78 B ME LR .

4. R EEERE R, < )3 BBLE DFU Service. JT &% A] LLiE T iZServiceid & FHLAPPEE #HiFlash

#JApplication Firmware.
5. mHEd 7 se B, Bootloader HWrig /7 A,
« XITFXIPEER, Bootloader£ 7E 5E BXIPHL B J5 Bk #% FlFlash ' [ Application Firmware JF 45444 T -

« W Mirrorfiz,, BootloaderZ:iApplication Firmware M\Flasht#% DI Z|RAM T R FE 2 X B, SR)5
HATRAMH F] Application Firmware.

JRBUITAT © 2023 PRYINTHIC TR I 0 A7 PR A 7 18
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4 1 AKeil FF % i
AE W LLKeil N, A48 04T {8 FSDKK 58 ffBLE Application % . Wik, T &AM,

4.1 &2 Keil

Keil MDK-ARM IDE (Keil) JEARM 2 J13 AL {4 i T-Cortex FIARMUL & [ILE T R FFIE (IDE) . TPk &
ME J7 W https://www.keil.com/demo/eval/arm.htm % Keil 22 2540, 313847 23 . GR551x SDKA% 4 A Keil V5.20 &
DL R RRAS

(1 35 BR:
%FKeil MDK-ARM IDEFI# F, 7] & HARMIEHERITELL FH 7 FMF:  https://www.keil.com/support/

man_arm.htm.

Kl 4-1KKeil )3 2l J5 1) 3 510

ﬁ - =] X
Fle £t View Poject Flh Debug Perphenss Toos SVCS Window Help

NECL@ % bB|sc|esprnn 1| 8 scovonesve R #[ @0 0 O @@}

LY IE] EREECEY )

Project a2

Eeroy.. [@Books] O Func.|OyTem.. |
ita

[&] 4-1 KellER R HE
R 4-1 AKeil i) H DhRe 4

= 4-1 KeilE I IThEEIREH

Keil Icon Description
& Options for Target
@ Start/Stop debug session
£ Download
e | Build

WKL © 2023 RYI T DRI B FRA 70 —


https://www.keil.com/demo/eval/arm.htm
https://www.keil.com/support/man_arm.htm
https://www.keil.com/support/man_arm.htm

G@DIX 1 F Keil T % 3R

4.2 L HEGR551x SDK

TF & 35 fit E GR551x SDK zip A GBI AT ], B/ Fah 4%,

[ 354 RR:
*  SDK_Folder AJGR551x SDKFAR H 5% .

*  Keil_Folder AKeil (R H %,

4.3 fl| ZBLE Application
AT B el 81 2 — 1 -BLE Application.
4.3.1 /%ble_app_example

BEASDK Folder\projects\ble\ble peripheral\, # llble_app_template®|*fi H %,
H A4 Able_app_example. #ble app example\Keil S5H.uvoptxHl.uvprojx(?)F 1441204
Able_app_example.

» ble_app_example » Keil 5

=

1K

|_| ble_app_example.uvoptx

|&| ble_app_example.uvprojx

4-2 ble_app_example3 {43

X itible_app_example.uvprojx, Keilf] 1% LRERHl. st &, 7 “Options for Target 'GR551x_SK'” H1i%k
¥ “Output” , 7E “Name of Executable” #ji \ “ble_app_example” .

JRBUITAT © 2023 PRYINTHIC TR I 0 A7 PR A 7 20
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1 F Keil JT % 32

Options for Target 'GRS51x SK'

Device | Taget Output | Listing | User | C/Cos | Asm | Linker | Debug | Utikies |

Select Folderfor Qbjects... | Neme of Executable: [ole_app_exampke

(¥ Crpate Executable: \Objects\ble_app_example
P Debug Information
W Create HEX Fie
b Browse Information

" Create Library: \Objects'ble_spp_example ib

[T Create Batch File

O I Cancel Defauts

4-3 {& 2 Name of Executable

{EKeil Project Window™, T 757 Fllble_app_example L2 N ] T groups.

e

=4 Project: ble_app_sxample
O 45 GRS51x_SK

=
..ﬁ
..ﬁ
..ﬁ
..E]
w-Ea
w-Ea
&
=
o=
-8

gr_startup
gr_arch
gr_stack_lib
gr_drivers
gr_app_drivers
gr_libraries
gr_profiles
external
user_callback
user_platform

user_app

=] Proj... @Books 1} Func... [].,Tem... |

[&] 4-4 ble_app_examplelil B

ble_app_example T.#£  [FJgroups = £ 7 N2 SDK groupsFilUser groups.

. SDK groups

SDK groupsty,

¥hgr_startup. gr_arch. gr_stack_lib. gr_drivers. gr_app_drivers. gr_libraries. gr_profilesfllexternal.

FRALITE © 2023 RINTHC TR (i A IR A 7
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1 F Keil JT % 32

2% Project: ble_app_example

[ %5 GR331x_SK
__________________________ .
L startup_gramoe.s i
=5 gr_arch i
_] interrupt_grS5cx.c i
W _] system_grSSxx.c |
: 7| platform_gr55ux.c i
5 &5 gr_stack_lib !
[ ble_sdklib |
=5 gr_drivers i
[ grisoc_hal.c |
gr35xx_hal_exflash.c i
gr35e_hal_xqspi.c i
gr35xx_hal_pwr.c i
gra5xx_hal_gpio.c i
gr55xx_hal_aon_gpio.:c
gr3axx_hal_vart.c !
r_app_drivers
app_dma.c
app_gpiote.c
app_io.c
app_pwr_mgmt.c
app_uart.c
app_systick.c
_libraries
utility.c
app_timer.c
ring_buffer.c
pmu_calibration.c
app_leg.c
app_error.c
app_assert.c
app_key.c
app_key_core.c
bsp.c
cortex_backtrace.c

PDEEPERPEPEDODEE: PEEEDEE: EEPEPDEDEEE

geesseassssslocessesslosssses

fault_trace.c
= 3 gr_profiles
i | ble_prf_utils.c
= _.I Ins.c
2 5 external
@ ] SEGGER RTT.c
@ usercallback
 user_platform
@ 3 user_app

H.

4-5 SDK groups

SDK groups I HJUE LA L FRAZ L, KgroupH) BARHIA LT «

FRALITE © 2023 RINTHC TR (i A IR A 7
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{5 Keil T 1 1A

SDK group& i
gr_startup
gr_arch
gr_stack_lib
gr_drivers
gr_app_drivers
gr_libraries
gr_profiles

external

. User groups

%< 4-2 SDK groups
ik
RG Rzt
System Core. PMUIFIRIAG AL B SCAH A 2 Gt - N7 2 11 S B0
GR551x SDK lib U1
O AR IREIE SO TFRE AT AT IS AT E BT AR AR SCRE L BKE) o
5T Application T A A FH A BKENAPRIE SC A o T 35 AT B AT U INISE H Fr 5 2E ¥ AH Capp drivers.
SDKEZ AL I A BB AR . SMBEIR B A THIE S
GATT Services/Service Clientsf 3. TR & AT BAT AN H P & BIAHSSGATTIR ST«
SRR IR SCE, Bl iifreertos, segger rtt. JT & AT FIAT IR INIR H T 6 48 = T FEE

User groupsfiffiuser_callback. user_platformFluser_app.

"% Project: ble_app_example
= %% GR5351x_SK
[ gr_startup

{1 gr_arch

[ gr_stack_lib

[ d gr_drivers

[ gr_app_drivers

[ gr_libraries

{d gr_profiles

Bid eternal
B user_callback

J user_gap_callback.c
J user_gatt_common_callback.c
J user_gattc_callback.c I
J user_|2cap_callback.c

J user_sm_callback.c

w85l elessss

user_platform
_] user_periph_setup.c
B user_app
: J main.c

_] user_app.c

J custom_config.h
_] GR5515_SK.h

4-6 user_groups

User groups I IRVE SCA 75 BT R B RS, H-group M) BARFIR W -

JEAUITA © 2023 I EHB AR A IR A 7
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%% 4-3 User groups

User group & i iR
user_callback J82 FH % 7 5 B IR BLE Stack Callbackfi 4. CallbacksIJ S £ N1, 625K 4-5 .
user_platform RO BE VR B LA R A6 A, JT R T 2R B O 52 S BUAH RHER
FRRHON A LRI R # B I AR SO, T B BLETM ARG AT I S M S I GATT Service/
e Service Client /1) 3 {40 3 BR %4 .
432 ETHE

FF R T B YE B OFF SRR BTN A LRI, B HENVDS, UILisfriiat, 1FfEasfifR, After
Build DA f oAt i B 1l

4.3.2.1 fit & custom_config.h

custom_config.hFl T & Application THE)Z (. SDK Folder\build\config\#&ft | —
“Ncustom_config. hHIFEHR »  #%-Applicationz~ | TFE ) custom_config.hfii FH TR H X FHSrc\config.

%R 4-4 custom_config. hR RIS
= DU
o P R AT
CHIP_TYPE e 0: GR5515
* 1: GR5513
AR NI R . BRIN B E A0,
ENCRYPT_ENABLE © 0 AEREFEMFING, SCREBEERINE A AL, LT ERAMZE 1]
o 1. fEREMEfF N
R & H S Flash.
EXT_EXFLASH_ENABLE . 0: M Flash
1. fE/]4hERFlash
FEYIRLRITT . HIRMiZEN, BLE FIBEAR AR LIk IEH A H . BRIk
WHENL
© 0: KHIFEWIHIL
© 1 FP AR
fTENCallstack Trace Infoff)JT 5% . TIFiZIT KRG, AA:HardFaulthf, £
#Callstack Trace Infoif it & FIFTEIH K.
* 0: KHTracefTH!
* 1: ]I Tracef ER

PLATFORM_INIT_ENABLE

SYS_FAULT_TRACE_ENABLE

App Driverstk B [ FF 3
APP_DRIVER_USE_ENABLE « 0: A{#FApp Driverskitit

* 1: {#/HApp Driverstkth
APP_LOG_ENABLE APP LOGHEER I
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M

APP_LOG_STORE_ENABLE

APP_LOG_PORT

SK_GUI_ENABLE

DEBUG_MONITOR

DTM_TEST_ENABLE

DFU_ENABLE

FLASH_PROTECT_PRIORITY

NVDS_START_ADDR

NVDS_NUM_SECTOR

CSTACK_HEAP_SIZE

ENABLE_BACKTRACE_FEA

R

+ 0: XMlApplication ff]Logs
e 1: #THApplication} [¥]Logs
APP LOG STORERZER 1 IF % o

s 0: AM#iHAPP LOG STOREF:k
* 1: {HHJAPP LOG STOREf: K

B APP LOGH H1 5 3.

* 0: UART

* 1: J-LinkRTT

* 2: ARMITM

GR5515 Start Kit Board I GUIEEL T 55,

© 0: AMEHIGUIKHR

© 1. fEAHGUIHR

Debug Monitor &L 55

* 0: KMIDebug Monitorfiiti

* 1: 77T Debug Monitori

DTM TestHIREfFIHF Ko

* 0: KMIDTM TestIifiE

* 1: $TJFDTM Test¥jt

DFUTZjREIFF K

* 0: XKMIDFUIIfE

* 1. {TJTDFUTIREE

ApplicationfEFlash#5 5 i #2rh, AT BH 1 S5 5 S o2 1) B2 5 9 25 2
*4FLASH_PROTECT_PRIORITYIC B AN, 1L 26 2%/ T 545 TN i
RS, FiFlashE S 58 RE, I m S HGE ) P IbTiE K. BRIAE AL

N, Flash# 5 i Rt AN SEAE AT Il SR, R AT AR S b 75 2814 B 0
fA.

NVDS i F X3 ke af ik, BRUCIRES R i B fE custom_config.h ' B4 €
S, AHRSE SCIIHTSAE A RS FRIE BINVDS X dsk b A7 — A sector, #H F
HE B L N sector, TR H i Hsector num FAT R A Mk (424K
F) .

NVDS/# H [f)Flash Sector [ 4 & .

Application I 7 2] Call StackFHeap K /N, ¥ # 1T LA Application 1 55
PRI, T HAE, (AR T6KB. MHTERIN K/ 16 KB.

FoRPI TG H H X THIKeil 5\0bjects\<project name>.ht
it 7 A 22 [ Maximum Stack Usage .

HRIE D RE T

© 0: KMIAREIHIThEE

1. TIFAR[EIHITh AR

LT © 2023 RIS A A IR 22 7]
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P
CHIP_VER*

APP_CODE_LOAD_ADDR*

APP_CODE_RUN_ADDR*

SYSTEM_CLOCK

CFG_LF_ACCURARY_PPM

CFG_LPCLK_INTERNAL_EN

CFG_CRYSTAL_DELAY

BOOT_LONG_TIME*

BOOT_CHECK_IMAGE*

VERSION

EXFLASH_WAKEUP_DELAY

CFG_MAX_BOND_DEVS

CFG_MAX_PRFS

CFG_MAX_CONNECTIONS

R
SR IRA S
FEFF A S AR GA bt o %3tk B 7F Flash 3t ik S FE DY .
PRIz AT 2 A ah H
Uik {8 5 APP_CODE_LOAD_ADDRAI%:, Il Application2: i FIXIPAF 2,
BAT.
U Z bk B ERAMBBEEE FE Py, M Application K F Mirror B 02 4T
RGN, HEUED T :
* 0: 64 MHz
1: 48 MHz
2: 16 MHz (X0)
* 3: 24 MHz
4: 16 MHz
* 5: 32 MHz (PLL)

BLEIGARUME AR N ot &2, HLERMA VI 1 ~ 500, BAAZPPM.

FE TSP AR I OSCI B AF Jy BLEAR BT R IS e 4578

A, TUCFG_LF_ACCURARY_PPMif: il ¥ & 4500

© 0: AMEH

+ 1: ffH

¥ & T A EPMUAENABLE RTC)S IUAERT I [R], A AEEARTC GMEESHUE I 4T
WIS 1] o A2 0B 75 AR di iR S B I T A5 B R R A e N TR G, LI S
4100 ~ 500, A7 Ams, BRINHEE 100 ms.

BCE AT A B 2 1 7 AR 1s AT S5 2 BUR 3 AR

* 0: AR

© 1. fER1F

FEXIPRE T, A R B 2 75 2 X image BEAT IR 46 -

© 0: ABHTIRER

o 1. TR

Application FirmwarefR A5, KJE2 Bytes, KT/ dtHl/7M%.

FERH BN, BB F 7E MR Flash AT BGES 1D 8] (K ZE R I 1] o FLEUE VE
B0 ~ 10, PAATAS us, BUEUE MO ANEEIR, N1, ZER I A0S
US.

Application SCHF R iR R P90 € WA Bt . JF R IR Sehn i R B il
BB b7 FH (RIRAM 2% [ 3k K

Application T &85 6,25 [)GATT Profile/Service i KR . JF R FH RIS bR
SRUBCEIZAE, FHUEBOR 5 FIRAMZS AL 0R K .
Application SCHF B R EEUR, F 9100 JT AR AT DUARHE S bR 75 2
BHAE.

LT © 2023 RIS A A IR 22 7]

26



GA@DiX

1 F Keil T % 3R

M

CFG_MAX_ADVS

CFG_MAX_ADV_DATA_LEN_SUPPORT

CFG_MAX_PER_ADVS

CFG_MAX_SCAN

CFG_MAX_SYNCS

CFG_MESH_SUPPORT

CFG_LCP_SUPPORT

APP_DRV_I2C/SPI/UART_DMA_ENABLE

APP_DRV_I2C/SPI/QSPI/UART_IT_ENABLE

APP_INFO_COMMENTS*

P

ZAEMK, BLE Stack Heaps s 2 7 F IIRAMZS (8] 5 K . BLE Stack Heaps EL ik
K/INHiflash_scatter_config. /P IFT LA DUAN 23K 5 X, R E AT & 20X PY A
e

. ENV_HEAP_SIZE

. ATT_DB_HEAP_SIZE

. KE_MSG_HEAP_SIZE

. NON_RET_HEAP_SIZE

ApplicationSCHFIIBLEAE Gt) R AN ) #k o & 11 dje AR

WE RIS B 317 .

© 0 ANHF

* 1. HF

Application SCH5 (1] 5 K BLE R ATE ) 4 4l .

AR :

BB MfEG T AT RS2 (CFG_MAX_LEG_EXT_ADVS) 5 A it

FEHCRE (CFG_MAX_PER_ADVS) [ FIANRERAIL S

ApplicationSZ FFH B KBLEFFE SR, ® A N1,

JESATE R R EGE, T TR PR BT 7 IIRAMBE VR . T % mTAR A S bR

IR R R R AP B e Bz, BB NS

BT X FFMESHINRE

© 0: ASZHF

© 1 XFF

FE T RFLCPELER,

© 0: ACHF

© 1 EFE

RT3 HE12C/SPI/UART APP Driverfsift (iDMARE R, .

+ 0: MR

© 1 ffigE

S5 H1H212C/SPI/UART APP Drivert&Ht i Interrupti&i =

+ 0: MMffe

© 1. ffifE

&l fFcommentsiE X, 1% E LK K N1 5

© HERAREZE, AEGAKERT1R20 78/, ME{FcommentsBRiA L
BN A R 12 5

© HERAREZE, AEEAKENTF1LR27R/, WEffcommentsBRIA L
BH N AR

*. bERrpar 22 ] R4 16BUILD_IN_APP_INFOZERA, %45 iR 2 XAEE 2Fifjox200 bk AL . &
G A ER, BootloaderfE 74> MiZ kS B [E 4F (B B A5 H, 1ENESI B3

LT © 2023 RIS A A IR 22 7]
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Configuration Wizard &K & Application LF2 5%, 7%

custom_config. hH1VF B £ Keil Y Configuration Wizard Annotations i, Ktk F & # 7] LA FH B FZ AL ) Keil
HEFF T 3 {8 FH Wizard DL G R I ARVE S E0E

_] custom_config.h v X
Expand Al |  Collapse Al | Help [~ Show Grid

Option Value

[=-Basic configuration
Enable system fault trace module EMABLE
Enable APP driver module EMABLE
Eanble APP log module EMABLE
Enable SK GUI module EMABLE
Enable DTM test support DISABLE
Enable BLE DFU support EMABLE
Enable PMU calibration EMAELE
Protection priority level 0
The Mumber of sectors for NVDS 1
Call stack size 0x0000 3000
RAM size of application 00003 D000
Code size of application 0% 0080 0000

= -Beot info configuration
Code load address 0x0100 2000
Code run address 00100 2000
System clock B4MHZ
Low power clock accuracy 500

Enable internal osc as low power clock

Default: Disable internal osc as low power clock

Delay time for boot startup Delay 1s
Enable image check during cold boot startup in xip mode EMABLE
Code version.16bits 1
Enable DAP boot mode EMABLE
[=-BLE resource configuraticn
Maximum number of BLE profiles 10
Maximum number of bonded devices 4
Maximum number of BLE links 10
[=-Mesh support configuration
Mesh support MOT SUPPORT

TextEditor ), Configuration Wizard ,/

4-7 Configuration Wizard for custom_config.h

4322l EFERHE

Keil FH.sct 305 S k2 2% FH B A2 BX . GR551x SDK NApplication T &K Z 1t 7 —4 R
#iflash_scatter_common.sct. 1%.sct A48 F H %45 7€ X At flash_scatter_config.h' .

([ 354 ER:

fEKeil1, _ attribute  ((section ("name"))) W] HIMKE —/> bR A RS B FRAE SR A AF B,
i “name” B TIT A& L. Scatter(.sct) ST T FISRAR M i 44 1O BUBRAERE € OB B . 4, KB HTRR PP
Mzl CEYIE) FARTAE#AN  attribute  ((section(".bss.app"))) B

T TG LT 20 BRI B A A A1 )=

1. fiiKeil Toolbar[f] “Options for Target” %%l & , $TFF “Options for Target ‘GR551x_SK’ ” XJif
HE. #EF “Linker” FRZETI,
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2. fE “Scatter File” 2, sidfiidl “..” WIWELFESDK Folder\toolchain\gr551lx\sourc
e\arm Fiflash_scatter_common.sct LA, B ¥scatter 3L Csct) S HALE B R il
Flble_app_example L% H st F ik £ .

Y5 BR:
flash_scatter common.sct'F[J#! armcc -E -I ..\Src\config\ --cpu Cortex-M4¥g%E | —
Mnclude® 1z, FHA& M Application TFE ¥ custom_config. hFITEI) H . W RiZEAR4E 1%, W47~ A Linker Errors

3. iy “Edit..” ZHH, FTIF.sctICMR, SRS ARYE E O b A A A SRS SO LA AR

KA Cptions for Target 'GRS51x _SK' *

Device ] Target ] Output ] Listing] User ] C/C+H ] hsm Linker l]]ebug ] Utilitiesl

[~ Use Memory Layout from Target Dialog #/0 Base:
™ Make RW Sections Posttion Independent R/0 Base: |0x0D000000
I Make RO Sections Posttion Independert RAW Base |0x0D0G000D

[ Dont Search Standard Libraries
[+ Report ‘might fail' Conditions as Emors

digable Wamings: |

Scat":l‘ler U Moolchaintars 1xsourceam\flash_scatter_common sct j J Edit...
le

Misc AU \componentspatch symbol _table rom_symbal bt

controls

Linker |-cpu Cortex-M4fp "o ~
control  |-strict —scatter . % 5N\ Moolchaingr551x \source ammflash_scatter_common sct”

string

0O | Cancel | Defaults | Help

4-8 Fit & Scatter File

4. pii “OK” %, RAFIRE.

4.3.2.3 fig & After Build

Keilft] “After Build” 7] AT €7 LR AN 5E il /G HAT 2 1T18 4] . ble_app_template LFEERINCHCE [ af
ter buildm®, HFRKELFHLI T ble_app_templateffble_app_example T AL E “After Build” .
WERTFRF W@ A TR, WTREZRLIT PRI E “After Build” -
1. giiKeil Toolbarff] “Options for Target” %4l & , FTFF “Options for Target ‘GR551x_SK’ 7 XJif%
HE. #Ed “User” FrZETi,

2. %E “After BUlId/RebU”d” %ﬁﬁgjﬁlﬁqj@jﬁ “Run #1” , EX{I‘@E‘J “User Command” *éﬁ
A “fromelf.exe --text -c --output Listings\@L.s Objects\@L.axf” . HAEH & FKeil fromelf . B, &

Taxf SO B 9 SCA -
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3. {E “After Build/Rebuild” JEFFHIIETIH 2% “Run#2” , TEXIR “User Command” F24i
A “fromelf.exe --bin --output Listings\@L.bin Objects\@L.axf” . H:AFH & FKeil fromelf T &, #
T axf U A A binkss X4

4. i “ok” , PRAFEE.

K Options for Target 'GRS51x SK' Y

Device | Target | Output | Listing  User | C/Cas | Asm | Linker | Debug | Unitties |

Command tems User Command w  Stop on Exi.. S
= Before Compile CfC+= File
[~ Run=1 (5] Mot Specified [
[T Run#2 23] Mot Specified [
| Before Build/Rebuild
[T Run=z1 3] Mot Specified ||
[T Run=2 23] Mot Specified [
= After Build/Rebuild
[¥ Run =1 fromelf.exe «<text -c «-output Listings\@Ls Ob... 5] Mot Specified [~
[¥ Runz2 fromeli exe --bin --output Listings\@L bin Obje... |5 Mot Specified |[

[~ Run After-Buld” Condtionaly
¥ Beap When Complete [ Start Debugging

ok | Cancel | Defauts | Hahl

4-9 Bt & After Build
4.3.3 KA P
THR#H FEMRIE A TR, B ikble_app_example AR ALY .
4.3.3.1 18 EHEE
PAF y #2 (¥ main.c SCEFIRT 25

/**Q@brief Stack global variables for Bluetooth protocol stack. */
STACK HEAP INIT (heaps table);

int main (void)
{
/** Initialize user peripherals. */

app_periph init();

/** Initialize BLE Stack. */
ble stack init(&&m app ble callback, &heaps table);

// Main Loop
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while (1)

{
/*
* Add Application code here, e.g. GUI Update.
*/

app_log flush();

pwr mgmt schedule () ;

*  STACK_HEAP_INIT (heaps_table) & X I M4 /RHH, HBLEVM AR JyHeapfli . T
KA E L, BWBLEMMAR L IE#IZ1T . KT Heaplf K/, £%4.3.2.1 1
H custom_config.h['JCFG_MAX_CONNECTIONS.

*  JFR&EW LfEapp periph init () PHIEEMSNE . EFFRIFIRPTBL, s Eh
ISYS_SET_BD_ADDRF] T B IIfi i} fJPublic Address. 1% &L {E user_periph_setup.cfd & AR 3
AW

/**Q@brief Bluetooth device address. */

static const uint8 t s bd addr[SYS BD ADDR LEN] = {0Ox11, Ox11, Ox11, O0x11,0x11, Ox11};

void app periph init (void)

{
SYS SET BD ADDR(s bd addr) ;
bsp uart init();
app_log assert init();

pwr_mgmt mode set (PMR MGMT SLEEP MODE) ;

«  JFREFENIZAAwhile (1) { }F U INApplicationf{IMain LoopfUHS, EhinibH A% T HIGUIL.

o WERIFRFEMHA T App LoghiEl, N7 EA/EMain LoopH i app log flush (). XAJLMRIETE RS
HENSleeptRASZ B, Logs# se it . =T App Loghitlfifi i, Z754.6.4 i il Log.

*  HfHHpwr mgmt shcedule () USSCHLEBIINFEEH, FIKRSIFE.
4.3.3.2 LIIBLEV 55T 48

Application[JBLEAH I 5532 4 42 i J GR551x SDKH & ¥4 F-BLE SDK Callback>R 3K/ ] . Application 5 %
X EeCallback #SDKH,  LLIKAFBLE StackFiz 4745 Rl F IR A Al AN . H1 T BLE SDK Callbacks& fEBLE SDK
IRQAT A BT =R 3C (interrupt Context) HH#ZIRFIRY, BRI T & & ASBEAE Callback HH $HAT LU BRERT H#4E, L fH
FE KA . CIRTEASE; S, KRHIEREA RFIEIT, FEBLE StackMISDK BLEARHIC 144 I IE ¥ I I 7
1817

BLE SDK Callbacki% f@GAP. Security Manager. L2CAP. GATT CommonflIGATT Client>k4r3%., 3£ 4-5 1% %
T GR551x SDK3Z 57 ] FIT A Callback Functions.
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3% 4-5 BLE SDK Callback Function

File Name Callbacks Struct Callback Function

user_app.c app_callback_t app_ble_init_cmp_callback
app_gap_param_set_cb
app_gap_psm_manager_cb
app_gap_phy_update_cb
app_gap_dev_info_get_cb
app_gap_adv_start_cb
app_gap_adv_stop_cb
app_gap_scan_req_ind_cb
app_gap_adv_data_update_cb
app_gap_scan_start_cb
app_gap_scan_stop_cb
app_gap_adv_report_ind_cb
app_gap_sync_establish_cb

user_gap_callback.c gap_cb_fun_t app_gap_stop_sync_cb
app_gap_sync_lost_cb
app_gap_connect_cb
app_gap_disconnect_cb
app_gap_connect_cancel_cb
app_gap_auto_connection_timeout_cb
app_gap_peer_name_ind_cb
app_gap_connection_update_cb
app_gap_connection_update_req_cb
app_gap_connection_info_get_cb
app_gap_peer_info_get_cb
app_gap_le_pkt_size_info_cb
app_rslv_addr_read_cb
app_l2cap_lecb_conn_req_ch
app_l2cap_lecb_conn_cb
app_l2cap_lecb_add_credits_ind_cb

user_|2cap_callback.c I2cap_lecb_cb_fun_t app_l2cap_lecb_disconn_cb
app_l2cap_lecb_sdu_recv_cb
app_l2cap_lecb_sdu_send_cb
app_l2cap_lecb_credit_add_cmp_cb

user_sm_callback.c sec_cb_fun_t app_sec_enc_req_cb
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File Name Callbacks Struct Callback Function
app_sec_enc_ind_cb
app_sec_keypress_notify_cb
app_gatt_mtu_exchange_cb

user_gatt_common_callback.c gatt_common_cb_func_t
app_gatt_prf_register_cb
app_gattc_srvc_disc_cb
app_gattc_inc_srvc_disc_cb
app_gattc_char_disc_cb
app_gattc_char_desc_disc_cb

user_gattc_callback.c gattc_cb_fun_t app_gattc_read_cb
app_gattc_write_cb
app_gattc_ntf_ind_cb
app_gattc_srvc_browse_cb

app_gattc_cache_update_cb

TF 3 75 BAR Y 7 a1 D E 75 =K SEEL AT 75 [P BLE SDK Callback. 1401, 4057~ 5 A #¥Security
Manager, DR PAASSZELXT B (] Callbacks W15 7= f R SZ REGATT Server i AN SCFEGATT Client, T A] LAASSEILGATT
ClientX} v ffJCallback. %F—2%Callback H.ff]Callback Functionth A~ — & 75 B A HRSLH, FFR#E W 75 Sl r= i B
WA AR ¥ Callback Function.

5% BLE APIFICallback APIffI ik, 5% (GR551x BLE Stackf J'#§R§) . SDK_Folder\documentati
on\GR551x API ReferencellXSDK Folder\projects\bleH FIBLE/RHFIEAAS .

4.3.3.3 BLE_Stack_IRQ. BLE_SDK_IRQ5 Application 41 E #/15

BLE Stacks2 (R INFE W A WU S BAZ O, E B EBluetooth 5.1 Corefififf (Z32.2 BAFLEHK))
I, BLE_Stack_IRQELA BN RS R IRE RIS (svCall IRQEA ficmi ek , PMFIEBLE Stack™ kg 44
¥ Bluetooth Core SpecHil & I} iz 4T o

L35 8R:

SDK_Folder\toolchain\gr551lx\source\system gr55xx.cH [fsystem_priority_init()i% & | R HHL
HeERAN I A WA e 2

BLE Stack IR 25 528 2> fid & A1t S 2 3R AU BLE_SDK_IRQAF W7 7F 1% W &b 2 R $ir b 23 18 FH ApplicationSE
BLIIBLE SDK Callback, #4BLE Stack[¥I IR 2 t038 18 51 LA K AH ¢ R Mk 25 544 2 1% B Application. & 3 7EIX
L CallbackH N ikt G BRAEFEIS BNV ST, B RN L 552 4% B Main Loop Bl HI M AR Ab Bl . IF R AT A
FISDK_Folder\components\libraries\app queuefilt ABLE SDK Callback[i]Main Loopf&ish Fft, B
i B CLf*JApplication Framework. K F7EH PR AEERI 775, £ (GR551x FreeRTOS/R I F-AHft ) ©
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Application Application Application
@ S EHE Callback Queue Main Loop

app queue_init

BLE_Stack_IRQ |

BLE_SDK_IRQ

BLE SDK Callback

1 app_queue_pop
«——

U3 3|puBH

4-10 non-0S system schedule

4.4 % R EH

BLE ApplicationflJ & 52l LAJG , T &3 1l H % 1 diKeil Toolbar 1) “Build” %414 TF2. TREMESE
W25, ETFHZETFHKeil 5\Listings XK MKeil 5\0bjectsXIEIHaiE LML T it
Al o X PR AR [ # AT LU IS GProgrammer T # B8 Hig T, BAARZ% (GProgrammerH '
WY o hex AT LB Keil T H R 2 A

7 4-6 £RRHE
AR ik
ble_app_example.bin g A A, T id S GProgrammer TH R 8RS AIEAT .
ble_app_example.hex eI N EAE, Wl KeilBkGProgrammer T E R F rhig 4T,

4.5 T & . hex3{&Z|Flash
M RIN LA, PR B B A R hex X AE R 8 BIFlash i, BARERME DRI R .
1. it B Keil flashZi FH 1% .

(1) E#|SsDK Folder\build\binaries\xflash flm tools\Keil\GR5xxx 16MB Flash

FIMXffF|Keil Folder\ARM\FlashH 3.
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(2)  sidiKeil Toolbar™ /] “Options for Target” %41 « , #7JF “Options for Target ‘GR551x_SK’ ” Xf

TEHE, 3 “Debug” FpZETH. At “Use: J-LINK/J-TRACE Cortex” Al “Settings” %% .

k4 Options for Target 'GR551x_SK' X
Device | Target | Dutput | Listing | User | C/C++ | Asm | Linker | Utilities |
(" Use Simulator ~ ®ith restrictions  Seftings * Use: IJ-LINK / J-TRACE Cortex Zl
™ Limit Speed to Real-Time
V¥ Load Application at Startup ¥ Runto main() ™ Load Application at Startup ¥ Fun to mainf)
Inttialization File: Inttialization File:
| ] | Edt [N buidscripts\sramni | e |
Restore Debug Session Settings ————————————— Restore Debug Session Settings ——————————————
[V Breakpoints [V Toolbox [V Breakpoints [V Toolbox
[¥ Watch Windows & Performance Analyzer [V Watch Windows
[V Memory Display ¥ System Viewer [V Memory Display ¥ System Viewer
CPU DLL: Parameter: Driver DLL: Parameter:
[sARMCM3.DLL | -WPU [sARMCM3.DLL |-MPU
Dialog DLL: Parameter: Dialog DLL: Parameter:
[ocM.DLL [pCM4 {Tem.oLL [pCM4
Manage Component Viewer Description Files ... |
0K I Cancel I Defaults I Help

[& 4-11 DebughrZ 71

(3) FEFTIFIA “Cortex JLink/JTrace Target Driver Setup” & H 1, & “Flash
Download” Jji. 7E “Download Function” X1, F & #& v LLiX EErase /720, L2
% “Program” . “Verify” . “Resetand Run” . KeilBRIABCE 1T :

Cortex JLink/)Trace Target Driver Setup >

Debug | Trace Flash Download |

— Download Function RAM for Algorithm
LOAD " Erase Full Chip | Program
-Fa- * Erase Sectors | Verify Start: |0x30000000 Size: |0xF000

" DonotErase ¥ Resetand Run

~Programming Algorithm

Description | Device Size | Device Type Address Range

Start: I Size:

Add | Remeove I

B’E g e

& 4-12 i%£#% “Download Function”

FEAUITE © 2023 FEIITTIC TR A BR 2 7]
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15 FH Keil I 1

i

L0 5t BR:

5 2 H IMirrorti R, N Erase J7 % B N “Erase Full Chip”

(4)

i “Add” #4541, fE “Programming Algorithm” FF¥sIGR5xxx_16MB_Flash.FLM .

Cortex JLink/ITrace Target Driver Setup

Debug ] Trace Hash Download

Download Function
LOAD (" Erase Ful Chip |+ Program

RAM for Algorithm

*

(¥ FErase Sectors [V Verfy
" DonctErase [ Resetand Run

Start: | 030000000

Programming Algorithm

Size: |(xFO00

Description | Device Size Device Type

Address Range

GR%ox_16MB_Fash G Ext. Flash SFI

00200000H - 401FFFFFH

Size:

o]

Cancel ‘

4-13 RNGR5xxx_16MB_Flash4mi2 & %

(5)
B A2 NGRS51xHHRAMITIEE 2 HiLkiE “0x30000000”

FAM for Algorithm

Start: |0x30000000

4-14 “RAM for Algorithm” & &

(6) sidy “#hE” ., PRAFBE.

2. NHLhexXCfF.

BLE “RAM for Algorithm” , “EL7E L T INEANPAT Gm FE 52 ) bk 25 17] .
“Size” i AMEHFIME N “OxFO00”

Size: IUxFDUD

“Start” FANEFT]

B e LA, M diKeil Toolbar 1) “Download” 241 ¥ 4. hexCE T & ZFlasht . G5 T 3 Ak

Iy, Keilf] “Build Output” & F¥ Bostn N 45 5.

L0 5t AR

T, EFRHE$ER “No Cortex-M SW Device Found” , Ui BHO A 3417 AT BeAb T-RERRIR A (BIIFE T FEHR

R TR IEAEIET)
[ERg 1P £ A S “Download” 24l ¥, =T F#E0H:.

TovE BB T EChex U BFlash o T & 75 2256 4% N GR5515 SKAR [ “RESET” ##, FF
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Build Output

Load " X X 4 projects\\ble\\ble peripheral\\ble app template\\Keil 5\\Cbjects\\ble_app example.axf"
Set JLink Project File to " ) 4 b 4 4
* JLink Info: Device "CORTEX-M4" selected.

JLink info:

DLL: V5.12e, compiled Apr 29 2016 15:03:58

Firmware: J-Link OB-SAM3U12E8 V3 compiled Apr 16 2020 17:20:41
Hardware: V3.00

S/N : 483113122

JLink Info: Found SWD-DP with ID 0x2BA01477
JLink Info: Found Cortex-M4 rOpl, Little endian.

JLink Info: FPUnit: 15 code (BP) slots and 2 literal slots

JLink Info: CoreSight components:

JLink Info: RCMTbl 0 @ EOOFF000

JLink Info: RCMTbl 0 [0]: FFFOF00O0, CID: B10SEQOD, PID: 0DOBBOOC SCS
JLink Info: RCMTbl 0 [1]: FFF02000, CID: B10SEQOD, PID: 003BBOO2 DWT
JLink Info: RCMTbl 0 [2]: FFF03000, CID: 00000000, PID: 00000000 22?
JLink Info: ROMTbl 0 [3]: FFF01000, CID: B10SEQOD, PID: 003BBOO1l ITM
JLink Info: RCMTbl O [4]: FFF41000, CID: B105900D, PID: 00OBBYAl TPIU
ROMTableAddr = OxEOOFF000

ooo

Target info:
Device: RRMCM4 FP

VTarget = 3.300V

State of Pins:

TCK: 0, TDI: 1, TDO: 1, TMS: 0, TRES: 1, TRST: 1
Hardware-Breakpoints: 15

Software-Breakpoints: 8192

Watchpoints: 4

JTAG speed: 2667 kHz

Erase Done.
Programming Done.

Verify CK.

Application running ...

Flash Load finished at 17:04:35

4-15 TEER

4.6 3zt

Keil B2 ft 7 iRkas, SCRMUISAEZOR K. 2% SORP B B 6 M AF W7 s AN 2 AN ERAE T 5o T R B 38 7T B

EZUEwra R N

4.6.1 B 123

projects\ble\ble peripheral\ble app_template\Keil 5\JLinkSettings.ini™

ERENARZ AT, FEERE LS. AdiKeil Toolbard ] “Options for Target” #4H =, FTJF “Options for
Target ‘GR551x_SK’™ 7 XJiEHE, % “Debug” Fr25T. & I IL A AT B, A1 o FAEE LR

. BLE Examples A2 F R E LR R, AR 2B E W T -
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KA Cptions for Target 'GRS51x SK’ >

Device ] Target ] Output ] Listir\g] User ] C/C++ ] hsm ] Linker Utilities]
™ Use Simulator with restrictions Settings * Use: |J-LINI{IJ-TRACE Cortex j Settings

[~ Limit Speed to Real-Time

¥ Load Application at Startup ¥ Bun to main(y I Load Application at Startup I
Initialization File: Initialization File:

| J | A build seriptseramini J Edit...

Restore Debug Session Settings Restore Debug Session Settings

[+ Breakpoints ¥ Toolbox ¥ Breakpoints v Toolbaox

[V Watch Windows & Performance Analyzer W Watch Windows

[+ Memary Display I¥ System Viewer ¥ Memary Display Iv¥ System Viewer
CPU DLL: Parameter: Driver DLL: Parameter:
|SARMCM1DLL|—MPU |SARMCM1DLL|-MPU
Dialog DLL: Parameter: Dialog DLL: Parameter:
|DCM DLL [pCI4 |TCM.DLL |pChi4
[ Wam if outdated Executable is loaded [ Wam if outdated Executable is loaded

Manage Component Viewer Description Files ... |

0K | Cancel | Defaults | Help

4-16 BL EHIX 25
ERIAE FH Y initialization File: sram.inifESDK_Folder\build\scriptsHFH . H K #H 0l LLEEAEH %
XA, WATPLEZ R F B E O TR E S MY

(05 RR:

SDK_Folder yGR551x SDKFIHE H 3¢ .

WG S sram.inith AL — IR a2, TR HATIX a4 . fE “Initialization File” 2, st
M “Edit...” $ZEHFT Fsram.iniXXAE . sram.iniffI ARG =G 0 «

/**

KK KA A AR A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR A A A A A A AN AN AN A AR A KKK

* GR551x object loading script through debugger interface

* (e.g.Jlink, *etc).

* The goal of this script is to load the Keils's object file to the
* GR551x RAM

* assuring that the GR551x has been previously cleaned up.

Kok K kK ok K kK ko K kK ok kK ok K ok ko ok K ok ok ok K ok ok ok kR ok K ok ok ko ok ok ok ok kK ok K ok kR ok K ok ok ok ok K kK ok ok kK
=

// Debugger reset (check Keil debugger settings)

// Preselected reset type (found in Options->Debug->Settings)is

// Normal (0) ;

// -Normal:Reset core & peripherals via SYSRESETREQ & VECTRESET bit
// RESET

// Load object file

LOAD %L

// Load stack pointer

SP = RDWORD (0x00000000)

// Load program counter

$ = RDWORD (0x00000004)
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// Write 0 to vector table register,

_WDWORD (0xEQ0OOEDOS,

0x00000000)

remap vector

U EER:
Keil SCAFHE IR LT U AT T 5 3 v B I IR i A i 2

1. 4 “Options for Target ‘GR551x_SK’ > Debug > Load Application at Startup” #ffige, AR EH e

A “Options for Target ‘GR551x_SK’ > Output > Name of Executable” 13044

2. 44T “Options for Target ‘GR551x_SK’ > Debug > Initialization File” FlT#& & 344+ ) #r 2.

3. 34 “Options for Target ‘GR551x_SK’ > Debug > Restore Debug Session Settings” il & HiE g+, HE

AH N ) Breakpoints, Watch Windows, Memory DisplayZ% .

4. 4 “Options for Target ‘GR551x_SK’ > Debug > Run to main()” #{i&+ 8 a4 g, main®l K BAL

FInitialization Filed, WA# < A EHATCPUTE S, BEEB | main() 4 215 T K.

4.6.2 BhEI

SERAIRESECE J5,  AiKeil Toolbarf] “Start/Stop Debug Session” %41l @ B[R] FF 4611k .

(035 BR:

T E IR “Connect & Reset Options” ¥4 “Normal” , 1] 4-17ffr7x . IXFFH] LR IE{EStart Debug SessionZ

J&, Mt T Keil Toolbarff] “Reset” #%4H, FefFibfE EHiE1T.

Cortex JLink/)Trace Target Driver Setup

Debug lTrace 1 Flash Download]

J-Link / J-Trace Adapter SW Device
SN: 48306118 - IDCODE Device Name

Device: [ J-Link OB-sAM3U128 SwDI| @ 0x2BA01477  ARM CoreSight SW-DP

Hw: | v300  di:| veada

FW |J-Link QOB-SAM3U128 V3 col

Port: Max =

[sw  ~| [smHz 4]
Auto Clk ‘ | |

Connect & Reset Options Cache Options

j Iv Cache Code
¥ Cache Memory

Connect: |Normal j Reset: |Norma|

[ Reset after Connect

Interface TCP/IP
Network Settings

IP-Addres: Port (Auto:

+* USB " TCP/IP

Autodetect

]
==

——
—

Download Options

I~ Verify Code Downloaa
[~ Download to Flash

Misc

JLink Info

Scan |'2.?. 0 . 0 0

| JLink Cmd ‘

State: ready

=]

4-17 BLE “Connect & Reset Options” % “Normal”
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SFTFXIPHE R T KR, EETIMIEEET; (X T Mirrorfi ic g — R EEGIMNEE NIRRT, 55
#4.6.3 Mirrorti 24 N R

4.6.3 Mirrorf& =, T~ AY1/E1

fEMirrorfi 20 R, FF R & W JI7E Application Firmware i #% D1 #|RAM & ¥ & Breakpoint.

L7 354 8R:

4 5 Breakpoint i v B ERAMIMBIEVE [, Keil&ff FISoftware Breakpoint L5 A A4 %R (FHBKPTHE 4 & # 5
FHI4) . HFRHE®E [ BreakpointZ Ji, Bootloader#% Il Application Firmware%!|i% & | BreakpointfJitik, 1%
Hihk EBKPTHE -2 1 Application Firmware 8 3, Applicationit LI EZ ikl . 2 ARM Keil B 77 3L
#%4Breakpoints are not hit when debugging in RAM.

FF k& 75 EAE Application[fmain () FFUAHAT Z Hi % & Breakpoint, HAKK B LU0 :
1. fEApplicationffJmain()JZE—4T AN BKPT (X) o /nBIHARAL LI T

int main (void)
{
__BKPT (0) ;
app_periph init(); /*<init user periph .*/

2. HiiKeil Toolbarff] “Build” 44 58 A ACTD g0 i 55 12 .

3. siiiKeil Toolbar[] “Start/Stop Debug Session” %%l @, FFiHiH. BIFHHEPATIE, SfF7E  BKP
T(0) o

4. 7fApplication ¥ B Hr T A5
5. F% “F10”7 GEEARIE “F5” ) FUBPATEI T — %A, RJEH R E AT LLIEH 77 4k 80 i .

“F107 R PAT T 26T 1% “F5” RHUTHrA RIARARSAT. EIEF_BKPTHIIRE, Keil A HEMI

4.6.4 i Ak Log

GR551x SDK 7 £F [ 72 Ui H 77 RMEEAF 3% 1 (UART. J-Link RTTEARM ITM (Instrumentation Trace
Macrocell) ) it Application[f]1fiLog. N7 HIF K #F M H, GR551x SDKHEL T APP LOGH:HR . A FHiZ AR f)
5 fE.custom_config.h"H 4T 7T 7% APP_LOG_ENABLE, JHAR¥EIT &k 3 B 75 %t 77 xUlC & %2 APP_LOG_PORT.

4.6.4.1 {RRFIHL

SERICE fE, FFRFIE T EEIMNEVIG B, B Happ log init () ¥ ELogZ %, VEfMLoghi
RO VEMFlush$ 1 58 iRAPP LOGHEEH W 464K, . APP LOGHS H St F5 {8 P b v CE B $print £ () AIAPP LOG
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AP H i Log, % {# FHHAPP LOG API, &1 LA LogZt ). &2, ik 7 NS HOLE K bLog: i {E
Hprintf (), WAPELogZ 4% B ANULL.

ﬁﬁﬁﬁ%%&ﬁ%ﬁﬁﬁﬁxﬁ,ﬁ%ﬁ@ﬁﬂ%@%%@ﬁ(ﬂ%ﬂﬂ@ﬂfd&ﬂWmmmams
\libraries\bsp\bsp.h) , FFVEMFN KR IEMFlushik %, 7] 2% K $user_log_debug_init(). LAUART#i
A, BEOaR:

static void user log debug init (void)
{
app_log init t log init;

log init.filter.level = APP LOG LVL DEBUG;

log init.fmt set[APP _LOG LVL ERROR] = APP LOG FMT ALL & ( APP_LOG FMT TAG);
log init.fmt set[APP LOG LVL WARNING] = APP LOG FMT LVL;

log init.fmt set[APP_LOG LVL INFO] = APP_LOG FMT LVL;

log init.fmt set[APP LOG LVL DEBUG] = APP LOG FMT LVL;

app _log init(&log init, bsp uart send, bsp uart flush);
#if APP LOG STORE ENABLE

app_log store info t store info;

app log store op t op func;

store info.nv_ tag = APP LOG_NVDS TAG;
store info.db addr = APP LOG DB START ADDR;
store info.db size = APP LOG DB SIZE;

store_info.blk size = APP_LOG ERASE BLK SIZE;

op_func.flash init = hal flash init;
op_ func.flash erase = hal flash erase;
op_func.flash write = hal flash write;
op_func.flash read = hal flash read;
NULL;

op_func.time get

app log store init (&store info, &op func);
#endif

L35 RR:
«  app_log_init()E I NS LogWI i Z 5. Loghin 2 I FIFlushd% 0 . F A Flush$2 E A DAAST: A

*  GR551x SDK#Efit " APP LOG STORERREH, 25k S R i Log f2 AFlash T LA S M Flashrh St o 87 FH A5
e} 7% 1 custom_config.h+¥TFF % APP_LOG_STORE_ENABLE. SDK Folder\projects\ble\ble peri
pheral\ble app rscs LEHIE 1 iZIIG8, H P ZH1Z TN E [ HAPP LOG STOREALHR .

«  ffiflprintf () fiH ) Application LogJ5i2:{# HIAPP LOG STOREREHu 4T 174 .

JEAUITA © 2023 I EHB AR A IR A 7 41



GA@DiX

1 F Keil FF % 2t

4 4di FHUART 0 I Log,  C BT Log H 422 11 A Flush322 114351 Jybsp_uart_sendflbsp_uart_flush. Hf
Z 92 T app_uart 25 (app_uart_transmit_asyncfZ 1) Flhal_uart[d?F Chal_uart_transmitiz 1) P77 2%
O, F P AR B B S Ik A& i Loghin th 77 s JE 3 Hyuart_flush#2 11, F T BT i 22 A7 A
WAE B AR R e B . XA ORISR P ES .

24 FHJ-Link RTTELARM ITM % H ik Log, T SZHL A Log¥n H #2111 531 N bsp_segger_rtt_send() Fll

bsp_itm_send().

KPR A KB Flush 2 11

4.6.42 fFAAE
APP LOGHLRWIUAL SE 2 5, TR 3 AT LAE A BAR DU AP H I iLog::

«  APP_LOG_ERROR()

«  APP_LOG_WARNING()

«  APP_LOG_INFO()

«  APP_LOG_DEBUG()

GRAE A T i A, AT Mapp_log_ flush () BRECK ZeAr i i 4R ik Logh th AT PRAIEFE S
Fi AL R Gt MR AR 1 il Log 4 i 4au 1 -

3% BAF FH J-Link RTT 7 303 H Logh,  HEFEFESEGGER_RTT.cHh il M &ML

] SEGGER RTT.c

242 L=y
243 J/
244 // RTT Control Bleck and allocate buffers for channel @
245 [J/

P 246 _ attribute_ ((section (".ARM. at 0x@8805088"))) SEGGER_RTT_CB _SEGGER_RTT;
247 //SEGGER_RTT_PUT_CB_SECTION(SEGGER_RTT_CB_ALIGN(SEGGER_RTT_CB _SEGGER_RTT));
A

4-18 BIJ#RTT Control blockF & F 11t 0x008050004%

BER IS 75 XF)-Link RTT Viewer#H/THCE , FC & 7 W& 4-19F17R .
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EJ J-Link RTT Viewer V6.51a (beta) | Configuration ? >

Connection to J-Link
@) USE ] serial Mo

() TCRIP
() Exizting Session

Specify Target Device

| CORTEXM4 v]

Script file (optional)

Target Interface & Speed
sSwWD * 4000kHz -

RTT Contral Block
(@) Address i) Search Range

Enter the address of the RTT Control block,
Example: 0x20000000

| 0x00805000

Cancel

4-19 B & )-Link RTT Viewer
HAr “RTT Control Block” HI47 B “Address” 773\$8 %€, H A E AT 8 i 2510 4 128 L RE 2R I . map g

XA “_SEGGER_RTT” £ MR ALK IREL, 0 FEIF N, #1% K 4-18HE7 77 A& T RTT Control blockJf &
FHhkox008050004, ) I AT H EE A HLEE “0x00805000”

store_rssi addr 0x00804538 Data 4 1l1d test_patch.o(.data)
preamble_arr 0x0080453c Data 8 1lld lcp.o(.data)

tx_power_cs_tbl 0x00804544 Data 28 1l1d lcp.o(.data)

CRC_TAELE 0x00804560 Data 1024 11d lcp.o(.data)

CRC_TABLE_7 0x00804%960 Data 512 11d lcp.o(.data)

_SEGGER RTT 0x00805000 Data 120 segger rtt.o(.ARM. at O0x00805000}
S_pWIr_env 0x008055%¢c Data 84 app_pwr_mgmt.o(.bss)

s_uart env 0x008055£0 Data 6l6 app_uart.o(.bss)

4-20 3R BYRTT Control Blockithilt

4.6.5 {¥ FGRToolboxifiz

GR551x SDKHEE T F T+ 1 GR551x BLEM. A fYJAndroid App: GRToolbox, 1§ SDK folder\tools\GRTo
0lbox\GRToolbox-Version.apk. ZAppiefit T U1 FIhhE:

o HEARBLEFFHFNERE, SfcharacteristicsHiLE o
*  brtfEProfileff)DemofE7~, {I#%Heart Rate, Blood PressureZ .

*  GoodixH & XN HFEF .

JRBUITAT © 2023 PRYINTHIC TR I 0 A7 PR A 7 43



G@Dix flEFHGCCIT R

5 {£ FHGCCH &I

GCC (GNU Compiler Collection) #&HGNUF K —EFFIRGmIFARLE, HEE T EHRMMmER, X
FELinuxFlWindows#:1E &%t .

MERT=Y: )P
Linux & AT i A 221315 FH Ubuntu 16.04 2 2 )5 BILTS AR

ZIGCCUL KA GCOIT A BEHEAT I R AR B 2 PN 7%, A1 2% (GRS51x GCCHI Tt -

LT © 2023 RIS A A IR 22 7]
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IAR Embedded Workbench IDE for Arm (IAR EWARM, LA RfiEFRIAR) 2 HIIAR Systems 2\ 5] I & F4E AT
KIEE (IDE) , ZHFWindows R %t. JT & 1T LLAIARE 77 WG T 3 22 IAR 22354, T {4 FHIAR for ARM
8.2.22 M DL I JiA,

L AEIAR L LA FIARTE RIS AT & AR B 2 VN2, W 5% (GR551x IARF PP F)

LT © 2023 RIS A A IR 22 7] a5


https://www.iar.com/iar-embedded-workbench/?architecture=8051

G@DIiX RiEAGR
7 RIBFYERETE
& 7-1 RiBFLERGIE

R iR

ATT Attribute Protocol, JEMEHMME

BLE Bluetooth Low Energy, fIINFEHE T

DAP Debug Access Port, AR A

DFU Device Firmware Update, £ &l 557

GAP Generic Access Profile, 8 15 i #iia

GATT Generic Attribute Profile, i J& M #13a

GFSK Gauss Frequency Shift Keying, =g

HAL Hardware Abstract Layer, {444 )=

HCI Host-Controller Interface, FAL-#& 231

loT Internet of Things, #JEEM

L2CAP Logical Link Control and Adaption Protocol, 1% %544 142 ] 5 1& i il

LL Link Layer, &)

NVDS Non-volatile Data Storage, 3F 5 2 M BB A7 i

OTA Over The Air, FJCZkft 4

PMU Power Management Unit, LR E T

PHY Physical Layer, )32

RF Radio Frequency, 54

SCA System Configuration Area, RAALE X

SDK Software Development Kit, 347k TAA,

SM Security Manager, %4 A

SoC System on Chip, F &%

XIP Execute in Place, F LT
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