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44 MX_SPI2_Init():

45 MX_USART1_UART_Init () ;

46 HAL_GPIO_WritePin(CHIP1_EN GPIO_Port, CHIP1_EN Pin, GPIO_PIN_RESET):

47 HAL_GPIO_WritePin(CHIPZ_EN GPIO_Port, CHIP2_EN Pin, GPIO_PIN_RESET);

48 HAL Delay(l): N

49 HAL_GPIO_WritePin(CHIP1_EN GPIO_Port, CHIP1_EN Pin, GPIO_PIN SET): // iK1, Mikf#i, SRTFEN
50 HAL_GPIO_WritePin (CHIP2_EN_GPIO_Port, CHIP2_EN Pin, GPIO_PIN_SET): // ink2.» Fikf#E. SBETEED
51 HAL Delay(500) ;
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3.3 XBEER[UHPLFENER
3.3.1 BE®R

1) FTFF NNC6521EVKA/AL FFEZ R ARN\BE R A EHIRERETHE—FIIE, FTHBEES O->Debug
i (B 15) ->Setting B ->Flash Download TAE >N XXXXX. FLM €3 ;

11 KEIL Y options RE

Options for Target 'ENS1P4" X

Device | Target | Output | I.:i:t:i.ngl Uzer | C/C++ | hsm | Linked Debug Juilities |

3 — =
" Use Simulator with restriotions 755!!)!193 | % Use: [J-LINKIJ-TRACECM.&M _w] Seftings
™ Limi Speedto Real-Time
¥ Load Application at Startup W Run to main{) [¥ Load Application at Starup W Run to main()
Initiakization File: Initialization File:
 Restore Debug Session Settings - - Restore Debug Session Seitings

¥ Breakpoints W Toolbox [¥ Breakpoints ¥ Toalbox

¥ Watch Windows & Peformance Analyzer ¥ Watch Windows W Tracepoints

W Memary Display [v System Viewer ¥ Memory Display W System Viewer

- i
CPU DLL: Parameter: Driver DLL: Parameter:
[SARMCM3.DLL [-REMAP [sARMCM3DLL |
Dialog DLL: Parameter: Dialog DLL:- Parameter:
|DCM_DLL |13c M3 |TCM.DLL |13[:M3
[~ Wam ff outdated Executable is loaded [~ Wam if outdated Executable is loaded
Manage Component Viewer Description Files ... |

1] 4 I [ Cancel I I Defaults I
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12 KEIL B flash BRSO RE

Cortex JLink/JTrace Target Driver Setup *

Debugl Trace Flash Download |

 Download Function ~RAM for Algorithm
LOAD " Erase Full Chip ¥ Program
% Erase Sectors ¥ Verify Starlr|0x20000000 Size: |Ox1000
" Do not Erase [+ Reset and Run
 Programming Algorithm
Description | Device Size | Device Type Address Range
STM32F10x High-density ... 512k On-chip Flash 08000000H - 0BOYFFFFH
Start: | Size:
Add Rermonwve |

BE | g LER (4

2) EFEHEFFMA EEABRGILBHMRARA)
Bl 13 4miFaRikiF

K3 Options for Target 'ENS1P4' X

Device Target |Dutput| Li:tin‘l User ] C/C++ I Asm I Linker | Debug ] Uti]itiul

STMicroelectronics STM32F103RC I-io; féenemon
ompiler:
Xal (MHz): {:undeﬁned: |
Operating system: | None ;1 ¥ UseMicollB [ BigErdian
System Viewer File:
|STM'32F‘II}3n.svd _]

™ Use Custom File
™ Use Cross-Module Optimization

[~ Read/Only Memory Areas ~ Read/\Write Memory Areas

default  off-chip Start Size Startup default off-chip Start Size Nolnit
r roM1: | [ c I RAmi: | [ r
I ROMZ | [ C r  RaMz | | r
™  ROM3: [ | C I~ Ram3: | | r

on-<chip on-chip

¥ IRoM7; |0xB000000  |Dx40000 & ¥ IRaM7; |0x20000000 [DCO00 r
I IRoM2 | | r T IRAM2: | | r

0K I Cancel | Defaults | Help |

3.3.2 NNC6521EVKA/AL BB R £ RIE R FERALE

NNC6521EVKA/AL BT LA g W e LR RIBHUR ., BEEBURFBARNA “EaE” , TR,
BENESHER B 128 N E “EH” , AXERNETAEXEASREGSE “RiM” 53, FittE “48
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=B, REMEEFERN 128 N ERERNR; M TIEMFKE, SMEABKEE 128 T
‘i’ , HPEFEH 4R, AFER 64 MR

LA STO+ST1 (J@BIE 1) RN EHE LB -
& 14 WESsE

Pulse Width1
o .
1/F(Stimulation Frequency)
Amplitudet f s
Delay Time
«“——>

mplitude2| €
Pulse Width2

1) 7£ STO %A ST1 = [E)EE— 500 EXHFEEFH ;

2) FECE ADDR_WG_DRV_CONFIG_REG ZF7F=5: {FHEFLXATIE (bit0: rest enable) , fFEEtfas
BB .44 (bit1: negative enable) , {FHEEREAATIE] (bit2: silent enable) , fF
ge o1 FE BB AU SOURCE FFx (bit3: source B enable) ;

6 45 B EEF 2 ADDR WG DRV CONFIG REGO (00h/40h).

fir AR /5 MIAE ik
7 : ILH £
Positi h disab/ R/W 0 5
ositive phase disables _ *—*FFEIEE#H
6 | Multi electrodes R/W 0 REZHN, »EREN1
5 | Reserved R 0 ‘f%g{i
4 | Alternating enable bit R/W 0 RZEEA RN
3 R/W 0 0: ZHERIE (Source B)
S B ble bit
S R = 1: ﬁﬁb@.mufﬁ (Source B)
2 _ _ _ R/W 0 0: ZEREREARTIE]
Silent time enable bit 1: (FEEEHSRR )
1 R/W 0 0: ZEHMAEE
Negative phase enable bit 4 - ﬁzé‘ig
0 _ _ R/W 0 0: ZFZEXATE)
Rest time enable bit 1: {5865 XA

i ZHBRIE (Source B), LIREMIE/AYEERENL, RETSTIN{EA L E4E K 6 B MRIEBUR .
3) FCE ADDR_WG_DRV_REST CLK_REG: 0x0570x06 ZF 728, 1% B3 XAf[E) B % XA a4 AT

Sus;
# 6~ 51 FE[XATIE]ZE7=52 ADDR WG DRV REST CLK REG (05 06h/45 46h).
i B B/5 BINE R
7:0 ADDR WG DRV REST CLK REG1 (05h) R/W 00h FEXATE]: 1~ 65535 Bt E HA
15:8 | ADDR WG DRV REST CLK REG2 (06h) R/W 00h (PCLK)

4) FCE ADDR_WG _DRV_SILENT CLK REG: 0x0770x09 ZF7F28, & EFRIAATE;

b=
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76— 52 B EAT ] EF 755 ADDR WG DRV SILENT CLK REG (07 09h/47 49h).

fi M /5 BOAE i35
7:0 ADDR_WG DRV REST CLK REG1 (07h) R/W 00h ERERETIE] (24 i), EB{U: BT
15:8 | ADDR WG DRV REST CLK REG2 (08h) R/W 00h EIH#A (PCLK)
23:16 | ADDR WG DRV REST CLK REG3 (09h) R/W 00h
5) T2 & ADDR_WG_DRV_HLF_WAVE_CLK_PNT_REG:0xOA~0XOB Z 7785, 1% = IF ¥ B HARY Bk 35 At [a)=
S B PRE*PCLK* a3y ({3 us) ;
# 6- 53 iF¥ B LG 27758 ADDR WG DRV HLF WAVE CLK PNT _REG (0A 0Bh/4A 4Bh).
i 2 /5 RRIAE 3%
7:0 ADDR_WG_DRV_HLF_WAVE_CLK_PNT_REG1 (0Ah) R/W 00h SaIpREETE: 0 © 65535
15:8 ADDR_WG DRV HLF WAVE CLK PNT REG2 (OBh) R/W 00h B4 B BA (PCLK)
6) M2 = ADDR_WG_DRV_NEG_HLF_WAVE_ CLK_PNT_REG Z755%, 1% = t1 3 A HARY Bk 35 At 8] =25 |8) @
*PCLK* 5 81 (B{iL us) ;
5 6- 54 Fi2E B Ll & 7252 ADDR WG DRV NEG HLF WAVE CLK PNT REG (0C 0Dh/4C 4Dh).
i &R WE | RRAE ik
7:0 | ADDR_WG_DRV_NEG_HLF_WAVE_CLK_PNT_REG1 (OCh) R/W 00h | s[EIF@AFE]: O ~ 65535
15:8 | ADDR_WG_DRV_NEG_HLF_WAVE_CLK_PNT_REG2 (ODh) R/W 00h B $h & #A (PCLK)
ZE 6— 56 13BN 7EEE ADDR WG DRV NEG SCALE REG (22h/62h).
i R /5 | BIAE Haik
7 | Negative Amplitude Reduction Enable R/W 0 1: [Faede/)y, B [6:0] BIE
6:0 | Amplitude reduction Coefficient R/W 00h HBALHE, Blcy

i EREEEFEE (ADDR_WG_DRV_NEG_OFFSET_REG) (23h/63h)
BEIHFEYFE

76— 57 L3 H BB E S S ADDR WG DRV NEG OFFSET REG (23h/63h).

i

B /5 | ME ik

7:0

Negative Offset R/W 00h A EHERRZEE, BICy,

#&iE:

AR REEEEFFENEARNEEERXTEY. FANTRAERESNBERIEESREREZM

A 255, BNARESHHBERL M RTZZE.

Y E4E/ 5728 (ADDR_WG_DRV_NEG_SCALE_REG) (24h/64h)

R FERR5E
5 6- 58 JFF /B4 & 725 ADDR WG DRV POS SCALE REG (24h/64h).
o B /5 | RIAME A
7 | Positive Amplitude Reduction Enable R/W 0 1: {Fgeds/)s, 4% [6:0] BY&E
6:0 | Amplitude Reduction Coefficient R/W 00h | H#FI%, BICp
nanochap.cn EBWHANR
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FEERBESTEE (ADDR_WG_DRV_P0S_OFFSET_REG) (25h/65h)

REIFFEIIR
56— 59 [FHBEHEEZ 452 ADDR WG DRV POS OFFSET REG (25h/65h).
L 4 /5 | BAE faig
7:0 Positive Offset R/W 00h | IE¥FEBMRWZEE, BICp,

#iE: E¥ARBESFENEBENEEEATEY. EANERRERFERANERIBES REEZM
A 255, BN FRESH B RHIMEELSFE.

7 6- 66 IRFNEE I HIE 7422 2 DRIVE REG CTRL2 (31h/71h).

i A /5 | BINE fiik

7 Reserved R/W 0 REEL

6:4 Amp| i tude Scaling R/W 0 IREHEL AR B3, ({XBR 8 ¥iR)
000: 16 f%

i 2R /5 | BAE 3%
01: 81{Z
010: 4%
011; 2=
100: 11&
Hib: 16 13

3:0 Reserved R/W 0 {REBL

7) BRIt . 4% ADDR_WG_DRV_CTRL_REGO i 1, BEEhiiH.
EETROR RS, ARSI EEEAHNHMEBEE, ME:

15 TRRRIRKIEIE A

FEEM KR math TIEE, ¥ CH1 5 CH2 RIIRZiE, BRIRZKE.
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16 ToR=TLIE

TKEELSOIL?GI‘.ILI DSO-¥ 30247, MyES243440, 07.30.2018051434: Thu Jun 12 17:10:45 2025

5.000msf Bzh £ 1 F2r S

3.3.3 NNC6521EVKA/AL BB R EHXFER N (A3 {U¥iA 5 DRIVER-A HHx/)
* 3 A HirERAH

s
3t
e

# kil =5 IiRemik

bit0: {FHEFEXAT(E], NR{FHE T X —1L, MI<ADDR_WG_
DRV_REST_T_ REG>HEHZIEMEN 0; MRFRE TIX—
fir, MEEWERO, BNEEFHLE.

Bitl: i EHINFre, WRESEMEHAEEEER,
FTEBX—{IfERE.

Bit2: BREXRTEERE, BB B EAFEAHERLERE
Y A~ 6 B (]

Bit3: TAEHIR source FFk, FEHFFAHK AT,
Rt EEE 1.

Bit 4: alternating (+/-) the positive side

Bit 5:

- 1: continue repeating the waveform when getting

second interrupt

- 0: don’ t continue repeating the waveform when

getting second interrupt

Bit 6: multi—-electrode , if user wants to use any
drivers other than driver index 0, the multi
ADDR_WG_DRV_CONF IG_REGO | 0x00 RD/WR electrode option of the corresponding driver needs
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to be set to 1. If this is 0, but driver 1 is enabled,
then both driver 0 and driver 1 waveforms will come
out of driver 0 electrodes. Driver 0 gets higher
priority. That is, if driver 0 is outputting a
waveform value (that is not 0), then this value goes
to the electrode 0, otherwise driver 1 value goes

to the electrode 0.

Bit7:
— 0: enable positive

— 1: disable positive

ADDR_WG_DRV_CTRL_REGO

0x01

RD/WR

Bit 0 only:

1: enabling the wave gen block;

0: disable the wave gen

Bit[2:1]:

00: Use the preloaded sine value

01 : Use the preloaded pulse value

10 : Use the preloaded triangle value

11: use the waveform loaded by SPI

bit[5:3]: how many waveforms are inside the loaded
SP1 waveform

000:1 waveform

001: 2 waveforms

010: 3 waveforms

Others: 1 waveform

Bit-6:

0: repeats the wave data after reaching number of
points per half wave (0x30)

1:

For 1 waveform (which means bits[5:3] is 000), goes
through pos and neg periods and |loads data from wave
data (loaded using O0x11 already) continuously unti |
reaches max integer multiple of the number of points
(0x30) which is less than 128

For 2 waveforms or 3 waveforms (which means
bits[5:3] is 001 or 010), goes through pos and neg
periods and loads data from wave data loaded using
0x11 already) continuously until reaches number of
points (0x30) multiply by number of waves (bit[5:3]
+1).

(for preload function, this bit should keep 0)
Bit7:

0: if, in one period we have positive and negative
side, then neg side loads data from different wave

data address

1: if, in one period we have positive and negative

nanochap.cn
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side, then neg side loads data from the same wave
data address as positive side (which makes waveform

symmetric) .

(for example, when point register (0x30) is 8" h14,
there are 20 points for pos period and 20 points for

neg period. If bité is 0, both pos and neg load data

from point0 point19 of data register (bit7 not
effective). However, if bité is 1 and bit7 is 0, for
waveformO, pos per iod |oads data from

point0 point19 and neg period loads data from

point20 point39; for waveforml, pos period loads
data from point40 point59,

from point60 point79;

neg period loads data

for waveform2, pos period
loads data from point80 point99, neg period loads

data from point100 point119;

if bité is 1 and bit7
period loads data from point0 point19 and neg period

is 1, for waveformO, pos
loads data from point0 point19; for waveforml, pos
period loads data from point20 point39, neg period
loads data from point20 point39; for waveform2, pos
period loads data from point40 point59, neg period
loads data from point40 point59; that means if we

set bit7 1 , we can get a higher resolution)

If using 2 or 3 waveforms, bit 6 must set 1

ADDR_WG_DRV_REST_CLK_RE

JEXETE BT IR B, JEXBTE] A EE/NTF Sus. JEXAT(E]) 2
E 1480 delay_time, W1 R EZEF A 2 255us WL _E BB E],

G 0x0570x06 RD/WR | TR & MR Bk BE R IH] .
ADDR_WG_DRV_SILENT_CLK_
REG 0x0770x09 RD/WR | B#BABTEIAT KL E (B 4L us)
ADDR_WG_DRV_HLF_WAVE_ C
LK_PNT_REG 0x0A~0x0B RD/WR | IEEHARYBKZERT(E) (BR{T us)
ADDR_WG_DRV_NEG_HLF_WAV
E_ CLK_PNT_REG 0x0C~0x0D RD/WR | a3 EHARYBKBERS (8] (BR{ us)
Address for SPI| writing the next 8 bit of the wave
form value to the register where the wave values are
ADDR_WG_DRV_IN_WAVE_ADD stored
R_REG 0x03 RD/WR The value is 07127.
Next half wave point value to be
written to the address specified by
ADDR_WG_DRV_IN_WAVE_ADDR_
REG.
(depend—on ADDR_WG_DRV_POINT_CONFIG),
ADDR_WG_DRV_IN_WAVE_REG | 0x04 RD/WR each point 8 bit between 0 and 255.
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3.3.4 NNC6521EVKA/AL BISE 2 & % 12

KR EEBFIEREER 9 : NNC6521EVKA deve lopment board\2. k{4 software\01 3 FZIRENEE{H
F2\NNC6521 _General_Demo_2025

WHEERS

. {5 A Bk 4k 18 % HVDD GRY Fr 1420, iy 2J16) &

. fE Bk IEERE AVDD GRS 1421, i/ 2J39) .
EAEEMGEHITT CHIP_IN BIRIEFMU LR EERE, TNEFHESK

' HAL GPIO WritePin(CHIF1_EN_GPIO FPort,
[ HAL_GPIO_WritePin (CHIP2_EN_GPIO_Port,

I

MCU (FFX1E T )

CHIP1_EN_Pin,
CHIP2_EN_ Pin,

GPIC_PIN_RESET):
GPIO_PIN_RESET):

) HAL Delay(l):
| HAL GPIO_WritePin(CHIPL1_EN GPIO Port, CHIP1_EN_Pin, GPIO_PIN_SET): // ;uh1l, FIEMEEE, "RE+FEMW
HAL GPIO WritePin(CHIP2 EN GPIO Port, CHIP2 EN Pin, GPIO PIN SET);: // k2, FiEMEEE, SBEEFWN

k HAL_Delay(SDJ} H

4. APAIURBEZEFRZESIARERY CEE: H NNC6521EVKAL ERIERED)
LK AR e Y@
] mainc ] ensipdh |

1E/**

2 WORCR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R e

= * @file enslp4.h

4 * @brief NNC6521 AWG, LoD 5 scp &iES R EHEE L RAIBEHEFA.

5 a

6

i L

8 L

s /r MBEHLEIHEECQE - x/

10 [#ifndef _ ENS1P4_H__

11 | #define _ ENS1P4 H _

12

13

14

15 | #include <stdio.h>

1%

Bgl | /= »Wces2, AiEeEE ——————— - & B 2 A

18 | //#define CALIBRATION ENABLE // wNces21FIEERE, NNLGSML??U%E‘E&,?E&%&&&;:

19 | #define CALIBRATION DISABLE // WNces21FzE25H], mnces21LRF

20 | #define TEST_POINT_NUM 25 / BESHE, BE: 3 E 25, BRATEAHLK

2% | #A=fin= CAT.TR RASF ANNRFSS 0 Awan (1 BTENVEEEEEZMBE. avnnenw3l Sohvrea 25E . FAASAZET

FRBKBESEA:
1) WEMWEXASH, SystemClock_Config;
2) X} GPI0. SPI 0 UART #4T#1%E 1k ;

SR ERENS, SHAE;

B E XA VA— L EUE SR ik B E SUR T

3)

4)

5. IE%K, ZARERTII— LA

| R s T

s | /7 wPl: SWEEEXEK, EMFHIEFHEY (sen)

6 | // EHIZ¥1 uints t ue Channel $ltiiEfYi#iE: WAVEFORM GEN CHO Bk WAVEFORM GEN_CH1

7 | /7 GEBIZB M2 float *f Normalized array [I—WBTEXOBHEAERH

8 | // QNMIZE3 winc32_t u32_Max_currenc, RUAURMAIERRSE A 1000 ~ 100000(1 to 100) ma

9 | // QMBI 4 uwint32 t u32 Positive Interval BEUBMIEFJESEPR: 16fi, Bfipcix (0.5us, 2MHz)

0 | // HIZ ¥ wint32_t u32_Negative_Interval BEUBMAFAISER: 16fi, Bfipcx (0.5us, 2MHz)

1| // ¥ B %e wuinc32 t w32 _Silent Time BEARPARTIBl24f7, BfipcLk (0.5us, 2MHz)

2 | // GERMIZE7 uintlé_t ulé_Rest_time REFLXAI[E16fI, o0 ~ 65535, BfUpCLK (0.5us, 2MHz)

3 | // _ENEIERIs uint8_ T us AS[I!:I!LECI:LC Symmetric B EMFRERIEMFRER, o HERERE, 1: 3Eﬂf’/&'ﬂ; {ES8iee, BEPH e« SATIEERE, HeaSHATRERD
WAL e e e e e e

5 NNC&521 Customized WavefomTHAVEFORH GEN_CHO, normalized_sine_waveform, 30000, 10, 10, 0, O, Ol’;

6 /7 WLGSZl Customized Waveform(WAVEFORM GEN_CHO, 'mzmallzed | triangle waveform, 30000, 10, 10, 100, 0, 0):
7 rf N’\IL,GSZl Customized Waveform (WAVEFORM GEN _CHO, normalized pulse waveform, 30000, 10, 10, 100, O, 0);

8

) NNC6521_Customized Waveform(WAVEFORM GEN CH1, normalized sine waveform, 30000, 10, 10, 0, O, 0):

0 |// NNCé521_Customized Waveform(WAVEFORM GEN_CH1, normalized_triangle_waveform, 30000, 10, 10, 100, 0, Q);
|/ NNCé521_Customized Waveform(WAVEFORM GEN_CH1, normalized pulse waveform, 30000, 10, 10, 100, 0, 0):

R B e —————————

2 | vs _ sefll>.  EBAG B ERNE thinta b
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BNEERGERCELHET T, RFEBKXULSHMILT, WERXN, SERE, 52278,
3E X BF )

30 uint8_t ué_Asymmetric_Symmetric)

f Normalized array, u32_Max current);

& AREERRANE, |

58 wavegen_config (ewf, B IR ERRTIEE RS

44 float normalized sine waveform 128[128] =
45 4

46 |
47 |
48 |
49 |
50 |
51 |
22 |
aa |
54 |
55 |
56
57
58
59
60
61

- il
s | ks

T EHER AR, KEEN TR

KEYSIGHT
TECHMOLOGIES DS0-x 30147, Mre2510613, 07.56.2022120226: Fri Sep 12 15:61:27 2025

747

M

I (1)

= (M
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KEYSIGHT

TECHNSLOGIES DSO-X¥ 3014T, Myg2510613, 07.56.20022120226: Fri Sep 12 15:56:39 202

1 soovf 2 3 s00MF 40 EODOusf DO0s 0 BHEh O£ 1 FAR L

KEYSIGHT
TECHMOLO GIES DS0-X 30147, MrEZ510613, 07.56.2022120226: Fri Sep 12 16:28:51 202

5§ 5 0.0s Bzh  F 1 747V L]

Mz

=
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