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Design and implementation of RISC-V microcontroller for
stepper motor control
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2. Beijing Smartchip Microelectronics Technology Company Limited, Beijing 100089, P. R. China)

Abstract: To explore a flexible control and design scheme in the field of stepper motor control, a RISC-V
microcontroller for stepper motor control was designed and developed, based on the open source innovation
of the RISC-V (reduced instruction set computer-five) architecture in the hardware field. By integrating the
processor, memory, peripherals and debugging interface modules into a single FPGA (field-programmable
gate array) chip, the configurable microcontroller platform was constructed. By building simulation
debugging environment and joint debugging of software and hardware, the correctness of microcontroller
design was verified. In the test of stepper motor control system, pulse width modulation (PWM) module
produced control pulses, quadrature coded pulse circuit (QEP) detected position of the rotor, the hardware
system worked normally and the relative error of the experiment was controlled in the order of one
thousandth.
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Fig. 1 Schematic diagram of microcontroller structure
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Table 1 Address assignment for the microcontroller

PRES I BN b g1k X ) fifi ik

DEBUG 0X0000_0000-0X0000_0FFF T3 & A b ik
BOOT ROM 0X0000_1000-0X0000_1FFF A AF AR GE ) s AT

SPI Slave 0X2000_0000-0X2FFF_FFFF J A FLASH WS 3 > i 3t ik
APB #M& IX. 0X4000_0000-0X4000_FFFF APB SMSAF A7 a4 14 3 41k 7
87X 0X8000_0000-0X8001_FFFF T A8 2
B A0 X 0X9000_0000-0X9001_FFFF FH TGk Al

BT A 32 i RSIC-V Ak B AT DU IR K L 250 5 S0 e AT, 34 RV32IM B ORI 3fe b 12 48 2
FERIE A S . AP K LA AN 2 PR,

Stall Controller | ‘

Lite BPU

MULDIV

Register
File

CUSTOM

| Instruction Mernory | | Data Memory

B2 AERFERAEEEE

Fig. 2 Processor pipeline diagram
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Fig. 3 System structure
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2.2 PWM #Higit
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PR 3 A1, 40 58 PWMO PWMIL ,PWM2, H b, PWMO 252 % 8 bit iy s . 1 PWMI il PWM2 5%
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Table 2 PWM registers and functions

A4 fi &% 4 1k g
PWMCFG 0X00 PWM AL & % 17 &
PWMCOUNT 0X08 PWM FHE 28 T 808 25 77 4%
PWMS 0X10 PWM 5025 L 5 5 37 A7 2%
PWMCMPO-3 0X20-0X2C PWM L4 28 5 748

PWM HEER L AE APB B4R 1, DL 32 (X 55 A9 U 0] 7 S5 930 25 47 2% il i XF PWMCFG % 17 48 4%
Fb A 388 B4 TR DA JF s 18 06 P R 52 T L 1T ABEBEAS TR B9 PWM Jik o DA K A= 1 5. PWMCOUNT 25 47 %% )X
Wi 2 PWM T80 09 (8, i F 5 25 76 A4 i b I 1, 38 21 358 8 8 AR L TR AR 13 05 (B e A 3%
BB R RAE R 4 1 5% 03 0. 24 PWM SHEUER A 0 J5 . T DL B 35 47 2% 66 FL 8 3 R dh 0 Bl 15 1k
F PWMCOUNT (KT PWMS M EE, PWM #ii 55 R m i RZ A5 5 0. gl 4 fros . (|
WK 2 bit 581 PWMS, 4 PWMS TH088 71802 5 R MH 3 B, 6 I3 0 JFF BT iR H 4. et . PWM 14k
JAWI N 4, 24 PWMCMPO 43 BIEC & R 0.1.2.3 i, PWM % i i bk oh 45 S 0% .
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Fig. 4 Output waveform of PWM pulse signal
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Fig. 5 Test diagram of PWM output pulse signals
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®3 FPGA RIFESH A%
Table 3 FPGA Resource occupancy

BRI HAERCH [PEPsE i¢ HFER/ %
LUT 13 878 20 800 66.72
LUTRAM 168 9 600 1.75
FF 9 826 41 600 23.62
BRAM 32 50 64.00
10 65 170 38.24
MMCM 1 5 20.00

T 3o 2 BOA [ i e A RO B e S E203 . RISCY F Cortex-M3 % 7E FPGA (— 1 £ 4%) v iy %8 J5 T
FE I R AR A I Coremark P 4345 S 55 S0 4 BRES PR 0847 X LG, PR A2 T8 6 W5 R R BE X HE i & 4 T

R4 FRRZLLERLLR

Table 4 Comparison of different soft-core processors

N % LUTs FF AT #E /MHz CoreMark/MHz
e E203 4105 1 807 20 2.17
RISCY 7 095 2 581 50 2.43
Cortex-M3 15 096 5189 35 3.32
LS 6 239 2 287 40 2.55

AH L RISC-V 2246 () A% B % 15 E203 I RISCY . CoreMark $HAT 45 H 22 B, SC e &b J % 4 4% 78 BA 67 45 356
AR 7 A —E T, M ARM 2289 Cortex-M3 W #%. 75 FPGA 52 I B i B AT R4 v 7
14.3% B IR AW/ T 58.7 %0 e FPGA BRI AR Z (45 DL R L 52 BT 4 v 9 3 17 480 23R A0 B3 33 2%
R

ARG A I LA Ubuntu 3358 F AT, FF LB ATF . 15 5% . (6 1 Ay 4738 17 B A SO, 3t RISC-V
GNU T HAEX C S RFETHE: /)5, %5 OpenOCD 1Y JiE )2 9K 3h 34, 15 GDB i3 T H il i
JTAG #: 0 #4238 RISC-V & il 4% s 555 - B B 7 T 2 B A 1R F & by 0 H SEBR B 47 1% Sl #E 17k, 78
UART 3815 LED s5.5T LA K o W74 il 25— 22 510 Zh B3 5 o 250 00 868 541) 11 A S 560 25 O 08 P ol 4% o % 194 2
PRI IE#f . MR IE ST JE  A: BN A B E SO (MCS)H A FLASH i 7 FLASH sl AN %R 11
etk ERBIATE T MCU R4, B W R EE FPGA , (fi 45 #0122 5 J5 {8
3.2 SHBNEFHRENKS S

L AL R G R PERE I S B b L BR BX T 02 1 BB 1.8° HIHE N 1.2 N« m A& F IRk
2.5 AVKEFN B 300 g+ om® BYPAH DUZIR & AP AL, BLS 57BYG250B, 1% i LB 32 28 0 T TR B
Tl 5 SR e OB 1200 r/min, KB &R IR AR Z A TB67S109A it fr o J& — R AL & PWM 47
2 T AR AL UE R LI B L AN TR A BRI AR 4 A RO L RN DCAOV BB K TAEHL R . g b5 2%
TEHI 2 HN38-06-N HU -5 (14 3% 5 Y e % g 15 25 2800 600, B3 5% — W™ A2 600 Sk, DC7-30V H, [ it
B, SEER RPN 6 BT, 7R SC I R Ok shaR (L B o 24 V, g ig 2RI B R O 12 V., 3R Bh 88 R Y
M2 PULT (DIR™ \EN" 5 FPGA FF &M 3.3 V #i% . EN" \DIR 5 GPIO #Hi% , i# F 5 il
GPIO Hy P fdi G B AL a3 2 O E %, PUL 5 PWM ik iyt i A 8 o Dk o A% 356 25 BK 3 2%
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Fig. 6 Experimental schematic diagram
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Fig. 7 System connection diagram Fig. 8 Flow chart of system test program

TE S A A R ST A LRI HL i 2R 0 DR I 38 L 3T T A8 10 28 0 O 350 B8 RS RO 4 S 1 AR F
T 2B Gl AR BEAT I . PWM ORI I 75 I SR 4 05 3y 32 MHz, g6 £ PWMO B IE 0 5 S Bk o™
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Azl IE BB B A ROk 2 (IR A 31,25 kHz SRR A KR . AR 1/32 2053 i IR S 56, X g A
B R A BT AR DK e R i s 22 U A B AR K i R B AR 2,89 ~2.95 kHz ZIA] , 4 B £ AR
B BRI AE RN K 2.93 kHz, %R BG5S 20t 45 PO A5 B 545 iy i 22 DA K 9 B 2 A7 76 10 [ AT 1R 22 L 78 R iF e
FEILAN .

16 1/32 WA T 0 B B s A7t 1 5,10 s.1 min, SF 07 A9 BRIE Bk b Bl 2 929,29 296,175 781,
3 2 S S R X I A K b A A SR 1 9 BraR . SERBR S R 5 R AT IR 25 H 5, N SR 5 TR, LIS A A
PR ZEF T2 — R LT . Bk g BiXh 1/16, 1A 3K 0y #% f 0 300 38 45 K, 28 i s AL 7™ A iy 7
HICHE TAE, Br LA PWM 2045 #50Ch 3, B0 PWM i 45 % 15.625 kHz, 76 A [R]32 47 B ] #9 52 55 I 3
o SEE R 22 A 1/32 4 4 S I RUAH TR .

Program has exited with code:0x00000000 @Program has exited with code:oxeeeseseoe
Core fr:q at 32000000 Hz Core freq at 32000000 Hz
R T 2927 BlR T 29279
f1n1<h\ finish!

Program has exited with code:eoxeeeeecee @Program has exited with code:0x06080000
Core freq at 32000000 Hz Core freq at 32000000 Hz

BXATE 2929 J M 29279

finish! nish!

Program has exited with code:0x00000000 lProgram has exited with code:0x00000000
req at 32000000 Hz Core frcq at 32000000 Hz

| # 2 BXiF T4 175684

fin ! finish!

Program has exited with code:0x00000000 Program has exited with code:0x00000000
Core freq at 32000000 Hz Core freq at 32000000 Hz

"8l 2928 B4 175684
finish! finish!

Program LEH eﬂltﬂd w1th code:0x00000000 @Program has exited with code:exeeeeeeee
Core freq at 32000000 Hz
BKAR T 175683
finish!

Program has exited with code:0x00000000 MProgram has exited with code:exeeeeeeee
Core freq at 32000000 Hz Core freq at 32000000 Hz

BkRTE 29282 Bk 28 175682

finish! finish!

B9 SmBFHRAITHTIEER

Fig. 9 Schematic diagram of encoder pulse count

x5 TWHIER
Table 5 Experimental data

L a5 B BRI AT /s SEPRitHUE S fH wE/ N
1 32 1 2 927 2 929 0.068 3
2 32 1 2928 2 929 0.034 1
3 32 1 2 929 2 929 0
4 32 10 29 282 29 296 0.047 8
5 32 10 29 282 29 296 0.047 8
6 32 10 29 279 29 296 0.058 0
7 32 60 175 684 175 781 0.051 8
8 32 60 175 683 175 781 0.055 8

9 32 60 175 682 175 781 0.056 3
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Xf T 20 g H AL IS AT IR TR A9 2 204 0 i) SR BOD A B BT o 1B 8 R 45 1k Bl R O g A 4 ik b
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4 4

1) BF X A5 3k B L5 ) 2R G B T 5K L SR IF I 9 RISC-V 48 A 42 351 32 37 14 1Y 25 0 7K 46 4k B 28 4%
WL AXT A1 APB R 1 e 2 S A0 150 4 1 5 7

DR FPGA FSLEL T RISC-V A% AN BEES | BER A7 A4 NS AR 142 11 S5 A58 e 4] B A o 32 o 24
3 AT AR I B0 T R A T IE A . S A i A SRR A B SO TR R N R FE ] FPGA IR
ANZWAE LT ST R A2 17 00 RN LA AR 5 R

3T PWM fil QEP S, 454 FPGA ot Ik S (PC WL & T2 bl bli=d R4, it
APCREE A2 B0 S 36 D 2 I 3R 0 R X R 25 4R T AE T 00 22— T 0, 3 A 2D A 6 18 T4 T A B IORS Af
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