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Abstract

Abstract

Stepping motor is a kind of controlling motors which can transform the pulse
signal into mechanistic angular displacement or linear displacement. It can achieve a
precise location without a complicated feedback loop. Also, it is widely used in
economical digital location system for civilian and industry use, as it costs less, easy
to control and free of error accumulation. In a word, it is highly practical.

Since microstepping drive behaves better in controlling among drive technique
of stepping motor, integrated microstepping driver of stepping motor makes drive
circuit simpler in structure, higher in security and more convenient in controlling as
well as the microstepping drive is realized with excellent performance. The thesis
expatiates on the principle of stepping motor microstepping drive and schemes out a
two-phase hybrid stepping motor microstepping driver IC based on PWM.

In this paper; firstly the principles of stepping motor and the technique of PWM
controlling are analyzed, and then different driving modes are introduced. Based on
this , microstepping driving mode are put forward, and learning from the current
lagging-loop control and invariable switch frequency control ,frequency-fixing PWM
driving method is put forward ,therefore, the main circuit of 2-phase hybrid stepping
motor system is designed, including high accuracy BANDGAP circuits. High speed
D flip-flop. pulse generator. logic circuits and so on, and also over-temperature
circuits, UVLO circuits ,over-current circuits are added. The system can realize many
functions such as fix-frequency plus width modulation, current sampling, power
magnifying, ring distribution, producing control signal, and so on. Based on the
principle analysis of subdivision drive of two-phase hybrid stepping motor, uses the
simulant sinusoid ladder voltage that produced with EPROM and 3-bit nonlinear
DAC as the reference current of winding of stepping motor, makes the current of
winding of stepping motor to vary also as sinusoid by controlling the on or off time of
driver with PWM, achieves the constant-torque 8 subdivision drive of stepping motor.
The design of this IC was completed in accordance with the design flow of ASIC. The
thesis expatiates on the module circuit of the IC and presents the simulation results.

The feasibility and validity of the design method and principle analysis were
proved by the simulation results, and the microstepping driver IC of stepping motor
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based on PWM in the thesis can reach the target that has simple configuration . high
reliability and smooth operation.

Key words: Stepping motor  microstepping drive  PWM  H bridge Driver
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-30 _l: PSRR
—40 [
g ~50
h —83.45dB,1KHz
~-68
=70
1 18 108 18K 108K ™ 10M 128M
freq { Hz )
Bl 5.10 HIEMHILL
5.2.2 I EEAE

WRAE— R R R Vref, R SR B E R B, B Vref,
FRCAEPE R, BATUARE— BRI RR, W LA 5.11A 7 B RA~HEAT
e Vref BHRZE UL RIBIRA offset 5 HIEAIRZAH LI AT LA AN, BTLL, X451
BANGROREZERFETHER EREENIZERE). BEREBEEEN
EREEAE, K eHFE R BT trimming BUE ¥ HSMEEN T
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BP

Vde

5.11 BmEAER
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~

w ¥

512 RAXFFAE Iref FEGHE, ZRBETEA=ARRERITE
P=AEREE Vh, VI F Vi. Irefl FRBERHEWE 5.13 BioR7E-40°C~125°C
AOIEL R Ak ¥ B P v e AN A 3R 4K 0.8pA. 8 5.12 FhiE kB A 5.13 B
~ KAMBEEBAKETUMBRESLAATEMNMEEY, HETHH,
515 A& 5.14 .2 HBORBHE a KA T R B, Hi%a5h 58.73dB, 0dB
WRA 3.245M, HALLBEHN 82.07°.
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58,73d8 Iref amp AC test result o
& - dB29
? J3.248M,848
~ 20
3
-~ 02
-20
—4g
1@ ¢ phase
&B8,—97.93C
B.26
o_
£ 100 ¢t
-200
-300
1 12 128 1K 18K 108K ™ 10M 102M
freq { Hz )

Bl 5.15IREF—AMP {iE4 8
B=N LRSS

t 2 R — AN AT UL B BN AR RS S 3F b= — A 2 i i e
B. B 5.16 AARSCRANBE A RFZHEEE, TEARENM B THERE,

M5 F M7 B %R BANDGAP HLTT 43 5T i 12 L B8 3 4% () e iR 15 70
17, BAVEF—ANERBFEIRN, FF35RH A X — B R B FREEH BF
fEARANE—RNE KM Bk,

HAEBEM O ESTEREE Vg2, B ML KB 11<I5, #id M2
RIS 12>0 B, M1 I vgl> V2. ZEXFME LT, M4 EZEBAKX, 14=13=11
HHEHKXT 2. £ M6 MtRA B —RNFIHBER Cl, BFESHERRACL, vl
¥R, BEE vl AR, M4 KHNBKX, V) 14<13. 2 M4 1R KEERE
B 4=12 i, B—EHMHEBEE v BE. X—BEER:

Vdc-Vsd4 (#8F1) <vl<Vde, vgl>Vg2 , II<I5 % 12>0 (5.6)
AR 5.6 BALKTERT, Vsdo/NF| V|, M6 K&k, BhitHBEd:
Vout1=0, vgl>Vg2 , I1<I5 %X 12>0 (5.7)
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Wi vgl) Vg2, M 11=15, 12=0, vi=Vde, H Voutl 3R% T 0.

Vde

1

NN EMI M2 a ’w v d OV".

B 5.16 PIITIF Hoike s ik

KRG, B M2 MM EDSETEREE Vg2, 834 11>0,12<I5 i, vgl< Vg2,
ERXFERT, K=13=11<12, FF vl @D. Hvl <V2-V, B, M2 &FEHK
X .05 vl RFEEFEMEE] Vds2<Vds2 (HRF1), M1 [ s R 4L RR R 40IE 11=12=15/2,
XA EvIBE. i,

Vs2<v1<Vs2+Vds2 (TAF) , vgl<Vg2, 11>0 K 12<I5 (5.8)

AR 5.8 MEAHT, BHEE Voutl KL Vde. IR vgl (Vg2, RiA
R RRER, 4niE M1 B M2 FUR s EEfE MS B RAMX . iR XA E
#, WIS PR, v1 £k 0 H Voutl i Vdc.

R M1 iR ETEREE Vel, ATUER FEMTE, B —RME-LK
KPR PR SHITE R, Bk, ik vgl=Vgl, vg2>Vgl, 12<I5 B11>0. R
B M4 4 FHRAX, d11<12 7778 4<2. Bk, BITZE5 KRS C1, v FBIE,
BEE v1 BB, M2 B NIKR, B 12 B RREE 11=12=15/2 &, tkr vl B,
ﬁﬁj‘]:

Vs2(15/2)<v1<Vs2(15/2)+Vds2 (H1F1) , vg2>Vgl,I1>0 & 12<I5 (5.9)
AR 5.9 MEAHFT, B EE Voutl HHEL Vde. WIR vg2) Vel, L%
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PR E R, 4E M1 EE M2 (IR IERE MS BIFMAK .. R REXFER, I
IS F#{&, v1 8L 0, Voutl #Eif Vdc.

TR, R vgl IR%F Vgl, {8 vg2<Vgl, 11<I5 H 12>0.11>12 B3| 14>12
HEvI K. REM ATFHRAK, 4512, Y M4 BFARKAR, BB TRESE
4=, EX—H Etvli e, B

Vdc-Vsdd (R <vi<Vde, vg2<VglI1<I5 % 12>0 (5.10)
ERARSI0MIFHT, vsgo BMENTF| V|, M6 KEIE, BERHIEBEY:
Voutl=0, vgl<Vgl , I1<I5 & 12>0 (5.11)

& vg2 (vgl, M 11=I5, v1=Vdc, Voutl AR E 0.

M8. M9, M10 1 M11 AN RAHE, HERRBR. BNEKEhEeH. M10
A MI1 BIFEA LN M8 Fl M9 K HLA LS .

HRUBRFRMHREFEHRV,,, MBEETHY, , KRB IFUTXE:

_ VOH — VOL
A Vie =V
ey, V, M v, RS HEZ ERTRFAENRALES. XHMAZLR
MHE BRI . HRRHER RS TENEESNE, BhEEXTHLRR
RN ZHFIREZ RSB LB PMAATLE OEED.

BT R FEREERBMX, BT AR B 38 518 25 £ 2 M 78 Voutl

ReRIEEE, TIIE Vout LbAYIE A . HLERARAIINZE N .
40)=g, *C;,17.)0g,6lI77) (5.13)

$oh, gm,,=,/2<%)nuc,,,f,., o= l‘l , A<l/L, 8FAtg, BRIMEHT

n

L, FreAgin L &36 R385, W EIMSREH 1 M KmmD, B 5.17 ks
25 bk .

—fRRE M6 5 M3, M4 [ILFZ, M7 5 MS LA, "TLME/8 LS i b FHat
(] FRERE—3, B 5.18 AHLE MM A B E sk, EI— N EkESMm—
AMERGESEABNG, HH Vout 1 EZF 4 50.8%.

(5.12)
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SRR B S, IAMEERERGEFER, EEER D L BEE
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ME 5.19 AT LAEH, RE4E%#1] Tra-invl. Tra-inv2 1 XOR1 ¥ T Atk
2%, R M4£%017 Tra-inv3. Tra-inv4 F1 XOR2 ¥ 5% T Mfih & 2§ - Tra-inv1 ! Tra-inv3
R A WSES LY & F PN LY & ik RN

R AR HN, % R=15, #iH 0, %4 R=0 K, XOR1 Fl XOR2 A LA
R B AR

CLK=0, CLK_=1 B, Tra-invl $i&, Tra-inv2 #ik, D SHBMALFSEAN
FiRBD, £ Q=D. HXK AR MKERRIRES, FEATHES Q
PR0E D SACR AN, F%E, BT Tra-inv3 21k, Tra-invd S8, BTk 5%
FRFREAE, WHES MK B2 AR Tra-inv3 FTIIHT

C
M
MN

Cp

B 5.21 5 1HEE

% CLK EFHEFART (B CLK B34 1, CLK_BkZE 4 0), Tra-invl #1E,
Tra-inv2 3. £F(]XORI KMINBEFMEMN, XOR] KN B ERLEILZ
HR, TRQ 7 Tra-invl VIMTATHIREHRE T K. R, BT Tra-inv3 i,
Tra-invd #ik, FARB[BACREEDL Trainv3 M XOR2 EEF T H#ig,
OUT=Q’ =D (CLK LFH#EHiAR D MRZE).

AL, efh R B SN E A MR R RS E R A 7E CLK M LT, WA
fih R 2R BT AR T RIPRESNMNER T CLK _EFHEFIAR HMARS. B 5.2 2
BN EEEE.
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BIE BN RART

AP RERB— N =ARREBRN— MR R K, Bt @ e B ER
= HWEHATH R TR E &R EE &2 akket, WE 5.23 B, M1 A M4 %
AR, BIAS 3% BANDGAP B4, HTr4A%BE=ARNERE,
£ M1 A M4 AN BIRIFIEAEE, A SYIREENE, ERB 1HREA 1,
Peeas 2 Ml 0, LRERSS 3 il 0, LB M2 3TF, M3 XM, BHRE Ml
it M2 AEATH, A ABEEFHAR, HBEER:

Ips ot

C

HANX 14740 A REEEZ B, FESGEHER 1, ISMEERECHX,
A SEETEV R, RSS2 % 1, R 1Mt 0, RS 3 MK
MR 0, MURIHEII M2 AHARE, HF A SBEAY,, RS 1H
HA 0. S 2R 1, WS 3 Mk 1, kN M3 4TI, M2 ki, &
BT M3 [ HLIRIE M2 B, A SHEEFFA TR, HEER:

Vy= (5.14)

g5 0t
C

HARBETRR Y, RS 1ETEh1, B 2mho, MHLES3H
H4 0, Suif M2 T, M3 XM, HRE M1 XFFhET M2 S BAEEH, W
Bb i S AT AR R B 2 I = Ak, AP =MEAER £ =200k, BT
Wik T=5ps, MBI M AT BandGAP B4, I,,.=5uA, BEAR
1. 2K 2 ABEREA:

v, =-

(5.15)

11.!;1,45'Z
c=—-=2
Vh —V; (5.16)

ATEEERRSZ], TR—EERE Vi =ARETHRE, AXhTH&
Rk rh R AR G LR 90%, FTLAR:

1
Vi=—=W,-V)+V, .11
10
B 524 A A AR AR & 2R 90%H Bk ik .
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Romp & Pulse L]
38 =t Romp 3.242u B.238u

29 |

(v)
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09 —t vy MR RPN NV B TP R RS |

1.853u 5.535u

7@ v Pulse
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39

(v)

5.24 BT
EAT SRR P

HASHPERT RBEMKEBRMIIRFXEHE, SFERKIITHE,
BB TIFERIE N, DR EE R EABK. ERMERA S FBOHEE RN
EBEBMLMOS B, ZHRE) . EESELHBHHRMK, BEHLHAEATRRFAF
B, A REEHEATNTBEZA, 7 RERIET M EENREHE.

AU 5 3B BE A IE L B FRL IR (PTAT HERIE) » LT — P EEEH
The CGRWT AT 3 BIE AT 1R) AR AR i .

5.25 A BRI BE A R AASSIL R, HESH PTAT BRIEM—/ILE
BAM, PTAT HR#H i BANDGAP =4, A3CH PTAT HifiA:
2V, In8

(5.18)

Lprgr =
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5.25 SRy B
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>
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63



FhE ahHE R Gt

R3 EFHESEK, Vref i BANDGAP BB =A5HBE LK, HEF LFAFH
I BRI RIS Vief BT, LBAFH BT, BEANERRM, ATHIiL®E
BES, MAT M3 EMEMER3, HiRHEHEPIEN, PD=0, M3#TF, R34
B, HFREEHE T1 ABILEE, WHEE LA T1 &, R2 LHEEFET
Vref, FH#RH M3 M R3, BEMMUEITE LERSWE, WEFEES, WAT M3
MR3, HHAEETRD T2 WEHAS8WE, BB TEFNEM, B 526 44
B A,

FEH RERY =B

—NERRAE TR, BEMNREANEE. BROATEE2VE
REET AR, BRKNAMNKEETERATRAHAMERFERSR
BW, ROREHRULSBRRMRE, FUFEMEHARERY B8R TIEE
XHELT.

RERFPEHRARBERY, RORRERFEHTEMERRE (naiFEhs
thftes, bR fEkh s ERERERRERN, REFPBEBEAZIK
MBERFAERDL, FRBERFEVWIFREDNRE (8ifF), SHFEHRE
EAFIRREU EE—MER, BHETREMtE. XFRIEASHETEBELK
T 5 A P B AR AN IE 3 B el B e 2 R HE 1

A AKHEBET, FHERBEERERMEBEREFSESEERRR
FEEMBRESHTIER, DERAMRERE, WHE 527 fin, HPhEgES
JE B8 3C BandGAP HL#7 4

R1. R2 1 R3 X HLIR R EHHATEURE, S4B IR A& i e Eet, i
8%, UVLOOUT=1, 3fH UVLOOUT # PD %%, ki #eikihr, BT
ik ER A TR EE LR BHE AT ERS, ACMAT M3 fil R3 #1738
WRERG e, REYaERTFREEU LH—MER, WREFSHE
M UVLOOUT=0, M2 HIfERZBHIE Vref T4 E & B TIEMRSE,
Vref 1 BANDGAP HEERF=4E, X Vref XX EERS, M2 AT, A FREHH
UVLOOUT=1 XKW/ ek, B 5.28 HEBMHTELER.
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.____N T Driver3
vgo try —
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WEMRRERE, #HHE RO ERERT Viimit, HEZHHEEE, g
BETEMXE, AxtSHERERPER. BTFUANIRENRTRK, BT
PLE LS M Buffl A Buff2 SR8 KFHE S, Buffl £ Buff2 52540 &

5.30 AT 7R.
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B 6.1 f1 6.2 AARCBETH A MHEBRIE R REN 55K 8L ai
FEI RS R, H 4 Vsig b i EPROM F1 DAC 7= 4 HIIE X B i L R B vl
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EfFSEE, FTLUESR lind ARIEZERHEE R, B8 KOEsfMKER
BT BT R R B RAEX.

Transient Response L}
=: Vsig
q@@m o: lind
: 4@0m
_1ng F U R | 1 [t R B B | VN T T R TN S B |
2.2 1.5m 3.0m 4.5m

6.1 LT X TR Kt Bg

68



BAE BEABRIER

(v)

(A)

19 - Vsig

Rusult

AN

gggm ¢ lind
700m |
538m [
3@Pm [

108m |

—188m

0.8

L
1.Bm 2.7m
time (3)

B 62 tREFTTBAGR AR

69

)
4.5m



FLE 8%

FtE BE

AXHAKIMNERET PWM EHINE A S Ay Ixzha%, TEMTUT
TAE:

L TEEREASEE, NPHEiEESMEEE T 2EN TR, §
AR T ZHBREXEHBIVAA S RHEEE, FENBT PWM EHIH
AR, RUEZHEHKERE (SPWM) KiE 4B,

2NAT EMPHBINES TR, T EMNE BRI S, FENET
R R B 2 R B 7 A B IR I I I R R B PR R, TN
RSN EHZER LR T EA R BB R

3SR T RS A EBBEIERE, KPS BANDGAP HE. kR4S,
D fibk 2% . HERETHE, RKNRT M ERETRIFHRFMATER. &
BEREARY HEE.

HTHEER, AXEE—SEETHERMY, L TFAERFTHEY, W
RASMEEZRAREEIEEZLE, TF, WRERHRSHRZR R T LLES
ALK ES, XARAF R USENHRAEETIES .

70



S

2% k.

(11 x/288, e Bl FESEEsNEM. LR B TIkHR, 2007

(2] BREER, BREHEISHIEN. AR AR TR%RE R, 1983

(3] sefy Pt bmRERIEAR AR B HRAE, 2006

(4] &%, BRFEEIBEFRARIR: LRIBEKFERRYE, 2006

(51 #MCAPEEAAERA S HIP S Rah bl B RBTERITHE. U B HL, 19963

(6] HEIKHE BT RPN DB A 2 L. < B3k, 2000.6

(7] @R B3HLE A LIEH R R E AL, 2000.5

(8] FKESF RN i LT 34 43 B 5l L IR B9 FF R 0 . AL 5 e ol 2
], 1998.6

[9]1 Wale, J.D.; Pollock, C.; Hybrid stepping motors and drives.Power
Engineering Journal. Volume 15, Issue 1, Feb 2001 Page(s):5 — 12

[10] BAE. BB A RN, BRELIAEER, 2007, 2

[11] dhiE, i, THHSENETFEBRBEARNAACR: BFITkH
JRAt, 2008

[12] ERFIFXEERAVKTTR BN, 1995, 3

[13) BE. St BB AT RE BN, 1993,

[14] %Eﬁ%mﬁiﬁ%m&ﬂﬁﬁ%Wmﬁ:\%fwiﬁ.iﬁﬁﬁm, 1992, 2

[15] BAR P EESH BN : P Tk AR, 1981

[16) M.t bl H HrIRsh B &t K i 72 2R, 2006, 11

[17) 8. —HREXTH B SPWM 405 3K 3. 580k F B il, 2002, 6

(18] Erd. B s BEhBH RE AR : PR TR, 1992

[19) w20 2 B B4 53 2 510 PWM EHLBHLEER, 2008, 5

[20] EEuk. 3 NI AT R 5 IR B 2% Th ke sE L, 2005, 4

(211 M3k, Pt b5 M5 H BT s BB L, 1998, 1

[22] ZE AP HENH ) B BH5ER. AR, 2007, 12

[23] 2HEE.FHHESADHBHH 5B .FBS5HETFIE, 2008, 12

[24] ERE HrigR a2 Bs). ARG AT, 2007, 8

[25]) Bellini, A.; Concari, C.; Franceschini, G; Toscani, A.; Mixed-Mode PWM for
High-Performance Stepping Motors.Industrial Electronics, IEEE Transactions
on Volume 54, Issue6, Dec.2007 Page(s):3167 —3177

71



2% ik

[26] Tozune, A.; Sakamoto, M.;Characteristics of permanent-magnet type 3-phase
stepping motor.Industry Applications Conference, 1995. Thirtieth IAS Annual
Meeting, IAS '95., Conference Record of the 1995 IEEE Volume 1, 8-12 Oct.
1995 Page(s):748 - 755 vol.1

[27] de Lucena, S.E.; Kaiser, W.;Stepping-Motor-Driven Constant-Shear-Rate
Rotating Viscometer Instrumentation and Measurement, IEEE Transactions on
Volume 57, Issue7, July 2008 Page(s):1338 — 1343

[28] Vadell, JE.,; Chiang, L.E.;Stepping motor driving by controlled-energy
discharge Industrial Electronics, IEEE Transactions on Volume 46, Issue 1,
Feb. 1999 Page(s):52 — 60

[29] Wang Xu; Huang Kaizheng; Xu Bin;Design for Step Motor Control System of
Automatic Biochemistry Analyzer.Electronic Measurement and Instruments,
2007. ICEMI '07. 8th International Conference on Aug. 16 2007-July 18 2007
Page(s):1-607 - 1-612

[30] Shi, K.L.; Hui Li;Optimized PWM strategy based on genetic algorithms.
Industrial Electronics, IEEE Transactions on Volume 52, Issue 5, Oct.
2005 Page(s):1458 — 1461

[31] Jing Kang; Hong-ying Hu; Guang-yao Meng;Study of Improving Stepping
Motor Torque-Frequency Characteristic by Feedback Control of High and
Low Voltage Driving Circuit.Industrial Electronics and Applications, 2007.
ICIEA 2007. 2nd IEEE Conference on 23-25 May 2007 Page(s):1989 — 1993

[32] Kuert, C.; Jufer, M.; Perriard, Y.;New method for dynamic modeling of hybrid
stepping motors.Industry Applications Conference, 2002. 37th IAS Annual
Meeting. Conference Record of theVolume 1, 13-18 Oct. 2002 Page(s):6 -
12 vol.1

[33] B .Razavi. Design of Analog CMOS Integrated Circuits. McGraw-Hill ,2001.

[34] Phillip E. Allen, Douglas R. Holberg. CMOS Analog Circuit Design. 2nd ed.
bR BT TR, 2002

[35] P.R. Gray and R. G. Meyer, Analysis and Design of Analog Integrated
Circuits. 4™ ed Jb3: S A HARAE, 2003

72



Buat

Bt

ERAXERIG, RELAENRIHRFARE. KAXHFK. BEAR
ERETRBCHBI AT ETRY,. NAEGEANTTENEES
ReTRRAN SR AR, EXVEREE, A REZLRELERML
BEAHERT T MERHRTREA LR BT EHFN YR ENKFE
AR, XB HEARBARGAEE. ¥3. TEHLFLEANTH!

RMEEFELEY T RO XS foll 2,

REERANCRYANTEFAEFRETHR P ONERE L ¥ T4,
REARZBEAFAREFOREPA, Hbh—BAMIIZRRALEN S,
REAN B XGBERLTTEAGHE, EREMFAMTRENATL ¥
H K TLE.

RMEABRSATOHREE. MFiE. RIW. KAE. RMEEURIEM
FE, GHNATHERIREARFHRBAT RS EREAE, ERTHE
%, REAMATGHB SR E, KRB XTI BTG 2o bR A H 52K

RMFLER. Tk, HR®K KERURFHEERZ, 8¢ £k
REAEEWBB %I EHRA.

RHBRWE¥IERE. 28, BEB. kA, ZHAH. KaOW. RXK.
AR, XA, BE. HH. EARMURITSFHRA, BRBENEFTEHNA
LREKRAREAER, EREBMEFEF TR T EARXHFE,

RMBORERA, AW EATHERTUALCES, HEIGREE
NEX.

B, RMEFRFSFRNER, BRMYEHKT RN B REGE T,
RMFTAHHEROA.

73



M=%

fix DHAiSH

B P BSRERE:
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