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ABSTRACT

This project presents an application of FPGA in order to generate multi-mode

exciting signals and control the stepping motor. The project designs exciting signals as 1 bit senial

data and group to 3 modes, Full step, Half step, and Sinusoidal mini step respectively. Each mode

of exciting signals is automatically selected depend on actual rotating speed. The output bits of

cach mode are equal to phase number of stepping motor. The experiment performs with 4-phase

stepping motor that is driven by automatic selection. The test results show the exciting signals

and the speed response of 3-mode. Moreover, the driver circuit can detect the exciting current for

slip check and driver protection.
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¥
fiueoniuug1ls 19983 Counter TAvil Fin 1@y COUNT VALUE il INPUT uag OUTPUT

mudiuse ladegUf 3.4

Fin

COUNTER

o =

il

COUNT VALUE

gﬂﬁ 3.4 Counter

o : = | 4 . P } 4
nagnmiuTnihwnton Tsunsudun 1w Verilog HDL af Idesniuu Tnssadriauos

Counter 92 1Af931/%1 3.5

module counterl {ck,in,out);

input ck,in:;
output [8:0]out;
reg [B:0]out;
reg oin,ooin;
alwaya R (posedge ck)
begin

oin<=in:

ooin<=oin;

if {oin==1g&&00in==0]
begin

if (out<=278j
out=gut+1;

else

out=0;

end

end

endmodulq

11U 3.5 Talsunsu Counter #20A111 Verilog HDL
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fullrew280
=t aodress(8.0]  q3.0]
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3U7 3.13 ROM #ifuiin Sinusoidal mini step LU Reverse lunstumalTayowed

Fyeuniinisas191l52noudau Full step L1111 Forward / Reverse, Half step (4111 Forward /
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31 3.14 s2UUYBI MULTIPLEXER

3 »
diolavimsoenuuussUUYes MULTIPLEXER Soufsondmdaeimiveeyiinisesnuuy
¥
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» ¥
iienisesnuuugls1sves MULTIPLEXER udandsoiniuldminisfiouTsunsudoe

1
=

A1 Verilog HDL 92 18A9317 3.11

9

frodule muxout {out,inl,in2,in3,ind,inS,in6,m);
output [3:0]out;
input [(5:0}m;

input [3:0] inl;

input [3:0]in2:;

input [3:0] in3:

input [3:0] in4;

input [3:0]in5;

input [3:0] ink;

reg [3:0]out;

alway=a

begin

case ({m})

6'b000001 : out=inl;
6'b000010 : out=in2;
6'b000100 : out=inj;
5'b001000 : out=in4:;
6'10010000 : out=in5;

6'b100000 : out=in6;
default : out=inl;
endcase

end

endmodule

714 3.16 Talsunsy MULTIPLEXER #2601%1 Verilog HDL

dimh Tsunsuinadraudenee lAudendagilfi 3.12
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; 4y 2
319 3.17 MULTIPLEXER #iad19diu
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Full step, Half step 1182 Sinusoidal mini step FansvulnAvzdiudal

3.1.1 mIgdn

Truanldluns

MIULLDY Full step

L

e

o

M19197 3.1 LaRINISULLIUY Full step

Step | wa | a | o | W
(1) (2) (3) (4)
Stepl 1 0 0 0
Step2 0 1 0 0
Step3 0 0 1 0
Stepd | 0 0 0 1

A1TYULU Half step

M1919% 3.2 UAAINITTVIUY Half step

Step | Wa | wa | wa | e
(1) (2) (3) (4)
Stepl 1 0 0 0
Step2 1 1 0 0
Step3 0 1 0 0
Stepd 0 1 1 0
Steps 0 0 1 0
Step6 0 0 1 1
Step7 0 0 0 1
Step8 1 0 0 1

vler 1

o2

e 3
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v
Qs o

wﬂau'ﬁ 1 ‘lluﬂﬂ‘l.l“?‘l 3

Sine 0 = 0 10*0/100 = 0  in
Sine 20 = 0.3420 10%34.20/100 = 3.420 ~ 3 1in
Sine 40 = 0.6427 10*64.27/100 = 6.427 ~ 6 1A
Sine 60 = 0.8660 10*86.60/100 = 8.660 ~ 8 1in
Sine 80 = 0.9848 10*98.48/100 = 9.848 ~ 10 1in
Sine 100 = 0.9848 10%98.48/100 = 9.848 ~ 10 1A
Sine 120 = 0.8660 10*86.60/100 = 8.660 ~ 8 1im
Sine 140 = 0.6427 10%64.27/100 = 6.427 = 6 U
Sine 160 = 0.3420 10%34.20/100 = 3.420 = 3 {in
Sine 180 =0 10%0/100 = 0 1
fupoud 2 8indoyaiiudd

0x100= 0% 0000000000

0.3420 x 100 = 34.20 % 0000000111

0.6427 x 100 = 64.27 % 0000111111

0.8660 x 100 = 86.60 % 0011111111
0.9848 x 100 = 98.48 ~ 100 % 1111111111
0.9848 x 100 = 98.48 ~ 100 % 1111111111

0.8660 x 100 = 86.60 % 0011111111

0.6427 x 100 = 64.27 % 0000111111

0.3420 x 100 = 34.20 % 0000000111

0x100= 0% 0000000000
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- - ¥ o3 d 1w 9 = g © =
AoanisfslannuEseuvesamosmiiulunn q Tnuavenisdusvedesvoissuauin
104 Full step Uag Half step 190§ 1u2uLiAm1fUN15Y ULV Sinusoidal mini step A0 16 1ia
404 Full step Lag 32 1AY03 Half step IAHvua1AY 100 Darifius 1 uLinues Sine INT12
Sinusoidal mini step HYuIAITUIUTIAMINY 100 TauAnIsnTzAUYEITHUA Sine 9zATSAUN
60 eaenludumiaiuduislddoyalunmsduurnzidaindy 70 SaudnidoyauFvenn
¥ ¥ =& g 1 = ¥ = & o a
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9 2 ﬂ'é o al [} or
mmsnaned laomsdsuanuisallsunsussmaulaosuen Counter Mn1510

= b dl o ] -:E o 4 - 4 1 Ao ¥ 3 - 1 1 a
PULSE fmdwuwevzitharimin1dunAROMI N0 18910 Counter vedineiiarluifiu 279

]
L3

A & & 1 dg¢ =) o a oy 1 e n’: VoA ¥
149 Counter UUTHIMWNNIHUAND 279 ﬂﬁ?ﬂﬂ'ﬁI.illFqu'Iﬂ'Hll‘Hﬂﬂ'i!'lﬂl.luﬂ']“ﬂu‘l].lﬂ‘i]']ﬂ Counter

1
L =

e ,o o 4 aa o o
sQniFdmiafAddressly ROM  aalitindygranldlumstuamdJaemeiuag

ar . . A
A1I50UTRI WAVE FORM deygau'1aenns Simulation TuT1lsunsandie PULSE a1y

Counter Sz auaran1s iy 1RAs31M 4.3

Name: Value: Ja 500.Ons 10us 1 5us 20us 25us 30us
E:in L I ) A S O oL [ S
ok LU LU AT LT T LT L L T L
S ou1[8..0] D23z [ G ¥ 2 ¥ 3 { 4 X s ¥ & { 71 3
Name Value: % 110.0us 110.5us 111.0us 111.5us 112.0us 112.5us 113.0us
in o [ S B S A ) B S N S S B
ck 0 1
out]8..0] D3 74 @5 X e ¥ o X aw X am X o Y 1 X 2y

7% 4.3 nmd1nBIMIHIIUYBICOUNTER

A a L4 T 9 L
diehminaseudyyiunielu ROM vouwaz TnuaszeansnhinisnagoyTddegy

auy QUTRUT [: — 0]

4 0 UTRUT "y i)

L fullier2B0 )
. . counterl . . 5 0]
N ‘ e oo
] M —] :
93 QUTRUT s
= o
317 4.4 nagoudiyn It Full step 11U Forward
90 g £ qo)
4 a1 QUTRUT s g
S , O iewstd : L T
. . counterl . L o3.0]
2 K T - nodress(f.0]  o3..0] jum -
» N o : : 2 I
s o ' o
93] Eoll Tl e )

3’Ijﬁ 4.5 NATOUNYTY1a! Full step LIUU Reverse
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o] QUTT i)

1 az Ut s i

3] aunr e

31N 4.6 nagouFyn IV Half step 111U Forward

af0] ln‘h{nm : 0]

AU gurur s g

.L_ﬂi?_‘}_gﬂmw_‘: a2l

JUN 4.7 namoudgygIn Half step 11 Reverse

R

gﬂﬁ 4.8 VATOUTUYIU Sinusoidal mini step 111 Forward

0] BUTRNT Pt i)

4 o) DUTRUT e )

R e —2"

gﬂﬁ 4.9 WANDUTYYIY Sinusoidal mini step U111 Reverse

af3) QT gy
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»
M8991n0UMIN1S Simulation dyay1oiIuuAaz Inuaez1d WAVE FORM veedgygiavaiy

snuildlunisdummemeinegy

alue: 100 Qus 200 Qus 300.0us 400 Qus 500 Ous 00 Bus 700 Bus 80 Dus 900 Du

319 4.10 Fryeyrau Full step 1111 Forward

Narme: _ﬁVaiue: 100.0us 200.0us 300 0us 400.0us 500.0us 600.0us 700.0us 800.0us 900.0y
IN 1
CK 1]
@ 1 I I Ml T
a 0 1Tl 1[I | |
a2 o LTA__TN I 1 I 1 I
P o [ I 1 [ [ I M
- v
§i¥ 411 Ay Full step LUY Reverse

Iﬁame Value | 100.0us 2000us 300 0us 4000us 800.0us B0 Bus 700.0us B00.0us 500.0u
IN 1
CK a
@ 1 I I i | | . I I
q! 0
R 0 [ [ | VS |
@ ! I M1 1 mt 1

31 4.12 &y Half step U1 Forward
Name:; Value: 100.0us 200.0us 300.0us 400.0us 500.0us 600.0us 700.0us 8U00.0us 900.0u

IN 1

F CK 0

&b 1

i ql 0 |

I~ o 1]

UM 4.13 Fg I Half step LUV Reverse
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_Value 700.0us 750. 800 Ous B50.0us

0 T T

0 (U T
0 T TWULL T T
0 Pml T TU LhnmEl

jﬂﬁ 4.14 Gy Sinusoidal mini step 41111 Forword

Name: 42\r’alue.
- IN
- CK
= qU
- qi
- g2
- g3

LT T

U TT
LT T
UETT T

jﬂﬁ 4.15 Ty Sinusoidal mini step 1111 Reverse

o i M o o o &
dygrafivenudaz Inuaszgnidonldesnldmstumeldweneiseaunso

» o 5 o 4’
llﬂﬂ\‘lTﬂSQfﬁ15”aﬂﬂﬂ9@73ﬂﬂllﬁﬂﬂ1ﬂﬂqu

VOLTAGE

RESET

RESET
MODE

EXCITING
SIGNAL

ROM

COUNT VALUE
COUNTER

SWITCH
CONTROL

3

MULTIPLEXER ’b ENABLE k———'

EXCITING SELECT

CODE SWITCH

i 4.16 Tassadaudenvesssin



Tumsnanessziimidvuey 3 Tuua fio

Full Step
Half Step

Sinusoidal mini step

o ] o P
NAMITNADBINIIAINIE 2UBIUAAS THuALTad 1AA9n15197 4.1

‘ ] ]
MI319N 4.1 LETAININISITOUVOILARS 1HUA

A Fin AUSIT OV AU 130U Ao
(Hz) Full step  (rpm) Half step {rpm) Sine (rpm)
3000 89.5 45.1 12.7
4000 120.2 60.3 17.1
5000 150.2 749 25.5
6000 179.4 90 29.8
7000 208.5 105.3 345
8000 240 120.] 45.1
9000 269.4 135.4 473
10000 150.1 51.7
11000 165.1 55.5
12000 179.7 60
13000 194.7 64.1
14000 209.8 68.6
15000 225.7 73.4
16000 239.8 77
17000 255.8 81.2
18000 269.3 85.7
19000 284.5 89.9
20000 299.8 94
21000 313.8 98.7
22000 329.6 102.7
23000 98.7
24000 102.7
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25000 107

26000 111.7
27000 115.4
28000 120

29000 124.2
30000 128.6
31000 1334
32000 136.6
33000 141.0
34000 145.4
35000 150.1
36000 154.9
37000 158.9
38000 163.1
39000 166.7
40000 171.7
41000 1754
42000 179.5
43000 184.3
44000 188.9
45000 192.5
46000 197.3
47000 201.2
48000 205.2
49000 210.1
50000 214.5
51000 218.7
52000 222.5
53000 227.5
54000 231.3
55000 236.1
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42

ﬂ'J'IlIE‘l Fin ﬂ’]']ﬂJL“ji'J'iE]iJ ﬂ'J'llIlg'J'iEl‘U ﬂ'J'llILc‘J!’J‘iEHJ
(kHz) Full step (rpm) Half step (rpm) Sine  (rpm)
5 21.3 214 214
10 384 42.8 42.8
15 64.2 64.4 64.2
20 85.7 B5.8 85.8
25 1073 107.2 107.1
30 128.7 128.5 128.6
35 150.1 150.1 150.0
40 171.5 171.5 1714
45 193.2 193.3 193.0
50 213.6 214.0 2143
55 2353 2356 235.7
60 2571 257.2 257.5
65 278.3 278.7
70 300.0
75 3214
78 3344

7



-
unn s

ey uaz agilwa

¢ dn oy °

lunisesnuuuuesa DRIVER uaz Tlsunsuf lavniseenuumivenunsa g1l
fummlTawewesnn RESOLUTION uazmmiTawemeinniuufiiiais COMMOM uansdl
H [ J o ]
Afitno COMMON 11111 2 idudn Tdegennsadszgndldanld Taunisiiies coMMoN
»
NINUALIADT IR

nnmsnansaieiimsdfuanudesild Frea alfvulvumiily Full step 1ile
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“ Stepping Motor
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Absolute Maximum Ratings Tc = 26°C, Unlese Otherwiee Specied

Drain to Source Brealadown Vollmge (Hote 1) .. .......... .o i Yos
Drain to Gate Volage (Rog =20 (Note 1) . .. ... ... oot Ypea
Continuous Draln Cument _ ... ... .. . i i e p

B L - o
Putsed Dvain Cument (NOW F} . .. ... ..o i e e oM
Gate O Soume WORBGE ... .. ... . i e s Yasg
Matrnum Power DIsaIDaTON . . .. . ... e e e Pp
Dlsalpaton Demung FROIOr .. ... ... .0 i i e e
Single Pulse fominnche Enegy Rating (Note Y ... .. ... Eng
Opamating and BORge TOMDEMING . .. ... 00 oo i LFRLES
Meadroum Tempemture for Saldering

Leads st 0.063in (1.6mm)rom Case e 108 ... ..., .. i Ty

Pacikage Bodyfor 108, SeeTechbriol 334 ... ... ........... ... ciciet i TN

CAUTION: Siracsss above hose Reled ) *ABsolule MadmuT Rainge” may calbe

pemanen!
Dice B 100 OF S LI CONOMIONS SDCwe 0SS INICE 87 11 e QPErsional Sacions of NE Spaciica IXn I nal impiied.

ROTE:
1. Ty=25°C w 1&PC.

RF520
100
100

8.2
65

20

oA

510175

300
260

&S 823:-::-:-:-:-:%

10 10 Goicn. TRE 5 & $iE6s Gy Tathg and operstion of e

Electrical Specifications T¢ = 26°C, Uniess Ctherwine Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNTTS
Drain to Source Bresteiown Vokege BVpss | lp=260pA, Vgg = OV (Figure 10) 100 - - v
Gate to Threshold Vokage Vesam |Ves = Vos, ip=250uA 2.0 - 4.0 v
Zem Gaw Yol ge Drain Cument Ipgs  |Vpg =96V, Vgg =0V - - 250 A
Vpg = 0.8 x Rsted BVpgg, Ygg = OV, T)= 150°%C - - 1000 ()
On-Seme Draln Gurrert (Note 2) Iptony | VDS = logoN) X fosonpmax. Yas = 10V (Figure 7) 62 - - A
Gate 10 Sowrce Leakags Curent legs | Vas =120V - - 100 nA
Dre 1o Bource On Resictance (Note 2 | siow) | 1= 6.64, Vg = 10V (Figre 8, 6) - | oz oz | o
Forwaxd Transconductance (Note 2) [ Vps 2 5OV, g = 6.8A (Figure 12) 27 [R] - ]
Tumn-On Deiay Time 1won) | Voo =50, Ip~ 9.2A, Rg = 1860, AL = 650 - 13 .
Fine Time ¥ MOSFET &u‘:.'hing Times are j " 30 ) -
Tum-Of Delury Tirns yOFT) m Oporming - 18 70 ]
Fal Time Y - 20 [ n
Towl Gate Charge Cyron | Vas =10V, lp=9.2A, Vpg = 0.8 x Anted BV g5, - 10 30 nC
{Gate W Source + Gaie o Drain) reR = 1.6mA (Figure 14) Gate Cherge ie
Gatte 10 Source Charge ™ T'-;"H'V Indeperdent of Opemting R 25 . nC
Gate 1o Drain “WMiller” Charge %1 - 25 - nG
Input Capacitance Cizggs  |Vps=25Y.Vgog =0V, 1=1MHz - 350 - pF
Output Capackance Cogs | 1Y) - 1 | - r3
FReverss Transier Capaciares Crss - 25 - pF
Internal Dvain inducience Lp Maasured From the Contact | Mod¥fied MOSFET - a5 - nH
Screw On Teb To Center of | Bymbol Showing the
Die
Measured From the Drain - 45 - nH
Leed, 6mm {0.251n) From
Package & Conter of Die
Internat Source iInductance Ls Moasured From the Source - 75 - nH
Leud, 6mm (0,250 From
Header 10 Source Bonding
Pad
Thermal Reslslnce Junction to Case Rasc - - 25 | “cw
Thetmal ResEmnce Juncthon o Advblent Rgun | Free Air Openstion - - 80 | CWw
©G00Z FHITIIH BAm OO COpaton R0 A, B



IRF520

Source to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX TS

Continuous Bource 10 Drain Gurent Igp Modified MOBFET Bymbol o - .2 A
Bhawing the imegrat
Pulse Source o Drain Current (Nots 3) I20M | Reveras P-N Junction Diod - a7 A
G
|

Source to Drain Diods Yohmge {(Noke 2} Vgp |Ty=25%C, Igp=0.2A, Vas = OV (Figue 13) - - 26 v
Reverse Recovery Time 1y T, = 257G, Igp = 0.2A, digpydt = 100AHs 65 | 100 | 240 ns
Reverse Racovered Charge Opn | Ty=25°C, igp = D2A, digpidt = 100AMs 047 | 08 11 nC
NOTES:

2, Pulse wet. pulee widh < 900us, duly cycle < 2%,
3. Repetitve matng: pulbe width lirmited by Max junction empefatse, See Transient Thermal impedance curve (Figurs 3).
4. Vpp = 25V, starting Ty = 269G, L = B40mH, Rg = 2600, peak Izg = 9.2A.




Agilent Technologies

Single Channel, High Speed

Optocouplers

Technical Data

Features

+ 15 kV/{ps Minimum Common
Mode Transient Immunity at
Vou = 1500 V (4503/0453)

* High Speed: 1 Mb/s

* TTL Compatible

+ Available in 8-Pin DIP, S0-8,
Widebody Packages

* Open Collector Qutput

+ Guaranteed Performance
from Temperature: 0°C
to 70°C

* Safety Approval
UL Recognized - 3760 V nms

for 1 minute (6000 V rms for
1 minute for HCNW and
Option 020 devices) per
UL1577
CBA Approved
IEC/EN/DIN EN 80747-6-2
Approved
—VYioru = 030 V posk for
HCPL-4603#060
~Viorw = 1414 V peax for
HCNW devices

¢ Dua] Channel Version
Available (253X/4534/053X/
0334)

* MIL-PRF-38534 Hermetic
¥ersion Avallable (B3XX/
B63XX/4N55)

Applications

+ High Voltage Insulatlon

* Video Signal Isolation

« Power Transistor Isclation
in Motor Drives

+ Line Becejvers

* Feedback Element in
Switched Mode Power
Supplies

+ High Speed Logic Ground
Isolation - TTL/TTL, TTL/
CMOS, TTLASTTL

* Replaces Pulse Transformers

* Replaces Slow
Phototransistor Isolators

+ Analog Signal Ground
Isoladon

Functional Diagram

6N135/6
HCNW135/6
HCNW4502/3
HCPL-2502
HCPL-0452/3
HCPL-0500/1
HCPL-4502/3

Description

These diode-transisior optocoup-
lers use an insulating lnyer
between a LED and an integrated
photodetector to provide elec-
trical insulation hetween input
and output. Separate connections
for the photodiode bias and
oulput-transistor collector
increase the speed up to o
hundred times that of a conven-
tional phototransistor coupler by
reducing the base-collector
capacilance.

TRUTH TABLE
LED Yo

N 1Low
OFF | 1GH

wc 4] L{s]om0

" NOTE: FOR 45027, 845273,
PINT 5 NOT COMMECTED.

A 0.1 uF bypass capacitor must be connecied

between pins 5 and 8.

CAUTION: It 45 advised 1hat norvrol StaHc precautions be oken in hamdlng and assemblyy of this component o
prevent damage and for degradaton which may be inducad by ESD.




Switching Speciflcatlons (AC)

Over recommended temperature (T, = 0°C to T0°C), Vgc = 6V, Ip = 16 mA unless otherwise specified.

50

Parameler

Sym.

Device

Min.

Typ.**

Max.

Units

Test Conditions

Fig.

Note

Propagation
Delay Time
to Logic Low
at Outpmt

Lo *

BN135
HCPL-0500
HCNW135

0.2

1.5

us

Ta =26 [Ry=41k0

2.0

BN136
HCPL-2602
HCPL-4502/3
HCPL-0501
HCPL-0452/3
HCNW136
HCNW4502/3

0.2

0.8

Ty = 25°C

1.0

R,=19kQ

5,6,
n

8,9

Propagation
Delay Time to
Logic High at
Output

BNi135
HCPL-0500
HCNW135

1.3

1.5

T, = 25°C |

2.0

R = 4.1 k2

BN138
HCPL-2502
HCPL-45602/3
HCPLA050]1
HCPL-0462/3
HCNW136
HCONWA4E02/3

0.6

0.8

Ty = 26°C

1.0

R, =19kQ

5,6,
11

8,9

Common Mode
Transient
Immumity a1
Logic High
Level Output

|CMy|

8N135
HCPL-0500
HCNW135

KVius

R, = 41k0

BN136
HCPL-25602
HCPL-4602
HCPL-0501
HCPL-0452
HCNWA4bL02

Ry = 1.8k0

Ip = OmA, T, = 25C,
Vou=10V,,
C.= 16 pF

HCPL-4503
HCPL-0453
HCNW4503

15

R, =19kQ

Ip=0mA, Ty = 26°C,
Ve = 1500 ¥, ,,
Cp= 16 pF

12

Comman Mode
Transient
Imemnmity at
Logic Low
Level Output

iCM, |

8N135
HCPL0G600Q
HCNW135

kVius

Ry = 4.1 kQ

8N13&
HCPL-2502
HCPL-4502
HCFPL-0501
HCPL-0452
HCNW4602

Ry = 1.9 K2

I = 16 mA, T, = 26°C,
Vow=10Vp,
C_= 15 pF

HCPL-4503
HCPL-0453
HCNW4503

15

Ry =19kQ

Ip = 16 mA, Ty = 25°C,
Vem = 1600 Y,
Cu= 15 pF

12

6N135/6
HCPL-2502
HCFL-0500/1

HCNW135/6

1

See Test Circuit

10

*For JEDEC registered parts.

**All typicals st Ty = 25°C,
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{
1 e | ; wrsy
0 =500

ol !
r=5ns P
5v 24 LK R
10% DUTY CYCLE
U < 100 ps§ 5

== 0.1pF -T_ovb

5 ICL=15If

* PIN 7 UNMCONNECTED IN HCPL-450273,
HCPL-045273, HCWWA 50213

Figure 11. Switching Test Circuli

L] e v
AWITCHAT A: I =8mA
—_—

o VoL

SWITCHATE; Iy= K ma

ﬁ«

OS5V

b/ ZI- 2R

}Z 3 O Vg
=—01pF
§
=V
-J-L
PULSE GEN.

PN T UNCONNECTED M HCPL-450013, HCPL-85E), HONWASO02S had
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