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Our purpose in this special project is to construct an Automatic Coil-Winding
Machine which is used to make inductors in an Electronics Laboratory. This machine consists
of the mechanical controller for coil size and tension, the iron core which is rotated by D.C.
motor, the opto-couple part for checking the number of turns, the display and the keyboard.
All of these parts, except the mechanical controller, are controlled by and interfaced with a

microcontroller board which is called the ANT-S1 with IC number 89C51. Moreover, the

Automatic Coil-Winding Machine

Miss. Donrudee Charoenkitanakul

Mr.  Tula Chankana

Mr. Seksom  Chinavicharana
Anssit. Prot. Dr. Sirisak Techathaweekul
Science

Applied Physics

1996

Abstract

number of turns of workpiece can be set by the keyboard.
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Autometic Coil -Winding Machine
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3.2.7 Speed Sensor
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( Interrupt Routine 1 )
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( K_START Routine ) ( K_BSPACE Routine )
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Automatic Coil -Winding Machine

MANUHIN N

;==AUTOMATIC COIL-WINDING MACHINE=—==

;==—==—=—SOFTWARE BY DONRUDEE=—=—=—==

ORG

ORG

ORG

000H

MAIN1

003H
CHK_ROUND
013H

K_NML

joxniocck ADDRESS FOR KEEP VALUE*# ks

>

DIGIT_0
DIGIT_1
DIGIT_2
DIGIT_3
DIGIT_4

SPEC

STOCK

TIMEL1
TIME2

EQU  40H
EQU  41H
EQU 42H
EQU 43H
EQU 44H
EQU  3AH
EQU 3BH
EQU 3CH

EQU 3DH
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ORG 100H
MAIN1: MOV  SP#50H ;set stack begin at SOh
MOV PSW #00H ;select registers bank 0

LCALL CLR_DIGIT

MOV  SPEC#0FFH ;+ 1 when key press 1 time
SETB  O00H ;to be cleared when key normal press
SETB 0l1H ;to be cleared when key start press
SETB P1.5 ;bit for motor

SETB  Pl.6 ;bit for motor

SETB EA senabl all interrupt

SETB EX1 ;enable external interrupt 1

SETB IT1 ;signal type control bit interrupt |
LCALL RUNI

LCALL RUN2

SIMP MAIN1 ;7JUMP TO MAIN1

¥¥xxx¥RUN BOOMER-LANG DISPLAY #kskas

?

RUN1: MOV  RO#50H
MOV  RS5#08H



LOOPI:

LOOP2:

MOV
MOV
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
SUBB
MOV
LCALL
DINZ
MOV
INC
DEC
DINZ

MOV
MOV
MOV
MOV
MOV
LCALL
MOV
SUBB
MOV
LCALL
MOV
LCALL

(771

R3,#00H
R4.#0FH
AR3
DISPLAY2
P2,R3
DELAY |
AR4
DISPLAY2
A R4

A #O8H
P2,A
DELAY1
RO,LOOP1
RO,#50H

R3

R4

R5,LOOP1

DISPLAY2
AR4
A#08H
P2,A

DELAY1
AR4

DISPLAY2

Automatic Coil ~-Winding Machine



MOV
LCALL
DINZ
MOV
INC
DEC
DINZ
RET

(78]

P2.R3
DELAY1
RO,LOOP2
RO, #50H
R3

R4

R5,LOOP2

JRwickkx kRN "Enter n of round'¥kikik

RUN2: MOV
MOV
MOV
MoV
MOV
MoV
MOV
MOV

SHOW: MOV

SUB_SHOW: MOV
LCALL
MoV
LCALL

MOV
LCALL
MOV

30H,#23D
31H,#22D
32H.#21D
33H.#20D
34H.#19D
35H#18D
36H,#17D
37H,#16D

RO #08H
A,30H
DISPLAY2
P2,#00H

DELAY2

A31H
DISPLAY2
P2,#01H

Automatic Coil -Winding Machine

; DISPLAY DIGIT 0
; DISPLAY DIGIT 1
; DISPLAY DIGIT 2
; DISPLAY DIGIT 3
; DISPLAY DIGIT 4
; DISPLAY DIGIT 5
; DISPLAY DIGIT 6
; DISPLAY DIGIT 7

; LOOP SHOW 8 ROUND



LCALL

MOV

MOV
LCALL

MOV
LCALL
MOV

LCALL

MOV
LCALL
MOV
LCALL

MOV
LCALL
MOV
LCALL

MOV
LCALL
MOV
LCALL

MOV
LCALL
MOV

(791

DELAY2

A32H
DISPLAY2
P2.#02H
DELAY2

A33H
DISPLAY2
P2,#03H
DELAY2

A34H
DISPLAY2
P2,#04H
DELAY2

A35H
DISPLAY?2
P2.#05H
DELAY2

A36H
DISPLAY2

P2#06H
DELAY?2

A3TH
DISPLAY2
P2#07H

Automatic Coil -Winding Machine
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LCALL DELAY2

DINZ RO,SUB_SHOW ; CHECK LOOP SHOW
INC 30H

INC 31H

INC  32H

INC 33H

INC 34H

INC 35H

INC 36H

INC 37H

MOV  A37H

CINE A #41D,SHOW
RET

JRrikikDISPLAY & DELAY SEGMENT*#*#*x

o

DISPLAY?2:

PRESSED:

JNB O00H,PRESSED
MOV  DPTIR#BOOMER
MOVC A @A+DPTR

MOV  POA
SIMP RET3
PUSH PSW

MOV  PSW. #10H
LCALL DISPLAY ; when key pressed, display data
POP PSW

SIMP PRESSED



DELAY1:
SUB_DE]1:

DELAY2:

SUB_DE2:

DB
DB
DB
DB
DB
DB

DB

MOV
MOV
DINZ
DINZ

RET

MOV
MOV
DINZ

DINZ

[81] Automatic Coil -Winding Machine

61H,23H,43H,62H,61H,23H,43H,62H
4CH,54H,58H,1CH,4CH,54H,58H,1CH
00H,00H,00H,00H,00H,00H,00H,79H
54H,78H,58H,50H,00H,54H,00H,5CH
71H,00H,50H,5CH,1CH,54H,5EH,00H
00H,00H,00H,00H,00H,00H,00H,00H
00H,00H,00H,00H,00H,00H,00H,00H

R7,#02H
R6,#00H

R6,$
R7,SUB_DEI1

R7,#06H
R6#00H

R6,$
R7,SUB_DE2

iiknsikkCLEAR DATA IN DIGITS*kson

CLR_DIGIT:

MOV
MOV
MOV
MOV
MOV

DIGIT_0,#00H
DIGIT_1,#00H
DIGIT_2#00H
DIGIT_3,#00H

DIGIT_4.#00H



RET

;CLEAR REGISTERS

CLR_REGISTER: MOV

MOV
MOV
MOV
MOV
MOV

RET

[82] Automatic Coil -Winding Machine

R2,#00H
R3,#00H
R4.#00H
R5,#00H
R6,#00H

R7#00H

;¥R INPUT KEY FROM PORT1 TO A

:ENTRY: -
;EXIT: A

INPUT_KEY: MOV

ANL
RET

APl

A #O0FH

)
Jlokscikiookiok K EY NUMBER (-9tkioksesriokokiok

9

PUSH
PUSH
PUSH
PUSH
MoV
MOV

PSW

ACC

DPL

DPH

PSW.#10H ;select register bank 1
A,Si’EC



L1:

L2:

L3:

CINE
LCALL

LCALL
SIMP
CINE
LCALL
SIMP
LCALL
LCALL
POP
POP

POP

RETI

(83]

A#03H,L2
INPUT_KEY
A#0DH,L1
K_START
L3
A#OFH,L3
K_BSPACE
L3
INPUT_KEY
Kl

DPH

DPL

ACC

PSW

;*********KEY PRESS ROUTINE kkieskskiek

;ENTRY: A

K1:

K2:

K3:

RETURN:

CINE

LCALL

" SIMP

CINE
LCALL
SIMP
LCALL
RET

A#0DH,K2
K_START
RETURN
A#OFH. K3
K_BSPACE
RETURN

K_NUM

Automatic Coil -Winding Machine
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;**********KEY NUMBER 0 - Qpkakesdesieddeak ke ke ok

;ENTRY: A
;EXIT: DIGIT_0-7

K_NUM: CLR 00H

MOV BA

MOV  ASPEC

ADD A#01H

MOV  SPECA

CINE A#00HK_NUM2
K_NUM1I: MOV  DIGIT_0,B

SIMP  RETI1
K_NUM2: LCALL SHIFT_DATALl

SIMP  K_NUMI
RET1: RET

-3 sfeeok sk e dkeoledk
’** * *****KEY START*************

K_START: 1B O00H,RET_K_START

SETB EXO0 ;enable external interrupt 0

SETB ITO ;signal type control bit interrupt 0
CLR O1H

CLR EX1

CLR IT1

PUSH PSW

MOV  PSW . #08H
LCALL CLR_REGISTER
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LCALL CHANGE_VALl
LCALL COMPOSE
LCALL CLR_DIGIT
CLR P1.5 ; START MOTOR
POP PSW
RET_K_START: RET

K_BSPACE: JB O00H,RET2
MOV A SPEC
CINE  A#OFFH,BSPACE

SETB  00OH
SIMP L2

BSPACE: LCALL SHIFT_DATA2
DEC  SPEC

RET2: RET

:ENTRY: SPEC
;EXIT: DIGIT_0-7

SHIFT_DATA1l: MOV  ASPEC
MOV R2A
DEC A

ADD A#DIGIT_0



MOV
SHIFT_LEFT: MOV
MOV
ADD
MOV
MOV
DEC
DEC

DINZ

(86] Automatic Coil -Winding Machine

RLA
STOCK,@Rt1
A#DIGIT_O0
AR2

RLA
@RI1,STOCK
R1

Rl

R2,SHIFT_LEFT

»

;ENTRY: SPEC,DIGIT_0-7

;EXIT: DIGIT_0-7

SHIFT_DATA2: MOV
INC
MOV

SHIFT_RIGHT: MOV
ADD
MOV
INC
MOV
MOV
CINE
MOV

SHIFT: MOV

MOV

R2,SPEC

R2

R3,#00H
A#DIGIT_0
AR3
STOCK,A

A

RLA

A@R1
R2,#01H,SHIFT
@R1,#00H
R1,STOCK
@RLA
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INC R3
DINZ R2,SHIFT_RIGHT
RET

*COMPOSE DIGIT DISPLAY -> REGISTERS*

COMPOSE: MOV  RO#DIGIT_0

MOV  R1#0AH ; LOOP R2, R3, R4
COMP1: MOV  A@RO

MOV  @Ri,A

INC RO

MOV  A,@RO

SWAP A

ORL A@R1

MOV @Rl A

INC RO

INC R1

CINE RO#DIGIT_4,COMP1

;***DECOMPOSE REGISTERS -> DISPLAY ***

DE_COMPOSE: MOV  RO#DIGIT_0

MOV  R1#0DH ; LOOP RS, R6, R7
DE_COMP1: MOV  A@RI1

ANL A#OFH
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MOV  @R0OA
MOV  A@RI
SWAP A

ANL A #OFH

INC RO

MOV  @RO0,A

INC RO

INC R1

CINE RO#DIGIT_4,DE_COMPI1
RET

; CHANGE DISPLAY -> NUMBER OF ROUND

CHANGE_VAl: MOV  RO#DIGIT_0
C_VAIO: CINE @RO#05H,C_VAll

MOV  @RO#04H

SIMP C_VA_LOOPI
C_VAIlIl: CINE @RO#06H,C_VAIl2

MOV = @RO#05H

SIMP C_VA_LOOP1
C_VAl2: CINE @RO#07H,C_VAI3

MOV  @RO0.#06H

SIMP C_VA_LOOP1
C_VAl3: CINE @RO#09H,C_VAl4

MOV  @RO#0TH

SIMP C_VA_LOOP1
C_VAl4: CINE @RO#0AH,C_VAI1S5

MOV  @RO#08H

SIMP C_VA_LOOP1



C_VAIS: CINE
MOV
SIMP
C_VAIl6: CINE
MOV

C_VA_LOOPI: INC
CINE
RET

; CHANGE NUMBER OF ROUND -> DISPLAY

(891

@RO#0BH,C_VAI16
@RO0,#09H
C_VA_LOOPI

@RO#0EH,C_VA_LOOPI

@RO,#00H

RO

RO#DIGIT_4,C_VAI10

CHANGE_VA2:
C_VA20: CINE
MOV
SIMP
C_VA21: CINE
MOV
SIMP
C_VA22: CINE
MOV
SIMP
C_VA23: CINE
MOV
SIMP
C_VA24: CINE
MOV
SIMP

C_VA25: CINE

MOV

RO#DIGIT_0
@RO,#04H,C_VA2l
@RO0,#05H
C_VA_LOOP2
@RO,#05H,C_VA22
@RO,#06H
C_VA_LOOP2
@RO#06H,C_VA23
@RO.#07H
C_VA_LOOP2
@RO#07TH,C_VA24
@RO,#09H
C_VA_LOOP2
@RO,#08H,C_VA25
@RO,#0AH
C_VA_LOOP2
@RO#09H,C_VA26

Automatic Coil -Winding Machine



C_VA26:

MOV
SIMP
CINE
MOV

C_VA_LOOP2:INC

CINE
RET

{90} Automatic Coil -Winding Machine

@RO,#0BH
C_VA_LOOP2
@RO,#)0H,C_VA_LOOP2
@RO#0EH

RO

RO,#DIGIT_4,C_VA20

DISPLAY:

D1:

D2:

MOV
MOV
MOV
MOV
LCALL
LCALL
MOV
MOV
DINZ
DINZ
DINZ
INC
INC
CINE
DINZ
DINZ

TIME1,#0EOH
TIME2,#0FFH
RO#DIGIT_0O
R4.#02H
OUT_DATA
OUT_DIGIT
R7.#0CH
R6,#00H

R6.$

R7,.D_D

R7.$

R4

RO
R4,#06H,D2
TIME2,D1
TIME1,D1
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OUT_DATA: MOV
MOV
MOVC

MOV

OUT_DIGIT: MOV
ANL
ORL

MOV

DPTR #CODE_SEVEN
A,@R0O

A,@A+DPTR

PO.A

AP2
A #OF8H
AR4

P2,A

ki CHECK NUMBER OF ROUND* ¥tk

CHK_ROUND: JB

PUSH
PUSH
PUSH
PUSH
MOV
MOV
ADD
DA
MOV

01H,CHK_R2
PSW

ACC

DPL

DPH

PSW #08H
ARS

A#01H

A

02H,C

Automatic Coil -Winding Machine
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MOV  R$A

JNB 02H,CHK _R1
CLR C

MOV  AR6

ADD A#01H

DA A
MOV  02HC
MOV  R6,A
CHK_R1: LCALL DE_COMPOSE

LCALL CHANGE_VA2
MOV  ARS

CINE A, 0AH,CHK_R2
MOV  AR6

CINE  A,0BH,CHK_R2
LCALL BREAK

PUSH PSW

MOV  PSW #10H

LCALL DISPLAY

POP PSW
SETB  OlH
SETB  EXI1
SETB  ITI
CHK_R2: POP DPH
POP DPL
POP ACC
POP PSW

RETI



[93} Automatic Coil -Winding Machine

;*************BREAK MOTOR************

BREAK: SETB P15
LCALL DELAY
CLR P1.6
LCALL DELAY

SETB P1.6
RET
DELAY: MOV  R7#50H

SUB_DE: MOV  R6,#00H
DINZ R6,$
DINZ R7,SUB_DE
RET

HkiikCODE '0'-9' OF 7-SEGMENT*¥s

CODE_SEVEN: DB  00H,06H,5BH.4FH ;CODE 0 - 9 SEGMENT
DB 00H,66H,6DH,7DH
DB 00H,07H,7FH,6FH
DB 00H,00H,3FH,00H

END
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These CMOS kay encoders. provide il the necusiaty
logic™ to ]ully encode aunargav,ul SPST switches. The
keyboued sean can he’ lmplem«‘n(ul hy mkm an exterad
clock or external capsaitur, Lhews encodars alwo h.;v-.- e
chip puli-up devices which pariit switchi, with Ly o
50 k€2 on resistance to be used. No diosdes in the swatch
areay  are needed ta sliminate ghost switches.  The
internal debounce circuit needs only 3 siagle eateroagl
capacitor and can be deteated by amitting u'e capacitor.
A Data Available output goes to a high level when a
valid keyboard entry has been made. The Data Availabie
outpu( returns (0 2 low level when e cntered key is
refeased, even il another key s depieessed. The Data
Available will retucn high o udicste secuptance of the
new key after a normal debounce period; this (wo key
roll over is provided between any two switches.,

An internal register ramembers the last kz‘; presséd
even aftee e hey 15 réleasad. The TRI.STATEY guiputs

AC922/MM74C922 16-Key Encoder
4C923/MM74C923 20-Key.Encoder

provide for casy zxpansion and bus aperation and see
LPT L wompaudbile.
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ibsolute maximum ratings

Voltage a¢ Any Pin .
Operating Temperature Range
MMS4C922. MM54C92)
MM74C822, M2A24CY2)

Storoad Temoeratuce Range

vee - 0.3Vie vee 203V

55 °Cn «1357°C
A0 C o 18Y°C
85 Cta v 180 C
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Automatic Coil -Winding Machine

Package Disuipation
Opsranng Vg Ronge

veo

Lead Tanperatury (Saidenng, 10 secands)

dc electrical characteristics minmax s apply sCrass tempecatuce range unless otherwise: nateddl

500 mw
IV io 19V
18V
300°C

PARAMETER

[ CONDITIONS

1

RETE

MA X T UMITS

CMOS TO CMOS

YTe Pasilive:Gaing Theeshold Voitaye a VCC SV, N 107 mA 3 J6 a3 v
Osc and KBM Inpurs vee - 10V, 1y 2 1.4nA [ 68 a6 -
vee 1SV, iy 2.1 mAa 9 10 129 v
Vo Negatve-Going Theeshold Voltage at VEC T 5V, yN207TmA 071 L4 2 v
QOsc and KBM liputs Vee = 10V, i 1A mA 14 32 q v
Yee t I8V, iy 22 2.1inA P 5 o v
Vingiy Logical <17 Iinput Voltage, Except NCG © SV. k) 45 v
Osc and KBM lnputs Vee - oV 8 9 ! v
- vee = 15y, 12.5 135 v
YinN(o)  Logical 0 Inout Valtage, Except vee =5V, 05 1S R
Osc and KBM faputs vee « o, ! 2 v
vee * 1SV, [} 25 v
kp Row Pull-Up Curreni a1 Y1, Y2, Y3, Ve -9V, vy avvee -2 ) s
S and YE inputs Voo s 10V -10 20 uA
vee © 1SV -22 45 ua
VOUT(1} Logical 17 Output Voltege 7o EicKgC SV, -1g ¢ “10uA 15 v
DR PO [ X éC < 10V, 1g " “10pA 9 v
Veg T 18VL 1g s 1 10uA 138 v
VouT(0) Logical 0" Qutput Voltage: - Sidpned e WeC SV, Jo - 10uA 0.5 v
i T mar s W e = 10V 51Q £ 10uA i v
VCC < I1SV. 1Q - 10gA 15 v
Rgn  Column “ON" Resstance at {% " veg=sv...vo = asv 500 1400 ]
X1, X2, X3 ast X4 Outpus SV vee s 1OV, Vg IV 300 100 a
oveo TSV, Vg e 18V 200 500 Q
lcc  Supply Current % Vitowaov 085 " mA
vee T eV ] 19 mA
vee T 1sv (W 26 ma
TTRY Logical “1” Input Cutrent 3¢ 0.005 10 A
Output Enable
N0} Logical “0" lnput Curtent at- ~ 10 -0 008 uA
Qutput Enable
CMOS/LPTTL INTERFACE
ViNgl)  Logical 17 Input Voltage, Except S4C. vge “ 45V vee VS v
’ Osc and KB# Inputs - 74C. veg * 4.5V vee 1S \
VINGO]  Logical 0" tnput Vallage, Except S4C. Voo * 4 5V os v
Osc and KBM Inputs 14C. Voo v 4.75v 08 v
VouT(1) Logical 1 Output Voitage S4C. Ve 7 4 SV, 2.4 v
' 10 * ~360uA
74C. Vg 4 I8V, 1y v
1o+ -60uA
VOuT{0) Logical "0 Quipu: Voliyge £4C vee - 4 SV, 0a v
fey - =360uA
1ai, dee -4 15w 94 v

[N

.

-Jo0u A
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dc electrical characteristics (cop't)

PARAMETER! | CONDITIONS [ min | rve | max | onn
OUTPUT DRIVE {Sse 54C/74C Family Characteristics Data Sheet} - e
Isou chOu(pu( Source Current (P-Channel) Ve = 5V, Yout @ V. -1,79 | 3.3 i
Ta =25°C \
ISQURCE Output Source Current {P-Channel) vee = 10V, VouTt =0V, -8 -15 n:
Ta=25°C
ISINK  Output Sink Current (N-Channel) vee = 5V, VouT = Vee. 175 | 36 na
Ta =25°C
ISINK  Output Sink Current (N:Channel) Vee = W0V, VouT = Vec. 8 16 ma
Ta =26°C
ac electrical characteristics T4 =25°C
PARAMETER ) CONDITIONS MIN | TYP | MAX | unat:
tog0.tpul Propagation Delay Time to Cy =50 oF, (Figure 1)
Logical *’0°* or Logical 1" Vee =5V 60 150 ns
from D.A, Vee = 10V 35 80 B
Vcc = 15V 25 60 [1}3
toH.t1H  Propagation Deldy Time from Rg = 10k, C = § pF, (Figure 2)
Logical “0° or Logical 1" Vee =SV Ry = 10k 80 200 tes
into High Impedance State Vee = 10V C = 10 pF 65 150 ns
vee = 15V 50 110 0y
tHO.tH1  Propagation Oelay Time from Ry = 10k, C = 50 pF, (Figure 2)
High impedance State to a Vee =5V R = 10k 100 250 o
Logical 0" or Lagical *'1"* Nege = 10V Ci = 50 uF 55 125 us
: ' vee = 18V 40 90 ns
CIN Input Capacitance Any Input, {(Note 2) [ 1.5 uF
CouT TRI-.STATE Output Capacitance Aany Qutput, (Mote 2) 10 pF

Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Qgperawm
Temperature Range”™ they Jre NOC Meant 1o imply that the devices should ba operated 2t these limits. The table of “Elecirical Ch,llcullinu

provides conditions loe actiual device operation.
Note 2: Capscitancs is guaranteed by periodic testing.

switching time waveforms
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[ oata out T
' ! T
-] 5 ‘__. - 11 vee
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AYAILABLE . 98 vee
[
!
- Y00
Veeo
QALA asy Fasv
outrr o « RERALL

Ti= T2 ~RAC, TI ~ 0.7 RC where A > 10% and C is external

capscitar st KBM input.
FIGURE 1

FIGURE 2
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block diagram
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typical performance characteristics
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typical performance charactetistics (con't)

Typicel Dabeurce Purlod
' Typical Fscan v Cosc v Cxen

' 2RI =x E==5370%
) = R

é o oy 4 Sl by ¢ —
. 00 |k el
-3 e 531 —433 —3-F1 ]
z 2 b i
« = 1 |

" < o= = = =

=

H ih
= uﬂ
) I

typical applications

Synchronous Handshake (MM74C922)

Cuam LF)

T wis

g

Synchronous Delas Entry Onto Bus (MP74C3922)

MMI4CS22 140822
1 KM X4 KIM
X3 X3
“ ofb—+ ob—»
o Cp—a ; Cr—
| oSk Ovara sus 10 CAtA BUL
l 2 =y L
(R R RN i 12|18 p——odri
Ap-— b= —4—$— A=
1efs |4 154 1la]s]s A2
aa = [IYPITars s B = 0A CATAAvAICASLE
s 1Al Yl glaleie 7
Flejo Y 24V o- c 1"
- L SR AWl NG 7
9s¢ T INVITATION] pic ¢
SYSTEM SYSTEM 3
CLOCK p— CLOCK D— N
SEENOY
(SEENOVE D) - (seemored ]
_‘(xuuounur * J
IRESPONSE) ‘

Quiputs ara ensbled when valid entry s madte and
¢ into TRESTATE wien key is celessed.

Asynchronous Data Entry Onto Bus (MM74C922)

—1 1
E3

Keyboard Suppliers
Mini Key Series KL

Oigitran Company MNTACHTT
Pesadena, California ¢ K3M
Computronics Engineering X1
7235 Hollywood 8ivd Ap————p
.Hollywood, Calilornia 90046 Az e
x1 TO OATA BUS
¢
Jfryrqo Yl
o p———
1{efs]¢ Yl
OAp———-——@— OATA AVAILANLE
[(EEY R ERI Yl
Flejofc Y4
§ oscl o€

j:.-_c

VG 1404

Quiputs are in TRISSTATE until key is pressad, then data 13 placed on bus.

Yhen key is relessad, outputs caturn to TRISTATE.

Nate 3: The keyboerd mev be synchronously scanned by omitling the capacitor at 03¢, and driving osc. directly if the 1yitern clock

rate s lower then 10 kHz,
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MOTOROLA
= SEMICONDUCTOR
TECHNICAL DATA

SWITCHMODE
PULSE ‘NIDTH MOCULATION «
COMTROL CISCUITS

) The TL494 is a fixed freauency, oulse width modulation controt
circuit designed primarily for Switchmodce power supgly control.
This device features:

. Comglete Pulse Width hModulation Control Circuitry

On-Chip Osciilator Witn Master Or Slave Operation

On-Chip Error Amplifiars

Cn-Chrig 5 Volt Reference

Adjustable Dead-Time Contrel
® Uncommitted Output Transisiors Rated to €00 mA Saurce Or

Sink s
j
Cutput Control For Push-Puil’Or Single-Ended Operation
o Undervoitage Lockout

Non-inv
1
tnout I —_

Inv
tnout [ *
Compan/
PwiM Ccmnl To—_— - 3y 4 |Vagr
inou: AER
noy v
Da2a 92 —1
Tirme | 4 b— l._J l 13 [Cu vt
Control Con o

er[£]
! Qsciltator
<

Ry E-—] R {—JEU
o o3
Grouna E—————J \—J—-

ci|8

(100 view)

The TL4S4C is specified over the commercial operating range
of 0°C to 70°C. The TL4S41 1s specitied over the industrial range
of —257°C to 385°C. The TL4S4M is specified over the full military
range of —55°C io 125°C.

SEESEy—

Automatic Coil -Winding Machine

TL494

_

SWITCHMOCDE

PULSE WIDTH MODULATION
CONTROL CIRCUITS

SILICON PMMONOLITHIC
INTEGHATED CIRCUITS

J SUFFIX
CIRAMIC PACKAGE
CA4SE 620

ti SUFFIX
PLASTIC PACKAGE

CASE 6258

ORDERING IMFORMATICN

Temperature i l'
Device Range | Package |
TL494CN . .. ! PlasicDIP |
TL494C) €10 ~70°C | Coramic DIP
TL4SSIN N .~ | Fiasuc OIP
TLegal —230] <E8°C l Ceramic 1P
'orLagems -557to +125°C | Ceramic DIP

MOTOROLA LINEAR/I!INTERFACE DEVICES
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TL494

FIGURE 1 — BLOCK DIAGRAM
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1 i@ i3 150 § AN, s ;
L - 55 o 45.\0
Serof Acp Feeabacx 2 W M Crior Arp Ref =
v Comoaraiar 1nout ? Quiput
t
FIGURE 2 — TIMING DIAGRAM
Cagacitor Cy /
+ ~% Feeobackr.'/.M. Comp. j jr% / l /l /41‘/1’/ "1« / A‘/L
Deag-Tirme Cont-ol é‘ 1_ ' / 7
Fiip-Flop ’_] I'] —l r r
[_’ P Clock Inou( _I
('1
Flip-Flop i i
dik l SRS
i : | | | : | | |
F'io-floo B ' T |
@ ot ] L L] [ I N B
! | ; |
\—.Output Q1
Emitter L | [
! l i ' !
| — i
——  Output Q2 | i I
Eminer ; i ]— l l r i L
! i L .
Output ] | i 7 i T T T \ 4
Control ! ; ' | | | l l L ! !

MOTOROLA LINEAR/INTERFACE DEVICES
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Description

The TL494 is a fixed-frequency pulse width modula-
tion control circuit, incorporating the primary building
blocks required for the control of a switching power
supply. (See Figure 1.) An internal-linear sawtooth oscil-
lator is frequency-programmable by two external com-
ponents, RT and Cy. The approximate oscillator fre-
quency is determined by:

pi

.Iqsc '.'*'E‘s
X° RreCr
for more information refer to Figure 4.

Output pulse width modulation is acco;p_ohshed by
comparison of the positive sawtooth waveform across
capacitor Cy to either of two control signals. The NOR
gates, which drive output traansistors Q1 and Q2. are
enabled only when the flip-flop clock-input line is 1 its
low state. This happens only auring that portion of tme
when the sawtooth voltage is greater than the control
signz!z. Therefore, an increase i control-signal amp!i-
tude causes a corresponding linear decreasa of output
oulse width. (Refer to the timing diagram shown in Fig-
ure 2.)

The contrcl signals are external inputs that can be fed
into the dead-time control, the error amplifier inputs.
or the feeaback mpu( The dead-time control compar:
ator nas an effective 120 mV input offset which hrits
the minimum output dead time (o approximately the
first 4% of the sawtooth-cycle ume. This would result
in @ maximum duty cycle on a given outout of 96% with
the output conlrol grounded ag,g,ds"/. with it cqnnecxeq
to the re'ereo;

[101]

NL WV opm

The pulse width modulator comparator provioes a
means for the error amphifiersto adjust the outpUtdulse
width from the maximum percent on-time. estachsned
by the dead time control input, cown to zero, 3s the
voltage atthe feedbackpin vanes from 0.5t0 3.5 V. Both
error amplifiers have acommon-mode input range from
-0.3Vto (Ve -2V). and may be used to sense power-
supply output voltage and current. The error-ampither
cutputs are acuve high and are ORed togetner at the
non-inverting ynput-of the pulse-wiath modgulator com-
parator. With this configuration. the amountier ihat oe-
mands minimum outpul @n ime, dominates coatrol of
the loop.

When capacitor Cy is discharged. a positive pulse. s
generated on the outpul Of the deag:(ime.comparator,
which clocks the pulse-sieering thp-tiop and innioits the
oulput transistors. @1-and Q2. With tr.2 output-contrei
connected to the reference line. ihe pulse-steering {Lio-
flop diracts the moculaled pulses (o -eacn of the w0
output transistors aliernalely for pusn-pull 0ger3iion.
The output frequency is equal to nalf tnat of the oscii-
lator. Quitput drive can aiso ve taxen from Q1 or Q2.
when single-ended operatien with 3 maximum of - time
of less than 50°% i1s required. This is desirable «vner tne

output transformer has a rnngback winging with 3 catcn

diode used for snubbing. ‘Wren nigher outout-arive cur-
rents are required for single-ended operztion. Q1 and
Q2 may be connected in paraliel. 3ang tne outout-moce
pin.must be lied to ground to disaoie tne flip-tioo The
output frequency will now be equai (0 that of the
asciliator.

The TL494 has an internal 5 V reference capaole of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of
=5.0% with a typical thermal drift of less than 50 mV
over an operating temperature range of 0 to 70°C.

FIGURE 3 — FUNCTIONAL TABLE

Input 7 12_‘_,_‘ _ :
Output Qutput Function i oy i
Control : :

Grounded l Single-ended PW.M. at Q1 and Q2 H 1
At Vref | Push-pull operation i 05

Automatic Coil -Winding Machine

L

MOTOROLA LINEAR/INTERFACE DEVICES
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Automatic Coil -Winding Machine

MAXIMUM RATINGS (Full operating ambient temperature range applies unless otherwise noted)

Rating Symbol TL494C i TL494! TL4S4M | Unit
Power Supply Voltage Vee 42 42 i a2 I v |
Collector Output Voitage Ver. Vo2 42 42 | 42 iV
Collector Output Current (each transistor) (1) Ici.lc2 500 500 | 500 ] mA
Amolifier Input Voltage Range VIR -0.310 42 -03t042. | -03twa | V.
Power Dissipation @ Ta & 45°C Po . | 1000 i 1000 ¥ 10C0 D mw !
T 1
Operatng Junction Temperature Ty | ! l i
Plastic Package 125 i 125 5 - |c
Ceramic Packaze 150 ! 150 i 150 | C .
Operating Ambient Temperature Range ! Ta 0to 70 i - 25 10 85 -sswas | €
Storage Temperature Range Tng ?’ : € I
| Plasuc Package ¥, 45428 W - Ao Toasgh | - | |
| Ceramuc Package i/ -6510150 ! ~6540 150 | -65tw 150 ! |
NOTE 1 Maximum thermal limits must Se observed
THERMAL CHARACTERISTICS
Characteristics Symbol | N Suffix Plastic Package | J Suffix Ceramic Package | Unit |
Thermal Resistance. Junction to Ambient | Roa. | 80 | 100 | icw
bevannq Ambient Temperature i Tee i a5 50 ' &
RECOMMENDED OPERATING CONDITIONS
! ! 1 TL494 | |
3 Condition/Value i Symbol - - Unit |
¢ ' { Min Typ Max |
| Power Suoply Voltage - Ir Mecia 70 i 15 ! 40 by
{ Collector Output Voltage i Ve Ver - : 30 49 =y
Collector Output Cutrent (each transistor) | e ez - - 200 | mA |
| Amplifier Input Voltage Vin 0.3 4 (F¥CC - 20 - ¥
] Current, Into| eedhack _crﬁir'! o ‘. o 1 - - i 03 na |
Refer Output Current = §# Ire ; ; = ) 10 mA |
ingResislor TRY. 1.8 30 i 500 kol
| Timing Capacitor 3.Cr. - 0.0047 0.001 T 10 WF |
I v - : :
| Oscillator Frequency osc 1.0 40 : 200 kHz

ELECTRICAL CHARACTERISTICS iVcc = 15V, Cy = 0.01 uf, AT = 1Z kil uniess otherwise noted.)
For typical values Ta = 25°C, for min max values T4 is the operating ambient temperature range that apphes unless otherwise

noted.
) TL494CH TL4S4M | i
Characteristic Symbol 1 Unit
Min | Typ | Max Min | Typ l Max |

REFERENCE SECTION
Reference Voltage | Vreef I 475 | S0 ! £25 475 : 50 ! 525 ! Y |
g = 1.C mA) ! ! I i ' | !

T 1 T T

Line Regulation | Regune | — | 20 | 2 - 1 20 | 25 mvo
(Vee = 7.0 Vo 40 V) | i { ’ : |
Load Regulation Regload | — | 30 | 15 — | 30 | 15 mv o
(lg = 1.0 mA to 10 mA) ; { | i ! i
Short-Circuit Output Current Isc [ 15 135 | 75 15 I 35 75 mA ‘i
(Veef = 0V | ! ! !

MOTOROLA LINEAR/INTERFACE DEVICES
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TL494

ELECTRICAL CHARACTERISTICS (Vce = 16V, CT = 0.01 uF, Ry = 12 ki) unless otherwise noted.)

For typical values Ta = 25°C, for mivmax values Ty is the op ] alure range that applies unliess otherwise
noted.
] =S TL434C TLagam nit
Characteristic ¥y ni
MulT Typ l Max Min | Typ | Max
OUTPUT SECTION
Collector Off-State Current ICtoH) - 20 100 - 20 100 KA
(Ve = 40 V. Vog = 40 V' ‘

Emitter Of-State Current 1g{oH) = - - 100 = - -150 nA
(Voc =40V, Ve = 40V. Vg = 0V)

Cait Emitter S ion Voltage (2) VSAT(C) - 1.1 1.3 - 1t s v
Common-Emitter i !

(VE = OV, I¢ = 200 mA) { !
Eminer-Follower VSATIE! — 15 25 — s ¢ 25 v.
(Ve = 15V, Ig = -200 mA) ] ! i ! !

Output Control Pin Current loct L Atk o< g — BaED B A

Low State i ! ! i : i
(Voc % 0.4 V) i | : - ! :

High State { tocH - Vo2 | 1s — 102 i 35 | ma
VOC = Vref! ! . i . :

Output Voltage Rise Time T\, — w00 i 20 | — D00 & ze0 | as |
Common-Emirer (See Figure 13) ! ' : d ‘ i
Eminer-Follower (See Figure 14) : — i w00 ' 200 — ! w00 26 1 s

Output Voltage Fall Time Cooy - i # jwo [ — T w0 ¢ ons
Common-Emitter (See Figure 13} = i ; ' !
Emitter-Follower {See Figure 14) : o= 2 1 o100 -~ *+ a0 100 ns !

C { TL494 g
Characteristic ¢ Symbol t— % ; - * Unit |
: | Min I Typ ! Max i j
ERROR AMPLIFIER SECTIONS
Input Offset Voitage ~ve & - 20 ¥ 10 Comv
(VO (Pin 3) = 2.5 V) . i : 1 !
Input Offset Current T - 5.0 ; 250 i na
VO (Pin 3) = 25V i ] ; i
Input Bias Current U1} | - - 0.1 . 10 §omA '
VO (Pin 31 = 25 V) i i i 3 i (
input Common-Mode Voltage Range ! vicr -03t0 1 - : — A
(Voe = 40V, Tp = 25°C) i Yee-2.0 i H )
Open-Loap Voltage Gain i AvoL ) 35 g - . B |
AV = 30V, Vg = 0.5t 35V, ! i i :
Ry = 2.0 kil ! o : :

Unity-Gain Crossover Frequency | Ic ! - i 350 ; — [ TN
Vg = 0.510 3.5V, R = 2.0 kid) i H ; ! '

Phase Margin at Unity-Gain Om - 65 ] - [ odeg.
(Vg = 0.5t0 3.5V, R = 2.0 ket ! ! '

Common-Mode Rejection Ratio CMRR 65 920 i ! a8
(Vee = 40 V)

Power Supply Rejection Ratio PSRR - 100 - o8 |
(AVeg = 33V, Vg = 25 V. R = 2.0kiY !

Output Sink Current o 03 0.7 — mA
Vo (pin3) = 0.7 V)

Output Source Current 6- 2.0 4.0 — mA
VO (Pin 3) = 35V

NOTE 2: Low duty cycie puise techniques are used dunng test to i as close to amb: as

MOTOROLA LINEAR/INTERFACE DEVICES



[ 104] Automatic Coil -Winding Machine

TL494

ELECTRICAL CHARACTERISTICS (Vcc = 15V, Ct = 0.01 uF, RT = 12 ki) uniess otherwise noted.)
For typical values Ta = 25°C, for min/max values T is the operating ambient temperature range that applies unless otherwise
noted.

TL4S4 Unrt

Characteristic Symbol T
Min l Typ | Max

PWM COMPARATOR SECTION (Test Circuit Figure 12)

Input Thresholc Vi e VTH — 35 45,
(Zero duty cycle) 5 :

Input Sink Current N h+ 0.3 0.7 —_
(V(Pin 3) = 0.7 V)

DEAD-TIME CONTROL SECTION (Test Circuit Figure 12}

Input Bias Curren: iPin 4) i (OT) —_ =20 -10 BA ,

mA

(Vpin &) =085 251 ¢
Maximum Duty Cycle, Each Output, Push-Pull Mode OCmax 23
. (VPin & = 0V, Cy = 0.01 uF, RT = 12 kM) N7 48 50
"(VPin 4 = OV, Cr = 0.001 uF, RT = 30 k)" . - - 45 50
Input Threshold Voltage (Pjn 4) VTH \'

(Zero Duty Cycle) ‘#GEe o 5

(Maximum Duty C!
OSCILLATOR SECTION

Frequency 'osc
(Ct = 0.C01 uF, RT = 30 ki2)
Standard Deviation of Frequency* olosc T 3.0 - %ad
(CT = 0.001 uF, R = 30 ki)
Frequency Change with Voltage Mosc (av) x 0.1 - %
(Ve = 70V 040 V. Tp = 25°C)
Frequency Change with Temperature Sgsc (aT) _ —_ 12

(ATA = Tiow to Thigh!

{Ct = 0.01 uF, RT = 12kN)
UNDERVOLTAGE LOCKOUT SECTION
Turn-On Threshold (Ve Increasing, lref = 1.0 mA) Vin T 5.5 | 6.43 7.0 i v ]
TOTAL DEVICE
Standby Supply Current Icc

(Pin & at V(gf, All Other Inputs and Qutputs Open)

(Vegc = 15 V) —_ 8.5 10
(Ve = 40 V) — 7.0 15

— <0 - kHz

Yo

ey

mA |

Average Supply Current — —_ 7.0 mA
(V(pin 4) = 2.0 V) (See Figure 12) i
(Cy = 0.01 uF, RT = 12ki), Vcg = 15 V)- ) |

*S 53 ol the abcul the mean as denved lrom the lormula, -«

MOTOROLA LINEAR/INTERFACE DEVICES
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105¢. OSCILLATOR FREQUENCY (He)

o

~ oo

g

 OT, PERCENT DEAD-TIME, EACH QUTPUT

VCC(sat)- SATURATION VOLTAGE (V)

S

TL4S4
FJGURE 4 — OSCILLATQR FPEQUENCY FIGURE 5 — OPEN-LOOP VOLTAGE GAIN AND PHASE s
"% yersus TIMING RESISTANCE . - versus FREQUENCY A
o o mas 2 R et T 12 T I’
I 25 2 — 10 i
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FIGURE 8 — EMITTER FOLLOWSR CONFIGURATION FIGURE 9 — COMMON EMITTER CONFIGURATION
OUTPUT SATURATION VOLTAGE versus OUTPUT SATURATION VOLTAGE versus
EMITTER CURRENT COLLECTOR CURRENT
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FIGURE 10 — STANDBY SUPPLY CURRENT
versus SUPPLY VOLTAGE
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FIGURE 11 - £990% AMPLIFIS CHARACTERICTICS FIGURE 12 — DEAD-TIME AND FEEDBACK CCNTROL

| TEST CIRCUIT
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FIGURE 13 — COMMON-EMITTER CONFIGURATION
TEST CIRCUIT AND WAVEFORM
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FIGURE 14 — EMITTER-FOLLOWER CONFIGURATION
TEST CIRCUIT AND WAVEFORM

15V

‘_—éc
!Each ) I'

{Cutout —1 Q
l Teansistor !

90% — 0%
Vee
18% 10%
Gnd_..—] L.—.—
— i U

MOTOROLA LINEAR/INTERFACE DEVICES



[107] Automatic Coil -Winding Machine
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FIGURE 15 — ERAOR-AMPLIFIER SENSING TECHNIQUES

. Vo
) To Qutput
| Voitage of
a1 :: System

NEGATIVE QUTPUT VOLTAGE R1 -
Ry
vo Vret 73
R23 POSITIVE OUTPUT VOLTAGE & vo
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FIGURE 18 — DEAD-TIME COMTROL SIRCUT T:GQUNE 17 — SOFT-START CIRCUIT
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