7unun17ihﬁnxﬁﬁa7n1wuaan1un1nvaa§u

(THE PICTURE STARILIZER FOR BALLOON CAMERA)
P
UIH Tnﬂﬂ VUETAY
w 3 - o
I8 INTNHEN gﬂtﬁaﬂu
& o & & [4
Wi 3T Auade A

’
P

e TR A Aouna

in ow
2191 TEmTREY

4 '
07197 NHRINT NRDINIT

o @ ¢e [YRP- do
ﬁ7@q1uuusanv1vﬂ7m@1qmﬁwun77uﬁ1ﬂm7um%m
r-1 y-¥-% . .D ‘
AR 1% | RED L AANTO AR
a r'4
ABEIAINTTNANANT
anﬂﬁuxﬂﬂTuTﬂﬁwTuaauxnﬁﬁnﬁﬁqmnw17 RIONTHUY

1n17ANEN 2538



InnTANNT 2533

1suunn7¥nvﬂxﬁnvnkuacﬂwuawﬁnaaqu

Tae
e INAR L LWETAY 32,3306
o ‘ ~ o
W INTNAE AL 30T 32,3308
a o a e
We F7R ﬁugvmﬁxﬂ7v§ 32,3309
g 1TANR  LABuNe 32,3310
o o
o191TanlTAEn

s )
o197 NORNT naR;ANIT



IFgnlivus innafingn 2533

ﬂ?ﬂ%ﬁﬁtﬂﬂﬁﬂ?ﬂﬂﬂﬂﬂ??&

& . 1 - A » S w
ABBIANTTRERART ﬂﬂ?ﬁulﬂﬂﬁu.{aﬂ'ﬂ'}'ﬂ"?@ﬂ‘na'? "‘Vqﬂmlﬂ“q'fﬂqﬂﬂ'fﬁ‘l.l\’

VT4 THBUﬂﬁT;ﬁEWtﬁESTHWWWQQRWW?WﬂUERQE

RN
v
Loune Inea VNETAY 32,3306
v ' & o
zowny SnTnqud wMiSelu 3z, 3a0e
a y -] -2 = . " A -’
3,978 37T Sug2duinud 32,8805
soune lTaw AU 32,3310

3 z in o

z ;;:;Ezn . o TemlTm
\
' '

(973778, NGIINT  NRBIANT)

B NI Re NS NTINNT

(WA AT, NUN LFUTTRIHLILE)

<Z:21M- nNTTINT
(2797178, ©TTINENGE véwaqai

v 2208127

nsne tﬁuu....?..lﬁ 'IQ.QZ-.....

3, now. 1! 18 00,30

027302



Tuuun17¥n31xaﬁﬂvnwumsahwwwvnvaagg

e InAw CHYTRY 32,3306
o { F- F-3
wie dnTnqws wuSeSu 32,3308
o o o a 4
Wy 379R AugalRyi ALy 32,3309
- -} »
e T8 Apuna 32,3310
4 '
919178 NORINT  NADNNNT
e
219 TEMYTNEA

In17An¥n 2533

UTARNED

| 2
o o

' ) 1
Tﬂ7ﬂ97uﬂﬂﬂaqﬂﬁ%Qﬂﬁuu ‘ﬁuﬂWTﬂﬂﬁjuﬂHDDﬂEUUﬂ7uﬂqiquﬂﬁTQQUQN
» u{n: n: a:(‘ 1 » a' a:
ﬂﬂﬂﬂTﬂ?ﬂﬂuﬁﬂQﬂmﬂﬂﬁﬂuﬂaﬂﬁu ﬂ{iquﬂqTaQﬂqﬂuquﬂﬂ41“ﬂ7Wﬂﬂ7WﬂﬁﬂQaﬁa‘
a I'e v o ¥ 10 a v o o ' y o a { » 1 woe &
u&ﬂﬂ’%ua7uqluﬂulﬂ?ﬂ?qguﬂ7uﬂﬂﬂvquﬂuqﬂ77‘aﬁﬂewﬂulﬂ07“371ﬂzaﬂun77

YR ' - 2 » s o v ™ £ & 8 € wu
/ULIWD 5W7WB71‘NBiTWuqﬂaﬂquqﬂﬂﬂuaﬂﬁu“a7QBN{ﬂﬂlﬂﬂ7ﬂ7qq 79n1 LRAD

o Jv -] v ¥ o l:“\‘ [ lu‘nun
UDARUINITAU (K7 anwnaa@unﬁvﬂulnvﬂvﬂTﬂaxﬂaznavnﬁwmqaaau LHTBRY-
: ) Lo v o -

WU project TULILNT senser AN WAT LTIRIATIUTLTA L TOTAWINEARANN ¢
I'I:’ » ® u{u ﬂ' [ %) t i3 ¥
WRI8 997181 ENAD ¢ TNTRARINN TAD LR YD § LwDﬂ7UQNﬂ7£ﬂﬂqﬂﬂWNWTQﬂﬂﬂﬂuﬂﬂ

s a in » o
ﬂT?ﬂﬂﬂ?D&@ﬂ&ﬂﬂTqﬂﬂuﬂ7u9

a v u du o~ [T ) » Z { &

AmTUmINIT L ARERNAD Y Lu AT sl th el o N maT TR 4 1

&4 v v - ' o v 8 '
VUBRTULLARDY RAIUTIHRLE | DU ﬂq780ﬂ“UUTﬂTVa770 zﬂ?gﬂ7 QBuqiﬂuﬂﬂ%

)] o o lc‘l’
T iwue u



THE PICTURE STARILIZER ﬁOR BALLOON CANERA

MR, X0S0L PHETKONG

MR, CHAKKRIT CHUDGHUACHIN-
MR,JIRAVUT  SINTUVANITCHASED
MR.JIROPAST SUAKAEW

MR, KITDAKORN KLOMKARN

ADV]ISER

ACADEMIC YEAR 25383

ABSTR&CT
Thie reseerch project is concerned sbout design and

construction of cemers movement unit which insteletion on
belloon, The mejor problem of +trensmission the picture from
belloon is ripple picture duc to the wind around the belloon,

Ta ®solve this problemy +this project design the wind
eeneer which interfece with microprocessar thet use to find
direction and computstion for compesste the movement of cemers.

Tﬁe movement control pest use four phese stepping moter,

circuit and detsil stucture ere elresdy present in this thesis.
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SOFTWARE . PROGRAN

ADDRESS 0BJ, GODE LABEL MNE, CODE
0000 |
- 0001 AF = X0R A
0002 ap *1 _ DEC A
0003 00 ' : NOP-
0004 20 FC JR NZ,¥
0006 ca 10 00 ‘ TEST 1
0010 31 00 3F TEST 11 INGLD SP.QFOO
0013 3E 80 LD A,850
0015 D3 03 QUT  (03),A
-0017 OE 20 . : LD G,20
0018 1E G4 Iy LD E,04
001B 3E 88 . - LD  A,86
001D EE OF B AND OF
001F oD o S DEC 6
0020 GA 30 00 4 Jp i.TEST‘Z
0oz3 V D3 0Z " QUT  (02).,A
0025 "op 06 oC ‘ GALL ‘DELAY 3
0028 1D ' DEC E
0029 CA 18 00 JP Z,A
002C OF | RRCA
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ADDESS

003D
003F
0G40
0043
0045
0648
0049
004G
004D
0060
0062
0064
0067
0OES

0o&h

UBJ,
c3
3E

hns
CD
OF
1E
3E
EG
oD
CA
U3
cD
1D
. GA
a7
c3

SE

na

GD

OE

iE

JE

CODE LABEL

iD 00

00 TEST 21

0G 0D

04 : G-

OF ]

&0 GO

00 oC

48 00

00 - TEST 31

00. 0D

30

04 . Ei

88

78

MNE, CODE

JP
Lo
ouT
CALL
LD
LD
LD
AND
DEG
JP
ouT
CALL
DEG
JP
RLCA
JF
LD
oUT
GALL
LD
LD

Ly

B

A,Q0

(02),4

DELAY 4

Z,TEST 3
(02) &
DELAY 3
E

Z,C

A, 00
(g23,A

DELAY 4

G,30

E, D4



ADDESSS
006D
O0&F
0070
0073
0075
0078
0078
007G
007D

goso

00AQ
0043
GOAR
QOASB

O0AS8

OBJ,
EG
o
CA
D3
(Y
to
CA

OF

JE
D3
Ch

OE

0p
CA
D3
Gp
1D

CA

CODE

FQ

50 00

&5 00

&0 GO

00 @D

FO

¢o Do

0z

G0 oG

88 00

LAREL

Fi

TEST 41

G

Hi

76

MNE, GODE

AND FO

DEC €

JP Z,TEST 4

ouT  {022,A

CALL DELAY &

DEC E

JP Z,E

RRECA

OUT  {(021,4A

CALL DELAY 4

LD c,20
LD E,04
LD A1t
ARD FO
DEG C

JFP Z,TEST b
OUT (0214
CALL DELAY 8

DEC E 2,

"JP Z,



ADDESS GBJ. CODE LABEL NNE,CODE

00AC 07 RLCA
OO0AD €3 8D 00 JP H

00Co 3E 00 TEST &1 LD A,00
00C2 D3 02 OUT (02),A
00G4 CD 00 OD CALL DELAY 4
00C7 OE 20 LD G,20
00Ge {E 04 1t LD  E,04
OOCR 3E 88 LD 4,88
00CD E6 FO ; J1 ARD  FO

OOCF oD : DEG G

00D0 CA FO 00 JP  Z,TEST &
0003 13 02 _ OUT (02),A
00DE CD 00 OC CALL DELAY 3
ooDe 1D DEG E

00De CA Co 00 JP Z,1
00DC OF RRCA

00DD €3 CD 00 JP

0OFO 3E 00 TEST 61 LD A,00
00F2 13 02 , OUT (02),A
0OF4 CD 00 0D CALL DELAY 4
00F7 0E 20 LD G20
00FS {E 04 X1 ' LD  E,0
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ADDESS

QOFB

O0FD

OOFF

0100

D103

0105

o108

0108

010€

g10D

0120

0122

0124

08J,

JE

EG.

0D

CA

Ch

1D

CA

oF

Ch

QE

1E

JE

EG

op

CA

Cop

iD

CODE LABEL
a8
oF Lt

20 01

00 0C

FD 00O

2o TEST 71
oo 0D
a4 K1t

11

FO Ni

02

Q0 0C

78

MRE, CODE

LD A, 88
ARKD OF

BEC G

JP Z,TEST 7
OUf (02).,A
CALL DELAY @
DEC E

JP Z.K
RRCA

JP L

LD A, 00
QuT (G2).A
CALL DELAY 4
LD C,30

LD E 04

LD A,y 11

AND FO

- DEC C

JP Z,TEST &

ouT (02,4

CALL DELAY ¢

DEC E



ADDESS

0138
013C
013D
01B0
01562

D154

0160
0163
0165
0168
0169
016C
016D
0180
0182
0184

ota7

0RJ.CGODE

CA 25 0Ot
07

G3 2b a1
3E GO

D3 02

Cb 00 0D
0E 10

{E 04

JE &8

E& FQ

C& 80 0Ot

nDa G2

1D
CA B9 O1
OF

C3 &D 0O}

D3 0z

-CD 80 0D

QE 20

LABEL

TEST 81

a1

Pi

TEST &1

78

MNE.CODE

JP
RLCA
JP
Lo
ouT
CALL
LD
LD
LDb
ARD
DEC
JF
ourt
CALL
DEC
JF
REGA
JFP
LD
ouT
CALL

LD -

I,N

N

A, 30

(02) A

DELAY 4

A, 00

(021, A

DELAY 4

.20

.8
PO



ADDESS

0188

O18R

018D

O18F

0130

0188

018¢

oian

g1B0

G1ep2

O1B4

C1iRr7?

O1iRS

C1RB

Q1RD

O1BF

01co

01ca

01G5

0B,

1E

dJE

E6

oD

CA

CD

1D

Ca

07

€3

Ch

OE

1E

-3E

E&

o

CaA

D3

CD

CODE

04

i1

FF

BO 01

oG oG

89 Gt

80 01

GG 0D

FF

E0 01

02

G0 GG

LABEL

Q1

K1

TEST 101

51

T

80

NRE. CODE

LD E.04

AND FF
DEC ¢

- JP Z.TEST 10
OUT (02).4A
CALL DELAY 3
DEC E
JP Z,Q

RLCA

LD E,04
LD A,88

AND FF

DEG C

JP Z,TEST 11
OUT (02),A

CALL DELAY 3



ADDESS ORJ. CODE LABEL ¥NE. CODE

o1c8 1D DEC E
0169 CA BS O1 JP Z.8

01CC OF RRGA

01GD c3 BD 01 | 9P T

O1ED 3E 00 TEST 111 LD 4,00

01E2 | D3 02 OUT  (02) A

OiE4 cp 00 oD : GALL DELAY 4
DIE7 OE %0 1D C,20

O1ES 1E G4 a Ui LD E,04

O1EB 3E @@ LD A,88

O1ED ! EE FO Vi AND FO

O1EF oD DEG G

OIFO CA 10 0z JP  Z,TEST 12
O1F3 D3 02 OUT (023 ,A

O1FSE CD G0 OC CALL DELAY 3
01FB 1D DEC E

01F8 CA ES 00 JP Z,U

O1FC OF 'RRCA

OIFD £3 ED 00 : JP ¥

0210 3E 00 TEST 121 LD  A,00

0212 D3 02 OUT (023:A
0214 €D 00 OD ‘ CALL DELAY 4 .
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ADDESS

0217

0219

0BJ,
QE
1E
JE
Eb
oD
CA
b3
CD
1D
CA

07

CUDE

20

04

11

FO

0o

02

oo

1D

03

g

LABEL

g2

Wi

X1

NRE,

LD

LD

LD

ARD

DEC

JP

ouT

CALL

DEC

JF

RLCA

JP

CODE

Z,SELECT 1

(02), A

DELAY 3



ADDESS OBJ, CODE LAREL. MNE., CODE

0300 3E (OO0 SELECT 11 LD A,.00

0302 D3 02 OUT (02),A
0304 CD 00 OD -CALL DELAY 4
0307 16 FF LD  D,FF

03089 3E 10 LD  A,1C

030B D3 01 CUT (01,4
030D €D 00 OA " GALL DELAY 1
0310 ‘ 3E 00 LD A,00

03812 D3 01 . OUT (01),A
0314 GD GO OR CALL DELAY 2
0317 DE Q0 i IN A,(00)
0319 a2 SUR D

D31A 4F LD CyA

031H . 1E 04 Akt LD  E,04

031D 3E 88 LD A,E88

Q31F EE OF BB} AND OF

pazi oD DEC €

0azz CA 00 04 JP  Z,SELECT 2
0325 ‘DS 0z OUT (02),A
0327 CD 00 OC CALL DELAY 3
032A ' 1D ) DEC E .
0828 CA 1B 03 JP  Z,A
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ADDESS URJ. CODE LABEL MNE. CODE

032E OF RRGA
032F €3 1F 03 JP BB
0400 RE 0O SELEGT 2+ LD  A,00
0402 D2 02 OUT  (02),A
0404 CD 00 0D CALL DELAY 4
0407 16 FF LD  D,FF
0408 3E 10 LD A, 10
0408 D3 01 ' OUT (01).A
040D CD 00 OA - GALL DELAY 1
0410 3E Gl LD A,01
041z P3 01 OUT (013 ,A
2
0414 CD G0 OR GALL DELAY 2
a417 DE QO IN . 4,000
0418 9z SUE D
0414 4F L G,A
041E 1E 04 GC1 LD E,04
041D ZE 11 LD A, 1t
041F E6 OF DD AND OF
0sz1 oD DEC G
0422 CA 00 05 JP  Z,SELEGT 3
0425 D3 02 OUT  (02),A
0427 ¢D 00 OC ‘ " CALL DELAY 3
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ADDESS

0500
0502
0504
0507
0509
050B
050D
0510
0512
0514
0517
0519
0514
0S1R
051D
051F
0521

0522

GBJ.,

1D

CA

o7

€3

b3

CD

16

JE

1E

JE

EG

0p

CA

CQODE

IF 04

00

02

g0 0b

FF

iQ

01

00 OA

01

00 QR

0o

04

B8

FO

00 06

8&

LABEL

SELECT 31

EE1

FF3

MNE.

DEC
JP
RLCA

JP

ouT
CALL
LD
LD
QuT
CALL
LD
ouT
CALL

IN

LD
LD
LD
AND
DEC

JP

(01},A

DELAY 1

[

£, Q

{013 A

DELAY 2

Ay CQ0)

Z,SELECT 4



ADDESS

0525

0527

0600

ge02

0604

0&07

0&08

QEOR

0&0D

a6i0

GEl4

o617

a615

g61A

B&IE

a681b

g6iF

OBRJ .,

D3

GD

iD

CA

OF

¢3

SE

n3

Ch

1&

3E

D3

CDb

3E

D3

Co

DHE

52

4F

iE

EG

CODE

00

1B

iF

00

0z

oo

FF

10

01

00

03

01

00

G0

it

FO

elns

08

oD

0A

OR

a8k

LABEL

SELECT 414

GG

HH1

MNE.
CUT
CALL
DEG
JP
RRGA
JP
LD
ouT
CALL
LD
LD
ouT
CALL
LD
puT
GALL
IN
SUB
LD
LD
LD

AND

CODE
(023, A

DELAY 3

A,00
{02),A

DELAY 4

(010, 4
DELAY 1
A, 08
(1) A
DELAY 2

A, (00



ADDESS OBJ, CODE LAREL KNE. CORE

0621 oD . DEC G
0622 * A 00 04 JP  Z,8ELECT 5
0625 D3 02 ‘ OUT  (02),A
0627 CD 00 OC ‘ CALL DELAY 3
062A 1D DEC E

062B o 1B 06 JP 7,66
062E 07 RLGA
062ZF c3 1F 06 JP  HH

0700 ' 3E 00 (% SELECT 51 LD  A,00
0702 D3 02 ) QUT (02} A
0704 CD oo op CALL DELAY 4
0707 16 FF LD D,FF
07089 3E 10 LD A, 10
"070B D3 01 OUT  (01) A
0700 CD 00 04 CALL DELAY 1
0710 (3E 04 LD A,04
0712 D3 01 OUT (01} (A
0714 GD 00 QB CALL DELAY 2
0717 DB 00 IN A, L00)
0718 .82 SUB D

0714 4F 1D C,A

071RH 1E 04 i1 LD E,04
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ADDESS

071D

O71F

0800

0802

Q8c4

0807

0808

0aoR

080D

0810

oglz

0814

0817

0#1s

ORJ,

SE

E&

oD

CA

D3

Gh

tD

CA

oF

JE

p3

Ch

16

JE

€D

3E

b3

Cb

DR

82

CODE

g8

OF

00

gQ

1R

tF

o

02

00

FF

10

a1

00

01

00

00

08

agc

a7

07

on

OA

GR

88

LABEL

JJi

SELECT &1

MNE.

LD

AND

DEGC

JP

ouT

CALL

DEC

JP

RRCA

JP

LD

CALL

LD

LD

ouT

CALL

LD

oUT

CALL

IN

CODE
A, 88
OF
G

ZySELECT &

DELAY 4
D, FF
Ay 10
1)
DELAY 1
A,05
(01),A
DELAY 2

A, 00



- ADDESS
0R1A
081R
081D
081F

ogai

ORJ.
4F

1E

EG6
0D
CA
ba
Ch
1D

CA

L9
(<N ]

CODE

04

11

OF

iR

iF

0o

oC

ag

ag

88

LAREL

KK

LL1t

MNE.

Lh

LD

LD

AND

DEC

JP

ouT

CALL

DEC

JP

RLCA

JP

CODE

Z,SELECT 1
Gz A

DELAY 3

LL



ADDESS
DAQD
0AO!
0AQ4
0AQB
OADE
DAQ7
pAQS
OADA
OBQO
0BO1
ORO4
oé05
OBGE
ORO7
OROY
OBROA
gcoo
0G01
0C0o4
OC0&
0GO&

ocot

08

Cs

o

CODE

00 10

¥B

w0
L)

oo

FR

w
wn

20

LAREL

DELAY 1:

DELAY A1

DELAY 21

DELAY Ei

DELAY 3t

DELAY Ci

MNE,

EX
Lp
DEG
LD
QR
JR
EX
RET
EX
LD
DEC
LD
Ok
JR
EX
RET
EX
LD
DEC
LD
OR

JR

CODE

AF,AF"

HL, Q0 10

HL

NZ,DELAY A

AF AF!

AF, AF!
HL,585 8§

HL

NZ,DELAY R

AF AF!

AF  AF?

HL,20 00

HL

NZ,DELAY C



ADDESS ORJ, CODE LABEL
0Gog | o8

0coa ¢a

0p0oo. a8 DELAY 43
0Bo1 ) 21 10 @0

0D04 2B DELAY D1t
0Dos 7C

oDpa& - BB

0pay 20 FR

0pog o8

oBgA Cc8

g1

MNE. CODE

EX

RET

LD

DEG

LD

OR‘

JR

EX

RET

AF . AF?

AF | AF"
HL,00 10

HL

NZ,DELAY D

AF (AF?



MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA

6-Pin DIP Optoisolators

Transistor Output

These devices consist of a galium arsenide infrared emitting diode optically coupled
to a monolithic silicon phototransistor detector.

® Convenient Plastic Dual-in-Line Package

® Most Economical Optoisolator

® High Input-Output Isolation Guaranteed — 7500 Volts Peak

® Meets or Exceeds All JEDEC Registered Specifications

® UL Recognized. File Number E54915

® VDE approved per standard 0883/6.80 (Certificate number 41853), with additional
approval to DIN IEC380/VDEOS06, IECA35/VDEOS0S, IEC65/VDE0860, VDE110b, covering
all other standards with equal or less stringent requirements, including IEC204/
VDEO0113, VDE0160, VDEOS32. VDE0B33, etc. 7883

® Special lead form available {add suffix “T" to part number) which satisfies VDE08S3/
6.80 requirement for 8 mm minimum cregpage distance between input and output
solder pads. [z

® Various lead form options avaitable. Consult "Optoisolator Lead Form Options” data
sheet for details.

L N

4N25
4N25A
4N26
4N27
4N28

6-PIN DIP
OPTOISOLATORS
TRANSISTOR OUTPUT

CASE 730A-02
MAXIMUM RATINGS (Ta = 25°C umless otherwise noted) Rastic
{ Rating | Symbot [ vatus | uni- |
INPUT LED SCHEMATIC
Reverse Voltage VR 3 Volts
Forward Current — Continuous If 60 mA
LED Power Dissipation @ Tp = 25°C Pp 120 mwW
with Negligible Power in Outpu: Detector
Derate above 25°C 141 mwWrC
OUTPUT TRANSISTOR
Collector-Emitter Voltage VCceo 30 Volts
Emitter-Collector Voltage VECo 7 " vohs
Collector-Base Voltage Veso 70 Volts
Coliector Current — Continuous e 150 mA
Detector Power Dissipation @ Ta = 25°C Pp 150 mw
with Negligible Power in Input LED
Derate above 25°C 1.76 mwWrC ; gg m
TOTAL DEVICE ANC
tsolation Surge Voltage (1) Viso 7500 Vac 4. EMITTER
(Peak ac Voltage, 60 Hz, 3 sec Duration) . ::25‘-’:“0“
Total Device Power Dissipation @ Ta = 25°C Pp 250 mw
Derste above 25°C 2.94 mwWrC
Ambient Operating Temp Rang TA ~-65t0 +100 C
$torage Temperature Range Tsg ~55to +150 ‘c
Soldering Temperature-{10 sac, 116" from case) Tsol ~ 260 *C

¥} isolation surge voltage is en insemal device dislectric braakdown rating. -
For this test, Pins 1 and 2 are conmmon, sng Fing 4,5 and 6 are common.
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4N25, 4N25A, 4N26, 4N27, 4N28
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MOTOROLA

SEMICONDUCTOR N

TECHNICAL DATA

IRF740
IRF741
IRF742
IRF743

N-CHANNEL ENHANCEMENT MODE SILICON GATE
TMOS POWER FIELD EFFECT TRANSISTOR

These TMOS Power FETs are designed for high voltage, high
speed power switching applications such as switching regulators,
converters, solenoid and relay drivers.

@ Silicon Gate for Fast Switching Speeds

® Low rpg(on) to Minimize On-Losses. Specified at Elevated
Temperature

® Rugged — SOA is Power Dissipation Limited

@ Source-to-Drain Diode Characterized for Use With
Inductive Loads

Part Number | Vpss | 'DS{on) Ip
IRF740 400V 0.55 n 10A
IRF741 350V 0.55 10A
IRF742 400 vV 0.80 N 80A
IRF743 350V | 080N 80A

o]
™ 5
TVMOS
s
MAXIMUM RATINGS
Rati Symbol E Unit
atin: ni
g Ve 700 | 741 | 742 | 743 g
Drain-Source Voltage Vpss 400 |. 350 | 400 | 350 Vde
Drain-Gate Voltage VDGR 400 350 400 350 Vde
{Rgs = 1.0 m{1) .
Gate-Source Voltage VGs =20 Vdc
Drain Current Adc
Continuous Ip 10 8.0
Pulsed lom 40 32
Tota! Power Dissipation Pp
@ Te = 25°C 125 Watts
Derate above 25°C 1.0 wrC
Operating and Storage T3, Tstg ~55 10 150 <
+ _Temperature Range .
THERMAL CHARACTERISTICS -
Thermal Resistance W,
Junction to Case Rauc 1.0
Junction to Ambient Raja 62.5
Maximum Lead Temp. for T 275 °c
Soldering Purposes, 1/8”
from Case for 5 Seconds

See the MTPBNAS Designer’s Data Sheet for @ complete set of design curves for the
product on this data sheet. Design curves of the MTPION3S are lpplicoble lor this series
of products. : PP

The Designer’s Data Sheet permits lhe design of most circuits entirely from the infor-
metion presented. Limit curves - vepwseming boundaries ofiBevice characteristics —
are given to facihitate “'worst case” design, . ﬂk ~ *

“

D—-
%Jd Tl

Jsu:u‘ l
__J—ll_n 'I'—= bt
s
NOTES

Ly W
o.._l l—-
N b
1 DIMINSION H APPLIES TO ALL LEADS
2 DIMENSION L APPLIES TG LEADS 1 STYLE S.
AND 3 PIN 1, GATE
3 DIMENSION Z DEFINES A 20NE WHERE 2 DRAN
ALl BODY AND LEAD IRREGULARITIES 3 SOURCE
ARL ALLOWED 4 DRAIN
& DIMENSIONING AND TOLERANCING PER
ANSI Y14 5M, 1982
§ CONTROLLING DIMENSION INCH

TMILUMETERS | INCHES
LDIM [ MIN_| MAX | WIN ] MAX
A_] 1460 1515|0575 10620
8 | 9651029 0360 0405
C | 406 48210160 70180
) 4 08900250035
T 37310142 70147
1 095 ] 0.105 |
73 1101 0158
36 | 056 10014 0077
7210 | 1421 5oo| 562
4T 139 [00es 10055 ]
31 533 (0190 (0210] -
430410100 10120]
4 | 279100800110
4| 1.39 | 0.045 ] 0.055 |
43 (0235 [0.255 } .
00 | 127 ] 0,000 ] 0.050]
A4 - JoDas [T et
- {703 - [0080]
CASE 221A-02

TO-220A8 -

94}



DEBCRIPTION

This monolithic Integrated circult contains
all the controt clrcultry for & ugumlno pow-
or supply inverter or switching regulator. in-
cluded in a 18-pin dual-in-line package le the
veiiage reference, error-amplifier, oscills-
tor, pelse width modulstor, pulse steering
fiip-tiop, dust alterneting output swliches
ang corvent fimiting and shul-down circultry.

FEATURES

Complete PWM power control circultry
Single ended or push-pull outputs

Line and load regulation of 0.2%

1% maximum temperature variation
Tots! supply current Is less than 10mA
Operstion beyond 100kHz

e & 5 0 0 o0

REGULATING PULSE WIDTH MODULATOR _ B _ 5G3524]

PIN CONFIGURATION
D,F,N PACKAGE
o ) o
- ) -
oS ['1_: [13] tmriens
e [13) couecrons

Thia device can be usud 101 swilching regu- AN O [77) conacrons
latoes of elther polarity, transformer coupled oy [11] amrrena
DC 0 DC coeverters, transiormeriess volt- o
) » 7] 0] SrutCOws
age dowdlers and polarity converters, as H
woll a8 other power control applications. emd O (5] cowtprar
The SG3524 Is designed for commercial
appiications of 0°C to + J{0'(:. ORDER PART NUMBERS
| $03824F, 803524,
! 803024N
ABSOLUTE MAXIMUM RATINGS .
PARAMETER RATING UNIT )
1
Input vollage 40 v !
Oustput cwtrenl (each output) 100 mA
Reference oulpul current 60 mA
Osdcillutor charging cutrent ] mA
Power dissipation !
. Package limitation 1000 mw
Derate above 26°C 8 mw:°C
Operating tempersture range Oto+70 °Cc
Stecagoe temperature range ~65 1o + 150 b o4
BLOCK DIAGRAM
+3¥ 90 AL
witAnar CCuTaY
| () ca

OsCaiatOn
outrut




DC ELECTRICAL CHARACTERISTICS (T,=0°C to +70°C, Vore = 20V, 8nd 1 = 20kHz unless otherwise specified.)

current Limit dividers, and with
outputs open)

a6 |

$0G3524
PARAMETER ' TEST CONDITIONS UNIT
i Min Typ Max
Reference Section ]
Output voltage ) 46 5.0 5.4 v
Line regutation ] Vi =8 to 40V 10 30 mv
Load reguigtion | =0 to 20mA 20 50 mv
Ripple rejection f=120Hz, T,=25°C 66 d8
Short circull current limit i Vrer=0, To=25°C 100 mA |
Temperalyre stability Over operating temperature range 0.3 1 % ,
Long term stabilily . Ta=25°C 20 mVIkHr ;
Oscilistor Section i ] i
Maximum trequency d Gy =.001 mid, Ry = 2k0 300 kHz ¢
Iniflal accuracy Ry and Cy constant 5 %
Voltage stabifity ' Vin = 8 to 40V, To=25°C 1 . %
Tempersture stabliity " LOver operating temperature range 2 %
Outpul amplitude Pin 3, To=25"C 3.5 Ve
Output puise widih Cr=.01 mid, T, =25°C 0.5 [
Error Amplifier Section
Input oftset voltage Vou= 2.5V 2 10 mv
Input bias current ) Vew =25V 2 10 rA
Open loop voltage gain 68 80 dB
Common mode voltage i Ta=25C 1.8 34 .- v
Common made rejaction ratic - Ta=25°C 70 dB
- Small signa! bandwhith ' Ay=00B, T,=25C 3 MHz
Oulpul voltage ' Taz=25°C 0.5 38 v
Compnrator Saction ! ’
Duly cyclo % each outputl “ON" 0 45 %
Input threshold ' Zero duly cycle 1 v
. Input threshold i Maximum duty cycle 35 v
" Tinput bina cureent } : 1 rA
Current Limiting Section i
Sanan voliagn i Pin 9= 2V wilh error amplifint aol 180 200 220 my
Ji for maximum oul, T, =25°C
Sense vollags 1.C. i 0.2 mvI*C .
Common mode voltage i -1 +1 v
. Output Section feach output) | -
Collector-emitter vottage (breakdown) 40 v
Collector-leakage current Ve = 40V 0.1 50 pA
Saturation voltage ! . lg=50mA 1 2 v,
Emitter output voltage i Vin = 20V 17 18 v
Rise time : Ag =2k, To=25°C 0.2 8
Fall time + | Re = 2kf1, Ty = 25°C 0.1 ns
Totef standby cument {excluding °
oscillator charging current, error and Vg = 40V | 8 10 mA




REGULATING PULSE WIDTH MODULATOR

$G1524/5G2524/8G3524 !

THEORY OF OPERATION

Voltage Reference

An internal series regulator grovides s somi-
nat 8 volt output which le used both to gener-
ate 8 reference voltage and is the regulated
source for all the internal timing and coatrol-
Bng circuitry. This regulator may be by-

EXPAI-!DED REFERENCE CURRENT CAPABILITY

gy

passed for operstion from e fixed 5 volt sup-
ply by connecting pins 16 and 16 together 10 = Matron Ot
the input voltage. In this configuration, the
maximum input voltege is 8.0 volls. ‘L :‘:u'::o
T Ow CHonCE
This reference regulator msy be used as a § ° con @1
volt source lor other circuitry. it will pravide o0
up 1o 60mA of current ll.u!l and can easily
be expanded to higher currents with an ex- Floure 1
ternal PNP as shown In Figure 1. gy
TEST CIRCUIT
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REGULATING PULSE WIDTH MODULATOR

\

OUTPUT STAGE DEAD TIME AS A
FUNCTION OF THE TIMING
CAPACITOR VALUE

OSCILLATOR PERIOD AS A
FUNCTION OF Ry AND Ct

AMPLIFIES OPEN-LOOP GAIN AS
A FUNCTION OF FREQUENCY
AND LOADING ON PIN ©

0
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as
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E o B et ] g ag b - 10000 S

. [ | S g ® + 3000 ‘\

A

! 1 10
001 637 00y O ©r 0% 3 . \\
TR CAPACHON VALIA 1€ 1-WCROFARADI Ay o - A
y Vane RO
$ 10 20 S0 100 700 300 S ImS e W e 1
OICALATOR PEMOD-WICROIFCONDS " 100 w " 100% " 100
FRPOUFNCY -pEATE
B
Flgure 2 Figure 3 Figure 4
A % :
Osclliator

The oscllistor In the SG3524 uses an exter-
nel resistor (R7) to esteblish o constant
charging current into an exiernal cepacitor
(C1). While this uses more current than &
series connected RC, It provides a linesr
ramp voltags on the cepaciior which is also
vesed a8 a reference for the comparator. The

cherging current Is equal to 3.8V + R and
should be kapi within the range of epproxi-
mately 30uA to 2mA, Le., 1.8BK<RT< 100K,

The range of values for C1 also has limits a8
the discharge fime of Ct determines the
pulsa width of the oscllisior output pulse.
This pulna is unad (among other things) s
bianking pulsa 1o bolh outputs to insure that
thara is no possibility of having both 6u|pu'a
on simultansounly during trensitions. This
oulput dead time relstionshlp s shown in
Figure 2. A pulsn width below spproximetely
0 5 microeaconda may allow faise !vlbgorlno
of ona output by ramoving the blanking pulse
prior to the ffip-flopa reaching e, stable
state {f amall vatuan of CT muat be vhed, the
Pulsns widih may slill ba expendad by adding
a shunt capacitanaa (~ 100pF) to ground at
tha aaciliatar autput (Nnte Althnugh tha na-
ciialsr outpul 18 & convaniant onclznuconn
sync input, the cable and input cepécitance
may increase the blanking puifse width
slightly.) Obviously, the upper timit to the
pulse width is determined by the meximum
duty cycie scceptable. Praciicel values of
C1 talt betwaan .001 and 0.1 microfarsd.

The oschiaior period i npproxlma’mly t=
RyCy wheare t is in microseconds w';on Ry =
ohms and Cy = microfsrads. The uge of Fig-
ure 3 will aliow selaction of Ry end,Ct for »
wide range g! operating lvoqu-ncl'u. Note
that for aeries raguistor applicationa, the

two outputs can be connectad in paratief for
an effective 0-80% duty cycle and the fre-
quency of the osclliator Is the trequency of
the output. For push-pull applicstions, the
oulpuis are aopar'a!ed and the flip-flop di-
vides the frequency such that each outputs
duly cycle js 0-45% and the overall frequen-
cy is one-hall that of the oaclliator.

Externa! Synchronization

111 Is deslred to synchronlize the SG3524 to
an externsl clock, a pulse of =43 vollu’ may
be epplied to the oscllator oulput termina!
wlith RTC7 el slightly gresater than the clock
period. The same considerationa of pulse
width spply. The Impadance to ground st
this point is approximately 2K ohms,

If two or more $33524s musi be synchro-
nized together, gne must be designated as
master with Ite RTCt se! for the corract peri-
od. The slaves should each hsve an RTCt
ee! for spproximstely 10% longer period
than the manaiér with the added requirement
that Ct {alnve) = ona-half C1 (manter). Then s
connecting Pin 3 on all units togather will”
Inaura that tha manstar output pulas—which
ocetira firal and han a widar pulan width --S
wlill ranet the alave units.

Error Amplitier

This circuit is & simple differential-input,
transconductance smplitier. The oulput is
the compensation terminal, pin §, which is s
high impedance node (R =5MQ). The pain

Ay = gmR = B1c A = 002 Ry
FI3i
and can easily be reduced from s nomins! of
10,000 by en external ahunt resisiance trom
pin 8 to qvound\. a8 shown In Figure 4,

in addition to DC galn control, the compen-
sstlon terminal is slso ths place tor AC
phase compensation. The frequency re-
sponse curves of Figure 4 show the
uncompensated amplifier with & single pole

at approximalely 200Hz and a unity gain

cross-over at SMHz.

Typically. most output filler dealgns will in-
froduce one or more additiond! poles at 8
signiticently tower frequency. Therefore, the
best stabilizing network is & series R-C com-
bination between pin © snd ground which
Introduces & zero to cance! one of the output
filler poles. A good starting point is 50k}
plus .001 microtarad.

One final point on the compensation terminal
Is that this Is also-a conveniont place to
insort any programming signal which is to
override the error ampliller, Intarnal
shutdown and curren! limit circults are con-
nected here, but any other circult which can
sink 200uA cen pull this polint to ground thus
shuiting off both outpute.

While feedback Is normally applied sround
the sntire roguiator, the error amplifier ean
be used with conventlonal operational am-
plitier leedback and s sisble in either the,
inverting or non-Invarting modn, Ragnrdinan
of the connactiona, howavar, input common-,
mods fimits must be observed or outpul sig-
nal Inversions may resuit. For conventional
regulator applications, the & voll reference,
voitage must be divided down as shown in,
Figure 6. The error amplitier may eleo de
used In fixed duty cycle ‘applicetions by
using the unity galn configuration, shown in
the open loop test circult,




REGULAleNG PULSE WIDTH MODULATOR $G3524 A
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Current Limiting
The current lifnitipg circuitry of e
$G3524 is showp in Figure 6.

1l

By matching mJ base-emitter voltages of
Q1 and Q2, and assuming negligible voit-
age drop across Ry:

Threshold = Vae(Q1) + )Ry ~ Vge(Q2)
=Ry = 200mV

Although thls circuit provices a relatively
small threshold with a negligible temper-
ature coefficient, there are some (imita-
tions to its use, the most important of
which Is the 21 voit common mode range
which requires sensing in the ground line
Another factor (o consider is thal the lre-
quency compensation prowided by R,C,
and Q1 provides a roll-off pole at approxi-
mately 300H2.

8ince the gain of this circult is relatwely
low, there is a transition region as the cur-
rent limit amplifier takes over pulse wigth
control from the error amplifier. For test-
Ing purposes, threshold is defined as the
Input voltage to get 25% duty cycle with
the error amplifier signaling maximum
duty cycle. !

In addition |l' constant current Hmiling,
ping 4 and 5imay also be used In trans-
tormer-coupled circuits to sense primary
cutrenl and .shorten .n output pulse,
should tranélormer naturalion occuf.
(Reler to Figure 11.) Another applicationis
to ground pin 5 and use pin 4 as an addr-
tional shutdown terminal. lLe., the output
whil be off with pin 4 open and on when it
Is grounded. Finally, foldback current jum-
Iting can be provided with the network of
Figure 7. This circuilt cen reduce the short.
clrcult current {Igc) to approximately one-
third the maximum available output cur-
rent (lyax).
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Yy p L 1)
L L] POSINIVE o
“$ oureyt ™
S voLvaLES < 4
4 ¢
D - R SO
L)
Ll . P moaTive
<™ wne b—aAnA——e ouniru?
4 £ [ voutaGtS
ono G — .
!
2V iR oMy Py &
- ———— P '
o w [ el 1

Noile change i mpul conneclions lor opponite polsrnty ovipwie

Figure 5
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6404 /7404

Hex Inverter

- T
electrical characteristics over recommended operating

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standerd TTL Low-Power TTL
kage
Package Package . Package X Package . Pac
L l Devic e Device Type Device Type
Device Type eToTmIcF| 02c® TYP* [eTmTricr] D*vice TYP LeTRTMIGF e TP TMEr CIP McF
SNSAS04 3D W SNS&H04 4L Wl SNSL S04 5 w2l SNS402 1L wal SML T INT [T
T'." SNTaS04 1 DINT SNTdNOL G INT SNTL S04 JEINT SNT04 a4 [NT - | SNTeLOd JLINTITE
F MSASOA/FMISOL DT FMS4r04: F MIHOS O] F 2§ Arsisnc.- e s o0 £ | Fms404 F MInGa 01*_ F 1
FAIRCHILD FCMSO4.FCISC4 DI [#D FCT8m04 FCIHO4 1O [PT FCTALI00 " FONL SO0 od [T FD { FMra04 ' FConoe  [ODIPT
MC3108 LD F MC54G4 La| FY
MOTOROLA ™ C3008 LT[P1]  [FT] snTaLsoe AL MG 1404 CTIPT -
DM $4+04 FACKH DMS4L 504 DME408 STND] W] DMsalne JONL] P
NS.C DMrasos ING. DMT7a11Cs 1BINT OM741 504 DM 7404 3T NG DM Y4L04 J DN F 2
PHLIPS N4584 . ] NT1404 Q 1AL S04 D F JH241 /7404 [
SSase FT]aT|  [wiy 5sanoe FOlaT] Wi 55404 fF'I AT,
SIGNETICS NT4SL FOAD{  (Wwif NTanos FDIAT NIAL 504 A T N7408 FO{AT
SIEMENS FLH2U [}
FUNATSV TaL S04 NG MBaIE [
HITACH MD24304 TP HD 4L S0 = HOTa04 'RE2522 | TIPG
MITSUBISH M35004 e M78L S04 Py M51204 PT
NEC 14534 cH 14, S04 cl «PBIIS oF :
TOSHIBA . TD3404A PO[ | i
Electrical Characteristics SNS4LS04, SN74LS04
ohsolute mesimum ratings over eparating free-air temperature range .
v I -HT nt .
-.::: < ,,:, ——— [i:::: == Schematics (each gate)
Surege wrewatvre ‘e -$TC w 1we
recommended opersting conditions
SNSAL S04 SNT4LS04 e
L] MDss MA X Cld , NOM MAX
Sy conam. VoC 8 L 33 on 3 LR v
Hugr-ewst @t mr o, 150 - - o0 -t
Low-tnat ouipnt owront, 1o, ) s =
Ouerotrg Foroe woseritrs, Tz =y " [] » i3

Pin Assignments (Top View)

Voo 6A 6y sa sy aa av

Wil g ) fo) (v (o)

)

1Y 64 8Y OND Sy SA gy

'I‘ 3, figl [} fre] fe] [4)

9%

P P P

positive logic
yu

e

1A 2Y A Voo 24 )Y A

free-air tamperatuie range -
PARAMETER TEST CONDITIONS ¢t MIN TYP $ MAX | UNIT
v High-evel wput_voltage 2 v
Vi Low-erst viput woltage el v
v) ingut clemo voltage :cc:::: cu:uvlmlm =15} v e TR T3] } “J
cC . w L mas, "84 4 Y am] 130 ] In
M p
VoH  Hahdevsi outpt voliags e uax 7 3 5 “Lo4 | 40w] 70m[800 1 12n]
* VOouMIN, Viy=2v, Input clamg dicdes not on .
VoL  Lowdevet cumpne woltage lo, = ma ce; v SNSAL TSNILL * eircuits. 304 CIACUIT
Input current ot ‘04, "LO4 CIRCUITS )
A .
Y mrumum mput_ witage YoemuAX, vi= v Sl
t High-lavel wput currert Voo =MAX | V=29V 20, pA .
by Low-level wmput swrvent VEC=MAX, v =) 4v —0.4] mA -
Shortcrcut T saLsFanie [ ~20 =100
[ X
95 outut orent @ VCCmMAX 1 iCS Famny | <D0 Tr] ™A
ICCH__ Swoly curent VeomMAX Total, outputs hegn 1.2 2.4] ma
1661 Sunoly curcent Towal, cutputs low 36 661 ma
Ave-ape per gate
[ St arrent v v .4 o A
CC Sy o CC™5Y |iso% sty eycte) ’ r
" Propagator delay e,
8 9 ts
PLH 1ow-t0-fign-leval dutput Voe=8V,  Ta=25C, n
Propagaion delay imme, CL=I1SPF, A _=2KD~
[
PHL  poh-to-omtovet autput T

‘Ho4 CIRCUITY

‘L304 Cincnt

Reustor values shown are nominal and in ohms

tFor condtens shown

A0 fyproat vakwme are 8y VCC= SV, Tpo=25C, .
ONot more Than are output 3t be Shoried ot @ tme, and for SNSaM'/SNTAH' and SNSAS'/SNTIS', dsatn of short-ormat should not saceed ) nd,

100

€3 MiN o MAX, use the Spprooriete vahe 3pecifed urder recom mended peratng conditions.




54147414  Hex Schmitt-Trigger Inverter
Schottky TTL High- Speed TTL Low-Power Schottay TTL Standard TTL Low-Power TTL
) Package Package Package Package . Package
Device Type Device Type Device Type Device T Device Type
YPe rcTrImicH yPe TP IMCF YPercTPMC YPe TP TMICH P R TMICF
T.1 SNSALS 14 Ji] | wif Snsaie wi
i SNTLS 14 RN SN4IE BN
RCHLD RALSIE, RERSTa 10 | mesare, nemic [
FAl FCIMSI ~ KNS 14 of} 13T rerare. romie ol T,
Mot SNILS I P MCT414 P 1]
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