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This Thesis will present the idea to design Automatic
Building Control System and this thesis will mention only security
system and fire Alarm system which these two system design
according +to stete of the art technolo?y data communicstion by
tramitting dats in single cable pair slong with power supply to
the equipment or sensor which are connected parallel together on
this cable pair.

Data transmission speed from Masin Control unit is 4800 bit/sec
communication between each sensor have 2 different mode. Polling
mode snd command mode, Each mode opersate and control by software.
The outstanding performance of the system can show sany fault
Alarm to the right locstion this will cause us monitoring all

the incident and any assistance or help can be done at once.
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N Tx mmvnmﬂaﬂunnnuwiﬂwwuaeas NOT (U2B) 31niubinll HAND fy Veo =
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Communication Power Supply
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P d
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e

Zudus Tuunasanglilfunsna communication processc
o . ' ¢
49011 communication processor Aydy data ﬂ%ﬂﬂ?ﬂulﬁd 4800 bit/se

3
4 ot o
114 Dc pulse 39¢ml Voltage O - 24 volts,

6.2 NQERUATNITNIIIL (AI997 shest 1 Usznow)
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communication power . supply %o&?mndaiw CPS
I " f o X
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v e Y -] é Y o
TviomunTrantfa (V )+24 Vdc nFeuaiaImuncl ) iminy 6§ Amp 3 Battery
9 o© q o
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a' o o oy v C' 1]
Tuunedlsl 1ine 220 Vac §1 N19119I%992995 CPS a1unTRodud (ot uday
1 3

Aol

6.2 A Battery Back up

Qﬁﬂ?ﬂﬂ 6.3 Lﬂu70Q7 Power Supply iUsenounls
transformer T1 Lﬂu Step down transformer Tﬂﬂﬁﬁﬂu primery éaﬁu
13 line 220 Vac 1asf D (bidirectional diode) @oof D, Mnin
fiAoHunTaR Sprike pulse NATLUININNG line 220 Vac (1157¥71 Sprike

a‘-’ n: ] L o [ ] v “lvsl
pulse UHINITONIELN IR 1clur 9991 Fovralon @2udnu Secondary 9 lduunn

13 Vac
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¢4 . o v o v
D -D, 1lu Bridde rectifier Nmii rectifierld 13 vac Iuidulyl
o o va:ﬁ N . ' o

pc 1nad ¢, muwumnilu ¢ filter. W@ unliaae 1y charge Battery uav
- B a‘l c:’ 1 ) o ua', [Y) i v .
ondruniieane 1R 929370199 @7u Dsnﬁuuwnﬂaonu1u1n Dattery discha-

[V ot - a (3} 5 1 ' [7] [ 14 ] Y o o
rgenay lunsil €, 913LNANNITANIIAT Zao ladosnuldasna v Aaaru danne
Mo Battery @IUN1IATN o/p N Fuse F_ doernl i lunstii Aan1sann 999

N19AU 0/p

DS F2

c’\kx>——-

| D1~D4\\

¢ BATTERY

+12V
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.;"______.)l.’___u
RN TS

zﬂﬁ 6.3

6.4 MM Regdulating Pulse Width Modulator

o - Ps
375N 6.4.1 Z, A0 1C (Uo7 LM 3524 Lﬁu Regulator
v

' o . " ]
Pulse Width Modulator N197uAREAINATIANOINUALAY C R, ﬁmaa%ﬂq 7

] 9

] v
uar 6 AINANRY MIND (F) dnuplRReauniT 6.4. 1691
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51N 6.4.1
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o . . . o 1t ¢4
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4 '
R1,R2,R3 tu Voltage devider network %guﬂq voltage 91 16 U992
2

(+5 V nla o ver .
ﬂ1ﬂﬁﬁﬂ Internal Regulator ﬂﬂﬂqu Zz) Voltage n1ﬂuﬂq 2.5 V.
(1ﬁﬂﬁﬂﬁu data sheet Vem =2.5 V,) @1 2.5 V,ﬁqﬁlﬁu Reference Vol-
] YY) [
tage 3nzliiven NI (w1 2 iu Non Inverting) uarSndauniiedng i
2.5 V Vref ©8% Z__ 171 Simplify 2997 1%ndne lasel (asuf 6.4.2)
A vy

%VR&Q(P&NJ.G. z22
2 RX
7
[ 4 +Yo
2 |+
L wi ! R20
[ 2.5V .
e 1 |~ 1 ERROR AMP.
R1 CInternnlZ2)> ¢ R22

Eﬂﬁ 6.4,2



e

LTIRINTONIANIDY Vo laere

% voltage fiun 2 ihafy v

IiNV

v = +5V,R — - = — - - - - - —(6.4.2)

INV

1% voltage figq 2 v

M1

v = VIR =~ A — (6.4.3)

R+ R
o 22
97N data sheet Input offset voltage M Vom = 2.5 v S@1iP 0y 2mV

datesn 1913910 uANA1 9389 Voltege Fun 1 wargn 2 LANOUANIIRT

b A
(Virtaul short circuit) ﬂouuau151ﬁ dNNI1T 6.4.2 tniny 6.4.3

INV N1

V .R

o

+5V.R

22

R + R R O+ R
2 22

e



v = +5V.R . R +R
o —————— —_—20 22
R + R’ R
22
v = +5V,R.L 1 + R 3

o ————————— —2 0
/

R + R R

22

2.5V (FalA7 Vem = 2.5V. 910 data sheet 4=

WALT1 1% +5V.R

?

R + R

Input offset LognNaan) -
A

S =
uupo  V_ - = (6.4.4)

it
\e]
93]
-
o
+
j2e)

N

~
7o
| .

|

}

[

t

f

|

1 [ n' G' o o C'
anw z namun Ly Voltage Comparator |may Vref =2.5 v (iu
194 a v {’] 4
referrence voltage 1uﬂmvﬂaﬂ1uaﬂ11eﬂnmqu1u o/p | uquﬂ <0 V) Z‘A
y

[-] dl o: n: . [~ v -] ]
AuneunaoL o luanenly line 220 Vac \ARNY Battery 3enini13a1e v
° ' 4 ' 0 v o ¥4 X —
drsosunuednalsfimy Batteryaruisasvans lgrseelanwmioluSunstuunie

P u
199 Battery (AH) lunswnly 1ine 220 vac Basutdno e fung -
(] (-] » v 129

Battery av3nnlWdsoele voltage 1oy Battery  RLafad 01 laN7 997 U9 9-
z . Udenuld Bettery 4¢ discharge aunnetnlh Batbtery avela (an-
ﬂﬂauﬁj Battery ﬁﬁﬂ Lead Acid discharge 151ﬁﬂ17Lﬁu 40 %) Qﬁnzﬂﬁ -

) ' ' o o~ '
6.4.1 3i%uledn o/p wo9 Battery (+12) doy R 5 109 z_, leotw R

o o o s ' o
tNO17ﬂﬂﬁN N Battery dischage 21 Voltage ANNINININIT Vrefl nyn 4
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(2.5 V) i Ju hi
o/p %Yoy comparator Z . Ay switch tdu high (+5 v) 1 drive

11’] 10 Z -] ! L4 © o o ' al
YR 2 (Shutdowm) ’-'\)Bﬂ']‘l'ﬁ Z2 VIE’J'QY)"I\?’NL 7]'111?’)\1@’)’&’)1101&7180 CPS

10 d toe v o '
181911 Batbery Nae N5 10adl discharge onnaly BatterySelnsTlonna

o v
LAULRY LTIRINTH Simplify 70@?1ﬁl§u$ﬁﬂﬂ Aot

ERROR AMP.
TP COMPARATOR AMP.
A}
Pt

SV
Vref = 12V R6

' R %

+12V RS . / AN I

~—
10K
R7 i

e AN

5Yn 6.4.3
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6.5 171" Power Switching

o é
97N51UN 6.5.1 ARLDINUN Lﬁuuuu Transformer-coupled Push-Pull DC-
L] b}

to DC Convertor Tﬂﬂﬁ QL’QZ,“R” QS,Q4 lﬁu Power switch %onn drive

u

ﬁ?ﬂﬁﬁ 12(CA) 103 Zz wavyyr 13(CB)Y 929 Z2 AINAINY

L1
+24

6
H -V YV g " ~

J oe

! R12 v

07,

R2

RZ2

7

_Igl[Lguf

1

m

|i
'l

A Qs

MC3IB249. SOR

4 718 Reg

To PinicZ2)> 3

R20
R22



ﬂ?ﬁ“ﬁ(? ) ANg switching 799 Z2 ANISH Simplify 1u30%31u7ﬂ6.5.1
° Y

v ) v o 0w a‘l a'
TMGWﬂﬂOﬂﬁﬁulﬂﬂqﬂuaUDﬁUWﬂ1ﬂﬂ0u(ﬂzﬂﬂ 6.5.2)

a va ch

vosc h l
osC FF R Y val

."

! vm
1 VA2
VA
2
EB

PHM

A Triangle vaveform. =

71'?‘ 605.2 B
b CARL Y
o &
37nTYn 6.5.2 uaﬂoqﬁlnu Switching waveform VAt nway VAa A7 Pulse-
°

o a g
width modulation (PWM) V_ a1@ 0SC wann23u0 LU square wave(pIN
u

8 r_ andvualas R ,c 0 drwmiivhiasvasniariierues /F - waedndiuuils
1ﬁqunﬂjw§ﬂ triangle voltage R{IMTUANA Pulse width modulator (PWM)-

' 4 ' o
15 Laﬁnqnﬁ V, A1 duty cycle 193 V QnﬂwuuﬂTﬂﬂ.

Duty cycle = T 6.4.5




' o v a ¢ '
dunam F/F ﬂqﬁuqnlﬂuqqaﬁﬂq7aaﬁﬂaﬁ Vo-co O/P %09 F/F ﬂﬁ1ﬂﬂ7uqu -

AND gate A WAy A_ Zﬂ%ﬁ0ﬂ005@@ﬂmuaﬂoquzﬂﬁ 6.5.3

Vosc

>t

= T -3

T e

Vv,
¢ >t

>t

| 2 GEl 21D 2

5UN' 6.5.3
jun 6.5.8
MNTUN 6.5.1 uar UM 6.5.2 LF18IN1TABFUILNITNIINUUDY Power-
L'} L'

- . : < _
switching Q_,yQ_ uay Q_,Q, lesnisunu @ ,@, tilu SW uay Q,,Q, i

SW, fvuannggili 6.5.4
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PHM1

.- ¢
T
i o O +T |
H2Y
!

+12V.=Vcc
44||
1 l-_'
BATTERY
SH2
e

4
Vp2

.,u._.u

To Z2

| o V02§ nzz

PRM2

PHM

710 6.5.4 Cliuaneasasfoatuliifin a )

o o v v -
n3lh 6.5.4 T, N19AY primary 3 center-tapped QINNIIANLAD

) o v v s
Vpi Vp2 ﬁ?uﬂﬁﬂﬁﬁu secondary & center—-tapped a8 AIUY Vsl

Vs2

o » 1 z L
3IUIUTOUNTIATY secondary LI n LNIUDINIIENY primary SonuLT19r AT

Vsi nVp2 Uay Vs2 = nVp2

61 n > 1 1579elaan v > v ( steba S

cc

81 n < 1 1579189 Vo<V (step=down)

cc

sW_ uar SW_ anmduanleedagn V, | war v, enwaieu (Rogaa v, v
v a v Al Az g Al

A2

|
16anann 0/P we9 PWM V) dellu SW, uaw SW_ 191 closed wav open -

A1y duty cycle ©DY V, WUAr V,  auanienasy 6.5.5



<ad

va ”

>t

—3SH1 CLOSED
v - SH2 OPEN b
at ' -t
SH2 CLOSED ¢~
SH1 OPEN
! Ccd
Vaz 1 .
! —t
= .
*Vee ) <>
Vpi= Vp2 ot
~Vee
~
T
v "ch ce>
B >t
o
Fin 6.5.5
et e

37N7UN 6.5.5 primary voltage QnﬁwwuﬂTﬂﬂ
Y

-V ﬁﬁ SW‘ "closed" uav SW2 "open"
Vpl = Vpi = f DN 01 SW, "open" Uar SW_ "closed"

L O ﬁ-—l SW’. "open" Uay SW? "open"

Vs2 LﬁuU?ﬂ D6 ¢ conduct D7 A OFF -

il

ﬁﬂ secondary voltage Vsl

voltage VB = nV

cc



"

51 secondary voltage Vsl Vs?2 Lﬁuau D6 A OFF uay 07 a¥ conducl.

voltage VB = nV

IN

01 secondary voltage VS1 vs2 = 0. D7,D§ ¢ OFF %q%tuﬁauﬁuiﬁ
D,»D, MOUUIUIAN B A9 ground warrninfTousy flyback diode feudng
Tuzﬂﬁ 6.5.6 v, autiudadoulansety v_ 1foean 1e rileer. Do Lo
Traniis v_ 1 iudn average woe v_ an V_ swannuTenasnin V__ %uaéﬁudw

ratio n..

?

-OtVo

+VCC
K Lt
L—&-o'-/w

PHM

D6,D7 RL
+ C10 ?

—
M

A—
il
{

5Uh 6.5.6
7Un 6.5.6
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6.6 AA Overvoltagg_protection

F2

: 4 Vo = 24V,
| D9

+ Vecc O N
FUSE
R19
D8
x Ve = 28v
2 R20 R24
-1- + C6
! - 71~ SCR T~
R22 R23 _l_
c9
== = ]; = S
1
la
71N 6.6.1
s

) I t ¥ 1
QWﬂZﬂn 6.6.1 NS V_  HUALUNULUIUNTENIONIN Break down YDy zener-—
= ]

diode De, Ds'Qs conduct Qutaﬂ voltage divider ﬁ st ﬂauqﬁﬁu gate

. s o [~ ' o
SCR Qs nﬁqﬁ SCR Qs conduct QUL““15?W Qs WIANIIIITIIN Vcc [v¥ground

N4 Fuse F_. Fuse F_ svuam i v _ laawnsasnglWlihiGae 299742

' P v Mg ¢ & o )
YN0y CPS 15 tﬂunwsﬁaonu1u1uqﬂn7mn1ﬂ1uveaﬁ CPS Lﬂﬂﬂ?ﬁulaﬂwﬁﬂqu—

nsin v_ BAmnnindng daw e il ¢ fitter uas b vaminddeedulaly -

d o ﬂ' 1
C6 discharge k??tﬂu1ﬂﬁmvﬂﬂ1ﬂ communication processor &Y data qu—

179 switch a9 0 volt 17a11un15 discharge @@ R,_.C, Qﬁntnquaﬁndwa

a‘lu (Y o o) -] a' o |~l\1uT
NI I¥ C6 giAMA voltage VAV L WEHIWDN Zz,qunﬂOﬁuma ﬂ (2R S 23/ 10l i G
. 9

]
feedback .voltage nAJoN R, -
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unn 7

NM1990NILYY communication power supply

Anua 1%
V_ (0/P voltage) . = +24v,
V, (1/P voltage) = +12v,
lo (O/P current) = 3 Amp.~
£ f ) = 40 KHz.

onmc o

91N data sheet Y99 IC # Z1 %olﬁu regulating pulse width
modulator error amplify ﬁ Input offset voltage LAY Input offset
current LHNAY 2 mV (bype) WAY 2 uA (type) T V.= 2.5V @1uaiey
QEL&uiﬁﬁﬁ Input offset voltage LAY Input offset current ﬁﬁﬁﬁaﬂ-

& =) ( v &’ LN} o
uwn1unﬁiaan1uﬂiquuwuﬁauuuau1uuwuﬁﬂﬂ

2§NITAIUIN

7.1. #1A1 R 4R 4R,

\R9NA1 voltage refference %17 1 (NI) %93 Z, _ 2.5 V31, = 1 mA

aﬂnzﬂ 7.1

I = <45V

1 REG

R + R + R
1 2 3
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a 4
R, + R_+R_ = +5V = 5 Alalowt

1mA

16 | +S REG

Tdn 7.1
Y

K \ 3 K v
tfiomnaeaanlunsi¥uen voltaze fiun 2 1HlA 2.5 v 1&on R, Diaunsn

[ 7] 1 o 1 1] o o l
d¥ur1lé (Potentiometer) IAILNANAY 3 N lalown

P= é
R, +R, =5 - 3 = 2 Alaloun
£ v
1“R1=R3
a '
R, + R, = 2 Alaloun
o I'e
R, =R, = _2 = 1 Alalowm

-

2
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%1 Power ﬁQQLﬁﬂqu R, + R_+R

1

P =1V

P ImA x 5V = 5 mW

& .o o o) o
aviiuin  power Hagidelu R, +R_+R, FArdomuan (SmWriFenuunaues R,
R_,R,, fnu Power ldnwninTsiuiwnalundenain 1/4 W.R uav R, i ey

Metal flim NAIINWAWANA 1%

»
giﬂ © |fA1 compement R 4R R, 03U d '

as é

R, = 1 fiTalowd 1% 1/4W (Metel flim) & _ _ 7.1
a P N

R =3 Alaloast 1/4W (Potentiometer) |
a é

R = 1 ATalonst 1% 1/4W (Metal flim) !

‘7.2 ®1A1 C_uay R,

£ =
0OsC
C .R *
a -3
f___ = 40 KHz GRLIICD
(RenAT C, ANTIU = 0.01 uF
. i )
R = 1 = 2.5 fnlaloww

40x10°x0.01x10" °

-
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o ! ] [ o o Lol [
IINN1TATIA@OUNY data sheet R_ FA198TENINY 1.8 B9 100 Alalowd
v
C_ NAN98T¥MIN9 0.001uF 89 0. 1uF
«

T

wh CT = Ca i R4 = RT
S oo o o o &
WLAUIT R, UAE C_ nmnuamTﬁaéTu Range AN nundstduarldle

—

. [ 4
1ﬁﬁﬁ Compoment C8 Way R4 NIY

avy
Al
C_ = 0.01 uF* 50 V (Mylar) ! P 7.2
o 4
Rk R, = 2.5 Alalonw 1% 1/4W Metal flim!
7.3 ArMawmIAn L
LNOAINAEAINLUNITAIUINLTA Simplify 299711
Sheet 1 (¥F971M 6.5.1) Mvsm 0/P aauanslusIin 7.3
u

SH1 e L1

lb—~<?’/zﬁ*~—4l i:n ’4 j ;;;:;; b . -
vee e > T L me—t> T ©
%——_—ﬂ ]
o7 + C10

SH2

L]
[ e L =

IciO




Iy

0
...‘{.'?\= nVee
11
lVo
1t Cm>d
<t°" tore
-~ -
Ko ) -+
dX dr e
2 AR - - -
i ! ¥
0.41,
1
= —iT - 0
Io
1 b>
a
5in 7.8
lbliel] N

' . o ( Q v v 4;’
9n7iffi 7.3 (&) misdtaTapiasaImAt L mladsi

' =L d
L —
dt
di = al s dt =t 3. V=
L L
al = v .t
L —



An al, lwihae t=t__ 3 V. =V -V 9nawnig 7.3.1

all' V= (Vv - V)t 7.3.2
L B [e) ONl =~ == e . e e m e
4
1
An ar, Tudoe b=t 4 v =V, INANNIT 7.3, 1
Al = V .t 7.303
L T O ff = - e e e e e
L
1
v ’ [ + —
W 7.3.2 imifly 7.3.3 ¢ LAPN 2/ g \
(V. - V.t V .t
—_—f—————0 —Oon - —Q—0 f F—
L BEKOp
1 £
(V. - V)t Aol @l
] o . on (=] of f
V .k +t ) = V.t
o on oFff ;] on
v = v . &
o B O P e e e e e
t + &
on of f

ANAINNTYT 7.3.2 Uay 7.3.3

(9%
—



on ——l —— of F —_—L —1
v -V \Y
B - [
T = t + &
on of Ff -
+ -
T = Al . L + Al . L
L o—Zy L
v -V v
B (-] o
AMTY good rule thumb 199 al, L3IAMUAAY &l ¥ 40% |_ _ 0.41_
. ) .
( al = al = 0.41 )
L L ©
T = 0.4 lo.L‘ + 0.4 lc’__._k1
vV -V \')
B < o
T = l. 1 + 1 -!0.4I°.L
Lv -V A J
l B <« o I
T = vV + V. -V lO 41 L
- r o B o '°° o' "1
L V(v =-v’ -!
T = V x 0.4]9.1.
ViV - Vv )
B o
L T: V (V. - V)
4 = o —B [~]
0.41 .V
o' 'B
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i ©——B o— —
0.41 .,V ,f f
o B
L, = 285V -v) 7.3.5
I V. .f
© B

L

L4 v
AU L‘ anuw7naanuuu1ﬁﬂou

[}

Anun % Vo =24 V. 3 V_ =48V, j I =3 A. 3 f = 40 KHz.

L, = 2.5 x 24(48 - 24) = 0,15 mH = 250 uH:

3 x 48 x 40 x 10°

™ d o v [ 1
laaﬂﬂuﬂﬂﬂaouﬂulRanﬂTﬂﬂqﬁﬁNnﬂ7ﬂ0ﬂ31ﬂu

~

Ae.Ac = € 5.067)x10"(L.1__..D%) - . 7.3.s
KBm-x
a’ (-] o ( (-] w d C.l’
S0 K = 0.4 §mimmoTosauar 0.8 dwmiu Hovliu
PYR { I &
D= iduwndudnatsva e (aranasua s tiln i
v [
Ae = WUMMUIAAUDILNY
& 4w -4 &
Ac = WuNRUIR110 DTN

o ' l da o ¢
taanﬂkunuwuuuﬂaonsuuatﬁu 400 tmasqaﬁsuamauauﬂ nﬂ?suﬂlaﬁnﬂn -

- ¢ la o v
(1 ) =3 Amp 2l 400 x 3 = 1200 LT87ARNTIRIINAITIIN 2 JEATINY —
o “

4 o <. a
ABLUDT 19 (AWG) ngudﬁﬂuﬂﬂﬂﬁﬁ 0.0391 47 (max)
L

33



A1579N 1

[$ ‘ av 1
uﬂﬂduﬂulﬂ031?ﬂﬂaﬂﬂ7ﬂﬂﬂﬂﬂﬂ

AR RN RN R R NN RN R RN RN RN RN RN NN NA NN

Material
AR EERRR RN

Manufacturer

lll-'llIlIIlllIllllllJllllIIllllllll

3cs
RN NN NRREE NN

Ferroxcube

HIIIlllllllllllIIlllIlIlllllIlll]

24B
R R RN EREERE|

Stackpole

IIIIIIIHIIIIIIHIIIIIIIIIIHIIIIl

77
ARRRERRRRERR RN R

Fair-Rite Products

,.

HlllllllllllllllIIIIIIIIIIIHIHl

F, T
CEETERERRrr e

Magnetics, Inc

IIIIIIHIIIIIIIIHIIIIIH'HIIHIIl

H7C1
PEELRELEEREL e

AN AR AR RN RN AN

TDK

|

R R N N N R RN RN R RN RN RN ERERNERN RN

N27

Siemens

I

|

34

{
|
|
| -



ANTIIN 2

v l!' | T v} 20
naganaoaﬂﬂnqﬁwuuuauﬂao )

4 ¥ ia ¥ v
MM 2 Ililﬂdlll"ﬂl'\liﬂ‘!i\'\lﬂdﬂ IU\-HVTYHHHDH\JBJ

PA

L]

Current
Diameter over Nominal Resistance ‘?”{”’H'V in
i ion finch omina esisfanc millnegperes
.’.T.‘."_n.f_‘f."_fl_.d ".)A circular per 1000 darsed an
M. Mas, mil area M ) A Anr
0.130 0.133 16510 06281 16510 s
0.116 0.119 13090 0.7925 13090 9
0.104 0.106 10380 0.9985 10370, 16
0.0928 0.0948 8230 1261 #2206 1
0.0829 0.0847 6330 1.588 6529 12
0.0741 0.0757 5180 2.001 Hi84 i3
0.0667 0.0682 4310 2524 4109 14
0.0595 0.0600 3260 3.181 3260 >
0.0532 0.0545 2580 4.020 2581 16
0.0476 0.0488 2050 3.051 23? 17
0.0425 0.0437 1620 G.386 1624 HY
0.0380 0.0391 1290 8.046 1489 19
0.0340 0.035]1 1020 10.13 1024 20
0.0302 0.0314 812 12.77 812.3 21
0.0271 0.0281 640 16.20 610.1 2,
0.0244 0.0253 511 20.30 510.8 24
0.0218 0.0227 404 25.67 404 24
0.0195 0.0203 320 32.37 3204 25
0.0174 0.0182 233 41,02 252.8 26
00157 0.0i614 202 IR =0LC 27
0.014] 0.0147 139 65.51 ERER 48
0.0i27 0.0133 128 81.2] 127.7 24
.0.0113 0.0119 100 103.7 100 30
0.0101 0.0108 79.2 130.9 79.21 31
00091 0.0098 64 162 64 b
0.0081 0.0088 304 205.7 5041 33
0.0072 0.0078 39.7 261.3 39.59 34
0.0064 0.0070 314 330.7 31.36 35

L39NAN B

max

)
il

I = 1

ocout o

wnup1 luannis 7.3.6.

»
0.0391 #2(max) § L = 250 uH

¢ o v & &
2000 (N1d 53 K = 0.8 (@ammTuusuuw)

B

= 3 Amp

35



Ae.Ac (5.067)x10°(250x10™ “x3x0.03917)

0.8 x 2000

0.3631 cm"

fl

Ae.Ac

0.6 c:m2

n

.Y '3 ¢ . '
ﬂﬁanTWOﬂ0¥aﬂaouﬂutﬂ0717n§u E30 vyl A
9 -

Ac = 0.77 cm2
10A1 Ae.Ac = 0.462

v 1 t t v
AN Ae.Ac NdrunnavtRonunu i lvaniraanaiwnlaiionarainlawed doiu -
191991 AOAUNUNY Ae = 0.6 cm , Ac = 0.77 cm
- o ! o XY) ' P ) ° v
luaOﬂﬂﬂﬂﬂﬂjﬂﬂadTﬁﬂ1ﬂ1U1quﬂﬂ801ﬂﬂ7GO%ﬂRaﬂlQQWQOﬂOOHW1“ -
] ] ] )
unufite 991 9L onani anan138xiy Ihsrarvnsuevtosdnshe 1 mowﬁ1ﬂqwn§m7

»

I i (0.41L.12° Y% 10 709 A

WNUAD L = 250 wuwH = 150 x10 ° H.
Iout = lo = 3 Amp
A_ = 0.6 cm2 .
B = 2000 gauss

306



2 s

I = (0.4x v x250x10 "x3°)x10

G —_—

0.6x(2000) "
i . = 0.1178 ecm

LWTIERE NN I L AN UL REIAD 1 = 0.1178 = 0.059

2 2

ATUIURIITIUIUTOUUD IUARIN 3NN

I

W R WG L e S e e e e T, (e e

-
]

O.4xw! b
© L A

wu

UNUANANNIT 7.8.8
'
B __ = 2000 - ip@
lout = lo = 3 Amp
I, = 0.059%x2 = 0.118 cm
N = 2000 x 0.118 = 62.6  T9U nTF0

O.4m x 3

v o ) 4 M) [$ ¢
ﬂ@uuqﬁRQﬂlUO7 19 AWG YU 63 g9V Uuuﬂulﬂ0717ﬂzu E30

a71 anweg L, !
L =250 uH |

1

L4 ¢ o '3 (4
1ﬂﬂ3ﬂLU87 19 AWG wWu 63 T0V uuunutﬂas13nzu E30 |

s

37

cm

63 T0U



t
®iAan C
10
L1 > T O
vB
— N =
—emenemee— P> X L
) _l+ c10
Fat )
c1i0
. Cvp — Voot ,
T - /——IN-— ",
AL, 7 <1
7 7 -~
s 7 'a‘\‘- g ) & —
7
xe ’\ \\ (Lo LYve= Ao
vB
t1 t2
<Ton [Tof f 7]
e ¥
a
Tin 7.4
y———

38



o v o o . c '
Qﬁnzﬂn 7.4 uﬁﬂoqﬂlﬂujﬁﬂ78uaanu Load uav C:o aztﬂuwamﬁo IL

uasnIzuatinan ¢, o lutheiaan &+ & Sidnuiady al, Aol

2 2 4
w39 av_ onimunlne
V 1 I Y !
A ° - s A P . I-—-on Core 1
C 4 L 2 2 |
o ! |
= I t o+t L,
= L cre
4c L 2 |
19] !
AIL 7 !o"'—-——(T _ t'tznnl Llim t’on -Y-OI-
L v
1 B
aV, = VLT -V .T/V_ 3 .[T/2]
4ac . L
10 i
= [V -v v .7*
—B 0 —O———
8V C .L
] 10 1
C, . ¥, -V v .T?

8aV .V .L
© n 1

39

N

aVv

|

c

o



W T = 1 = 1

10 B o—0

Swiagi u Farads

c

10

S
&

aV lﬁu output ripple voltage

(=]

] 4
anawn1Ti 7.3.9 @At ¢, lanek

fmuald av_ lalifiw 50 mv

£ = 40 KHz = 40 x 10 Hz
V., = 48V 3 L =150 uH = 150 x 0V h.
V. = 24V
c = (48 - 24)x24
10
8x50x10 x48x150x10 “x(40x10™)"
C = 125 uFea . v a3 7.4.2

° 'R v ¢ X a
7.5 ﬂ'lu')m“']ﬂ’\ﬂ'\ﬂqﬂaﬂﬂrlﬂﬂaﬂnu‘t']anlO'T'n"!'nlﬂu

LDAIINAEAIN L UNITAT NI Qﬁnzﬂﬁ 6.5.1 LToulwN-

1ﬁﬁezﬂ 7.5

4Q



F2
+12VO—————0/\JC

é RrR26°

B —— - 4 -}
% R20

= SA.
Vo +24v.
R23
To pPinlcZ2) 2
*—eg

D11
h. .4

i

MC 3824

Ro Qs
o SCR
3
‘ I 4| 4 5[
% R22 g R24 !

M

+ c10

+

L

.%

ﬂ#

.,1}

Un 7.5
jun 7.5

trip

Awuald v_ geaafianlaithu so v

(2.6 V)(1 + R))

R

2

(91N data sheet)

41



a 't
R < 10 nTaTaNn for Minimum driff

2
nTin 7.5
Y o,
Ri = RZS ; RZ = R24
= 27.5 V.
triw
v o {
T ®r,, = 2.7 fdlalown
27.5 = [1 + R__/2.7Ix2.6
23
a é
R,_ = 25.857 v 26 flaloun

' [ a' c:v i N v o
n739a9uA1 R__ NU graph zﬂn 7.6 nquuﬁnu dats sheet 1AANINaLADI-

o

Yy

FIGUNE 8 ~ R1 varsus TRIP VOLTAGE

R2e2 10

A1 RESISTANCE (X2}

%

| ==
0 [ 10 5} 0 5
vy, TRIP VOLTAGE (VOLTS)

zﬂﬁ 7.6 R versus TRIP VOLTAGE

‘

42



189N R_ 970 A1T195I0 7.7
]

FIGURE 9~ MINIMUM-Rg versus SUPPLY VOLTAGE

» l [~ -
10 Rt;(Mil\l"’ - /"—-d

dVge <MV v

A )

Ve SUPPLY VOLTAGE (VOLTS)

.,-__7,K: B |

e

° 10 0 b} 0 30 1] " L]
Ag. GATE CURRENT LIMITING AESISTOA I‘ONHS),

Zﬂn 7.7 Minimum RG Versus Supply Voltage.

4
o - < v
Qqﬂ?ﬂn 7.7 LoNATEUALMM IG 299 SCR LUDT «evees mA QH‘ﬂ?W

‘R = ?

G

% SCRa_ sxmoel di a9 Q. 9wlalaideuny )

dt

43



. w ' o v ' ¢ o 1
dmiu R0, A RSeiulilE ¢ discharge 1 5auAuldlunsd

11
]

NNN1Td9 data (WF1E9en % VoltageRadon R,. wae R__ tildsuwiaslunn

0 o ' a . o a & é
9199811 AR Switching fowliialssnwld data s TudSaalivug -

Re

L4 ! v

WKVYYURAIAIY Speed 4800 bit/sec

T 11 bits 1di2a1d9 = 1%11 = 2.08x10 " sec
4800
TR
Ao
R .C > 22,08 x 10°°
26 10 —
= 4
R,, = _22.08 x 10° " = 18 lonw
125 x 10 °
WIUUION R nula
a7
anl
R = 9
G 1
a ']
R = 26 fnlalaun
23 1
a é
R,, = 18 dlalot | - ----- - 7.5
a <
R = 2.7 Alalous

44



ﬂﬁ?ﬁﬁujm Power transformer T8

+Vee = A2v. <4
12]ca Vg
Ié 13|cp R11 ;
!
R12 !
—_— q |CL+
- NN asv.
v ]
: """"" cL-|s : 3
F= R8
z2
R13

+Vcec = 12v

50 7.6.1
Tum_ 7.6.1

v
v o
U

N

tﬁaﬂﬁWNQEQQHquﬂﬁfﬁﬁuimQﬂﬂzﬂﬁ 7.6.1 157 Simplify Tﬁﬁqiﬂﬁ 7.6.1
3 1
NOUILATUINILNANIDY ﬂquﬂwuauﬂaoﬂLnﬂvﬂaonun17ﬂwuamwaﬂexnﬂ1ﬂ



LV

o o ' o a v (¢
T 7.6.2 llonsrualnact Hdau vaRIanHuToULNUTA (N ) 9k L AeAnd-
a:o a‘l r-1] al d

(Flux) tnuﬂaquuunu51n7uua<lP>naﬁﬂqﬁun17tﬂaﬂuuﬂao1ﬂu1 flux Pav
a' » ¥ v o a’o o ) a'
Lasulatnrg wSounuiAan1s i ulig2 k1109896 N, tfiensewas 1 9veldf

|- . cn v w ¢ °
Lood 1§ Voltage mvonlianae V_ A 08dius 1893 I UTOUUDVUNAIN UAL

wresut i lumwannis 7.6.1

FL’&JX
]
|
I—- - - ~
ve ' I S R \
) \', LoAabd
C s
P { |
sin 7.6.2
L]
= V ® 8 & 2 5 " 0 " P S e 7.6.1
—P —r
N v
[ 8

° v

N ﬂOQWUQuTOUﬂOGKRuﬂﬁﬂﬁﬁu Primary

g

V. ASWTIAUAIY Primary

L -
o v

N ﬂOQW%?ﬂ?OUﬂOOlﬂuR?ﬂﬁﬂu Secondary

V_ ADUTIAUNIYU Secondary

46



LT ofuiuiieatn (Induce Voltage) Ao v_ astiuldniunisilfeuulasyes-

ﬂ?ﬁ”ﬂuﬁuﬁuﬂaﬂ flux N17LURBULURIIDY Flux uﬂﬂ01u7ﬂ 7.6.3
b}

8 ‘}

. SATURATE REGION

~
{
!
ACTIVE REGION

1
|
{

r

————

CORE | LLOSS

N

Hy H H

5Un .7.6.83
iin . 7.6.3

a1 l% B (arnumuauinuny £ lux) aéquﬁvotﬁunsoﬁaﬁvoﬂﬁowu L9

» -
avldaun1y 7.6.2.

B = v x 107 R 1)

P

K.f.N_.Ae
P

47



b B ADAINARUIUUUUDY F1ux Qoam.(tﬁu gauss)
9

o v v . ﬁ P4
V.  A9UI96uAI Primary. (i il Tram)
[]
£ Aemndiwiag iy Bz
N, A99IUIUTOUUDIVARIARTY Primary

Ae  Aow.n.wudnuosunuLTu 917191 BB LR
K AOANAINN 4.44 5ﬁu¥uusoﬁuzﬂ Sine WarYATILNINY 4.0

ﬁﬁn¥uusoﬁuzﬂ§1n§au

TunsoenuuuTazinfidn B__  131asidonar B /2 iflelfuilasn naasrens

&

’ v t
199 Transformes aéquﬁdo Linear uarAlsenoundiAgdndaniisnolunaindu

v v o o o 0 g & ad v oot v g o d
WULARIANIUNTIUNAILWUTOU Bobbin WUNUILADINA L NN LAY nﬂlﬂﬂtnu1ﬂnﬂv-

L4 4 M v 'Y o ‘d o a'- o o
Nuﬂﬁﬂﬂ1u11ﬁ1ﬂ umnﬁTanu1ﬂnautnn gap ﬁOQBLﬂﬂﬂWTQQLﬂﬂ

FmFumaandnnTalunisangnidsesuny ferrite aaualasnn -

ANNIT 7.6.3

(1.16B__ .f.d.Ae.A_) x 9~ ... 04.. 7.6.3.

o
il

o Qoo ¥ v ¢ v ¢
Aasnae I Judng

bnd
o
o
bt}
M)

ﬂ?ﬁunuﬁuﬁuuaonsuua1ua1ﬂﬁaiﬁtﬁu Amp/m2

o,
ol
o

o v w ﬁ 2
UNKUINAVDIUNUL YUY cm

-3

1]
hol'l
®
0w

1
hd &

o o 4 & [ 2
UNATINTUHUVORINYY Uauuulﬂu cm

>
pol'}
(4}
£le

-

av & o d & awve o ¢ - -
RINULUHO  UIIUTHN wunnaouauﬁuqﬁamanvm Wa n7anﬁ1m10uauuuuauﬂ11unu1
hma—— |

LYl

48



' v ['4 da € v oW <
uuuﬁaﬁﬂ75uaquﬁqﬂ 1ﬁ“u7ﬂ Lﬁﬂ?@ﬂﬂ?&ﬂﬂ o Uauﬁ (c.m/A) TﬂﬂqﬁN@ﬂﬂHm

Tas

d = 1.27 x 10° eerirnnee TuB.4

i3
w11 D Tdunulugunts 7.6.3. geldeell

P = (1.47 x £ x B x AA) x 107" ....... 7.6.5

owut

D

A1 D lunalfiiRee a1 iliee 200 - 400 o.m./a oA NlaenRID 9ANE,

] 8 [}
aunITn 7.6.5. uqﬁﬂﬁuﬁmﬂﬁﬂﬁulﬂOﬂﬂﬁﬂuﬁﬂﬂaduﬂuﬂqu%Nuﬂﬂﬂ?ﬂ

N1989NLYY Transformer Ts

NUUNDUNITOONUYUN 9T

c2ee

o oo ¢ é
w1 tasnunuidesisn 3cs.

c2ee

o & . 't [ a v o
un 2 t3anAa B - 9MNdata sheet ﬂaouﬂulﬂa?13m7u 3C8 flux YNAIN
flimatihioh max . b ]

100°c B__ = 8,300 {n1d@ L@en B__ 1600 (N4

mm

Ree
=
=Sb.

3 ﬁwuamnsuuﬂﬂoQﬂﬂaowﬁauﬂao Ta ﬁﬁu Primary(lp) Qﬁnzﬂﬁ 7.6,1
- Y

AA o/p UBY switching Liunwuy push-pull arl¥UseEniau 78%

49

-



Tunn 0§} VIR TaNLEER T, uidy 15% 5 m

M = p_ (139 M Aadsednganw
P
in
M = VvV ,I
————owut .
VoL
in »
0.78 = V
———out
A
in
IP = y—o-—'—out /
0.68V
WA I =3 Amp g V=24 Vi § v =12V,
| = 3 x 24
i 4
0.63 x 24
I, =  4.76 Amp
LASNUUIAYDIRNY = 400 x 4.76

é da ¢
1904 1 g93Aa173a0

o v ¢
AMAITIIN 2. WATINURINL YOI 17 AWG.,

50



2ee
=0

o d o o ve &
4 LR9NUUIGHINULDY YDUUU IMNANNITH 7.6.5. HWTﬂﬂﬁu.

AWA_ = P .Dx 10°

= [ -3 ow

1.47 f‘.Bm

o 1 v o ['4 {a (4 t [
LaanAt D inany 400 lﬁaieﬂﬁﬁuﬂﬂ mauauﬂ

Ae.A = (24 x 3) x 400 x 10°

o

1.47 x 40 %10~ x 1600
Ae.A_ = 0,306 cm”

P v &0a ' et L a o e
N9 L RONWUNMMUINAUD IUNY uaswunnﬁqmﬁouaouauuuﬂnmasqﬁﬁonQWﬂﬂn

A le efnude 50 % wuhe
Ae.A_ = 1.5 x 0.306 = 0.459 cm

r- [ = [+ P
Lasnliny ferrite lﬁuuuu E core 2% E30 uauuauuuiu B6632 91N
data sheoet 15 Ae = 60 mm_ s A ~ 77

c —

v
fnIUN

a4
0.462 cm

At=3.A'= = 60 x 77

10000



(IMUIUTOUNIY Primary) I1NANNIT 7.6.2.

v []
uun s N
v 9
AIUB
N = V x 10°
P —p
K.f.Ae.B_
V=12V,  K=4 j; Ae = 60 = 0.6 cm
’ 100
‘ .
B___ = 1600 in1d 3 f = 40 KHz
N = 12 x 10" .
P
4 x 40 x 10" x 0.6 x 1600
N =c7.8 %) gl 38y
L . 3 : f
YUNn 6 ATRIUBIITUIUTDUUNDINTIY Secomdary IFNNIANNIS
v
AIUL
= v
S —P
N v
=] i3
N = N x V
r——— P B.

52



N = 8 x 40 = 26.6 ~ 27 991y
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7 . 7 nN1Aa Low Voltasge Protection.
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~
LM339 - | l
z2 7/ U4 ; v |
- X LY A2 v vV,
4 AL
RS RE R8 R8 0

° A VINg

v

=)
v
A~

50 7.7.1
°

Lﬁaﬂdﬁnﬂuﬂ7n1unﬁsﬁwuomawnzﬂﬁ 6.4.1.L%ﬂu1ﬂﬁ502ﬂ% 7.7.1(b)
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[J ¥ a: 1 o
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1, W0 Batt. adlugnawin® v, > = 5 mA
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é
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5mA
a é
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Power wuLAT1Y R_ = (i2 - 4)V x 5mA_ = 40 m
“‘l
Power agidalu R, = 4V x 5mA = 20m
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' - ) | o - - = i il _ 707'1
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INL 1
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TN 7.7.0 A@ngmae V<KV V=4V = 5V
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The upper trip voltage VA nnﬁqwuﬂTﬂﬂ (gl 7.7.1.)
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Linear Data Book 1 929 National Semiconductor ﬂ 1976.
Technical Data, Honeywell, 1959,

CMOS Dats book %99 Motorols, 1878,
CMOS/N MOS Special Functions Data Motorols Inc., 1984,
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MC14469

ADDRESSABLE ASYNCHRONOUS
RECEIVER/TRANSMITTER

The MC 14469 Address2Ule Asynchronous Receiver Transmitter is
constructed with MOS Pchannel and N.channel enhancement devices
in 2 single monalithic structure (CMOS). The MC14469 sedeives
one or two eleven-bit words in @ serial data stream, Thejj‘rglj_ncoming
vord contains the address 3nd when the sddress matches, the
MC 14469 is enabled 1o transmit two data words. Each of the trans
mitted words tontains eight data bits, « cen parity bit, stz-t and stop
bit, in UA'RT compatible format.

The received word tontains seven address bits and the address of
the MC14463 is set on seven pins Thus 27 or 128 units can be
interconrected in simplex or “full duplex data transission. In
addition 1o the address received, seven command bits may optionally
be received for data or control use.

The MC14469 finds application in transmitting data from remote
A-10-D converters; remats MPU: or remote digitel trancdszses to 8
master computer or MPU,

Supply Vohaée Range — 4.5 Vdc to 18 Vdc

Low Quiescent Current — 75 pAde maximum @ 5 Vdc
Dats Rates 1o 4800 Baud

Recrive — Serial to Paratlel

Trarsnit ~ Paraltel 16 Serial

® Transmit and Receive Simultaneously in Full Duplex
® Crysta! or Resonator Operation for On-Chip Oscillator

CMOS LSI
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ADDRESSABLE ASYNCHRONOUS
RECEIVER/TRANSMITTER
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FIGURE 4 — SINGLE LINE, SIMPLEX DATA TRANSMISSION
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FIGURE 5 - DOUDLE LINE, FULL DUPLEX DATA TRANSMISSION
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DEVICE OPERATION

OSCIL}.ATOR {Osc1, Ox2; Pins 1, 2) — These pins are
the oscillator input and output. (See Figure 1.}

RESET {Reset; Pin 3} — Vihen this pin is pulled Tow, the
citcuit is reset and ready for operation.

ADDRESS (A0 AG; Pin 4, 5, 6,7, 8,8, 10} - These ate
the address setting ping wh.ch contain the address match
for the received signal.

INPUT DATA (1DD1D7; Pins 11, 12, 13, ¥¢ 15,16, 17,
1B) — These pins contain the input data for the first eight
bits of data to be transmined

RECEIVE INPUT (R1; Pin 19) — This is the receive input
pin.

NEGATIVE POWER SUPRLY {Vgg: Pin 20} —~ This pin is
the negative power supp'y connection, Normally this pin
is system ground. .

TRANSMIT REGISTER OUTPUT SIGNAL (TRO: Pin
21) ~ This pin transmits the outgoing signal. Note that it
is inverted from the incoming signal. It must go through
one stage of inversion if it is to drive another MC14469.

SECOND or STATUS INPUT DATA {SU S7; Pins 22, 23,
24, 25, 26, 27, 28, 29) ~ These pirt conta:n the input
data for the second eight bits of datz tc be transmitied.

SEND (Send; Pin 30) — This pin accen!s the send com-
mand alter teceipt of an address. '

VALID ADDRESS PULSE (VAP; Pin 31} — This is the
oulput for the valid eddress pulse unc~ receipt of a
matched incoming address

COMMAND STROBE (CS; Pin 32} - Tn s is the output
for the command strobe signifying 8 va'iC s21 of command |,
data on pins 33-39.

COMMAND WORD (CO-C6; Pins 33, 34, 35, 36, 37, 38,
38) ~ These ping are the readout of the command vword
which is the second word of the receivec srgnal

POSITIVE POWER SUPPLY (Vpp: Pin £0) —~ This pinis
the packege positive power supply pin.

OPERATING CHARACTERISTICS

The receip; of a start bit on the Receive Input (R} line
causes the receive clock to start at a frequency equal to
that of the oscillator divided by 64, All received date is
strobed in at the center of & receive clock period, The
start bit, is followed by eight data bits. Seven of the bits
are compared 2gainst states of the address of the particu-
lar circuit {AQ-A6), while the eighth bit signifies sn ad-
dress word "1, or 8 command word 0", Next, a parity
bit is received and checked by the internal logic for even
parity. Finally a stop bit is received. At the completion of
the cycle if the address compared, 2 Valid Address Pulse
(VAP) occurs. Immediately following the address word, @
comrhand word is-received. 1t also contains @ start bit,
eight data bits, even parity bit, and # stop bit. The eight
dats bits are composed of s seven-bit commsnd, snd &

“0" which indicates 8 command word. At the end of the
command word 8 Command Strobe Putse {CS) occurs.

A negative transition on the Send input initiates the
transmit sequence, Again the transmitted dat is made up
of two eleven-bit words. The data po-tion of the first
word is made up from Input Dasta inputs {IDO-1D7),
and the data for the second word from Second Input Data
{S0-S7) inputs. This data is latched belore the stanl of
transmit of the first of the two words. The transmitted
signal is thadnversion of the standard UART TRO, which
allows the use of an inverting smplifier to drive the lines,

The oscillator can be crystal controlled or cersmic
resonator controlled for required accuracy Pin 1 may be
driven from an external clock source. Se€ Figure 1.



MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA

QUAD SINGLE SUPPLY COMPARATORS

These comparators are designed for use in leval detection, low-
level sensing and memory applications in Consumer Automotive

LM139, A
LM239, A LM2901
LM339, A MC3302

and Industrial electronic applications.

Single or Split Supply Operation

Low [nput Bias Current — 25 nA (Typ)

Low Input Offset Current — +5.0 nA(Typ)  »

input Comman-Mode Voltage Range to Gnd

Low Qutput Saturation Voltage ~— 130 mV [Typ) @ 4.0 mA

[ ]
[
[ ]
® Low Input Offset Voltage — +1.0 mV (Typ LM139A Series)
[ ]
L]
[}

QUAD COMPARATORS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

TTL and CMOS Compatible N. P SUFFIX
PLASTIC PACKAGE
MAXIMUM RATINGS 1 CASE 646
Rating . Symbol Value Unit J
Power Supply Voltage LM133, ATM239, A/ Vee +36qr =18 Vdc
LM339A/LM2901 J. L SUFFIX
’ MC3302 +300r =15 CERAMIC PACKAGE
Input Differential Voitage Range VIDR Vde OASE 632
LM139, A/LM239, A/LM339, A/LM2901 36
* MC3302 30 D SUFFIX
Input Common Mode Voltage Range VicR -0.3t0 Vee Vde @ PLA(S;I;:EPACKAGE
751A
Outout Short-Circuit to Gnd (Notea 1) Isc Contingous b (S0-141
Input Current (Vin < - 0.3 Vdc) (Note 2} lin 50 mA
Power Dissipation (@ Tp =925°C Py
Ceramic Package 1.0 Watts
Derate above 25°C 8.0 mwreC PIN CONNECTIONS
Plastic Package 1.0 Waus e °
Derate above 25°C 8.0 mwWrC St K @ vt
2 E]
Junction Temperature Ty °C Ourtou | Surou
Ceramic & Metal Package 175 I‘: IE IJ] '.n '
Plastic Package 150
N L}
Operating Ambient Temparature Range TA °C e E % F’J o
LM139, A -55t0 +125 L R mous
LM239, A ~25t0 +85 - [ E 1D ae
MC3302 ~40to +85 1ngut ey 1nout
LM2901 ~40to +105 il AL
LM339, A Oto +70 Input E 5 mov
Storage Temperature Range Tsta _65t0 +150| °C 3 12! e
input 1nrout
ju ufes

FIGURE 1 — CIRCUIT SCHEMATIC {Diagram shown is for 1 comparator}

vcco + fnput - tnput QOulpul
y y -
AT J =
L. fira
[ 2
i 1
H | :
L Gnd

(TopView)

ORDERING INFORMATION

Temperature
Oavice Range Package

LM139J, AJ ~55'C lo +125°C Ceramic DIP
LM2390. AD SO-14
LM239J, AJ ~25"C o +85°C Ceramic OIP
LM239N, AN Plastic DIP
LM3380, AD S$0-12
LM3394, AJ 0Cto +70°C Ceramic OIP
LM339N, AN Plastic OIP
LM29010 . SO-14
M2301N T4Clo #105°C | o hic oiP
MC3302L . Cearamic DIP
MC3302P R

' MOTOROLA LINEAR/INTERFACE DEVICES
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LM139,A, LM239,A, LM339,A, LM2901, MC3302
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’ LM139,A, LM239,A, LM339,A, LM2301, MC3302

FIGURE 2 — INVERTING COMPARATOR WITHHYSTERESIS, FIGURE 3 — NON-INVERTING COMPARATOR WITH
HYSTERESIS
*Vee “ Vee
R3
10% R
Vypn O——AAA—— ref Vret
Rref Vo 10 %
Vg O—— "N "
= A2 —t—0Ve
Vrat Vi O
raf 1 10
I I BV 7--L. 1
Vee Rl ™ Aret = 71
C
Veat = Rrat *AT R2 = R1//Rgf
R3 = RY// Rigt//R2 Amount of Hysteresa Vi
R1// Rref 2
VN R e AT Vomsx -VOmmn! . Vi tas Vomen - VOm

R2 D> Argi//R1
TYPICAL CHARACTERISTICS
{(Veg = +15 Vde, TA = +259C leach comparator) unless otherwise noted.)

FIGURE 4 — NORMALIZED INPUT OFFSET VOLTAGE FIGURE 5 — INPUT BIAS CURRENT

%
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- FIGURE 6 — OUTPUT SINK CURRENT varsus
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- LM139,A, LM239,A, LM339,A, LM2901, MC3302

FIGURE 7 — DRIVING LOGIC FIGURE 8 — SQUAREWAVE OSCILLATOR

vVee . Veca»av

b—o0 vo

Vee

—nisl

Rg = Source Resistance

R1 = Rg
Ti= 12069 RC
vee Ry, (=
LOGIC DEVICE Votts 131 /7 (w2
CMOS | 1/4MC14001) 15 100 CluF)
TTL  |1/amMcr400 | +5 10 R2=R3- R4
* A1 = R2//AJ//RA
: APPLICATIONS INFORMATIONI

also recommended.
It is good design practice to ground all unused input

These quad comparators feature high gain, wide
bandwidth characteristics. This gives the device oscil-

1ation tendencies if the outputs are capacitively coupled
to the inputs via stray capacitance. This oscillation man-
ifests itself during output transistions {VoL to Vor)- To
sllaviate this situation input resistors < 10 kQ should

be used. The addjﬁon of positive feedback (<10 mV}is

FIGURE 9 — 2ERO CROSSING OETECTOR

pins.
Differential input voltages may be larger than supply
voltages without damaging the comparator's inputs.
. Voltages more negative than —300 mV should not be
used.

FIGURE 10 — ZERO CROSSING DETECTOR

{Single Supply) [{Split Supplies}

ViNmin =0.4 V peak for 1% phase dritornon 186

*15V

* Vinmon

Vee

Vin

D1 prevants inout from going negstive by more than 0.6 V.

A1+ A2~ A3

A
R3 < T(s') for small ercor in zero crossing

MOTOROLA LINEAR/INTERFACE DEVICES
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MAXIMUM RATINGS .

1

Rating Symbaot Velue Unit
Cottector-Emitter Valtage Vceo %0 Ve 2”4400
Coltactor-Base Voltage Veeo 60 Vde
Eminier-Bass Voltage VEgQ 8.0 vde 2" !' ;01
Caector Currant — Continuous e . s | mAde
Total Device Dissipation i Ta = 25°C Po 628 mw CASE 29-02, STYLE
590 mw.e !
. T0-92 (TO-226AA)

Tatsl Davice Dissipation @ T = 25°C fp 15 Wat

Datste above 25°C 12 mw.ae .GENERAL PURPOSE
Cparating and Storage Junction Ts Tstg ~-55t0 - 150 c TRANSISTOR

Temparaturs Range

NPHN SILICON
THERMAL CHARACTERISTICS \
Charactaristic Symbol Max Unit

Thermdd dstance, Junction to Case Agic 83.3 cwW
Merpal Resistance, Junction to Ambient | Ryja 200 cw } b &

ELECTRICAL CHARACTERISTICS {Ta = 25°C unless otharwise noted,}
<

[ Characteristic Symbo! [ Min l Max } Unit
OFF CHARAGTERISTICS
Coilector-Emitter Breakdown Voltage{1} V(BRICEO 19 Pe. , Vde
e = 1.0 mAde, Ig = 0} =
Callecior-Base Breakdown Valtage V(BRICBO 50 - ! Vdc
fic = 0.1 mAde. Ig = O} :
Eruner-Base Sreakdown Veitage ViBRIEEO 5.0 4 ’ Vde
g » 0.1 mAde, Ic = ) 4
84s4 Cutoff Current = Igey - G.1 i pnAde
Ve - 35 Vde, Veg ~ 0.4 Vdc) |
Cotlector Cutoff Current ICEX - 9.1 1T wAde
Veg = 35 Vde. Vgg = 0.4 Vdc! I
OR CHARACTERISTICS(1)
CC Current Gain hrg y
¢ = 0.1 mAde, Ve = 1.0 Vde) T 2Naag) 20 -
fig « 1.0 mAde, Vge = 1.0 Vde!) 214400 20 —4
2N4401 40 Y
¢ = 19 mAde. Ve = 1.0 vde) 2N4200 20 -
2N4401 s0 -
¢ < 150 mAde. Yeg = 1.0 Vde) 2N4¢400 so 150 !
N80y 100 300
U¢ « 0 mAde. Veg = 2.0 Vel 2N4400 29 -
e 2Mda01 a0 -—
Coructor-Eminter Satyration Voltage Veetsat ! l vde
fle « 150 made, Ig » 15 mAdc) - 04
Ll = %00 made. 1g = 50 mAdes - ! 075 | .
Lise-Emiter Saturaon Yolage Yag(sat) 1 . Yde
U¢ < 150 mage, Ig = 15 mace! P ogrs b aes !
B¢ = 500 mAdc, ia = 50 mAdc) . - w2
$MALLSIGNAL CHARACTERISTICS
Carrant.Gan — fandwiath Product T ! I ‘AHz
Be 20 mAde, Veg = 0 vde, | = 100 MHz) 2N4400 09 i -
-] N
2ME201 b0 ) -
' Q:z'q""'-"_'" Cacacitance - Cep ! - boss aF
B3 2 30Vde e 2 2 F . 100 KM2) t
\ “ N
S LL.g; 3z
$LL-SIGNAL DEVICES MOTOROLA 3EMICONUCTRRS
2-25

=
t

11



-

2N4400, 2N4401 b
ELECTRICAL CHARACTERISTICS {continued) (Ta = 25°C unless ‘otherwise noted.}
N Charactaristic Symbol 1 Min Max | Unit
Eminer-Base Capacitance Cab - 30 ! of
IVgg = 0.5Vde.Ig = 0.1 = 100 kHzl o
input tmpedance hia i ¥ ahmy
i = 1.0 mAdc, Veg = 10 vde. | = 1.3 kHz) 2N4200 0.5 1.5 I
N4l 1.0 15
Vohage Feedback Ratio - hre 0.1 80 xpo!
fic = 1.0 mAde, Veg = 10 vde. [ = 1.0 kH) t
Smail-Signat Current Gain H LT i —
e = 1.0 mAde, Veg » 10 Vdc, [ = 1.0 KkH2 2N4400 0 ‘ w0 !
INa401 PR
Outout Admittance hoe to ! 20 b umhos
fic = 1.0 mAgc, VeE = 10 Vdc, | = 1 0 kH2) . ! |
SWITCHING CHARACTERISTICS
Detay Time | tveg = 30 Vde, Vgg = 2.0 Vde, tg - | 18 i ny
—‘——’__"—"Ri” Fime ‘1' I < 150 mAde. 1gy = 18 madel t - 0+
Storage Time ! fvee = 30 Vde. I = 150 made. ts - 25 | as
Falt Time 'gy = g2 * 19 gaacl ! 1] — 30 H ns
1) Putse Test: Pulse VWaidth < 200 us, Duty Cycle % 20%, 7
*SWITCHING TIME EQUIVALENT TEST CIRCUITS
FAGURE 1 — TURN-ON TllylE FIGURE 2 — TURN-OFF TIME
-30Vv y
—~ L iowioous DM G i)a'tre "0;:’( Vol o
s1ev ) QuTYCvete - 20% 16V ‘ PUTVEYELE 3 E04
1
i : !
Y ] i Y 2 b e |
\ ' -r- 1
20V Teg<ipr  £14V | : 3 Leg's
“i ‘f" <20ns 2N 22 5 <{0 haf -
7 a
y ~d. S
Scope rise time < 4.0 as A ov
. +Total shunt capacitance of test jig connectors. and oscilloscooe
-
TRANSIENT CHARACTERISTICS
e 25°C = 100°C N
FIGURE 3 — CAPACITANCES FIGURE 4 — CHARGE DATA
n ;g — ===
F— 1 1] 2 e = WV g
3  Racs LOt—= g0 T P I
AR ‘ — —T
|~ 1 ) g™ i i [
<, 3 5
_ i (] 00 T 1 §
z } LW or T
: ot 3 i e [
g =i : 3 szl I
=z ST & 0 : —
= ] '5 T
'g‘ 1 5 n n :
] T
33 . L » 2t ,/ 1
~d ] !
<+
F~_"2 a3
g tt ' X
0 > ~a W2 T i
[T i T
it
ze { AR ") L : [
51092 1 13 [ 20 3 590 10 B » K* ‘0 ® k) T 1) B
232952 VAL TAGE VOLTS) (A COLLECTOR CURRENT Il
* €%
MO TOROLA SEAMICONDUCTORS SMALL 3IGNAL DEVICES
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MOTOROLA

= SEMICONDUCTOR

TECHNICAL DATA

NPN
TiP120
TiP121
TiP122

PNP
TIP125
T1P126
TIP127

applicauons,
® High DC Current Gain —

VCEOIsus) *

-

Shunt Resistors
* TQ-220A8 Compact Package
4 T0-66 Leadform Also Available

PLASTIC MEDIUM-POWER
COMPLEMENTARY SILICON TRANSISTORS

.. designed for generai-purpose amolifier and fow-speed switching

t

heg = 2500 (Typ) @ I = 4.0 Ade
* Collector-Emitter Sustaining Voltage ~ @ 100 mAdc
60 Vde (Minl — TIP120, TIP125
80 Vdc (Min) - TIP121, TIP126
= 100 Vdc (Min) - TiP122, TIP127
* Low Collector-Emitter Saturation Voltage —
VeEsay * 2.0 Vde (Max) € Ic =3.0 Ade
* 4.0 Vdc {Max) @ o » 5.0 Ade
Manolithic Construction with Built In 8ase-Emitter

DARLINGTON
5 AMPERE

COMPLEMENTARY SILICON
POWER TRANSISTORS
60-80-100 VOLTS
65 WATTS

‘MAXIMUM RATINGS

TiP120, TIP121. | TIP122,
, P Svmbol [ ip1zs | risize | vierzr | Y
CoNector-Emitter Voltage vezo 60 80 100 Ve
Coltecior-Base Voltage Ve 60 80 100 Vdc )
Emitiar-8asa Voltage Veg s 5} oo | Ve — e — x e FCp e
Collector Current — Continuous e i §0 e M ' i = —r——s,
% Paak — 80 —— . ST % '_——.

Base Current (b [ALAN 5 PR BT A %:{ — L
Toral Power Orsiostion € TG - 769G |, T s T W | e N D, ST

Oerate abova 75°C O |e—o052——=[woC - [ v /—} . i
Total Power Diswoation @ Ta = 15°C] 20 ——— ST wams r“"—_ Il H

Carate sbove 259C 2 | a—— 0016 ———= | wrc Y joe l !
Unctamoad Inauctive 5 ‘

Load Enerqy (1) € T B T P 3 lf R
Ooerating and Starage Junction, T, T"‘ - N 65 10 +150 ac Ve -f—i ———

Temoperature Fange G
THERMAL CHARACTERISTICS a7 %

Charscteristics Symbal Max Unit

Thermal Aesistance, Junction to Gase Ag 0 192 ocw ‘F;Wm AL X7 Any
Thremal R ta amb A1 62.5 °CrN e e kv e

1Hhig =1 A, L= 100mH, PRF 210 Hz, Veg =

20V, Rgg = 100 1.

fale

FIGURE 1 - POWER DERATING

10 30

1968

1y POGER DISSIFA LU OIAAT IS
4

FEwERas LA

139 2 DEPAES 3 LIV WA UL DT AT

CASE 221A 22
TO-220A8

3-1100
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TIP1§O, TIP121, TIP122, NPN, TIP125, TIP126, TIP127, PNP

¢

ELECTRICAL CHARACTERISTICS {Tg~ 259C drilass otherwise noted)

Charsctarintic [ symwat | min | M T umit |
OFF CHARACTERISTICS : ‘
Collector-Emittar Sustaining Voltage m Veeotds vde
fig = 100 madc, g = ) TiP120, TIP12S 60 -
TIP121, TIP126 8Q -
TIP122, TIP127 100 -
Coltector Cutolf Current IeE0 maAde
(Veg « 30 Vde, 1g *0) © TIP120, T1P125 - 0s
Veg = 40 Vde. 1g = 0 TIP121, TIP126 - 05
(Vgg * 50 Vde, ig = 0 TIP122, TIP127 - 08
Collector Cutdt! Currant lego "‘“"‘j’,
(3(;3 » 60 Vdc. 1e =0} TIP120, TIP125 - 02
_Mdeg =80 Vde, Ig =q) TIP121, TIP126 - 02,
4 Wcg - 100 Vde, tg = 0 TIP122, TIPY27 - 0.2
Emitter Cutoff Current lego - 2.0 mAdc,
{vgg =50 vde, ic* 9
ON CHARACTERISTICS (1) o
DC Cursent Gain = hee -
fle = 0.5 Ade, Ve = 3.0 Vda) . 1000 -
{lg = .0 Ade. Ves = 30 vdc} 1000 =
Collector-Emitter Saturation Vaoitage Vegtsat vde
{ig = 3.0 Adc.1g » 12 mAdch — 290
{tg = 8.0 Adc, 1g = 20 mAdc) - 20
Basa-Emirter On Volitage Vgg(on! Vde
lig = 3.0 Adc, Vg = 3.0 vdel T 28
OYNAMIC CHARACTERISTICS
Smatl-Signal Current Gain thig! ¢
lic = 3.0 Ade, Vge = 4.0 Vde. 1= 1.0 MHZ) a0 - 4
Output Capacitance Cab ofF
tVeg = V0 Ve, g =0 1 +0.1 MHI! TiP125, TIP126, TIP127 = 300
TIP120, TIP121, TIP122 - 200

(1) Puise Test: Pylss Width < 300 ps, Duty Cyele < 2%.

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT

2y 4 3¢ wAIED TOCITAN NENSLD CURAENT LEYFLS
31, MUY 35 357 RCIVETY TYPES 0a, 2
WR05300 LIED AROVE g @ 10k
uSOEI0 USED PELTNIY O t

S——
o T
|
< i !
. 'Il gy Lo Y J
[Singe-spuganguapenp-aiy
” v {r
o 1g e 1, 01 8 drune1s]
vyl
w18 St NPy o Tt (e R Al DR
i gy 1T
-
3-110

A-14

FIGURE 3 — SWITCHING TIMES

3
-
2
- 13— b S e —
3 r R cugl
oY o~
d2b- g OV e B SR
Lotctg 250 e ——
Vi Bk e 2 Vet 0V
‘o e
poslm TR S
1t 37 11 s 4T e
¢ SOLLECTOR £u2PenT? e
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' MOTOROLA

MICONDUCTOR E————

JECHNICAL DATA

et

OVERVOLTAGE “CROWBAR" SENSING CIRCUIT

vonx

»

1nese overvoltage protection circuits {OVP) protect sensitive elec-
circuitry from overvoltage transients or regulator failures

when ysed in conjunction with an external “crowbar” SCR. They

[
oL

wig thé fuse or circuit breaker.

ke

Yy

14

IFRETRLA s LR

MAXMUM RATINGS

wme the overvoltage condition and quickly “crowbar” or short
ewgurt the supply, forcing the supply into current limiting or open-

The protection voltage threshold is adjustable 8nd the MC3423/
3523 can be programmed for. minimum duration of overvoltage
condition before tripping, thus supplving noise immunity,

The MC3423/3523 is essentially 2 "two terminal” system, there-
fore 3t can be used with either positive or negative st{pp!ies

MC3423
MC3523

Ve
OVERVOLTAGE
SENSING CIRCUIT

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P1 SUFFIX
PLASTIC PACKAGE
CASE 626
1MC3422 oniy}

NA - U SUFFIX
r A CERAMIC PACKAGE
8 CASE 633

D SUFFIX
Rating Symbol Value Unit Q PLASTIC PACKAGE
D#erenual Power Supply Voltage Vee-Vee 40 Vde 8 Ly CASE 751
[ {SOP-8)
Pavmse Yottage (1) Vsense 1 6.5 Vvdc
Sares Vollage (2) VSense 2 6.5 Vde
Semcte Acuvation Input Voltage Vact 7.0 vde
Owpest Current o 300 mA PIN CONNECTIONS
OQuersemg Ambiient Temperature Range TA G
¥OM23 0to +70
werz3 J{-8510 +125] °
Cwerating Junction Temperature T °c v - Drive
Pasec Package 125 ccit :B] Outbut
* Caromuc Package 150
Wersge Temporature Range Tstg —65 to + 150 °C Seme E z] Vee
semte 2 [3] D
TYPICAL APPLICATION Current E B e on
i Vout
Current ] f 40 ITOD V‘eW)
Limied -
oc jponyy O.V.P.
Power Cour T [Mcas23/3423
Supoly
0 1 ORDERING INFORMATION
C Device Temperature Range Package
MC34230 K $0-8
. MC3423P1 0to -76°C Plastic DIP
' MC3423U Ceramic DIP
MC3523U -5510 - 125°C | Ceramic DIP

!

anp 1

312

MOTOROLA LINEAR/INTERFACE DEVICES




MC3423, MC3523

ELECTRICAL CHARACTERISTICS (5 v < voe -Veg < 36 V, Tiow < Ta < Thigh uniess otherwise noted )

Characteristie

Symbal Min Typ Max Unit
Suoply Voltage Range Vee-VeE 4.5 - 40 Vde
Qutput Voltage Vo vee2.2 Vee-t8 - Ve
{lg = 100 mA) }
Indicator Qutout Voltage Vot tind} - 0.1 04 Vde
llofing) = 1.6 mA) l
Sense Trio Voltage VSense 1, 235 26 2.75 Ve
(T A = 259C) 2VSense 2 |
Temperature Coetficient of Vgengs 1 TCVgy - 0.06 - %7c
{Figure 2) ) l
Remote Activation Input Current pA
(Vi =20V, Veg-Vgg = 5.0 V) m = 5.0 40 r
(Vi =08V, Vce-Veg » 5.0 V) he - -120 -180
Source Current ISource 0.1 0.2 0.3 mA \
Output Current Risetime t, - 400 - mAls
(Ta =25 f
Propagation Delay Time tnd = 0.5 - us
T = 25%) I
Supply Current . p mA
MC3423 - 6.0 10
MC3523 - 5.0 70
+ Tiow * -55°C for MC35623 Thigh = +125°C for MC3523
= 0°C for MC3423 = +70°C for MC3423
FIGURE t — BLOCK DIAGRAM
vee ¢ !
“ =
ISource ‘
” Current
O‘ Source
2 ~
Sense ) . +
= . T L
T
VRet
5'6 v 1,. t—o Outout s
_ % 8 v
! ’
7 6 Veg 30 Sense2 50 60 Indicater
Remaote Qutput
Activation
—
FIGURE 2 - SENSE VOLTAGE TEST CIRCUIT
———
T Vee
Switeh 1 1
a1 o;————’
3 8
s l - Switeh 1 Switch 2
Vsense | Positian A Closed
Switeh 2 f . hd Vsenve 2 Position 8 Ooen
Vi 7 s
Ramp Vi untll outout goes high; this is
b : the Vsense threshold.
. L .

MOTOROLA LINEARANTERFACE DEVICES
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MC3423, MC3523

™

FIGURE 3 — BASIC CIRCUIT CONFIGURATION

— T
F1 {+ Sense i
& Lesct ] " A1
o rIg 1 | Vmp'Vm“'551,"25"“'.;5'
Powsr —!\«»\/M : R2 € 10 k2 for minimum grifi
fcas23 ! To
Svoply : Re : Load For minimum velue of Re, ses Figure @
.
R2 ¢ P 8
< 7 >-5—] N “Sea text for explenation
N s
9 rs-
i s
{— Sense Lead) [}
4 Py
Al N -
FIGURE 4 — CIRCUIT CONFIGURATION FOR SUPPLY VOLTAGE ABOVE 36 V
: (+ Sense h
< Lead)
$Rs
<
Rig )
i I 1 Yai
|/
To vg — 10
IN&74 -
. ez 21" 4 e 7 A8 0 Loss Ps =125k
Supoly , 3 MC3423 A Vs Verip * Veat u-;%, =26V efh
. Lo fa] 4 *R2 < 10k
— 15V *R2 3
Z ,E_]( Sense ‘ '
S w . Q1 Vg < 50 V:2N6504 or equivalent
. tead) Vg & 100 V; 2N6505 or eauivalent
) Vg € 200 V: 2N6506 or sauivalent
Vg < 400 V; 2N6507 or equivatent
A Vg < 600 V; 2N6508 or squivelent
Vg € 800 V: 2N6509 or sauivelént
.
FIGURE 5 — BASIC CONFIGURATION FOR PROGRAMMABLE DURATION OF
. OVERVOLTAGE CONDITION BEFORE TRIP
. . Vee
Virip 4
) *Vece °
R1S $" e v
1 1|e Vio
T { Vyet ™ 1
Power 2 " L out St
$ f MC3423
voply ¢3 Rg o
A(jj 5] Vo
b: v,
L ]
29 ve ( T ¢
i
]— o T ! —
VIO
Viip ]
A3 > 2 r N
. tg == 5 = 11221031 © (Ses Figure 10)
source
. .
— i
s MOTOROLA LINEAR/INTERFACE DEVICES , .
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MC3423, MC3523

APPLICATIONS {NFORMATION

BASIC CIRCUIT CONFIGURATION

The basic circuit configuration of the MC3423/3523
OVP is shown in.Figure 3 for supply voltages from 4.5V
to 36 V, and in Figure 4 for trip voltages above 36 V. The
threshold or trip voltage at which the MC3423/3523 will
trigger and supply gate drive to the crowbar SCR, Q1, is
determined by, the selection of Rt and R2. Their values
can be determined by the equation given in Figures 3 and
4, or by the graph shown in Figure 8, The minimum valie
of the gate current .limiting resistor, Rg, is given in
Figure 9. Using this value of RG, the SCR, (1, will receive
the greatest gate current possible without damaging the
MC3423/3523. 1f lower output currents are required, RG
can be increased in value. The switch, S1, shown in Figure
3 may be used to reset the SCR crowbar. Otherwise, the
power supply, across which the SCR is connected, must
be shut down to reset the crowbar. If a non current-
limited supply is used, a fuse or cireuit breaker, F1,
should be used to protect the SCR and/or the load.

The circuit configurations shown in Figures 3 and 4
will have a typical propogation delay of 1.0 ps. If faster
operation is desired, pin 3 may be connected to pin 2 with
pin 4 feft floating. This will result in decreasing the propo-
gation delay to approximately 0.5 us at the expense of 3
stightly increased TC for the trip voltage value.
CONFIGURATION FOR PROGRAMMABLE MINIMUM
DURATION OF OVERVOLTAGE CONDITION
BEFORE TRIPPING

In many instances, the MC3423/3523 OVP will be used
in 8 noise environment. To prevent talse tripping of the
OVP circuit by noise which would not normally harm the
load, MC3423/3523 has a programmable detay feature. To
implement this feature, the circuit configuration of Figure
5 is used. In this configuration, a capacitor is connected
from pin 3 to Vgg. The value of thig capacitor determines
the minimum duration of the overvoltage condition which
is necessary to trip the OVP. The value of C can be found
trom Figure 10, The circuit operates in the following
manner: When Vg rises above the trip point set by R1
and R2, an internal current source {pin 4} begins charging
the capacitor, C, connected to pin 3. If the overvoltage
condition disappears before this occurs, the capacitor is
discharged at a rate = 10 times faster than the charging
rate, resetting the timing feature untif the next overvoltage
condition occurs.

Occasionally, it is desired that immediate crowbarring
of the supply occur when a high overvoltage condition
occurs, while retaining the false tripping immunity of
Figure 5. In this case, the circuit of Figure 6 can be used.
The circuit will operate as previously described for small
overvoltages, but will immediately trip if the power
supply voltage exceeds Vz1 + 1.4 V. *

FIGURE 6 — CONFIGURATION FOR'PROGRAMMABLE
DURATION OF OVERVOLTAGE CONDITION BEFORE
TRIP/WITH IMMEDIATE TRIP AT

HIGH OVERVOLTAGES ~
0
{+ Sense .
Lusd)
1
R1
2
@ 3Re 7%
Az MC3523
Power 5
Svooly l
4 J! 7
' 1K '
TC
{- Sense Lesd)
2

ADDITIONAL FEATURES
1. Activation Indication OQutput

An additional output for use as an indicator of QVP act-
vation is provided by the MC34233523. This output is an
open collector transistor which saturatés when the OVP is
activated. In addition, it can be used to clock an edge trig-
gered flip-flop whose output.inhibits or shuts down the
power supply when the OVP trips. This reduces or eliminates
l.he heatsinking requirements for the crowbar SCR.

2. Remote Activation Input

Another feature of the MC3423/3523 1s its remote
activation input, pin 5. If the volage on this CMOS/TTL
compatible input is"held below 0.8 V, the MC3482Y/
3523 operates normally. However, if it is raised 102
voltage above 2.0 V. the QVP outout is activated
independent of whether or not an overvoltage con-
dition is present. !t should be noted that pin 5 has an
internal pull-up current source. This feature can be
used to accomplish an orderly and sequenced shut
down of system power supplies during a syste®
fault condition. In addition, the activation indication
output of one MC3423/3523 can be used to activate
snother MC3423/3523 if a single transistor invertet is
used to interface the former’s indication output 10
the latter’s remote activation input, as shown in
Figure 7. In this circuit, the indication output {pin 6}
of the MC3423 on power supply 1 is used to activate
the MC3423 associated with power supply 2.0t
any small PNP with adequate voltage rating.

MOTOROLA LINEAR:INTERFACE DEVICES
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McC3423, MC3523

FIGURE 7 — CIRCUIT CONFIGURATION FOR
ACTIVATING ONE MC3523 FROM ANOTHER

O +
r 1
Power - €
Supply
-1
l 7
o -
R1310k
O +
r 1
[s]]
Power 5
supoly
2
1%
l 7
o -

Note that both supplies have their negative output
leads tied together (i.e., both are positive supplies). I _
their positive leads gre common {two negative supplies)
the emitter of Q1 would be moved to the positive iead
of supply 1 and R1 would therefore have to be resized
to deliver the appropriate drive to Q1. 9

CROWBAR SCR CONSIDERATIONS

Referring, to Figure '11, it can be seen that the crowbar
$CR, when activated, is subject to a large current surge
trom the output capacitance, Cq ;q. This cabacitance con-
»ats of the power supply output caps, the load's decou-
shng caps, and in the case of Figure 11A, the supply’s
oput filter caps. This surge current is ilustrated in Figure
12, snd can cause SCR failure or degradation by any one
of three mechanisms: di/dt, absolute peak surge, or 12¢,
The interrelationship of these failure methods and the
sreadth of the applications make specification of the SCR
Wy e {emiconductor manufacturer difficult and expen-
wve, Therefore, the designer must empirically determine
% SCR and circuit elements which result in reliable and
eftective OVP operation. However, an understanding of
®w factors which influence the SCR's di/dt and surge
esoabidities simplifies this task,

v, dildt

As the gate region of the SCR is driven on, its area
ol tonduction takes a finite amount of time to grow,
#srting as a very small region and gradually spreading.
Sinca the anode current flows through this turned-on
wie tegion, very high current densities can occur in
e gate region it high anode currents appear quickly
191/d1). This can result in immediate destruction of
e SCR or gradual degradation of its forward blocking
voitage eapabilities — depending on the severity of the

FIGURE 8~ R1 versus TRIP VOLTAGE

* [ A
| A
DRI I /7 /V
S WP -
)PP
g T
- 1 77
w
g_ ol | );/ H ‘ !
= P [
7 P !
4 i P ;
) ¢ Y !
0 ) 1 15 ot » Bl
v TRIP VOLTAGE (VOLIS
FIGURE 8 - MINIMUM Rg versus SUPPLY VOLTAGE
3 - T ;
! 1
- T
n RG (M = 0 ; /
@ #vge<hnyv A I
g - ¥ / )
g 2 / I i
=
-3
tn = l ' 1 |
§ | I | {
" 4 "
;j A // i ] J |
. { | i .
! | (o <1 | I
»

€, CAPACITANCE 1.

0 ® 20 b L 5 &0 Rl "
RG. GATE CURRENT LIMITING AESISTDR [ORWS)

FIGURE 10 — CAPACITANCE versus
MINIMUM OVERVOLTAGE DURATION

T 23 s 1

tg DELAY TIME (mst

CTLAION
3
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FIGURE 11 — TYPICAL CROWBAR OVP CIRCUIT

CONFIGURATIONS

~< naA
Vin '
o\~

.

Power
"—] 't Suoply

118
Vin . Vout
o— Y —0
[o]e4 .
Powaer Cout 7=
Suoply
—0

*Needed if suppiy not current iimited

FIGURE 12 — CROWBAR SCR SURGE CURRENT
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The usual design compromise then is to use a garden
variety fuse (3AG or 3AB style) which cannot be relied on
to blow before the thyristor does, and trust that if the =
SCR does fail, it will fail short circuit. In the majority of
the designs, this will be the case, though this is difficult to
guarantee. Of course, a sufficiently high surge will cause
an open, These comments also apply to tha fuse in Figure
118.

For a complete and detailed treatment of SCR and
fuse selection, refer to Motorola Application Note
AN-789,

MC3423, MC3523

The value of di/dt that an SCR can safely hanary
influenced by its construction and the characteristiey of
the gate drive signal. A center-gate-fire SCR hay mory
di/dt capability than a corner-gate-fire type, and heavwy
overdriving (3 to 5 times IGT} the SCR gate with y 1py
< 1.0 ps rise time signal will maximize its dirdt capy
bility. A typical maximum number in phase controt SCay
of less than 50 A(RMS) rating might be 200 A'ug, ¢
suming a gate current of five times IgGTand < 19 s
rise time, If having done this, a di-dt problem is seen
to still exist, the designer can also decrease the dicn o
the current waveform by adding inductance in Senreg
with the SCR, as shown in Figure 13. Of COUrss, thy
reduces the circuit’s ability to rapidly reduce the dc bus
voitage and a tradeoff must be made between sbaedy
voltage reduction and diidt.

LB,

2. Surge Current

If the peak current and/or the duration of the surge
is excessive, immediate destruction due 10 device over
heating will result. The surge capability-of the SCR i
directly proportional to its die area. If the surge curren
cannot be reduced (by adding serles resistance — see
Figure 13} to a safe level which is consistent with e
system’s requirements for speedy bus voitags reoue.
tion, the designer must use a higher current SCR. Tha
may resuit in the average current capability of the SCR
exceeding the steady state current requirements im.
posed by the dc power supply.

PR VIR Y

A WORD ABOUT FUSING

Before ieaving the subject of the crowbar SCR, a few
words about fuse protection are in order. Referring back
to Figure 11A, it will be seen that a fuse is necessary d
the power supply to be protected is not output current
limited. This fuse is not meant to prevent SCR failure
but rather to prevent a fire! .

In order to protect the SCR, the fuse would have 1
possess an 2t rating less than that of the SCA and yet
have a high enough continuous current rating to survive
normal supply output currents. In addition, it, must be
capable of successfully clearing the high short circud
currents from the supply. Such a fuse as this is quite
expensive, and may not even be available.

{ T DU

CROWBAR SCR SELECTION GUIDE °

As an aid in selecting an SCR for crowbar use,-the 3
following sefection guide is presented.

ey
DEVICE IRMS IEgm PACKAGE
2N6400 Series 16A 160A TO220 Plastx
2N6504 Series 25A 160A | TO220Plaste
2N 1842 Series 16A 125A Metal Stud
2N2573 Series 25A 260A | Metal TO-3 Type
2N681 Series 25A 200A Metal Stud
MCR3935-1 Series] 35A 350A Metal Stud
MCR81.5 Series 80A | 1000A Metal Stud |

i
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National
Semiconductor

LM1524D/LM2524D/LM3524D

Regulating Pulse Width Modulator

General Description

The LM15220 family is an iroroved version of the industry
standard LM1524. R has imzroved soecificatons and addi-
tional features yet is pin for pin compatible with existing
152¢ families. New features reduce the need for additional
exiernal circuitry oftan required in the original version.

The LM15240 has a * 1% grecision 5V referance. The cur-
rent canying cacability of tre output drive transistors has
been ralsed to 200 mA whila raducing Vcgaat and increasing
Vg breakdown to 60V, The common mode voltage range
of the error-amp has been rzised ta 5.5V to eliminate the
need for a rasistive divider from the 5V refarence.

In the LM15240 the circuit t:as lina has been isolated trom
tha shut-down pin. This prevants the oscillator pulse ampli-
tude and lrequency from beirg disturbed by shut-down, Also
at high frequencies (=200 *Hz) the max. duty cycle per
outcut has been improved io 44°% compared to 35% max.
duty cycts in other 1524s.

in addition, the LM15240 can now be synchronized exter- +
nally, through pin 3. Also a latch has been added ‘o insura

one_pulse per period even in noisy environments. The
LM1524D includes double pulse suppression logic that in-
sures when a shut-down condition is removed the state of
tha T-flip-fop will change only after the first clock puise has
armived. This leature prevents the same cutput irom being
pulsed twice in a row, thus reducing the possibiiity of cara
saturation in push-pull designs.

Features

u Fully interchangeabla with standard LM1524 family
%1% pracision 5V raferance with thermal shut-down
a Ousbut current to 200 mA OC

8 60V.outout capabilityr

# Wide common mode input range lor error-amo

» One pulsa per period (noise suppression)

2 Imoroved max. duty cycte 2t high frequancias

u Double pulsa suppression

2 Synchronize through pin 3

Block Diag.ram
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inctional Description

[FANAL VOLTAGE REGULATOR

:IM1524D has an on-chip 5V, 50 mA, ston circuit pro-
b vohiage regutator. This voltage regulator provides a
LW tor all internal circuitry of the device apd can be ussd
» external refarence. I
o voltages of less than 8V the 5V opout should be
bd to pin 15, V), which disables the 5V egulator. With
I2 pins shorted the inp@ voltage mustba limited to 2
rum of 6V. If input voltages of 6V-8V aw to be used, 2
Fuulator, 25 shown in Figure 1, must be added.

TUH/BE5C-10

Lr-\ Cp of 10 uF raauired for stabiny
FIGURE 1 .

LA TOR

U1524D provides & stable on-board osciliator, its fre-
b2y is et by an exiernal resistor, Rt and cabacilor. Cy.
F<h of Ry, C1 vs oscillator frequency is shown is Figure
' oscillatlor's output provides the signals for triggering
%amal flip-flop, which directs the PWM information to
*puts, and a blanking puise to turn off both outputs
FYtansitions to ensure that cross conduction does not
H- The width of the blanking pulse, or dead time, is con-
“1by the valud of Cy, as shown in Figure 3 The recom-
[d values of Ry are 1.8 kf2 to 100 kN2, and for Cy,
“uF10 0.1 uF.

Mo Frapae
-

It two or more LM1524D's must be syrchionized togeibar,
the easiest method is 1o inlerconnect all pin 3 terminals, te
all pin 7's (togsther) to a singte Cy, and isave all pin B's
open except one which is cornected to @ sinple Ry, This
method works well unless the LM1524D's ¢re more than €°
apart

A sacond synchronization method is approprale for anv ¢ir-
cuit fayoul. One LM1524D, desionated as masia:, must
have its RyCy se! for the comect period The other stave
LM1524D(s) should each have an R+Cr set for a 10% long-
er period. All pin 3's must then be Interconnzcted to alidw
the master to properly reset the slave units

The oscillator may be synchronized to an external clozh
source by sefting tha Internal free-runming osciliator fre-
quency 10% slower than the external ciock and driving pin &
with & pulse train (approx. 3V) from ths clock. Fulse wicth
shaulg be greater than 50 ns 1o insure full synchronization

1%

T Ty = 5.00) ul,
D111 S S M D AT ﬂ)f

002 at LA -

75T

];?' J }y
T V(7
w L e Z AR XY Al

3
T
50 1
c

o
-

I

e
il

il ey - 0af
R AT N T
i MILEINZS ) I]l LA LIENy
- V2 S 1D 20 50100200 S62 1
OSCILLATOR PERIOD fush

21X
yd

]

HY = TIMING RESISTOR (hsD
]

TUMIRESD. ¢
e FIGURE 2



—

Typical Applications
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Typical Applications (coftnued)
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Typical Applications (continued)
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BASIC SWITCHING REGULATOR THEORY
AND APPLICATIONS

shown In Figure 12, slong with a practical circult design us-
ing the LM3524D in Figure 15,

¥,
I "

\

TUMH/BE50-16
FIGURE 12. Basic Step-Down Switching Regulator

AL+

The basic circuft of a step-down switching reguiator circult is

TUM Y AT

FIGURE 11. Boastsd Current Polarity tnverter

The clreult works as follows: Q% 15 usad &s 8 switch which

hes ON and OFF times controlied by the pulse widin modu-

lator. When Q1 Is ON, power is crawn from Vi and sucolied

to the load fhrough L1; Va s &t approximately Vis. D1 is

reverse biasad, and C, is charging. Whan 01 turns OFF the

- Inductor L1 will force V4 nagethve to keep ths curtanl flow-

ing in #, D1 will start conducting and the toad cument will

flow through D1 and L1, The volsge at V4 is smootnad by

the L1, Cy filter giving a clean DC outout The cument fiow-

. ing through L1 is equal to the nominal DG load currant plus

some Al which is due to the chanping vohisgs acress it A
good ruis of thumb is to se! £/Lpp = 40% ¥ dp

TL/H/BERD-1T

FIGURE 13
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Typical Applications continved)

4 A
Erom the refation Vy = L=, Al & —=
R T A T
-V, v
Al = (Vin I1u)icm:A'L_ - oLl?FF

Naglecting Vga1, Vp, and setiling Al 4 = Al =

()

Vo = le'( lon
lorr + lon

whete T = Tota! Period

The above shows the relation between Vin., Vo and duty
cvele.

ineoe) = lautoe) (—‘-—"‘ON )
ton + lorr
as O1 only conducts during lon.

ion
Py = lineogy Vin = Gofocy) (——-"—) Vin
< oBO \ton + tore
Pg = loVo
The el‘ﬂdenc‘y. =, of the circuit is:

AMAX = £-°- = loVo
LR (191'4) Vg + {Vsat lon : Vpitorr)

lo

\V
Lo P - -
Vo1 tor Vear ™ Vpy = V.

yMAX will be further decraasad dus to switching losses in
O1. For this reason 01 should be selected to have the maxi-
mum possible {7, which implies very fast rise and fall times.
CALCULATING INDUCTOR L1

(Al ) % LY (A -) x Ly
= Aope =

(Vin = Vo) Vo
(Bl *) x Lt 7 (AlL—) x LY
(Vin — Vol Vo
- 0.41,L1 ), 0.41,L1

Vin = Vo) Vo

Since Al * = Alg~ = 0.4l,

lon

lon + lorr = T =

¢ A SN
Y '°/ \/I(' P/
b e

TL/H/BB50-18
FIGURE 14 .

v
(cou.mog
oF PRP)

Solving the ebove for L1

2.5 Vo Vin — Vo)

L=
ToVin'

whare: L1 Is in Honrys

f is switzhing treguancy in Hz
Also, ses LM1578 data sheet for graphical metnods of in.
ductor selaction,
CALCULATING OUTPUT FILTER CAFACITOR Cgt
Figure 14 shows L1's cument with resoect 1o Q1 ¢ on and
torF times. This curent must tlow to the toad and Cp Co's
current will then ba the difierence betwoen I, 2n¢ 1.

Icg =y =l

From Figwe 1411 can ba snen thal cunant witt be flowing
into Cp for the second half of iy through the first half of
{OFE, OF & time, 1on/2 4 torr/2. The current flowsng for this
time Is Al /4. The resulting AV or 8V, is describad by

1, Al ton | loFF
BV = & x S (12 12T)
- 8 (ton t )
AC 2
Vol = tond A
L1

Since Al = and 1on = = W
™

G Ut
Vo Vin (T) _ Min - Vol VeT2 e

ac Ly 2 BViNCol d

AV, =
op-p >

(Vv = Vol Vo T2
BAVVinL1

Co =

1
where: C is in farads, T i§ ———r—ee———
switching fraguancy

AV, I8 p-p output ripple
For best repulation, the Inductor's current cannot be sk
fowad to {all to zaro. Some minimum load current lo, 8nd
thus inductor current, Is required as shown balow:

| _ v Vollon _ 1Vin T Vol Vo | |
oI 2L 2IViNL

I
¥

syer (¥n~ Vo) ton
(8]

X

= ot
\ e g (MIN)

TL/H/BASN-H
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Typical Applications (continued)

A complete stsp-down switching regutator schematic, using where Vi ix tha vollage =t tra error ampfita: s nonanvert.
the LM3524D, is lustrated in Fipue 15. Transisiors Ot and ing input.
02 hava bean added to boost the outout to 1A. The §V Resistor R3 sats the cunrent Lme 15
13
repulator of the LMSJ?Q hes been divided in hall 1o blas 200mV 200 My
the error amplifier's non-inverting Input to within s com- ——— = = 134
mon-mods range. Since each output transistor 18 on for half R3 0.1%
the period, asiually 45%, they have bean paraliclad 1o aftow Flgura 16 8nd 17 show & PC boerd laytut ang stuffing die
longer possible duty cycle, up to 80%. This makes a lowa! gram for the 5V, 1A regulator of Figure 15 Tr2 regulator's
possitle input voltage. The outpul voltage is sat by perormance is stad in Table |
Rt
vor w1+ ),
© Nt A2
""‘v
n L
3 500 uK 0T 5V
YO 2 = o o apaw WOy ) ‘%. 14
» BY p 15 ¥8uke
SRID
4
) 02
SR
R RS 15 RB<
. 510 ¢
5k sk |y Voo 12
A P AL
2 = V- T
. ) NI [‘. [
o At Y 1§ 13 os L 1‘
= WA—— NV o —
10 pf c3 6 O pef ct
oapr] D sk . 35770 <y 560 pf
. AA
) VWA Ry A {
¥ C - Di
& oatpr 4 A vrese
e
:"
X, 9 5
CoMP =
2 7] oo )
0.0t pf”
R? 8
30k
O CHD
R3
\ 0.15
RETURN O- Pyye

TUHTB850-20

*Mrumiad in Stever Haatsink No V-1

= ftad

02 « INLORY

Lt = >40 twem No 22 whe on [ sraxcitin No. KI0B0? Toaeid eors,

FIGURE 15. 5V, 1 Amp Step-Down Switching Regulstor
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Typical Applications (continued)
To apply the above theory, 8 complele stap-up rwitching
thpulator is shown in Figwe 20, Since Viy Is 5V, Vepr Is hed
10 Vin. Tha input vattage Is divided by 2 to bias the orrar
amplifiet's inverting input Tha outpul volinoe Is:
RE) ( RZ)
ol | Vs 280 14 =

Vour ( m v+ 2.5 R
The network D1, Ct forms a slow stant cireult.
This holds the output of the error amplifier Initlally low thus
reducing the duty-cycls to a minimurmn, Without the slow starl

circuit tne inoucior mas satuate pHvn-on be-z uen i hat 10
supply high paak cune ~s to charpe the otirytl canaciior
from OV, It should eisa be noled that this circult has no
supply rejechon, By o7 4mp & infoeenca vol'aga a1 the non-
inverting input to the o amplifier, see Frawe 21, the inbut
vollape varalions are +aacled

The LIM3E24D can elso be used m mduciortest switching
reguiators. Floure 22 shows e polarity nvenat which if con-
nected to Foure 20 provides & — 15V unrepulated output.

Vo= 15V
A\ Bl %
v O - o005
VRESE
<
.___.Eus
Y
Yrer
She
< 2.4%
Nl
<R R &
+ $ 24k aak LU8574D
Sl o o AAA [ 011 I35 IT N0t
0.1 pf
z 3k
- A A A
: VWA Ry [ of
H 0.02 uf Ly &
i ]
——{ F—« coup ’ b
-~ “ e OND 2
i
v S0k
+
L6
h 0,001 pr_]_ o .
&ND O d O GND
TLIH/84850--28
L3 @ > 25 turns No. 24 wire on Fenoxcube No. K300502 Torro's cove
N FIGURE 20. 15V, 0.5A Step-Up Switching Regulzior
hrois
. VO mmmwmm = mm e
1007 IN9ILE
FROM JUNCTION ¢ -18V
10 NON~INVERTING QLoD e25mt
INPUT OF LM3524 N 0.1 pf 100 pf
Lusss N9 ![ # T -F o
(Vg o= 2.49V) GND O -OGND
TLIM/BE5C-27
= FIGURE 22
1 TL/H/B880- 28
FIGURE 21
-
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5408,/7408  Quadruple 2-input Positive-AND Gate -
Schottky TTL High-Speed TTL Low:Power Schottky TTL Standard TTL Low-Power TTU
Package . Poackage ‘Packagie Packsge Phthet
vice Typs Device Type Device Type Dovice Type Davice Type b1t
Dovics Type FETHIMICH] YP IETRIM[ER yPe IETPIMICE, WBROE CIPIM
1 SNSL80E .4 wi. SNSL SO IAg w1 SNSI0) JEE W) *
Tl ©_]sn1esoe SN T D SNHLBO 8N AN1408 11 I8 >
RCHILD e, e S| IO 1F Mudnes Mo 'o'; D [ rmam rvnsn 13 T T EY) rq .
FAI Terons. rove SE{RE] |78 [FCanns ¥ CHa [P TOARA/ Fon e RE[ 176 [Fovim Foonat oTIPA] L
MC3i101 L FL - !
MOTOROLA MC3001 LT|P3]_ 17 0] snuLsos . ey MC7408 Xi -
DM S4HOS 1DINE OMSILS08 Pt DMsacs JEINL] WD) DMSALOS +
NS.C. DM 74H08 JOIND DML S08 Ipr OM 1408 IR DM74L08 w
. 1
MUPS NI4S08 1 NTINOS i NNLS08 7 N0 |
534H03 Fplap!  Jwi 55408 FOIAQ] W, »
SIGNETICS N14308 X N12HO8 FOIAD NT4L 508 A1 N7208 FjAD)
1}
SIEMENS Fome T T
FUJITSU v T =
HITACH HDTIL S0 23 HD7408 /HO2550 | 0ie “
MlTSl.Elg’ﬂ M74L 508 P M53208 ) 1 . ’
1
NEC TaLS08 KT wPB2M DI «] |
)
TOSHIBA TO0 o] [
Eloctrical Charscteristics SN34LS08/SN74LS08 o ;{
absolute maximum ratings over ing lree-air rande 5
Surery wnar VCC ™ Onrairg woe-os [[snsecs =35C @ I8t Schematics (each gate)
Lt worsq v, oINS g [ snus ¥ = WT ‘4{
I ralier wptiaw 3.5v 3o RovUrawe raret -6T W W ¢ ¢ vee .
e P 3 - i 1.8 L}
A 4 » _"
W‘mﬂﬂ \par .
Toe v VEE - [ 1Ay [in T A8 [ v weurs ouThut
Mg BARA SNt 10 -~ 000 -0 »h A —y v
o ers St O, 100 0 3 y 8
Drvira Soose teoveroios, 1o ] [ i w [ * ¥ 33 ?m u
electrical charactéristics over recommended operating pe oo
free-air temperature range p
PARAMETER TEST CONDITIONS t TMIN TYP 3 MAX jumT W CIRCUIT .
Vi Hiogh-evel mout voltage ? v 53 :
Vi Low-evel mout voltage 08|l v "g
Vi input _clamp voitace VoCc=MIN,  fy=—13mA =18 v
Voe=MIN,  Viy= 2V,
VoM Highdeve! oulpul voltsge i = A 21 i v [
. VEC=MIN, yu=tv " ]
VoL  Low-levsl output volisge oL = tma 0.2f 0.4 v
trout  current 81 X 3 . L{ .
" maximum mout veltape ch QYN ol & . wm
[ITt] High-levet wout current Voo=MAX Yiy=2.V 20 pA y T
118 Low-evel soul current Vee=MAX Vi =0.4V =0.4 | mA
Short ceoun - 54L S Famdy { —20 =100 i w
'0S o curent & Veg=MAX 415 Fomiy | —20 0] ™
ook Swnly currenl : - Total, outputs eoh 2.4 4.8} mA
icct  Suooly current vee=MAX Totsl, outouts low 4.8 0.8f mA o €
. a |Average pergale *
1CC Supoly oirrent VECTSVe Licngs gty evele) b.as mh +gon circult ﬁ
' Prooagation delay time, § " - X )
PLY  oweto-tugh-level output voe=sY.  Ta=25C. ¢
. Prooagaion delay time, CL=150F, Ry =20 . 4
PHL  puon-tp-iow-tavel output L
. - . R . et hd
Pin A¢signment (Top View) ) P S Y -~ B
vet & ik v 3 W 3 : veuts o i‘
) fis). {17) [in} fie) (91 [#1. N » , '
i '_j - [ .
N . [EI Y
L’f:)-I L‘D—l t ¢
";D“i 'E)‘l ps b— o 2
1 ¢ ) .
giipHiptiatiatiniatiy : 1808 omaut &
A 13 "w A B ¥ OND i
positive logic: - Resistor values shown are nommal and w a\m;
) Y=AB v
{ For oondilions shown 08 MIN or MAX, use e sporopriale vakies o under ooerng
AN 1ypcal values are Bt VoomSY, Tae2SC, %

#NOl  more than One oulput Sroutd be shorted at & tme, end for SNSES'/SNILS', Guratign of output short orowt should not exosed one second.
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1 14-Pin DIP See Fig. D6

400, ECG74C00, ECG74H00,
741,500, ECG74500

oA sLssiu

2-Input NAND Gate

Diag. 2 . 14-Pin DIP See Fig. D6
{See Also Diag. 3

EcG7401, ECG74L804

s

1 3 4 1 ]
"

1]
A nm o0

Quad 2-Inpiut NAND Gate with Open
Collector Output

-
Diag. 3 14-Pin DIP See Fi§. D6
{See Also Diag. 2)
ECG74HO01
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Quad 2-Input NAND Gate with Open
Collector Output

4 14-Pin DIP See Fig. D6
402, ECG74C02, ECG74LS02,
74502
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biag. 5 “ 14-Pin DIP See Fig. D6
ECG7403, ECG741LS03, ECG74S03

Diag. 6 14-Pin DIP See Fig. D6’

ECG7404, ECG74C04, ECG74H04,
ECG74LS04, ECG74S04
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Quad 2-input NAND Gate with Open
2-Input NOR Gate Collector Qutput Hex Inverter .
7 14-Pin DIP See Fig. D6 | Dlag.8 14-Pin DIP See Fig. D6 | Diag.9 14-Pin DIP See Fig. D6
ECdrdoe. ECG7407 .

1405, ECG74H06, ECG74LS05,
74505
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nverter with 6pen Collector Output
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Hex Inverter/Buffer with Hi-Volt (30 V) Open
Collector Qutput
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Hex Buffer With Hi-Volt {30 V) Open
Collector Output .

10 14-Pin DIP See Fig. D6

7408, ECQ74C08, ECG74H08,
1741508, ECG74S08
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Diag. 11 14-Pin DIP See Fig. D6
ECQ7408, ECQ74L808, ECGR74809
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Quad 2-Input AND Gate with Open Collector

Diag. 12 14-Pin DIP See Fig. D6

ECQ7410, ECGQ74C10, ECG74H10,
ECG74L810, ECG74810

Triple 3-Input NAND Gate

Output

| 2-Input AND Gate
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5436/7438 Quadruple 2- |nput Positive-NAND Buffor with Open-Collactor Output

!
Schottky TTL High- Speed TTL. Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package Pac
Device T Device Type Device T Device T Device Type
YPe ICTPImEcF YP® e[ PMmeF yPeIcTPIMICF YPe e TR [MEF. Perele
T4 SN84538 ¢ waty . SHSALSH ) w 1] SNS438 I T [
: SN74538 J QNG - SNYLS3 b QN SN14N U YN
NSEIN/ Fenss ] P FMSA3E PRIl P F (15
FAIRCHLD FOESN/ FASH o |rD |- fr@]FcraxsFewmas j0GIP O &
ORO' . * »
MoT SNTILSH P MC 1438 B3
NS.C DMSAL S8 o OMS4M I W .
i DML S m DM7438 JIN v G )
PHUPS NYISH [0 NULSH m NI )
S48 F J4A T (|
SIGNETICS NS N7ULSH AT M43 - F A ) .
SIEMENS FLHSAT N
TSU nLSH M3433 e
HTACH HD 4L 833 ©a Wi /i | ¢ -#.
MTSUBISH ML 538 P 53238 P (4
NEC TiLsH g parT I
]
TOSHBA o A -
Electrical Characleristics .SNS41L.S38/SN74LS38
absokite maxmmum retngs over operating tree-aw temperature range
Funelv voiteos, vVOC v e SNMILS[ ~I5C, to HISC Schamatic (anch gate)
rowt voriage W Iewperature rome SN ¥C 1o MC
Siorage temosrRILre range ~45¢C to 10C
WMerumiter voliape 5.8
- "t
[ ded opersting diti
SHBALE3S BAIALSSS - ag L5
Wi NOM___MAX [ MIN___ HOM__ MAX s
Fuooiy voisg, VCC [x) T ssjans s S5 v 4 =
High-tevel DUtoul voIlage, YOH 3.3 3 v . 3 am
Low-teve! owitwl eurront, 101 I} | mA y
Cperating iree-pir tomperatwrs, T4 ~3% L3 w|i T ¥ 1;
slectrical charactesistics over recommended operdling \, "y’
{rea-air lemparste range po ™
PARAMETER TEST CONDITIONS { MIN_ TYPE MAX | UNIT
Vim Hipn-evet noul vollage 2 v
v Lowdsve! Input voitage o8l v <38 CIRCUIT
vy wput clamp voltage Vog=MIN, h==18mh -1.5] ¥
Vee =MIN,
h4evel A
1o Highievel ouput current Vi =V max. Vou=MAX 250 | «
VO =MIN, V=2V '
v Low-lave! puiput von. 0.4 v
oL v age or s 0.25 - \
' outl Gurrent 81 v " 1a
1 manmum Foul YOIage CC=MAX, V=V ol ™
Y Hgh-level noul ourrent VoeeWMAR, Vs RIV 01 vA'] - i
W Low-level woul eurent Voo =MAK, V[ 20.8V =5.4] mA ' o
\goH __ Suoply Current T otal, outputs ugh [R] 2| mA
‘oo Suoply owrent Vo= A e, outowts low RIS = -
Aver age per pate .
! Supot: ont v P
cc y ourr ce= SV' (50% duty cycle) 0.5 mA d ]
Propegstion Oelay tme, | :
PLH o io-tpherevel outout veem SV,  Ta=25C, 20 nufm A
Prodepalion deiny trene, i -
IPHL  pgneto-inw-tevel output Cu=isof,  Rp=g6m ! il i
Pin Assignment (Top View) .
0} ' ‘ -
vee o n m g
14 12 [ ey
. ' ™ o
E}J @ ) i '
‘ $ .
ﬂ ﬁ . i
! 2 3 ‘LS38 CIRCUIT
[LJ n za xv ouu
Poutve  pegitive  logic : , )
v=%B . Resistor valyes shown ara nominal and in ohmd

15 o sondlans Soen 80 MIN @ MAX, use BODrODIALE Vel mlad under

S AS tywce! veams e 81 VEC= IV, To=2TC.




National
Semiconductor

LM78MXX Series
3-Terminal Positive Voltage Regulators

General Description Features

The LM78MOO series of 3-terminal medium current positive “~m Output cunent in excess of 0.5A

voltage regulators employ internal current-fimiting. thermal % No extamal components

shutdown and safe-area compensation making them essen-  ® imornal thermal overioad protection

tially indestructible. !f adequate heat sinking is provided,  m intarnal short circult current-imiting

they can dolivor in axcoss of 0.5A output current. Thoy 810 g Ouiput banslstor sate-aree compunsation
intended as fixad voltage tequlators In a wide range of appll- o Ay aiahie In JEDEC TO-220 and TO-3% backaan
cations Ineluding local (on-card) regulation for elirnination of Output volt BV, 6V, BY, 12V, 15V, and 24V
noise and distribution problems associated with singla-polnt ® Output voliages of 5V, 6V, BV, 12V, 13V, an
regulation. In addition to use as fixed voltage regulators,

these devices can be usad with exisrnal components to ob- -
tain adjustable output voltages and currents,

Connection Diagrams

/ : R
@» 3 j’__—}'___,?;/
E
47 oy
COMMON
TL/MIDO%I-2
l" \——— COMMON TDP View
out Leag 3 connected 10 tab -
TLMND0E3-1  Order Number LM78MOSCT, LM7BMOGCT, LM78MOBCT,
Lead 3 connecied 1o cans,  1OP ViEW LM78M12CT, LM78M15CT or LM78M24CT
Order Number LM7BMOSCH, LM78MOBCH, LM78MOSCH, _ . See s Package Number T03B
LM78M$2CH, LM78M15CH or LM78M24CH
See NS Peckage Number HO38
* '
L

i 2%




Typical Performante Eﬁaracterjstics {Continusd)

Line Transient Response

- | 1T 1 1 Luzsuos »
E » INPUT VOLIAGE! 1
z |
@ = 1 | =
10
¢ S
=1 } =3
¥ 10 1 OUTPUT VOLTAGE 5 g
5 T DEVIATION
2 o o £
z ] H
~yp {152 25%C
E 10 |6'=500ml
° Vg = 5.0V
-20
o z 4 & B W0 12
TIME (ps)
TL/H/ 100835

Design Considerations

The LM78MXX fixed voltage regulator series has thermal-
overload protection from excessive powat, Intarnal shor cir-
cult protection which fimits the circult’'s maximum current,
and output transistor sate-area compensation for reducing
the output short circult current as the voltage across the
pass transistor is increased.

Although the Internal power dissipation Is limited, the junc-
tion temperature must be kept below the maximum speci-
find temperature (+ 125°C for LM78MXXC) in order to meet
data sheet spacifications. To caiculate the maximum junc-
tion temperature or heat sink required, the following thermal
resistance values should be used:

Typ Max Typ Max
Package EXS dc oda- | 8
70-39 18 25 120 140
T0-220 3.0 5.0 60 40

Tomee = Ta

P =
O Max buc + Boa

T 3
= "—M,éE—J (Without a Heat Sink)
" |

Bca 5,-9cs +tosa g
Solving for T2
Ty=Ta+ Pployc + Oca)or
= Tp + Pp 05 (Without & Heat Sink)

0 toad Translent Rexponse
4

v=10v_ | | T tuzewee |
£ golvossovi [ T11 T les
é - LOAD CURRENT} i .
1\ | H
£ 20 ! E
g iy 3
¥ ow ) | g
2 OUTPUT VOLTAGE | i §
R L e
N |
E T I
E -0
=3
i
¢ ~20
o 10 2 30 &0 S0 &
TE (pas)
TL/H 100834

Where:
Ty = Junction Tomperature
Ta = Ambient Temperature
Pp = Puwer Dissipation
6)c = Junction to Case Thermal Resistance
6ca = -Case-1o-Ambient Thermal Resistance
6cs = Case-to-Heat Sink to Resistznce
figa = Heat Sink-to-Ambient Thermal Resisiance
644 = Junctlon-to-Amblent Thermal Resistancs

Typical Applications

Flxed Output Regulator

1 LM7BUXX 2

1]
0.33 pf =am 3 o gpr
{ T(uom 2)
»

L
TLHAIDOS-T

Hote 1: To specify an outout voltaga, substitue voRaps value for b + o

Nots 2 Bypass are tot stabiity and ¥3h
sleni tesoortne Bnd shoutd be located s clase a8 porsidle 10 the reguiat
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r . ;
absolute Maximum Ratings
j# Mitary/Aerospace speclfied devices are required,
isase conisct the Natlonal Semiconductor Sales
otiice/Distributars for avsliabliity and specifications.

Lead Temperature

ciornge Temperature Rénge Powor Disripation
10-39 Metal Can ~85'Cto + 17§'C Input Voltage
10-220 Package ~65°Cto +150°C 5.0V 1c 15V
i ppersting Junction Temperature Range 0"Cto + 150°C 24V
ESD Susceptibiliy
~ -

LM78MO5C
' glectrical Characteristics

¢C < Ty £ 125°C, V) = 10V, Ig = 350 mA, Gj = 0.33 pF, Co = 0.1 pF, unless otherwise specifis

TO-39 Matal Can (Soldering, 60 s2:.)
T0-220 Package (Soldannq, 60 sec.)

3000
fBI°C

internally Limnnd

3sv
40V

(to be dsterrmnad)

Conditions
symbaol Parameter (Note 1) Min | Typ | Max Unlts
Vo Output Voltage Ty =25C 1 48 5.0 52 \4
Vaung Line Ragulation Ty = 25C 7.0V < V1 £ 25V,
- e 100
lp = 200 mA
my
B.OV <V, € 20V, .
. lo = 200 mA L0, 1) 50
Y3L0AD Load Regulaticn Ty = 25°C 5.0mA < I £ 500 mA 20 100 i
v
* 5.0 mA £ lg 5 200mA » 10 50
Yo Output Voltage 7.0V < V| < 20V, )
5.0mA < lp €350 mA yaly shs |
© Quiescent Cutrent Ty= 25C 45 | 8.0 mé
Sig Quiascent withLine " | B.OV € V; £ 25V, 1p = 200 mA 0.8 \ @
CurrentChange | wynqoad | 5.0 mA < Ip < 350 mA 05
THa Noise J 12 Ta = 25°C,10Hz < 1 S 100 kHz a0 uVv
W/aVp | Ripple Réjection { = 2400 Hz, 1o = 125mA, Ty = 25°C 62 | 80 g2
Yoo Dropout Voltage K Ta = 25C 20 v
o3 Output Short Circult Current Ty = 25°C,Vy = 35V 300 mA
"} Paak Output Current Ty= 25C 700 mA
i¥o/AT | Average Temperature fo = 5.0mA 10 vt
Costficient of Output Voltape . i
LM78R06C \ ). .
Electrical Characteristics
TC < Tp 5 125°C, Vy = 11V, g = 350 mA, Cj = 0.33 pF, Co = 0.1 pF, unless otharwise spacified
\ .
Conditions
Symb
ymbot Parameter (Note 1) Min Typ Max Unlis
‘e .| "Output Voltage Ty = 25°C 575 | €0 { 625 v
auNg Line Regutation T = 25°C B.OV < V) £ 25V,
50 100
Io = 200 mA
mv
9.0V < V| < 20V,
Io = 200 mA 15 ] 50
Vatoap | Load Ragulation Ty = 25°C 50mA < lg < 500 mA 20 | 120 |
i 50mA £ I £ 200 mA 10 | 60
' Output Voltage B.OV S Vy < 21V, 57 63 v
- . 5.0 mA < lo < 350 mA - -
B Quiescent Current Ty = 25°C 45 8.0 mA
B Quiescant with Line 9.0V € V) < 25V, Ip = 200 mA 0.8 mA
Current Chenge withLoad: | £.0mA < lg < 350 mA 0.5
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LM78M12C

glectrical Characteristics contiusd)
¢C<Tas125C, V= 1V, lp = 350 mA. Gy = 0.33 uF, Cp = 0.1 kF, unlest otherwise spacified

- Conditions
1 § v
gymbol Parameter {Hote 1) IAin | Typ | Max | Units
E v310a0 | Lozd Regulation T;= 25C 5.0 mA € ip < 500 MA 25 | 240 v
i ' 5.0 mA £ Ip £ 200 mA 10 | 120
Vo Output Voltage 14.5V < Vi < 27V, R
50mA <lo < 355 mA v 1264V
.r':) Quisscent Current Ty = 25C 4.8 8.0 mA
sl Oviescent withLine | 14.5V £ V; £ 30V, Ip = 200 mA 08
Currant Change p mA
° with Load 50mA < Ip < 350 mA 0.t
No Noise . Ta = 25'C,10Hz £ { < 100 kHz 75 uV
i = 24 =
aw/AVo | Ripple Rolection { = 2400 Hz, '0_ .125 mA, 55 80 .
' Vp= 17V, T, ="25°C
S
Voo Dropout Voltage Ta = 25°C 2.0 v
s Output Short Circult Current Ty = 25°C, V| = 25V 240 mA
b Pesk Output Current Ty =25C 700 mA
AVp/AT Average Temperature lo = 5.0mA .
Costiicient b Outpul Voltage * 10 Wl s
LM78M15C )
' A
Electrical Chatdcteristics.
rC < Ta € 125°C. V) = 23V, lp = 350 mA, Cy = 0.33 uF, Cg = 0.1 pF, unless otherwise spocified (Conlinued)
¥ Conditions
t T
Symbol . P:zame ery (Note 1) - Min yp Mazx Units
vo Outpi®t Voltage ", Ty=25°C 144 | 150 | 156 v
X,
VRLINE Line Regulation Ty = 25C 17.5V € V; < 30V,
Ig = 200 mA R %
0 mV
20V < Vy < 28V,
o = 200 mA 30 | 50
Yaiono | Load Reguiation Ty =25C 50mA < lp £ 500 mA 25 | 300 |
! . 50mA < lo € 200 mA 0 | 150
by Output Voltage 17,5V < v, < Sov, : .
} 50mA < I < 350 mA e 137 ¥
h Quiescent Current Ty=25C 4.8 8.0 mA
bo Quiescent with Line 17.5V € Vi £ 30V, lg = 200 mA 08 mA
| CurmentChange | ,ihtoad | 5.0mA S lg S 350 mA 0.5 .
o Nolse Ta = 25°C, 10Hz < { £ 100 kHz 80 pv
Bvj i t - -
iIAVg | Ripple Rejection { = 2400 Hz, o = 125 mA, c4 70 o8
V| = 20V, Ty = 25°C
fro Dropout Voltage Tp = 25°C 20 v
o #] Output Short Circull Current T, = 25°C, V| = 35V 240 niA
" Peak Output Current T, = 25°C 700 mA
Vo/AT Average Temperature lp =~ 5.0mA 1.0 VG
| Coefficient of Output Vollage .
>
[ e ettt e e e S —
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MOTOROLA
® SEMICONDUCTOR
TECHNICAL DATA .
" ' 4N25

6-Pin DIP Optoisolators 4AN25A

Transistor Qutput. 4N26
AN27

These davices consist of a galliumn arsenide infrared emitting diode optically counled
to a manatithic silicon phototransistor dstactor. 4N2 8

Canvenient Plastic Dual-in-Line Packags
Most Economical Optoisalator

High Input-Output Isolation Guaranteed — 7500 Valts Peak

Meets or Exceeds All JEDEC Registered Specifications 6-PIN DIP

UL Recognized. File Number £54915 ) OPTOISOLATORS
VDE approved per standard 0883/6.80 {Certificate number 41853), with additional TRANSISTOR OUTPUT
approval to DIN IEC380-VOED80E, IEC435/VDEDSOS, IECESVDENBED, VDE110b, covering
all other standards with equal or less stringent requirements, including |EC204/
VDEOQ113, VDEO160, VDEDS32. VOEDSI3, etc. — 883
Spacial laad form available {add suffix " T" to part number} which satisties VDE0883/
6.80 requirement for 8 mm minimum creepage distance betwaen input and dutput
solder pads.

Various lead form options ilable. Consult "Oploisol Lead Form Options'” data
shaet for details,

CASE 730A-02

y T
MAXIMUM RATINGS (T4 = 25°C unless otherwise noted) prasTic
Rating Symbol [ Value [ Unit s
INPUT LED SCHEMATIC |
Revarse Volage va 3 Voits 2 %
Farward Current — Contrauous Ig 80 mA X
LED Power Dissipation « T4 = 25°C Pp 120 mw
with Negligidle Powar in Output Detectar 12 ¢
Darate above 25°C 1.41 mwWeC 4 ‘,‘
OUTPUT TRANSISTOR 4 :
Cotlactor-Eminer Voltage . vego 30 vaits ¢ Ll/-—d g
Emitter-Cotlactor Vohage Veco 7 Volts b NS—
Jo—
Collector-8ase Voltage vVeBO 70 Volts
C Current — C Ic 150 mA
Datactar Pownur Dissipation it T4 = 25C Pp !5‘0 mw
with Negligible Powar in Input LED
Derate above 25°C L76 mwre . LED ANODE ]
2 LED CATHODE
TOTAL DEVICE 5 1NC.
Isalstion Surge Voltage (1} : viso 71500 Vae 4. EWITTER
{Peak ac Voitage, 50 Hz. 1 sec Duration} ;:3;5’-70"
Total Device Powar Dissipation &8 Tp = 25°C Pp 50 mwW :
Derate above 25°C " 2.94 mwirC
d Ambient Operating femperature Aarge Ta ~S5t0 #1300 °C
Stgrage Temperature Range Tstg -5510 + 150 ‘T
Soldenng Tumostawra (10 sae, 14168° om casel L] 260 c
111 1s0tation surge voiraus is an mterral device d.efactric breskdawn rating. )
Far tws test. Pins 1 3n 2 2ee common, and Prey 2§ and 6 are common,
- -




4ANZS, AN25A, AN26, 4N27, 4N28

<4
ELECTRICAL CHARACTERISTICS (T4 = 25°C uniass otharwise ndted}
[ Charactaristie . [ symbal Min Typ | Max | unk |
INPUT LED -
Fnrward Valtage (I = 10 mA} Ta = 25°C VE - 1.1% 1.5 Valts
. Tpo = -88°C - 13 -
Ta = 100°C - 1.05 -
Reverss Leakaga Currént (VR = 3V} 1] — - 100 nA
Capacitance (V = 0V, f = 1 MH2] Cy - 18 - of
OUTPUT TRANSISTOR
Coltactor-Emittar Dark Currant 4N26,25A.26.27 Ice0 - 1 50 nA
(Vgg = 10V, Ta » 25°C 4NZ8 — t 100 ~
(Veg » 10V, Ta = 100°C) All Oavices Iceo — 1 - uA
Coltector-Base Dark Current (Vog = 10 VI ‘cBo - 0.2 - nA
Collectar-Eminer Breakdown Voltage {Ig = 1 mA] V(BRICEO 30 45 - Volts
Colt _Base Breakdown Vol ge (Ic = 100 pA} V(BRICBO 70 g0 - Volts
Emitter-Collector Breakdown Voltage {Ilg = 100 xA) V(BRIECO 7 7.8 — Yolts
OC Current Gain (¢ = 2mA, Vcg = 5 V) hEg - 500 i, - —_
Calllﬁnor-Eminer Capacitance {f = | MHz, Vg = 0) Cce = 7 — pF
Collector-Base Capacitance (i = 1 MHz, Veg » O | Ccn - 19 - 13
Emitter-Base Capacitance (f = 1 MHz, Vgg = 0 Cep - 9 -— of
COUPLED
Output Collsctor Currant {lg » 10 mA. Vcg = 10 I » Ic mA
4N25,25A,26 2 7 -
4NZ7.28 1 5 -
Collector-Ernittar Saturation Voltage (Ic = 2 mA. Ig = S0 mA} VCElsat) - 0.18 0.8 Yolts
Turn-On Time {lp = 10 mA, Vgg » 10V, Ry = 100 ton - 28 - ns
Turn-OH Time (i = 10 mA, Veg » 10V, R = 1000 toH - 45 - us
Rise Tima (Ip = 10 mA, Ve = 10V, R = 1000 te - .2 - us
Fall Tima (1f = 10 mA. Vo = 10V R = 100 M i y - 1.3 - us
isofation Voitage lf = 60 Hz, t = 1 sec) 1 viso 7500 —_ —_ Vacipk)
Isalation Resistance (V = 500 V} Riso (LI - - [§]
{solation Capacitanca {V = OV, f = 1 MHz) Ciso - 02 -— of
TYPICAL CHARACTERISTICS
1T T - 0 =
e
| o o= o= == PULSE OHLY ¥ ! g E“"—T I [ oy vt
e PULSE OR OC i il 1+~ RORMAUZED 10— —T T
@#is 2 T - WmA i v | 1111
21 s Ll a 1! = I
¢ AT N i w1 1 8011 =
/ == Ao =
Ys A7 g . = :
§ AT g Y g i T /{ T
g 14 4 ,A -5 i p l T 7
0T VLR b Lty S Y| SemEE R Ay ST
] A= T R ] S 7
& 12— - e T > T
e 3¢ T 4 2 - L :
bt 8 [ Il 1
100°C | 1) . | [ |
] & 1T L2
1 0 oo 1000 a0t 0.5 0 3 50

1 1
15, LED FORWARD CURRENT (mA) Ip. LED INPUT CURRENT (ma)

Figure 1. LED Forward Voitage versus Forward Current Figure 2. Output Current varsus input Currant
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AN25, AN25A, AN36, 4N27, AN28

T e n
P o e et [ 11 R A T
23 — N Ta ) W
£ 1] 6 uA 18,
=3 S ” Lo
_— = N]
5 2 N
g - % yn <
g, y Z N IS
5 A =y uati Cea ~J
g X 9 L] N
g8 {7 ) 3\ T —H|
) o b Cce T
§ - K 2 pA ¢ P
z le =3
© VA 2
Q
0 2 ¢ 6 & w 12 u 6 18D 00s o1 02 05 1 2 w9
Vg, COLLECTOR EMITTER VOLTAGF VOLTS! ¥, VOLTAGE (VOLTSI
Figure 8, DC Current Gain (Detector Only) Figure 10, Capacitances varsus Voltage
» TEST CIACUIT WAVEFOAMS  §
d
4 og = 10V LAV
fgw 10mA W f o= lo0N
weut ¥ 5 QuTRUT QUTPUT PALSE
>
.
Figure 11. Switching Times
P
OUTLINE DIMENSIONS
varey,
OFTIAL et ' aug‘r-ﬂozm AND TOLERAHOING /L7 ANS)
("] ANOOE A4l e,
oD 1 RN “;.'um 1 CONTROLLING CIMENSION INCL
E L 1 O34 L 10 CENTER OF LEAD WHEN FOALED
& ETTER TRRALLEL
t S COULECTOA
T W e wns
x ! ¢ ! - M{:'T' W
| ] | | it e il
T 5 Tt
ooy 1 T w i} [IENE
nant gy, 17 1 g0 § 95X
e ' L2 - ‘7#215% J'%'?;u
} e eaami® 16110} Dl e
et 0 ] rmnslr A |
[lannesd® (120 2@] 5‘:5 730A-02 s Tam T
LASTIC
»
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scL4ooiB, SCLA0028

$S

scL4o258, sCLA0788 ’

CA0S NOR GATES

SCL40018 — Quad 2-Input NOR ‘
8CL40028 ~ Duat 4-Input NOR '
SCL4025B — Triple 3-Input NOR
SCL40788B — 8-lnput NOR

FEATURES
¢ Buffered Outputs

4 Diode Protection on all Inpiits
4 Fully “B” - Series Compatible .
¢ 'Balanced Output Drive Current Specifications

fnputs Output
006...0 1
All other combinationé 0
FUNCTION DIAGRAMS
SCL4001B SC1.40028 *
1al N 3 i 1
2 Fl- i8 2
18 1
ey 1Y
2A
49y S5
28 D i
3A 64 3A
- 3y 26‘0 13
2t 3
AA ii .
48 4y 2012
Y=A+E Y=ATBFC3 D
" sclaozss scLdo78B
ad A2
182 24y B :
\c8 c
i D
2a3 ) 2y
4 6 E
28 2y F 10
2cS g\ .
1 KT

382 L

3Cy

Y=A+B+C

w
>
:cr

Y = A+B+C+D+E+F+G+H

Vpp = Pin 14
vgg = Piri 7
for All Devices

CONNECTION DIAGRAMS

(all packages)
“ Vpp 48 4A 4y 3Y 38 3A
T R T S PO A
14 13 12 11 10 9 8

SCLa001B

1 2 3 4 5 &

7
T 1 1 1 1.1
1A 18 1Y 2Y 2A 2B Vgg

Vpp 2Y 2D 2C 28 2A NC
| t 11 |
14 13 12 11 10
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Add suffix for package:

C 14-pin Cerdip
D  14-pin Ceramic
E 14-pin Epoxy
F  14-pin Flat

H Chip

RECOMMENDED OPERATING colpiTions
For maximum reliability:
DC Supply Voltage VpD - Vss

Operating Temperature TA
C. D, F, H Device
E Device

3to 15 Vde

55 to +125 °C
.40 to 485 OC



ETATIC CHARACTERISTICS '’

Y

~

,‘ ':st*fgbo.m, SCLA40028, SCL40258, SCL40788
ELECTRICAL CHARACTERISTICS

- , . 3 g 1
PARAMETER Voo | coNDITIONS |—1LOW ;e TuiaH"__ | ynits
tvde) Min. | Max.| Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE I
CURRENT § {Vi=VssorVop | - | 005| - Joooog 00s| - |15 jude
R 10 | All valid inbut —1aiol - |ooot]oio} ~ |30
15 {eombinstiont — | 020! - |oooz}o020| -~ |60

NOTES: ' Remaining Static Electrical Charactiristics ire lidted undér

TLow = -56°C for C, D, F, H device.

Ty

3 These devices have been designe

= .40°C for € device.

IGH

=+ 85°C for E devicé.

d for batanced output drive current specifications, Cons

« +125°C for C, D, F, H devics.

DYNAMIC CHARACTERISTICS (€ =50pF, T = 25°C)

~sCL40008 Saries Family Specitications”.

ult Family Specifications.

PARAMETER (\\’/?sgx Min. Typ: Max. | Units
PROPAGATION DELAY TIME toL . toHL
: § - 125 250 ns
10 4 60 120
15 4 45 90
OUTPUT TRANSITION TIME trem, triy ' ) .
5 - 100 200 ns
10 -, 50 100
_ 16 N 40 80
Yop. DAAIN VOLTAGE (Véc) 5 50
20 18 16 -14 12 10 4 6 4 2 . P
T T < =
Vesm-sVee—F{5 % 0 —
| A 10 g 7
¥ ! |0|Vd¢ A 15 § ' § o
o =~ /
- » 2 § 3 7 Vg = 18 Vde
A .25 0 |~
. Pza
L Y. -
4 -
Vo =18 Ve B E 3 sl v.,L-s:a ' T,
i"“l "’ t.l-zs'c--ﬁ L. o3 6 8 10 12 1 18 18 20
50 Voo, DRAIN YOLTAGE (Vde}

Source Current Characteristici

Typical P-Channel

LoGic DIAGRAMS

SCL40018 :D°—<{>—‘D°*'

SCL40028

SCL4025B 5:>o—a[>—{>o—

scL40788

54

Typical N-Channel
Sink Current Characteristics

SCHEMATIC DIAGRAM SCL40028 (1 of 2 gates)
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