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ABSTRACT

This project report is studies and research in equipment for inverted D.C.
power supply to A.C. power supply. For being the electric supply to electric devices.
By using the transformer transfers the signal form the oscillator circuit to the
transistor power for amplifier the signal. Capable of supplying 220 volts at 50 Hz.
from 12 volt D.C. source to A.C. Maximum load is 500 VA. Oscillator is control by
Cystal and the outpul is regulated voltage at 220 volt. The equipment is including
with current limiting circuit, thermal protection circuit, low battery protection circuit

and does not operate when there 1s no load connect.
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_____ B N sttt ey - — l_
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R FIR DEADTIME QUTPUT 2

INHIBIT GND OQUTPUT2
\ EXT CEXT o anusT INHIEIT

' 71 2.20 Tnssahraveslediued MC 3420

Yodwed MC 3420 luledvum 16 0 Wunssadhedgygpadulsduied
o ~ ] o g o é d o a o - l1 a o
wod  Tnvilgmjammnondnlumsathaeniyn pftmdoudimaudmae wie lnmaes
- 44 d
#5iR GTO (Gats Tum On) TawaavsamnsonauguaTuntwvesgndudvao 18 Tavilv-
| o o Y A s
v, e duninugpuasiadulimuussduniugs wenniimudveseenyaa

o o @ o o A
o itmun 1ddasas Ry, 1y Cpy dnvavosdyanaeuguiiudalal 2.21

11 3UNN VeonTROL 6V 1338V DEAD TIME ADJ 20V,

I QUTPUT . I

1

A4 d P4
) Eﬂﬁ 2.21 !LﬁﬂQZﬂﬂﬂuﬂﬂTWTQ‘] ‘U[’]\illﬂsliﬂ'l]ﬂﬁ MC 3420
" 4 o o 4 -
MR I IR Ry, uar C, wufusdadiuniy

e d o . A - ”
sazdunvlseghde nwuen  menudvemssedsaim aunsan dnnn Yol

a A v
HRNN l'H'lA?‘]lJ11‘H



19

2.2 OP-AMP

2.2.1 gaauiAves OP-AMP tazmai l¥au

Operational amplifier gnmuﬂ%‘ﬁmmmaﬂﬁwmﬁﬂ% (mathematical operation) 1U
analog computer operational amplifier Rg amplifier ﬁﬁéﬂﬂmswwﬁmmm (gain) g4
i direct coupled amplifier ﬁmmmmuqn gain-impedance characteristic 18
feedback network AIUNBN L3UTUUUNY operationsl amplifier Faudydnuatiylenumdund
{1 input 2 30 AU output 1 Y Aalugldl 2.22 Tt uanadls connection Buq ¥4
power supply terminal, feedback Ili¢ phase compensation Li‘luﬁu “(-) input” e
inverting input ndnﬁaﬁmiym output ﬁ'ﬂﬁﬁﬂﬁ’ﬂﬁ'ﬂ phase N 79U “(+) input” %39 non-
inverting input ¥N1UDIEYEYYIG! output o phase Lﬁuaﬁuﬁnﬁmﬁmmﬁﬁﬂﬁ' wenvINTEIEe

Y . ' . . . > . . . 3
p1viloudyg it input 191389199 “inverting input” Y “non-inverting input” i 1A

—input o———-—\
OPA —

output

+iNPUt G +

ground

q1lft 2.22 Faydnudiveseetuoni

R,

Operational amplifier N3 ideal Rueraalugtfl 2.23 Tnuienniaasfl
1. Voltage amplification (A) fif1 infinite (Open loop)

Input impedance (Z,) 1in1 infinite (Open loop)

Input impedance (Z_,) ﬁfiuﬂuquﬁ

Bandwidth 3Ifi1 infinite

M3 swing Y83 output voltage SxAT19unu 0 volt 111l Tug1l tinear

SIS O i

Output voltage )i limit #useAl saturation 1 symmetrical NIUIN HATAY
18Ty op-amp lsiiiumiy
7.V, = AV,

4
8V, = 0ue Vv, =0

a <
9. AUA2N saturation 19157



20

10. MmN input il differential amplifier

inverting input
|

Vin

flo S
non-inverting input

d -
i 2.23 setlusuilmgaund

Tunedfimsuinden Wapeuddde 1 waz o 2 Husuaue

Inverting Amplifier
d ‘ .
Inverting Amplifier 1e@a1¥lugfl 2.24 “tinput> oA ground Tuuiansdiens
WIUA? rosistor iy bias compensation &y mugﬂ R2 1y feedback path 917 outpu

t 2169 input 8117 e (uA1989 voltage 53919 Inverting input 11U ground i3l

= — = T e 1)
R, R,
Ra
Wy

R,
o— WYy -
€in ef \

A o
§UN 2.24 29v59nvuvunaUIve
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a 4 ‘ ¢ . - .
aums 2.1 ﬁ‘lmsammmn'lﬁ'nanmué"m input impedance 483 operational
amgplifier 311 infinite vuAe hiflnszualvadluly amplifier naswerry R, Safini
1y A : . . . ' . .
NUNISUTNHIY R, GIN ! open loop gain U894 operational amplifier fif1 infinite. Voltage e

. L4
'?ar'fluﬂuﬁ MIITREUUANMST (2.1) sznaudiy

AuMs (2.2) t;'?m’flu closed loop gain U931 amplifier (L‘Wﬂzﬁ feed-back network)

Wigydnusl A,

dndu open loop gain Y94 amplifier Lsumuﬁauﬁqﬁﬂyﬁi A
g input impedance (R,) U84 inverting amplifier finuminy input -voltage 13

#a input current

0,
R = 2.4)

(O -0)/R,

. A [ 4
Uit input impedance VB9 operational amplifier SiAUAIY infinite 1519914
R, = R e (25)

Non-Inverting Amplifier

Non-Inverting Amplifier 'Muﬁm‘lu‘gﬂﬁ 2.25 e open loop gain Y03 amplifier i
fiusly infinite. Voltage 55¥119 inverting terminal UAY non-inverting terminal Y3diA1vioY
wnumy lidearifiefs Voltage Ao R, fAflAuvIY ein uozilehifinszuaivariu

inverting input NISUEHIY R, wWHNAUNTLUFMNIU R,
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o— + D

in ez 0 \ 3 —0

o \( / % R, Eout
% "

r .

71 2.25 2aesvvouuy binduda

. . . . . | . ' . . d
ugl input impedance U84 non-inverting amplifier mﬂu ideal ﬁﬂu‘flu infinite i
a ] a va o ' 1 A N N A °

e ualumalfiddnigaawdnmunigan 70139 input resistance (Z,) uaziiol Z,

ﬁ]ﬂlﬁ‘l] ratio U89 A, o) A, 1z 1A input impedance Y9329%3 non-inverting amplifier

d 1] +
AT G non-inverting arnplifier 1 input impedance 4171 inverting amplifier

Adder

9993 Adder 1% output signal filudadiutunasonees input signal wawe &
Fauermslugiin 2.26 #afiu 3 input adder circuit. Input ¥ia 3 flouusnrtu resistor 1Y
inverting input ua voltage ﬁ non-inverting input Q% inverting input fenlndifvaiu
IHIIOUYUINY inverting input ?usﬂu virtual source voltage e, €, €, ﬁmi‘luﬁ'ﬁgtym input

| d . oo . A
3009 input 83 op-amp INWAUY resistor MU WATINYOY input current NWIU R,



] Y d . Y . ! .
R,, R, wiifwndunszuafiniu R, uay amplifier §15 open loop gain gawinlifia input
L

current INTILREHY

e, °, e, o,
B o (29)
R, R, R R,
H R,
Aer
Ra
] e, © ‘ ‘llN"RS -
8p O
RC SEEe————
o————— AW
€. €out
+

il 2.26 2993UINLLY 3 BUA

win R, = R, = R, = R mwld

dd' ! oo .
Tunfi §1 R, = R output voltage WIUAUNINUHATIUYBY input voltage 01 R, =

1/3 R; output voltage ZNAUNTUNATINUGA input voltage 715498 3 M30 output voltage

ﬁ‘]u average Y99 input voltage

r

Differentiator
d . .
2995 differentiztor Auoraaiilugtft 2.27 sz Tosiilumsvi differentiate u

' 179 mathematic. output signal wiludadaudueywuiued input signal
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R,

l'lf'l'

Re G 10KQ

4 o—— W —— - A
25V \/\/’\/ Vi 2700 O 4
S—
Al
i f=1KH, N Vou sV
*
Ry < 10 KQ

A < o
U 2.27 20esarieisuiomes

% d o . . o > . < {]

AUHGANIINOUYBY differentiator ATaTuduiy integrator 3918 output 1ilu
. < : . 44 4

square wave 911 input mi‘lu triangular signal Tunfnid Jewe 2.5 Vv, Anun 1 KH,

%30 period MINY 1 msec AINY

dv 2.5V
_—= = 5V /msec
dt 0.5 msec
unue dv/dt e ld
VvV, = -(10kQx0.1UFxS5v/msec)

= 5V,

o Cln @ . . . ‘:l ‘:l
a1yl armdmu R, vuthidiia gain ¥09 differentiator ARG Taull

' <l
corner frequency BN

£ aasiimediadondly 10 Mveq mput frequency Iawnall £ aasdieieylu
1 73 1 A
JYMI1 1/2 TR, C, MM gain-bandwidth product ¥8Y opamp B9 Ll A741 i gain-
bandwidth product 1333184 1 MH,

youatiiaves £ suily
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1x10*
f < |/ e (213)

2TR, C,

Integrator
P @ 'Y
2999 Tntegrator uemalilugifl 228 output signal sziludadaudy  time

integral 94 input signal Tauil

v, = - Vodt (214)
R.C,
C,0.1uf
~——
R, 100KQ
“;‘IVI
2 W
© M -
vV 10K
5V R
M X
+
T o, Vau /\/\/2.sv
ki
R; £ 9.1KQ

o a a o
510 2.28 291IBUNINIMBS

- . < Vv <
Ar5anda response UBIIVT  mtegrator ﬂﬁwameammm square wave 7l

symmetry Y average value Lﬂ‘u ov ﬁ]ﬂﬁlfgfg”lm input Y peak amplitude Lﬂ‘u AV u
4
period T 13110130 TT p-p output 18 Tnons integrate ARBANSY period UBI input signal
L4
Aariu

lV,_P'PlZE%.LmAdt

171

. <
output waveform xﬁu integral U89 input waveform mﬂu square wave (519918

output 151131} triangular dlo A = 5V uaz T = 1msec asgilinauuseld
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R, C, = 10> sec
(51107 (10%2) = 2.5 v,

. o d . v . ey A
Resistor R, uguiiuiliil DC stabilization 1412993 integrator lat¥11iA gain 9

iy o d _ < d Ad 4y
AMUAGI999 amplifier (Hoan dhft TWiAa Iddeoiige uazman@nIevsEuduiauily

mtegrator 8o

1

f= H (216)

z
2MR,C,

4 .. 4 4. , . .
W I1R tnearity 77 ANDvOIdRyY B! input Aasdmedatendu 10 mives

Aanldnn (2.16)

d
2.3 pOT¥AIALNDT
Ly PR ﬂ Py J 4 o
1veeadaame futseen IRy 1vesesaFammeinauglanel uaziseseed
Adu 1q ¢+ 4 . d o A4 o
Famme s lilvndugtlaned wy guldmaoy wad fudu Tufite I@vhmsdnsumme
a s 4 s & o A 4 o A kY |
1sepaFaameindugilaol Feeldtuliandugilmotesnfiyadyg aesn daules
a A A 1 ™ w
pondamme fndugldmany axlddnmde llluiadersesiad
a A . . o A w 4
N‘nsaaﬁ%amma%ﬂaugﬂmwﬁ {sine-wave oscillator) w‘lﬁmmﬂmyrmmﬂaugﬂ
o S d d o a ] o
suiieanunasAnal Iasiivuauasanudnifl siavesnisesagaanuisidanginsal
| o 4 .
71 neiunvsesadammeinaugianotezuialdiily
o
1) 29vseeadaawmeinld LC
- 4
2) 1vIeeaFammeinld Cr
- <4
3) 299500aFame i l¥tounin (Crystal)

. Yo 4 w 4 & 4
nmsutsnudhanuisimansosensean e I vanudsdu 1§ nauaisian 2.1

- a 4
A1TIN 2.1 '.Ni]58821“5?1131?‘18%1!‘1.!‘1]?1611&‘111011

pafilsznouves | Foveseoadaame’ | dnuaemslday FFau
poATAANDT

Jvseeadam | Lifennnudd 1aadifounas | 118 Twnlessuing
wesnld Le 2 neamames @asw) | Iddw i 1oy 189
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6.nDARNN 4 ¥ ludmamiga
- A 1 t:l ; o -
199380AFae | Luninanwla 1.1%29n 06 1 umeondam
sdq @ a o =) Pt o
weinl¥ CR | 2uuunuuIad 200080150 wes lunisiania
4 A2
wasumlasld AUnITLDA
: 3D UTNINUDI
duy 1
A1ua 3@
- ‘: < t ) = A 1 o
199700AFAE | LYUNANABIEHIN B | LIadusninves 1.1 lunSosetaing
d o 4 a a A o
weinleteu 1 E mwandiuRes | wiRn mFesiieda
E 4
HAN (Crystal) | 2.5UHBNABIEHIAC | 10° - 107/ 098 @199 484
o 1 A A o L} o
, fu B 2 luiunnudge | 2.8 lEudy
. A o
3.msnTdnnud 2v5aaengy
4 . .
warulasildmn | eLL) e ifau
Ideiantiavna
(V] d' 'Y =Y
23.1 Hann1siiadAUYsINISEBATaAN

‘i 1 Y -\ | A ‘i
1. aszuanyhalvinanseenaansdiadaliial

1
[}
\)
)
1
.}
1
)

v
ANUNIIVBINITUNTY ©

>

b ki
(n) endinndm

(%) nsserdmanuuutiaui (damped oscillation )
2|
7in

2.29 UgIRINITE aﬁ%ammmna

Pl A a 0 [-3 a ' a
eyl 229 (n) degnduwikmgniassninide Nizfianisunis wivesada

AU KJ [ b= ' A
lﬁ‘ﬂﬁ'wﬂ'ﬂllﬂdﬂﬂﬂgﬂﬂ 2.29 (V) WRBNIYUIANIBTTUSNIIVINITUNIINTANAITOY] U
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o bl o o @ A o
Krudnusizuannufed aunsatanlfivaeesvfdegln 230 ldindeudy

ne
It
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Q)]

o < s
31l 230 wermamsNAseAFAUANNIARIUIINS IHT1

=l a o 4 v do v d
vingli 230 (n) dedafgnidenseninduvamds Mimsdszgaunulizy C
d . a o d t o 1A s
undanseua i szisulwasennnduivlsey dinldfiwmain L udiipavinvaainiinn
ey A ) A A U o L4 A . a :
autiAvesmsiey  wie limmnsafzdvuasenvivivule ldauiindnly Aol
A =l o/ o 4 [ S
densuuaitlvavindaufivsyy ¢ ldwmmn L wuauds @udszgouilugul) feeifa
9/ [ w o A v =) [ o t d”
nszualnadeundumaetuiiemansn  idhinmsssgdatudszadn  aduldnduuusuil
o 'ﬂ o d 4 g
annzms Inavesnsvuseeadaan suiudsiindnuudidiedy esnnnavesnidiy
mu R avhnashidfemsgydhdauidy R dumnenawi msseadaan
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wgnaaneuas AAnananasendunulzy C wwamnsadumndunslddegi 230
$ o o A o .
() Fundeusumsesagaannana (JasiiraeaAnaIzAIuNTEUABY 90 BIFN)
o o P ' ') “ = ' a
missadaanludnuesdidnanuwdii  Sondr  miseeadaenuuuami
vy e 4 4 ' a ( 4 Vo o
(damped oscillation) weflvzvsidmsesasaniiulledisderies wdesladmadily
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National
Semiconductor

CD4001BM/CD4001BC Quad 2-Input
NOR Buffered B Series Gate ,
CD4011BM/CD4011BC Quad 2-Input
NAND Buffered B Series Gate

General Description Features
These quad gates are monolithic complementary MOS  ® Low power TTL Fan out of 2 driving 74L
(CMOS) integrated circuits constructed with N- and P-chan- compatibility or 1 driving 74LS

nel enhancement mode transistors. They have equal source & 5V-10V-15V parametric ratings

and sink current capabilities and conform to standard B se- @ Symmetrical output characteristics

ries output drive. The devices also have buffered outputs g Maximum input leakage 1 nA at 15V over full tempera-
which improve transfer characteristics by providing very ture range

high gain.

All inputs are protected against static discharge with diodes

to Vpp and Vgs.

Schematic Diagrams

CD4001BC/BM
Voo
AO' Va of device shown
1(5,8,12) J=ATB
R Logcal "1" = High
Logical “0" = Low
Vs
TUF/5839-2
*All inputs protected by standard
e CMOS protaction circuit.
(e
206,913
Vun
CD40118C/BM
2 g Voo
-
L4
Y4 of device shown
o
.—L J=~AeR
Jis8.12) 34, 16, 11) Logical “1* = High
: Logical 0" = Low
N N
Vss
. TUF/5938-6
E} “All inputs protected by standard
26,9,13) CMOS protection circuit

TL/F/5939-5



Absolute Maximum Ratings (Notes 1and 2)

if Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/

Operating Conditions
Operating Range (Vpp)
Operating Temperature Range

Distributors for availability and specifications.

Voltage at any Pin —0.5V toVpp +0.5V
Power Dissipation (Pp)
Dual-in-Line 700 mW
Small Outiine 500 mW-
Vpp Range -0.5Vpcto +18Vpg

Storage Temperature (Tg)

Lead Temperature (Ty)
(Soldering, 10 seconds)

—65°Cto +150°C

260°C

DC Electrical Characteristics co4oo1eM, cD40118M (Note 2)

CD4001BM, CD40118M
CD4001BC, CD40118C

3 Vpcto 15 Vpg

-55°Cto +125°C
—40°Cto +85C

Top View

*Please look into Section 8, Appendix O

for

of various p

ge types.

Symbol Parameter Conditions ~55°C +25°C +125C Units
Min Max Min Typ Max Min Max
oo Quiescent Device | Vpp = 5V, Vi = Vpp or Vgg 0.25 0.004 | 0.25 75 uA
Current Vpp = 10V, Vi = Vpp o Vsg 0.50 0.005 | 0.50 15 | pA
Vppo = 15V, Vjn = Vpp or Vss 1.0 0.006 1.0 30 uh
VoL Low Level Vpp = 5V 0.05 0 0.05 005 Vv
Qutput Voltage Vop =10V ¢ Jlol < 1pA 0.05 0 0.05 0.05 v
Vpp = 15V 0.05 0 0.05 005{ V
VOH High Level Vpp = 5V 495 495 5 495 v
Qutput Voltage Vpp = 10V ¢ o/ < 1pA 9.95 9.95 10 9.95 v
Vop = 15V ) | 14.95 14.95 15 14.95 v
ViL Low Level Vpo = 5V, Vg = 4.5V 1.5 2 1.5 15 v
Input Voltage Vpp = 10V, Vg = 9.0V 3.0 4 3.0 3.0 \
Vpp = 15V, Vg = 13.5V 40 6 4.0 4.0 \
Vi High Level Vpp = SV, Vo = 0.5V 3.5 35 3 3.5 \
tnput Voltage Vpp = 10V, Vo = 1.0V 7.0 7.0 6 7.0 v
Vop = 15V, Vg = 1.5V 11.0 11.0 9 11.0 \
oL Low Level Output | Vpg = 5V, Vg = 0.4V 0.64 051 | 088 0.36 mA
Current Vop = 10V, Vg = 0.5V 1.6 13 2.25 0.9 mA
(Note 3) Vpp = 15V, Vg = 1.5V 4.2 3.4 8.8 2.4 mA
loH High Level Output | Vpp = 5V, Vg = 4.6V —-0.64 -0.51| —0.88 -0.36 mA
Current Vpp = 10V, Vg = 9.5V ~-1.6 -13 | —225 -0.9 mA
(Note 3) Vpp = 15V, Vg = 13.5V -4.2 -34 | -88 -2.4 mA
N tnput Current Vpp = 15V, Vi = OV -0.10 ~10-5| —-0.10 -1.0] uA
Vpp = 15V.Viny = 15V 0.10 10-5 0.10 1.0 pA
Connection Diagrams
CD4001BC/CD40018M CD4011BC/CD4011BM
Duai-In-Line Package Dual-in-Line Package
Vee Voo
!“ 13 “2 l" |‘° |’ s lu Iu !n 'u Iu || ]
1 1 1 4 % L] 7
i ‘ l ﬁ rF F T
1 12 10 g Is ] I TUF/5930-4
Ves Top View
TUF/5830-3 Order Number CD4001B* or CD4011B*
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DC Electrical Characteristics cpso018¢. co40118C (Note 2)

. —40°C +25°C +85°C
Symbol Parameter Conditlons ] Units
Min | Max | Min | Typ | Max | Min [ Max
po Quiescent Device | Vpp = 5V, Viy = Vpp or Vs 1 0.004 1 7.5 HA
Current Vpp = 10V, Viy = Vpg or Vsg 2 0.005 2 15 | pA
Vpp = 15V. ViNy = Vpp or Vgs 4 0.006 4 30 1A
VoL Low Level Vpo = 5V 0.05 0 0.05 0.05 \
Output Voltage | Vpp = 10V ¥+ lig] < 1 A +1 0.05 0 0.05 005 | Vv
Vpp = 15V 0.05 o 0.05 005 Vv
Vou High Level Vpp = 5V 495 495 s 4.95 v
Output Voltage Voo = 10V ¢ |ig] <1pA 9.95 9.95 10 9.95 v
Vpp = 15V 14.95 14.95 15 14.95 \
ViL Low Level Vpp = 5V, Vg = 4.5V 15 2 15 15 v
Input Voltage Vpp = 10V, Vg = 9.0V 3.0 4 3.0 3.0 v
Vop = 15V, Vg = 13.5V 40 6 40 ! 40 | Vv
ViH High Levet Vpp = 5V, Vg = 0.5V 3.5 35 3 I as v
Input Voltage Vpp = 10V, Vg = 1.0V 7.0 7.0 6 v 7.0 v
Voo = 15V. Vg = 1.5V 11.0 1.0 9 1 11.0 Y
oL Low Leve! Qutput | Vpp = SV, Vo = 0.4V 0.52 0.44 0.88 i 036 mA
Current Vpp = 10V, Vg = 0.5V 1.3 1.1 2.25 ' 09 mA
(Note 3) Vpp = 15V,Vg = 1.5V 36 3.0 6.8 2.4 mA
o High Level Output | Vpp = 5V, Vg = 4.6V -0.52 -0.44{ -088 -0.36 mA
Cument Vpp = 10V, Vg = 9.5V -13 -11 1 —225 -0.9 mA
(Note 3) Vpp = 15V, Vg = 13.5V ~3.6 ~30{ -88 -2.4 mA
N Input Current Vpp = 15V, Viy = OV -0.30 ~10-%| -0.30 ~1.0] pA
Vop = 15V, Vi = 15V 0.30 10-5 | 030 | 10 | pA
AC Electrical Characteristics* co4co18c, cos0018m
Ta = 25°C. Input t,; ty = 20 ns. C_ = 50 pF, R = 200k. Typical temperature coefficient is 0.3% /°C.
Symbol Parameter Conditions Typ Max Units
tpHL Propagation Delay Time, Vpp = 5V 120 250 ns
High-to-Low Level Vpp = 10V 50 100 ns
Vpp = 15V 35 70 ns
tPLH Propagation Delay Time, ' Vpp = 5V 110 250 ns
Low-to-High Level Vpp = 10V 50 100 ns
Vpp = 15V 35 70 ns
THL tTLH Transition Time Vpp = 5V 90 200 ns
Voo = 10V 50 100 ns
Vpo = 15V 40 80 ns
Cin Average Input Capacitance Any Input 5 7.5 pF
Cpp Power Dissipation Capacity Any Gate 14 pF

*AC Parameters are guaranteed by OC correlated testing.
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Exceot for “Operatng Temperature Range”

they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Charactenstics™

operation.

Note 2: All voltages measured with respect to Vgg uniass atherwise specified.
Note 3: Ig_ and oy are tested one output at a time.

provides conditions for actual device



AC Electrical Characteristics* cos0118cC, cD40118M

Ta = 25°C, Input t; t = 20 ns. C_ = 50 pF, R = 200k. Typical Temperature Coefficient is 0.3%/°C.
Symbol Parameter Conditions Typ Max Units
tPHL Propagation Delay, Vop = 5V 120 250 ns
High-to-Low Level Vpp = 10V 50 100 ns
Vop = 15V 35 70 ns
toLH Propagation Delay, Voo = 5V a5 250 ns
Low-to-High Level Vpp = 10V 40 100 ns
Vpp = 15V 30 70 ns
tTHL trLH Transition Time Vpp = SV 90 200 ns
- Vpop = 10V 50 100 ns
Vpp = 15V 40 80 ns
Cin Average Input Capacitance Any Input 5 7.5 pF
Cep Power Dissipation Capacity Any Gate 14 pF
“AC Parameters are guaranteed by OC comelated testing.
Typical Performance Characteristics
Typical Typical Typicat
Transfer Characteristics Transter Characteristics Transfer Characteristics
o X ST » T | » 556018
i i T, =25% 7,325% ; ! T, =25°%C
:>"': ' Voo = 15V ; N i’: " Vog = 15¥1 o § s Voo = 15V o
g A L g | g :
jor) o] . = H b
E 0 vm=|avf ! !'_3.. - S R .‘ g o o= 1ovl . |
2 2 i > HE
g o ‘-'{:D"“‘ g 5 ; - ; ,
2 H atn 0 =3 : . { = - LR i T
2 s Vpo =5V g H s ’.n ] 3 s Vog =SV 1(%’ ] = s Voo Y - i "’%-. .
= H ]‘ =2 + ; ° y°
i ; |
0 [ ! 0
0 H 10 15 0 0 H 10 15 20 0 s 10 i) 20
Vi = INPUT VOLTAGE (V) ¥y~ INPUT VOLTAGE (V) Vy= INPUT VOLTAGE (V)
ONE PUT ONLY BOTH MNPUTS ONE INPUT ONLY
TUF/5938~7 TL/F/5039-8 TL/FI5939-5
Typlcal
Transfer Characteristics
20
D400 00 T
os25% s “ Co0018 z : toaans
= Vo = 15V| . < Tas25°C s Ta=125C
i’ 152 % § w L = sapF.| g m CL=500F
Qo Q3 Q -
= Yo = TE
o - :
2 w0 Voo = 10V e, | iz 208 ‘ ' 1 iz 0
5 "D £x \
g wf L8 A\ | | LE G
oS : b — g W tont Steiy : 1w \
i - £
> Voo 2 5V = W 2 A ——
\ P 5 S |
) s 18 2 o s oo 2 ' s w oo »

¥y~

INPUT VOLTAGE (V)
80TH INPUTS

TUF/5939-10

Vpg - SUPPLY VOLTAGE (V)

TUF/$933-11
FIGURE §

Vpg - SUPPLY VOLTAGE (V)

TU/F15939-12
FIGURE 6



Typical Performance Characteristics (continueq)

PROPAGATION DELAY TIME {n3)

py = TYPICAL NIGH =~ TO - LOW LEVIL

Loy~ TYPICAL LOVI = T0 = HIGH LEVEL
PROPAGATION DELAY TINE (ns)

0 2 4 6 8 101214 16 18 20

Vour (V)

FIGURE 13
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2E
Vo = 15V 2 =
I T 541 S I+ V=il
— ES P
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[ 2 50 s 100 0 2 0 s 10
€L~ LOAD CAPACITANCE (pF) €.~ LOAD CAPACITANCE (pf)
TU/F/5939-13 TL/F/5939-14
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National
Semiconductor

CD4017BM/CD4017BC.Decade Counter/Divider

with 10 Decoded Outputs

CD40228M/CD40228BC Divide-by-8 Counter/Divider

with 8 Decoded Outputs

General Description

The CD4017BM/CD4017BC is a S-stage divide-by-10 John-
son counter with 10 decoded outputs and a carry out bit.
The CD4022BM/CD40228C is a 4-stage divide-by-8 John-
son counter with 8 decoded outputs and a carry-out bit.

Features
| Wide supply voltage range 3.0V to 15V
| High noise immunity 0.45 Vpp (typ.)

a Low power
TTL compatibility

Fan out of 2 driving 74L
or 1 driving 74LS

These counters are cleared to their zero count by a logical ™ Medium speed operation 5.0 MHz (typ.)
*“1" on their reset line. These counters are advanced on the with 10V Vpp
positive edge of the clock signal when the clock enable sig- 8 Low power 10 uW (typ.}
nal is in the logical “0" state. | Fully static operation
The configuration of the CD4017BM/CD4017BC and . .
CD40228M/CD4022BC permits medium speed operaion ~ Applications
and assures a hazard free counting sequence. The 10/8 u Automotive
decoded outputs are normailly in the logical "0" state and go  w instrumentation
10 the logical “1" state only at !heir respective time slot. g Madical electronics
Each decoded putput remains high for t full clock cycle. ® Alarm systems
The carry-out signal completes a full cycle for every 10/8 N .
) N L . B {ndustrial electronics
clock input cycles and is used as a ripple carry signal to any a .
succeeding stages. # Remote metering
Connection Diagrams
CD4017B CD40228
Duat-In-Line Package Dual-in-Line Package

1 U 16 1 U 18
OECOOED OUTPUT “5° ~ — Voo DECODED OUTPUT =1 = — voo
OECOOED QUTPUT ~1= = S peser 0£CODED QUTPUT T~ —] L5, neser

"

DECODED OUTPUT ¥~ =2 p— cLocKk DECOBED DUTPUT 7° —H Y. crocx

4 13
DECODED OYTPUT ~7° —of j=e CLOCK ENASLE DECOOED OUTAUT 5~ ~— L2 crack enaete

12

OECODEQ OUTPUT 5° == CARRY-0UT QECODED OUTPUT ‘¥~ — L2 canavour

[] 1t
OECO0ED OUTIT 7~ —— — DECODED OUTPUT " ne 4 'L necooeo outeut 6

? 18 g
OECOOED OUTPUT 37 = [ OECOOED OUTPUT °¢ 0ECODED OUTPUT 1~ — 1'% oecooeo outrut 7

vss A L. oecooen ourrer ¥ Vs — 1® e

TUF/5950-1
Top View

TL/F/5950-2
Top View

Order Number CD4017B" or CD4022B*

*Please look into Section 8, Appendix D for availabdlity of various package types.



Absolute Maximum Ratings (otes152)
If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Oftfice/
Distributors for availability and specitications.

DC Supply Voltage (Vpp) —0.5Vpgto +18Vpe
Input Voitage (Vi) —0.5 Vpg to Vpp +0.5 Voo

Storage Temperature (Ts)
Power Dissipation (Pp)

—65°Cto +150°C

Dual-tn-Line 700 mW

Small Qutline 500 mwW
Lead Temperature (T()

(Soldering, 10 seconds) 260°C

Recommended Operating
Conditions Note 2)
OC Supply Voltage (Vpp)
Input Voltage (Vin)

Operating Temperature Range (Ta)
CD40178M, CD40228M

+3Vpgto +15Vpe
0to Voo Voo

—~55°Cto +125°C

CD40178C, CD40228C

DC Electrical Characteristics cpa0178M. CD40228M (Note 2)

—40°Cto +85°C

I eee .
Symbol Parameter Conditions L s5'¢ *25 +125°C Units
i Min | Max | Min Typ | Max | Min | Max
Iop Quiescent Device | Vpp = 5V.Viy = VpporVss | 1 5 0.3 5 150 | pA
Current Vpp = 10V, Viny = Vpp Of Vss I {10 0.5 10 300 HA
Vop = 15V.Vin = Vpp Or Vs | i 20 10 20 600 | nA
Vo Low Level flol < 1.0 pA ! i
Output Voltage | Vpp = 5V ! 0.05 0 0.05 005 ] v
Vpp = 10V i 1 0.05 0 0.05 005 | V
Vpp = 15V X i £.05 0 0.05 005 | Vv
Vou High Level llo] < 1.0 A !
Qutput Voltage Vop = 5V 495 4.95 5 4.95 \Y
Vpp = 10V 9.95 | 9.95 10 9.95 v
Vop = 15V 1495 | 1485| 15 14.95 v
Vi Low Level ol < 1.0 pA 1
Input Voitage Vpp = 5V.Vg = 0.5Vor a5V 1.5 1.5 1.5 v
Vop = 10V, Vg = 1.0Vor9.0v i 3.0 3.0 3.0 v
Vpp = 15V. Vg = 1.5V or 13.5V .40 40 4.0 v
Vi High Level ligl < 1.0pA
input Voltage Vpp = SV.Vg = 0.5V or4.5v 35 ! 3.5 3.5 v
Vpp = 10V, Vg = 1.0Vor9.ov | 7.0 7.0 7.0 v
Vpp = 15V, Vo = 1.5Vor13.5V{ 11.0 11.0 11.0 v
oL Low Level Output | Vpp = 5§V, Vg = 0.4V 0.64 0.51 0.88 0.36 mA
Current (Note 3) | Vpp = 10V, Vg = 0.5V 186 1.3 | 225 0.9 mA
Vpp = 15V, Vg = 1.5V 4.2 3.4 8.8 2.4 mA
loH High Level Output | Vpop = 5V, Vg = 4.6V -0.25 ~0.2{ —0.36 —-0.14 mA
Current (Note 3) Vpp = 10V, Vg = 9.5V -0.62 -05| -09 -0.35 mA
Vop = 15V, Vg = 13.5V -1.8 -1.5| -35 -1 mA
N input Current Vpp = 15V, Vi = OV -0.1 —10-5| —0.1 —1.0] pA
Vpp = 15V. Vin = 15V 0.1 10-5 0.1 1.0 pA
DC Electrical Characteristics co4o178¢. C040228C (Note 2)
Symbol Parameter Conditions —4oC +25 +85°C Units
Min Max Min Typ Max Min Max
oo Quiescent Device Voo = 5V 20 0.5 20 150 pA
Current Vpp = 10V 40 1.0 40 300 HA
Vop = 15V 80 5.0 80 600 uA
Vou Low Level ol < 1.0 pA
Output Voltage Vpp = 5V 0.05 0 0.05 0.05 v
Vpp = 10V 0.05 0 0.05 0.05 \
Vpp = 15V 0.05 0 0.05 0.05 \%
VoH High Level llol < 1.0 pA
Qutput Voitage Vpp = 5V 4.95 4.95 5 4.95 v
Vpp = 10V 9.95 9.95 10 9.95 v
Vpp = 15V 14.95 14.95 15 14.95 v

Note 1: “Absolute Maximum Ratings” are those vaiues beyond which tha safely of the device cannot be guaranteed. they are not meant {0 umply that the devices
shoutd be operated at thesa imits. The table of “Recommended Operating Conartions™ and “Electncal Charactenstics’ provides conditions for actual device

operation,

Note 2: Vgg = OV unless otherwise spectfied.
Note 3: ig, and loy are tested ona output at a ime.
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DC Electrical Characteristics co4o178¢, cD40228C (Note 2) (Continued)

Symbol Parameter : Conditions —40C +25° +85°C Units
Min | Max Min Typ Max Min Max
ViL Low Level liol < 1.0 pA
Input Voltage Vpp = 5V, Vo = 0.5V or4.5V 1.5 1.5 1.5 v
Vpp = 10V, Vg = 1.0V or 9.0V 3.0 3.0 30 v
Vpo = 15V, Vp = 1.5V or 13.5V 4.0 4.0 4.0 v
ViH High Level Ilol < 1.0 pA
s | Input Voltage Vpp = SV, Vp = 0.5Vor4.5v 3.5 3.5 3.5 v
Vpp = 10V, Vg = 1.0V or 9.0V 70 70 70 )
Vpp = 15V, Vg = 1.5Vor13.5vV| 11.0 11.0 11.0 \)
oL Low Level Output | Vpp = 5V, Vg = 0.4V 0.52 0.44 0.88 0.36 mA
Current (Note 3) Vop = 10V, Vo = 0.5V 1.3 1.1 2.25 0.9 mA
Vop = 15V, Vg = 1.5V 3.6 3.0 8.8 2.4 mA
IoH High Level Output | Vpp = 5V, Vg = 4.6V ~0.2 -0.16 | -0.36 -0.12 mA
Current (Note 3) | Vpp = 10V, Vg = 9.5V -0.5 ~0.4 -0.9 -0.3 mA
Vpp = 15V, Vg = 13.5V -14 -1.2 -3.5 -1.0 mA
N Input Current Vop = 15V, Viy = OV -0.3 —-10-51 ~-0.3 ~-1.0| upA
Vop = 15V, Vin = 15V 0.3 10-5 | 03 1.0 pA
Note 1: “Absotste Maxmum Ratings™ are those values bayond wrich the satety of tha gevice cannot be guaranteed, they are not meant to imply that the devices
should be operatad at these limits. The Lable of "R O g C ions” and “Electrical Charactenstics”™ provides condtions for actual device
operation.

Note 2: Vgg = OV uniess otherwse specified.
HNote 3: (o, and iy are lested one outout at a trma.

AC Electrical Characteristics*

Ta = 25°C, C_ = 50 pF. Ry = 200k tc and Y. = 20 ns, unless otherwise specified

Symbol ] Parameter | Conditions . I Min l Typ Max Units
CLOCK OPERATION
teHL. tPLH Propagation Delay Time
Carry Out Line Vop = 5V 415 800 ns
Vpp = 10V 160 320 ns
Vop = 15V 130 250 ns
Carry Out Line Vop = 5V ) 240 480 ns
Vpp = 10V C_ = 15pF 85 170 ns
Vop = 15V 70 140 ns
Decode Out Lines Voo = 5V . 500 1000 ns
Voo = 10V 200 400 ns
Vpp = 15V 160 320 ns
$TLH: tYHL Transition Time Carry Out
and Decode Out Lines
tTLH Vop = 5V 200 360 ns
Vpp = 10V 100 180 ns
Vpp = 15V 80 130 as
tTHL Vpp = 5V 100 200 ns
Vpp = 10V 50 100 ns
Vpp = 15V 40 80 ns
oL Maximum Clock Frequency Voo = 5V Measured with 1.0 2 MHz
Vpp = 10V Respect to Cany 25 S MHz
Vpp = 15V Qutput Line 3.0 8 MHz
twi, tWH Minimum Clock Vpp = 5V 125 250 ns
Pulse Width Vpp = 10V 45 90 ns
Vpp = 15V 35 70 ns
e el Clock Rise and Vop = SV 20 re
Fall Time Vpp = 10V 15 1S
Vpp = 15V S 15
tsy Minimum Clock Inhibit Vpp = 5V 120 240 ns
Data Setup Time Vpp = 10V 40 80 ns
Vpp = 15V 32 65 ns
Cin Average Input Capacitance 5 7.5 pF



AC Electrical Characteristics*

Ta = 25‘C, Cr = 50 pF, R = 200k, tcy and Y = 20 ns, unless otherwise specified

Symbol l Parameter I Conditions Min L Typ l Max Units
RESET OPERATION
tPHL. tPLH Propagation Detay Time
Carry Out Line Vpp = 5V 415 800 ns
Vpp = 10V 160 320 ns
N Vpp = 15V 130 250 ns
Carry Out Line Vpp = 5V 240 480 ns
Vpp = 10V C_ =15pF 85 170 ns
Vpp = 15V 70 140 ns
Decode Out Lines Vpp = 5V 500 1000 ns
Vpp = 10V 200 400 ns
Vpp = 15V 160 320 ns
tw Minimum Reset Vpp = 5V 200 400 ns
Pulse Width Vpp = 10V 70 140 ns
Vpp = 15V 55 110 ns
lREM Minimum Reset Vpp = 5V 75 150 ns
Removal Time Vpp = 10V 30 60 ns
Vpp = 15V 25 50 ns

“AC Parameters are guaranteed by OC correlated tesung.
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Timing Diagrams (continued)
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Logic Diagrams

CD4017B
-+ b r T -
) ] ] v 1"t
u
cLock j ?—gj
cLock 13
EnaBLE 12
Lo [ a}— o [} q CD—OCouv
3
¢ 1 (3 le (K] )
0 0 0 1 g
§}—d b= & Hum [ o
[ L) A [ )
weser o'_!_{>°_q> )4 i d 1 {
vas
3 $ 0 9 10
1~ i T b e
Terminat No. 8 = GND TLIF75950-5
Termmal No. 16 = Vop
CD4022B
b b T el
1 ¢ 3 10
1
o
unuig_? .
ENASLE
a by 1] [} [} aQ
¢ 1 [3K] g 1 e 1
[] 0 0 0
o [ £ [ 1 i
[ ] [ —1 [
13
atmo—-{ >o-q - : : 4 |
n 1 1 7 1
- - - T €
Terminal No, 16 = Vap N B h out TU/F/5950-6

Terminal No. 8 = GNO



e

National
Semiconductor

CD4029BM/CD4029BC Presettable
Binary/Decade Up/Down Counter

General Description

The CD4029BM/CD4029BC is a presettable up/down
counter which counts in either binary or decade mode de-
pending on the volitage level applied at binary/decade input.
When binary/decade is at logicat 1", the counter counts in
binary, otherwise it counts in decade. Similarly, the counter
counts up when the up/down input is at logical **1"* and vice
versa.

A logical “1” preset enable signal allows information at the
“jam" inputs to preset the counter to any state asynchro-
nously with the clock. The counter is advanced one count at
the positive-going edge of the clock if the carry in and pre-
set enable inputs are at logical “0"'. Advancement is inhibit-
ed when either or both of these two inputs is at togical *“1".
The carry nut signal is normally at logical *1” state and goes
to togical 0" state when the counter reaches its maximum

countin the “up” mode or the minimum count in the “down”
mode provided the carry input is at logical “0" state.

All inputs are protected against static discharge by diode
clamps to both Vpp and Vgs.

Features

u Wide supply voitage range 3V to 15V

& High noise immunity 0.45 Vpp (typ.)

o Low power fan out of 2
TTL compatibility driving 74L

or 1driving 74LS
& Paraliet jam inputs
® Binary or BCD decade up/down counting
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Absofute Maximum Ratings

(Notes

1and 2) .

It Miiltary/Aerospace specified devices are required,
contact the Natlonal Semiconductor Sales Office/
Distributors for availability and specifications.
DOC Supply Voltage (Vpp)
Input Voltage (Vi)
Storage Temperature Range (Tg)
Power Dissipation (Pp)
Dual-tn-Line
Smail Outline
Lead Température Ty
{Soldering, 10 seconds)

—0.5Vto +18 Vpe
~0.5VtoVpp + 0.5Vpe
—-65'C to +150°C

700 mW
500 mw

260°C

Recommended Operating
Conditions (note 2)

DC Supply Voltage (Vpp) 3Vto 15 Vpg
Input Volitage (ViN) 0V to Vpp Vpe
Operating Temperature Range (Ta)
CD40298M —55'Cto +125°C
CD40298C —40°Cto +85°C

DC Electrical Characteristics coao208M (Note 2)

Symbol Parameter Conditions -5sC r2§5c *125C 1l ynits
Min | Max | Min Typ | Max{ Min | Max
o0 Quiescent Device Current | Vpp = 5V 5 5 5 150 | pA
Vpp = 10V 10 10 300 | uA
Vpp = 15V 20 l 20 600 | pA
Vor Low Level flol < 1 uA {
Output Voltage Vpp = 5V 0.05 0o |o00s 0.05{ Vv
Vpp = 10V 0.05 0 |o0.05 0.05{ V
Vpp = 15V 0.05 0 |0.05 0.05| V
VoH High Level liol <1 pA
Output Voitage Vop = 5V 495 495 5 4.95 v
Voo = 10V 9.95 9.95 10 9.95 v
Vpp = 15V 14.95 1495| 15 14.95 v
ViL Low Level Vpp = 5V, Vg = 0.5V or 4.5V 15 1.5 151 v
input Voltage Vpp = 10V, Vg = tVorav 3.0 3.0 3.0 v
Vop = 15V, Vg = 1.5V or 13.5V 4.0 4.0 40| Vv
Vin High Level Vpp = 5V.Vg = 0.5V or 4.5V 35 35 35 v
Input Voltage Vpp = 10V, Vg = 1Vor 9V 7.0 7.0 7.0 v
Vpp = 15V, Vg = 1.5Vor13.5V| 11.0 11.0 11,0 \
1oL Low Level Output Vpp = 5V, Vg = 0.4V 0.64 0.5t | 0.8 0.36 mA
Curmrent (Note 3) Vpp = 10V, Vg = 0.5V 16 1.3 225 0.9 mA
Vpp = 15V, Vg = 1.5V 42 3.4 8.8 2.4 mA
loH High Level Output Vpp = 5V, Vp = 4.6V —0.64 —0.51] —0.88 -0.36 mA
Current (Note 3) Vpg = 10V, Vg = 9.5V -1.6 -13]| —-225 ~0.9 mA
Vpp = 15V, Vg = 13.5V —42 -34| —88 -24 mA
I Input Current Vpp = 15V, Vi = OV -0.1 ~10-5{ —0.1 —1.0{ pA
Vpp = 15V, Vjy = 15V 0.1 10-5 | 0.1 1.0 | pA
DC Electrical Characteristics coa4o2e8c (Note 2)
Symbol Parameter Conditions —40°C +25¢C +85°C Units
Min Max Min Typ Max Min Max
oo Quiescent Device Current | Vpp = 5V 20 20 150 rA
Vpp = 10V 40 40 300 pA
Vpp = 15V 80 80 600 BA
VoL Low Level flo] <1 pA
Output Voltage Vpp = 5V 0.05 0 0.05 0.05 v
Vpp = 10V 0.05 0 0.05 0.05 \
Vop = 15V 0.05 0 0.05 0.05 \
VoH High Level lloi < 1 pA
Output Voltage Vop = 5V 495 4.95 5 4.95 \
Vpp = 10V | 9.95 9.95 10 9.95 v
Vop = 15V | 14.95 14.95 15 14.95 v

Note t: “Absoute Maximum Ratings™ are those vaiues beyond which the safety of the device cannot be guaranteed. Except tor “Operating Temperature Range™
they are not meant to imply that the devices should be operated at thesa fimits. The table of “Elactrical Characienstics” provides conditions for actual device
opeacation,

Note = Vsg = 0V uniess otherwise spacified.
Note 3: (on and i are tested one output at a time.
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DC Electrical Characteristics cp40298¢ (Note 2) (Continued)

Symbo! Parameter Conditions —40°C +25°C +85°C Units
Min Max { Min Typ Max Min Max
ViL Low Level Vpp = 5V. Vg = 0.5Vor 4.5V 1.5 1.5 1.5 \
Input Voltage Vop = 10V, Vg = 1Vor9v 3.0 3.0 3.0 \
Vpp = 15V, Vg = 1.5V or 13.5V 4.0 4.0 40 | v
ViH High Levet Vpp = 5V. Vg = 0.5V or 4.5V 35 35 as v
Input Volitage Vpp = 10V, Vg = 1Vor 9V 70 7.0 7.0 A
Vpp = 15V, Vg = 1.5Vor 13.5V | 11.0 11.0 11.0 \
oL Low Level Output | Vpp = 5V, Vg = 0.4V 0.52 0.44 | 0.88 0.36 mA
Current (Note 3) Vpp = 10V, Vg = 0.5V 1.3 1.1 2.25 0.9 mA
Vpp = 15V, Vg = 1.5V 36 3.0 8.8 2.4 mA
lou High Levei Output | Vpp = 5V, Vo = 4.6V —0.52 —0.44 —0.88 —-0.36 mA
Current (Note 3) | Vpp = 10V, Vg = 9.5V -1.3 -1.1 | ~225 -0.9 mA
Vpp = 15V, Vg = 13.5V -36 -30 | -88 —2.4 mA
fin Input Current Vpp = 15V, Viy = OV -0.3 -10-5} -0.3 -1.0| pA
Vop = 15V, Vi = 15V 0.3 10-5 | 03 1.0 | pA
AC Electrical Characteristics*
Ta = 25°C, C_ = 50 pF, R = 200k, Input t,ct. = YL = 20 ns, unless otherwise specified
symbol | Parameter ! Conditions Min Typ Max | Units
CLOCKED OPERATION
teHL Of toLH Propagation Delay Time Vpp = 5V 200 400 ns
to Q Outputs Vpp = 10V 85 170 ns
Vpo = 15V 70 140 ns
tpHL OF tPLr Propagation Delay Time Vpp = 5V 320 640 ns
to Carry Cutput Vpp = 10V 135 270 ns
Vop = 15V 110 220 ns
tPHL OF tPLH Propagation Delay Time CL = 15pF
to Camy Output Vpp = 5V 285 570 ns
Vop = 10V 120 240 ns
Vpp = 15V 95 190 ns
tTHL Of tTLH Transition Time/Q Vppo = 5V 100 200 ns
or Carry Output Vpp = 10V 50 100 ns
Vpp = 15V 40 80 ns
TWH OF twi_ Minimum Clock Vop = 5V 160 320 ns
Pulse Width Vpp = 10V 70 135 ns
Vpp = 15V S5 110 ns
trcL OF Yo Maximum Clock Rise Vpp = 5V 15 us
and Fall Time Vpp = 10V 10 us
Vpp = 15V 5 us
tsu Minimum Set-Up Time Vpo = 5V 180 360 ns
Vpp = 10V 70 140 ns
Vpp = 15V 55 110 ns
foL Maximum Clock Frequency Vpp = 5V 1.5 3.1 MHz
Vpp = 10V 3.7 7.4 MHz
Vop = 15V 45 9 MHz
Cin Average Input Capacitance Any Input 5 75 pF
Cep Power Dissipation Capacitance Per Package (Note 4) 65 pF

Note 1: “Absotute Maximum Ratings™ are those values beyond which the safety of the device cannot be guaranteed.
they are not meant (o imply that the devices shouid be operated at these limits. The table of “Electrical Ct

operation,

Note Z Vgg = OV unless otherwise specified.
Nota 3: oy and Iy are tested one output at a time.

Except for “Operating Temperature Range"
t provides ¢ i

ions for actual device




AC Electrical Characteristics*
Ta = 25°C, C_ = 50 pF, R = 200 k, Input Lo = tioL = 20 ns, unless otherwise specified {Continued)

T
Symbot J Parameter l Conditions Min Typ L Max J Units
PRESET ENABLE OPERATION
tpHL Of toL Propagation Delay Time Vpp = 5V 285 570 ns
to Q output Vpo = 10V 115 230 ns
Vpp = 15V 95 195 ns
tpHy o tp K Propagation Delay Time Vpp = 5V 400 800 ns
to Carry Output Vpp = 10V | 165 330 ns
Vop = 15V 135 260 ns
twH Minimum Preset Enabie Vpp = 5V 80 160 ns
Pulse Width Vpp = 10V 30 60 ns
Vpp = 15V 25 50 ns
tREM Minimum Preset Enable Vpp = 5V 150 300 ns
Removal Time Vpp = 10V 60 120 ns
Vop = 15V 50 100 ns
CARRY INPUT OPERATION
teHL OF tpLi Propagation Detay Time Vpo = 5V 265 530 ns
to Carry Output Vpp = 10V 110 220 ns
Vpp = 15V 90 180 ns
tpHL, tPLH Propagation Delay Time CL = 15pF
to Carry Output Vpo = 5V 200 400 ns
Vpp = 10V 85 170 ns
Vpp = 15V 70 140 ns

“AC Parameters are guaranteed by OC comrelated testing.

Note 1: "*Absolute Maximum Ratings™ ara those values beyond which the safety of the device cannot be guaranteed. Exceot for “Operating Temperature Range *
they are not meant to impty that the dewices should be operated at these limits, The table of “Electrical Charactenstics” provides conditions for actual device
operation.

Note 2: Vgg = 0V untess otherwise spectfied.

Note 3: lon and Iy are tested one output at a time.

Note 4: Cop determinas the no toad AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics application note,
AN-90.

Connection Diagram

Dual-in-Line Package
JAM INPUTS
———— SINARY/
Voo clocx a3 13 2 Q2  UP/DOWN DECADE
16 15 14 1 12 1 10 ]
Order Number CD40298*
| | “Pleasa look into Section 8, Appendix D
for availability of various package types.
1 2 3 4 ) 6 ? 8
PRESET Q4 “ 1, CARRY Q1 CARAY Vg
Nt et
ENABLE AR INPUTS I ouT
TUF/5560-2

Top View



Logic Waveforms

Decade Mode
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Binary Mode
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Switching Time Waveforms
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Cascading Packages
Parallet Clocking
UP/O0WN
PRESET
ENABLE JAM INPUTS JAMINPUTS
A, ————t
woe PE 11 2 J3 M we PE N 2 3
T0 NEXT
5] o
F co co STAGE
= 8/0 CLK a1 Q2 Q1 Q¢ &0 Clx 01 02 03 o4
— e
ouTPUTS DUTPUTS
cLock
BINARY/
DECADE TUF/5860-6
Ripple Clocking
yPIDOWN )
PRESET
ENASLE JAM INPUTS JAM INPUTS
rm——— f——“T—\
un PE B 12 1 R’ Bp PE N1 ;2 3 U
T0 NEXT
I— o] co _L— o} o STAGE
= 8/0 CLK Q1 Q2 Q3 04 = 8/0 CLK Of @ 031 Q¢
R [ RpESE———
cLocx QUTPUTS QUTPUTS
BINARY/ J
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TL/F/5860~7

Carry out lines at the 2nd or later stages may have a ne
atfect counter operation, but if the camry out is used to

gative-going spike due to differential internal detays. These spikes do not
trigger external circuitry the carry out should be gated with the clock.
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LM317M

THREE-TERMINAL ADJUSTABLE
OUTPUT POSITIVE VOLTAGE REGULATOR

The LM317M is an adjustable 3-terminal positive voltage reg-
ulator capable of supplying in excess of 500 mA over an output
voltage range of 1.2 V to 37 V. This voltage regulator is excep-
tionally easy to use and requires only two external resistors to
set the output voltage. Further, it employs internal current limit-
ing, the:mal shutdown and safe area compensation, making it
essentia..v blow-out proof.

The LM317M serves a wide variety of applications inciuding
iocal, on-catd reguiation. This device also makes an especiaily
simple adjustable switching regulator, a programmable output
regulator, or by connecting a fixed resistor between the adjust-
ment and output, the LM317M can be used as 3 precision current
regulstor.

* Output Current in Excess of 500.mA
e Qutput Adjustable Between 1.2 V and 37 \

e Internal Thermai Overioad Protection

o internal Short-Circuit-Current Limiting

e Qutput Transistor Safe-Ares Compensation

e Floating Operation for High Voliage Applications
o Standard 3-Lead Transistor Packages

e Eliminates Stocking Many Fixed Volitages

MEDIUM-CURRENT
THREE-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

SILICON MONOUTHIC
INTEGRATED CIRCUIT

0
/ /
\ PIN 1. ADJUST
; 2. Vour
3 3. Vin
T SUFFIX
PLASTIC PACKAGE
CASE 221A-04

»

ORDERING INFORMATION

Tested Operating
Device Tempersture Rangs Package

LM317MT Ty = 0°Cto +125°C Plastic Power

STANDARD APPLICATION

Vin Vout

240 {
+ *°

Vi 0———O—————  LM317M

Iadj
Adjust

Cn T
0.1 uF R2

—eo Vo

/[10,&

1

*Cin is required if reguiator is tocated in sppreciable distance from power supply
filter.
**Cq is NOL d for ih it does imp i <

A
Vo = 125V = 2D - hag R
1

Since 154, is controlled 1c less than 100 uA, the ercor associsted with this term is
ligible in most
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LM317M

MAXIMUM RATINGS

Rating Symbol Value Unit
Input-Output Voltage Diterential ViVo 40 Vdc
Power Dissipation Pp {nternalty Limited
Operating Junction Temperature Range Ty 0to +150 °c
Storage Temperature Range Tstg -65to0 +150 *C

ELECTRICAL CHARACTERISTICS

(Vi-Vg = 50V, 10 = 0.1 A Ty = Tiow 10 Thigh Isee Note 1], Pmax per Note 2, unless otherwise specified.)

Characteristic I Figure Symbol Min Typ Max Unit ]
Line Regulation (Note 3} 1 Regiine —_— 0.0% 0.04 %
Ta = 25°C. 3.0V % V|-Vg = 40 V
Loao Regulation (Note 3) 2 Regigad
Ta = 25°C.10mMA<Ig=s 05 A
Vo <50V - 5.0 25 myv
Vo= 50V —_ 0.1 05 % Vo
Adjustment Pin Current 3 ladj —_ 50 100 nA
Adjustment Pin Current Change 1.2 3ladj — 0.2 5.0 HA
25V & Vj-Vo € 40 V, 10 mA < IS 0.5 A, Pp < Prax
Reference Voftage (Note 4} - 3 Vref 1.20 1.25 130 A
30VEV-Vgs 40V, 10mA = g 05A, Pp € Pmax
Line Regulation (Note 3) 1 Regline —_ 0.02 0.07 %V
30V=V-Vo <40V
Load Regulation (Note 3} 2 Regload
10OmA<]g<05A
Vo<50V -— 20 70 my
Vo250V — 0.3 15 % Vo
Temperature Stability {(Tiow < T < Thighl 3 Ts -— 0.7 — % Vo
Minimum Loed Current to Maintain Regulstion 3 Lmin - 35 10 mA
{Vi-Vg = 40 V)
Maximum Output Current 3 Imax A
Vi-Vpo « 15V, Pp < Pmax 0.5 08 -
V-V = 40V, Pp & Pmax, TA = 25°C 0.15 0.25 -
RMS Noise, % of Vo _ - N - 0.003 - % VO
Ta = 25°C, 10 Hz = f=< 10 kHz
Ripple Rejection, Vg = 10V, { = 120 Hz (Note S) 4 RR B dB
Without Cadj o 65 -
Cadj = 10 #F 66 80 —
Long Term Stability, Tj = Thigh (Note 6 3 S — 03 1.0 %i1.0 k
Ta = 25°C for Endpoint Measurements Hrs.
{ Thermai Resistance Junction to Case - RayC — 7.0 — “CW

NCTES:

(1 Tigw 10 Thigh = 0°C 10 = 125°C

(2)Pmax = 75W

{3) Load snd line reguiation are specified at constant junction temper-
sture. Changes in Vo due 1c heating etfects must be taken into
sccount separately. Puise testing with low dunty cycle is used,

(4) Selected devices with tightened tolerance reference voltage
availsble.

{5} Cqgj, when used, is connected between the adjustment pin and
ground. ‘

{61 Since Long Term Stability cannot be measured on each device before
shipmen, this specification is an engi ing estimate of g
stability from lot to ot




LM317M

SCHEMATIC DIAGRAM
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FIGURE 1 - LINE REGULATION AND Alagi/LINE TEST CIRCULT

* Puise Testing Required:

1% Outy Cycls
is suggestea.

Line Reguistion (%/V) =

Vor-VoL

VoL

¥ 100

ViH H Vor
L— ViL Via Vout vou
LM317M proe—O- 4 A
L
g
Cin 9= 0.1 &F
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LM317M

FIGURE 2 — LOAD REGULATION AND 3144,/LOAD TEST CIRCUIT

vy’ Via

LM317M

Adjust

Cin < 0.1 uF

Losa Reguletion {(MV) = Vo (min. Losdl = VYO (max. Losa)

VG (min. Loag) = Vo {mau. Losd) —_

Losd Regulstion (xvo) - x 100

Vout

VO (min. Load)

Vo (min. Losa)

VO (mex, Loso)

Y
4

A

{mex, Lona)é

-
iR I .l
—

Co = 1 0F

RL
{min, Loso}

Az
1%
|
+ + * .
* Pulse Tetting Reaulirea. e
1% Duty Cycle is sugoested. T
FIGURE 3 — STANDARD TEST CIRCUIT
Vin Vout m
Oy LM317M " 2 4 ? LS -4
[ :
O Adjust
240
Vi 13 1w v
L.
Cin =X 0.1 uF < 1 Co = 1 uF Vo
A2
1%
_I_ To Caicutate Ry:
Pulse Testing Required: = Vo = isgT R2 *+ 1.250 v
1% Duty Cycle is suggested. Assuma igpT = 525 mA
FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT
WYV —
'/\\J i
14V Vin Vout Vg0V
1e120 2 &—4 LM317M P O———- jA'
i 0¢°* .
Adjust a 40 R
12 4w 1N4002 L
.
Cin X 0.1 uF Co TR 1 vo

1
P

Y o
Cagy o575 104F

N
I3
o
b e e AAA e

¢--

+

*Dy Discharges Cyqj +t Outout is Shorted 10 Grouna.

" Cpgj OYOvides an AC Grouno 10 the Adjust Pin.




FIGURE 5 — LOAD REGULATIO.

LM317M

FIGURE 6 — RIPPLE REJECTION
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F 0 With Cogy = 10
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9 = /
2w WM e S 80 = :
< VgV z T —
5 A 1L+ S0 £ ! L
- 0 - L SwdlmAa 2
2 —r h— + ; e
T
s -0z N T‘\— 2 Withaot Ly
2 vi= 10V - |
= -04 M A I~ -t 4
2 12 510500 mA H e
3 08 s o gol 1L - 100mA
& 5 =120 Wz
% .08 ; - vg=10V -
Vi= MV |
-10 H ) L : H
50 .28 0 25 %0 5 100 125 150 .50 .25 0 25 S0 75 100 125 150
‘T, JUNCTION TEMPERATURE (90} Y. JUNCTION TEMPERATURE (°C)
FIGURE 7 — CURRENT LIMIT FIGURE 8 — DROPOUT VOLTAGE
0 T T 28
Z |
: "
bl i \ o N 1 * 500 lA
g 0.0 T i N fam S~ i | 0
e o= ] e
: P Tx s L 1 ]
Z 080 S RERRC 23 . {
g 1 ! N \ 55 . L 0ma \?\\
=Y : —
5 i ~N ~N - !
& 040 2w
5 ! | \ (e
=] Ty = Ze
A ) = 125C AN .5
5 S° 7
020 \ T i i
3 ” | I
[ 0s
0 W0 x 0 4 50 80 25 8 1% S0 1 10 125 180
v} - Vg, INPUT = OUTPUT VOLTAGE DIFFERENTIAL (VOLTS} T, JUNCTION TEMPERATURE (°C)
FIGURE 9 — MINIMUM OPERATING CURRENT FIGURE 10 — RIPPLE REJECTION versus FREQUENCY
50 l 100 l 1
I : a0 + 1
< 40 - 80 {40 mA —
E Ty= EC—— g \ V25V z21Vpp
g T sC-—— z 0 \ Vg = 125V -
£ - 560
> L, -
o2 = e s *SY -
!
-] 1/ “
g 20 L, Y \
2 s = = 3 \
3 I S <
10} =2
0s 10
0 10 2 30 «© 10 100 W 10K 100K m
1, FREOUENCY (K2)

Vy = Vg, INPUT - CUTPUT VOLTAGE DIFFERENTIAL {VOLTS)




T

LM317Mm

FIGURE 11 - TEMPERATURE STABILITY FIGURE 12 — ADJUSTMENT PIN CURRENT
128 I l 80 l T T
i : z ViSRSV
s J i = VO * Vet
2 Z ————ty 10 mA
3 250 / ] = ——i* 100mA
=
= | — S
<
> / z
81240 - \\ s
z x
Z /] | N : J———
z ; Z 5 =
= Vs eIv 2 =
ES ES =
<1230 Vg * Vief 3R]
> nLrsma ! =
. < 2 W
! [ | = 7 T
1.220 ! L 3 l
-0 -25 0 25 s 75 100 25 189 S50 225 8 25 se 75 100 125 150
Ty JUNCTION TEMPERATURE (0C) Ty, JUNCTION TEMPERATURE {0C)
FIGURE 13 — LINE REGULATION FIGURE 14 — OUTPUT NOISE
y 12
T T 4 L L] |
g o4 Visa2t0ei2s v . t :
= VO£ Vot ’ Eangweoth 100 Hz 10 10 AHe /
L y + S0 ma T s "0 i
S 0 i 1 = i
S z
I} i a ~
< t <
“_;. -02 : "-; 8.0
> i r > ’
5 .06 : > 2 — / T
£ ! |+ g L+ ] |
' / 4 !
3 -0 . 50 .
$ |
-0e
-1 { ‘
-10 ! ; w0 I
“%0 .25 0 23 S0 15 100 125 150 S50 -5 0 25 50 15 100 125 1%0
Ty. JUNCTION TEMPERATURE (9C) T,. JUNCTION TEMPERATURE (0€)
FIGURE 15 — LINE TRANSIENT RESPONSE FIGURE 16 — LOAD TRANSIENT RESPONSE
1 i T H 1 7 T
1 | !
8 s ! —L g w0 e
-4 < H : H : I ‘ 1
< _ : P, R
:E 1.0 : E?' 0.2 T - i H T T M
Sz Gy 1w >z Co= 0 uFiCogi= 0 uF ! 1” \\’
-2 08 i Y 20— st e . ; %
£z . N i : £ VR I T
22 i i H i { =2 ﬂ" :f ! i i 3 t ; !
oy i ! i ] A : ! . ; . :
o 08 2 vgrizsv / Sl ? B~ T T T T
: . : Ve 5y
R IR \ G LT N B A
: s \ .
P ; ¢, "0 2-03 — LTI
e T : 7 T Ty=28%¢
= > ! i af < i i i ,
s 10 T gz 10 1 | =t —
8= i | ~ €3 / , i H } i
2 0% : ' .S %0 +
== ! | -] ] i | l | i
£2 H H 3, i ! \
25 0 10 0 30 a0 0 10 20 36 «
z 1 TIME L) t, TIME (g




LM317M

APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION

The LM317M is a 3-terminal floating regulator. In op-
eration, the LM317M develops and maintains a nominal
1.25 volt reference (Viefl between its output and ad-
justment terminals. This reference voltage is converted
to a programming current "prog) by R1 (see Figure 17},
and this constant current flows through R2 to ground.
The regulated output voltage is given by:

R2
Vo = Veef (1 + ﬁ) + lagjR2

Since the current from the adjustment terminal {134;)
represents an error term in the equation, the LM317M
was designed to controt 'adj to iess than 100 A and
keep it constant, To do this, ail quiescent operating cur-
rent is returned to the output terminal. This imposes
the requirement for a minimum foad current. If the load
current is less than this minimum, the output voltage
will rise,

Since the LM317M is a floating regulator, it is only
the voltage differential across the circuit that is impor-
tant to performance, end operation at high voltages with
respect to ground is possible.

RGURE 17 — BASIC CIRCUIT CONFIGURATION

Ot LM317M

lagj

Viel = =1.25 V Typical

"

LOAD REGULATION

The LM317M is capable of providing extremely good
load regulation, but a few precautions are needed to
obtain maximum performance. For best performance,
the programming resistor {R1} should be connected as
close to the requiator as possible to minimize line drops
which effectively appear in series with the reference,
thereby degrading regulation. The ground end of R2 can
be returned near the ioad ground to provide remote
ground sensing and improve load regulation.

EXTERNAL CAPACITORS

A 0.1 uF disc or 1 uF tantalum input bypass capacitor
(Cin) is recommended to reduce the sensitivity to input
line impedance.

The adjustment terminal may be bypassed to ground
to improve ripple rejection. This capacitor (Cadj) pre-
vents ripple from being amplified as the output voltage
is increased. A 10 uF capacitor should improve rippie
rejection about 15 dB at 120 Hz in 8 10 voit application.

Although the LM317M is stable with no output ca-
pacitance, like any feedback circuit, certain values of
external capacitance can cause excessive ringing. An
output capacitance {Cgp) in the form of a 1 uF tantalum
or 25 uF 2luminum electrolytic capacitor on the output
swamps this effect and insures stability.

PROTECTION DIODES

When external capacitors are used with any L.C. reg-
ulator it is sometimes necessary to add protection
diodes to prevent the capcitors from discharging
through low current points into the regulator,

Figure 18 shows the LM317M with the recommended
protection diodes for output voitages in excess of 25 V
or high capacitance values (Cq > 25 uF, Cagj > 5.0 uF).
Diode D1 prevents Cq from discharging thru the L.C.
during an input short circuit. Diode D2 protects against
capacitor Cagj discharging through the L.C. during an
output short circuit. The combination of diodes D1 and
D2 prevents cadj from discharging through the 1.C. dur-
ing an input short circuit.

FIGURE 18 — VOLTAGE REGULATOR WITH

PROTECTION DIODES
D4
1N4D02
<
Vin Vout
01 LM31IM '—9—‘—?T‘ Vo
>
CinJ: ] Ry -~
| iDg I °
Adjust 1N4002
Ry Cadj
L
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FIGURE 19 ~ ADJUSTABLE CURRENT LIMITER

FIGURE 20 - SV ELECTRONIC SHUTDOWN REGULATOR

25V Vour PRt vo o
O MM (O A N—p—
Vin 2.5«

+—
A2 Dy

Adjusy $00 ¥ NS4
|
°To provide currany limiting of 1 to D2
the system ground, the souice of the { INS14

current limiting diode must be tiea

10 & Negative voitege betow =7,25 Vv,

M

bss INS314
M

‘Omaex * lDSS

Vo < POy + 1.25V + Vgg

tLmin~ lp <1g < 500mA — 1 Vgs

As shown O < i < 495 ma

Ay >

Ay =

[PLal

t
1N4002
v, Vin Vout
O—4—0— (MM p————o Vo

Adjust

720

Minimum Vg = 1.25 V

Dy protects the Cevice during an 1nPut ShOrT Cirgunt

FIGURE 21 - SLOW TURN-ON REGULATOR

FIGURE 22 - CURRENT REGULATOR
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MAXIMUM RATINGS

BC327,-16,-25
BC328,-16,-25

Rating Symbol ; BC327 BC328 1 Unit
Collector-Eminter Voltage Vego ! -45 =25 1 Vac
Coilector-Base Voltage VeBo { -s0 -30 | vdc CASE 29-04, STYLE 17
Eminer-Base Voltage VEBO ! -5.0 | Vde TO-92 (TO-226AA)
Cotlector Current — Continuous ic - 800 { mAdc
Tota! Device Dissipation @ Tp - 26°C Po €25 , mwW 1 Catiecior
Derate above 25'C : £ mW'C !
Toial Device Dissipation @ Tc = 25C Pp ’ 1.5 | watt 2
Derate above 25°C 2 fmwac Base
Operating and Storage Junction T3 Tsig| -55t0 -150 (o
Temperature Range | " H 3 Emmer
THERMAL CHARACTERISTICS
Characteristic Symbol | Max | Unit AMPLIFIER TRANSISTORS
Thermal Resistance. Junction to Ambient RyJA i 200 i W
Therma! Resistance, Juncuion to Case Ragc | 83.3 | Tw J PNP SILICON

ELECTRICAL CHARACTERISTICS (T ~ 25°C unless othenwise noted.}
T

Characteristic

Symbol

|
i

Min { Tye i Unit

OFF CHARACTERISTICS

Collector-Emitier Breakdown Voltage
(Ic - -10mA,ig » 0)

BC327
8C328

Y{BRICEOD

vdc
-45 — — i
-2 - —

Collector-Emittes Breakdown Voliage
fic = ~100uA, lg = 0}

BC327
BC328

V(BRICES

Vdc
~50 — —_
-30 — —_

Eminer-Base Breakdown Voliage
{lg = ~10pA. lc = 0

Y{BRIEBO

-5.0 - - Vdc

Collector Cutofl Current
{Vveg = ~30V.Ig = 0)
(Vcg = ~20V.1g = 0}

BC327
BC328

Icso

nAdc
~ 100
-100

Collector Cutofl Current
(Vg = —45V. Vgg = 0)
(Veg = =25V, Vgg = 0)

BC327
BC328

Ices

nAdc
-100
-100

Emirter Cutofl Current
(Vgg = ~4.0V,Ic = 0}

[3:1e]

- 100 nAdc

ON CHARACTERISTICS

OC Current Gain
{ic = -100mA, Vcg = -1.0V)

fic= -300mA, Veg = -1.0V)

8C327:8C328
BC327-16'BC328-16
B8C327-25 8C328-25

hre

100 - 630

Base-Emitter On Vohtage
fic= -300mA.Vgg = -1.0V)

VgE(on)

vdc

Collector-Emitier Saturation Voltage
(ic = -~500mA, Ig = - 50 mA)

VCE(sat)

vdc

SMALL-SIGNAL CHARACTERISTICS

Output Capacitance
(Veg = =10V, Ig = 0.1 = 1.0 MH2}

Current-Gain — Bandwidth Product
ic = ~10mA, Veg = -50V.{ = 100 MHz

MHz
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FIGURE 7 - CAPACITANCES

FIGURE 6 ~ TEMPERATURE COEFFICIENIS
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MAXIMUM RATINGS
Raung Symbol BC BC Unit
! 549 | 550
Cotiectar Emitier Voltage VCEQ 30 45 Vde
Collector-Base Vultaye VCBO 30 50 vde
Emitter-Base Voltage VEBOD 50 vdce
Coliector Current - Continuous Ic 100 mAdc
To:3t Device Dinsnunicn @ Ta 25 C PO 625 nw
Derate above 25-C 50 mwW - C
Tota! Device Dissmation G 1¢c 25 C Pp 15 watt
Derate above 25 C 12 W C
Operating and Storage Junctinn 7). Tsig [-5510 15 [
Ternpetature Range
THERMAL CHARACTERISTICS
Characteristic i Symbol Max i Unit
Thermal Resistance, Junction 1o Ambient ARusA 200 ] ‘cw
Thermal Resistance, Junction to Case AgsC 83.3 i ‘cw

BC549B,C
BC5508B,C

CASE 29-04, STYLE 17
TO-92 (TO-226AA)

»
/"

1 Cotiector

?
Base

3 Ematter

LOW NOISE TRANSISTORS

NPN SILICON

ELECTRICAL CHARACTERISTICS 115

25 C uniess Otherwine noted)

| Characteristic

—[ Symbot i

Min. i Typ. | Max. | Unnt

OFF CHARACTERISTICS

Collector-Emirter Breakdown Voltage
Ic = 10 mAdc, g = 0} BCS49B.C
8C5508.C

VIBRICEOD

Collector-Base Breakdown Vottage
{ic = 10 uAde, Ig = 0} BC549B.C
B8C5508,C

V{BRICB0

Vot

Emater Buse Breakdawn Vollage
{g = 10 pAgc. ic 0)

V:8RI£BO

Vdc

Cotiector Cutofl Current
(Vgg - 30vdc.ig O
Vg 30wvu g 0.ta 125 C.

IcBO

15 nAdc
L) pAde

Emater Cutot! Cutrent
Vgg 4 vde il O

80

nAdc

ON CHARACTERISTICS

OC Current Gam

e - 10 i:Adce, Vi 8C5498 5508

BC543C s50C
B8C549B 5508
BC549C 550C

9 Vi

e = 2mAge. Veg = S vau

bg

100 150
100 270
200 290
420 S00

Cotiector- Emitter Saturation Voltage
fic = 10 mAdc, Ig = 0.5 mAdc}
(ic = 10 mAdc, Ig * see note 1)
{Ic -~ 100 mAdc, ig * 5 mAdc, see note 2)

VCEisal

0075

025

Base-Enutter Saturanion Voitage
1"e - 100 maAdic, g - 5 mAdc

VBI (sati

Base-Emitier On Voitage
{ic = 10 .Adc. VCF = 5 Vo)
(¢ 100 .Age. Vcg 5 Voo
e = 2 mAdc. VCcg 5 vdcel

VBt {on

052
0Ly

062 0.7

SMALL SIGNAL CHARACTERISTICS

Cutrent-Gamn-Bangwidth Product
{ic = 10 mAdc, veg = 5 vde, | = 100 MH2)

]

250

Cotlector-Base Capacitance
(Vcg = W0 Vde. ig = 0,1 = 1.0 MHz)

Cebo

pF

2.5

Note 1 !g s vatue for whachi I 1T mA StV 1V

Note 2

Pulse test 300 us - Duty cycte - 2%
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ELECTRICAL CHARACTERISTICS fcontnued) 1Ty

BC5498B,C, BC550B.C

25 C unless otherwise noted |

; Characteristic Symbol 1 Min Typ Max Unit
" Small-Signat Current Gamn hte —
i lic = 2.0 mAde, Ve - SCV. 1+ 1.0 kH2) 8C5<98 BCS508 240 330 500
. . 2CSs49C BCS50C 450 600 00
i Noise Figure B
1 g = 200 wAdc, Veg = 5.0 vde, Rg = 2.0 kil f = 1.0 kH2) NFy — 0.6 2.5
!¢ = 200 wAdc, Vog = 50 Vde, Rg = 100 k{2 { = 1.0 kK2) NFy — — 10
FIGURE 1 — TRANSISTOR NOISE MODEL
——— = — — — /7
R ! !
S 1
! !
| |
~ | ldeai
! n Teanssstor l
!
i —
|
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MAXIMUM RATINGS

BC559, B, C
BC560, B, C

Rating : Symbol | BCS53 | BCS60 | Unit | CASE 29-04, STYLE 17
Collector-Emitter Voltage VCEO -30 [ - 45 vdc TO-92 (TO-226AA)
Coltector-8ase Voltage Veso - 30 ; -50 Vdc
Eminer-Base Voitage Vego -50 Vdc \
Cotlector Current — Continuous Ic - 100 i mAdc 1 Conector
Totat Device Dissipation @ Tp = 25°C Pp 625 mw /g
Derate above 25°C 5.0 mwW>C / ?
Totat Device Dissipation (« Tc = 25°C PD 15 Watt // Base
Derate above 25°C 12 mweC ' 77
2 3 Emutter
Operating and Storage Junction T4 Tslg ~ 5510 - 150 C 3
Temoperature Range
THERMAL CHARACTERISTICS
Characteristic T Symbot Max Unit LOW NOISE TRANSISTORS
Therma! Resistance, Junction to Ambient Raja 200 cw PNP SILICON
Thermat Resistance, Junction to Case RyJc 833 "cw
ELECTRICAL CHARACTERISTICS (T4 = 25°C uniess otherwise noted.)
[ Characteristic I Symbol Min ’ Typ Max Unit }
OFF CHARACTERISTICS
Cotlector-Emitter Breakdown Voliage VIBRICEOD vde
{Ic = —10 mAdc. Ig = 0) . BCSS9 -30 — —
BC560 -45 — —
Collector-Base Breakdown Voltage V(BRICBO Vde
ic = - 10 pAdc, Ig = 0) B8CSS9 -30 - —
BCS60 -850 — —_
Emitter-Base Breakdown Voltage (Ig = - 10 uAdc, ic = 0) V{BR)EBO -5 ! — — Vdc
Collector Cutoff Current  {Vcp = —30 Vde, I = 0} iceo — ] — -15 nAde
Vg = -30Vvdc. g = 0. T4 = +125C) —_ I - -5 nAdc
Emitter Cutoff Current  (Vgg = -4.0Vde. Ic = 0) 1£80 - ! — -15 nAdc
ON CHARACTERISTICS
OC Current Gain heg _—
{Ic = ~10 uAdc, Vcg = - 5.0 Vdc} BCS5598/5608 100 150 —
BCE59C560C 100 270 —_
{ic = -2.0 mAdc, Vcg = -5.0 Vdc) BC5598/5608 180 290 460
BCS59C560C 380 500 800
BC559/560 120 — 800
Collector-Emitter Saturation Vohage VCE(sat) Vdc
{ic = —=10 mAdc, Ig = -0.5 mAdc) — ~0.075 -0.25
fIc = ~10 mAdc, ig = see note 1) — ~0.3 -0.6
{lc = ~100 mAdc, ig = -5.0 mAdc, see note 2) — -0.25 —
Base-Emitter Saturation Voltage VBE(sat) — 11 — vde
{lc = - 100 mAdc. g = -5.0 mAdc)
Base-Emitter On Voltage VBE{on} vde
fic = -10 pAdc, Veg = —-5.0 Vdc) — -0.52 —
ic = ~100 uAdc, Vg = -5.0 Vdc) —_ -0.55 —
{ic = ~2.0 mAdc, Vce = -5.0 Vdc} -0.55 .0.62 -0.7
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product i fr - 250 - MHz
{lc = ~10 mAdc, VCE = -5.0 Vde, f » 100 MHz)
Collector-Base Capacitance Cebo —-— 25 —_ pF
Veg = ~10Vde, Ig = 0,1 = 1.0 MHz) ~
Small-Signal Current Gain hie —
(ic = -2.0 mAdc, Vee = ~50V,f = 1.0kH}  BCS5598/8C5608 240 230 500
BCS559CBCS560C 450 600 900
Noise Figure aB
¢ = ~200 pAdc, VCe = -5.0Vdc.Rg = 20k, f = 1.0 kHz} NF4 — 0.5 20
0C = -2004A Vcg = =50V, Rg = 100 k1t t = 1.0 kHz, At = 200 Hz) NFy - —_ 10

Note 1° 1g 13 value for which Ic = -11 mA at Veg = -10V

Note 2: Puise test = 300 us — Duty cycle = 2%,

MOTOROEA-SMALL-SIGNAL TRANSISTORS, FETs AND-BIODES,
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TIP3055

N-P-N SILICON POWER TRANSISTOR

DECEMBER 1970 -~ REVISED OCTOBER 1984

Designed for Complementary Use with TIP2855
90 W at 25°C Case Temperature

15 A Continuous Collector Current

Plastic-Case Version of 2N3055

Designed for Automotive Ignition, Linear Amplifier and Power
Amplifier Applications

sevice schematic

TO-218AA PACKAGE

4
re——————=lm————
{ |
EMITTER
! t
{ i
| : |
8 1 {
1 |
t |
1 |
| SR NGRS |
£ THE COLLECTOR IS IN ELECTRICAL
CONTACT WiTH THE MOUNTING TAB

absolute maximum ratings at 25°C case temperature {unless otherwise noted)

H TIP3055
Collector-base voitage 100V
Collector-emitier voitage (see Note 1) 0V
f mutter-base valtage 7V
Contmuous collector current 15A
Conuinuous base current 7A
Sate operating region at (or below) 25°C case temperature See Figure 4
Continuous device dissipation at (or below} 25°C case temperature (see Note 2) aow

gontimous device dissipation at {or below}) 25°C free-air temperature (see Note 3} 3.5W
Unctamped inductive load energy (see Note 4) 62.5mJ
Operating collector junction and storage temperature rasnge - 65°C to 150°C
Lead temperature 3.2 mm (0. 125 inchi from case for 10 seconds 260°C

NOTES: 1. This value applies when the bese-emirter resistance Agg = 100 Q.
2. Derate finearly 10 150°C case temperature at the rate of 0.72W/°C.
3. Derate linearly 10 150°C free-air temperature at the rate of 28 mW/°C.
4,

vpg2 = OV, Rg = 0.1Q. Vo = - 10 V. Energy = Ic’L/2.

This rating is besed on the capability of the transistor 1o operate safely in the circuit of Figure 2. L = 20mH, Rgg2 = 2009,

(ot k.
o

:

TIP Devices



-

adil

SAIJIAD

TIP3055
N-P-N SILICON POWER TRANSISTOR
electrical characteristics at 25°C case temperature (unless otherwise noted} o
PARAMETER TEST CONDITIONS MIN TYP MAX Uit
ViBRICEO ic = 30ma, ig= 0 See Note 5 60 v
ICER Vg = 70V, Rgg = 100Q mA
ICEO Veeg = 30V, ig=0 0.7 A ]
Icev Vcg = 100V, Vgg = - .5V 5 “mA ]
igBo Vegg = 7V, c=0 5 T mA |
Ve = 4V, Ic = 4A, See Notes S5and 6 20 70 .
PFE Vee = 4V, ic = 104, See Notes 5 and 6 5
Vge VCE = 4V, Ic = 4A, See Notes 5 and 6 1.8 v
g = 0.4A, ic = 4A, See Notes 5 and 6 1.3
Veeau g =334 ic = 104, SeeNotes 5and 6 3 v
B . c .
hie Vee = 10V, ic = 1A, {= V1kHz 15
{htel Vceg = 10V, Ic = 0.54, 1= 1MHz 3 MH:

NOTES: S. These parameters must be measured using puise techniques, 1y = 300 us. duty cycle € 2%.

6. These paramelers are measured with voltage-sensing contacts separate {rom the current-carrying contacts and locatse

within 3.2 mm {0,125 inch) from the device body.

thermal characteristics

PARAMETER MIN TYP MAX | UNIT
R 1.39
8IC o
Rea 35.7
resistive-load switching characteristics
PARAMETER TEST CONDITIONS ! MIN TYP MAX | unit
ton ic = 6A, igi1) = 0.6A, gty = - 0.6A, 0.6 .
totf Vegiotf) = =4V. R =5Q. See Figure 1 1 ¥

1 Voitage and current vaiues shown are nomingl: exact values vary shghtly with transisior parameters.
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TIP3055
N-P-N SILICON POWER TRANSISTOR

PARAMETER MEASUREMENT INFOEMATION
o) WPUT
L/ MoniToR

Rggy = 10 &

'/-<b—wv—<

AAA 1l d P
T 1] TS 2NS238S
56q IN914  INI4  INS14
— 1
270 of Rgg2= 1040 /R =5Q
l I V, LLl
¢ 300 Vgg2~4V =

< = Vec=30V
Vg1 ~ 16V ::g‘ _cc

OuUTPUT
MONITOR

4}4

1N914

ADJUST FOR
Vgn = 14 V AT -
INPUT MONITOR ,%

TEST CIRCUIT

Von=14V ===

INPUT QV —=—
MONITOR -4V

ouTPUT
MONITOR 20%
VOLTAGE WAVEFORMS
SOMS AL V”,, is a — 30-V puise into 8 50 Q termination.
8. The Vgen torm 1s lied by 2 g with the foliowing characteristics: 1, € 15as, 14 € 15ns, 2y = 50Q,
tw = 20ps.

. Waveforms are monitored on an oscilloscope with the following characteristics: 1, € 15 ns, Rj » 10MQ, Cin € 11.5pF.

. Resistors must be noninductive types.
. The d-c power supplies may require additional bypassing in order to minimize ringing.

moon

FIGURE 1. RESISTIVE-LOAD SWITCHING

7]
H
2
S
)
a
.
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TIP3055
N-P-N SILICON POWER TRANSISTOR
PARAMETER MEASUREMENT INFORMATION o
Vcg MONITOR
L1
{See Nots A)
Rgg1
2N5385 TUT L2
INPUT 209 {See Note A}
Rgez = 100 41 vees 1OV 1c MONITOR

<

vge2 = 0 Rg=01Q

vggl = 10V =

TEST CiARCUIT

[+]
INPUT
VOLTAGE
JRr-R VI

) 257 =—=i- =
COLLECTOR 1
CURRENT

ViBRICER

COLLECTOR
VOLTAGE

[T o
VOl TAGE AND CURRENT WAVEFORMS

NOTES: A. LlandlL2are 10mH, 0.11 Q. Chicago Standard Transformer Corporation C-2688, or equivalent,
B. {nput puise duration is increased untiticy = 2.5A.

FIGURE 2. INDUCTIVE-LOAD SWITCHING
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TIP3055
N-P-N POWER TRANSISTOR

hpg~Static Forward Current Transfer Ratio

TYPICAL CHARACTERISTICS

STATIC FORWARD CURRENT TRANSFER RATIO

ic—Collector Current—A
FIGURE 3

vs
COLLECTOR CURRENT
1k v
Vecg=4V s
0
400 rTc=25C
+See Notes Sand 6
100 st Y
40 S\
A
N
10
4
1
0.01 0.04 0.1 0.4 1 4 10

w5, 5. These parametars must be messured using pulse techniques, t,, = 300 us, duty cycle < 2%,
6. These parametets asre messured with voltage-sensing contacts separate from the current-catrying contacts and ltocated
within 3,2 mm {0. 125 inch) from the device body.

te—Collector Current—A

MAXIMUM SAFE OPERATING AREA

FORWARD-BIAS SAFE OPERATING AREA

100 =73
11 .
| L N W |

40 S«N‘u7<--

10 N ‘.- A

T S 1
: Sybg -
4 Fty=300us,d=0,1=10%
| tw=1ms,d=0.1=10%" X B
tw™= 10 ms,d = 0.1 = 10% \\‘
1 I EEEE N

04 - DC Olpau‘tion)

=

-Te<25°C

oal_1 |
1 4 10 40 100

Vg —Collector-Emitter Voltage—V
FIGURE 4

*IET This combination of maximum voltage snd current may be achieved only when switching from saturation 10 cutof!

with a clamped inductive load.

TIP Devices
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TIP3055
N-P-N SILICON POWER TRANSISTOR

THERMAL INFORMATION

DISSIPATION DERATING CURVE
100 T
|

20

o
N

60
\ Rgyc = 1.39°CW

50

40 AN

30 \\

20 A
AN

0 25 S0 75 100 125 150
Tc—Case Temperature—"C

: FIGURE 5

10

P ~Maximum Continuous Device Dissipation-—-W
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2N3771, 2N3772
N-P-N SILICON POWER TRANSISTORS

OECEMBER 1971 — REVISED OCTOBER 1984

150 W at 25°C Case Temperature

30 A Continuous Collector Current {2N3771)

20 A Continuous Collector Current (2N3772)

30 A Peak Collector Cunent

Designed for Untuned Power-Amplifier Applications

device schematic
TO-3 PACKAGE

c
=== |====""
| |
} 1
! i
! %)
8 1 ] o
1 { O
I | 'S
{ ! o
e — e d (&)
E THE COLLECTOR IS IN ELECTRICAL
CONTACT WITH THE CASE =
N

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

2N3771 2N3772
*Collector-base voltage S0V 100V
*Collector-emitter voltage (Vag = ~ 1.5V} 50V 8ov?!
*Coliector-emutter vohage (ig = O1 a0V 60V
* Emitter-base voltage S5v v
*Continuous collector cusrent 30A 20A
*Continuous base current 7.5A 5A
“Peak collactor current isee Note 1} 30A
*Peak base current 15A
*Safe operating region . See Figure 1
“Continuous device dissipation a1 (or below} 25°C case temperature (see Note 2] 150w
*Operating junction and storage temperature range ~ 65°C 10 200°C
“Lead temperature 1,6 mm 10.0625 inch} from case for 10 seconds 235°C

1 Texas Instruments guarantees a 100 V value for this pacameter in sddition 10 the JEDEC registered vaiue shown.
NOTES: 1. This value applies for a nonrepetitive pulse of any duration for the 2N3771, or of SO0 ms maximum durstion for the 2N3772.
2. Derate linearly to 200°C case temperature at the rate of 0.855 W/°C as shown in Figure 2.

“JEDEC registered data.
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2N3771,2N3772
N-P-N SILICON POWER TRANSISTORS

electrical characteristics at 25°C case temperature {unless otherwise noted)

PARAMETER TEST CONDITIONS N3771 23772 uNIT
MIN TYP MAX MIN TYP MaX
V(BRICEO Ic = 0.2A, g = 0. See Note 3 10 60 v
ic80 vcg = 50V. g =0 2 mA
veg = 00V, 1g =0 5
, vee = 30V, ig=0 10
‘ce0 Uce = 50V, g =0 w] ™
Vg = 50V, Vgg = - .5V 2
icev VCE = 100V, Vgg = — 1.5V S| ma
Vee = 30V vgg = - 1.8V, Tc =150°C 10 10
— €80 Veg = SV. c=0 5 mA
: veg = 7V, ic=0 [
e 2 Ve = 4V, ic =104, See Notes Janc 4 15 60
heg vee = 4V, ic = 154, See Notes 3and 4 15 60
N Veg = 4V, Ic = 20A, See Notes Jand 4 5
2 Veg = 4V, Ic = 30A, See Notes Jand 4 5
v Ve = SV, ic = 10A, See Notes 3ano 4 2.2 v
w) st Veg = V. Ic = 154, Sce Notes 2and 4 2.7
C<D g = TA, Ic = i0A, Sece Notes 2anc 4 1.4
o- VeEsan Ig =154 Ic : 15A, See Notes 3and 4 2 v
o ig = 44, ic = 204, See Notes 3 ano 4 4
w ig = 6A, ic = 30A, See Notes 3and 4 4
[ Veg = 4V, Ic = 1A, f= Mz 40 40
iNfei VCE = 4V, Ic = 14, = S0kHz 4 4 -

NOTES: 3. These parameters must be measurea using sulse technrques, 1y, = 300 ps, auty cycie € 2%.
4. These parameters are measured with voliage-sensing contacts separate from the current-carrying contacts.

~JEDEC registered dara,

MAXIMUM SAFE OPERATING AREA
FORWARD-BIAS SAFE OPERATING AREA

100 o——
CTc=257C
T 40 Nonrepetitive pul
H M3 ——n] S Y
[od > - -
g <
: AEPZOHN RN
[&] 2N3772 N
5 10— L0
I — DC Operation L »
= Tt = al p
3 :tw 500 ms¢S £ <
1 4 ___(w = 100 ms 1902 ~
o P twe Tms7 |} A
tw* 200 usq | ///
:’” N :go ps 2N3771
wi S 2N3772
1 N I .
1 4 10 40 100

V¢ ~ Collactor-Emitter Voltage — V
FIGURE1



2N3771,2N3772
N-P-N SILICON POWER TRANSISTORS
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o

—
N
w0

100

8

Pr—Maximum Continuous Device Dissipation—W
N ~
th o

o

THERMAL INFORMATION
DISSIPAT!ION DERATING CURVE

<

AN

N

0

25

50 75 100 125 150 175 200
Tc — Case Temperature — °c

FIGURE 2



National
Semiconductor

LM124/LM224/LM324, LM124A/LM224A/LM324A,
LM2902 Low Power Quad Operational Amplifiers

General Description

The LM124 series consists of four independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power suppiies is also possible and the low power sup-
ply current drain is independent of the magnitude of the
power supply voltage. .
Application areas include transducer amplifiers, DC gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM124 series can be directly.operal-
ed off of the standard + 5 Vpg power supply voltage which
is used in digital systems and will easily provide the required
interface electronics without requiring the additional
=15 Vpc power supplies.

Unique Characteristics

® In the linear mode the input common-mode voitage
range includes ground and the output voltage can also
swing 1o ground, even though operated from only a sin-
gle power supply volitage.

m The unity gain cross frequency is temperature
compensated.

m The input bias current is also temperature
compensatea.

Advantages

m Eliminates need for dua!l supplies

w Four internally compensated op amps in a single
package

m Allows directly sensing near GND and Vpyr also goes
to GND

m Compatible with all forms of logic

® Power drain suitabie for battery operation

Features
= Internally frequency compensated for unity gamn
u Lg-ge DC voltage gain
a Wide bandwidth (unity gain)
{temperature compensated)
u Wide power supply range:
‘Single supply 3 Vpe to 32 Vpe
or dual supplies =1.5 Vpc to =16 Vp¢
m Very.low supply current drain (700 pA)—essentially in-
dependent of supply voltage

100 dB
1 MHz

B Low input biasing current 45 nApc
(temperature compensated)

n Low input offset voitage 2 mVpge
and offset current 5 nApc

u Input common-mode voitage range includes ground
Differential input voltage range equal to the power sup-
ply voltage

® Large output voltage swing

0VpctoV* — 1.5 Vpe

Connection Diagram

Dual-in-Line Package

OUTPUT & INPUT &~ INPUT L’ [1.1:] WPYT 3" PUT YT QuTPUTY

" 13 12 n 1L LI L

D

meyts

1 H 2 . $ L} ?

QUTPUT I INPUT ST INPUTY® v NPUT 2T INPUT 2T QUTPUT2

TL/H/8208-1
Top View

Order Number LM124J, LM124AJ, LM224J,
LM224AJ, LM324J, LM324AJ, LM324M, LM324AM,
LM2902M, LM324N, LM324AN or LM2902N
See NS Package Number J14A, M14A or N14A

Schematic Diagram (gach ampiitier)

¥

o

TL/H/9298-2
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Typical Performance Characteristics

input Voltage Range . Input Current Supply Current
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[} s 10 18 -ss-:s -15 3 25 43 65 85 105128 0 10 .. »
V' OR V" = POWER SUPPLY VOLTAGE (2 Vo) 1, = TOMPORATURE (%C) ¥* = SUPPLY VOLTAGE (Vo)
Open Loop Frequency Common Mode Rejection
Voltage Gain Response g Ratio
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[} 10 2 % ') 1D 10 100 tOc 10k 100k 10M 10M 3 100 e 100w
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Voltage Follower Pulse Volitage Follower Puise Large Signal Frequency
Response Response (Small Signal) Response
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Output Characteristics Output Characteristics
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Typical Performance Characteristics (mz902 only)

Input Current
100 -

1
i
i
¢

75

]

50 /
/.

T, =+25°C

2 et A

10~ INPUT CURRENT (nige)

0 10 20 %
V*- SUPPLY YOLTAGE (Vpc)

Application Hints

The LM124 series are op amps which operate with only a
single power supply voltage, have true-ditferential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 Vpc. These amplifiers operate over a wide
range of power supply voltage with litile change in perform-
ance characteristics. At 25°C amplifier operation is possible
down to e minimum supply voltage of 2.3 Vpc.

The pinouts of the package have been designed to simplify
PC board layouts. Inventing inputs are adjacent to outputs
for all of the amplifiers and the outputs have aiso been
placed at the comers of the package (pins 1, 7, 8, and 14).
Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in pofarity
of that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the resuit-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

Large differential input voltages can be easily accommo-
dated and. as input ditferential voitage protection diodes are
not needed, no large input currents result from large differ-
ential input voltages. The ditferential input voltage may be
larger than V+ without damaging the device. Protection
should be provided to prevent the input voitages from going
negative more than —0.3 Vpc (at 25°C). An input clamp
diode with a resistor to the IC inpul terminal can be used.
To reduce the power supply drain, the amplifiers have a
class A output stage for small signal fevels which converts
to class B in a large signal mode. This allows the amplitiers
to both source and sink large output currents. Therefore
both NPN and PNP external current bocst transistors can
be used to extend the power capability of the basic amplifi-
ers. The output voltage needs to raise approximately 1 di-
ode drop above ground to bias the on-chip vertical PNP
transistor for output current sinking applications.

For ac applications, where the load is capacitively coupled
10 the output of the amplifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion.

Voltage Gain

160
[

P S

R =20k

: T
: R =20kd___|
!

120

AyoL- VOLTAGE GAIN (dB)
3

0 10 20 3

V"= SUPPLY VOLTAGE (Vo)
TL/H/9289-4

Where the load is directly coupled, as in dc applications,
there is no crossover distortion.

Capacitive foads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of
50 pF can be accommodated using the worst-case non-in-
verting unity gain connection. Large closed foop gains or
resistive isolation should be used if larger load capacitance
must be driven by the ampilifier.

The bias network of the LM124 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of from 3 Vp¢ to 30 Vpc.

Output short circuits either to ground or to the positive pow-
er supply shouid be of short time duration. Units can be
destroyed, not as a result of the shont circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive junction temperatures. -Putting direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of
output source current which is available at 25°C provides a
larger output current capability at elevated temperatures
(see typical performance characteristics) than a standard IC
op amp.

The circuits presented in the section on typical applications
emphasize operation on only a single power supply voltage.
It complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of v+ /2) will
allow operation above and beiow this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range which inciudes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.



Typical Single-Supply Applications v+

= 5.0Vpg)

Non-inverting DC Gain (0OV input = 0V Output)

Vi HY | m— e —
P—O “Vo
5
5
ot
o
2
5
[
GAIN e 1o 2
Rt
,:: * 101 (AS SHOWN)
*R not needed due 10 tamperature
= mndependent iy 0 Vi (mV)
TL/H/9299-5
DC Summing Amplifier Power Amplitier
(Vin's 2 0 Vpc and Vg 2 Vpc) .
910k
A
A2
1004 v
v
- 14 LMI24A
A3
1 Vo
Wiy O AAA —d
L
Vo = 0 Vpg for Vg = 0 Vpg
Ay = 10 =
100k TL/H/9299-7
TL/H/8299-6
Where: Vg = Vy 1+ Vp - Vg -V,
(Vy + V) = (Vg + V) tokeep Vg > 0 Vpe
LED Driver “BI-QUAD" RC Active Bandpass Filter
A1
100
3]
330 pf
| L
R2 11 A
TUHe299-8 100 o
w - Z
14 L1244
R é 2
100 < 330 of .
I
N A6
700
- A O Vo
14 LMI24A
R?
10048
+  : AAA—O V*
.
Ry € —d
fo = 1 kHz 100K 10uF
Q=50 |
Ay = 100 (40 ¢8) = =

TL/H/9290-9
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Fixed Current Sources

- A1
- Ip={=—1 TL/H/9299-10
2 (nz) !
Current Monitor
a1 1
0.1 —_—
% O
Ry
A2
100 =

1V(IL)
R3
1. v < v’ -2v
*{increasa R1 for | small)

Voltage Follower

TL/H/8299-12

O Vo

Ve O Yo = Vin

TL/M/9209~14

0.001.F

Typical Single-Supply Applications v~ = 5.0 Vpc) (Continued)

Lamp Driver

TL/H/9298-11

Driving TTL

TL/H/9299-13

Puise Generator

R1
AL}

IN912

TLHIe29e-V



Typical Single-Supply Applications (v* = 5.0 voc) (Continued)

Pulse Generator

Squarewave Osclllator

L
100k

C A

TLIH/9299-16
TL/H/9299-17
High Compliance Current Sink Low Drift Peak Detector
1 t
b —
Ve '10
]
Vi O —e
Ae P (POLYCARBONATE OR T
1 ~ POLYETHYLENE) = 2N929° -9
1o = 1 amp/volt Viy - *n . AT 100 nA r‘
(increase Rg for I small) TL/H/9299-18 ¢
2
HIGH 2 °
LOW Zout
<
AUX AMP
> -
R ls INPUT CURRENT
L COMPENSATION
TL/R/0289-19
Comparator with Hysteresis Ground Referencing a Ditferential Input Signal
! R1
™
. O Vo
Va
TLH/8295-20
“Vem
Vo = Va
|
I TL/H/9299-21
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Typical Single-Supply Applications (v* = 5.0 vpc) (Continued)
Voltage Controlled Oscillator Clrcuit

0.05.F

R
100k

O ouTPUT 1

=

3

N
£

“wide control voitage range: 0 Vpg = Vg = 2(V* ~1.5Voc)

QO o0uTPUT 2

10,
Wy

TL/H/9299-22

Photo Voltaic-Cell Amplifier
A,

™
—AANN—
|
Teewt l
—O Vo
(CELL HAS OV
ACROSS IT)

AC Coupled Inverting Amplifier

TL/H/9299-20

3Van

.

TU/R/9200-24
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Typical Single-Supply Applications v* = 5.0vpc) (Continued)

AC Coupled Non-Inverting Ampiifler

Al A2
100k L]

TL/H/9299-25

fo = 1kHz R4 [} 1
o=1 1004 °
Ay = 2
- TL/HI9299-26
High Input Z, DC Ditferential Amplifier
A2
100%
A1 R4
1004 1006
v, 0 HALMI2¢A Vo
*V3 O~
A1 R4
For-ﬁz - l—ﬁ {CMAR depends on this resistor ratio match) TL/H/9289-27

v 1+ R4 \{
(-} T V2 = V4)

As showrt Vg = 2(Vp - Vi)



Typical Single-Supply Applications (v* = 5.0 vpg) (Continued)

High input Z Adjustabie-Gain
DC instrumentation Amplifier

R1
100

R3 R4
100k 100k
1
-V, O—f
>

GAIN ADJUST

#RY ~ RE4 A3 = A4 = R6 = R7 (CMRR deponds on match} TL/H/S209-28
Vo= 14 208 vz - Vy)
) w7 V2~ Va

As shown Vg = 101 (Va = Vy)

Using Symmetrical Amplifiers to Bridge Current Amplifier
Reduce Input Current (Genera! Concept)

“Vaer
R,
= ANv
1
176 LM124A b0 Vo 2
114 LM1288 O Vo
. 4 +
. R,
zuszgx‘ Al Ford <« tandR{>>R
: 5\ Re
N BATSOM 0.008:F L Vo = Vaer (E) A
‘ L TL/H/929%-X
! | 2R
o j = W
L] 176 L1248
S -— AUX AMP
R 1
1.5M . INPUT CURRENT

COMPENSATION

TLIHI9299-29



Typical Single-Supply Applications (v* = 5.0Voc) (Continued)

Bandpass Active Filter

A1 0.01.F

Vi

!
&

178 LM124A

p—0O Vo

1o = 1kHz
Q=25

TL/H/D209-01
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National
Semiconductor

LF353 Wide Bandwidth Dual

JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, dual JFET input
operational amplifiers with an internally timmed input offset
voltage (BI-FET II™ technology). They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. in addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF353 is pin compatible with the standard LM1558 aliowing
designers to immediately upgrade the overall performance
of existing LM1558 and LM356 designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage, fow input bias current, high input impedance, high
slew rate and wide bandwidth. The devices also exhibit low
noise and offset voltage drift.

- r

Lo? Loz
[\ [R=

81.FET 1™ Technology

Features

B Internally trimmed offset voitage 10 mvV
N Low input bias current 50pA
& Low input noise voltage 16 nV/VH2
a Low input noise current 0.01 pA/YHZ
| Wide gain bandwidth 4 MHz
& High slew rate 13 V/us
u Low supply current . 3.6 mA
® High input impedance 10120
# Low total harmonic distortion Ay = 10, <0.02%

RL=10k, Vo=20Vp—p, BW= 20 H2-20 kHz

» Low 1/f noise comner 50 Hz
®» Fast settling time 10 0.01% 2 us

Typical Connection

A
AAA
VWA

Yoo
0

Simplified Schematic

1/2 Dual

Vet O 2 g

INTEANALLY
ThIwg D

INTEANALLY
TarmagD

-¥¢t O

Connection Diagrams

Metal Can Package (Top View)

IMVEATING
INPUT 8

INVERTING
NPUT &

NON INVERTING

NON INVERTING
o INPUT 8

NPUT A

Order Number LF353H
See NS Package Number HO8C

Dusl-in-Line Package (Top View)

1 U ] .
OUTPUT A =t e
2 7
IMVERTING INPUT & o] — OUTPUT S
a L}
T T T~

nonswvERTING )
et a

1AVERTING INPUT 3

v —_ $ _ NOw.uRVERTING
nPutT B

Order Number LF353J, LF353M or LF353N
See NS Package Number JOSA, MOBA or NOSBE

TL/H/5649-1



Absolute Maximum Ratings

it Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

Supply Voltage =18V
Power Dissipation {Note 1)
Operating Temperature Range 0°Cto +70°C
THMAX) 150'C
Ditterential input Voltage + 30V
tnput Voltage Range (Note 2) +15v

Continuous

Output Short Circuit Duration

Storage Temperature Range —65'Cto +150°C

Lead Temp. (Soldering, 10 sec.) 260°C
Soldering Information
Dual-in-Line Package
Soldering (10 sec.) 260°C
Small Outline Package
Vapor Phase (60 sec.) 215°C
220°C

Infrared (15 sec.)
See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

ESD rating to be determined.

DC Electrical Characteristics (Note 4)

Symbol Parameter Conditions LF3s3 Units
Min Typ Max
Vos Input Offset Voltage Rg =10k}, To=25°C 5 10 mvV
Over Temperature 13 mv
AVps/AT Average TC of Input Offset Rg= 10k 10 wVr°C
Voltage
los Input Offset Current Ti= 25°C, (Notes 4, 5) 25 100 pA
Tjs70°C 4 nA
Ig input Bias Current Tj=25°C, (Notes 4, 5) 50 200 pA
Tis70°C 8 nA
Rin Input Resistance Tj=25°C 1012 n
AvoL Large Signa! Voitage Gain Vg= =15V, Tp=25C 25 100 V/mV
Vo== 10V, Ry =2k
Over Temperature 15 v/mv
Vo Output Voltage Swing Vg= 115V, Ry =10k 12 =13.5 v
Vem Input Common-Mode Voltage - " +18 \
Range Vg= 215V =n -12 v
CMRR Common-Mode Rejection Ratio. Rg< 10k 70 100 dB8
PSRR Supply Voltage Rejection Ratio {Note 6) 70 100 dB
Ig Supply Current 3.6 6.5 mA
AC Electrical Characteristics (oo 4)
Symbol Parameter Conditions LF353 Units
Min Typ Max
Amplifier to Amplifter Coupling TA=25°C,{=1Hz—20 kHz —120 @@
{input Retferred)
SR Slew Rate Vg= 215V, Ta=25°C 8.0 13 Vips
GBW Gain Bandwidth Product Vg= £15V, To=25'C 2.7 4 MHz
en Equivalent input Noise Voltage Ta=25C,Rg=1000,
£=1000 Hz 25 vz
in Equivalent Input Noise Current T;=25°C. = 1000 Hz 0.01 pA/fHz

Note 1: For operating at elevated temperatures, the Gevice must be derated basedon a thermal resistence of 11

and 158°C/W typ function to ambsent for the H package.

Note 2: Unless otherwise specitied the absolute maximum negatve

Note 3: The power dissipation limit, however, cannot be exceeded.

Input voitage 15 equal tc the negative power supply voltage.

§*C/W typ junction to ambient for the N package,

Note 4: These specitcations apply for Vg= =15V and 0" C<Tag +70°C. Vps. lg and log are measured at Veu=0.

Note 5: The input bias currents are junction leakage currents which approximately couble for every 10°C increass m the junction temperature, Ty, Due 10 the timited
production lest time, tne npul bias currents measured are comelated to junction temperaturae. In normal op the juncton temp re naas above the ambient
temparature as a result of intemat power dissipation, Pp. Tj=Ta=~6ja Pp where 84 is the thermal resistance from juncaon to ambient. Use of a heat sink l8
racommended H input bias Current is 1o be kept to a minimym,

Note 6: Supply voilage rejection ratio is maeasured for both suoply magniudes increasing or decreasing simuitanecusty in accordance with common
Vg = 26V10 =15V,

practics.



Typical Performance Characteristics

INPUT S1AS CURRENT ipA)

POSITIVE COMMON MODE [NPUT
VOLTAGE LiMIT (V)

NEGATIVE OUTPUT VOLTAGE SWING (V)

UMTY GAIE JANDWIOTH MHa)

n

Input Blas Current

BRI 1
vgo sy i
L Taene
i !
[ i
H i
: T :
‘ 1
| : !
i i
by |
. q
1 i3 |
-1 -5 ] [ 1"
COMMON-MODE VOLTAGE (v}

Gain Bandwidth
'

48

i

Positive Common-Mode Input
Voitage Limit
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P
| 7
. !
/
:
' f w o8

POSITIVE SUPPLY VOLTAGE (V)

Negative Current Limit

OUTPUT SINK CURRENT (mA}
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vgertov |
Aen
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o~ 0]
P
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|
i
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TEMPERATURE (C)
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0

40

n
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Bode Plot
1

input Bias Current
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9 10 0 0 4 S 0 M
TEMPERATURE ( O)

Negative Common-Mode input
Voitage Limit
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A
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1
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T
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SUPPLY VOLTAGE (:¥)

1$3349230) 1SvHe

FAEQUENCY (WK1}
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SLEW RATE (V)
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Supply Current
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Typical Performance Characteristics (continued)

COMMON MODE AEJLCTION RATO (48) OISTORTION [X)

OPUN LOOP VOLTAGE GAIN (V/V)
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2028
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Distortion vs Frequency
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Ay 100
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10 100 ™ 0 1004
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Application Hints (continued)

Exceeding the positive common-mode limit on 2 singte input
will not change the phase of the output; however, if both
inputs exceed the hmit, the output of the amplifier will be
forced to a high state.

The amplifiers will operate with a common-mode input voit-
age equal 10 the positive supply; however, the gain band-
width and slew rate may be decreesed in this condition.
When the negative common-mode voltage swings 1o within
3V of the negative supply, an increase in input ofiset voltage
may occur.

Each amplifier is individually biased by a zener reference
which allows normal ¢ircuit operation on £ 6V power sup-
plies. Supply voltages less than these may result in lower
gain bandwidth and slew rate.

The amplifiers will drive @ 2 k2 load resistance to * 10V
over the {ull temperature range of 0°C tc + 70°C. i the am-
plifier is forced to drive heavier IGad currents, however, an
increase in input ofiset voltage may occur on the nepative
voltage swing and finally reach an active current limit on
both positive and negative swings.

Precautions should be taken to ensure that the power sup-
ply for the integrated circult never becomes reversed in po-
larity or that the unit is not inadvertently installed backwards
in a socket as an unlimited current surge throuph theresult-

Detailed Schematic

ing forward diode within the IC could cause tusing of the
internal conductors and result in a destroyed unit.

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out.
put to an input should be placed with the body close 1o the
input to minimize “pick-up™ and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the {eedback around any
amplifier is resistive. The paraliel resistance and capaci
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. in many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently-there is negligible effect on stability margin.
However, if the {eedback pole is iess than approximately 6
times the expected 3 dB frequency a leac capacitor should
be placed from the output to the input of the op emp. The
value of the added capacitor should be such that the RC
tme constant of this capacitor and the resistance it paraliels
is greater than or equal to the original feedback pole time
constant.
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Typical Applications

GAtN (d8)

Three-Band Active Tone Controf

800ST = CUT
0.05
1uF
0.005
1 MIO-RANGE
<
16 100k 3.6k
[ ————aY LY |
0.022
=
1.0k 500k 1.8
— A AAA AMA———¢
t I 0.00% TREBLE
I s
7
—O out
5

HRESS TR Il

‘ i it

¢ B A

NOTE Thidri

N 1 Nl

A LB i LN
o TP
CHIEN i NG T

v b Nt /LN T
g L THNEA TN i
ol oS
19 100 |13 10k 1004

FREQUENCY (Hz)

Note 1: All controls flat.

Note 2: Bass and treple boost mid flat,
Note 3: Bass and treble cut. mid flat
Note 4: Mid boost bass and treote ftat,
Note §: Mid cut. bass and redie flaL.

All potentiometars are linear taper
Use the LF347 Quad for stereo applications
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Typical Applications (continued)
Improved CMRR Instrumentation Amplifier

vy
—_— 3
) + '
b ' n s
12L0I8IN AAA- o AAA
? bS] .
- S v
<
a2 3
—AAA— o~
<
<
om j’ 17
b § 901
-t 1. 0
>
N
> R
<Y $
[
< —AAA
VA
s

SCPARATE

R
AV-(z 2 o'l) E.
R1 R4

/77 and & are separate isolated grounds
Matching of R2's, R4’s and RS’s controt CMRR
With AVT = 1400, resistor marching = 0.01%: CMRR = 136 dB8

o Very high input impedance
e  Super high CMRR

Fourth Order i.ow Pass Butterworth Filter

L
L]

Ve ar

«¥

YW

@ Corner frequency {{c) = /_1___ -1 __1__. L
R1R2CC1 28 R1°R2'CC1 2z

Passband gain (Ho! = (1 + R4/R3) (1 + R4'/RY)

Firststage Q = 131

Second suge Q = 0.541

Circuit shown uses nearest 5% tolerance resistor values for a filter with 3 corner frequency of 100 Hz and 2 passband gain of 100
Otfsel nulling necessary for sccurate DC performance
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Typical Applications (continued)
Fourth Order High Pass Butterworth Fiiter

‘ AAN ar

o P

. [ 1 [ 1
* Comer equency () =\ A2z "2n ~ VATRZCE 29
* Passband gam (Ho= (1 + R4/RJ) (1+ R4 /RI’)
e Firststage O = 131

e Second stage O = 0.541
o Circuit shown uses closest 5% (olerance resistor values for a filler with & corner trequency of 1 kHz and & passband gain of 10.

Ohms to Volts Converter

—0 Your* WV
FULL SCALE

i
Q=AAA @ AAA @ =AAA B~ AAA

©-AA

1;"}:"1" MO Mg ¥

O~-AAA
-

13%

O -1v
TL/H/S849-13

1w
Vo = ——— X Ay
©~ Riiooen
Where Riap0ceR is the resistance trom switch S1 pole 1o pin 7 of the LF353.





