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EEC110B LABORATORY
I. OBJECTIVES AND GENERAL DIRECTIONS

The object of this laboratory is to reinforce the class lecture material, to
teach the use of basic lab equipment, to teach laboratory skills, both
general and troubleshooting, and to develop good experimental note-
taking habits. You should purchase a bound lab notebook, preferably one
with grid lines. All your pre-lab calculations, lab notes, data, and reports
should be kept in the lab notebook. Lab reports need not repeat
information that is published in this lab manual. However, your lab
notebook and manual together should contain enough information to
repeat the experiments. It will be graded at the end of each experiment.

To simplify the grading process, the lab manual includes a page to
summarize the results from each experiment. These pages are included at
the end of the lab manual. The appropriate summary page should be
attached to the beginning of each lab report in your lab notebook. All
requested information, both experimental results and calculated values,
should be .copied onto this page. Any items left blank on the summary
page will receive no credit. All corresponding calculations, required
graphs and measurements of the lab along with any notes on the various
circuits should appear in the report following the results page. ltems
appearing on the summary page without supporting calculations in the
body of the report will also receive no credit. Any questions in the lab
instructions should be answered at the END of the report.

Il. PREPARATION FOR LABS

Time spent in the lab is to be used building and testing circuits, NOT
learning the lab material and calculating circuit values. Read the labs and
do any required calculations before coming to the lab.



I11. BASIC LAB GROUND RULES
The work area in the lab must be left in the following condition at the
end of the lab period:
(1) All test equipment neatly placed on the bench.
(2) All components replaced in their proper boxes or drawers in the
storage cabinet.
(3) Wires hung up neatly on the wall in their proper section.

IV. GRADING
Grading will be based on:
(1) pre-lab calculations (where applicable)
(2) lab report
(3) student's lab skills
(4) lab demonstrations

Acknowledgment - The class laboratory experiments were written by P.
Chan, C. Eldering, P. Gray, P. Hurst, R. Levinson, S. Lewis, J. Pierret, and
R. Spencer.



CA3045, CA3046 Types

General-Purpose Transistor Arfoys'

THREE ISOLATED TRANSISTORS.
AND ONE DIFFERENTIALLY-CONNECTED
TRANSISTOR” PAIR ’ ,

The CA3046 and CA3046 each consist of five general-purpose
slicon n-p-n transistors on a common monolithic substrate.

fwo of the transistors are internally connected to form a
ditferentially-connected pair.

The transistors of the CA3045 and CA3046 are well suited to
1 wide variety of applications in low power systems in the DC
twough VHF range, They mav be used as discrete transistors
in ional circuits. , in additian, they provide
the very significant inherent integfated circuit advantages of
dose electrical and thermal matching. ’

For Low-Power Applications at Frequencies
from DC through the VHF Range

The CA3045 is supplied in a 14-lead dual-in-line hermetic
(welded-seal) ceramic package and the CA3045F in a 14-lead
dual-in-line hermetic (frit-seal) ceramic package.

The CA3046 is electrically identical to the CA3045 but is
supplied in a dual-in-line plastic package for applications
requiring only a limited temperature range.

ABSOLUTE MAXIMUM RATINGS AT Ty = 25°¢C CA3045 CA3045F, CA3046
Each Total Esch Total
Rower Dissipation: Transistor Package T‘unsimn Package
TAUPIOB59C ..., - - 300 750° mw
TAP55%C (o - - Derate at 6.67 mwW/°C
Taupto 13 o PR S 300 750 " - R mw
TAD 75%C Lottt veeens Derate at 8 C - - mW/oC
Collector-to-Emitter Voltage, VCEQ ++ - vevvevsn 15 = 15 - v
Collector-to-Base Voltage, VCBO «ovcvvevesaes 20 - 20 - v
Collector-to-Substrate Voltage, VgiQ +ovvov- - - 2 - - v
11
Emitter-to-Base Voltage, VEGQ - +-vvvrevncnrs 5 - 1] - v
Temperature Range: : U“
Operating ........c.covevniinnniinannns -55t0 +126 -551t0 +125 oc
SIOTAgE .. ... ieerieriernenrreaas ~65 to +150 —65 to +150 °c
Lead Temperature (During Soldering): -
At distance 1/16 £1/32" {1.59 $0.79 mm)
from case for 10 seconds Max: .......o0uees . 4265 +265 oc

*The colleclor of each tnnlinor of the CASMS !nd
CA3046 i

to thc mou nenulve point in the extemal clrcuit to-

d (rom the
diode. The subatrate’ (fermlnll 13} must bo comoclod

ELECTRICAL CHARACTERISTICS, at T, = 25°C

for normal transistor action.

tranaistors and to provide

Characteristics apply for each transistor in the CA3045 and CA3046 as specified.

LIMITS
CHARACTERISTICS SYMBOLS |  SPECIAL TEST CONDITIONS Type CAIS UNITS
. ) Type CA3046
MN | TYe. | MAX.
STATIC CHARACTERISTICS
Collector-to-Base Breakdown Voltage Vigriceg | 'c =10mA I =0 2 60 -1 Y |
Collector-to-Emitter Breakdown Voltage ViricEo {'c=1mAlg=0 ) 15 2 - V.
Collector-to-Substrate Breakdown Voltage V(BRICIO Ig =10pA, lgy =0 2 60 v
Emittes-to-Base Breakdown Voltage Vigriggo | ' =10 #A1p =0 8 1 - V.
Collector-Cutoff Current Icog | Vep =10V, lg =0 T ooz | @ | oA
Collector-Cutoff Current Iceo Vep =10V, lg =0 ) See curve | 0.5 A
Static Forward Cusrent-Transfer Ratio ‘ Ic=10mA y 100 - - :
($tati h ] I3V{I =1 mA 0 100
atic Beta) FE CE |g S10pA ) 5
input Offset Current for Matched Pair
Vep =3V, lp=s1mA - 03 2 HA
O and 0y. Iy, - lio,| oemonT A
g =1mA ’ - 0.715 -
.| Base-to-Emitter Voltage Vge Vog =3 V{IE N lummA ; 0,800 : v
Magnitude of Input Offset Voltage fos Differ- v v LA 045 5 ' v
i i YRl m
ential Pait IVBEl - Vgg,| ce*3Vulg=1m .
Magnitude of Input Offset Vollage lot Iso- :
fated Transistors IVgE, - Vg, | Vep =3V, lg =1ma 0.45 51 mv
Ve, - VBesle | VBEs VBE3|
Temperature Coefficient of Avpe Vog =3V, Ip = 1 mA -13 v oC
Base-to-Emitter Voltage AT ce=*Vic=in ’
| Colfettor-to-Emitter Saturation Voltage Veps | lg = 1A, 1 =10mA 0.23 - pv
Temperature Coefticient: 1AV4g 5 o
Magnitude of input-Offset Voltage AT Vee 3V.lc 1mA ) 1l we

LINEAR INTEGRATED CIRCUITS

il

STRATE

Fig. 1 - Schematic dlagram Note
that the substrate (pin 13) must be
connected to the lowest supply voltage.

FEATURES
o Two nﬂcb«l pairs of transistors
YBE motched t5mV
Input offset current 2 1A max. atic = T mA
o5 gonom! purpose monelithic transistors
; Opqrofion from DC to 120 MHz
. Wldo.opon'i ng current nmgaﬁ
o Low noise figure - - 3.2 dB¥yp. uf.l kHz
o Full military temperature ronge for CA3045
.55 10 +125°C

® The CA3045 is available in a sealed-j
Beam-Lead version (CA3045L). For further
information see File No. 515, “Beam-Lead
Devices for Hybrid Circuit Applications™.

APPLICATIONS

o Genercl use in ell types of signol’ proco“ing systems
operating nnywllou in the frequency ronge from
DC to YHF

o Custom designed differential amplifiers
® Temperature compensated amplifiers

o See RCA Application Note, I‘CAN‘-5296 *‘Application
of the RCA-CA3018 Integrated-Circuit Transistor
Array" for suggested applications.

STATIC CHARACTERISTICS
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Fig.2 - Typical collector-to-base cutoff current vs
" ambient temperature for each transistor.
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) LINEAR INTEGRATED CIRCUITS.

CA3045, CA3046 Types
ELECTRICAL CHARACTERISTICS, ot Tp= 25°C . STATIC CHARACTERISTICS
Choracteristics apply for each transistor in the CA3045 and CA3046 as specified.
LIMITS 1058 BASE CURRENT (1pg)
CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS Type CA3045 UNITS : V.
Type CA3046 02 o
<« & Y
MIN, TYP. MAX. § 7
DYNAMIC CHARACTERISTICS 'g - 0“\/ 2
: f=1kHz, Vog=3V, Ip= 1004A = plares
ow- NF » VCE C H . 3.25 . a8 2
Low-Frequency Noise Figure Source Resistance = 1 kn § «"L/I/l
Low-Frequency, Small-Signal 3 | ‘d‘f,/
Equivalent-Circuit Characteristics: $ -’/
| : 57
Forward Current-Transfer Ratio Nfe . - 110 - - 3 \’9
- - i N ) - ELE >, /
Short-Circuit Input Impedance hie 3.5 g s
- . = o 7
Open-Circuil Qutput Impedance Noe f=1kHz, Veg =3V, Ig=1mA | 15.6 - | umho 3 7
Open-Circult Reverse h 1.8x10°4 ok ,[/
Voltage-Transfer Ratio' e =
Admittance Characteristics: ) ' |
Forward Transfer Admittance Yie 31-j1.5 . - 25 G 75 700 25
Inpul Admittance Yie o LM Vor & 3V 1 =1 mA - 0.3+]0.04 . . AMGIENT TEMPERATURE UTg)—sc
Qutput Admittance , Yoe b z¥eg=2Vlc " 0.001+j0.03 - - Fig.3 - Typical collector-to-emitter cutoff current vs
" Reverse Transfer Admitlance Ve . See curve - R ambient temperature for each transistor.
Gain-Bandwidth Product 7 Vep <3V.lg=3mA 00| 50 HIE
Emitter-to-Base Capacitance Ceg Veg =3V, g =0 - 0.6 - pF
Collector-to-Base Capacitance Cep Veg=3V.lg =0 . 0.58 - | 9F
Collector-to-Substrate Capacitance CCI Vog=3V.ig = 0 . . ?.8 - oF
120 COLLECTOR-TO-EMITTER VOLTS [Vge)*3 i 106l COLLECTOR-TO-EMITTER VOLTS (VCE)*3 GB[COLLECTOR - TO-EMITTER VOLTSIVe!™S
AMBIENT TEMPERATURE (Ty)+25°C 6 AMBIENT TEMPERATURE (Ty)®25°C AMBIENT TEMPERATURE (1a)s 25°C
g™ P 2 i -
.‘% & N 5 A L -
I ) z f o A s 8
d g »% A 2 et z
Zw L—\reer| thre2] |1 e 2 <z z - I g 2
g2 RP% 7TE£|°“|ME| Fl § . // 3 // / ¢
oo | 4 N < 2 LA [ 2 2
ga 80 9 oy 2 - 3
i® I s B 5 5
] V1 e o ¥ 4 &
o ™ ° 2 /l s
£ 5 -t s
& H . 8. V 2
" - z
50! ] = . HNPUT OFFSET VOLTAGE -
50 1] ’
001 ) i [ qor 2t &8 2 4 88, N 10 co‘" ! l o 1 n ;
EMITTER MILLIAMPERES (Ig) COLLECTOR MILLIAMPERES {Ic} EWITTER MLLAMPERES(IE)
92¢5-15182 92Cs-15216 £ . szcs-isa17
Fig.4 - Typical static forward current-transfer ratio and Fig.5 - Typical input offset current for matched Fig.6 - Typical static base-to-emitter voltage character-
beta ratio for transistors Qy and Q) vs emitter current. transistor pair Q1Qy vs collector current. istic and input offset voltage for differentiol pair and
’ paired isolated transistors vs emitter current,
COLLECTOR-TO-EMNTTER VOLTS (Vggl™3
COLLECTOR-TO-EMITTER VOLTS (vgg +3] - - I TH
4 1
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9 h B [ F
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4 o TR 81 by PRSeD SHi
@ 1 + e I +
oabH % et : 75 80 28 25 50 715 .00 125
R % -8 25 80 75 100 128 R AMBIENT TEMPERATURE (Ta)m=C
AMBIENT TEMPERATURE (T} —*C 92CS - 19218
92CS-15188
Fig.7 - Typical base-to-emitter voltage charocteristic Fig.8 - Typical input offset voltage characteristics for
vs ambient temperature for sach transistor. differential pair and paired isolated transistors
vs ambient temperature.
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LINEAR INTEGRATED CIRCUITS

| CA3045, CA3046 Types

COLLECTOR=TO-EMITTER VOLTS (veghd
SOURCE RESISTANCE OMMS (R3)e 500
AMBIENT TEMPERATURE (Tah28°C

\
N
X

%\4/

0.04 . o}

>

COLLECTOR MILLIAMPERES (IC} .
92C5-15192

Fig.9(a) - Typical noise figure vs collector current.

100 [COLLECTOR-TO-EMTTER VOLTS IVgg )3
8} FREQUENCY (1) 7 ixHz
| AMBIENT TEMPERATURE (Ta): 25°C e
| (I L /
hyg 110

4 = meesska | h
A = Pre 1881104 {01 I o |
1 ~) hoe* 156 umho Vi
1 [~ /
g —
H
S g—— ikt \ - . / .
8 N /
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Fig.10 - Typical normalized forward current-transfer
ratio, short-circvit input impedance, open-circuit
output impedance, and open-circuit reverse volt.
age-trapsfer ratio vs gollector current.
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Fig.13 - Typical output admittance vs frequency.

ISYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR

COLLECTOR=TO-EMITTER VOLTS (vegh3
SOURCE MESISTANCE OHMS {Rg)*i000
AMBIENT TEMPERATURE (Tph25°C
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Fig.9(b) - Typical noise figure vs collector current.

COMMON-EMIT TER CIRCUIT, BASE 'NPUT
AMBENT TEMPERATURE {Ta)x25°C
COLLECTOR-TO-EMITTER VOLTS{Vcgl=3
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Fig.11 - Typical forward transfer admittance
vs frequency.

COMMON-EMITTER CIRCUIT, BASE INPUT,
AMBIENT TEMPERATUNE("A)'25'C
COLLECTOR-TO—-EMITTER WIJS (VCE)e3
COLLECTOR MILLIAMPERES (I

1 lorets SMALL AT FREQUENCIES
’/ LESS THAN 500 MHz  *

o
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1
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)
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10 .
FREQUENCY(1)—MHz
92C5 -M2%56R1

F:g 14 - Typical reverse transfer admittance
vs frequency.
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Fig.9(c) - Typicol noise figure vs collector current.

[COMMON-EMITTER CIRCUIT, BASE INPUT.
AMBIENT TEMPERATURE (Ta)=25°C —
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Fig.12 - Typical input admittonce vs frequency.
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ot 4 7 90 3 ©
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Fig.15 - Typical gain-bandwidth product vs
collector current.
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LINEAR INTEGRATED CIRCUITS

»

CA3086

seneral -Purpose N-P-N TranS|stor Array
iﬁ,ee isolated Transistors and One leferentlally— Connected Transistor Pair

E, Low—Power Applications from DC to 120MHz

Applications

u  General-purpose use in signal proeoulng systoms operating
in the DC to. 120-MHz range

8 Temperature compensated amplifiers
= Ses RCA Application Note, ICAN-5296 “‘Application of the

RCA-CA3018 Intagrated-Circuit Transistor Array” for
s in jonal circuits. H , they also suggested applications.
mcm: :oe’::rsxtr;o‘:\f ;:::;T;: :Imz":‘ s;'.‘::" o’,‘ fh: provude the very significant inherent adyamages unique to- ) o
lstors  are mtarn:ny con ) to form a integrated circuits, such as compactness, easc of physical 2 { 5 4 8 " 14
trans ally-connected pair. d handling and thermal matching.
wransistors of the CA3086 are well suited to a wide The CA3086 is slpplled. ina !4-I?ad dual-in line plas.nc )
of applications in low-power systems at frequencies package. The CA3086F is supplied in a 14-lead dual-in-ine f
hl“ DC to 120 MHz. They may be used as discrete hermetic (frit-seal) ceramic package. o Q 93 04 s
MAXIMUM RATINGS, Absolute—Maximum Values at T A" 25°
DISSIPATION:
ANy ONE UIBNSISION «..ouvvvnrvueaanrannersaess 300 mW 6 7 9 10 12 13
i Total package up to T = 55°C .. 750 mw ?1",!? ATE
_ Above TA=B8%C  ...oiiiiiiiaiiieeieenis derate linearly 6,67 mw/°c
AMBIENT TEMPERATURE RANGE: ' Flg 1- Schematlc d1agram Note
, I U -55 °c
| o b o that the substrate (pin 13) must be
LEAD TEMPERATURE [During soldering}: . connected to the lowest supply voltage.
At distance 1/16 £ 1/32inch {1.59 £0.79mm} '
From cass for 10 56CoNdS MAX.. . ... ovnueennsronssn + 265 %. T
, The following ratings apply for each transistor in the device: TYPICAL STATIC CHARACTERISTICS
COLLECTOR-TO-EMITTER VOLTAGE, VCEQ -+ - - - 1% v i
COLLECTOR-TO-BASE VOLTAGE, VCBO- - -+« - -« ‘ 20 v FOR EACH TRANSISTOR
COLLECTOR-TO-SUBSTRATE VOLTAGE, Vio®- .- 20 v +oF - EMITTER CURRENT (1g1°0
; EMITTER-TO-BASE VOLTAGE, VEBD - -+ -+ vvv-ns 5 v
{f COLLECTORCURRENT, IC ......cviuvennrnnenn 50 mA 2 //
i * The coflector of ssch transistor in the CA3086 is isolated from the substrate by an integral diode. The substrate - © S
: 13) must be d to the most negative point in m i circuit to 2 N
?* ' transistors and 1o pravide for normal transhtor action, To svoid i the sub- L 3 A
o strate (terminal 13) shouid be maintained at sither DC or signal {AC) wwnd A suitable bypass capacitor can be P «z,\ =
3 used 1o establish a signal ground. b - $V
N ; ¥ 77 =
: 3 vc}v77/
g. N L
' ELECTRICAL CHARACTERISTICS at T, = 26°C w TS
For Equipment Design ‘ 2 ST
) o G
G TEST CONDITIONS 5 ot A4
Typ. g //I’/I
: Charsc-]  LIMITS [y A
CHARACT! ERISTICS SYMBOLS coristic TS 8 = >
) Curves | Min. | Typ. |Max. ——
| Fig.No. -~
. T - " 4
Callactor-to-Base Breakdown Voltage VisRricBo|'c~ 10KA 1g= 0 - 20 § 60 | — v : 25, 30 7 05 128
- ' AMBIENT TEMPERATURE (Ta)—*C
m e Eoni Braakd - - - - k4 . 92C3-1519501
c ter B! n Voltage V(BRICEO le= 1mA.lg 0 15 | 24 v 3-18193
Collsctor-to-Substrate Breskdown Vottage | Vigicio | 'c= 10HA. Iy = 0 - 20 |-}V Fig.2~lcgo Vi T-
:i Emitter-to-Base Breakdowri Voltage Visr)eso | 'e = 10KA.Ic= 0 -l sl 71-}V )
" | Collector-Cutotf Current I¢so Veg= 10V.1g= 0 2 - |o002]100 | A,
See
Cotiector-Cutotf Current Iceo Vg™ 10V.1g= 0 3 | —|cUve] 5| KA
| OC Forward-Current Transfer Ratio | heg Veg= MV.lg=1mA | 4 | 40|00~ ogrene SAERRY
e : : ; /4
5 4 v
. _;': S A
1201 COLLECTOR - T~ EMIT TER VOLTS {vcg )3 CBCOLLECTOR - TO-EMITTER VOLTS{vcg!*3 P . Y
AMBENT TEMPERATURE (To)*29°C AMBIENT TEMPERATURE (T)s23°C P gw o
g v - = P57 4
: N ‘/ é\‘//
= o F
¥ | .
s A 2 % A
g / § . ‘// § 2] \sl
- [3 / £ o 5 57
- if 4 i g e
% 3 i 2
8 4 o ot - (/
— -
Ry =
ool 01 ' ‘] oo‘ b o ) — ) £ 75 3 [
EMITTER MILLIAMPERES (I¢) - EMTTER uu.w-cntsu;) O Aw'EvNT TEMPERATURE (Ta)—°C s23-1519400
Fig3—hepwigp Fig4 Vggnlip Flg5— Icgo s Ta-
— 213




LINEAR INTEGRATED CIRCUITS

CA3086

-

ELECTRICAL CHARACTERISTICS at TA - 2500 Typical Values Intended Onty for Design Guidance . TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR 4
TEST CONDITIONS
: Typ.
Chare- TYPICAL COLLECTOR~TO- BASE VOLTSWeg -3
CHARACTERISTICS SYMBOL teristics VALUES UNITS
: Curves N !
Fig. No. .
. w sun -
DC Forward-Current Vep = 3V | lg= 10mA 4 100 gz ey 2as SR
heg CE - &R 4
Transfer Ratio Ic= 10 A L] 54 '8 ”LL“*E
- >
- lg= 1mA 5 0.715 v g &8
Base-to-Emitter Voltage Vae Veg= 3V | E 3 18
lg= 10mA 5 0.800 v i
[
0
Vgg Temperature Coefficient AVBE[AT VCE = 3V, Ic= 1mA 6 19 mv/°c '; £
Collector-to-Emitter o -
vV, 1mA, 1= 10mA - 0.23 v y HH H
Saturation Voltage - | "CEsat ‘8™ c = R A= 3586 75 100 128
AMBIENT TEMPERATURE (1)) —°C
f=1kHz, Ve = 3V, . 9208~ 131060
Noise Figure {low frequency) NF CE - 3.25 dB
1c= 1004A, Rg= 1k Q )
Fig.6— VBE v T,
Low-Frequency, Small-Signal
Equivalent-Circuit Characteristics:
Forward Current-Transfer Ratio hse 7 100 -
iU . = = - 100 ~T0- $(Vegl
Short-Circuit Input Impedance hie = 1kHz, Vog = 3V, I = TmA 7 35 k2 i ﬁ;é%%sz&ﬁ‘;::?‘;:ﬁ 3
N .
Open-Circuit Output impedance hoe 7 15.6 pmho 4 ‘| [ /
— - 2 hyq® 100
- it R . . — - "1 =35k 0
gr;;enr;f(;r::ﬁo everse-Voltage hre ‘ 7 18x 104 wo e aaeio-4 [0t ImA Pos
% <] Nog*56 xmho
Admittance Characteristics: < /
Forward Transfer Admittance Yfe 8 31-j1.5 mmho g q
| o L3
fnput Admittance - Yie f= IMHz, Vap = 3V, 1~ = 1mA 9 0.3 +j0.04 mmho 3 = < =
CE Cc § e [ =
Output Admittance Yoe , ~ 10 |0.001+j0.03 | mmho Amns %
Reverse Transfer Admittance Yre 1. See Curve - P N
—Of +
Gain-Bandwidth Product fr Veg= 3V.Ig= 3mA 12 550 © MHz oo COLLECTR MILUIAMPERES () °
92CS-i5H0N2
Emitter-to-Base Capacitance CEBO Vegg * 3v, Ig=0 ) - 0.6 pF
Fig.7— Normalized he h;  h vslp.
Collector-to-Base Capacitance 1ccao |vég=3v.ig=0 - 058 PF “ 16 Pier Mow e I
Collector-to-Substrate Capacitance Ceio Vo= V,lc= 0 - 28 oF
COMMON-EMIT TER. CIRCUIT, BASE, INPUT - . COMMON-EMT TER. CIRCUIT BASE TNPuT
AMBIENT TEMPERATURE (Ta)=25°C AMBENT TEMPERATURE 5: AMBIENT TE_MPERATURE (TA)s X ((: 3
=TO- . Ot CrORTo EMIT TER OLTS (Vg3 COLLECTOR-TO-EMTTER VOLTS {VcE)
e T S s e T SBLEER b et
' ¥ " §
£ ol ] 23 RE
'g ™~ 3; Bie L Yo,
'__§ - 1 4 ‘WY 4
g ¢ g1 1
¥ 52 / 52, ]
£ w
By N g 2 [ é g /
% H AN 2 °8 ,
> [ € 4
& Tl b ] A 4 5 § /
- 3 z / y §
g3~ ] ' r ! o
2 ! / e g
§ 5_20 k o) 1 O l
| o | 10 100
o FREUENCY (1)—Hz 100 o FREQUENCY (h— Wik 0 ! FREQUENCY (1) — MHz
920514257 .- 92CS — 142590 92C5—14260M
Fig8~yywf. Fig.9—yjevst. Fig.10—y,, vsf.
‘ . COLLECTOR-TO-EMITTER VOLTS (Veg)e3 S
%ccr&'ﬁ[ﬂ&%’? (veei=3 AMBIENT TEMPERATURE (Ta)»25° C T
ore 1S sm\u. AT FREQUENCEES __| i
1 LESS THAN 500 M %_ T s =
o § 800 - :
£ £
§ o = '
3 ook
! Beaercri-mwe o 1 348 T80
) azcs-uzsom COLLECTOR MALLIAMPERES (o) .
Fip.ﬂ—y,,wf. ‘ Fig.12-frwlc.
i
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LINEAR INTEGRATED CIRCUITS

CA3096E, CA3096AE

N-P-N/P-N-P Transistor-Array IC

RCA-CA3096E and CA3096AE are general-purpose high-

Types CAD96AE and CA3096E are identical, except that the
voltage silicon transistor arrays. Each array consists of five CA3096AE specifications include parameter matching and
independent transistors {two p-n-p and three n-p-n types} on greater stringency in ICBO. ICEQ. and VCE(SAT) (see Table ). 2 2 o, Qs
. . 2 3 4
a common substrate, which has a separate connection.  CA3ng6E and CAJIPBAE are supplied in 16-lead dual-in-line O O llC,
independent connections for each transistor permit maxi- et
) 3 . plastic packages. - |
mum flexibility in circuit design. \
TABLE 1= CA3096AE AND CA3096E ESSENTIAL DIFFERENCES* :
RCA IcBo 'ceo VCE(SAT) Vol ol SUBSTRAT £
TYPE (nA) {nA) v) {mV) wA) = 92CS-20308
n-p-n p-n-p n-p-n p-n-p n-p-n p-n-p n-p-n p-n-p | n-pn p-n-p Schematic Disgram
CA3096AE 40 -40 100 ~100 0.7 0.4 5 5 0.6 0.25 Features:
CA3096E 100 =100 1000 | -1000 1.0 0.7 - - - - u Matched General-Purpose Transistors (CA3096AE Only)
. . ® input Offset Voitage £ 5 mV
* Maximum values. 8 Input Offset Current:
p-n-p Pair =250 nA max. @ Ic = -100 uA
- n-p-n Pair £0.6 yAmax. @ Ic= 1 mA
STATIC ELECTRICAL CHARACTERISTICS at T 5 = 25°C (For Equipment Design) = High hgg
n-p-n transistor: 150 min. @ Ig = 1 mA
p-n-p transistor: 40 min. @ I = 100 A
R CA3I096AE, CAI096E ® High Breakdown Voltages:
CHARACTERISTICS SYMBOL TEST CONDITIONS LIMITS UNITS n-p-n transistor: V(BR)CEO = 35 V min; V(BR)CBO =
: 45 V min.
Min. Typ. Max. N it v 40V min; V
p-n-p transistor: CEO ™ min; =
For Esch n-p-n Transistor: {BR) v (BR)CBO
Collector-Cutoff Current (CA3096AE) icBoO Ve =10V, Ig=0 — (| 0.0013 40 nA » Separate Substrate Connectlon
Collector-Cutoff Current (CA3096AE) ICEQ Veg=10V,Ig=0 - | 0.0055 100 nA # Low Noise Figure:
Coliector-Cutoff Current (CA3096E) IcBo Veg=10V,Ig=0 - | 0.0013 100 nA n-p-n transistor: 2.2 dB typ. at 1 kHz
Collector-Cutoff Current (CA3096E) ICEQ Vce =10V, 1g=0 — | 0.0055 1 A p-n-p transistor: 3dB typ. at 1 kHz
c to-Emitter Breakdown Voltage | V(RicEo | lc=1mA,1g=0 35 50 - v '
Collector-to-Base Breakdown Voltage V{BRICBO | lc= 10MA, Ig =0 45 100 - v Applications:
C 1 Br Voltage | VigRicio } lci=10pA 1g=lg=0 45 100 - v # Differentiat Amplifiers
Emitter-to-Base Breakdown Voltage ViBRIEBO | lE=10MA. Ic=0 6 8 - \ ® DC Amplifiers
Emitter-to-Base Zener Voltage vz | iz=10uA 7.9 9.8 v = Sense Amplifiers
Collector-to-Emitter Saturation Voltage N ® Level Shifters
(CA3096AE) VeesaT) | lc=10mA, 1= 1mA - | 024 | o5 v ® Timers
Collector-to-Emitter Saturation Voltage ® Lampand R'_"Y D_""."
{CA3096E) VCESAT) | 1c=10mA, lg=1mA - 024 | 07 v * @ Thyristor Firing Circuits
Base-to-Emitter Voltage VBE A Ve 28 v 06| 069 | 078 v . :‘""""“"’“""""“"d Amplifiers
=1 mA, = . .
DC Forwerd-Current Transfer Ratio hEE c cE 150 | 390 | s00 " Op Ampiifiers
A de of Temperature Coefficient: MAXIMUM RATINGS, Absolute Maximum Values st Tp = 25°C
N - - _ - _ o Each n-p-n Each p-n-p
Vgg (for each transistor) 1Avge/ATEH] 1c=1mA, VeE=5V 1.9 mv/ C Transistor Transistor
‘| For Each p-n-p Transistor: Collector-to-Emitter Voltage . Vcgo k-3 -~40 A
Coflector-Cutoff Current (CA3096AE) IcBo Vep=—10V.1g=0 - | -0055 | 40 nA Collector-to-Base Voltage ... Vego 45 —40 v
Collector-Cutoff Current (CA3096AE) ICEO Vecg=-10V,Ig=0 - | -042 100 nA Voltage .............. veio 45 a5 v
¥ - — - - Emitter-to-Base - VEBO 6 —40 v
Collector-Cutoff-Current (CA3096E) ICEO Veg=-10V,ig=0 0.12 1 HA p Curreiit b 50 —10 mA
Collector-Cutoff-Current (CA3096E) IcBO Vep=—-10V,lg=0 — | —-0055 100 nA Dissipation Pp:
Coll to-Emitter Breakdown Volt \ Ie=—1 1g=0 - -40| -7 - UptoTp =56 °C:
sl oneee, {BRICEO | lc= ~1001A. 1g = 0 5 v Device (Totall . 750 W
C to-Base Breakd Voltage ViBRICBO | 'c=—10UA, IE=0 —40 -80 - \4 Each Transistor . 200 mw
Emitter-to-Base Breakdown Voltage V(BRIEBO Jg = —10 A, Ic =0 40 _100 _ v Above Tp =55 L. Derate Linearly 6,67 mwW/ C
. T ! R H
Emitter-to-Base Zener Voltage . Vz Iz =10 UA 10 16 — \' "gp'::‘::‘: m" ........ _5510 +125 :C
Emitter-to-Substrate Breakdown Voltage VBRIEIO | JE1=10 WA,1g=Ic=0 40 100 - v Storage ... ... P -65 to +150 c
N y Lead Temperature {During Soldering)
Collector-to-Emitter Saturation Voitage VCE(SAT) | ic=-1mA,lg=-100pa | — | -016 | —04 v At distance 1/16 £ 1/32" .
i ) {1.59 £ 0.79 mm) from case for
Base-to-Emitter Voltage VBE lc=—-100A, Veg=-5V | —05 —0.6 -0.7 v 10 seconds MAX. ....... 265 °c
-— = | 40
DC Forward-Current Transfer Ratio hfE lc 10017, Vee 5V 85 200 [ Oy
Ic=—-1mA, Vcg =5V 20 a7 150 H -
Magnitude of Temperature Coefficient: b rl
Vg {for each wansistor) |Avge/AT| | 1c=—100pA, Vg = -5V ] - 2.2 - | mvic T: t
For Transistors Q1 and Q2 (As a Differential Amplifier): CA3096AE ONLY gy
- vz
Absolute Input Offset Voltage Vol - 0.3 mvV E' l —~1
Absolute Input Offset Current ol VCE=5BV,Ic=1mA - 0.07 0.6 MA 5 2
Absolute Input Offset Voltage Temperature AVIQl Em-l
Coefficient - 11 mvr°c A
For Transistors Q4 and Q5 (As a Differential Amplifier): CA3096AE ONLY °
Absolute Input Offset Voltage V1ol - 0.15 [ mv o2
Absolute Input Offset Current Inol VCE = =5V, Ic = —100 A | 2 250 nA 7 T e voLTAGE va1—v 85 s
Absolute Input Offset Voltage Temperature IA IOI Rg=0 z »265-20308
Coefficient AT - | os4 - | w’c L
Fig.1—Base-to-emitter zener charscteristic (np-n).
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LINEAR INTEGRATED CIRCUITS

CA3096E, CA3096AE

pYNAMIC ELECTRICAL CHARACTERISTICS at T = 26°C o
TWVﬂuulanOnlyhtDﬁwGM ‘ 7/
— - ?,oa /
- ! 2
g . ‘\:9 :__
. Y &L
CHARACTERISTICS SYmMBOL TEST CONDITIONS TYPICAL VALUES UNITS § H é«
4 A
v o2 £
& 10 & y/4
£ e I
3 4 S
 _ . 2.
For Each n-p-n Transistor -3 - &
— Vi 5V ERR ‘P\y‘
= 1kHz, Vcg =5V, 4
ise Figure {low frequency) NF 2.2 dB . P
Noise Figu q! Y Ic-1mA,Rs=1kﬂ g 2 =
- - 00 13 -50 28 28 50 s 100
Low-Frequency, Input Resistance R; f=10kHz Vg =5V, 10 k) bty TEMPERATURE (TAI—C
Low-Freq y Output R Ro Ic= 1 mA 80 [39) . 92¢3-20310
‘Admittance Characteristics: Fig.2—Colisctor cut-off currant (logp) a8 &
e ——— — function of temperature (n-p-n).
Ote 75
Forward Transfer Admittance Yie bye 13 mmho
Input Admitt v Sie f=1MHz, VCE=5V, 2.2 mmho
n mittance i
L le bi Ic=1mA ‘ i3.1
0.76 103 i
Output Admittance Voo 22 - mmho € 3oV
) boe i2.4 | 2 o sv
g ok &
Vee =5 V.lg=1.0mA 280 gt <
Gain-Bandwidth Product fr MH2 T, A
Vce*5V.lc=5mA 335 z A7
10
Emitter-to-Base Capacitance Cep Veg=3V 0.76 pF % ¢ - o
-
Co to-Base Cap Ces Vg =3V 0.46 oF g & /-
Coll to-Substrate Cap Cei Vey=3V 3.2 pF Y ¥
3 <
Qo
For Each p-n-p Transistor g 2 /]
B
f=1kHz, g
Noise Figure (low frequency) NF o 3 dB8 a >
lc-100pA.Rs=1k S or2?
Low-Frequency Input Resistance R; f=1kHz, VCg=5V, 27 194 = - ~28 25 0 75 00
Low-Frequency Output Resistarice Ro Ig = 100 A 680 k2 AMBIENT TEMPERATURE (TAl—"C U—
Gain-Bandwidth Product fy Vgg =5 V. Ic = 100 A 6.8 MHz Fig.3-Collector cut-off current flpgg) & 2
Emitter-to-Base Capacitance Cen vep=-3V 0.85 pF function of vemparsture (n-pn).
Gy 10-Base C. r_" CCB VCB =_3V 2.25 pF
Base-to-Substrate Capacitance Cgi Vgi =3V 3.05 oF
500 0S| COLLECTOR-TO-EMITTER VOLTAGE (VcE!* SV
E | ‘ s LBJ,J AMBIENT TEMPERATURE (Tp)e25°C
o
S 400! e wet—"T50% — T o8 1 09
° IS 1: 1 w o Co
= 15\“" I @ 1 S LEc
: A/ A NG 2 =d z o Lt
& Y o7 4/ § os v 1
% v .3. o Lot1 5 : ] ',
- —40% ] A 2 izt
E | Pt 1 = o7 o ) MV,
L1 -] L1 w T -72, i
4 F 06 — 1 £ :"’lnm
z E E o
" 3., L
1e =3 ZoT T
H ) 08 & LIV & a
g o
[ ] . £ sassa
8 o 04| +
3 o T
o.0t ol 10 4 H H
COLLECTOR CURRENT (I¢)—mA o COLLECTOR CURRENT (xc)-—lm ° w0 = .2 4 & % 00
92¢8-20312 s2¢8-20313 TEMPERATURE —°C
92CI—205M4

Fig.4—Transistor (n-p-n) hpg as a function o
collector current.

f

Fig.5-Vgg {n-p-n) as a function of collector current.

DC FORWARD CURRENT
§ TRANFER RATIO (hpg)=10
O
= >
1
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2> NI
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= 308 wHY
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= I
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: )
3 &
g W
g 02 e
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Fig.7-Vegisa -,-'lnﬂ-n) as a function of col-

lector current.
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LINEAR INTEGRATED CIRCUITS

CA3096E, CA3096AE

MAGNITUDE OF INPUT OFFSET VOLTAGE IVpol —mV

< 108 T ! N : zov[ w COLLETOR-TO- EMITTER VOLTAGE (Vcgls SV
] I &2 el $
- O b <]
2 s ;‘L___ 2 g
$ A 5 sl sy 3 COLLECT
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* of temperature.
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LINEAR INTEGRATED CIRCUITS
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For application informatlon, see Data Bulletin File No.595.
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LINEAR INTEGRATED CIRCUITS

CA741, CA747, CA748, CA1458, CA1558 Types

‘Operational Amplifiers

High-Gain Single and Dual Operational Amplifiers
For Military, Industrial and Commercial Applications

The RCA-CA1458, CA1558 (dual types);
CA741C, CA741 (single-types); CA747C,
CA747 (dual types); and CA748C, CA748
{single types) are general-purpose, high-gain
operational ampiifiers for use in military,
industrial, and commercial applications.

These monolithic . silicon integrated-circuit
devices provide output short-circuit pro-
tection and latch-free operation. These types
also feature wide common-mode and differ-
ential-mode signal ranges and have low-offset
voltage nulling capability when used with an
appropriately valued potentiometer. A 5-
megohm . potentiometer is used for offset
nulling types CA748C, CA748 (See Fig. 10);
a 10-kilohm potentiometer is used for-offset
nulling types CA741C, CA741, (
CA747CG, CA747E, CA747G (See Fig. 9);
and types CA1458, CA1558, CA747CT,
have no specific terminals for offset nulling.
Each type consists of a differential-input
amplifier that effectively drives a gain and
level-shifting stage having a complementary
emitter-follower output.

CA747CE,

This operational amplifier line also offers the
circuit designer the option of operation with
internal or external phase compensation.

Types CA748C and CA748, which are ex-

 ternally phase compensated (terminals 1

and 8) permit a choice of operation for
improved bandwidth and slew-rate capa-
bilities. Unity gain with external phase

compensation can be obtained with a single’

30-pF capacitor. Al the other types are
internally phase-compensated.

RCA’s manufacturing process makes it possi-
ble to produce IC operational amplifiers with
low-burst (”popcorn’) noise characteristics.
Type CA6741, a low-noise version of the
CA741, gives limit specifications_ for burst
noise in the data bulletin, File No. 530.
Contact your RCA Sales Representative for

- information pertinent to other operational

amplifier types that meet low-burst noise
specifications.

MAXIMUM RATINGS, Absolute-Maximum Values at T4 = 25°C:

DC Supply Voltage (between V* and V= terminals):

CA741C, CA747C*, CA748C, CA1458% |
CA741, CA747%, CA748, CA1558% .
Differential Input Volitage .
DC Input Voltage* .
Output Short-Circuit Duranon
Device Dlsslpauon
Up to 70 C (CA741C, CA748C)
Up to 75°C ({CA741, CA748) .
Up to 30°C (CA747)
Upto 25:c {CA747C) .
Upto 30°C (CA1558) .

Up to 26 C (CA1458) .
For Temperatures Indicated Above

Voltage between Offset Null and V— {CA741C, CA741, CA747CE, CA747CG).

Ambient Temperature Range:
Operating — CA741, CA747E, CA748, CA1558.

CAT741C, CA747C, CA748C, CA1458 .

Storage
Lead Temperature (Dunng Soldermg)

At distance 1/16 £ 1/32 inch {1.59 + 0.79 mm) from case for 10 seconds max.

38V

a4 v

30V

315V
Indefinite '

500 mwW

500 mW

800 mW

800 mW

680 mW

680 mW

Derate Innearlv 6.67 mw/°C
. N5V

5510 +126 °c
0t0+70 °Ct
—65 to +150 °C

. 265°C

* 1f Supply Voltage is less than £ 15 volts, the Absolute Maximum Input Volitage is equal to the Supply Volt-

age.

4 Voltage values apply for each of the dual operational amplifiers.

t Al types in ‘any package style can be operated over the temperature range of —55 to +1256°C, although the
published limits for certain electrical specifications apply only over the temperature range of 0 to +70°C.

50

G" Suffix Types—Hermetic Gold-CHIP in
~ Dual-in-Liné Plastic Package
Hge Sufflx Typés—Standard Dual-In-Line
Plastlc Package

“T* and ~’S"” Suffix Types—TO-5 Style Package
Features:

® |nput biqs current (‘all types): 500 nA max.
® Input offset current (all types): 200 nA max.

- Applications:

] Comparator

a DC amplifier

® Integrator or differentiator

® Multivibrator

& Narrow-band or band-pass filter
= Summing ampilifier

v
NOTE : PIN 4 IS CONNECTED TO
CASE

| - 10ene

1a.—~CA741CS,CA741CT,CA741S, &
CA741T with internal phase
compensation.

92¢CS - 19427M1

16.—CA747CT and CA747T with
internal phase compensation.

TOP VIEW

v
NOTE: PIN 4 IS CONNECTED TO CASE
22CS- 19428

1c.—CA748CS, CA748CT,CA748S,
and CA748T with external
phase compensation.

Fig: 1 — Functional diagrams.




CA741, CA747, CA748, CA1458, CA1558 Types

RCA No. of | Phase Offset Voltage Min. | Max. Vo Operating-Tm;peratun
Type No. Ampi. | Comp. Null AgrL| (mV) Range o)
CA1458 dual int; no , 20k 6 0to +70*

| CA1558 dual. int, no 50k 5 —55 to +125
CA741C single int. yes 20k 6 Oto +70*
CA741 single int. yes 50k 5 -55 10 +125
CA741C dual int, yes* 20k |- 6 0 to +70*
CA747 dual int, . yes* 50k 5 —55t0 +125
CA748C single ext. yes . 20k 6 0to +70*
CA748 single ext, yes - 50k 5 —55 to +125

*|n the 14-lead dual-in-line plastic package 6n|y.

AAjl types in any package style can be operated over the temperature range of —55 to +126°C,
although the published limits for certain electrical specifications apply only over the tempera-
ture range of O to +70°C.

ORDERING INFORMATION

* When ordering any of these types, it is important that the appropriate suffix letter for the
package required be affixed to the type number. For example: If a CA1458 in a straight-
lead TO-5 style package is desired, order CA1458T. ' .

TOP VIEW

INV.
INPUT (A)

. QUTPUT (A)
NON=- INV.
INPUT(A)

NON-INV.(3)

0 .
INPUT (B) (® oureuTiB)

INY.
INPUT(B)

1d.—-CA1458S,CA 1458T,CA 15588,
and CA1558T and internal
phase compensation.

OFFSET NULL (D—| B NC
NV, .
weut @ DV
NON -INV. s ;
vt @ &ouTeur
. OFFSET
v-@— DREE
TOP VIEW

92C3-25014

1e.—~CA741CE,CA741CG,CA741E,
and CA741G with internal

. - . phase compensation.
PACKAGE TYPE AND SUFFIX LETTER ror vEw
’ 0 L
' TO-5 Gold-CHIP Gold- | BEAM- NS ] _
Type No. STYLE PLASTIC PLASTIC CH! chiP | LEAD FIG. No. oS } grser
sL | 10L |DiL-cAN| 8L | 14L| 8L | 14L ' o O——= p L @vew
CA1458 | T s E G H| GH 1d, 1h U O— @V
CA1558 T S E G id, th v- (O— L—() %
CA741C | T S E G H| GH 13, le O Ohatind
CA741 T S E G L |1a e non- ey (O——— (D vew
n [ ]
CA747C T \ G| H|GH 1b, 1f @ - osim
: . ‘ ) ’ 1b, 1 » 920519429
CA747 il ‘ E ¢ : 1£.—CA747CE,CA747CG,CA747E,
CA748C | T S E G H| GH 1c, 1g and CA747G with internal
‘CA748 T S E ' G : 1c, 1g phase compensation.
PHASE COMP
rn o= &
weur @ . v+
. ) ):g:aicsusnmn NON =INV. o DouTPuT
& ' Dv+ INPUT ® i
[ 02 ¢
— * ' R . ve opssET
INPUT ¢ 0
®o— ; 1 TOP VIEW
. s2cs-2399%
o 92 . fro 19.—CA748CE,CA748CG,CA748E,
pvEaTIG hiem * and CA748G with external
: . A Gz 1 4 phase compensation.
a3 Q4 i . 4 U] <,Rs .
A Z2s
1 o4 ) oureur .
CouPEnsaTION ek U — —=© outpuT a) (D— —@® v*
0 5S
: ¢ 39KS p
‘orrsn NLL . ‘ |J°'5 - "0 m"::";-m@— —( outpuT (8}
- e
. % - | eroT tA) —® INPUT (8)
LY o7 %
- o o
L] Ao Rz Ra TOP VIEW
% ”“:: * . 3 : 92CS- 25019
ALL RESISTANCE VALUES ARE IN OMMS @v- 1h.—CA1458E,CA 745'8610‘4 1558E,
. s20H-19432 and CA1558G with internal
phase compensation.

Fig.2—Schematic diagram of operational amplifier with external phase

compensation for CA748C and CA748. Fig. 1 — Functional Diagrams (Cont’d)
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SA741, CA747, CA748, CA1458, CA1558 Types

@ v+
v
INVERTING Q
INPYT ____K s
(O
9 Q2 3
NON-INVERTING
INPUT
. o G2 L
R
Q- 0. <Ry
s | N :: 28
ouTPUT
‘ <SPRo
T, S50
Qg ) ) I: Qe
o _.|: o7 9 Qe :{L
( O3 o7
~a(a L
R R3Q Rz - 2R 2R > Ay ‘
124 5ox§ K 3K 350K %ao
2CM~19433 ® Ve

ALL RESISTANCE VALUES ARE IN OHMS % SEE FUNCTIONAL DIAGRAM FOR TERMINAL
NUMBERS OF RESPECTIVE TYPE NUMBERS

Fig.s—Schématic diagram of operational amplifiers with internal phase compensation for CA741C,
) CA741, and for each amplifier of the CA747C, CA747, CA1458, and CA1558.
ELECTRICAL CHARACTERISTICS

For Equipment Design

FH AMBIENT TEMPERATURE (Ta)=23°C

3

VOLTAGE GAIN{AyG 1—¢8

TEST CONDITIONS : LIMITS
Supply Voltage, CA741
JVvi=1sy, CA747*
CHARACTERISTIC V-=-i5V CA748 UNITS
Ambient , CA1558*
Temperature, TA| Min. | Typ. | Max.
—
Input Offset Voltage, V|| Rg = < 10kQ %5 C — ! S 1 mv .
. -5510 +125 °C - 1 6
. 25°C - 20 200
Input Offset Current, 1) ~55°C ’ - 85 500| nA
+125°C - 7 200
25°C - 80 500
Input Bias Current, |g i —55°C - 300 1500{ nA
, , +125°C - 30 500
input Resistance, R} 0.3 2 - | MQ
Open-Loop Differential | R =2k 25°C | 50,000|200000| -
Voltage Gain, Ag Vo=210V —-55t0 +125°C | 25,000 - -
Common-Mode Input 5510 +126°C | 212 | 113 \
Voltage Range, VicR —o22to - - - i
Common-Mode °
: Re <1 - -
Rejection Ratio , CMRR | 'S ~ 10K [=5510+125°C | 70 | 90 a8
Supply Voltage Re<10kQ |-5510 +125° - 30 | 150 |uviv
Rejection Ratio, PSRR | 'S ° ¢ 50 |4
B o
Output Voltage RL>10kQ [-55to +125°C +12 | 14 - v
Swing, Vopp RL>2k |-55t0+125°C 10 | #13 -
25°C - 1.7 2.8
Supply Current, |* o -55 f’C - 2 33| mA
+125°C - 1.5 25 |
25°C - 50 85
Device Dissipation, Pp : -55°C - 60 | 100| mw
+125°C - 45 75

PEAX-TO-PEAK OUTPUT VOLTS SWiNG [V (P-P1]

* Values apply for each section of the dual amplifiers.
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DC SUPPLY VOLTS (v*,v=)

‘STCH~1BT44R)

Fig.4-Open-laap voltage gain vs. supply voltage for
all types except CA748 and CA748C.

T OC SUPPLY VOLTS (V*=18,v~»-15) 1

'y i i AMBIENT TEMPERATURE (Tp}+25°C
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5 = i i !
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§ N
)
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1 1 1N
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€ T L) T

b
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Fig.5—Open-loop voltage gain vs. frequency for all
types except CA748 and CA748C.

COMMON-MODE INPUT VOLTS RANGE (Vicp)
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:
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Fig.6—Common-mode input voltage range vs. supply
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Fig.7—Peak-to-peak output voltage vs. supply volt-
age for all types except CA748 and CA748C.
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sA741, CA747, CA748, CA1458, CA1558 Types

LECTRICAL CHARACTERISTICS
or Equipment Design S
- . 2
e LIMITS 3 =
TEST CONDITIONS CA781C e e
Supply Voltage, CA747C* 3 EElowadsas
CHARACTERISTIC vt=15V, — CA748C UNITS 3 |
—-=_15V Ambient * : =
Temperature, TA CA1458 S ol DC SUPPLY YOLTS (v*+18, v™113)
Min Typ Max § s AMBIENT TEMPERATURE {T,)e 23°C
: : " \ 1= LOAD CAPACITANCE (Cy)* 100 pF
. ° e T : i)
Input Offset Voltage, Rg=<10kQ i Co - 2 6 mV H el : :
Vio 0to70 °C - - 75 . = S 08 ] S e R |
25°C - 20 |200 e secs-srarm
Input Offsetl Current, 0to 70 °C _ o 300 nA Fig.8—Qutput voltage vs. transient response time for
— 10 : CA741C and CA741.
input Bias Current, ~ 26°C - 80 [500 | A
g 0t 70°C - — |800
Input Resistance, R 03 2 |- | Ma
" e
Open-Loop Differential | Ry =2k 25°C 20,000 | 200,000 —
. - - OUTPUT
Voltage Gain, AOL VO =310V Oto 70 °C . 15,000 R - IN'?P':J}INVERYING
Common-Mode Input 26°C +12 +13 _ v
Voltage Range, VicR
Common-Mode o , ;
. ; Re <10kQ2 25°C 70 90 - dB * SEE FUNCTIONAL DIAGRAM :
- Rejection Ratio, CMRR S %p?%?ﬁ??v&oig © 92C5-19424R2
Supply-Volt .
:p? Zt © ;g; PSRR Rg<10kQ2 25°C - 30 150 luv/v Fig.9—Voltage-offset null circuit for CA741C, CA741,
ejection HAatio, CA747CE, CA747CG, CA747E, and CA747G.
' RL=10kQ 25°C 12 14 -
Output Voltage Swing, =
v 25°C £10 13 - v
oPP R =2k =
. 0to70 C 10 13 -
Supply Current, (B 25°C - 1.7 (28| mA o e
Device Dissipation, Pp 25°C - 50 |85 | mW outPUT
* values apply for each section of the dual amplifiers.
ELECTRICAL CHARACTERISTICS 4
Typical Values Intended Only for Design Guidance - 9251942382
TEST TYP. Fig.10—Volitage-offset null circuit for CA748C and
CHARACTERISTIC CONDITIONS VALUES UNITS ‘ CA748.
- V=115V ALL TYPES
Input Capacitance, C) 1.4 pF
Offset Voltage
Adjustment Range +15 mV
Output Resistance, R 75 Q
@ ® ——p’OUT
Output Short-Circuit Current 25 mA ©
Transient Response: Unity gain Vin ok .
Rise Time, t, V)= 20 mV 0.3 . us : _1_ L L
Overshoot Ry =2kQ 5 % T
| | C <100 pF " 92c5-15746
Slew Rate, SR: Fia.11—Transi t circuit for all type
. 1g. - rans:entrequnse testcircuit for all types.
Closed-loop R >2kQ 0.5 Vs
Open-loop® 40

A Open-loop slew rate applies only for types CA748C and CA748.
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TYPES 2N3905, 2N3906, A5T3905, A5T3906
P-N-P SILICON TRANSISTORS

BULLETIN NO. DL-S 7311577, NOVEMBER 1971—-REVISED MARCH 1973

SILECTT TRANSISTORS
FOR GENERAL PURPOSE SATURATED-SWITCHING AND AMPLIFIER APPLICATIONS

e For Complementary Use with N-P-N Types 2N3903, 2N3904, A5T3903, and A5T3904

e Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil
Pin-Circle Configuration

mechanical data ;
These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without

deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting
MIL-STD-202C, Method 106B. The transistors are insensitive to light.

2N3905, 2N3906 a} i+
— 0.050 (NOTE A hidn =08
+0.005
6.100 +0.005
y I - 0020 0190 Z 5020
Yo P
0.200 43
+000s st - -
0805 COLLECTOR
i :nms i
,ﬁu——L—- 0.500 M o
Lo 4 N
+8. 0.050 = 0.005 Ju.:m.';0lll1'+_a“g:1|

NOTES: A. Lead diameter is not controlled in this area. EBC
B. All dimensions are in inches.
*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE
A5T3905, A5T3906
0,015

(NOTE Ay

2t B

0.050
L

2- BASE

D]M'IP—-I

f T
0200 0,160
e o
=0005 P'A o010
Ve
+0.002 i
t P ooz ot oia %
0180 3 LEADS 2
‘”“L——I—— 0.500 MIN = £
+0.005 0,005 1. coukcon
NOTES: §

A. Lead diameter is not controlled in this area.

B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions measured
in the gaging plane 0.054 below the seating plane of the device relative to a maximum- 2
diameter package. 3

C. All dimensions are in inches.

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Collector-Base Voltage . . s T E PR VB NBIE BB R E R T s Ba oy s =40V
Collector-Emitter Voltage (See Note 1] . BERE OB G HEER SR s BN BT BB @R e o s el
Emitter-Base Voltage . . A
Continuous Collector Current ot ume 5 S m uen s e o m we e ms hen o mr e e e e ol m et e w s —200 mA*

625 mW §

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 310 mwW*

—65°C to 150‘;c§
—55°C to 135°C*

Lead Temperature 1/16 Inch from Case for60Seconds - . . . . . . . . . . . . . . . . . . . {22%%0%‘%

Storage Temperature Range

NOTES: 1. This value applies between 10 uA and 200 mA collector current when the base-emitter diode is open-circuited.
2. Derate the 625-mW rating linearly to 150°C free-air temperature at the rate of 5 mW/°C. Derate the 310-mW (JEDEC registered)
rating linearly to 135°C free-air temperature at the rate of 2.81 mW/°C.
*The asterisk identifies JEDEC registered data for the 2N3905 and 2N3906 only. This data sheet contains all applicable registered data in
effect at the time of publication.
TTrademark of Texas Instruments
fu.s. Patent No. 3,439,238
§ Texas Instruments guarantees these values in addition to the JEDEC registered values which are also shown, USES CHIP P15

4-286 TEXAS ]NSTRUMENTS

CORPORATED ;
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 %
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TYPES 2N3905, 2N3906, AST3905, A5T3306
P-N-P SILICON TRANSISTORS

*electrical characteristics at 25°C free-air temperature

2N3905 2N3906
PARAMETER TEST CONDITIONS A5T3905 A5T3906 |UNIT
MIN MAX | MIN MAX
V(Br)cBO Collector-Base Breakdown Voltage lc==10pA, Ig=0 —-40 —40 v
V(BRIJCEO Collector-Emitter Breakdown Voftage Ic=—-1mA, Ig=0, See Note 3 —40 —40 v
V(BR)EBO Emitter-Base Breakdown Voltage lIg=—10pA, Ic=0 -5 -5 \
IcEV Collector Cutoff Current Vcg=-30V, Vgg=3V -50 —=50| nA
Igev Base Cutoff Current Vece=-30V, Vgg=3V 50 50( nA
VCE=—-1V, Ic=-1004A 30 60
Vee=—1V, Ic=—1mA 40 80
hgg Static Forward Current Transfer Ratio Veg=-1V, Igc=-10mA 50 150| 100 300
Vee=-1V, Ig=-50mA |SeeNote3 30 60
VeE=-1V, Ic=-100mA 15 30
Ig = —1mA, lg=—-10mA -0.65 —0.85|-0.65 —0.85
VBE Base-Emitter Voltage - £ See Note 3 \'
Ig=—5mA, Ic = —-50 mA -0.95 —0.95
lg=—1mA, Ic=—10mA -0.25 -0.25
VCE(sat)  Collector-Emitter Saturation Voltage 8 £ See Note 3 A
Ig=—-5mA, Ig=-50mA -0.4 -0.4
Small-Signal Common-Emitter
hie 0.5 8 2 12| kQ
Input Impedance
- Ve =-10V,
& Small-Signal Common-Emitter 50 200 100 400
fe Forward Current Transfer Ratio | —
= —1mA,
" Small-Signal Common-Emitter ¢ 01X 5x|[01xX 10X
e Reverse Voltage Transfer Ratio 10-4 10—4|10—4 10-4
- = f=1kHz
& Small-Signal Common-Emitter y 40 3 a0 "
oe Output Admittance RS
- Small-Signal Common-Emitter v 20V, | 10mA, £=100 MH 2 25
-_ = _10 mA, = g
l fe Forward Current Transfer Ratio CE - 1C z
fT Transition Frequency Vecg=-20V, Ic=-10mA, SeeNoted 200 250 MHz
Common-Base Open-Circuit Veg=-5V, g =0
Cobo . ca P 45 45| pF
Output Capacitance f=100kHz to 1 MHz
Common-Base Open-Circuit VEg=—-05V, Ic=0,
Cibo i " v 10 10| pF
Input Capacitance f=100kHz to 1 MHz
NOTES: 3. These parameters must be measured using pulse techniques. t,, = 300 us, duty cycle £ 2%, .

4. To obtain f1, the Ihfei response is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the frequency at which

|nge| = 1.

*operating characteristics at 25°C free-air temperature

2N3905 2N3906
PARAMETER TEST CONDITIONS A5T3905 AS5T3906 [(UNIT
MIN MAX [ MIN MAX
Vce=-5V, Ig = —100 uA,
NF Average Noise Figure Rg =1 ki2, Noise Bandwidth = 15.7 kHz, 5 4 dB
See Note 5
NOTE 5: Av:r:ge: Noise_lﬂumsmma_in_m With response down—3 dB at 10 Hz and 10 kHz and a high-frequency rolloff of

6 dB/octave.

*The asterisk identifies JEDEC registered data for the 2N3905 and 2N3906 only.

TEXAS INSTRUMENTS

INCORPORATED
b POST OFFICE RAOX &N12 . NAII A& TEYAS 7999
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"TYPES 2N2217 THRU 2N2222, 2N2218A, 2N2219A, 2N2721A, 2N2222A
N-P-N SILICON TRANSISTORS

BULLETIN NO. DL-S 7311916, MARCH 1973

DESIGNED FOR HIGH-SPEED, MEDIUM-POWER SWITCHING
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS

¢ hFE ... Guaranteed from 100 uA to 500 mA

e High fTat20V,20 mA ... 300 MHz (2N2219A, 2N2222A)
250 MHz (all others)

o 2N2218, 2N2221 for Complementary Use with 2N2904, 2N2906
o 2N2219, 2N2222 for Complementary Use with 2N2905, 2N2906

*mechanical data

Device types 2N2217, 2N2218, 2N2218A, 2N2219, and 2N2219A are in JEDEC TO-5 packages.
Device types 2N2220, 2N2221, 2N2221A, 2N2222, and 2N2222A are in JEDEC TO-18 packages.

A AR

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE

3 LEADS %_‘L: oIA
3 COLLECTOR omo_| |
170
-

_f,— -
0.045 0.230 0.19:

} 0.029 o ot -

OlA 3

3

0.100

%%‘: —] 1.5 MIN - ’

’ TEMPERATURE

_ 0.100
T=—==t=——}] MEAS. POINT [
0.370 ] — ;

0.335 mDIA e o

Tk
{ ﬁ R
0.125 0.200—
0.100 MIN ’I 0.009 3 LEADS 2 BASE
DETAILS OF OUTLINE iN 0.019

~ DIA
THIS ZONE OPTIONAL SeATING 0016 1 EMITTER

PLANE

TO-5 DIMENSIONS ARE [N INCHES UNLESS OTHERWISE SPECIFIED TO-18 i
10-5 T0-18

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

2N2217 2N2218A 2N2220 2N2221A

2N2218 IN2219A 2N2221 2N2222A UNIT

2N2219 2N2222
Collector-Base Voltage 60 75 60 75 \'
Collector-Emitter Voltage (See Note 1) 30 40 30 40 \%
Emitter-Base Voltage 5 6 5 6 \'
Continuous Collector Current 0.8 0.8 0.8 0.8 A
Continuous Device Dissipation at (or below)
25°C Free-Air Temperature (See Notes 2 and 3) 08 0.8 05 05 w
Continuous Device Dissipation at (or below) 3 3 18 18 W
25°C Case Temperature (See Notes 4 and 5) ) )
Operating Collector Junction Temperature Range —65 to 175 °C
Storage Temperature Range —65 to 200 °C
Lead Temperature 1/16 inch from Case for 10 Seconds 230 °C

NOTES: - These values apply between 0 and 500 mA collector current when the base-emitter diode is open-circuited.

1

2. Derate 2N2217, 2N2218, 2N2218A, 2N2219, and 2N2219A lineariy to 175°C free-air temperature at the rate of 5.33 mW/°C.
3. Derate 2N2220, 2N2221, 2N2221A, 2N2222, and 2N2222A linearly to 176°C free-air temperature at the rate of 3.33 mW/°C.
4

Derate 2N2217, 2N2218, 2N2218A, 2N2219, and 2N2219A linearly to 175°C case temperature at the rate of 20.0 mW/°C.
o

Derate 2N2220, 2N2221, 2N2221A, 2N2222, and 2N2222A linearly to 175 C case temperature at the rate of 12.0 mw/°C.

o

*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication.
USES CHIP N24



TYPES 2N2217 THRU 2N2222, 2N2218A, 2N2219A, 2N2221A, 2N2222A
N-P-N SILICON TRANSISTORS

2N2217 THRU 2N2222

*electrical characteristics at 25°C free-air temperature (unless otherwise noted)

T0-5—~ 2N2217 2N2218 2N2219 g
PARAMETER TEST CONDITIONS TO-18 2N2220 2N2221 2N2222 | unNIT !
MIN MAX | MIN MAX | MIN MAX .
Collector-Base
\ Ic=10uA, 1g=0 60 60 60 \"
(BRICBO Breakdown Voltage ¢ . E . .
Coliector-Emitter :
v Ic=10mA, Ig=0, See Note 6 30 30 30 \Y
(BRICEO Breakdown Voltage ¢ B .
Emitter-Base
A" lg=10pA, Ic=0 5 5 5 Y
(BRIEBO Breakdown Voltage E K ¢
| Collector Cutoff Veg=50V, ig=0 10 10 10 | nA
¢8O Current VCB=50V, Ig = 0, Ta = 150°C 10 10 10 | uA
tego Emitter Cutoff Current VER=3V, Ic=0 10 10 10 | nA
VCe=10V, Ic =100 uA 20 35 ;
VCE=10V, Ic=1mA 12 25 50
h Static Forward Current VCe=10V, Ic=10mA 17 35 75
FE . !
T fer Rat VCe =10V, ic= 150 mA 20 60 40 120 100 3 :
ransfer Ratio CE C See Note 6 00
VCE =10V, Ic=500mA 20 30 :
VCE=1V, Ic=150mA 10 20 50
4
Ig=16mA, Ic=150mA 1.3 1.3 1.3
Vg Base-Emitter Voltage B c See Note 6 A
IB=50mA, Ic=500mA 2.6 26 ;
Collector-Emitter Ig=15mA, Ic= 150 mA 0.4 0.4 0.4 :
VCE(sat) . B ¢ See Note 6 v
Saturation Voltage Ig =80 mA, Ic=500mA 1.6 16 i
Small-Signal
c on-Emitte
el F°mm d"C ""e tr VCE=20V, Ic=20mA, f=100MHz | 2.5 25 2.5
orward Curren s
Transfer Ratio
fT Transition Frequency VCE=20V, Ic=20mA, See Note 7 250 250 250 MHz |
Common-Base ‘;
Cobo Open-Circuit Veg=10V, Ig=0, f=1MHz 8 8 8 | pF |
Output Capacitance f
Real Part of
h Small-Signal VCE=20V, Ic=20mA, f=300MH 60 ‘ |
ie(real) Common-Emitter CE = FICTSUmA, 1= z 60 60 e
Input Impedance
NOTES: 6. These parameters must be measured using pulse techniques. tw = 300 us, duty cycle < 2%,

7. To obtain fy, the Ihie | response with
frequency at which gl = 1.

frequency is extrapolated at the rate of —

switching characteristics at 25°C free-air temperature

6 dB per octave from f = 100 MHz to the

PARAMETER TEST CONDITIONST TYP [UNIT
tg Delay Time Vee=30v, Ic=150mA, Ig(1) = 15 mA, 5 ns
t Rise Time VBE (off) = —0.5 V, See Figure 1 15 ns
tg Storage Time Vee =30V, Ic =150 mA, IB(1) = 15mA, 190 ns
10 Fall Time Ig(2) = —15mA, See Figure 2 23 | ns

TVoItage and current values shown are nominal; exact values vary slightly with transistor parameters,

*JEDEC registered data
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TYPES 2N2217 THRU 2N2222, 2N2218A, 2N2219A, ZN:2221A,' 2N2222A
N-P-N SILICON TRANSISTORS

2N2218A, 2N2219A, 2N2221A, 2N2222A

*electrical characteristics at 25°C free-air temperature (unless otherwise noted)

T0-5—~ 2N2218A 2N2219A
PARAMETER TEST CONDITIONS TO-18—~ 2N2221A 2N2222A UNIT
MIN MAX MIN MAX
V(BR)cBO Collector-Base Breakdown Voltage Ic=10uA, Ig=0 75 75 \Y%
V(BR)CEO Collector-Emitter Breakdown Voltage| ic = 10 mA, g =0, See Note 6 40 40 \%
V(BR)EBO Emitter-Base Breakdown Voltage IE=10uA, Ic=0 6 6 \
Veg=60V, Ig=0 10 10| nA
lcBo Collector Cutoff Current —
Ve =60V, Ig =0, Ta = 150°C 10 10| wA
IcEV Collector Cutoff Current Vce=60V, Vgg=-3V 10 10 [ nA
IBEV Base Cutoff Current VCg =60V, Vgg=~-3V —-20 —20 | nA
IEBO Emitter Cutoff Current Veg=3V, ic=0 10 101 nA
VCE = 10V, Ic = 100 uA 20 35
Vee=10V, Ic=1mA 25 50
Ve =10V, Ic=10mA 35 75
hEE Static Forward Current Vce=10V, Ic=150mA 40 120 | 100 300
Transfer Ratio Vce=10V, Ic=500mA See Note 6 25 40
Vece=1V, Ic=150mA 20 50
VCE = 1ocv, Ic=10mA, 5 35
Tao=-55C
] Ig=15mA, Ic=150mA 0.6 12| 06 1.2
VBE Base-Emitter Voltage See Note 6 v
Ig =50 mA, Ig =500 mA 2 2
. . Ig=15mA, Ic=150mA 0.3 0.3
VCE(sat) Collector-Emitter Saturation Voltage ig=50mA, 1o =500 mA See Note 6 3 » \'
b Smali-Signal Common-Emitter VCe=10V, Ic=1mA 1 3.5 2 8 K2
€ Input Impedance Ve =10V, Ic=10mA 0.2 1 |0.25 1.25
h Small-Signal Forward Current Vee=10V, Ic=1mA 30 150 50 300
fe Transfer Ratin VCE=10V. Ic=10mA | 50 300 | 75 375
h Small-Signal Common-Emitter VCce=10V, Ic=1mA 5x10—4 8x10—4
re Reverse Voltage Transfer Ratio VCE =10V, Ic=10mA 2.5x10™4 4x10—4
Small-Signal Common-Emitter V=10V, Ic=1mA 3 15 5 35
hoe Output Admittance Vce=10V, Ic=10mA 10 100 25 200 umho
Small-Signal Common-Emitter
[prel . VCE=20V, Ic=20mA, f=100MHz| 25 3
Forward Current Transfer Ratio
fr Transition Frequency Ve =20V, Ic=20mA, SeeNote?7 250 300 MHz
c Common-Base Open-Circuit Ver=10V. le=0 f = 100 KHz 8 8 F
obo Output Capacitance cs < BT P
C Common-Base Open-Circuit VER=05V, =0 f= 100 kHz 25 25 | pF
ibo Input Capacitance EB e P
b Real Part of SmalI-Signa_l - B _
ie(real) Common-Emitter Input Impedance VCE=20V, Ic=20mA,  f=300MH: 60 60 Q2
rp'Ce Collector-Base Time Constant VCE=20V, Ic=20mA, f=31.8MHz 150 180 | ps

NOTES: 6. These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 2%.

frequency at which |hge|= 1.
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7. To obtain fy, the Ihfel response with frequency is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the
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TYPES 2N2217 THRU 2N2222, 2N2218A, 2N2219A 2N2221A, 2N2222A
N-P-N SILICON TRANSISTORS

*operating characteristics at 25°C free-air temperature

TO-5> |2N2218A | 2N2219A
PARAMETER TEST CONDITIONS TO-18— [ 2N2221A | 2N2222A | UNIT
MAX MAX
F  Spot Noise Figure VCE=10V, Ic=100uA, Rg =1k, f=1kHz 4 d8

*switching characteristics at 25°C free-air temperature

TO-5—~ | 2N2218A | 2N2219A f
PARAMETER TEST CONDITIONST TO-18 — | 2N2221A | 2N2222A | UNIT
MAX MAX
td _ Delay Ti 10 10 s !
d__—cay Time _ Vec=30V,  Ic=150mA,  Ig(1) = 15mA, z
ty  Rise’Time 25 25 ns
- - - VBE(off) = ~0.5V, See Figure 1
TA Active Region Time Constant 25 2.5 ns
tg  Storage Time Vee=30V, Ic =150 mA, IB(1) = 15 mA, 225 225 ns
t¢  Fall Time IB(2) = —15mA, See Figure 2 60 60 ns
TVoltage and current values shown are nominal; exact values vary slightly with transistor parameters.
funder the given conditions 7A is equal to :—; .
*PARAMETER MEASUREMENT INFORMATION
99V cauaa
+30V
INPUT
200 @ —05V : —
OUTPUT —"‘d:"- ;
6190 >t e ;
INPUT | :
1
: OuUTPUT
|
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 1-DELAY AND RISE TIMES
+16.2V—=--
+30V INPUT
-13.8V
t
|
: E
20 kQ nali N o
INPUT b
OUTPUT ~ t5 re—
|
50 2
0 | 10% |
i/ outpuT
90%
TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 2—-STORAGE AND FALL TIMES

NOTES: a. The input waveforms have the following characteristics: For Figure 1, ty < 2 ns, t, < 200 ns, duty cycle < 2%.; for Figure 2,
¥ < 5 ns, 1, ~ 100 us, duty cycle < 17%.

b. All waveforms are monitored on an oscilloscope with the following characteristics: 1 < 5 ns, Rj, > 100 k2, Cin < 12 pF.

*JEDEC registered data
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Standard Component Values

STANDARD 1/4 WATT RESISTANCE VALUES 5%

OrHMS ONms OHmS ONMS Orms OHms OHMS OrMS OHMS OHMS Orms
22 91 —>39 , 160 -—>680 3000 —A2K  DSIK -3220K 910K —>3.9M
24 ->10 43 —~>180 750 —3300 13K 56K 240K —>1.0M 4.3
2.7 n ~>47 —>200 _»820 3600 — 15K 62k  ->270K LIM 4™
30 712 s1 —>220 -»910 -—>3900 16K > 68K 300K —>1.2M 5.1M
>33 213 _>»S6 240 —>1000 4300 —> 18K 75K —>330K 1.3M  ~D5.6M
36 ->15 —>62 —~»210 ->1100 —>4700 —320K >82K 360K ~DIGM —D6.2M
39 16 ~>68 —>300 -1200 35100 —222K - 9K 390K 1.6M 6.8M
4.3 —>18 75  —3>330 ->1300 —>5600 ~>24K —>100K —2430K -II.8M —F1SM
a7 20 -> 82 360 —>1500 6200 —21K 1MOK  _>470K —>2.0M —382M
51 522 91 —>390 1600 6800 30K 120K S10K > 2.2M 9.1M
—3 586 24 5100 430 ->1800 75000 —>33K -—>130K  —3IS60K 24M > 1M
6.2 27 110 —>5470 ->2000 8200 -D36K —F1S0K 620K —32TIM
6.8 30 ->120 _—>510 32200 8100 39K 160K~ 680K 3.0M
75 >33 130 —5560 2400 310K 43K —D180K —>750K —333M

8.2 36 —3>150 620 —>2700 Nk —>47«€ 200K  ->820K J.6M

Standard Capacitor Values

pF pF wF uf uF uF ufF uF
10 -—100 —3.000 —.01 —==.10 —1 ->10 —100
12 —120 .0012  .012 .12

15 150 .0015 .015 .15 1.5 15

18 180  .0018 .018 .18  _-4

20 =200 —>.002 —>.02 2~
322 3220  .0022 .022 —>.22 2.2 —>22 220
55 —=250  .0025 .025 .25

21 —270 .0027 .027 —>.27
>33 300 —>.0033 —>.030 —>».33 -—3.3 —33

-39 —390 .0039  .039 .39

—247 470 ——>.0047 —.047 .47 —4.7 47 470
50 500 .005 —.05 .5
56 560 .0056 .056 .56 ‘

—>68 680 —>.0068 —>.068 .68 6.8

75 750 .0075  .075 .75

- —>82 820 .0082 .082 .82
1 % RESISToRS > Qc;‘(“h A | Ydr
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