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Appendix 1-1

1N914 through 1N91 7 Switching Diodes

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

	

)4i914 149144 IH914	 159)5	 15916 149166 149168 115917 Unit

75	 753O
75	 75	 75	

1	 75 4,	 t.vnrto Voltaqe at - 65 to -° 150°C

I,	 Arnrogs Knotitied 14 )u tnt0	 10	 1	 10	 me
Avsrcqs ledofind tea Cri.r I ci 	 150°)

FHt.osrrnnt Peak led Current	 2	
500	 500 7W

Surge Current, I iiiSoo	
I DO

	

250	 250	 250	 tee
P	 Poent DiooipOtiofl 	

SO	 1	 210
t115	 C

I.	 Op.rctiflg limps Cliii Rang, --	 -

I .	 Storage 1,mpttolLiin lor.g.

maxinsurn electrical charoctlrllticl at 25°C ambient temperature (unless gth.rwliI noted)

	

1 00	
1 65	 100

IV,	 Hit trtokdo*n V&Iag. CI lOt .0	 135	 '00	 00

I,	 Inoern. Current ut V. 	 5 1

I,	 hunts, (w-1 aI-20 1	
005	 0025	 0025	 0 025	 0 02	 0

I,	 leversu Current at —20 , at 00°)

I,	 Snout. Curr.rrt ci - 00 a at
	 150.(I	 Revert. Current o r - 0

I,	 Rnvnril Cunnni iii - 10, ci i25°C

I,	 u;o Fed Current ci 4, 	 i C

Y r	 Ct 250 juc

4 r	 at (Sins
t74	 a

, ar flma

	

012	 073

C	 Copitonui or . 	 0	
2 -	 22.S1 p5

4,	 at tint
050

4,	 Hot tt Srno

L	 .	 '	 2

operating characteristics at 25°C ambient temperature (unless otherwise noted)
no-

Ma. Kevin. t,iav,ry Tim.

Yr	 Fed t.covnl3 Vs iS5, 50 'tic P.re Sq oo,

	

0 I ,W 	 wdttr, 10 nut iii. tim,

5 Sc to 100 Sr rip talC)

,rn,.., lir,.'v
•	 •.,i ,v(rb.. I, 0	 I,

Stat jib	 , I; 4, V

* Courtesy of Texas Instruments, Incorporated.
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Appendix 1-2
1N4001 through 1N4007 Rectifier Diodes

Low-current, passivated silicon rectifiers in
tare	 subminiature void-free, flame-proof silicone polymer

case. Designed to operate under military environmental

\	 conditions.

CASE 59

MAXIMUM RATINGS I At 60 cps Stnusoidal, In put. Resisitne or Inducntne Load)

ROtioC	
-i	 SynbtI	 lR411 I.W12 1R43 Iwim IR45 IR4$ I$47	 Unit

Peak Repetitive Reveu Vot0'e	 VRM)rep)	 50 100	 200	 400	 600	 800	 1000 Volts
DC Blocking Voltage

RMS Reverse Voltage 	 Vr	 140	 280	 420	 560	 700 Volts

Average HuB -Wave Rectified
Forward Current (75'C AiobnT)	 o	 1000 000	 1000	 1000	 2000 1000 1000 no

ll00C Ambient)	 750 750	 750	 750	 750	 750	 750	 mA

Pest Surge Current 25'C 	 30	 30	 30	 30	 30	 30	 30 Amps
(1/2 Cycle Surge, 60 cps)

Peak Repelstt-.e For-s,t-d Current	 1FMlrrp	 20	 10	 to	 it	 to Amps

Op6ratirrg nd Storage	 T3 T,	 -65 to • tS
Temperature Rarge

ELECTRICAL CHARACTERISTICS

Cbad2ctt,itt
Ma'drnurnForward Voltage Drop

(1 Arr.p Conunoons DC, 25C)

Ma,rtsum Full-Cycle Average Forward Voltage Drop
(Rated Current 25'C)

Maximum Reverse Current @ Rated DC Voltage	 (25'C)
(l 00'C)

Maximum Full-Cycle Avenge Reverse Current
(Max Rated PlO and Current, as Halt-Wave
Rectifier, Resistive Load, I 00C)

TYPICAL FORWARD CHARACTERISTICS
20	 I	 I	 11

Symbol	 I	 R2ft7g	 I	 Unit

-

VF (AV)0.8Volts

I n	0.01	 rruA
0. 00

t•R(AV)	
0.03	 ritA

MAXIMUM DC OUTPUT

?5C	 SOC	 ?SC	 iDu'C	 tic	 )50C1,5O

I,. AISlES' lilPitil ulte,. 101*010 yntrAct DICP ISO) TI)

* Courtesy of Motorola, Inc.
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Appendix 1-3
1N5391 through 1N5399 Low-power Rectifiers

MAXIMUM RATINGS

—

P-1 RCP€t on q.. . , ,0 s. rage	 VRAM 60 100 200 400 600 800 1OCO Von,

W0,kng 0 0.05 P . z ',n So 0400	 VRWM
DC B oco no	 yR	 — — — — —

'0 on,0.o, 00 P,.0 Pee	 So',a9e VASM 100 200 300 525 800 000 1200,71
INa fza,e. S co 0 .ze 80H')

VR)PMSI 35 70 040 260 420 560 1100 1 SOIl

Azc,z9eRecl , 0 0 '.a':C_I'eflI	 10	 IS	 -
0 00 1.0 LOad.

60Hz 7L	 00

1 2	 0n' 6.0.

ff-H-1 
71

Non zoetnooP- '. S. 1.00..eot	 FSM	 50(10, 1c5c10	 A0

S 'age re--ecz _.	 0'	 65 to .178	 C

.0	 T	 65,0 '170 —_- 'C

C 8_ncIiIIe	TL --	 160 --

6 ECTRICAL CHOSACTER1STICS

C l,a0ls ,r ,,4COfld,er0005	 SverbOl	 Te	 M,s	 00,0,0

'	 F	 I '0

'-170°C

Ore4ocVonal	 —

Pe.e',e Co',eor II)	 9)Vl

L
- , 	 I 2 LOCh Lead,)

0 Courtesy ot M •t rola, Inc.

Appendix 1-4
Zener Diodes: 1N745 thru 1N759, 1N957A

thru 1N986A, 1N4370 thru 1N4372

MAXIMUM RATINGS

DC Pco,e' Cc. ''	 0

LesS L,'gtl	 8

	

608CR.'9 Si' O	 400

	

De,,'t 110 . t ' , 	 S ..J C	 3?	 '
M01010 a Dec . Pz' '00	 500

	

00000e aLe ,el', 	 50°C	 3 33	 ,n0' °C

OPera' 09 4 OS _'c91 J. '''00	 I,j. T,,9
1e'000'a,00e

	

JEO6CP.gstz'an	 65,o,175

	

Mo0O , O Ge. cC	 -65 0 '200

• Ind crc, JEDEC Peç,'e-,d DaTa
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ELECTRICAL CHARACTERISTICS IT, n°c ',
	M,*,,,,u,, 	 Rn.,,. L..kaQtC,'.nl

Z.,, Volt,2.	 Tn,	 Ma,.io' Z,e,	 1,10.3, , •	 DC Z.fl., Cu,,.,,t

	

Ti,,.	 V2 @	 IT	 C ,',ni	 Z	 'zv	 T4 25°C	 T .150°C

	

50,150,	 501.21	 'iT	 ISO,.))	 Nol.4)	 Ip@Vp IV	 I@Vq - IV

	

IN—I	 V. 	 "A	 Oh,,,,	 .68	 A —

	

1N4770	 2.3	 20	 3050	 '90	 100	 200

	

152.,'i	 27	 20	 30	 35	 55	 75	 150

	

543?	 30	 20	 73	 170	 50	 50	 '00

	

546	 33	 20	 28	 110	 135	 10	 30

	

1542	 36	 20	 2'	 r	 173	 125	 0	 30

	

INi'43	 38	 20	 21	 95	 115	 10	 30

	

15'48	 43	 70	 22	 85	 105	 2	 30

	

11' 1C	 4	 70	 19	 75	 95	 7	 30

	

5'	 51	 713	 1'	 j	 '0	 65	 1	 20

	

IN 
Th	

56	 20	 IT	 I	 5	 80	 1	 20

	

N '53	 6 2	 20	 60	 '0	 0 '	 20

	

1N'/'°	 68	 20	 5	 55	 65	 01	 27

	

15Th5	 15	 20	 6	 50	 60	 01	 70

	

Va	 82	 20	 8	 45	 55	 01	 70

	

155'	 91	 20	 '0	 40	 50	 0 I	 20

	

'S '-8	 7	 20	 II	 35	 45	 01	 20

	

1S'53	 7	 20	 30	 30	 35	 01	 20

1596 I
1 S52

15 06 3 4

1506W

159 6-

1". 96 2 A

159664

NOn,,.al
Z.', Volt,,.

	 rot
V2	 Ci,.,t

1Jtt 2,
	 'Zr

-'a
68
	

'85
69

8?
9.
	 14

'Is

105
17
	

95
15
	

85
18

•8
;77	 67

56
52

.0
	

42
30

.16

'2
43
	 so

47
	

27
5'
	

25
56
	

32
20

68
	

i8
75
02
	

'5
91
	

/4
100
	

13
110

hl- —= 6,10.t,.
Not.))

	

Zzr @	 ' 29 Z16 826	 ix

	

Un,,,	 011,,,	 -'A

	

45	 700

	

55	 '00
	

06

	

65	 '00
	

05

	

/5	 700
	

6

	

35	 "70

	

95	 .00

	

15	 200

	

13	 200

	

'6	 700

	

/1	 7.17

	

23	 260

	

25	 '50

	

79	 750
	

005

	

75	 150

	

49	 1700

	

'18	 10013

	

'0	 000

	

'0	 1000

	

3	 1500

	

55	 '500
	

25

	

I5	 Th00
	

0 25

	

150	 2003
	

-'5

	

105	 2001)

	

230	 7000
	

o 25

	

210	 20010
	 o 7'

	

730	 3230

	

400	 3000
	

25

	

500	 3000
	

0 25
o 25

'M..

ZM
NO,, 41

nA

47	 62
42	 15
08	 50
'5	 45
32	 41
26	 37

26	 04
.4	 72
21	 27
/9	 37

- s	 po

I I	 '7

82	 '2
85	 I

/8	 10
'0	 96

6 4	88
59	 8

'8	 6'

as	 51

so	 50
33	 46
30	 aS
21	 47

/0fl'rWflflTflflI

	

Ma,,	 TO, V0luO, 501
5% V8 1,

	

ISO
	

52	 40
5 	 54

	

50
	

62	 57

	

25
	

69	 66
16

114	 '01

I.	 a

fl1,'	 •'8

20-	 .

25 '
274	 OS,

297	 09
371	 - -
35P	 771

426	 342
41 1

51'	 490

2
692	 '55
76	 '2
836	 752

NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION

Tolerance Designation
The type numbers Shown have tolerance designations

as follows
1N4370 series, — 10'6, suffix A for 	 5°/n units,

C for	 2%, 0 for	 1°n.
1N746 series :10%. suffix A for oS', units.

Cfor r2°o,D for :1%.
1N957 ser.es :10%, suffix A for -'- 10% units,

Cfor -2%, Dfor -'-1%,
suffix B for ± 5% Units.
C for 2%, 0 for :

* Courtesy of Motorola, Inc.
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Appendix 1-5
2N3903 and 2N3904 NPN BJTs

	MAXIMUM RATINGS	 --

	

Mating	 Sytrsbol	 F	 Unrt

	

Collect.,•Ern,ttor Voltage 	 - VQ	 40	 J	 Vdc

2N3903
2N3904

Co motor Base Volrge	 VCBO	 60	 VdC	 CASE 29-04, STYLE 1
Ern,rer .Baue Voltage60	

H----	 TO-92 (TO-226AA)
Co rector Cu'ent - Continu	 lIC	 200	 1	 nrAdc

3 Co njot& Ceo Ce ü sspaon TA	 25C	 PD	 520	 I

	

Der3te abOve 25 C	 50	 vsW 

t • Tora D­­ D paton Tc 25 C	 P0	 1 5	 Woilt

	

Do'ae abose 25 C	 12	 C

Coerot eg and S'o'ae i-0-, 	 Tj. Tutg 15 150 C	 /y
L TemOeratore Rage

'THERMAL CHARACTERISTICS  	 GENERAL PURPOSE
hil—te'sIm	 Unit

Inn-n al Ren a: joIrrOnoll to	

TRANSISTORS
NPN SILICON

Thee-al Res stance JantOn to An-bent 	 RCJA	 C 

led cams Data in add liOn to JEDEC Requ,rensents

ELECTRICAL CHARACTERISTICS {TA	 25 C unless othorsulse notcd

CharacteristiC	 Min	 Mta	 Unit

OFF CHARACTERISTICS

Cotlnctor Err',lie' S	 30n-rs Vol r age(1(	 v(BR)CEO	 40	 -	 Vol,
IIç - lOr'Adc6	 01

Co tecor Bose 6rnud'wn Voltage	 V5gQ	 60	 -	 V&
- 10 s.Adc	 0'	 ________________ 	 4

tern-n--Sane BreelsdOwrr Voltage	 V18R690	 60	 -	 Vdc
- 10 _Ado 'C - 01   

Save CotoH Current	 1BL50	 dAdc
i VC5	 30 vd, VEB	 30dCI

Cnt,ector ColoN Cu-rent	 ICEX	 50	 nAdc
(V00	 3D VOc hE8	 30 Vdct 

ON CHARACTERISTICS

DC CresI C-am I	 hFE

(c -01 erASe VCE - lOVdC) 	 213903	 20	 -

( IC - 1 0 n-Ado. VCE	 10 Vdc(

0C - 10 n-Ado VCE - 1 0 Vdct

Pc SO trAd, VCE	 10 Vdc(

IC	 100 rrrAdC.VCE	 1 0VdI

Cc' odor Err,tter Sat rat-On VoltagnI 1
(C	 10 rnAdd 'B - 10 n-Ado
IC 50 'Ad, ( B SO n- Ado'

Base -E muIr Saturator Vollayel 11
PC - 10 n-Ad0 I	 1 0 nmAdcI

= SOn-Ado lB SOrrrAdcl

SMALL-SIGNAL CHARACTERISTICS

Current-Car' - Band,s 4th Product
- 10 Ad,, V CE	 20 VdC I	 - 100 MHz)

2N3904

2N1903
2 N 3904

2N3903
2N3904

2N3903
2N3904

2 N 390 3
2113904

VCEI5aI(

V8015411

2N3903
2113904



ELECTRICAL CHARACTERISTiCS Icont.nuedl JA - 25'C unless otherwise soled I	 _________

-	 Ch.r..ri,ti	 -	 Symbol

Output Capacitance	
Conn	 -

IVCB	 Vdc E	 0. f = 1 0 MhO)

Input Capacitance	
C bo	 -

iv88 = O5VdC l	 0.1	 IQMHo)

Input Imdance

	

	
S

2N3903
Ilc	

lOrnSAdCVCf - rOVjcf - lOkHtI 	
10

2N3904	 J	 1.0

Voltage Feedback Palo

tc 	 1.0 rnAdc. VCE - 10 VOc. I - 1  kI-lal	 2N3903	 I	
01

2N3904	 11	 05

Small-Signal Current Gam	
tte

	

1.0 rsAdc VCE - 10 Vdc. I = 1 0 klIoI 	 2N3903	 so
2N3904	 100

Output Admittance	 'oe

IIC=lOrssAdcVCE - lOVde I 	 lOkHal

I
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Mae	 -	 Un

	

40	 pP

	

80	 pF

k ohrnl
80
10

X to 4

5.0
80

200
400

	

40
	 yrrnhoS

46
Noise Figure

Ic - tQ Adc VCE	 SO	 8S	 10k ohms	 2N3903	 --	 60

$ 1 0 kZI	
-	 2N3904	 -	 I 50 I

SWITCHING CHARACTERISTICS

DeT,meWCC0V8E05Vd	
51

!me
C - 10 mAdc. 81	 1 D rnAdc)	 1	 -	 i	 3

Rise T	
5	 05

Storage Time	 VCC - 3OVdc L C - 10 rsAjc	 2N3903	 Is	
-	 175	 ns	 -

81 - B2 - 10 mAdcl	 2N3904	 -	 200

Fall 	
50

Tims	
.i	 - 	 51

1) Pulse Test Pulse Width	 300 uS Duty Cycle I U©

* Courtesy of Motorola, Inc.



hy5

Vdc

Vdc

30
60

40
80

50
100

30
60

IS
30

-0.65

2N3905
2N3906

2N3905
2N3906

2N3905
2N3906

21,13905
2N3506

2N3905
2N3906

150
300

-0.25
-0.4

-0.85
-0.95

VCElsatl

VBE(natl
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Appendix 1-6
2N3905 and 2N3906 PNP BJTs

MAXIMUMRATINGS	 ________

r	 ]
Collector-Emter Vollorse	 VCEO	 -40	 Vdc

Collector-Base Voltage	 VCBO	 -40	 Vdc

Emitter-Bane Voltage	 VEBO	 -50	 Vdc

Coliector Current .— Continuous	 -200	 ,nAdc

Total Dvce Dissipation C TA	 25C	 P0	 625
Derto above 25C	 5.0	 1	 WPC

Total Power Dissipation i. TA 60C	 P0	 250	 n,W

Total Divine Dissipation I? IC	 25C	 PD	 1.5	 Watts
Carve aboco 25C	 12	 rnW'C

Operatingand Storage Junction 	 Tj, T559	 -55 to * 150	 C
Temperature Range

THERMAL CHARACTERISTICS

Ch.ract..i,tic	 Symbol	 Max	 Unit

Thermal Resistance, Junction to Ambient 	 8JA	 200	 C,W

	

[J2errn.al Resistance, Junction to Case 	 I	 P ic	 83.3	 tW

2N3905
2N3906*

CASE 29-04, STYLE 1
10-92 (TO-226AA)

3 Collector

GENERAL PURPOSE
TRANSISTORS

PNP StL.3n

*Thi I.. Moto,oI.

ELECTRICAL CHARACTERISTICS (T A 25C unless otherwise noted,) 	 d.elgn.t.d p.h.n.d deck..

Symbol I	 Min	 I	 M.e	 I	 Unit

OFF CHARACTERISTICS

Collector -Emitter Breakdown Voltage Ill	 V(BR)CEO	 -40	 Vdc 7
-1.OrrrAdc, lB	 01

Collector-Base Breakdown Voltuge 	 V1691060	 -40	 -	 Vdc
ll	 - tO pAdc. I E	 01

Emitter-Bane 8rakdown Voltage 	 V1891660	 -5.0	 -	 Vdc
It  -10 euAdc. IC Cl

Base Cutoff Current	 BE	 -	 -50	 nAdc
(V05	 -30 Vdc. VEB	 -3.0 Vdcl

Collector Cutoff Current	 ICEX	 -50	 nAdc
( VCE	 -30 Vdc, V68	 -3.0 Vdel

cue cflRnac,tas,blptolll

OCCurrent Gain
-0.1 rrtAdc, VC5	 -1.0 Vdcl

= -1.0 mAdo, VCE	 -1.0 Volt)

- (1C = -10 ,ttAdc, VCE	 -1.0 Vdcl

PC	 -50 rrsAdc, V08	 -1.0 Vdc)

( 'C	 -100 mAdo, VCE	 -1.0 Vdcl

Collector-Emitter Saturation Voltage
IC	 -10 ,nAdc, IS	 -1.0 ,nAdc(
(IC = -50 rrrAdc, IS = -5.0 mAdc(

Base-Emitter Saturation Voltage
Pc	 -10 mnAdc. I	 -1.0 mnAdc)

-50 nrAdc. 6	 -5.0 rcAdc(

SMALL-SIGNAL CHARACTERISTICS

MHt
(I C - - ID rrtAdc, VCE = -20 Vdc, I 100 MHz)	 2N3905200

2N3906	 250

Current-Gain - Bandwidth Product 	 '1HOutput Capacitance
IVCB - -5.0 Vdc, 1 . 0, 1	 1.0 MHz
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tLtCIMICAL CflARFcLI tfllb I It 	 cant,nueal I'A ZL unless ornerwse nolea.

Ch.et..1tIc	 Symbol	 Min	 M.x	 Unit

Input Capacance	 C1b0	 -	 10.0	 pP

( EB	 -0.5 Vd I C O,f = 1.0 MHz)	 -	 ___

Input Impedance	 h'e	 ¼ OhmS
-10 rnAdc, VCE	 -10 Vdc, f	 1,0 hUt)	 2N3905	 0.5	 8.0

2N3906	 2.0	 12

Voltage Feedback RIIO	 hire	 X io
(IC	 -10rlAOcVcp	 - lOVdc.t	 1.0kHz	 2N3905	 0,1	 5.0

2N3906	 0.1	 10

SrnIl-Sgnl Current Gifl	 hit,
0C = -10 nnA0c, VCE	 -10 Vdc, I	 1.0 kHt)	 2N3905	 50	 200

2163006	 100	 400

Output Adrn11aflC	 h0,	 rnNOS

I IC= -10 rnAd. VICE	 -10 Vold, I	 1.0 kHl	 2163005	 1.0	 40
.N3006	 10	 60

Noise Figure	 NF	 08

- ICO	 VCE= - 5.0 Vdc. P5	 '.3k ohm,	 2163005	 -	 5.0

I	 1 0 614a1	 1N36	 -	 4.0

SWTTCIIINQ CcthPISW,S

DeIsyflrrne	 -3.0 Vdc. V	 -05 Vdc

Rise lien.

	

IC	 -10 rnAdc. 151 - --1 0 mIcI

S10re9e tn'e

-3.0 V" c, IC	 -10 rn,hcc,

Fell 1'i	 181 = 82	 - 1.0 mAdcl

Ill Pulse WiOlS 11 300 ys. Duty Cycle s 2.0%.

-	 35	 5,

-	 35	 55

2 N3905
	

Ir
	

-	 200	 ns

2 N 3006
	 -	 225

2 N 3006
	

It
	 -	 60

2 N 3906
	 -	 75

* Courtesy of Motorola, Inc.
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Appendix 1-7
2N3251 PNPBJT

MAXIMUM RATINGS

2N3250
Rating	 Symbol 2N3251 2N3251A Unit

Collector-Emote, Voltage 	 VCEO	 -40	 -60	 Vdc
Collector-Base Voltage	 VCBO	 -50	 -60	 Vdc
Errtitto,-Bae Voltage	 -	 VEBO	 -	 -5.0	 Vdc
Collector Current	 IC	 - 200	 rrrAdc

Total Device Dissipation 6 TA 	 25'C	 Pp	 036	 wart
Derate above 25'C	 -	 2,06	 W/'C

Total Device Dissipation C, Tc = 25C	 Pp	 1.2	 Watts
Derte above 25'C	 6.9	 n,WrC

Operating and Storage Temperature 	 Tj. Tetg	 -65 to -.200	 C
Temperature Range	

I

THERMAL CHARACTERISTiCS

[	 Cher.teñ,t8t	 Symbol	 Ma	 Unit
Thermal Resistance, Jurttion to Ambient 	 R,tJA	 485	 'CW

Thermal Resistance, Junction to Case 	 R8JC	 146

2N3250
2N3251,A*

CASE 22-03, STYLE 1
10-18 (TO-206AA)

/

3 CO—.,

Bw__'1?nvtt,r

GENERAL PURPOSE
TRANSISTORS

PNP SILICON

*2N3251A lea M,toola
deeign.t.d pe'ef.ered device.

ELECTRICAL CHARACTERISTICS TA = 25C unless otherwise noted.)

Cl.,.-ctarl,tk	 Symbol	 Mm	 Unit 1
OFF CHARACTERISTICS

	

ito,.Errrirter Breakdown Voltagell) 	 2N3250, 2N3251	 VIBRICEO	 -40	 -	 Vdc
(IC -lOrrrAdc)	 2N3251A	 -50

Collector-Base Broalrdown Voltage 	 2N3250, 2N32"	 VIBRICBO	 "SO	 VdC
10 oAdcI	 2143251A	 -60

Srcitler-Barre Breakdown Voltage	 VIBRIEBO	 --5.0	 -	 Vdc
IE = - lOp.Adc)

C,!lctc, Cutoff Current	 CEX	 -	 -20	 nA
-40 Vdc, VEB	 -3.0 Vdc)

Bee. Cutoff Current 121 -	 -50	 nAdc
IVCE	 -40 Vdc, V59	 -3.0 Vdcl

ON CHARACTERISTICS

DC Forward Current Transfer Ratio	 hFE-
( !C - -0.1 rttAdc, VCE = -10 Vdc)	 2N3250	 40	 -

2143251, 2143251A	 80	 -

-1.0 nrAdc, VCE	 -1.0 Vdcl	 2143250	 45
2113251,2N3251A	 90	 -

Ic 	 -10 rnsAdc, VCE	 -1.0 Vdc)(t)	 2143250	 50	 150
2N3251, 2143251A	 100	 300

	

-50 n'sMc. VCE = -1.0 Vdcllll 	 2N3250	 15	 -
21,3251, 2N3251A	 30	 -

Collector-Emitter Saturation Voltage (1)	 VCE(sat)	 Vote
(IC = - 10 n,Adc, 1 - -1.0 reAdcl 	 -	 -0.25
4C	 50 ntAdc, IS - -5.0 otAdo	 -	 -05

Be,.-Ernittar Saturation Voltage (1)	 VBE)satl	 Vdc
-'10 ,rrAdc, 6	 -1.0 rttAdc)	 -0.6	 -0.9

flC-50 MA
10

	 I	 -5.0 rrrAdc)	 -	 -12	 -

Current-Gain - Bandwidth Product
' IC - - to fl,Mc, VCE	 -20 Vd, I - 100 MHZ)

Output Capacitance
_1!c_  - lOt/dc. E 0,1 = 1.0 MHrl

Input CapaciatanceIVES
	 "tOt/dc, IC = 0, I	 1.0 MHoI

2N3250	 f-i-
2143251. 2503251,4

Cobo

C1bo

250	 -	 MOo
300 1-

6.0	 pP

8.0	 pP
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ELECTRICAL CHARACTERISTICS conIir,ied) TA 25-C sole Ile-se ore2(
Characteristic	 yn,bal	 Mm	 Mae	 UnIt

Jnpol Fr,ped4rrce	 2N3250. 2N3250A	 10	 60	 kohnrs

	

'c - 10 toA V05	 1 0	 - 10 kH(	 2N3251 0N325A	 20	 '2

Voltage Feedback Rats 	 2N3200 2i3th0A	 n	 10	 X 10 4

	

1 0 nrA. VCE	 10 V f	 1 0 ,rHzl	 2N3251 2'.3051 A	 20

SnraII-Sgnal Curt Cr1 Gain 	 2N3250 2N325A	 te	 50	 200
C - 10 rA VCE m 10 V I 10 kH)	 2N3251 2 N3251	 100	 400

OSIPSI Adr,rrtlorrce	 2153250, 2N3250 	 noe	 40	 40	 prrOs

	

1 0 nrA. VcE	 10 V I - 1 0 kHt( 	 2'53251 21s3251 A	 10	 60

CollecTor Base Time ConsTant
	 Cc-	 250	 PS

(Ic-	 10 nrA VlE	 20 V I	 31 8 MHO(
NoiseFigure	 NE	 -	 60	 dB

	

- 100 tA VCE	 50 V RS	 1 0 k II I - 100 Ht)
SWITCHING CHARACTERISTICS

	

Charactarittic	 SynrbI
	

Max	 Unit

Delay Time	 VCC -30Vd5VBE05VdC
	 35	 -'5

Rise Torte	 C	 0 rrrAdc. BI	 lOrrtA(	 35	 -S

Storage Tore	 'c	 10 roAdc. 181 - 62 - 10 rorAds 	 2153250 2153250A	 I
	 175

30 V(	 2\325 0N301A	 200
50

lIPulse Test PW 300  Djly Cycle - 20r

* Courtesy of Motorola, Inc.
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Appendix 1-8

2N3055 and MJ2955 Complementary Power BJTs
ELECTRICAL CHARACTERISTICS in	 20°C arreSt Osennrernl

Cha,act.ristc	 Symbol	
J	

Mm	 Mar	 j	 UnutI

OFF CHARACTERISTICS

CoIIecro .. Emtter S.nrnng Voltage (1) 	 VCEOISU,I	 60	 -
11c 200 mAdc, t = 01

Cu en rErrurrer Susran.ng Vollr II) 	 VCERl,sl	 70	 -	 VOc
1 1 c	 20UrrnA, 11g 5	100 Olrrrnsl

C nijectOr Cutoff Current	 'CEO	 -	 0.7	 ,,A&
- V CE3OVOcIB rOl
C... -rIo, Cutoff CuenenI	 -A&

CE t00Vdc V601111 I 5VOrI 	1.0
I VCE 100 Vdc, V 8 01 0 1 1.5 Vdn. TC 1 50°Cl	 -	 5.0

Errrrltrr C­ 11 Corren	 680	 -	 5.0
1V 6 : 7.0 Vdc, IC 01

• l"d CHARACTERISTICS Ill

CC Cu,rent Oar 	 fryE
1I C 4 0 Ade,VCE 4 0V&l	 20	 70
C 10 Ade VCE 40 VdnI	 50	 -

Cciec:c rEm tier Sa : 	 on Vol lace	 VCE (Sal I
IlC0AdefB43OnoAdcI	 -	 Ii
I I C1OAdCf633AOCI	 30

Base-Es--ten On Voltage	 V8E(0rr)	 -	 1 5	 VOc
(IC4OAdeVCE4OVdOI

SECOND BREAKDOWN

Second Breakdown c,,,-!,, Current WTP1 Bate P0rtr0 Based	 sib	 287	 -	 AdO

( V CE = 40 Vdc S 1(11 Nonrepet,rueI

DYNAMIC CHARACTERSTlCS

Current Gain - BandwdIb Producl	 T	 MHZ
II I, 05 Ado, VCE 10 Vdc. I1 . 0 MI-fZl	 25	 -

• Sun;all -5911 1 Current Dan	 5fe	 -
( I C =1.OACC.VCE = 4OVdC,I = 1.0 0H ZI	 15	 120

Small . S'fnal Current Can Cutoff Frequency	 •, fe	 10	 _ -kz
I V CE 40 yOu. IC 1.0 Adc. f = 1.0 SF44

Inorcatet yr,tn!n JCUCL MeyltraliOrt I
III Point Test: Pulse Wdlir 5. 309 11$ Duty Cycle C 2.0%.

MAXIMUM RATINGS

THERMAL CHARACTERISTICS
Cfr.r.cton,r.o	 Symbol 

^1'^2^-Cl-Thermal P instance Juncr,or to Case	 OJC 

* Courtesy of Motorola, Inc.
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Appendix 1-9
2N6121 and 2N6124 Complementary Power BJTs

COMPLEMENTARY SILICON PLASTIC
POWER TRANSISTORS

designed for use in power amplifier and switching circuits -
packaged in the compact T0-220AB outline. 10-66 Ieadforrn also
available.

MAXIMUM RATINGS

THERMAL CHARACTERISTICS
SyCMflC,.,,..,s'-

Lmme., 	 1-c-1
'ELECTRICAL	

Ojc	 312	 :ccw

ELECTRICAL CHARACTERISTICS IT C . 2c

	

S,bd	 U, M	 u7.71

4 AMPERE

POWER TRANSISTORS
COMPLEMENTARY SILICON

45 .80 VOLTS
40 WATTS

--w

* Courtesy of Motorola, Inc.



MODEL 403
NATURAL CONVECTION COOLER

A	 hcuI	 ,csc.e a'

-.	 Ce.ilu,-0 pCc.el .pafrc-s

cii! 0.5	 CI ---055 5?- icier'

LIII 'Ccci

l-',flCc.11-c.I.,1C-eiel'-pC'C,*sel

7 7 4	 Electronic Devices and Circuits. 4th cd.

/.tppefl(ltX 1-10

Transistor Heat Sinks

MODEL 401
NATURAL CONVECTION COOLER

•	 cing she r.eec

in occo - IC C C 'C

-c	 .c cc-s Unescel!ed ci.bce

'.ccictci oPc , ds Isle1

•l'C . CCdCCCCCC?,cfl	 lccaCiestCSkCl 0 ci

.ttoeci,cde,OSC...

User 1 ICilon CrOcflT-'1 5:05

MODEL 421
NATURAL CONVECTION COOLER

5 0_el-I.9 fl,i-cs" C cc I l Iq'ed C, 'lode'

.103	 0	 .1	 oflc'ds a s , -! 1 . ce,e' 'fleoI

ct 5701cc lOot	 5 1c'C'c:' y 5:deO..c?c to,

PC.cC?CIPuC I ,Cic' . CrS r.-oI_

t oo Ice,rcoI ,e,s'c,cre OS Cci CC	 IC I.'.

'cc:cd cocci,,, lion ,E., cci - O I 'el-I.'	 cit

Cc) C/li Uses 4 l c' i &" 'oOcicCTcg e.Olel S

MODEL 423
NATURAL CONVECTION COOLER

3011 0 2cC li

ci c	 c' ,o1 e	 led 0 bcgtc

":1 nd de, ys co .'d--o,, d.; 01 Ce' -

?lon ! 423

possLe e00101-.c'e 'Ce

= .e	 s.'d CI 11 , oe.esl oostbeCC,,

MODEL 4.41
NATURAL CONVECTION HEAT SINKS

MOdel 441	 det,ged '1 'C: tQ S_I a ce_ICC' sulace ic-a SPeCia l ,aC.n

teql=eOI to l ake be l le' aCre;, 5! ,.C' .JidtCO':cecit c ofl Tflerc-al.eS-S'.a'-Ce

55'C)W at Oghel 35*5' e.E S 5 SOlar ed WIle. mDle'ale lO,cedcCn,ecl'O

Iheimal es-dance QI 'O'C - . 1 '- ay be ac flc fled E lectrical .SoIal;On —a

0500CC-C Cy the use Cl 4 t'on-'ouc!cg.e asheis nOt -nUuded)

cle se"cccrdccio' C 0ci

Courtesy of EG & G, Wakefield Engineering.
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Appendix 1-11

2N5457 FET

MAXIMUM RATINGS

Rating	 Symbol	 Valun -	 Unit

Oruar-Source voltage	 VDS	 25	 Vdc

Drain-Gate Voltage	 V00	 25	 Vdc

Reverse Gate -Source Voltage 	 VGSR	 -25	 Vdc

Gate Curent 	 0	 10	 rnAdc

Total De,:te Dpat:on	 I,r	 25C	 P0	 3 0	 mOe
Derete above 25 C C	 2.82	 rnWC

Junction Temperature Range	 TJ	 125

Storage Channel Ternperatvre Range	 _ -65 to 1 150	 'C

2N5457
thru

2N5459*
CASE 29-04, STYLE 5

10-92 (T0-226AA)

JFETs
GENERAL PURPOSE

N-CHANNEL - DEPLETION

*Those are Motored,
- designated preferred devices.

ELECTRICAL CHAP.ACIERISTICS TA 25 CC unless other-wise noted

L Characteristic	 Symbol	 Mm	 lyp	 Max	 tinitI

OEF CHARACTERIS IICT

	

G te-SourcC Brado,rr Voltage	 VIBRIGSS	 -25	 -	 -	 vcc
-10AdcVos 01

	

reverse Current	 'GSS	 r:Ad

	

-15 Vdc. VDS	 -	 ---	 - to
IVGS-

	

t S Vd V DS	 OTA = tDO'C)	 —	 --200

Gate S.are Cctoff VoltageV05101:
IVOS - 15 Vdc ID	 10 nAdcl	 2,5457	 -0.5

255-158
255459	 -2.0

	

Once Source Voltage 	 VGS
(IDS	 15 Vdc. ID	 100 hAdcl	 255457

IVDS	 15 Vdc. D '- 200 teAdOl	 255458

(Vos	 l5Vdcl0=402#AdC)	 21'i5459

ON CHARACTERISTICS 

	

Zero-Gate-Voltage Drain Carrent	 f	 loss
IVL5	 15 Vdc, VGs	 Cl	 255457	 1.0	 3.0	 5.2

255458	 2.0	 62	 9.0
250469 -	 4.0	 9.)	 tO

SMALL-SIGNAL CHARACTERISTICS

Foneerd Transfer Admittance Common Souroe
los	 15 Vdc VOS	 0,1 = 1.0 bHal	 21,15457

255458
255459

Output Admittance Common Source'
IVD5	 15 Vdc, V35 = 0,f	 1.0 lrf-ll

Input Capacitance
IV0S	 15 Vdc VGS - 0,1	 1.0 MHl

Reverse Transfer Capacitance
lV05 - 15 Vdc, V05	 0,1	 10 M*fl

-Pulse Test: Pulse Width 1 630 ms: Duty Cycle 1 16%

yfs1 prnhos
1000	 —	 5000
1500	 -	 5500-
2000	 —	 ECCO

Von t	—	 10	 50	 J.rnnOs

C1 55	—	 4.5	 7.0	 pF

Crss	 —	 1.5	 3.0	 pP

* Courtesy of Motorola, Inc.
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N-CHANNEL JUNCTION
FIELD-EFFECT TRANSISTORS

LI3JI

Appendix 1-12

2N4856 FET

NCHANNEL JUNCTION FIELD-EFFECT
TRANSISTORS

Des i3 Mode symmetrical Field Effect transistors designed for
flu c.	 cw-tcflunq and chopper applocations

• Lt	 SOurce ON Resistance
25 Ohm Ms) @ f 1.0 kHz - 2N45E6.A. 2N0859 A

•	 .-.	 'a Cutoll Current -
250 oudc r.lasl @ V DS = 15 Vdc

2544856.4 2544859,4
2544857.4 05468604
2544856.6 2544351.4

	

.40	 -30

	

.40	 -30

	

--40	 -00

24

-65 so •23

,'..
--

OF
PD

1,59

-	 r.. ........00...
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ELECTRICAL CHARACTERISTICS (TA = 250C onless otherwise poled)

OFF CHARACTERISTICS

GaIe'Socrce Or kdo,rr'a oI,ae	 VIBR)GSS	 Vdc

( 1 0 1.0 AdC. V 1)5 - o	 2N4856,A.2N4851.&2N4858,A 	 -40	 -
2N4859,A.2N4860,A.2N4851,A	 -30	 -

G.te'Socrce C=lofI V. 1"VOSI 0ffI	 Vd
(V05 15 Vdc, 'o 05 nAdcl	 2N485,A.2N4859.A	 -4.0	 -10

	

2N4857.A.2N4860.A	 -2.0	 -6.0

	

2N4858.A,2N4561,A	 -08	 -4.0

Gale ReverS. C--.IGSS
)VGS --20 ''dc, 'ADS UI	 2N4656,A,2N4857,A,2N4858.A 	 -	 0.25	 nA&
(V0 - -15 VdC. \' 	 -01	 2N4859,A,7N4860,A,2N486LA	 -	 0.25

I V 0s --20 '='d. "ro '0, TA - 150°C)	 2N4856,A,2N4857,A,2N4858.A 	 -	 0.5	 pAdc

I VGS . -15 VOC, V5 3, TA 150°C)	 2R4559A,2N4860,A.2N4861.A 	 -	 0.5

Oar Cirtoff Cc,renl 	 Dloff)
)VDS - 1IVdc,	 -10 VOC'	 -	 0.75	 nAda

15 VdC, V05 - -10 VUC. T,	 1500 CI	 -	 0,5	 AdO

ON CHARACTERISTICS
Zero-Oct. VoIIfgO Dram Crrrr.nt 1) 	 2N4856,A,2N4859.A	 I DSS	 50	 -	 ,nAdc

(V05 15 Vd. V05 -01	 2N4857.A,2N4860..A	 20	 100

	

2N4858,A,2R4861,A	 8.0	 80

Orn'Socrce "ON' VOIIO2O	 VOSIOSI	 - Vdc
I'D 20 AO,, V05 01	 2N4856.A.2N4859.A	 -	 0.75
I'D 10 rrsAdc. V05 - Gm	 24857,A.2N4860.A 	 -	 0.5

D 5.0 rrmAdc. V05 01	 2N4858,A.2N4861.A	 -	 0.5

SMALL SIGNAL CHARACTERISTICS

0r pm-Source ''ON'' Resistance 	 -	 rd,)on i	-	 Ohm,
)VGS 0, ID '0, F I 0 EHe)	 2N4856,A,2N4859,A	 -	 25

	

2N457,A,2N4860,A	 -	 40

	

2N4858,A,2N4861,A	 -	 60

IflpoI Cepacreence	 -	 2N4856 thra 2N4981	 C1	 1$	 pF
(V05 0, V00 -10 VdC. I l.OMHd)	 2144856 A thru 2N4861 A	 10

Rewis. Transfer Capacitance	 C	 pF
)VDS 0, V0 --10 Vdc, I 10 MHc)	 2144856 lhru 2N4861	 -	 8.0

2144856 A,2N4859A	 -.	 4,0

	

2N4857 A,2N4858 A,2N4860 A,2N4861 A	 3.5

SWITCHING CHARACTERISTICS IS..	 11(2)

Tarn-On Delco Tim, "ondiIioflI br 2N4866.A, 2144559,A 	 2N4856, 2144859	 1	 -	 6.0
2N4856A, 2N4859A	 I	 -	 5.0

IVDD 10 V&, D(ce) -	 2144857, 2144560	 I	 -	 6.0
VOSI0nI 0, "GS)oH) -	 2N4857A. 2N486 0A 	 -	 6.0

	

2144658.2144861	 -	 10
2N 4858A, 214486 IA 	 8.0	 --

Rive Tim,	 '.ondiIions (or 2144857,A, 2N4860.A	 2N4856,A, 2N4859,A 	 tr	 -	 3.0	 no
2N4857,A, 2144860,8 	 -	 4.0

)VDD - 10 Vde. 10)ce)- tO mAdC• 	 2N4858. 2144881	 -	 10
VOSIOnI 0. VGS)off) - '-6,0 Vde( 21448588,21448818

	

Tarn-Off T-2144856,2144859	 -
ofldm1Ions for 2144858 A. 2N488l.A 2N4866A, 21448598 	 -	 20	 flI

	2144857, 2144860	 -	 50
Vp0 - 10 Vdc. Io),) .5,0 rtSAdc.	 2144857A, 2N4860A	 -	 40
VOSIOn) 0. Vss( 0 ff) --4.0 VdoI	 2144858,214456)	 -	 100

2N 4858A; 21448618

lndlat.. JO DEC Ragl.t.e.d Oct.
(II Put.. Tot: Polo Width - 100 ron. Duty Cl- 10'%,
(2) Th. I D) s,,) 5.10.5 .e. nOrnifl.i. .0.01 v&uflv.ry Slight, with 17.0.1mm p.t.n,ttn

* Courtesy of Motorola, Inc.
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Appendix 1-13
741 Operational Amplifier

GENERAL DESCRIPTI ON - TIe A .. 5 • h.grl pe(foIfl,ance n,onOI,D1C 0pe,.T,0 ii fl(05.i If

cor.strucseO usng the Fa l ls P ra° 1053513 1 p 0cc,, lt,soIended or a wOe 3151 OIrlaC)

apploalons H,gh comnnon 10001 s-oItagl ange and absence ot''IafCh'uP rendenoPs n'431 1°C

0 A74 I Seal 101 uSe 33 a noliage C_Ot t T '11flQfl ga fi and *4. any. 01 00,131 5 9 cc . 1,91 :t s dcc

lope! or per icr maccc ' .11 t5 Sb	 101110 fly --l- and genes a l leedhack eppI,C.ar On,

CONNECTION DIAGAAE

8 LEAD METAL CAN
TOP VIEW)

PACKAGE OUTLINE 58

• NO FREQUENCY COMPENSATION REQUIRED

• SHORT CIRCUIT PROTECTION
• OFFSET VOLTAGE NULL CAPABILITY
• LARGE COMMON MODE AND DIFFERENTIAL VOLTAGE RANGES

• LOW POWER CONSUMPTION

• NO LATCH UP

ABSO LITE MAXIMUM RATINGS

Supply V0IIa9I
MItarn 1741	

:2 0

Co11merc,aIIS41CI 	
-180

lflreinaL Pns DII 031 ....

Metal Can
DIP
V—DIP	

310 naN

F 13103Il
	 5n3 caN

DII tr.ntlaI cOil V.,IIrpa	
- X V

Inpot V0IIae INCIC 21	
750

Srorage Tempesaryr °r;'
Metal Can. DIP, and F az0-6500 .lSOC

Mm, DIP	
.55 Ctc2SC

Ope s aIfig Tem"0r31u11

V,H'arylTdflI
Cc1111ei,aI laId	

0 C o.'OC

Lead T,,fl Pe r abu l t ISO'. St I)

Meal Can . DIP rd I-, 5o —'—1

Mn DIP II Oselondli	
ThO C

0010)1 Sflnsl C slur D 5 OI . u 1 , •SGIe 3)	
11°

ORDER INFORMATION
TYPE	 PART NO.

741	 741HM

741C	 741NC

14 LEAD DIP
(TOP VIEW)

PACKAGE OUTLINE 6A

ORDER INFORMATION

TYPE	 PART NO.

741	 741DM

74lC	 741DC

10LEAD FLATPAK
TOP VIEW)

PACKAGE OUTLINE 3P

ORDER INFORMATION

TYPE	 PART NO.

741	 741PM

B-LEAD MINIDIP
TOP VIEW)

PACKAGE OUTLINE 9T

ORDER INFORMATION
TYPE	 PART NO.

741C	 T4ITC

Sn., IISP•I•tII•d p.1,08110 P,OC.



INPUT COMMON MOOS
OTAG€ RANGE AS A

FUNCTION OF SUF?Y VULIAGS
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ELECTRICAL CHARACTERISTICS 1V5 s15 V TA 25% snl.,s oth.rw.e spoufed)

PARAMETERS I... defntOn,I 	 CONDITIONS	 MIN.

Input Offset Voltage	 A5 C 10 kit

Input Offset Current

Input Oil Current

Input Resistance	 01

Input C.p.citanct

Offset Voltage Adjustment Rang.

Large Signal Volt.8. G.m 	 AL >2 kit VOUT ntO V	 socec
Output R.,,t.nc.

Output Short Creut Current

Supply Current 

Porn, Con,urnptOn

Transient Aespons.
(Univ G—'$

	 Viy -20 mV. L -2 kit.CL C 100 pP

SI.. P.re	 RL >2 kit

The following ,p.C!hChtiOU ap p l y for -55C C TA C n125C

Input 011,.t Voltag.	 A5 C 10 kit

TA o125'C
Input Offset Current

- -55 C

TA .125%
Input Ba, Current-

TA - -55'C

Input Vol,." Rang.	
it 2

CommA Mode Rejection Ratio	 R5CIO kit	 70

Supply Volt.Q4 R.,.cr,On Palo 	 A5 C tO kit

L.rpl Signal Voltage GIn	 AL>2 kit, 'SOUT- 110 	 2000

RL >10 kit	 112

Out put Voltigi Swing	 —
RL>2kit 	 s10

TAOt2SC___________
Supply Current

- -55'C
TA - 0t0

Power Con,unpt,on
TA - -55*C

TYPICAL PERFORMANCE CURVES FOR 741

OPEN LOOP VOLTAGE GAIN 	 OUTPUT VOLTAG'SWING

	

AS A FUNCTION OF	 AS A FUNCTION OF

	

SUPPLY VOLTAGE	 SUPPLY VOLTAGE

IZ

TYP
	

MAX	 UNITS

1.0
	

5.0	 nN

20
	

209	 CA

80
	

500	 nA

7.0
	

Mn

'.4
	

pp

"V

00.000

75
	

it

25
	

PtA

1.7
	

2.8	 PtA

50
	

85	 nwf

0.3

5.0

0.5
	

V/I,,

10
	

6.0	 mV

•,0
	

200	 flA

85
	

500	 nA

0.03
	

0.5	 MA

03
	

1.5	 pA

nj
	

V

90
	

dB

30
	

ISO	 uVIV

I'
	

V

y13
	

V

R-

	2.5	 Pt5

20
	

3.3	 nrA

45
	

75	 .w

	

ICO	 ryW

lA_a

* Courtesy of Fairchild Camera and Instrument Corporation e1982



Op.r LOOP
Fr..qe00r ReeceoS

LM1OBLM208

-.200
1-35

iSV

mdc' I.e

-55C to -125'C

-25C to '95C

-355C r - 501C

ODD C

LM3O$

-18V500 rrW

':0 niA

Indefn.te

0 0 C to 070C

-65'C To o15OC

300 C
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Appendix 1-14

108 and 308 Operational Amplifiers

Absolute Maximum Ratings

S.nppI y Voltage

0ort	 pat— Note 1

O"rrflt al Input Current C Note 21

In put Voltage INore 3)
Output Short-CIrcuIt DuratIon

O.ating Temperature Range (LM108)
(LM2O8I

Storage Temperature Range
Lead Tempelature SolderIng, 10 SeC0000l

Electrical Characteristics INoin 41

	

PARAMETER	 CONOTIONs	
'e IuCL014u_

!-,OrfoeIVOr-a	 1* 25 C	 0	 22	 20	 5

-	 Curer Cu,'ent	 T - 25 C	 005	 11 0	 -a

--o'n.,ICur,-.r	 1a.251	 53	 25	 -	 -a

Ta 2S 	 20	 70	 0	 40	 VII

..t	 t0-)SC	 Cl	 06	 r0	 DR	 A

...0Jo;eCa."	 t42020$'/	 1-0	 100	 25	 C

VOUT --IOVPL;Oi.

	

rlr-t0ti ,rr viOlaTe	 IT	 2

a,r-a,e Ie,-.pra!ut	 DO	 IS	 62	 30	 _V C

01 I-rOut 011*01

0011031

;o4r OIlIer Cured	 00	 1 S	 .A

ua.,,rT.nr,elaru,.	 05	 25	 5	 u C

Coelle,trr Of Input OfIrer

pulBa1;uIItI!	 00	 o	 -A

SuopI, Curent	 1,- 121 C	 05	 Ta	 10*

La r ge sutal VoltAge Ga,n	 V5. 'ISV. Va 0 1- 'tOy	25	 15	 0-V

0 10 01)

Output VoIt.geSuo . ng	 VS' 15v9c 1 1011	 -'3	 rIO	 1314	 V

Opur VO I t3ge 9309.	 VS 'ISV	 105	 .11	 V

1 n.r.-V1'-ModO Pe,.pror 	 35	 90	 90	 3D	 08

SupOy Vollage ReledrOn 	 €14	 95	 96	 18

4nt. I rE. m.o'Irtu* 14 00 1, 00 ttn,pOt.rut, 0 8 1 f.. LU108 .150' luIrhe 140208 190'C .00 tot fl. LM308. 85C F ol oolornQ .e.Iaond
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Reprinted with permission of National Semiconductor Corporation.
(Not authorized for use as critical components in a life support system.)



Appendices	 I	 1

Appendix 1-15

353 BIFET Operational Amplifier

Absolute Maximum Ratings

Supply Voltage

Power Dissipation (Note 1 I
Operating Temperature Range

TI(MAX)
Differential Input Voltage

Input Voltage Range (Note 2)

Output Short Circuit Duration (Note 3)

Storage Temperature Range

Lead Temperature (Soldering. 10 recoeds(

Open Loop Frequency Response

J,

	

.tgv	 -

	

500 
m"

	
No

	

-30V	 8
:t

Continuous
5cC	

It s rurm, rerSR

erecoiric y 15:1

DC Electrical Characteristics (Note 4)

L353A	 CF3530	 15353

5:55001	 PARAMETER	 CONDITIONS	 UNITS

MiS	 TIP MAX MW	 TOP MAX MIS TSP MAX

vos	 flout Ortrnl Voltage	 °s tO	 r4 20 C	 i	 2	 3	 5	 -	 5	 tO	 inS

Cor,TCI'iO.i'ai,,'c	 a	 12

.3v00.or	 Aserag. TCorInoC'i,	 Rg- 11.11	 IS	 71	 I'	 41,	 2	 .,O C

Voltage

IDS	 lrvutOlIiolCuiii'i.t	 I	 SC 'Oiler 451	 25	 tOO	 2'	 ill,	 05	 151	 oS

T..lOC	 2	 4	 4

If	 lcOi B	 Coi,fl,'i	 TI - IS C Viorniah'	 57	 52	 202	 50	 200

1 1	 751 	 4	 €	 8	 fl

R 	 moor riri,siaiiye	 TI	 os •'-
	 ici	 '2	 tgiO

4000	 LoOt S OnO vcliagr c 	 n'	 01 c	 So	 ITO	 24	 con

0.. i-mu_fl	 05	 70	 ii,

SQ	 0-door SAVage S. 	 55-i	 'i.	 iDI 	 II	 105	 1	 -125	 Ui	 ISV

VCM	 MAui Cenririon M0de VAIiaut	 I	 •ic	
,	

.15
IS

Range	 2	 i'	 i7	 A

CUAR	 Con,rnofl S'_,ire Raiec' , O Pal.	 0y'	 CII:	 80	 IOU	 €1.	 ill-	 75	 02	 18

POOR	 SupPly 50 1 100' 00:110 1 Pu' P	 mrooe 0.	 so	 rUg	 80	 III	 11	 tOO	 00

IS SuppirCul,r,ii	 30	 55	 30	 56	 20	 60	 fl'S

AC Electrical Characteristics Note 41

CF353*	 LF3530	 L35S	 J
SYMBOL	 PAflAMETEA	 COeDirlONS	 -- - - UNITS

MIS	 TOP M­ 	 MIS	 TOP	 MAX	 OlIN	 TOP	 51,50

AtopillultIl Awpi,r.l. Coop 4	 TA ' 25cr- Ii5u	 Q0125	 179	 -	 05

20 ski {Ii'pIIli Rorrr,elii

SR	 Slrei Rain	 55- 'iSV 7425 C	 to	 13	 iS	 13	 Va

COW	 (1am Bacdauldih PiOdu,i 	 IS - ISV TA 25 C	 3	 a	 I	 4	 MC,

Fqo,saianr Input Nose Voltage	 T A . 250 Ti0 = roSIl	 5	 iS	 rS	 lullt

I' 1] HI

n	 Equ,caioiilnpiur SAM Cur l :	 11 . 25 C I	 1000 Or,	 001	 051	 001	 ,'u

Not. t I For operating at eleulied ternperatu it the decor 11—sr be rtera red Sated 11  1111-1tnIIsIanCe or tOO' C 1W unction tc an, bent roe

the N package, and t SOC/W jmuroron to aerrbmrnr for the H package

Not. 2 . Unleso othe,uriI 54 sPflci led ttd absolute rrranirrliarn fir gArbO croix 01 tam IselIuai to the ne gallon p Owrr Cu on l y vol rage

Note 31 The p0W d.ssOOario n Omit. roflyet, cenrior be exceeded

Not. 4: These specitications apply vi V0 . r 5V and 0'C C T A Vi 070 - C VQ$ 19 and	 are measured at V M 0

N.I. SI The input SI at Ourrerts are luriolmon leakage currents which aeon ooimste p double tOn ever p 10°C increase in the junction t r mnipoia r l, me,

Due to limited production rest tIme the input SI as comments nieatuee d are oort! lared to j ­ u ­ temperature Ii, normal opr,ar,nn the 40cr.

tern perature rises above the amb err re mp.ratuit as a result o f Internal power dissIparIOn. P0 T1 	 a •	 p0 where 01* it the thertna iresis.

taoce from junction to ambIent Use o f a hear r.lr Is recommended if input bias cumnent is to be knot to a

Not. S. Supply voltage rej ectlun ratio it measured rot both supply magnitudeS increasIng or decraoslig slinu l ta,, rnus is Pm accordance sith corn-

Oman Practice,

* Reprinted with permission of National Semiconductor Corporation.

(Not authorized for use as critical components in a life support system.)
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Appendix 1-16
723 voltage Regulator

	Min	 Tvp	 Max

Continuous soltane Vc-c- to Vcc

Input-output soltage differential
Input voltse ranse	 9.5 V
Output sottage range	 2 V
Output current
Standh\ current 	 2.3 mA

Reference wltage	 6.95 V	 7.15 V

Current from Ii,
Maximum çer dissipation at or below 25 CC free air temperature:

Metal can
DIP

40V
40V
37 V
37 V

150 mA
3 5 mA
7.35 V
IS mA

1000 mw
12.5 W
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Appendix 1-17
SCRs - Comparison of Typical Parameters

Parameter	 2N 1597

VRRM	 Peck repetitive blocking voltage 200 V

RMS on-state current	 1.6 A

VTM	 Peak on-state voltage	 1.1 V

'Gr	 Gate trigger current 	 2 rA

VGT	 Gate trigger voltage	 0.7 V

'H	 holding current	 5 mA

Tun-on time	 0.8 Ps
Turn-off time	 10 Ps

Device

2N570

400 V
20A
1.5 V

40 mA
1.5 V

50 mA

1 Ps
20 ps

2N6400

50V
16 A
1.7 V

5 mA
0.7 V

6 mA

1 ps

15 us

Appendix 1-18
UJTs - Comparison of Typical Parameters

Device

Parameter

P0 	Maximum pa	 d;ssipotior:	 300 nW	 360 mW	 300 mW

Derote linearly ot	 3 rnW/C	 2.4 mWrC	 3 mW/°C

RBB	 lnterbasn resistance	 6 kG	 1 kG	 7 kG

Intrinsic stand-off ratio	 0.56 to 0.75 0.55 to 0.82 0.68 lu 0.82

VEBt(St) Emitter - 81 soturotion voltage	 2.5 V	 2.5 V	 3.5 V

Ip	Peak point current	 1 pA	 0.6 pA	 1 pA

I	 Valley point current current 	 5 mA	 4 mA	 10 mA

1E(r-) Maximum rms emitter current 	 50 mA	 50 mA	 50 mA

iE	
Peak emitter pulse current	 1.5 A	 1 A	 2 A

V8182 Maximum 81 - 82 voltage 	 35V	 35 V	 35 V

V62E	 Maximum emittei reverse voltage 	 30V	 30V	 30 V
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Appendix 2-1
Typical Standard-Value Resistors

10% tolerance resistors

a	 C)	 C)	 kQ	 kO	 kO
	

MC)
	

MO

-	 10	 100	 1	 10	 10)
	

10
-	 12	 120	 1.2	 12	 120

	
1.2
	

12
-	 15	 150	 1.3	 15	 150

	
1.5

-	 18	 180	 1.8	 18	 180
	

1.8
	

18
•	 22	 220	 2.2	 22	 220

	
2.2

2.7	 27	 270	 2.7	 27	 270
	

2.7

3.3	 33	 330	 3.3	 33	 330
	

3,3
3.9	 39	 390	 3.9	 39	 390

	
3.9

4.7	 47	 470	 4.7	 47	 470
	

4.7

5.6	 56	 560	 5.6	 56	 560
	

5.6
6.8	 68	 680	 6.8	 68	 680

	
6.8

8 2	 82	 820	 8.2	 82	 820
	

8.2

5°4, tolerance resistors

0	 0	 C)	 LO	 kO	 kQ
	

MC)
	

MO

-	 ii)	 1i1)	 1	 10	 1(X)
	

I0
-	 11	 lii)	 1.1	 11	 110

	
1.1
	

1]
•	 12	 120	 1.2	 12	 120

	
1.2

-	 13	 130	 .	 13
	

13
-	 13	 150	 1.5	 15	 150

	
1.5
	

15
-	 16	 160	 1.6	 16	 180

	
1.6
	

16

-	 15	 180	 1.8	 18	 180
	

1.8
	

13
20	 260	 2	 20	 260

	
2
	

20
22	 220	 2.2	 22	 220

	
2.2

-	 24	 240	 2.4	 24	 240
	

2.4
2.7	 27	 270	 2.7	 27	 270

	
2.7

3	 30	 300	 3	 30	 300
	

3

3.3	 33	 330	 3.3	 33	 330
	

3,3
3.6	 36	 360	 3.6	 36	 360

	
3.6

3.9	 39	 390	 3.9	 39	 390
	

3.9

4.3	 43	 430	 4.3	 43	 430
	

4.3
4.7	 47	 470	 4.7	 47	 470

	
4.7

5.1	 51	 510	 5.1	 51	 510
	

5.1

5.6	 56	 560	 5.6	 56	 580
	

5.6
6.2	 62	 620	 6.2	 62	 620

	
6.2

6.8	 68	 680	 6.8	 68	 680
	

6.8

7.5	 73	 750	 /.	 75	 750
	

7.5
8.2	 82	 820	 8.2	 82	 oO

	
8.2

9.1	 91	 910	 9.1	 91	 910
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1% tolerance resistors (Basic values in 0)

For values above 100 multipl y by 10, 100, etc.

1.00	 6.04	 11.0	 20.0	 36.5
	

66.5
	

121
	

221
1.10	 6.19	 11.3	 20.5	 37.4

	
68.1
	

124
	

226
1.21	 6.34	 11.5	 21.0	 383

	
69.8
	

127
	

232

1.30	 6.49	 11.8	 21.5	 39.2
	

71.5
	

130
	

237
1.50	 6.65	 12.1	 22.1	 40.2

	
73.2
	

133
	

243
1.62	 6.81	 12.4	 22.6	 41.2

	
75.0
	

137
	

249

1.82	 6.98	 2.7	 23.2	 42.2
	

76.8
	

144]
	

255
2.00	 7.15	 130	 217	 43.2

	
78.7
	

143
	

261
2.21	 7.32	 13.3	 24.3	 44.2

	
80.6
	

147
	

267

2.43	 7.50	 11.7	 24,9	 45.3
	

82.5
	

150
	

274
2.67	 7.68	 14.']	 25.5	 46.4

	
84.5
	

154
	

2&)
3.01	 7.87	 11 3	 26.1	 47.5

	
86.6
	

158
	

287

3 32	 806	 1 i.'	 267	 48.7
	

88.7
	

162
	

294
3.57	 8.25	 1 3.0	 27.4	 44.9

	
90.9
	

165
	

301
3.92	 8.45	 15.4	 28.0	 51.1

	
93.1
	

169
	

309

4.32	 8.66	 158	 28.7	 52.3
	

95,3
	

174
	

316
4.75	 8.87	 16.2	 20.4	 516

	
97.6
	

178
	

324
4.99	 9.09	 14.3	 30.1	 5 

	
100
	

182
	

332

5.11	 )3i	 4.	 10)	 56.2
	

1112
	

187
	

341)
5.23	 9 53	 1-	 11.6	 3'J

	
105
	

191
	

348
5.36	 9.76	 1 3	 32.4	 5'3)

	
107
	

1%
	

356

5.49	 10.0	 18.2	 33.2	 60.4
	

110
	

200
	

363
5.62	 10.2	 3 '	 3.I0	 61.9

	
113
	

203
	

3-4
5.76	 10.5	 19.1	 34.8	 63.4

	
115
	

210
	

383

5.90	 10.7	 19.6	 33.7	 64.9
	

118
	

215
	

392

Potentiometers

O	 0	 kO	 kO	 k 
	

MO

10	 100	 1	 10	 100
-	 150	 1.5	 15	 -
20	 200	 2	 20	 2(X)

	
2

-	 250	 2.5	 25	 250
	

2.5
-	 350	 3.5	 33	 -
50	 50)	 5	 50	 500

-	 750	 7.3	 75	 750
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Appendix 2-2
Typical Standard-Value Capacitors

pF

5	 50	 500
-	 51	 510
-	 56	 560

-	 62	 620
-	 (38	 680

-	 73	 750

-	 82	 820

-	 91	 910
10	 100	 1lXJ

-	 110	 1100

12	 120	 1200

	

1.30	 13(X)
15	 130	 1500

-	 160	 16(X)
18	 180	 1800
20	 2(X	 2C(K)

22	 220	 2200
24	 240	 2400

-	 230	 2500

77	 270	 2700
30 300 30(X)
33	 330	 3390

36	 360	 3600
39	 390	 3900

-	 -	 4000

43	 430	 4300
47	 470	 4700

p 	 pF	 pF

5000	 -	 0.05
51(X)	 -	 -
5600	 -	 0.056

600)	 -	 0.66
62(X)	 -	 -
680)	 -	 0.068

	

7500	 -	 -

	

80(X)	 -	 -

	

8200	 -	 0.082

	

9100	 -	 -

	

-	 0.01	 0.1

	

-	 0.012	 0.12

	

-	 0.013	 0.15

- 0,018	 0.18

	

-	 0.02	 0.2

	

-	 -	 0.22

	

-	 -

	

-	 0.02/	 0.2;-

	

-	 0.03	 0:3

	

-	 0.033	 0.33

	

-	 0.039	 0.19

	

-	 0.04	 -

	

-	 0.017	 047

pF	 pF

0.5	 5

(1.56	 5.6

6

0.68	 6.8

-	 8
0.82	 8.2

1	 -10

1.2	 -

1.5	 15

1.8	 18
2	 20

2.2	 22

-	 25

2.7	 27
3	 30
3.3	 33

3.9	 39

4.7	 47

p1	 p1	 p1

50	 SOG	 50(X)

56	 -	 5600

68	 &S0	 68(X)

80	 -	 -
82	 -	 -

1(0	 I000.	 100DO

130	 1500	 150(X)

2(X)	 2000	 -

220	 2200	 220(00
240	 -	 -
230	 2500

270	 -	 -
303	 300)	 -
330	 3300	 -

400	 -	 -

470	 47(X)	 -
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Appendix 3
Answers for Odd-Numbered Problems

2-1	 4.250,1.5x1090
2-3	 130,1.70
2-5	 6V
2.7	 Pt. A (0 mA, 0.7 , Pt. B (300 mA, 0.85 \i
2-9	 170rnA260mA
2-11	 9.1 V
2-13	 625 mA
2-15	 1.7A,1.25A
2-17	 26.7mA,28mA
2-19 20 n
2-)1 80 n
2-23	 800V,1.5A
2-25	 2 V'cm, 2000,0.5 V/cm
2-2 7 44 mA, 33.4 mA

3-1	 34.7 V, 57.8 mA, 35.4 V
3-3	 536mW
3-5	 34 V.56.6 mA, 14 mW 35.4 V
3-7	 3300 p
3-9	 50.4 V, 200 mA, 4.38 A, 1 N4002, 0840
3-11	 34.4 V 300 mA, 3.68 A, 1 N4001, 0.5 U
3-13	 iSOOpF
3-15	 25.9 V.200 mA, 2.2 A, 1N4001, 0.860
3-17	 21.2 V, 300 mA, 1.54 A, 1N4401,0. U
3-19	 0. 4 V.0.5 V, 33%, 4.2%
3-21	 1TA, 2.08%
3-23	 6800,0.27W, .3.7 mA
3-25	 129 mV, 1.16V, 5.85 x 10.2
3-27	 4,53 V, 5.61 V, 92.2 0
3-29	 10kG, 12 V, 1 mA
3-31	 23 mA, 7 V
3-33	 2.7 kU, 6 V. 1.96 mA
3-35	 ±3.3 V, 6.8 kO
3-37	 1N756, 1 k0
3-39	 1N751.8200
3-41	 132 my
3-43	 2.7pF, 5.6 kG
3-45	 +3.6V, -12.4 V,4.4V
3-47	 1 N759, 1.5 pF, 1,5 kO
3-49	 1.5 pF, 3 pF
3-51	 1.2k0

4-1
	

1.62 mA, 1.67 mA, 32.3
4-3
	

1.98 mA, 2 rrLA
4.5
	

1 mA
4.7
	

1 2,
4.9
	

68
4-13 4 mA
4-15 40 g
4-17
	

7.7 mA, 3.7 mA, 123
4-19
	

9.3 V

	

4-21	 200

	

4-23	 133, lOOpA

	

4-25	 7.460, -0.993. 46 mS

	

4-27	 20pS, 125

	

4.29	 333 0

	

4-31	 0.992, 2.48 \0

	

4-33	 0.1 '2cm. 20 LU. 5 0 mVcm

	

5-1	 (0.97 mA, 7: V, 94 mA, 4.5 VI

	

5-3	 ±7.3 V, 4.3 V

	

5-5	 2.8 V, 2.35 \!, 12.8 V

	

5-7	 5.95 mA, 4.3 V

	

5-9	 25V,4V

	

5-11	 1 '	 ' 8.1 \•'

	

5-13	 33.2, 3.86 V

	

5-15	 4.7 mA, 6.5 V

	

5-17	 10.6 V

	

5-19	 5.93 V

	

5-21	 1.5 V, 10,72 V, 4.46 V. 5.7 VS. 6.98 V, 7.66 VS

	5-23	 V = 0.45 \

	

5-25	 4.7 LU

	5-27	 10.7V,=0.2VI

	

5-29	 270 kO. 2.2 LU

	

5-31	 270 LU, 4. LU

	

5-33	 220 LU, SOLO, 15 LU, 5.6 LU

	

5-35	 100 LU, 33 LU 2.7 LC)

	

5-37	 7.8v, 1.4 mA

	5-39	 6800,1.2kU.1.8kU

	

5-41	 2.7 LU, 6.8 LU

	5-43	 10 LU, 5.6 kO, 1.2 LU, 4:00

	

5-45	 39.5 pA, 12.3 pA. 2.6 uA

	

5-47	 16pA,33pA,50pA

	

5-49	 9,9
5-51 1.8 LU, 10 

	5-53	 5.6 kO, 22 kU

	

6-1
	

7.92 V, 6 V

	

6-3
	

point A(JcO,Va	 18V);

point B VC = 1.6 rrA, V(-,, =
point Q (I = 0.9 mA; V. = 7.8 '25;
point C VC = 0, V = 12.1 Vi

AV = ±4.3 V

	

6-5
	

point  VC = 0, V = 15 \0;

point B VC  1.39 mA, Va = 0)
point Q (.i = 1 ritA, V =

point C(J = 0, V = 12.1 Vi

	6-7
	

1 LU, 62.5 pS, 135

	

6-9
	

123

	

6-11
	

50 PS

	

6-13
	

15.40

	

6-15
	

893 0, 5.54 LU, -425
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6-17	 1.29 kO, 3.281<0, -98.3
6-19	 1.481<0,3.291<0, -213
6-21	 8.21<0, -0.88
6-23	 13.1 1<0,18.50
6-25	 62.9k0,550
6-27	 11.60,5.5k0,425
6-29	 31.40,1.8 kO, 54.9
6-31	 7.9 0, 3.28 kO, 380
6-33	 (12.91<0 to 13.31<0), (21 0 to 42.30)

8-1	 60V4A,5V,25,100

8-3	 -1.25 dB
8-5	 1.26V
8-7	 141 pF
8-9	 lOOkO
8-11	 430ps
8-13	 2.79 pF
8-15	 1038 pF, 31.94 nF, 938 pF
8-17 1913 p
8-19	 417
8-21	 31 V
8-23	 78.4°C
8-25	 6.1 kO
8-27	 44.8°C, 58.5°C
8-29 4.6°CPvV

9-1
	

5 nyA,, 5 V
9.3
	

9 mA, 8 V
9-5
	

2m5
9-7
	 40 V, 360 mW, -6 V, 100 mA, 400

9.9
	

540/iS, 1150 PS
911 20 rnS, 30 mS
9-13 20 mS, 30 mS
9-15 25V,310rnW,6V,5rThA
9-17
	 ±0.5 V, ±0.1 V, 5, 1

9-19
	

3.3 kO
9-21
	

4V,2.5V, 12.5W
9-23
	

5.7 V, 1.5 V, 7.5 W
10-1	 -1.5 V
10-3 4k0
10-5 2.3 mA, 8.1 V
10-7
	

7.8V, 19.7V
10-9
	

11.9 V,19.1 V
10-11 7.5V, 18.4V
10-13 17.3 V
10-15 6.5 V, 9.2 V
10-17 9.6V, 14.2 V
10-19 -0.9V,1 MO, 3.3 kO
10-21 1 MO, 5.6 kO, 1 kO
10-23 3.9 MO, 1 MO, 3.31<0,3.3 kO
10-25 (6.8 MO + 1.8 MO), 1 MO, 3.91<0, 3.91<0
10-27 1 MO, 3.91<0, 10 kO
10-29 1 MO, 4.71<0,101<0
10-31 1.8 MO, 1 MO, 3.3 kO, 3.31<0
10-33 6.8 MO, 1 MO, 3.9 kO, 3.9 kO
10-35 (821<0 + 1.5 kO), 271<0,3.91<0,2.7 kO

10-37 5.2 V
10-39 8.9 V
10-41 (5.6 MO + 2.2 MO), 1 MD. 1.8 kO
10-43 3.9 MD, 1 MO, 2.21<0, 2.2 1<0
10-45 1 MO, 1 Q, 5.5 V
10-47 1 MO, 10 kO, -5 V
10-49 0.60,5.7 V

	

11-1	 RL(dC) = 5.4 kO, RL() = 2.7 kO

	

11-3	 Rt(dC) = 3.6 kO, RL(a()	 1.61<0

	

11 -5	 880 1<0, 3.7 kO, -12.5

	

11-7	 470k0,4.5k0,-19.3

	

11-9	 9.1 1<0, -36

	

11-11	 470k0,4.5kQ,-1.8

	

11-13	 629k0,1610,0.96
11-15 820 M, 241 0,0.96

	

11-17	 6851<0,3180,0.95

	

11-19	 1600,3.7k0,21.2

	

11-21	 266Q,3.7k0,12.5

	

11-23	 241 0, 6.4 1<0, 14.1

	

11-25	 1.3V
11-27 693 mV, 217 mV

	

12-1	 1001<0, 56 kO, 6.8 kO, 5.6 kQ

	

12-3	 620, 493 0, 5.3 kO

	

12-5	 15 pF, 200 pF, 0.33 p1,430 p1

	

12-7	 561<0, 39 k0, 3.91<0,3.9 kQ

	

12-9	 360,9580. 3.41<0
12-11 0.039 p1, 15 pF, 0.39 pF, 510 p1
12-13 3.3 MO, 1 MD, 6.8 kQ, 6.8 k0
12-15 24.3, 767 kO, 6.8 1<0

12-17 0.027 p1, 15 p1,0.39 p8

12-19 (561<0 + 1.5<0), 471<0,3.9 kO, 4.7 kO,

(56 kO + 1.5 kO), 47 kO, 3.9 1<0, 4.7 kO

	

12-21
	 15701, 491 0, 3.9 kO

	

12-23
	

5.6pF, 100 p1, 3pl, 100p8, 0.2pF

	12-25
	 1001<0,47 kO, 8.2 kO, 4.71<0,6.8 kO, (8.2 kO +

560 0)
12-27 29 343, 492 0, 6.8 1<0
12-29 20p1, SOOpF, 240/iF, 0.33pF

	

12-31
	 33 kO, 56 kO, 3.3 kO, 4.71<0,6.81<0,

3.9 kO, 25pF, 330pl, 330 pF, 0.25pF

	12-33	 -389

	

13-35	 -256
12-37 36 464
12-39 8,2 kO, 220 kO, 220 kQ, 3.3 kO, 22 p1,1.2 p1,

75 p	 -

	

12-41
	 3.3 k0, 120 kO, 220 1<0, 3.3 1<0, 15 p1, 1 p1, 15

p1
12-43 6.8 MO, 820 kQ, 3.9 kO, 3.91<0,

(1201<0 + 15 kO), 39 kO, 121<0,4,71<0

	

12-45
	

3818, 732 1<0,12 kO
12-47 0.068pF,15pF, 150pF, 0.18pF
12-49 1 MO, 6.8 kO, 2.21<0,220 kO, 681<0,18 kO, 6.8

1<0,0.02 pF, 25 p1,22 p1, 330pF, 0.1 p1
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	12-51	 1 MU, 6.8 LU, 2.2 LU, 12 1,0 33 LU,
0.02 OF, 25 pF I 10 pF, 0.1 LF

	

-3	 ft82 OF, 0.15p1-

	

12-55	 (33 kO + 3.3 kU, 22 LU. b S LU, 2.2 LU, 6.8
kU,(33 LU -4- 3.3 LU), 22 LU 22 pF, 0.3 OF

	

12-57	 3.9 kU, 2' kU 2. - LU, 2 - LU, 22 OF, 240pF
0.82 OF

	

12-59	 (56 LU + 3.3 LU 18 Q. 33 LU, 4.7 kU,
3.3 LU, 20 OF, 20pF 200,.F. 0 39 OF

	12-61	 15.1 LU

	

12-63	 1 91 kU

	

11-1
	

124.9, 123.9

	

13-3
	

44.3 0, 6290

	

13-5
	

400,(22L0+1k0 2L0,47pF

	

13-7
	

470 U, (82 LU ± 22 LU 3 9/iF, 2.2 OF

	

13-9
	

15 OF, 2200, j5LU+ 1 2k0L 150F

	

13-11
	

2L0,2200,30pF 36F

	

13-13
	

18 LU, 2200. SpF, b/iF. 180 pF

	

13-15
	

2.7 kO, 1500 15 OF

	

13-17
	

4.7 LU, 10 kU, 56 LU, 10 LU 820 kU, 4.7 LU,
4.7 LU, 12 LU

	

13-19
	

10 LU, 6.8 LU, 3.9 LU, 6$ LU, 680 LU + 68 LU),
10 LU, 2.7 LU, 82 LU

	

13-21
	

100 LU, 47 LU, 10 LU, 130 0 4.7 LU, 2.7 p1, 18
OF, 0.2 OF

	

13-2 (
	

R	 = ,/00, 22,.F I 10L I 039pF

	

13-25	 = 82 0 1, R 9 	 1300 5pF, "SpF, 2/iF, 33
,.F, 0.47 OF

	

1 1-27
	

1535, 6.5 kU 63k0

	

1 3-29
	

8.2 kU, 2700, 270 LU, 68 LU, 20 0, 4.7 LU, 1
OF, 10pF,02pF

	

13-31
	

18kU,12LU,390k0.1SkQ 560U,4.7kU,
0.68pF, 1.5pF

	

13-3
	

12L0,82kU, 310L0,47kU,2700,2.7kU,8
OF, 2.pF

13-35 0.006%

	

13-37
	

22.5 MHz

	

14-1
	

2 MO, 80 nA 750,25 niA, 1.7 mA,
50 mW

	

14-3
	

3.6 mA, 100dB, 2:13.5 V, 1 mV

	

14-5
	

180 kO, 180 kU, 82 kU

	

14-7
	 1 MO, 1 MU, 40 LU, 875 V, 875 V, 8.985 V

	

14-9
	 10 1 in, 0.5 x 10 -1 U

	

14-11
	

68 LU, 0.2 p1, 1.5 OF
14-13 1 LU, 120 LU, 1 kU

	

14-15
	

15 LU, 1 MU, 15 kU

	

14-17
	

5.9x 10 9 U, 1.5 LU
14-19 22 kO, 1 MU, 22 LU
14-21 8200, (150 LU + 15 LU 8200,8200
14-23 (47 kO + 3.3 LU), 1 MU. 4' LU
14-25 6800,33 LU, 6800, 6pF, 3.3pF

14-27 1.2 LU, (56 LU + 3.9 LU', 120 kU, 120 LU,
1.8pF, 4.7 OF

60p, 80 pA, 140 pA, -1.4 V
-0.528 \'
3,6 m, -5.92 mV, -0.11 mV
SOpA 50jA, SOyA, 22.2 pA, 22.2 OA, 88 9/iA,
389pA, ±1.8V, +4SOmV,
+150 m\, -1.2 V, 2.4 V, -0.6 V, 3 V
270 LU ± 22 LU), 39 kU
39 M. 330 LU
4.7 LU, 39 LU + 6.8 LU),
82LU + 10 Q)

= -30° unstable)
6, = 450 stable)
44', 110
200 pF
800 kHz, 20 kHz
80 kHz, 3 4 MHz
20 kHz, 5.6 kHz
31 $LHz 159 kHz
3q 8 kHz, 3.97 V (peak)
O4pF l4pF
8 2 pF
4A pF 0.4 pF
265 p1
147 p1
265 pF

68 LU, 220 kU. 68 LU, 3300 pE, 68 kU
39 LU, 22 LU 1,2 kO, 2.2 LU, 2, 2 LU,
22k0, 3300 p1 25 OF
0,5 OF,  O068pF
8.2 LU, 82 kU. 8.2 LU, 3900 p1, 470 p1
006 (iF, 3600 pF, 0082 (iF, 220 kU,
82 LU, 12 kU, 8.2 LU, 0.68 OF
1 7 8 kHz
1300 pF, 82 LU, 1300 p1,82 kU, 18 kU. 82 kU
45 kHz, 1.2 V/ps
10.5 kHz
2200, 1.5 kU, 5.6 LU
0,015 0F, 3.3 kU, 0015 p1, 3.3 LU, 3.3 LU, 5.6
LU, 1.5 LU
±12V, 1.35 kHz
(1.5 LU + 15 LU pot), 1 yF, (15 kO + 1.5 LU),
4700
10 k(), &27 OF, 1 kU,(lOkU + 1 LU)
±1.95V, 282 Hz
crystal in series with R 1 = 2700,0.24mW
1,5 LU, 2.2 LU, 4.7 kO, 2.2 kU, 330 pF, 330 p1,
085 mW

220 U, 1N758, 8.2 LU
36 mA, 19.6 mA, 0.77 mA, 21.4 mA
12.5 mV, 10 mV, 0.07%, 0.06%
6800,4700, 1N758, 5.6 LU, 10 LU

0.3%, 0.15%, 33 dB

14-29
14-31
14-33
14-35

14-37
14-39
14-41

15-1
15-3
15-5
15-7
15-9
15-11
15-13
15-13
15-1"
13-19
15-21
15-23
15-25
15-27
15-29

16-1
16-3

16-5
16-7
16-9

16-11
16-13

16-15
16-17
16-19

16-21
16-23

16-25
16-27
16-29
16-31

17-1
17-3
17-5
17-7
17-9
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1.2 kO, 8.21<0,2.51<0

2.7 kO, 151<0
3.3 kO, 1N758, 4700, 3.91<0,8.21<0,

2.51<0,151<0
4700, (2 x 1N758)

1N751, 3.9 kO, 1.81<0,23 V
2.27 0, 4.4 W
1 A, 313 mA
220	 2.2 kO, 4.71<0, 2.5 1<0, 12 kU, 1N754

0.75 x io%, 0.4x io%
23 V, 6.81<0,4.7 kO, 2.51<0, 37.5 mA
-17 V. 1 kO, 3.9 kO, 400 MW

61.5%, 82.5%
330 pH, 15 p
1.2 kc2, (12 kO + 1.8 kQ), 0.550,620 pF

1.21<0(101<0 + 820 0), 0.390, 510 pF

Point A: (0 mA, 20 \, Point Q: (49.7 mA, 15 \'),

Point 8: (49.7 mA and 20 V from Q)

Point A: (0 mA, 25 V'),
Point Q: (1.19 mA, 22.3
Point 8: (1.19 mA and 9.6 V from Q
Point 0: (0 mA, 401,
Point B: (92.6 mA, 0 V)
16.1 V, 16.2 V
386 mW
90 V, 900 mA, 2.8W
Point Q: (183 mA, 19 \', Point A: (0 mA, 24 \,

Point 8: (19.03 Vand 183 mA from Q)
12V. 24V, 144 mA, 215 m
23 kQ 1.81<0.1.5 kO, 250,1800
±15V, 30 V, 492 mA, 675 mW
±21 V, Q2 Q3 : (2.7W, 42 V, 778 mA),

Q4 Q5 : (135 mW, 42 V, 39 mA)
±15 V, 33 kO, 50 0, 680 0, 1.5 0, 1.5 0
5.61<0,1.21<0,11<0
3300, 400pF, 53 V
1.8 kQ, 250 0, 1.8 kU, 1 kO, 1 kO, 2.2 0, 2.2 0

18 1.iF, 68 pF, 680 pP
1.72W, 30V, 644 mA
0.85 mA, 1.01 A
±23 V. 2.4W
4.7 (<0, 181<0, 101<0,3300,4.7 kO, 100 kO,
1.2 MO, 1.8 MO, 100 kQ, 4.7pF, 6pF, 0.2pF,

0.2 pP
±19V
4.71<0, 15 kO, 8.21<0, 1800,4.7 kO, 100 kO,
680 kO, 1 MO, 100 kO, 8.2pF, 22pF, 0.47pF,

0,47 pP
151<0, (5600 + 820), 15 kQ, 5600, 5600

(R8 = R9 = R 10 = R 17 = 2.21<0),
5pF, 17V
±28V, 14.3 V, ±1.25 V
±15V
2.7pF,4(JF, 1600pF, 240 pF
0.530

17-li
17-13
17-15

17-17
17-19
17-21
17-23
17-25
17-27
17-29
17-31
'7-33
17-35
17-37
17-39
18-1

18-3

13-5

18-7
18-9
18-11
18-13

18-15
18-17
18-19
1 8-2')

16 23
18-25
18-27
18-29
18-31
18-33
18-35
18-3 7
18-39

18-41
18-43

18-45
18-47

18-49
18-51
18-53
18-55

19-1	 - 2N1595	 2N6167

VDRXI 
50V 100 
1.6 A	 13A

VTM	 1.1 V	 1.5V

'H	
5 m	 3.5mA
2 m	 2.lmA

YGT	
0.7 V	 0.63 V

19-3
	

2N1597, 1.27 V

19-5
	

1.5 kO, 1000,120
19-7
	 5600, 22 kO, 200 kQ

19-9
	

12.8V, 6800
19-11
	

561<0, 6pF, 0.43 V

19-13
	

2N6077 2N6343

200V	 400V

'T(rms)	
4 A	 8A

V0	 1.4V	 0.9V

19-15
	 490

19-17
	 3.3 kQ, 1800, 10 kO, 3.31<0,

0.82 pP. 0.15pF
19-19 lv, 15V, 830pA, 2 mA
19-21
	

165 m\V, 34 V
19-23 435 Hz
19-25
	 6.8 kO, 101<0, 1000, 33(10, 0.56 pP

19-27 25 kO, (12<0 + 2.2 kO), 3.9 kO

19-29
	

15 kO, (8.2 kO + 820 0), 15.7 V, 09 V, 24 1<0,

5.61<0

20-1	 184W
20-3	 4.72 x 10 14 Hz, 5.15 x 10 14 Hz,

5.31 x104HZ

20-5	 RE=2700
20-7	 10 k0, 8200
20-9 690 P

20-11	 4.7k0,10 IX

20-13 2mA,26mA
20-15	 1200,-0.12V, -7 mA
20-17 0.38 V
20-19	 102
20-21	 1.21<0
20-23 13 V, 5.5 mA
20-25 330 0
20-27 5.7 V
20-29 9 mA, 4.4 mA, 49%

21-1	 3.6 MHz, 796 kHz
21-3	 15k0,20k0,150kQ
21-5	 390pF,15
21-7	 300C
21-9	 9.8V,10.2V,10.3V
21-11	 1460
21-13 1200,225 MV, ±145 mV, S.6
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Index
Abrupt junction. 746
ac bypassing. 174. 234. 338
ac degenerat en. 176
ac equivalent circuit i See under device name)

ac load line, 177. 337, 607
Sc resistance. 25
Acceptor dog "g 9 10
Active region. 111
Alloy transistor. 216
Alpha, 105
Amplifier

bandwidth. 453. 514. 516. 517; butler, 195, 472,
capac tor-coup'ed. 378, 395, 620. 621; class A, 606;
class AB, 614 class B, 612; common base (CS). 109,
196 405 common collector (CC). 115, 192, common
dram. 346 common emitter (CE). 112, 185, 189, 366:
common gate 350: common sou,cer 339, 373. current
107	 dc 439 difference, 483; differential, 399, 409
631, direct-coupled 382. 390, 395, 620; efficiency.
610, 615. f'eaueinCy response, 229, 356, 505. 507: hat
power poi'is. 229. 231, high frequency, 405 IC 465,
653' rrslru'enlat Cr1. 486: inverting, 478; large signal.
605: r.egatse feedback, 421, 428. 434, 435: °°°
inverting. 475 operational. 465; parallel, 755 757
power. 605. p.,sh'pull 61 2, small signal, 965. Summing.
481: teSt"nO 409. transformer coupled. 606, 612, 617
turimnel diode 755	 57 voltage, 107: voltage follower
471

Amplitude staBl cat on, 543
And gate. 90
Annular transistor 218
Anode, 22, 670
Answers for odd numbered problems. 787
Atom, 2
Atomic

bonding. 7. number, 3, weight. 3: nucleus, 2
Attenuation d stortion, 456:
Audio power amplifiers, 605

Back plane, 721
Bandwidth, 514
Barkhausen cr,ter a 530
Barrier voltage. 13
Base, 100

bras, 130, 132. 146, current, 105
Base-emitter vc.'age. 102. 104, 158
Beta, 105, 107
Bras circuits KT

base bras. 130; collector-to-base, 133; comparison of bras
circuits, 142: design, 146; fixed current bias, 130; more
bras circuits 151, switching circuits, 160; thermal
stability, 155

'
trouble-shooting. 144; voltage divider, 136

Bias circuits . JEET
bias line. 292. 295, 298, 308; bias point, 289,
comparison. 300; constant current. 312; do load line, 288;
design. 304; drain feedback, 311; gale bias, 291 294,
302. 304; more bias circuits 310; self bias, 294, 297.
302, 306; source resistor. 291; switching circuits, 322;

trouble-shooting. 301: universal trans'er C"a'acterisfic,
315. voltage divider bras, 297, 300, 303. 307, voltage
swing, 128

Bias circuits - MOSFET. 318, 323
Bias circuits - operational amplifier, 468
BIFET circuits, 395, 467
S polar Junction Transistor (BJT). 99, 103

ac analysis, 173: ac toad Lines, 177. alloy. 216. alpha,
105. amplification, 107, annular, 218 base tOO, beta,
105. 107. biasing (see Bias circuits BJT( bas point. 124,
126: breakdown, 111, capacitances. 232, characteristics
see Common base, Common collector, Com'on emitter);

circuit noise, 239, collector, 100, currents 104: current
gain. 105, 107: cutoff frequency, 232 data sheets, 226:
dc load line, 124: derating. 243, 245. dif f used 217, 218,
emitter 100, epitaxial mesa, 217, eou Va art circuits.
179, fabrication, 216. forward current trarser ratio, 182:
frequency response. 229. 234. h, h r. 105 107, 182; 1',-

parameters, 181: microaltoy, 217: models 179 , nprx, 100:
operation, 100, packages. 222; parameters 179 pimp,
102 planar, 218: power dissipation, 243 0 oo nt, 126; r-
parameters, 180; saturation voltage. 161, soecrt catrons
225, stability factor, 156 sw tch np, 160. 238 testing.
116: voltages. 104, thermal stability. 155

Boost convertor. 593
Ba tzsmanrr's Constant 240
Bonding. 78
B'eakdOwn diode. 41
Bridge rest far. 55
B' dge -lied load 1BTLI. 656
Buffer ampl,fier, 195, 472
Bypass capac i tor, 174, 234 338

Capacitance
BiT. 232 depletion layer. 25 diffusion 35 OET 272:
input. 235, stray, 236 51 8load, 520

Capacitive lunirig ratio, 747
Capacitor

bootstrapping. 640: bypassing 174, 234, 338. coupling.
74. 234, 336, 370; decoipI ng. 629 filter 53: IC, 221:

polarity. 60, 176 reservoir. 53. 57 shunt "g. 371
Cascode amplifier, 406
Catch diode. 598, 628
Cathode, 22, 670
Characteristics lSee Diode, Transistor, aId
Charge carriers, 7

major i ty , 11; minority, 11; mobility, 7
Circuit analysis

common-base, 196; common-collector, 192, comm
emitter. 185, 189;

Circuit noise, 239
Clamping, 80, 84, 86
Class A amplifier, 606
Class AB amplifier, 614
Class B amplifier, 612
Class A driver. 615
Clipping

noise, 76, 78; series, 74; shunt, 76. Ze'ier diode, 79
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Collector, 100
Collector-base junction, 100
Collector-base leakage current. 105
Collector current, 105
Collector-to-base bias, 133, 136, 145, 147
Colpitts oscillator, 534, 537
Common base circuit, 109, 196, 405

characteristics, 109, 110. 111; current gain, 105; cutoff
frequency, 232; equivalent circuit; h- parameter analysis,
196;input impedance, 197; output impedance
197;voltage gain, 198

Common collector circuit, 115, 192
characteristics, 115;h-parameter analysis, 192; input
impedance, 193, output impedance, 194; voltage gain,
194

Common drain (CD) circuit. 346
ac analysis. 346; equivalent circuit, 347; Input
impedance. 347; output impedance, 348: voltage gain,
348

Common emitter (CE) circuit, 112. 185, 189, 366
characteristics, 112, 113. 114; current gain, 105, 107,
228; cutoff frequency, 232; equivalent circuit; h-
parameter analysis, 185, 189; input impedance, 186;
output impedance, 187; voltage gain, 187

Common gate (CG) circuit, 350
ac analysis, 350; equivalent Circuit. 350; input
impedance, 350; output impedance, 351; voltage gain,
351

Common node voltages. 468. 485;
Common source (CS) CirCuit, 339

Sc analysis, 339, 343; equivalent circuit, 340, 343; input
impedance. 340, 343: output impedance, 341, 343;
voltage gain, 341 345

Compensation, 505, 631
Complementary emitter follower. 620
Complementary transistors. 620
Composite characteristics, 612
Conduction band, 4
Conduction in solids, 5
Constant current, 312

• Conventional current, 7
Coulomb, 2
Coupling capacitor, 174. 234, 336, 370
Covalent bonding, S
Convertor

boost, 593; high power, 598; inverting, 594; step-down,
589; step-up. 593;

Cross-over distortion, 614
Crowbar circuit, 683
Crystal oscillator, 555
Cutoff region, 161
Cutoff frequency, 232
Current

gain, 105, 107. 449; limiting, 575, 576, 628; sink, 654,
source. 654

Dark resistance, 723
Darlington circuit, 570, 626
Data sheets, 762
dB, 229
dc bias point

BJT, 126. 128; diode, 30; FET, 288;

dc feedback pair, 3 90
dc load line

BJT, 124, diode, 30; FET, 288; power amplifier, 607
dc blocking voltage, 37
dc power supplies, 57. 64, 68
dc restorer, 80
dc voltage regulator (see Regulators)
Dead zone, 76
Decibels (dB), 229
Decoupling, 629
Delay time, 238
Depletion layer capacitance. 25
Depletion-enhancement MOSFET (DE-MOSFET), 276
Depletion node MOSEET. 277
Depletion region, 13
Derating factor. 33, 243, 245
Device fabrication, 	 211
DIAC, 685
Difference amplifier, 483, 573
Differential amplifier. 399, 409, 466, 631
Diffused transistor, 217, 218
Diffusion capacitance, 35
Diffusion process, 213
Diode, 22

ac equivalent circuit, 35; ac resistance, 25; alloy, 213;
AND gate, 90; applications, 51; capacitance, 35; catch,
598: characteristics, 23, 40; damper, 80, 84, 86; Clipper.
74,76,78,79; data sheet. 37; dc bias point, 30; dc load
line, 29; diffused, 213; dynamic resistance, 25, 34;
equivalent circuit, 28, 35; Esaki, 752; fabrication, 213;
forward resistance, 24; forward volt drop. 33; four layer,
670: graphical analysis, 29; IC, 220; ideal, 26; tight-
emitting, 716; logic circuits, 90; OR gate, 91; parameters.
25; peak repetitive current, 37; peak reverse voltage, 37;
photo, 727; piecewise linear characteristics, 27; pn-
junction. 22; power dissipation, 32; rectifier, 38, 52, 54;
reverse breakdown, 25; reverse current, 23; reverse
recovery time, 36; reverse saturation Current, 23;
Shockley, 692; snubber. 598; surge current, 62; switching
time. 36: symbol, 22; temperature, 32; lIsting, 39; tunnel,
752; varactor, 746; VVC, 746; Zener, 41, 70

Direct Coupling, 382, 390, 395, 620
Doping, 9
Drain, 258
Drain-source Oresistance, 271
Drain characteristics, 261
Driver stage. 615
Dual-in-line (DtL), 223
Dynamic resistance, 25,34
Dynamic impedance, 43

Electron, 2
charge, 3; flow, 7; gas 7; mass. 2; motion, 5; shell, 3;
valence, 3

Electron volt, 4
Electrostatic discharge, 281
Emitter, 100
Emitter

coupled amplifier, 399. current, 105; current bias, 136,
152; follower, 193, 564, 620; resistor, 129

Energy
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bands, 4, 9; gap. 4; levels, 4
Enhancement MOSFET (E MOSFET). 275
Epitaxiat mesa, 217
Equivalent circuit (see under device or circuit name)
Error amplifier, 565
Esaki diode. 752
Extrinsic semiconductor. 9

Fall time, 36, 238
Field effect transistor (FET), 257

ac analysis, 335, ac load tine. 337, amp 'cat on, 273;
biasing 287; has pont, 288: BJT comes , son. 353,
breakdown voltage, 272: capacitances. 272 channel
ohmic region. 262; common drain (see Common drain
Circuit), common gate (see Common gate c rCut)
Common source (see Common source crrcu'tl. data sheet,
267. dc Load Line. 288, depletion regions, 261 drain,
258; drain characteristics, 261, drain crent. 258; drain-
source ON resistance. 271, drain source O'4voltage, 272
equivalent circuit. 339. fabrication 260 onard transfer
admittance, 269, frequency response. 356 nate 258.
gate reverse current. 272; gate cu:-cif c u"en I, 272. gate
cut-off voltage, 264; I. 263. input 'en s'ar'co. 272,
insulated gate FET 275: j unction FET iJET:.258: ac load
lines, 336, models, 338, MOSFET. 275 r- cr'annei JFET.
258: nose figure, 272. output adrr' 'arce 271: o
channel JFET, 259. 266, paramerers 267. 339. p nch-off
regron, 262. pinch-off. 262, 267. sa.ra' on current. 262.
267 source, 256 5W tchirlg. 322. ;et'oCe connected
259 transfer admittance, 269 lranscc-..-'ance 269:
transfer characteristics. 264 268 VC$E	 278 Y,,

269 voltage a,abIe resistance VVP '15 Y 	 271
red current bias. 130

Fold-back current limitinglung 576
Foot candle, 714
Forbidden gap, 4
Forward

breakover voltage, 672
conduction voltage, 692
current transfer ratio (hie), 182
switching voltage, 692
transfer admittance, 269

Four -layer device, 670
Frequency compensation. 511
Frequency response'

BiT, 229. 234; circuit. 368; FET. 356. operational
amplifier, 505

Frequency stabilization. 553
Full power bandwidth, 517
Full waverectification	 54
Full-wave rectifier power supply 64

Gain-bandwidth product, 516
Gallium arsenide, 716
Gate (of FET). 258
Gate (of SCR). 670
Gate threshold voltage, 279
Germanium, 3
Grounded base (see Common base(
Grounded collector (see Common collector)
Grounded emitter (see Common emitter)

GTO 695

Hall .'ave rect f cator', 	 52
Halt wave 'ccl r er power supply 5"
Half power points. 229, 231
Hat wave rect'cat Cr'. 52
Harmon c ds'o'iO'r, 455
Hartley oscillator. 538 840
Heat sinking. 247
h, hi ,, 105. ¶07. 182
High frequency amp • ore. 405
Holding c u ,e,: 64
Hole, 4
Hole e OCt'Ofl'73 r 11
Hole transfer, 5 6
Il . paiame'eIs. 181
h parameter c"Cc t s"a 5 S

common base 1v6. c"vnorr collector 192, common
em 11cr. 185 189

Hybr d pa'ame'e'S 181
Hyperabruct ."c' 'v' "tn

C Iir' legraec c 'c.. ' 	 219
ar'rpiif ers 4 05 - 553 carac tor. 221. diodes, 220. dual-
in fine DIL	 223 'no' cat c" 219 220. 222, hybrid,
220. mc'c	 c 219 "u 1 c li p 220 operational arrnplifer
465: oa"c " :22 oaras tic components 220, power
amp 'tiers	 C53 'u sIc's 221. Iuck firri. 219. tbn film
219. TO Ca" 222 '-as s	 ?'	 ollage reguator. 582
585 595

'C Operat o'	 - ' '' 465
i. 263
rcremerital resz'a ­e 25
lrnOut c'ararte' n S see C­­ , '550 , Common collector

Common e"' tIer'
nstrumentat or arno lfer 186
insulated gate PET. 25
Iniegrator, 550
intrinsic serr rO"duc'o' 9
Intrinsic stand ct ratio 700
Inverting ampi tie's 478 415
Inserting input, 466
Ion, 3
Ionic bonding. 8
Ionization, 42

Junction
breakdown. 41 capac lance. 35. diode (see diode), field
effect transistor iJFET) ' (see FET) temperature, 17,
transistor	 (see B.JT)

Large signal amplifiers. 605
ac load lire. 607 bridge t ed load )BTL), 656, capacitor'
coupled, 620, 621, class A, 606. class AG, 614; class B.
612; cnrrnpiemeintary common-source, 635,
complementary emitter follower, 620. complementary
MOSFET, 635, complemertary symmetry, 620 composite
characteristics, 612 cross-over distortion, 	 614; current
limiting, 628 dc load line, 607, design. 617. 633, 636,
642; differential input 631; direct-coupled. 620, 625;
driver stage, 615, efficiency. 6 1 0, 615; IC, 653, MOSFE1',
645; op-amp driver, 639; performance. 626; push-pull.
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612; quasi- complementary, 627: referred resistance,
618; transformer-coupled. 606, 612, 617; voltage swing,
609, 648

Latching, 671
Light emitting dicde (LED). 716
Light Units, 714
Line regulation, 69
Liquid crystal display (LCO). 720
Load capacitance, 520
Load regulation, 69
Load resistance. 31
Logic gates, 90
Loop phase shifl, 457, 506
Loop voltage gain, 457, 506
Lower trigger point (LTP). 492
Lumen, 714
Luminous flux, 714

Majority charge carriers, 11
Maximum symmetrical output, 128
Metal oxide semconductoT FET. 275
Metallic bonding. 7
Microalloy transistOr, 217
Miller effect, 233, 514, 522
Minority charge carriers, 11
Miscellaneous devices. 745
Monolithic IC, 219
MOSFET, 275
Multichip IC. 220
MT1. MT2, 685

n- channel FET. 258
ri-type semiconductor, 9. 10
Negative feedback 421

amplifier, 428, 434, 435; attenuation distortion, 456;
bandwidth, 453: closeO loop gain, 423; current feedback.
449: dB, 453: do feedback pair, 435; design, 430, 444;
effects, 453: emitter current feedback, 443, 445;
feedback factor, 423: harmonic distortion, 455; input
impedance, 425, 451; loop gain, 457; loop phase shift,
457; noise, 457; nonlinear distortion, 455; open loop gain,
423: output impedance, 426, 441, 451; parallel, 449;
phase shill, 456; seues voltage, 422, 428, 434; stability
457; voltage gain, 423

Negative ion, 3
Negative resistance:

tunnel diode, 752; urrijunctiOn transistor, 699
Negative temperature coefficient ( NIC), 12
Neutrons, 2
Noise, 239

factor, 241; figure, 241,242: thermal. 239
Noninverting amplifer, 475
Noninverting input, 466,
Nonrepetitive surge current, 38
np,'r, tranSistor, 100
Nucleus, 2

Offset voltage. 468
Open loop gain, 423
Operating point (see dc bias point)
Operational am p lifier, 466

biasing, 466; bipolar, 467; BIFET, 467; circuit stability,
506, 523: common mode rejection ratio (CMRR), 468;
common mode rejection voltage, 485; compensation, 505,
511; frequency response, 505, 507; gain, 508; input
bias Current, 468: input offset current, 468; input offset
voitage, 468; input resistance, 467; inverting input, 466;
large signal voltage gain, 467; loop gain, 506; loop phase
shift, 506; nonin'Ierling input, 466; output offset nulling,
471; output resistance, 468; parameters, 467; phase
response. 508: rail-to-rail, 642; slew rate, 517; stability,
506, 509, 523: phase lag, 511; phase lead. 511; phase
margin, 508; phase response. 508: power supply
rejection ratio (PSRR). 468

Operational amplifier circuits, 465
bandwidth, 514: biasing. 468, 471: compensating. 507,
511; design, 476, 480, 482, 484, 493; difference
amplifier, 483; frequency compensation, 506: full-power
bandwidth, 517: gain-bandwidth product, 516:
Instrumentat

i
on amplifier, 486: inverting amplifier, 478,

480: level detectors, 489, 491; loop gain, 506; loop phase
shift, 506: noninverting amplifier, 475, 477; offset
nulling, 471; phase lag. 511: phase lead, 511; Schmitt
trigger. 492; stability, 506, 509, 523: stray
Capacitance, 518: Summing amplifier, 481, voltage
comparator, 490; voltage follower, 471, 473: voltage
regulators, 579; zero crossing detector. 490

Optociectronic devices, 713
Light Emitting Diode (LED), 716; LED circuits, 718; liquid
crystal display (LCD), 720: optocoupler, 735;
photocorrductve cell, 722: photodarlinglon. 734;
photodiode, 727; photoFEl, 735; photolransistcr, 732;
pOtovoilaiC, 729; seven-segment displays, 719; solar cell,
730

OR gale. 91
Oscillators:

amplitude stabilization, 543; Barkhausen criteria. 530;
crystal, 555: Colpitts, 534, 537; design, 531, 533, 535,
542, 546. 549, 552; frequency stabilization 554,
Hartley, 538. 540; output amplitude, 543; phase shift,
530. 532: relaxation, 694; Wien bridge. 541

Over-voltage protection, 683

p . channel FE-T, 259, 266
p- type semiconductor, 9, 10
Parallel amplifier, 755, 757
Parasitic components, 220
Peak

inverse voltage, 37, 52, 62; reverse voltage, 37;
repetitive current, 37

Phase control of SCR. 677, 681
Phase shift oscillator, 530, 532
Phase lag. 511, 530
Phase lead, 511
Phase Shut oscillator, 530, 522
Photo:

-conductive cell, 722; •darlington, 734; -diode, 727; -FET,
735; -transistor, 732: -voltaic device, 729

Piecewise linear characteristics, 27
Piezoelectric crystal, 554
Planar transistor, 218
Pius-minus supply, 152. 466
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pn -junction, 12. 14
barrier voltage, 13 capac tar-ce. 25. depiction region, 13

pnp transistor. 102
pnpndevice, 670
Polarity of capacitors, 60
Positive ion, 3
Positive temperature ccc" cent (PTC), 11
Power amplifiers (see large sig nal amplif.ers)
Power derafirrg, 33, 243 245
Power dissipation. 32 243
Power supply, 57 64. 68

decoupl ng 629 ",rr- 559 r."e effect. 69, line regilat air
69. load effect, 69 cad 'egu'at on 69 aerformance 68
rejection ratio (PSRR) 463. ripple. 56 55 72

Programmable Uniur'ct on Transistor PUT). 703
Proton, 2
P'dh through 111
Push-pull, 61 2
PUT 703

O ar-'r, 747
o point (see do bias pc
Quadrant diagram. 667
Quasi c3'rrpementa'y 627
Ou ascent point (bee du 655 Pa -t

Pad.o frequency choke RFC) 637
Pa, to 's	 542
1-parameters. 180
Reach through hr
Rc'cmb flat on, 11

Red fe,
0' dge 55 diodes 58. full wave 54 64 l ilf wave, 62. 5

Reference source. 42
Referred resistance 618
Reflective cell, 721
Regulator (voltage), 563

current limiting, 575 581 oes,grr. 567. difference
amp l ifier, 573, d'cpaui voltage 567 em -ter follower,
564, error amp f er 565, fold tack current limiting 576,
high nurrerit. 570 IC, 582 585. 595 Inverting. 595. line
regulation. 69 iced regulaton, 69. op amp, 589
pe rformance, 566 569 pre r egulation, 571, ripple,  56,
65, 72; series, 564, series pass transistors, 564, 583,
short circuit protection 577, step down, 589, step up.
589. switching. 585 voltage adjustment. 579; voltage
follower, 579. Ze'er diode. 70

Relaxation oscillator 694 701, 705
Repetitive surge curre n t, 38, 68
Reservoir capacitor 53 SB 65
Reverse

biased Junction, 14, breakdown. 25; characteristic, 15,
23. recovery time, 36 saturation current, 15, 23 transfer
ratio, 182

Ripple voltage, 56. 65. 72, 566
Rise time, 238

Saturation region. 111
Saturation voltage, 161
SIBS, 602
Schmitt trigger, 492 495, 549, 55

Schoceb acae 692
SCR 55

spa cs; ors 681 characteristics, 672, circuit stab: ty.

	

68	 co"lol circuits 675; equivalent circuit. 671, false
t";;o' "g 681 forward blocking, 674, forward brew.icser
voltage 62, forward conduction, 673. 674; forward
leakage c,rrent. 672. fusing rating. 674 gate, 670
ho a.-g cc'rent 674; latching, 671; parameters 672.
phase c3—:Fol. 677. 680; pulse control 675; reverse
O oc "g 64 reverse blocking , 672; reverse
b'esaow" votage 672 reverse leakage. 672 rms
c,' a-: 6"4 srrdbber. 682

'
specification,  674. surce

cu"e'1 54 two transistor circuit, 671. WIT corntro
72 -ero coiln i triggering. 682

Set as
cl p ae' "4 cass nansisfor, 563 583 regulator, 564

Seoe.vc;-'e"t displays, 719
She 0

S"oce a oce 692
Sn..-' coos'
SDAC 635
S g"a oee'a'o's 529
S cc 5
S 'cc- a s:s'a Sw 1ch SBS) 692
Sili con aci'o 00 rectifier isee SCR)
SJ CO- ' s!e­ l 55 toll (SUS) 692
See''me 5'7
So p e 32
Ss 500 sa era 365

.s 	 8' 585 baa resistors. 367 375 BIFET 305
'c-s 358 370 375 capacitor-couptea 373

oav:::e CS common base, 109, 405, common err'.:-er
566 :o-on sou'ce 373 On feedback pa. 390. 232
ass ;" Cr 375 373, 383 396 403, 407. 6 'ce': a
399 4:3 3 'act coupled, 382, 390, 395; high 1reo..ec,
45 05cr Cutoff frequency, 368, negative feedoace
421 428 434 435 single stage CE, 366. ama a-stags
CS 373. :esting. 409, two-stage. 378 382, 387 upper
ou'o""ea.. ency. 371

So Sr CC 72'
Source di ower. 347
Saua'e ea,e generator, 548

	

Stab I r	 55 506 523
Stability ao:ar 156
Standard Co" por'ents, 784
Steady state Current. 38
Sto r age '-"0 238
Stray Csoao rar'ce. 518
Summ 'g a — pi far. 481
Surge cu'em 38, 62. 68
Surge ir' t -g 'esistor, 63
SUS, 692
Sw'tcr ng

o rcu a. 160, 163, 164, diodes, 38, regulators 566,
595 tines 238

T-equrva err o 'cut. 179
Terr-pe'ar_'e coefficient, 11,12
Tetrode-con-ec1ed FET, 259
Thermal

equivalent circuit,  247, noise, 239; resistance, 247;
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stability, 151
Thermally-couple
Thermistors 749
Thick film IC, 219
Thin film IC, 219
Theshold voltage 279, 645
ThyristorS, 669

applications 81; DL	 85: GTO, 695; SBS, 692; SCR,
670; SCR circuits 67	 AC, 695; SUS, 692

TRIAC, 685; TRIAC cirCe 	 88

Tilt, 82
TrensconductanCe, 289
Transfer characteristics, 264, 315
Translormer-COuped amplifier, 606, 612, 617
Transistor

B.JT (see Bipolar junction transistor)
FET (see Field effect transistor -

Transmittive cel l . 721
TRIAC, 685;

phase control, 688; quadrant diagram, 687; triggering,
686; zero-point switch. 689

Thangu'ar wave generator. 550
TO can, 222
Tunnel diodes, 752

amplifier, 755; characterist
ics, 754; negative resistance,

754; para!tel amplifier, 755, 757; parameters, 754;
piecewise linear characteristics, 755; series amplifier,
758

Turn-oft time, 36, 238
Turn-on time, 238

UfliJUflCtiOfl transistor (see UJT)
Unity gain banciwth, 516
UJT, 606

characterislca. 698; control of SCR, 702; emitter
saturation voage, 700: inferbase resistance, 699;
intrinsic stanft ratio, 700; peak point current, 700;
valley point c:rrent, 701; negative resistance region, 699;

pameteS, p 99: programmable 703; relaxation
-osc i llator, 701

Upper trigger poi I (UTP), 492
Upper cutoff frequency. 371

Vaeic bard, 4
Valence electron, 3
Valence shell, 3, 6
Varactor diode, 746
Varicap, 746
V, 102, 104, 158
V. multiplier, 628
VMOSFET, 278;
Virtual earth, 478
Voltage

divider bias, 136, 145. 148; doubler, 86: follower, 471;
level detector. 489: multiplier, 89; reference source, 42;
regulators (See Regulators); swing, 128. 648

Voltage-variable capacitor (VVC) diodes. 746
abrupt junction, 746; capacitive tuning ratio, 747;
characteristics, 748; doping profile, 747; equivalent
circuit, 747; hyperabrupt junction, 746: 0 factor, 747

Voltage variable resistance (VVR), 546

breakdown voltage, 43; characteristics, 43; clamping, 86;
clipping. 79; data sheet, 43; dynamic impedance, 43;
equivalent circuit, 45; parameters, 4. voltage regulators,
70, 564

Zero-point triggering, 682, 689, 691


