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Appendix 1-1

1N914 through 1N917 Switching Diodes

obsclute maximum ratings at 25°C amblant temperature (unless otherwise noted)

'Iliﬂil'IN?H.l. I_HENS TN91S 'IN?H‘EIH_'_'IKNH_ IN91T7 | Unit
Vi Reverss Yoltoge ot — 65 o+ 150%¢ 7| 18 75 1] 15 1§ 18 0 ]
la Average Rectilied Fwd Cureent s T T R ™ 150 15 $0 | ma |
I, Average Rectified Fwd Coment ot = 150%C 10 w0 W] W W T 10 | 10| ma
i Recwrrent Peok Fad Current | s | s nq:m 7 15 | 150 | ma
ixuargap, Surge Cutrent, 1 ¢ 0 ( s | 500 [ 00 [ 0 0 750 (7300 | ma |
P Power Dissipation 2 [ a0 | w0 | a0 | wo_ 6T 20 [ 0] me
T.  Oparating Tempercture Range e ___ —§ __j__ "]
T.g Storoge Temperoture Rongs L 00 e

maximum electrical ¢horacteristics at 1%°C amblent temperature {unless otherwiss noted)

8¥s  Min Breakdown Voltoge ot 100 o W | 100 [ 100 J B[ 1w 1w W v
fy  Revarse Current of Yy 51 &1 & § 3 . Sy e
o Reverss Comment of — 204 puzs | oozs (0075 | o625 0018 | 002 ~ T
[ Ravere Curent at — 20 v o §80%C __!l__—__! 1 -_! . 5_1_ 1 1] 25 pa |
I Baverss Curnant ot — 20 v of = 150%¢ i 50 1 L 1] _Sﬂ 50 B =]
h Reversa Corrent ot — 10 ¢ : I 0013 e i 00§ | pa
Iy Revarss Cuprent ot — 107 o 125°C | o
e Min Fed Comat ot ¥ = 1 nT n I_l'nh"_'s'u' % W | W] e
¥, e 250 po = e i ¥ R i
Ve at 1.5 ma | 1 I ) . 1ﬁ.1._t_
Yo o 35ma [ S T i T v_|
e ot Sma t- gz Ten on | | v
te Min gt Sme ' L | 060 o '_]"_T
( Copocitonca ot f, O l o N 30 N ) IO L B 55 zTTI,T'

operating characteristics st 25°C amblent tempsraoturas (unless otherwise noted]

ber Max Bevarsa Recovary Time

Yy fwd Recovery Wolisge (80 ma Fack 5q wore,

0.1 psec pulse width, 10 nuec 1sa Nima
§ ke 1o 100 b map rmte)

o Tiwdemars ol Tanm Iniltamenty
S fampten (10 ma 0y 10 e lg ingaver 10 | oma)
CR N R

e ¥y et | ma)

P

oy
-+

..'r ey | .y ] ) .y ey ey | LF] e
i b ol | b | "} ‘e | mst

95 25N . S T,

g5 | 15 as ] o1s  wy ag | asiov

| s |

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

Low-current, passivated silicon rectifiers in

subminiature void-free, flame-proof silicone polymer

— cateoct
case, Designedtooperateunder military environmental
conditions. .
CASE 59
MAXIMUM RATINGS a1 60 cos Stnusoidal. Input. Resistive ur Inductive Loady
Rating ] Symbol | {dpet | 1NABE2 | THABED | IMADSM | 1MABSS | IMAB | TniMT | Unit
|
R T, [
Peak Repetitive Reverse Volage | Vpyeon) | 50| 100 | 200 | 400 | 600 | Bo0 | 1000|Valts
DC Blocking Voltage Ve
RMS Reverse Voltage \-'r 35| 0 140 280 420 | 560 00 | Yolts
Average Hall -Wave Rectified
Forward Current (75°C Ambuent) | 10 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000] mA
(100°C Ambient) | 750 | 750 150 730 750 750 750 | mA
= |
Peak Surge Current 25°C I ;
(173 Lt Surge, #0 tpi) FM(surgel 0| a0 | a0 0 30 a0 | 230 |Amps
Peak Repetitive Forward Current IFH{L’E;‘I] 10 10 10 18 10 10 10 | Amps
Operaling and Storage T, T 5 bn e 175 g
Temperature Range J, g el b
ELECTRICAL CHARACTERISTICS
Chara: teristic Spnbol Rating Unit
Maximum Forward Veltage Drop \-’i_. L1 Vilts
{1 Amp Continuous DC, 25°C)
Masxdimum Full-Cyele Average Forward Voltage Drop "’F{A'-"! 0.8 Volts
(Rated Current @ 25°C)
Maximum Reverse Current @ Rated DC Voltage  (25°C) 1 0.0 mA
(100°C) 0.05
Maximum Full-Cycle Average Reverse Current
(Max Hated PIV and Current, as Hall-Wave "R[AVII 0.0 mA
Rectifier, Resistive Load, 100°C) |
TYPICAL FORWARD CHARACTERISTICS MAXIMUM DC OUTPUT
20 I 1000m4 —
1]
= 18 -
; :s=5‘l £ 10w —
i e
= 12 a
= -
E ‘ }.\} o s00ma -
T ’,
§ l 250m
o / /
) L 3 |
0 28°C  s0°C  MSRC MO0 18T 10°C 195°C

04 06 o} 10 12 14
W, FORAWARD vOLTACE BECP (VOLIS|

* Courtesy of Motorola, Inc.

T, AMBIEN® TEMRERATURE
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Appendix 1-3
1N5391 through 1N5399 Low-power Rectifiers

CMAXIMUM RATINGS

- ™~ —m o ~ g
z|2|g(8(a|& |8
w la|lw|w|o| o |4
Aating Symbaol = -z- £ E ; = E Unit
Peak Aepettie Reobne v tage VRAM | 50 | 100|200} 400(600] BO0 1000 | vens
Working Peat Reverse Voltage VEwM \
0C Blockhing v oitags Va |
“Nomepetive Pras Fevete votzge| Vasm |100]200|300]526 800 10001200 | vorrs |
[Halfwave, & Pezee 60 Hil
AMS Reverse W VRipws)| 35| 70 (140|280 J?D] 550 | 700 | Voin

s 2 Current 1 15 | A=p
o i

fverage Recuted
ISimgle PRase Tess! o8 1224,
B0 Hz, T = W°C |
12" Eram B ]

r |

Irgn  |—=——— 50 far 1 oycie) ——— Ama |

Noneoeytwe Peze Suge ©

i
{Surge App! 62 ' F % i

Cormligny. S F 3.0t

Tyg |———— 65104175 — = “C
TL — 513170 =t i1
| T 150 { f6 |
*ELECTRICAL CHARACTERISTICS
Charscte gt ane Conditions Symbal Tyo Mas l Linit |
Kawmum Insis crward Y altage Drop vEF 1 [ vans |
ar T_+ 130°C, |
-+ Dated o Vollagel 'R 50 -a |
= e I I |
Aeverse Cutremt 11 ) TRAV) - I e | oA |
142 Inch Leads) l y
S S [SS— S TR

* Courtesy of Motarola, Ine.

Appendix 1-4
Zener Diodes: IN745 thru 1N759, IN957A
thru 1IN986A, 1N4370 thru 1N4372

MAXIMUM RATINGS

Rating Symbol Valus l Wni
DC Prwer Dayo3 T, . 50% Po [
Lead Length
*JEDEC Pegytato- 400 N
‘ez abs.c T« 51°C 24 ! mwite
Motorals Desce Parrp | 500 i
| Deraseabowe Ty < 56 e 13 Ll el I
Qperating and S1crage Junctan Ta Tag or |
Temperaiure Farge |
“JEDEC Feguriaton -ESTa 175 |
Motoroa Desce Batngs 65t 200 | Jl

*indutates JEQEC Peg.y1ered Dara
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ELECTRICAL CHARACTERISTICS (74 « 25°C v -

15 W e a1 FO0 =4 ‘or 8l types)

Nomnal Shdpnmum Manimum Reverss Leakage Curieng
Zunar VoRage Tt Mazimum Zener |mossance OC Tener Current
Tvoe vz @izT Cutrest 277 @ 127 Tzm Ta=25% Ta = 150%
Number INote 21 F33 INate 31 ihote &) ig@Vg =1V Ip@ Vg1V
(Note 11 Vel A Qhmy mA A A
N43TD i3 20 30 | 150 180 100 00
NE3T1 27 n i | 135 165 15 150
TNE3T2 30 n 9 . 120 150 50 L]
N TEE 13 bt 8 ] 110 135 1 30
el i6 m 4 | 125 0 30
1NTag 38 bl 23 | us s 0 39
41 n 2 | BS 105 ¥ 30
47 b 13 3 55 2 a0
51 0 17 | 0 BS 1 0
56 x 11 ‘ (3] an 1 Fail
62 20 7 &0 bl =] 20
68 o0 L] | 55 &5 01 0
15 n 6 50 50 a1 M0
82 0 8 45 55 01 20
at 0 ia a0 500 01 20
i 0 k] 35 a5 01 20
| 12 20 k] i 3 15 o1 20
Nominal Maximum Zener Impecance E’
Zomer Vaitage | Tew INete 3} Masimum Reverse Current
Tyoe vy Currant i 2
Numbar Note 0 (F23 rr®@izy| 22k % 12k INoie 4} Ig Masimum Te1 Volage War
INate 1 Vit mA Lhms Ofmy mA A 5% Vg 10N
58 165 45 00 47 61 150 52 i3
15 165 55 700 a7 (2 75 57 s4
a2 15 65 700 kL] 50 50 652 9
1 ] 15 700 5 45 5 58
0 125 &S 00 12 41 10 Th
" 15 a5 00 28 17 L Be
1NEEIA 17 0% Lhg ] e %6 EL] E 91 &
TNEELA 13 95 13 700 Ja 33 1 S L5 24
1nE5EA 1% B5 16 00 N 27 1 B (BT gE
INEEES | 1% 18 17 23 19 ir | 5 123 T8
1535 18 70 2 70 17 73 | H 12 i
IhgERA Py &2 5 1) - et | & 157 fiot
F L6 bl 780 18 18 | g v 7 reg
] L% 11 =0 13 1 5 183 Iy
i? a6 a1 50 11 15 5 W06
3 a2 a9 1000 L] (X7 £ 238
il ia W 1000 a8z 12 & 251
i 14 0 1000 B3 1 £ 774
19 12 #0 1004 18 19 5 47
41 3o a3 1500 70 g5 ‘ -3 327
47 27 105 1500 ' B e8| 5 isB
AngTEs | g1 25 195 TED0 | 53 [ 5 18 E
1ngrca | £ 22 150 000 54 74 | 4 426 |
THOE0A B2 0 1 2000 | 49 87| & 4ar "
1ng@tal i 18 230 2000 | 45 &1 | 5 511 550
1NGEZA | 5 17 770 2000 1 e L1 5 50 645
THIEDA | a2 15 330 3000 1A 54 5 22 £33
ThEEAL EL 14 400 3000 1 11 45 ’ 5 697 £3g
IEEEA 100 13 500 3000 io 45 5 16 2
1h3BEA 110 1 50 4000 27 4.1 5 B3 & 78 7

NOTE 1. TOLERAMCE AND VOLTAGE DESIGNATION

Tolerance Designation

The type numbers shown have tolerance designations

as follows,

TN4270 series. = 10%, suffix A for = 5% units,
Cfor =2%, D for = 1%.
INT46 series: = 10%, suffix A for = 5% units,
Cfor £2%, D for =1%.
1N957 series: = 10%, suffix A for = 10% units,
Cfor =2%, D for = 1%,
suffix B for = 5% units,
Cfor £+2%, D for = 1%,

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

.]‘ 2N3903
|

MAXIMUM RATINGS 2"39.04
Rating | Symbol | Value i Unit
Collector-Emitter Voltage Veea ! 40 | Ve
Collector-Base Yaltge vVesa | &0 Ve | CASE 29-04, STYLE 1
e veso |50 | vee | | T0-92 (TO-226AA)
Callectar Current — Continuous g | 00 | mAde |
Total Device Dissipation « Ta = 35 C [ Pp 815 mW ] 3 Collectar
Derate above 25 C | | 50 mwW C i ;
*Tota! Device Dissipation 0 Tg 25C PO | 15 Watts | 4 2
Derate above 25 C 12 mwW T ! / / Base
—- t /
Operating and Storage Junction TJ Tag | 5510 150 | g v 1/
Temperature Range | zj 1 Emitter
*THERMAL CHARACTERISTICS GENERAL PURPOSE
Characteristic Symbol | Max | Unit TRANSISTORS
Therma! Res:stance Junction ta Case RuC | B33 l TW NPN SILICON
Tnermal Res.stance Junction to Amiuent Raga [ 200 | cw
Yindicates Data in additicn 1o JEDEC Regquirements
ELECTRICAL CHARACTERISTICS (Ty 25 C wnless otherwise noted |
| Characteristic Symbal ] Min Msx [ Unit [
OFF CHAPACTERISTICS B o i
Collectar-Ermitter Breakdown Voltagel 1) Vigpicep | 40 — \rd:‘/
fic ~ 1.0 mAZ g - 0
Collecior-Base Breavdown Voliage Vigriceo | 80 - Ve
(i = 10 wAde g = 0 | ; I
EmittasHBase Breakdown Voitage f VIBRIEBD 60 - Ve
(g = 10 uAde tc = 0 — .
Base Cutol Current lgL -— 50 nadc
IVge = 30 Ve, Vgg = 3.0 Vdcl - o
Collector Cutofi Current IcEX — 50 nAdec
(Vge = 30 Vac Veg - 3.0Vdol o
ON CHARACTERISTICS =
DC Current Gainili hEE -
tie = 01 mAde Vg = 1.0 V) 2N3803 0 -
2N35064 40 35
[ic = 1.0 mAge, Vo = 1.0 Vdc) 2N35903 35 -—
FQEERE] 70 -
llg = 10 mAde. Vg = 1.0 Vdel IN3903 50 150
FLEEN 0o 300
lig = 50 mAde, Vog = 1.0 Vde) 2303 30 -
2W3504 60 =
fic = 100 mAde. Vgg = 1.0 Vde) 2N3903 15 -
2N3304 30 -
Collector-Emitter Saturation Voltageil) VeE(sat) Vdc
fic = 10 mAdec. ig = 1.0 mAde) — 02
fig = 50 mAdc, Ig = 5.0 n_'l._hdc:- —_ 0.3
Base-Eminter Saturation Voltage(1) VBE(sat] Vde
fic = 10 mAde, 1g = 1.0 mAdel 0 es 085
fig = 50 mAge Ig = 5.0 mAdc) - e - 0.85
SMALL-SIGNAL CHARACTERISTICS -
Current-Gain — Bandwidth Product fr MHz
lig = 10 mAdc, Vcg = 20 Vde [ = 100 MHz) IN3503 250 —
IN304 300 —
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ELECTRICAL CHARACTERISTICS (continued] (Ta = 25°C unless otherwise noted )

Ch 1t Symbol | Min [ Max Unit
Output Capacitance Cobo | - a0 pF
Vep = 50 Vde, g = 0.1 = 1.0 MHz) | |
input Capacitance | Cipa [ — B0 pF |
fWgeg = 05Vdc, Ig = 0.1 = 1.0 MHz) | 1
Inpaut Impedance | LTy I k ghms
(ic = 1.0 mAde, Vgg = 10 Ve, f = 1.0kHz) 2N3803 ! I 80
23904 | | 0
Vohage Feedback Ratio fire | x4
fic = 1.0 mAde, Vgg = 10 Vde. f = 10 kHal 23903 | | e 50
2N3904 | | os 80 ,
. I i
Small-Signal Current Gain Mg | = !
fig = 1.0 mAde., Vgg = 10 Vac.t = 10kH:l IN3903 | | 50 200
IN3I904 | | 100 400 |
Qutput Admittance hoe 1.0 40 pmhos |
Ulc = 1.0 mAdc. Vg = 10 Vde = 1.0 i) | |
Naise Figure \ NF | | a8 |
(lc = 100 uAde. Veg = 50V, Bg = 10k ohms, 2M3903 | = T I
# = 1.0kHzl M N304 ! — o | 50 |
CWITCHING CHARACTERISTICS .
[_Delay Time | Vee = 30 Vde, Vpg = 0.5 Ve, x ta = 35 ng 1.
[Hise Time | Ig = 10 mAde, Igy = 1.0 mAdci | I

1 35 ns
1
1

Storage Time | ivep = 30 Vde. Ig » 10 mAdc, IN3903 1g I — 175 ns i
gy = ‘gz = 10 mAdc] IN3804 - 200
Fall Tims Y = | 53 1 s

{1) Pulse Test. Pulse Width = 30 us; Duty Cycle s 2.0%.

* Courtesy of Motorola, Inc.
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Appendix 1-6
2N3905 and 2N3906 PNP BJTs

MAXIMUM RATINGS 2"3905
Rating Symbel Value Unit

Collectar-Emitter Veltage Veeo - 40 Vde 2"3%*
Collector-Base Voltage Veeo =40 Vde
Emitter-Base Vot v -50 Vdc

s il £50 CASE 29-04, STYLE 1

r_?gﬂr.'tw Current — Continuous Ic - 200 mAde T0-92 (TO-226AA)

Total Device Dissipation @ Tp = 25'C Po 625 mw

Dersta above 25°C 5.0 mwW"C
Total Power Dissipation @ Ta = 60°C Pp 250 mw 2 Conecter
Total Divice Dissipation @ Tg = 25°C Pp 15 Watts /

Darate above 25°C 12 mw=C 2
Operating and Storage Junction Ty Tag | —5510 +150 % L

Temperature Range 1 4

2 1 Emniner
3
*THERMAL CHARACTERISTICS GENERAL PURPOSE
Charsctaristic Symbel Max Unit TRANSISTORS

Thermal Resistance, Junction to Ambient Raja 200 oW
Thermal Resistance, Junction to Case Rarg B33 W PNP SILICON

#This is a Motorola

ELECTRICAL CHARACTERISTICS [TA = 25°C unless otharwise noted.) designited prvtemed devics,
f Charsctaristic [ symbot [ min | max [ um
OFF CHARACTERISTICS
Collector-Emitter Braskdown Voltage (1) VIBRICEQ ~40 - I Vde
(lc = =1.0 mAde, Ig = 0
Collector-Base Breakdown Voltags V(BRICBOD -40 — Vdc
lig = =10 pAdc, I = 0
Emitter-Basa Breakdown Voltage V(BRIEBD -50 = Vdc
llg = =10 uAdc, Ig = 0]
Basa Cutoff Current el - -50 nAde
{Vcg = —30 Vde, Vgg = -30Vde)
Collector CuteH Currant Icex - -50 nAde
(V¢ = -30 Vde, Vg = -3.0 Vde)
‘ON CHARACTERISTICS(1]
OC Current Gain hee -
Ic = -0 mAdc, Vgg = — 1.0 Vde) 2N3905 30 -
ZN30E €0 s
fic = =1.0 mAde, Vog = - 1.0 Vide} 2N3905 40 —
2N3206 80 =
v llg = =10 mAde, Vgg = - 1.0 Vide) 2NIB05 50 150
2N3S06 100 300
lig = =50 mAde, Vog = - 1.0 Vde) 2M3905 0 —
2N3508 &0 e
flg = =100 mAde, Voe = - 1.0 Vde) 2N3505 15 —
2N3906 30 =
Collactor-Emittar Saturation Volags VCEfsat) Vde
Ilc = =10 mAdc, Ig = —1,0 mAde — -025
(Ig = —50 mAde, Ig = - 5.0 mAdc) — -04
Base-Emitter Saturation Voltage VeE(sat) Ve
lic = =10 mAde, Ig = — 1.0 mAde) -0.65 -08s
lic = -50 mAdc, Ig = - 5.0 mAdc) ~c -0.95
SMALL-SIGNAL CHARACTERISTICS
Currant-Gain — Bandwicth Product fr MHz
(g = =10 mAde, Veg = — 20 Vde, f = 100 MHz) 2N3205 200 -
INI0E 250 —
Output Capscitancs Caba = 4.5 pF
(Veg = —5.0Vde, Ig = 0,1 = 1.0 MHz
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ELECTRICAL CHARACTERISTICS (continued) (Tx = 25°C uniess otherwise nated.|

Characteristic Symbol Min Max Unit
Input Capaciance Cibo — 100 BF
IVEg = -05Vde. ig = 0,1 = 1.0 MHz)
Input Impedance L™ k ghms
flg = - 1.0 mAde, Vgg = —10 Vde, | = 1.0 kHz) INIS05 05 8.0
2ZNIB06 2.0 12
Voltage Feedback Ratio Hre X 10-4
fig = =10 mAdc, Vcg = - 10 Vde, | = 1.0 kHz INIO5 0.1 5.0
INIHE 01 10
Small-Signal Current Gain M | =
ic = - 10 mAde, Vog = - 10 Vde, 1 = 1.0 kHz) IN3805 53 200 |
INTH06 100 400
Output Admmance hoa amivos
(i = =10 mAde. Veg = — 10 Vde, t = 1.0 kHz) FLE 1.0 49
INFRS 30 60
Naoise Figurs NF d8
flg = - 100 pAde, Vg = -5.0Vde, Ag = 1.0 k ohm, ANTN05 | = 50
1= 10 kHl INTHE | —_ 40
SWITCHING CHARACTERISTICS — .
Delsy Time {Vee = -30Vdc, Vg = - 05 Vde | - 35 m |
Risa Time Ic.= -10mAdc. igy = ~1.0mAde) I - is ns |
Storage Time IN3IZS g - 00 ns 1
[Veg = -30Wde, Ig = —10mAcs,  ZNooE = L)
Fall Tims g1 = gz = — 1.0 mAdc) INIHE " - 60 ns
ANTI05 == 75 |

(1) Pulse Wichth < 300 u3. Duty Cycle = 2 0%

* Courtesy of Motorola, Inc.



T30 Electronic Devices and Circuits, 4th ed.

Appendix 1-7
2N3251 PNP BJT

2N3250

MAXIMUM RATINGS 2"3251 ,A*
IN3250
Rating Symbol | 2N3281 | 2N3251A | Unkt CASE 2203, STYLE 1
Collector-Emittar Voltage VCEQ - 40 - 60 Vde T0-18 '[TU"MM]
Collector-Base Voltage Vceo -50 -E0 Vde
Ernitter-Base Voltage VERD -50 Vde 3 Collectar
Collactor Currant ic -200 mAdc
Total Devica Dissipation @ Ta = 25°C Fp 0.36 Watt 2
Dorats above 25°C 2.06 mWIC Bise
Total Davice Dissipation @ T = 25°C Po 1.2 Watts ,
Derate above 25°C 69 mwWeC ad] VErniar
Operating and Storage Temperature Ty Taig —65 1o +200 % 4
Sempeten i GENERAL PURPOSE
TRANSISTORS
THERMAL CHARACTERISTICS P
Charscteristic Symbal Max Unit
Thermal Resistance, Junction to Ambient Faja 485 ‘T #ZINIZE1A ke & Motorola
[ Thermal Resistance, Junction to Case Raic 145 W disignated pesterred davicw;
ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwiss noted.)
[ Charscteristic [ symbor [ Min Max Unht
OFF CHARACTERISTICS 3
[ cottector-gminier Braskdown vottage(1) 2N3250, 23251 | Vigmiceo | - 40 - Vde
lic = =10 mAde) 2N3251A -6
Collector-Bese Breakdown Voltage 2N3250, 2N3251 ViBRICBO -50 — Vdc
fig = -10 uAdc) 2NIISNA - &0
Emitter-Base Breakdown Voltage VIBRIERO -50 = Ve
| Ig = -10 wAde)
Coltector Cutoff Current IcEx - -20 nA
| fVgE = —40Vde, Veg = - 3.0 Vic)
Bazs Cutoff Current IgL - ~50 nAde
Vcg = —40Vdc, VEg = - 3.0 Vde)
0N CHARACTERISTICS
DC Forward Current Transfer Ratio hEE -
g = —0.1 mAde, Vog = - 10 Vdel 2N3250 40 -
2N3251, 2NAZS1A ag -
fic = —1.0 mAde, Vog = - 1.0 Vdc) 2N3250 45 —
2N3251, 2N3251A 50 -
fic = —10 mAde, Vce = - 1.0 Vde)i1) 2N3ZE0 50 150
2N3251, IN3251A 100 300
lic = 50 mAde, Vg = — 1.0 Vde)(1) 2N3250 15 =
2N3251, ZN3Z51A E =
Collector-Emitrer Saturation Vohage (1) VcE(sat) Ve
fic = —10 mAde, Ig = -1.0 mAdc) = -025
fic = —50mAdc, g = —50 mAdc - -05
Bese-Emitter Ssturation Voltags (1) VeE(sat) Vde
fic = —10 mAdc, Ig = — 1.0 mAde) ~06 ~09
fic = —50 mAdc, Ig = ~5.0 mAdc) - -12
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product 2N3250 fr 250 - MHz
{ic = —10 mAde, Vg = =20 Vde, { = 100 MHz) IN3251, IN3IEIA 300 —
Output Capacitanca Cobo — 6.0 pF
Vca = -10Vde Ig = 0.1 = 1.0 MMz}
Input Capaciatanca Cibo - B.0 pF
(VeR = —1.0Vde, Ic = 0,1 = 1.0 MHaz)
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ELECTRICAL CHARACTERISTICS (continued) (Ta, = 25°C unigss otherwise noted |

Characteristic Symbol 1 Min Max Unit
Input Impedance 2N3Z50. 2NITE0A fie T 60 ko
lc = 1.0 mA, Yog = 10V, ! = 1.0 kHz) 2N3251. ZNI2E1A | 20 12
Voltage Feedback Ratio 2N3250, 2N3250A o | = 10 x4
flg = 10mA Vgg = 10V. 1= 10&H 2N3251, IN3ZS1A — 20 |
Small-Signal Cunent Gain 2N3I50, INIZ50A hig i 50 200 =
fle = 10 mA, Ve = 10V, 1 = 10 kHa) 2N3251, INI2SIA . 100 400
Output Admittance 2N3250, IN32504 toe | 40 40 =
e = 1.0mA, Veg = 10V f = 10kH2) ZN3Z81, IN3Z51A 10 &0
Coliector Base Time Canstamt Lol { — 250 -3
(lg = 10 mA, Vg = 20V 1 = 318 MH2) !
MNoise Figure NF - &0 dB
(g = 100 wA, Vee =50V Ag = 10k, 1 = 100 Ha) B
SWITCHING CHARACTERISTICS
Charecteristic Symbol Max Unit
;
Delay Time iWgg = 30 Vde, Vgg = 0.5 Vde L7 35 ns
Rise Time | Ic = 10 mAdc, igy = 10 mA) 1y 35 e
Storage Time | llg = 10 mAdc, igq = lgz = 10 mAde IM3250 aN3I50A 1 175 5
| vec=23w 3257 INIETA w0 |
Fall Time Yy 50 | rs

11} Pulse Test PW « 300 us, Duty Cycle = 2.0%.

* Courtesy of Motorola, Ine.
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Appendix 1-8

2N3055 and MJ2955 Complementary Power BJT's

ELECTRICAL CHARACTERISTICS (7¢ = 25°C uniess oiherwise notea)

l Characteristic L Symbol Min Max Unin
*OFF CHARACTERISTICS
f Collector-Emutrer Sustaining Voltage (1) ViCEOIsus) 60 - Ve
\ {1g = 200 mAdc, Iy = 0}
| O%
| Cottecror Emittar Sustaining Voltags (1) VCEALsws) ] = Vide
| fig = 200 mAce, Rgg = 100 Ohmsl
Catiector Cutoff Current ICED - 0.7 mAde
Vg * 30 Vec, Ig =0)
Ci! <101 Cutoff Current IcEX g
CE = 100 Vde, VgE(otf) = 1.5 Vel & i
I¥ecE = 100 Ve, Vgeion) = 1.5 Ve, Te = 150°C) = 5.0
Emitter Cutot? Current 113 1v) = 50 mide
Wae = 2.0 Vde, I =0}
"ON CHARACTERISTICS (1)
DC Current Gan hFE =
lig =4 0Ad, Vog =40 Vde) 20 70
g = 10 Ade, Vg = 4.0 Vde) 5o =
Coilsctar-Emitter Satu i on Voltage VEE fsarl L
lig =40 Ade, Ig = 400 madc] -~ 11
fic = 10 Adc, Ig = 33 Ade) L
Bate-Emtter On Voltage VEE(on) = 15 Ve
g =40 Ade, Vg =40 Vael
SECOND BREAKOOWN
Second Breakdown Collector Current with Base Forward Beased [ 287 = Audc
{VeE =40 Vde, 1 = 1.0 5 Nonrepetitivel
DYNAMIC CHARACTERISTICS
Current Gain — Bandwigth Product r MH:
{ig = 0.5 Ade, Ve = 10 Vde, | = 1.0 MHz) 25 -
*Small-Signal Current Gain Pig =
flg = 1.0 Ade, Vo = 4.0 Ve, | = 1.0 kHal 18 120
*Senall-Signal Current Gain Cutoff Fraquency thie 10 - Mz
IVEE =40 Vdo, Ic = 1.0 Adc, f = 1.0 kHa)
*Indcates Within JEDEC Regatration. (2N 3I055)
11} Pulse Test: Pulse Widin < 300 us, Duty Cycle < 2.0%.
MAXIMUM RATINGS
Rating Symbol Value Unit
Cotlsntor-Emitrer Voltage VCEO &0 Ve
Coilseror-Emitter Voltage VeeR 70 Ve
Coliector-Bare Voltage Ve 100 Vdc
Ermutter-Bate Voltage VEB 7 Vdc
Co'tecter Current — Continuous Ic 15 Adc
Base Curesng ig T Mde
Total Powesr Dissipation @ Tec = 25°C Pg 15 Wates
Darate abowe 25°C 0.657 wi°c
Operating snd Storage Junction TiTsg | -6510+200 o
Temperature Rarge
THERMAL CHARACTERISTICS
Characteristic Symbaol Max Unit
Thermal Asistance, Junctien to Case Raic 152 e

* 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 TO-220AB outline. TO-66 leadform also

4 AMPERE

POWER TRANSISTORS
COMPLEMENTARY SILICON

available,
4580 VOLTS :

*MAXIMUM RATINGS 40 WATTS

Pating Symibol ::::;: ;:::g Ne1za | Ueir

Celiector-Emitter Valtage VeEo 45 L ] Ve

Coilector-Base Voltsge Vea 5 ] a0 Ve

Ermitter Base Voltage Meg fe——— 50 —] Vit

Celiwcror Current I 49 Ade

Base Current [ - 10 Ade

Total Fowetr Tnipan Po L Watrs
Der ate sbwive 25 e minSe

O rating and S107agé JuAetdn Ty Torg |85 10+ 150 ———pu] O
Tempersture Aange

THERMAL CHARACTERISTICS

| Charscteristic | Symbel Max I Unit ]
[ Trermal Aessiance. Junctan 10 Case | R | an | few |

“ELECTRICAL CHARACTERISTICS 1T - 25°C uniess atnerise nored)

L Chaswctacntc Symbol Min M Unit ]

OFF CHARACTERISTICS

Collector Emumes Suttinsng Vodtage | 1 VCED sl Ve
lig =81 Adc, 1g = 0) INEIZT, ING1 24 s -

INEITT INGITIS & -
MEIN -l =

Coilector Cutalf Current Icea mAde
Vg = 45 Vac, ig = 01 INGIZY, INET24 - 10
Vg = 80 vac, g = B INBIZI, INGITS - 10
IWeE + B0 Ve, ig = 04 INEITT = 10

Collectar Cutatt Current ICEx mlde
W = 45 Vde, Vggiam + 15 Vddl  INB121, INGTI4 . (%]

IVeE = 80 Ve Vegrom - 15 Vel INBI22 ING12S - ot

IWeg = BO Vde, Vegom » 15 Vda ING1Z2 - | o1

IVCE = 85 Ve VEgigin « 15 Vde,  INE121, INE134 20
Te = 1289C)

IVCE = B0 Vioe, Wegioi * 15 Vae.  INB1Z2 INETIS - 20
Te » 1259%C)

Ve = B0 Vo, Wegignm » 15 Ve INBTZI INAT 20
Te = 125%C)

Catiector Cutall Current Icgo i
IVeg = 45 Vae, 1g = 01 INBT21, INE124 ~ | =
IVrg = 60 Ve, Ig = OF ING122, INE12S - o1
I¥cg = B0 Ve, Ig = OF INGIZI 0.1

Emutter Cutot? Current Ego - 10 | madc
I¥gg = 50 vae Ig =01

ON CHARACTERISTIES

BC Current Gain (1) Mg -
flg = 15 &de Vg = 20 Vel ING 126, INGIZ4 7 | 100

INB 1T, INBITS 2 | wa
INEI12D 20 Bo
Wig = 4.0 pde. Vg = 2.0 Vel MBI, ING 124 ] -
INE122, INEI2S "
2N6121 70 -

Collector-Emittwr Saturation Voluge [ 1) VCE () Ve
lig = 1.5 Adec, 1g = 018 Age) = a6
fig = 4.0 Ade, 1g = 1.0 Ade) - | 14

Ewse-Emittar On Voltage (11 VBEtod | - | 17| Voe
lig = 1.5 Ade, Vicg = 20 Vac)

DYNAMIC CHARACTERISTICS

SrallSgnal Current Gein L™ 25 - =
lig = 0.1 Ade, Vg = 2.0 Ve, £ = 1.0 kHE

Currant-Gain-Bendwicth Produst r 5| - MM
flg = 1.0 Ade. Vg = 4.0 Vide, 1= 1.0 MHal

M Puiee Tenr Puiie wigt €300 e, Dty Cyets €3.0%
“traicares JEDEC Megiutered Dt

* Courtesy of Motorola, Inc,
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Appendix 1-10
Transistor Heat Sinks

MODEL 403
MATURAL CONVECTION COOLER
MODEL 401 | = -
HATURAL CONVECTION CODLER oo e
5 Urexcelled whee
¢y affcrds evcel
MODEL 421 MODEL 423
MATURAL CONYVECTION COOLER | NATURAL CONVECTION COOLER

| ol grzside semugordittar  pog)

2L W e cn LR iirh e
s+ Pzast Ndeally swited to high-power -
satars. rectifers. ard aliconcontte

wii oihere
rie pEr LTt
the lowey! pownble coat

aried conveetion thafrgl
21, 03 C/W. Uses & Teflan mount "\'] wishery el e R

MODEL 441
NATURAL CON\’E-CTION HEAT SINKS

face Ino special racee’

Model 441 5 gesgred 's
requed) 1o Take Delter
§5°C/W at higher oo ned With mogerate lorced

thermal resstance of & achieved Electrical 1solatio
acheved by the use of & 1e'or mauntng washers [not ngluded)

* Courtesy of EG & G, Wakefield Engineering.
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Appendix 1-11
2N5457 FET

MAXIMUNM RATINGS

2N5457
thru
2N5459*

CASE 29-04, STYLE 5
TO-92 (TO-226AA)

b 1 Drain

Rating Symbol Velue Unit Gare

Drain-Source Voltage Vps 25 Ve

Drain-Gate Voltage VoG 25 Wde # Source

Raversa Gate-Source Voltage VGsh =25 Vdc J

FETs
Gate Current I 10 mAdc
e GENERAL PURPO

Total Device Dissipation fz Ta = 25°C Fp 310 mwW SE
Derate above 25°C 282 WG N-CHANNEL — DEPLETION

Junction Temperature Range Ta 125 C *Thess are Motorcls

Storage Channel Temperature Range Tetq —6510 +150 < designated praferred devices.

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted |
[ Charactscistic | symbol | Min [ typ [ Max | uvan |

OFF CHARACTERIS_‘HCS

Gate-Source Broandown Voltage ViBRIGSS ~25 - Ve
g = -10 pAde, ¥Vps = 0}

Gate Reverse Currant Igss Al |
Vgs = - 15 Vde Vps = O == I
IVgg = - 15 Vdc. Vps = 0, Ta = 100°C) — - |

Gata Souree Cutoff Volage VasioH) Ve |
(Vps = 15 Vde, Ip = 10 nAdel 2NBA57 -0.5 e |

2NE4ER ot ' = |
| INB453 -2.0 - |
[ Gate Source Voltage Vs Vdc
(vps = 15 Vdc, Ip = 100 gAdc) 2NS457 = ~2s A
IVps = 15 Vdc, Ip = 200 pAdcl 2NB4ER — =38 ==
(Vps = 15 Vdc, Ip = 400 pAdz) 2N5459 = 15 _

(M CHARACTERISTICS

Zero-Gate-Voltage Drain Current® lpsg made
{Vps = 15 Vde, Vgs = 0 2N5457 1.0 30 5.0

2N54A58 2.0 (%] a0
INE453 4.0 g0 15 |

SMALL-SIGNAL CHARACTERISTICS -

Forward Transfer Admittance Cammeon Source® Iyss| pmhos
(vps = 15 Vde, Vas = 0.1 = 1.0 kHal 25457 1000 - 5000

ANZ4%E 1500 - S500
IN5459 2000 = -]

Qutput Admintance Common Source® Ivos! — 10 50 pmhes
{(Vpg = 16 Vde, Vgg = 0,f = 1.0kHz)

Input Capacitance Cies — 45 0 pF L
Vps = 15 Vde, Vgs = 0.1 = 1.0 MHz) | |

Revarse Transter Capacitance Cres - 15 3.0 | pF
Vps = 15 Vde, Vgg = 0. = 1.0 MHz) S

*Pulse Tast: Pulse Width = 630 ms; Duty Cycle < 10%

* Courtesy of Motorola, Inc.
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Appendix 1-12
2N4856 FET

N-CHANNEL JUNCTION FIELD-EFFECT
TRANSISTORS

Deoendn Moge symmetrical Field-Eflect transistors desigred for
aw g 2w swntching and chopper applications
® o w UranSource "ON” Resistance —
copget 25 Chms (Max) @1= 1.0 kHz - 2N4ES6 A IN4B50 A
® Ll

“irair Cutoff Current —
Fooai, 250 pAde (Max) @ Vpg = 15 Vide

N-CHANNEL JUNCTION
FIELD-EFFECT TRANSISTORS

1

Aan)t FATINGS |
e e T
[ 2M48S6.A | Tnmsaa | |
S | Symbol | ZN4BST.A | IN48E0A | Unn
IN4BSE A INABEL A
. T et i
) VoG -4 -10 vie |
e i VoS 40 -3 Ve |
: SR . O N
o Lete it v oltage YiEsa -4g | -G wae |
I (P 3 e
Pp *0 1| e
74 | mwifc
Tog 85 10 <200 _|' o¢

R F——
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*ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

[ Charsctaristic | Symbol | Min Max Unit |
OFF CHARACTERISTICS
Gat=-Source Braakdown V oltage Visrigss Ve
liG = 1.0 wAds. Vos - O 2N4856,A,2N4857,A,IN4BSE A 40 -
2N4B59,A,2N4BE0,A IN48E1,A B =
Gate-Source Cutoff Vol tage VGsiott) Vde
Vs ~ 15 Vde, Ip = 05 nAdcl 2NA856 A, INASEG, A -4.0 -10
2N4B5T7, A, INASEDA -2.0 -6.0
TNA4B58 A IN4BETA -0.8 4.0
Gate Aeverse Current Igss
(VG = -20 ez, Vpg = 0 2N4856,4,2N 48574, ZN4ESB A - 0.25 nAdc
IVgs = -15 Vde, Vpg = Of 2N4859,A, 2N 48604, 24861 A - 0.25
(Vs = -20 Ve, Vng - 0, T4 = 150°C) IN4B56,A, IN4BST A, 2NAB5E A -~ 05 pAde
Vs = -15 Vide, Vg = 0. T = 1509C) IN4B59,A, 2N4BE0,A, 2N4BE 1A = 0.5
Drain Cutoff Current IDlat)
(Vgg = 15 Vdc, Vgg = 10 V! - 025 nAde
IVps = 15 Vdc, Vs = 10 Vac, Ty = 150°C) - 05 uhdc
ON CHARACTERISTICS
Zero-Gate Voitgge Drain Current {11 INABES A, 2N 4850 A Ipss 50 - mAdc
Vs = 15 Ve, Vgs = 0) 2N4B5T A 2N4BE0A 20 100
INABSE A IN4BET A 8.0 80
Drain-Source "CN" Voltage VDsionl Vde
lig = 20 mAde. Vigg = 0 INABSE.A INABSI A - 078
lin = 10 mAde, vgs ~ O) 2N485T7 A, 2N4BE0,A - 05
lip = 5.0 mAde, Vgg = DI IN4B5B.A, INEBE 1A = 0.5
SMALL-SIGNAL CHARACTERISTICS
OrsinSource "ON™ Resistance fdslor! Ohms
(VGs=0,1g + 0. 1= 10 kHz) 2N 4BSE,A, 2N4853,A - 2%
INABST A IN43E0,A = 40
IN4B58.A,IN4BE1A s 60
Input Capacitance IMN&BSE thru IN4EE1 Ciss = 1.8 pF
(Vps = 0. Vgg = -10 Ve f - 1.0MH2) 2NAESS A thru 2N48E1 A 10
Reverss Transfer Capacitance Cras pF
IVpg =0, Vgg = -10 Vde, { = 1.0 MHz) 2MN4B56 thru 2N4851 - 8.0
INABSE A, 2N4850 A = 4.0
2N48ST A 2N4BEE A 2N4E60 A INABET A - 35
SWITCHING CHARACTERISTICS {See Figurn 1) (2)
Turn-On Delay Time [Conditions for N4856 A, INAB50 A | ZN4BSE, ZN4ESS tdion) = 60 ne
2NAES6A, IN4BSHA =% 5.0
(Vpp = 10 Vie, Ip(onj = 20 MAGE, | an4a67 aN4880 = 8.0
Vigsion) =0. VGsiom =-10 Vdel | an48574, 2n4880 B 6.0
2N4E58, INAES1 - 10
2ZNAB5BA, 2NASE1A e 8.0
Risa Time (Conditions for PN4867. A, IN4BEQA: | 2N4BEE A, 2::4!55..& T = ig ne
2N4BET7 A, IN4BED, = i
VoD = 10 Vek, Ipjon) = 10 made, | 2U0cic oL et - 10
5 = 6.0 Vel y
Vistont = 0. ¥Ygsiotn) = 5. INABEHA, INABSIA - 8.0
Turn-Off Time ZNASSE, 2N485H tof — -3
Congitigns for ZN4ESR.A, IN4BE 1A | 2N4B66A, 2 o 20 m
ZNA4E5T, INABEO = 50
Voo = 10 Vg, Ip[gn) = 5.0 mAde, INAB5TA, ZNABEOA = 40
v@sion) * 0. VGsiof) = —4.0 Vel INAS5E, INABS! - 100
2NABSEA; N4BBIA_ - )

“indicates JEDEC Ragittersd Duts.

(1) Pulse Test: Pulse Widtn = 100 ma, Duty Cyels < 10%.
(2] The In(gn) velues sre nominasl, exsct velues vary SHightly with tranistor parsmaetse.

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

GENERAL DESCRIPTION - Tre 44741 a a high performance monoiithic Qperavorsl Ampetier

corstructed using the Fawrchog Pig-at® epitavaal process

spphications High commaon moge voilage tange and absence o! “latchup’
LATAY icteal Tor use » 3 voltage felower The hugh gain and wode ramge of operating voitage orow des

supenod periormance 0 nTegralar Summing ampht

.

»
L]
-
-
-
.

NO FREQUENCY COMFENSATION REQUIRED

SHORT CIRCUIT PROTECTION

OFFSET VOLTAGE NULL CAPABILITY

LARGE COMMON MODE AND DIFFERENTIAL VOLTAGE AANGES
LOW POWER CONSUMFTION

WO LATCH UP

ABSO' UTE MAXIMUM AATINGS

Supply Voliage
Malitary {7471
Cammercial (TA1C)
interral Power Oas pat &7 1Nl
Metal Can
o
Mim DHP
Flatpak
Ditterential Imput Voitae
Inout Voitage |Note 2
Storage Termperature Fange
Merat Can, DIP_and F atpan

ng Ternperature Sange
Moliary LT41)
Cammercal (74100
Lead Temperature (50036 ngl
Metal Can, DIP ara © aipas 60 vecondhl
Mine DUP (10 vesondy
Dutput Shart Cireu 1 Jurargn Caore 3

and general leeabiack applicat-any

-88°
55

It o antended lor a wde rarge of analog
endengoey e e

=2

B30 W
€10 mw
Ngmw
5T W
g Vi
ISV

Cip=150C
Cte=125¢€

CONNECTION DIAGRAMS
ELEAD METAL CAN

(TOP VIEW)
PACKAGE OUTLINE 58

Mote P 4 connected 10 case

DHDER INFORMATION
TYPE PART NO.
ELE! T4THM
7a1C TAIHC

EQUIVALENT CIRCUIT

- —

14 LEAD DIP
(TOP VIEW)
PACKAGE OUTLINE BA

R e
~%3

CRDER INFORMATION

TYPE FART NO.
T4 1410M
41C T41DC

10 LEAD FLATFAK

ITOP VIEW)
PACKAGE QUTLINE IF
N — O — T
| [ =11
P —
- —
bl —

ORDER INFORMATION
TYFE PART NO.
T TAIFM

RMotes on P28 A TE DEgEL

B LEAD MINIDIP
(TOP VIEW)
PACKAGE OUTLINE 8T
- 20
i

e
-
-

ORDER INFORMATION
TYPE FART NO.
741C TAITC

s patented Fairchiid process.
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ELECTRICAL CHARACTERISTICS (Vs = 115V, Ta = 25°C unlest otharwiss spacified]

PARAMETERS [1ee definitions) CONDITIONS MIN. TYP, MAX UNITS
Input Ofiser Voltage Ag < 10k 1.0 50 mV
Input Offger Current 20 200 nA
Input Bias Current B0 500 nA
Input Resistance 03 20 mn
Input Capacitance 1.4 pF
Oftset Voitage Adjustment Fange 115 my
Lurge Signal Voitsge Gain Ry 22k, Vgyy =10V 50,000 200,000
Output Resistance 75 n
Dutput Short Circuit Current 25 mA
Supply Current 1.7 28 mA
Power Consumption 50 BS m
Transisnt Remponie .
(Wnity Gain) ::"::' VN = 20mY, B =2kA.CL <100 pF :3 :.‘
Siew Rate A 22kl 05 Vi
The following specifications apply for <88°C € TA <+ 125°C
input Offset Voliege Rg <10k 1.0 80 mv
T -
Input Otfser Current :: : :151;?!:': ;2 g ::
. i TA-d!‘.’:'C 003 05 A
Ta~-55C 0.3 15 wh
Input Voltege Range 112 113 v
Commaon Made Rejection Ratic Ag<10%0 70 & 48
Supply Voltage Rejection Ratio Rg < 10kt 30 150 VIV
Large Signal Voltage Gain AL >2k0, Voyr =210V 25,000
AL =100 112 114 v
Cutput Voitage Swing -—Ht SEih G T %
— Ta" 01?§.'C 15 25 mi
Ta=-55'C 0 3.3 mA
[ Ta-t125°C I 75 i
Power Consumption r 3
Ta=-550C (2] 100 mw

OPEN LOCP VOLTAGE GAIN

AS A FUNCTION OF

TYPICAL PERFORMANCE CURVES FOR 741

QUTPUT VOLTAGE SWiNG
AS A FUNCTION OF

SUPPLY VOLTAGE

SUPPLY VOLTAGE &
n T T - fr—2"" 1
l/ » - " 7
e L
1 1/"’ | i » //
2 A is =
T & P, T
g ol 0
- £
P
- [ i
[ ] L] 1 w " L] .I ] o
IR VAN oY

N

INPUT COMMON MODE
VOLTAGE RANGE AS A
FUNCTION OF SUPPLY VOLTAGE

M
AT AT

=

=
T

)

N

o

* Courtesy of Fairchild Camera and Instrument Corporation eissz

e ———
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Appendix 1-14
108 and 308 Operational Amplifiers

l Absolute Maximum Ratings
1 LMI108/ LWM208 Lm308
| Supply Voltage L 1BV
| Power Dissipation {Note 1] 500 mit 500 mW =
| Ditterentiat Input Current (Note 2) £13ma 10ma *
input Woltage (Note 3) g3 15 =
Cutput Shatt-Circuit Duration Indetinte indetinite 3
Cipergting Temperature Range (LM108) -55°C 10 +125°C 0°C 1o +70°C 3
:
(Lm208) -25°C 1o +85°C
| Storage Temperature Range “65°C o -150°C —658°C1o=160°C
| Leat Tempetature (Soldering, 10 seconds) W0 o0’ c
|
: LRS- TS0 T
|
1
i Wik
Electrical Characteristics (nete
| LM108 L M208 - e 1 5
PARAMETER CONDITIONS o = s e s oy LNITS
| imput Ottses Valtage Tas35C | o 20 20 5 v
| tegut Oraen Current TA=75C 0o 02 63 -A
ot S Corvest Ta=35C o3 20 ] 3 &
put Brusiane Ta:28'C : 3t 0 <3 i it
NG ] Ta=250C I LE ] o6 ¥ 8 | -
won sgnat W vage Gan To - 25 C g vty | ow 1 28 £ | T
| VT T R DL | |
I | il *a =%
U awwrage Tesmperature i 13 15 50 0 Vg
| cowtreant gt Inpur Oitser |
! Voltage 1
| mout O et Current | o4 15 -4
[ Sierage Temperature as 18 20 0 S ed
I Costiceent of Inpur Offer |
| - !
| ~put Bt Turreny | ER) ‘D A
| Supely Current Ta-128C 615 LT ma
! Latge Signat Waoltage Gan gt 218V, VopT T 1oV 5 15 Wiy
Ry 21060
Dutpel Valtage Swing Vg = 215V Ay = 101 13 ‘14 1] 14 v
Irpur Yoiiage Aange We = 115V +118% 1 "]
| ;
| Cam=anMode Repction tH g B 100 a3
L.
Supp'y Voltage Rejection L] 95 -] = EL: ]
Batie

|

|

‘ Mots 1 The meximum junction temperature of tha LMT0B 4 150°C 1or the LMIGE, 100" C and (o1 the LMIOB B5°C Fre o0erating #1 wlevated
tamparatuten, devices in the TO5 packsge mutt be darated bessd or 1 tharmal renmtance of 150°C/AW, junction 10 smésent, or A5 CW, unctsan 1o
casw The thermal revimtancs of tha dual in-dine pechegs i1 100" C7W, juncTedn 1o ambaant
Mots 2: Tha inputs ars shunted with beck 10-hack dicdes for overeaiiage protection Therefors, axcesnive currant will flgmn i1 8 if faranrenl smpul
woitage 1m axces ol 1V & applisd between the ABULE WA R Kome |00 Ag IelITTANCE A Lisd

L Mot 3 For supgly volisges less than 115V, the sbialute mes vy agut voitage @ sgusl 10 the wpply voltege
Mot & Thesa specifications spply for 15V € Wg < 130V ana 587 C g Ty € 175°C. unlem otherwse spacitied With the LMI0B. howemr,
o T peeature spet Ticatiom are limited 1o ~35 € < T € 85'C. enc for the LMIOR they sre limited 10 0°C < Ta € 70°C

* Reprinted with permission of National Semiconductor Corporation.
(Not authorized for use as critical components in a life support system.)

e AR LT
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Appendix 1-15

353 BIFET Operational Amplifier

Absolute Maximum Ratmgs Open Loop Frequency Response
Supply Voltage 18v
Power Dissipation (Note 1) 500 mW =
1 o =
Dperating Temperature Range 0'Cw-+70C 2
TiMAX) N8°C z
Ditterential Input Voltage +30V g
Input Voltage Range (Note 21 t15V H
Output Short Cocuit Duration (Nete 3) Continuaus =
Starage Temperature Range 65 Crwo+150°C =
g =
Lead Temperature (Soldering, 10 seconde) 300°C
L 1g0 W i 100 Y Y0
FREQUENCY IMy)
DC Electrical Characteristics (not4)
LF3I83A LF3538 LF353
SYMBOL PARAME TER CONDITIONS UNITS
MIN TYP | max | MmN TYF Max | MiN TYP | MAX
VoS Input Othet Voltage A r 10MLL T4=25C 1 ] 3 ] 5 w my
Over Températuis ' 7 13 my
AVg/AT | Average TC ot Input Offset LI 1G Fa o an 1] e
Voltage
as trput O e Currert i T iNames 4 &) s 100 i Lo 25 00 od
Tk 2 4 L} né
(F] Input Bia Current T, < 25C INotey 4 &1 ad 50 22 50 00 ok
TeMe 4 £ ]
iy Irput Fevtance Tyrast 2 ik gt |}
AL Large Sgra Voltage GJ LI-S 50 00 Sl 2% Tt S
LT+ ¥
O Tom T % L&) o
Vo Chitput Voltage Swing ¥g 188 4 W 135 ¥ |- 1 135 v
L] Input Comman Mad vg 1B ” 15 0 : W15 Ul
Hange 12 L N
cMAR Common Mude Reection Rarg | Ry 1Dk &0 120 Bl 10 0 wl
PSRR Supply Voitage Rejecron Raio | Whate B B 100 L] 1e0 7 10 28
i5 Supply Curtent 16 | 58 18 56 36 | 6% ma
AC Electrical Characteristics inote 4
LF353A LFI538 LF353
SYMBOL PARAMETER CONDITIONS UnITS
MIN TYP | MAX | MiN TYP | Man | MIN TYPE | MAX
Amplitier 1o Ampliter Couping | Ta=257C 1= 1 He 120 120 ¥20 L]
20 kKt iinpat Reterred)
SH Slew Aate V=15V, Ta-29°C 10 13 13 1] W oy
GHW Gain Bandwadth Pradut Ng+ 15V, T+ 25 C 3 4 1 a My
[ Equiwatant Input Mose Viltige Ta* 35 C Ag= 100%L 15 1% (73 ak \'._:,
4= 1000 My
in Egurvatent Input Nose Curceny | Ty= 25°C 1= 1000 He ool L] ool [ROINT]

man practies,

* Reprinted with permission of National Semiconductor Corporation.
(Not authorized for use as critical components in a life support system.)

Now 1: For operating at elevaled temperature, the device must be derated based on a thermal resstance of 1B07C/W juncton 1o ambient tor
the N package, and 150°C/W junction to ambient lor the H package.
Nots 2. Unless atherwise specifisd the abiolute masimum negative input voltage 1 equal to the regatve pawer suaply vollage
Nota 3: The powar dissipation limit, Rowever, cannat be ¢ xceecied
Note & These specifications apaly tor Vg = =15V and 0°C © T < +70'C Vs g and Igs sre measured ar Vg = 0
MNote 5: The input bias currents are junction leakage currents which appraximately double lor every 10°C increass in the junclicn tEmperarure,
Ti Due to limited production test time, the mput Bl currents meamred are correlated to juncticn eemparature, In acrmal DREFATION The june nod
temperature rises abowe the ambwent temperature a3 @ result of internal pawer dusipation, P ‘r‘ - I‘A + i-rr& P where BI‘ i the thermal resis
tance from junctign 1o amiment. Use o! a heat sink iy recommended it input bias current is 1o be kept to 3 Mimmum
Note 6: Supply vol lage rejection ratio it measured for both supply magritudes increasing or decreasing simultaneously in sccordance with com
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Appendix 1-16
723 Voltage Regulator

Min Tvp Max
Continuous voltage Veer 10 Veem 0V
Input-cutput veltage differential 40V
Input voltage range g5V 3TV
Output voliage range 2V ny
Qutput current 150 mA
Standby current 23imA 35 mA
Reference voltage 695V T8V T35 Y
Current from Vi 15 mA
Maximum power dissipation at or below 25°C free air temperanire
Metal can 1000 mW

DIP 125 W
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Appendix 1-17
SCRs - Comparison of Typical Parameters
Device
Pcrometer 2N1597 2N5170 ZN6400
Veam  Peck repetitive blocking voltage 200V 400V ‘ S0V
Iims) RMS on-state current 1.6 A 20 A 16 A
Vi Peak on-state voltage T 1.5V 1.7V
Ior Gate trigger current 2 mA 40 mA 5 mA
Vor Gate trigger voltoge 0.7V 1.5V 07V
In Holding current 5 mA 50 mA 6 mA
Far Turn-on time 0.8Bus 1 us 1us
Y Turn-off time 10 us 20 us 15 us

Appendix 1-18
UJTs - Comparison ¢f Typical Parameters

Device

Parameier _':fiv—c..*:' 2 '.";4:*_ PR
Pp Meaximum power dissipation 300 mW 360 m‘«*{ 300 m\W

Derate linearly at 3 mW/SC 2.4 mW/C 3 mW/C
Rgs Interbase resistance 6 kQ 7kQ 7 kD
n Intrinsic stand-off ratio 056t 0.75 055t 082 0.68ic 082
Vegigsay Emitter - B1 saturetion vollage 2.5V 2.5V 35Y
A Peak point current 1 LA 0.6 puA 1 pA
E Valley point current current 5 mA 4 mA 10 mA
Igpemsy Moximum rms emitter current 50 mA 50 mA 50 mA
i Peck emitter pulse current 1.5A 1A 2A
Vgizz Maximum B - B2 voltage 35V v 35V

Vgze  Moximum emitter reverse voltage 30V oV 30V
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Appendix 2-1
Typical Standard-Value Resistors

10% tolerance resistors

Q 0 Q kQ kQ kQ MQ MO
5 10 100 1 10 100 1 10
- 12 120 14 12 120 T2 12
= 15 150 T3 15 150 1.5 13
. 18 180 18 18 180 1.8 18
- 22 220 2.2 22 220 Aol 22
2.7 27 270 27 27 270 27

3.3 33 330 33 33 330 3.3

39 39 390 19 39 390 319

A7 47 470 47 47 470 4.7

3.6 56 560 5.6 56 560 56

h.8 o5 680 6.8 68 680 6.8

82 82 820 8.2 82 820 8.2

5% tolerance resistors

il Q Q Kk kQ kQ MQ MO
_'ll] 10 1 10 100 1 ([Nl

1 110 1 1 110 13 11
12 120 1.2 12 120 i b
13 130 1.3 13 13U 1.3 13
15 150 1.5 15 156 1.5 15
16 160 16 16 160 1.6 i6
18 180 1.8 18 180 1.8 19
0 200 2 20 2 2 20
22 220 2.2 22 220 2.2 22

- 24 240 24 24 240 24

¢4 27 270 27 27 270 2.7

3 30 300 3 30 300 3

33 33 330 33 33 330 i3 -

i6 36 360 36 36 360 36 -

39 39 390 35 39 390 39 -

43 43 430 43 43 430 43

4.7 47 470 47 47 470 4.7

5.1 51 510 5.1 51 510 5.1

5.6 56 560 3.6 56 560 5.6

6.2 62 620 6.2 62 620 6.2

6.8 68 680 6.8 66 680 6.8

7.5 75 750 sy P 750 7.5

8.2 82 820 8.2 82 Bio 8.2

9.1 el 910 9.1 91 910 9.4
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1% tolerance resistors (Basic values in Q)

For values above 10 Q multiply by 10, 100, etc.

1.00 6.04 11.0 200 36.5 66.5 127 221
1.10 6.19 11.3 20.5 374 68.1 124 226
1.21 6.34 11.5 21.0 383 69.8 127 232

1.30 6.49 1.8 21.5 39.2 715 130 237
1.50 6.65 121 221 40.2 732 133 243
1.62 6.81 12.4 22.6 41.2 75.0 137 249
1.82 6.98 s Fary 23.2 422 76.8 140 255
2.00 7 130 23.7 432 78.7 143 261
N 7.32 13.3 243 442 BO.6 147 267
2.43 7.50 13.7 249 453 825 150 274
2.67 768 14.0 25.5 46.4 845 134 280
3.01 7.87 143 26.1 475 866 158 287
332 806 17 267 48.7 83.7 162 294
3.57 8.25 13.0 27.4 399 90.9 165 301
3.92 8.45 15.4 280 51,1 93.1 169 309
432 8.66 138 287 533 953 i74 316
4.75 8.87 16.2 294 536 97 6 178 124
4.99 9.04 16.3 0 549 100 182 332
5.11 937 8.9 0.9 56.2 12 187 340
5.23 93533 et 31.6 7.6 i 191 348
5.36 9.76 il 324 59.0) 167 104, 356

5.49 10.0 18.2 332 6004 110 200 363
5.62 10.2 8.7 340 61.9 113 205 374
5.76 10.5 19.1 348 634 115 210 383

5.90 10.7 19.6 35.7 64.9 18 215 392

Potentiometers

Q 0 kQ kQ 49 MQ
10 100 1 10 100 1

- 150 1.5 15 - -
20 200 2 20 200 2

% 250 25 25 250 25
= 350 3.5 35 - -
50 500 5 50 500

- 750 7.5 75 730
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Appendix 2-2
Typical Standard-Value Capacitors
pt pF pF pf uf LF uF uF ur LF LF
5 50 500 5000 - 0.05 05 5 50 500 5000
- 5l 510 5100 - : - : < - .
56 560 5600 - 0.056 056 5.6 56 - 5600
- - 6000 - 0.66 6 600
62 620 6200 - . 3 . - . .
68 680 6800 - 0.068 068 68 68 650 6800
75 750 7500 - - 75 .
- f 8OO0 - = - 8 80
82 820 8200 - 0.082 082 82 82 .
L 910 9100 - a , . : - 3
0 100 1000 - 001 0.1 1 10 100 1000 10000
- 1o 100 3 - : - - -
12 120 1200 0012 012 12 -
. 1300 1300 . . : . . . ;
15 150 1500 0015 015 15 15 150 1500 15000
. 160 1600 . ;s : : . :
1% 180 1800 0018 018 18 18 180 -
0 20 2000 0.02 0.2 2 20 200 2000
2 20 2200 . ¥ 0.22 22 2 20 2200 22000
24 240 2400 ~ . : . 240 ; "
- 250 2500 - - 0.25 25 250 2500
A7 270 2700 - 0.027 027 2.7 27 270 -
3 300 3000 - 003 0.3 3 3) 300 3000
33 330 3300 - 0033 033 13 33 330 3300 :
36 360 3600 = 3 . . ) )
39 390 3900 - 0039 029 39 39 g s :
: - 4000 - 004 . 4 . 400 - :
43 430 4300 . # . . 2 : :
47 470 4700 - 0047 047 47 &7 470 4700



 Answers for Odd-Numbered Problems

Appendix 3
Answers for Odd-Numbered Problems

=l =

SETIRT g Ve

R R T T L P P B U S 0 g e
R R R TR L

A

ra
-

b

L e G e G
R B e
oG wm

353
3-35
3-37
3-39
341
3-43
3-45
3-47
3-49
3-51

4-1
43
4-5
4.7
4-9
4-13
4-15
417
419

4250Q,1.5x10°Q
130,1.7Q

6V

PL.A (0mA, 0.7 V), PL. B (300 mA, 0.85\1
170 mA, 260 mA

a1V

625 mA

1.7A,1.25A

26.7 mA, 28 mA

20ns

B0 ns

A00V, 1.5 A

2 V/em, 200 Q), 0.5 V/em
44 mA, 334 mA

347V, 57.8mA, 354V

336 mW

34V, 56.6 mA, 14 mW, 354V

3300 uf

50,4V, 200 mA, 4.38 A, TN4002, 084 Q
34,4V, 300 mA, 3.68 A, 1N4001, 0,57 0
1500 pF

259V, 200 mA, 2.2 A, TN40DT, 086 02
21.2V, 300 mA, 1.54 A, 1N4401, 0.7 Q2
04V 05V, 3.3%, 4.2%

1049, 2.08%

66000, 0.27 W, =3.7 mA

129 mV, 1.16 V, 5.85 x 1072
459%,5.61V,92.20Q

10k, 12V, 1 mA

23ImA, 7TV

2.7kQ, 6V, 1.96 mA

£33V, 68k0Q

1N756, 1 kQ

1N751,820Q2

132 mV

2.7 uF, 5.6 kQ

+36V,-124V, 44V

1N759, 1.5 4F, 1,5 kQ

1.5uF, 3 uF

1.2kQ

1.62 mA, 1.67 mA, 32.3
1.98 mA, 2 mA
T mA

4=

vl

68

4 mA

40 pA

7.7 mA, 3.7 mA, 123
93V

4-21 200

4-23 133, 100 pA

4-25 74612, -0.993, 746 mS
4-27 20,125

429 333Q

4-31  0.992, 248 MO

4-33 0.1 Vem, 20 k02, 30 mVem

5-1 097 mA, 7Z.7V1, (B4 mA, 45w
5-3 +73V, =43V

5-5 28V, 235V, 128V

5-7 3.95 mA 43V

5-9 25V, 4V

=11 A . Sl X

5-13 332,386V

5-15 47 mA 65V

5-17 106V

5-19 593V

5-21 1.5V, 1072V 146V, 87\, 1698

5-23 Vi =045\

5-25 4.7kQ

5-27 107V, =02V

29 270kQ. 2240

1 270k0, 47 kD

33 220k, 56 k0, 13 K, 36 KD
5 100k, 33k0. 2740

537 78V, 14mA

539 6800, 1.2k, 1.8 40

541 2.7kQ, 6.8kQ

5-43 10k, 5.6k, 1.2k0. 4700

5-45 30,5 A, 12.3 UA, 2.6 LA

547 16uA, 33 pA, 50 PA

5-49 99

5-51  1.8kQ, 10k0

5-53 5.6k, 22k0

6-1 792V,6V

b-3 point Al =0 Vg =18V);
point B U= 1.6 mA, Vi =0l
point QU-=09mA V= 78V);
point Cll-=0,Yg=121V)
AV, = =43V

6-5 point A Uc =0, VCE =15V}
point BU-=1.39mA, V=0
point QU =1mA, Vg =4V);
point C U= 0.V =121V

6-7  1kQ,62.545, 135

6-9 123
6-11 505
6-13 1540

6-15 893 Q, 5.54 kQ, -425

V, 7.66 W)

a2
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6-17
6-19
6-21
6-23
6-25
6-27
6-29
6-31
6-33

8-1
8-3
8-5
8-7
8-9
8-11
B-13
8-15
8-17
8-19
8-21
8-23
8-25
g.27
8-29

a1
93
4.5
9.7
9.9
11
9-13
015
9-17
.19
g-21
9-23
10-1
10-3
10-5
10-7
10-9
10-11
10-13
10-15
1017
10:19
10-21
10-23
10-25
10-27
10-29
10-31
10-33
10-35

1.29 kQ, 3.28 k{2, -98.3

1.48 kQ2, 3.29 k2, -213

8.2 kQ, -0.88

131 k0D, 1850

62.9k0, 550

1160, 5.5k(2, 425

31.40,1.8k0, 54.9

7.90,3.28 k(3, 380

12.9kQto13.3 k), (21 Qo423 O

60V, 4A, 5V, 25 100
-1.25d8

126V

141 pF

100 kQ

430 s

2.79 pF

1038 pF, 31.94 nF, 938 pF
19.13 s

417

31V

78.4°C

8.1k0

44 8°C, 58.5°C
4.6°C/W

5mA, 5V

amA, 8V

2mS

40V, 360 m\W, -6 V, 100 mA, 400
540115, 1150 US

20mS, 30 mS

20 mS, 30 mS

25V, 310 mW, 6V, 5 mA
+05V, +0.1V,5,1
3.3kQ
4V,25V,125W

57V, 15V, 7.5W

-5V

40

23mA, BV
78V,19.7V
11.9V,19.1V

7.5V, 184V

173V

65V, 9.2V

96V, 142V

09V, 1M0,33kQ
1MQ, 5.6 k3, 1 kD
3.9MQ, 1 M0, 3.3 k0, 3.3kD

(6.8 MQ + 1.8 MQ), 1 MQ, 3.9kQ, 3.9k0D

1MQ, 3.2 kQ, 10 kO

1M0, 4.7 kQ, 10kOQ

1AM, TMQ, 3.3k, 33kA

6.8MQ, 1MQ, 3.2 k0, 3.9kD

B2k + 1.5k, 27 kQ, 3.9k, 2.7 kO

10-37
10-39
10-41
10-43
10-45
10-47
10-49

11-1
11-3
11-5
11-7
11-9
11-11
11-13
11-15
11-17
11-19
11-21
11-23
11-25
11-27

121
12-3
12-5
12-7
12-9
12-11
12-13
12-15
12-17

12-19

12-21
12-23
12-25

12-27
12-29
12-31

12-33
13-35
12-37
12-39

12-41
12-43
12-45

12-47
12-49

52V

89V

(5.6 MQ + 2.2 MO, 1 M0, 1.8 kQ
3.9 M0, 1MQ, 2.2k, 2.2K0
1MQ,1Q,55V

1MQ, 10kQ, -5V

060,57V

Riae) = 54 kQ, R, = 2.7 kQ
Rige) = 36 KO, Ryppey = 1.6 KQ
880 kQ, 3.7 kQ, -12.5

470 kQ), 45 kQ, -19.3

9.1kQ, -36

470k0), 45k, 1.8

629 kQ, 161 Q,0.96

820 k0, 241 (0, 0.96

685 k0, 318 12, 0.95

160 Q), 3.7 k(), 21.2

266 Q, 3.7 k), 12.5

241 Q, 6.4 kQ, 14.1

1.3V

693 mV, 217 mV

100 k02, 56 kQ), 6.8 kQ, 5.6 kO
620,493 0, 5.3k0

15 uF, 200 (fF, 0.33 uF, 430 pF
56 k0, 39 kQ, 3.9kQ, 3.9kQ
360,958 , 3.4 kQ

0.039 uF, 15 uF, 0.39 uF, 510 pF
3.3 MQ, 1 M0, 68 k0, 6.8 k(O
243, 767 kQ, 6.8 k0

0.027 wF, 15 pF, 039 uf

(56 kQ) + 1.5 kQ), 47 kQ, 3.9k, 4.7 kQ,

(56 kQ + 1.5 kQ), 47 kQ), 3.9 kQ), 4.7 k(2

15 701, 491 Q,3.9kQ

5.6 uF, 100 uF, 3 uf, 100 uF, 0.2 uF

100 k0, 47 k0, 8.2 kQ, 4.7 k(6.8 kO, (8.2 kO +
560 Q)

29 343,492 (0, 6.8 k(1

20 uF, 500 UF, 240 uF, 0.33 uf

33 k0, 56 k0, 3.3 kN, 4.7 kQ, 6.8 KQ,

3.9 kQ, 25 uF, 330 uF, 330 uF, 0.25 pF

-389

-156

36 464

8.2 k0, 220 k0, 220 k0D, 3.3 kQ), 22 pF, 1.2 uF,
75 pF )

33 k0, 120k0), 220kQ, 3.3 kQ, 15 pF, 1 pf, 15
uF

6.8 MQ, 820 k03, 3.9kQ), 3.9 k0,

120k + 15 kO, 39 kQ, 12kQ, 4.7 kKQ

3818, 732 kQ, 12 k0

0.068 uF, 15 uF, 150 uF, 0.18 pF

1M0Q, 6.8k0, 2.2kQ, 220 k0, 68 kQ, 18 kO, 6.8
kQ, 0.02 uF, 25 uF, 22 F, 330 yF, 0.1 pf
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12-51

G253
12-55

12-57

12-39

12-61
12-63

131
13-3
13-5
13-7
13-9
13-11
13-13
13-15
13-17

13-19

13-21

=34

13-25

13-27
13-29

13-11

13-33

13-35
13-37

14-1

14-3
14-5
14-7
14-9
14-11
14-13
14-15
14-17
14-19
14-21
14-23
14-25
14-27

1MQ, 6.8 kQ, 2.2 k0, 12 K. 3.3 kA0,

0.02 uF. 25 F, 330 uF, 0.1 LF

0.82 uF, 0,15 ut

33k + 3.3k, 22k, 6.8k, 22K, 6.8
k2,133 k2 + 3.3k, 22KQ. 2.2 uF, 0.3 uF
39k, 27 k0, 2.7 kQ, 2.7 KD, 22 uF, 240 uF,
0.82 uF

(56 k€ + 3.3k, 18k, 33 KA, 4.7 KQ,

3.3 kQ), 20 uF, 20 uF, 200 uF 0.39 uF

15.1 k2

191 kO

1249, 1239

44,30, 6290

4700, (22 kQ + TR, 27 WD, 4.7 uF

4700, (B2 kQ + 2.2 k() 3.9 uF, 2.2 uF

15uF, 2200, (15 kQ + 1.28Q), 15 uF

27 k0, 220 0, 30 wF, 36 uF

18 kQ, 2200, B uF, 6uF 180 pF

2.7 k62,1500, 15 uF

47 k0, 10 kD, 5.6 kG 10T, B20 KA, 4.7 K02,
4.7 k(12 kQ

100, 6.8 kQ, 3.9k, 6.3k0, (680 kO + 68 kD),
10kQ, 2.7kQ, B.2KQ

100 k(), 47 k), 10kQ, 18002, 4.7 k02, 2.7 uF, 18
uF, 0.2 ufF

Rpy =270, 224F 10LF 0.39 4F

R, =820Q), Rg=1500 5p4F, 75 uF, 2 4F, 33
uf, 0.47 ufF

15335, 6.5 k0. 6.3 k0

8.2 k0D, 27002, 270 ki1, 6.8 k02, 270 00, 4.7 k2, 1
LF, 10 uF, 0.27 uF

18 k0, 12 kO, 390 k02, 15 kD), 360 Q, 4.7 k(2.
0.68 uF, 1.5 uF

12kQ, 8.2kQ, 330k, 4 7K0, 2700, 2.7 k02, 8
uF, 2.7 uF

0.006%

22.5 MHz

2 MQ), 80 nA, 750, 25 mA, 1.7 mA,

50 mW

3.6 mA, 100 dB, =133V, 1 mV

180 kO3, 180 k(2, 82 k12

1MQ, 1 MD, 470k, 8.75V, 875V, 8985V
10Q,05x10°% 0

68 k0, 0.2 uF, 1.5 uF

1kQ, 120 kQ, 1 kQ

15kQ, 1 MQ, 15 kQ

3.9x 1070, 1.5kQ

22 k0, 1 MQ, 22 kQ

8200, (150 kQ + 15kQ), 820Q, 820Q
(47 kQ + 3.3 k), 1 MQ, 47 kQ

68002, 33 kO, 680 Q, 6 uF, 3.3 uF

1.2 kQ, (56 KO + 3.9 kQ), 120 kQ2, 120 kO,
1.8 uF, 4.7 uF

14-29
14-37
14-33
14-35

14-37
14-39
14-41

o

Rl S (T SR SCHT T R Sl G Y S T g X
Y I R ¥, BT W BT, RV, R R
Tl Ll il

= D S U e =

i ]

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

60 4, 80 LA, 140 UA, 1.4V

-0.528V

56mV,-592mV, -011T mvy

50 uA, 30 UA, S0 PA, 22.2 pA, 22.2 LA, BB 9 LA,
BRI pA, +1.8V, +450 mV,

+150mV,-1.2V, 24V, -06V, 3V

1270 kQ + 22 kQ), 39kQ

39 kQ., 330 kQ

47k 39KO + 6.8 kI,

B2k + 10 kY

6, = -370° lunstable}
6., = 45° (stable)
44°,1.1°

200 pF

800 kHz, 20 kHz

80 kHz, 3.4 MHz

20 kHz, 5.6 kHz

31 8kHz 159 kHz
39 8 kHz, 297 V (peak)
0.4 pF, 15.4 pF

8.2 pk

4.4 pF 04 pF

263 pf

147 pf

265 pF

6.8 k0, 220 k02, 6.8 k0D, 3300 pF, 6.8 kO
9k 22k0,1.2k0, 2.2k0, 2.2 K0,

22 kQ, 3300 pF, 25 LF

0.5 uF, 0.068 uF

8.2 k0, 82 kO, 8.2 kQ, 3900 pF, 470 pF

0.06 uF, 3600 pF, 0.082 uF, 220 kQ,

82 k0D, 12 k02, 8.2 kO, 0.68 uF

178 kHz

1300 pF, 8.2 k0, 1300 pF, 8.2 k0, 18kQ, 8.2k,
45kHz, 1.2 Vius

10.5 kHz

2200, 1.5kQ, 5.6 kO

0.015 uf, 3.3 k2, 0015 uF, 3.3 kQ), 3.3k, 5.6
k0, 1.5 k0

+12V, 1.35kHz

11.5kQ + 15kQ pot), 1 uF, (15 kQ + 1.5 k),
4700

10k, 0.27 uF, 1KQ, (10 kQ + 1 k)
+195V, 282 Hz

crystal in series with R, = 270 (2, 0.24 mW
1.5 K, 2.2 k0, 4.7 kQ, 2.2 kQ, 330 pF, 330 pF,
0.85 mW

2200, IN758, 8.2 kQ

36 mA, 19.6 mA, 0.77 mA, 21.4 mA
12.5mV, 10 mV, 0.07%, 0.06%

680 0, 470 Q, IN758, 5.6 kQ), 10 k0
0.3%, 0.15%, 33 dB
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17-11 1.2k, 8.2k, 25K 19-1 2N1595  2N6167
17-13  2.7k0,15KQ Vorv 50V 100V
17-15 33k, IN758, 470 Q, 3.9k, 8.2k, Fumsy 16A 13A
25k, 15K0 Vi 11V 1.5V
17-17 47002, (2x IN758) Iy 5 mA 3.5 mA
17-19  1N751,3.9kQ, 1.8kQ, 23V I 2mA 2.1 mA
17-21 2270, 44 W Ve 07V 063V
17-23 1A, 313mA 19-3 2N159? 1.27V
17-25  2208) 22m 4.7 K0, 2.5 kQ, 12 K, TN754 19-5  1.5kQ,1000,120Q
17-27 0.75x10° 3o, 0.4x1077% 19-7 5600, 22 kD), 200 kQ
17-29 23V, 6.8 kQ, 4.7 kQ, 2.5 kG, 37.5 mA 19-9 128V, 6800
17-31  -17V, 1kQ, 3.9k, 400 mW 19-11 56 kQ, 6pF, 043V
17-33  61.5%, B2.5% 19-13 IN6071  2N6343
17-35 330pH,154F Voru 200 V 400V
17-37 1.2k, (12 kQ + 1.8k, 0.55Q, 620 pF Femg ~ 4A BA
17-39  1.2k0, (10kQ + 8200, 0.39Q, 510 pF Ve 14V 09V
181 Point A: (0mA, 20V}, Point Q: (49.7 mA, 15 V), 19-15  49°
Point B: (49.7 mA and 20 V from Q) 19-17 3.3kQ, 180Q, 10kQ, 3.3 kQ,
18-3  Point A: (0 mA, 25V), 0.82 uF, 015 uF
Point Q: {1.19 mA, 22.3 V), 19-19 1V, 15V,830uA, 2 mA
Point B: (1.19 mA and 9.6 V from Q) 19-21  165mW, 34V
18-5  Point Q: (0 mA, 40V), 19-23 435Hz
Paint 8: (92.6 mA, 0V) 19.25 6.8kQ, 10kQ, 1000, 3300, 0.56 uF
18-7 161V, 162V 1927  25k0, (12kQ + 2.2 kM), 3.9 kD
18-9 386 mW 19.29  15k0Q, (8.2kQ + 820Q),15.7V,0.9 V, 24 kQ,
18-11 90V, 900 mA, 2.8 W 5.6 kQ
1813 Point Q: (183 mA, 19 V), Point A: (0 mA, 24 V),
Point 8: (19.03 V and 183 mA from Q) 20-1 184 W
18-15 12V, 24V, 144 mA, 215 mW 20-3  472x10"Hz, 5.15x 10" Hz,
1817 23k, 1.8k, 1.5k, 250, 1800 5.31x 10" Hz
1819 =15V, 30V, 492 mA, 675 mW 20-5 Re=270Q
1821 =21V, Q, Q;: (27 W, 42V, 778 mA), 20-7 10kQ, 820Q
QQ;:01 15 mW, 42V, 39 mA) 20-9 690 uW
1823 +1;v 3.3k0,500,6800,1.5Q,1.5Q 20-11  4.7kQ, 101
18-25 56k0,1.2kQ, 1kQ 20-13 2mA 26 mA
18-27 3300, 400uF, 53V 20-15  120Q,-0.12V, -7 mA
18-29 1.8k0, 2500, 1.8kQ, 1kQ, 1kQ, 220,220 20-17 038V
18-31 18uF, 68 uF, 680 pF 20-19 102
18-33  1.72 W, 30V, 644 mA 20-21  1.2kQ
18-35 0.85mA 1.01 A 20-23 13V, 5.5mA
18-37 =+23V, 24W 20-25 3300
18-39  4.7kQ, 18 k0, 10kQ, 330 Q, 4.7 kQ, 100 kQ, 20-27 5.7V
1.2 MEY, 1.8 MQ), 100 k), 4.7 UF, 6 UF, 0.2 4iF, 20-29 9mA 4.4 mA 49%
0.2 yF
18-41 *19V 211 3.6 MHz, 796 kHz
18-43 4.7k0,15k0, 82kQ, 1800, 4.7 kO, 100 kQ, 21-3  15kQ, 20kQ, 150kQ
680 k0, 1 M0, 100 k02, 8.2 uF, 22 UF, 0.47 UF, 21-5  390pF, 15
0.47 puF . L N
18-45 15kQ, (5600 + 82 Q), 15k, 560 Q, 560 O 21-9 9.8V, 102V, 103V
1847  (Ry =Ry =R;p=R;; =2.2KQ), 21-11 146Q
SuF, 17V 21-13 120Q, 225mV, £145mV, 5.6
18-49 28V, 143V, 125V
18-51 =15V
18-53 2.7 pF, 4 4F, 1600 pF, 240 pF
18-55 0.53Q
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Index

Abrupt junction, 746

ac bypassing, 174, 234, 338

ac degeneration, 176

ac equivalent circuit (See under device name)

ac load line, 177. 337, 607

ac resistance, 25

Acceptor doping. 8. 10

Active region. 111

Alloy transistor. 216

Alpha, 105

Ampiilier
bandwidtn, 453. 514, 518, 517; bulfer, 195, 472
capacitor-coupled. 378, 395, 620, 621; class A, 606:
class AB, 614; class B, 612; common base (CB), 109,
196, 405; common collector (CC), 115, 192, common
drain, 346: comman emitter (CE), 112, 185, 189, 366
comrmen gate. 350; common source, 339, 373! current.
107: dc. 439; dilference, 483; differential, 399, 409
631, direct-coupled, 382, 390, 395, 620; eMiciency,
610, 615, freguency respanse, 223, 356, 505, 507; half
power points, 229, 231; high frequency, 405; IC, 465,
653, instrumentation, 486: inverting, 478; large signal,
E05; negative feedback, 421, 428, 434, 435, non
inverting. 475: cperational, 465; parallel, 755, 757,
power, 605. push-pull. 612;small signal, 365, summing.
481:testing. 309, transtormer-coupled, 606, 612, 817
winnel giode, 755, 757: voltage, 107, voltage follower
471

Amplitude stabilization, 543

And gate, 90

Annular (ransistor, 218

Anode, 22, €70

Answers for gdd-numbered problems, 787

Atom, 2

Atomic:
bonding, 7; number, 3; weight, 3: nucleus, 2

Attenualion distartion, 456;

Audio power amplifiers, 605

Back plane, 721

Bandwidth, 514

Barkhausen crtetia, 530

Barrier vollage. 13

Base, 100
bias, 130, 132, 146; current, 105

Base-emitter voitage. 102. 104, 158

Beta, 105, 107

Bias circuits - BJT
base bias. 130; collector-to-base, 133; comparison of bias
circuils, 142; design, 146; fixed current bias, 130; more
hias circuits, 151; switching circuits, 160; thermal
stability, 155, rrouble-shooting, 144; voltage divider, 136

Bias circuits - JFET
bias line, 292, 295, 258, 308; bias point, 289;
comparison, 300; constant current, 312: dc load line, 288;
design, 304; drain leedback, 311; gate 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 transfer characterislic,
315; voltage divider bias, 297, 300, 303, 307! voltage
swing, 128

Bias circuits - MOSFET, 318, 323

Bias circuits - operational amplilier, 468

BIFET circuits, 395, 467

Bipolar Junction Transistor (B4T), 99, 103
ac analysis, 173; ac Load Lines, 177; alioy, 216: aipha,
105; amplification, 107; annular, 218 base 100: beta,
105, 107; biasing (see Bias circuits BJT). tias point, 124,
126; breakdown, 111; capacitances. 232: characleristics
\see Commaon base, Common collector, Common emitter);
circuil noise, 239; collector, 100, currents. 104, current
gain, 105, 107; culof! frequency, 232; data sheets, 226
dc lpad line, 124; derating, 243, 245 ditfused. 217, 218,
emitter, 100; epitaxial mesa, 217, equivaler! circuils,
179; ‘abrication, 216; lorward current trars‘er ratio, 182;
frequency response, 229, 234; hg, h,. 105 107, 182,
parameters, 181; microalloy, 217, models. 179; npn, 100
operation, 100; packages, 222; parameters. 173: pnp,
102; planar, 218; power dissipation, 243: Q point, 126; r-
parameters, 180; saturation vollage. 161, specificatians,
275; sability factor, 156; swilching, 160, 238 testing.
116; voltages. 104; thermal stabilily. 155

Sopst convertar, 533

Boltzsmann's constant, 240

Bonding, 7.8

Breakdown diode, 41

Bridge rectifier. 55

Bridge-lied load (BTL), 656

Bufler amplifier, 195, 472

Bypass capacitor, 174, 234, 338

Capaciance
8T, 232; depletion layer. 25 diffusicn. 35 FET, 272
input, 235; stray, 236, 518, load, 520

Capacitive tuning ratio, 747

Capacitor
bootsirapping, 640; bypassing 174, 234, 338 coupling,
174, 234, 336, 370; decoupling, §29; fiter. 53, IC, 221;
polarity, 60, 176; reservoir, 53, 57; shunting, 371

Cascode amplifier, 406

Catch diode, 598, 628

Cathode, 22, 670

Characteristics (See Diode, Transistor, ic)

Charge carriers, 7
majority, 11; minority, 11; mobility, 7

Circuit analysis
common-base, 196; comman-collector, 192, comt
emitter, 185, 189;

Circuil noise, 239

Clamping, 80, B4, B6

Class A amplifier, 606

Class AB amplifier, 614

Class B amplifier, 612

Class A driver, 615

Clipping
noise, 76, 78; series, 74; shunt, 76; Zener dicde, 79
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Collector, 100

Collector-base junction, 100

Callector-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, cuto!t
frequency. 232; equivalent circuit, h- parameter analysis,
198; input impadance, 187, 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

Commen drain (GD) circuil, 346
ac anaiysis, 346; equivalent circult, 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; inpul 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, vollage gain,

351

Common mode voltages, 468, 485;

Common source (CS) circuit, 338
ac analysis, 339, 343; equivalent circuit, 340, 343; input
impedance, 340, 343; output impedance, 341, 343;
voltage gain, 347, 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, &

Convertor
boost, 593; high power, 598; inverting, 534, step-down,
589; step-up, 583;

Cross-over distortion, 614

Crowbar circuit, 683

Crystal oscillator, 555

Cutoft region, 161

CutoHf frequency, 232

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

Dark resistance, 723

Darlington circuit, 570, B26

Data sheets, 762

dB, 229

de bias paint
BJT, 126, 128, diode, 30, FET, 288;

dc feedback pair, 390

dc load line
BJT, 124, dicde, 30, FET, 288; power amplifier, 607

dc blocking voltage, 37

dc power supplies, 57, 64, 68

de 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 mode MOSFET, 277

Depletion region, 13

Derating facter, 33, 243, 245

Device fabrication, 211

DIAC, 685

Ditference amplifier, 483, 573

Ditterential amplitier, 399, 409, 466, 631

Diffused transistor, 217, 218

Ditfusion capacitance, 35

Diffusion process, 213

Diode, 22
ac equivalent circuit, 35; ac resistance, 25; alioy, 213;
AND gate, 90; applications, 51; capacitance, 35; catch,
598, characteristics, 23, 40; clamper, 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, 2€; light-
emitting, 716; logic circuits, 80, OR gate, 91; paramaters,
25; peak repetitive current, 37; peak reverse voliage, 37;
phato, 727, piecewise linear characteristics, 27; pn-
junction, 22, power dissipation, 32, rectifier, 38, 52, 54;
reverse breakdown, 25; reverse current, 23; raverse
recovery time, 36; reverse saturation current, 23;
Shockley, 692; snubber, 538; surge current, 62; switching
time, 36; symbel, 22, temperature, 32; tasting, 39; tunnel,
752; varactor, 748; VVC, 748; Zener, 41, 70

Direct coupling, 382, 390, 395, 620

Doping, 9

Drain, 258

Drain-source ON'resistance, 271

Drain characteristics, 261

Driver stage, €15

Dualin-line (DIL), 223

Dynamic resistance, 2534

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, 1386,
152; foliower, 193, 554, 620; resistor, 129

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

Fall ime, 36, 238

Field etfect transistor (FET), 257
ac analysis, 235; ac load line, 337; ampifeation, 273;
biasing 287; bias point, 288: BJT comparison, 353
breakdown voltage, 272; capacitances, 272; channel
ohmic region, 262; common drain (see Comman drain
circuit); common gate (see Common gate circuit),
Common source (see Common source circut):  data sheet,
267; dc Load Line, 2B8; depletion regians, 261: drain,
258; drain characterislics, 261, drain current, 258, drain-
source OM resistance, 271, drain-source ONvollage, 272.
equivalent circuil, 339; labnication, 260: forward transfer
admittance, 269, frequency response. 336 cate, 258,
gale reverse current, 272; gate cut-off curent, 272. gate
cut-off voltage, 264; Ipgs. 263: input ressiance, 272,
insulated gate FET, 275; junction FET (JFET), 258, ac load
lines, 336; models, 338, MOSFET, 275. n- crannel JFET,
258; noise figure. 272, oulput admittarice. 271; p-
channel JFET, 259, 266, parameters, 287 339: pinch-oft
region, 262; pinch-oft, 262, 267, saturation current, 262,
267: source, 258; swiiching, 322, latroca connected.
259; transfer admillance, 269. transcgnductance, 269;
transfer characteristics. 264. 268, VMCSFET, 278, ¥,
269; voltage variable resistance (VVRI 348 Y., 271

Fied current tias, 130

Fold-back current limiting. 576

Foo! candle, 714

Foroidden gap. 4

Forward
breakover vollage, 672
conduction voltage, 632
current transfer ratio (f), 182
switching voltage, 692
rransfer admittance, 269

Four-layer device, §70

Frequency compensation, 511

Frequency response:
BJT, 229, 234, circuit, 368; FET, 356, oparatanal
amplifier, 505

Frequency stabilization, 553

Full-power bandwidth, 517

Full- wave rectificaion 54

Full-wave rectifier power supply 64

Gain-bandwidth product, 518

Gallium arsenide, 716

Gate (of FET}, 258

Gate (ol SCR), 670

Gate threshold voltage, 279

Germanium, 3

Grounded base (see Common base)
Grounded collector (see Commen collector)
Grounded emitter (see Common emitier)

GTO, 695

Hall-wave rectification, 52

Hall-wave rectitier power supply 57

Hall power points, 229, 231

Hall-wave recttication, 52

Harmonric distortion, 455

Hartley oscitlator, 538. 540

Heal sinking., 247

heg, e 105, 107, 182

High frequency ampliters, 405

Holding currernt. 674

Hole, 4

Hole:eleetran:par. 11

Hole (ranster. 5. &

h- parameters. 181

h- parameter crrcud analysis
common base, 186, commaon callecior 192, common
emitter, 185 188

Hybrid parameters. 181

Hyperahrupt |umchon 740

IC (integrateg crouwt, 278
amphiiers, $€6 S53: capacilor, 221: diodes, 220; dual-
in-ling (DL, 223, faorcation 219, 220. 222; hybrid,
220: menoltnic. 218 muitchip. 220; eperalional ampliter
465 packagrg 222 parasiic components, 220, power
amplitigrs £53, rassiors. 221, thek film. 238; thin Tilm,
219, TQ ca- 2322, -arssint 221 volage regulator, 582
£85. 58%

IC Operatiara; A=z Fars 368

lomse 263

Ircrememal ressiarce. 25

Input characterstcs see Common base, Common collector
Comman emitiert

Instrumentation amo.tier 486

Insulated gate FET. 275

Integrater, 550

Intrinsic semicenductar 9

Intnnsic stang-o!f rana, 700

Inverting amplifigrs. 478, 415

Inverting Input, 466

lon, 3

lanic bonding. 8

lonization, 42

<

Junetion
breakdown, 41: capacitance, 35; diode - (see diode), field
effect transistor (JFET) - (see FET), temperature, 17,
transistor - (see BJT)

Large signal amplitiers, 605
ac load line, 607, bridge-tied load (BTL), 656; capacitor-
coupled, 520, 621: class A, B06. class AB. B14, class B.
612; camplementary common-source, B35,
complementary emitter foliower, 620; complementary
MOSFET, 635, complernentary symmetry, 620; composite
characteristics, 612, cross-over distortion, 614, current
limiting, 628 dc foad line, 607, design, 617, 633, 636,
542: differential input, 631, direct-coupled, 620, 625,
driver slage, 615; efficiency, 610, 615, IC, 65 3;MOSFET.
645; op-amp driver, 639; performance, 626; push-pull,
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612; quasi- complementary, 627; referred resistance,
§18; 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 (LCD), 720

Load capacitance, 520

Load regulation, 63

Load resistance, 31

Logic gates, 80

Loop phase shift, 457, S8

Loop voltage gain, 457, 508

Lawer lrigger point (LTP), 492

Lumen, 714

Luminous flux, 714

Majority charge carriers, 11
Maximum symmetrical outpul, 128
Meatal oxide semiconducter FET, 275
Metallic bonding, 7

Micrealloy transistor, 217

Miller effect, 233, 514, 522
Minarity charge carriers, 11
Miscelianeous devices, 745
Manolithic 1G, 219

MOSFET, 275

Multichip 1C, 220

MT1, MT2, €83

n-channel FET, 258

n-type semiconductor, 9. 10

Negative leedback 421
amplifier, 428, 434, 435, attenuation distortion, 456,
bandwidth, 453; closed loop gain, 423; current teedback,
443; dB, 453 dc feedback pair, 435; design, 430, 444
etfects, 453; emitter current feedback, 443, 445;
feadback factar, 423: harmonic distortion, 455; input
impedance, 425, 451; loop gain, 457, loop phase shift,

457; noise, 457; nontinear distortion, 455; open loop gain,

423: output impedance, 426, 441, 451, parallel, 4438,

phase shilt, 456; series voltage, 422, 428, 434; stability,

457 voltage gain, 423
Negative ion, 3
Negative resistance:
tunnel dinds, 752; unijunction transistor, 633
Negative temperatura coefficient (NTC), 12
Neutrons, 2
Moise, 239
{actor, 241, figure, 241,242; thermal, 239
Moninverting amplifier, 475
Noninverting input, 466,
Nonrepetitive surge current, 38
npntransistor, 100
Nucleus, 2

Ofiset voltage, 468

Ogpen loap gain, 423

Operaling point (see de bias peint)
Qparational amolifier, 468

biasing, 468; bipolar, 467; BIFET, 467; circuil slability,
505, 523; common mode rejection ratio (CMRRA), 468;
common made rejection vollage, 485; compensation, 505,
511; frequency response, 505, 507; gain, 508; input
bias current, 468; input offset current, 468; input oHset
voltage, 468; input resistance, 467; inverting input, 466;
large signal voltage gain, 467; loop gain, 506; loop phase
shift, 506; noninverting input, 466; output offset nulling,
471; output resistance, 468, parameters, 467, phase
response, 508; rail-to-rail, 842; slew rate, 517; stability,
506, 509, 523; phase lag, £11; phase lead, 511, phase
margin, 508; phase response, 508; power supply
rejaction ratio (PSRR), 468

Operational amplifier circuits, 465
bandwidth, 514; biasing, 468, 471; compensating. 507,
511; design, 476, 480, 482, 484, 433, difference
amplifier, 483; frequency compensation, 505; full-power
bandwidth, 517; gain-bandwidth product. 518;
Instrumentation amplifier, 488, inverting amplifier, 478,
480;level detectors, 489, 491; loop gain, 506; loop phase
shift, 508; noninverting amplifier, 475, 477, offsat
nulling, 471; phase lag, 511; phase lead, 511; Schmitt B
trigger, 492; stabiiity, 506, 508, 523; stray
capacitance, 51B8; summing amplifier, 481, voltage
comparator, 490; voltage follower, 471, 473; voltage
regulators, 579; zero crossing detector, 490

Optoeizctronic devices, 713
Light Emitting Diode (LED), 716; LED circuits, 718; liquid
crystal display (LCD), 720 optocoupler, 735;
photaconductive cell, 722, photodarlingion, 734,
pholodiode, 727; photoFET, 735; phototransistor, 732;
potovoliaic, 729; seven-segment displays, 719; solar cell,
T30

CR gate, 91

Oscillators:
amplitude stabilization, 543; Barkhausen criteria, 530,
crystal, 555; Colpitis, 534, 537; design, 531, 533, 535,
542, 548, 548, 552; frequency stabilization 554,
Harley, 538, 540; output amplitude, 54 3; phase shift,
530, 532: relaxation, 694; Wien bridge, 541

Over-voltage protection, 683

p- channel FET, 258, 266

p- lype semiconductar, 8, 10

Parallel amplitier, 755, 757

Parasitic components, 220

Peak
inverse voltage, 37, 52, €2; reverse voltage, 37;
repelitive current, 37

Phase control of SCR, 677, 681

Phase shiflt oscillator, 530, 532

Phase lag, 511, 530

Phase lead, 511

Phase shift 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

Pianar transistor, 218

Pius-minus supply, 152, 4EG
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pn-junction, 12, 14
barrier voltage, 13. capacitance, 25; cepletion region, 13

pnptransistor, 102 o

pripndevice, 670

Polarity of capacitors, 60

Positive ion, 3

Posilive temperature coefficient (PTC), 11

Power amplifiers (see large signal ampliters)

Power deraling, 33, 243, 245

Power dissipation, 32 243

Power supply, 57, 64, €8
decoupling, 629; hum BZ9, lire effect, €9, line regulation.
69; load effect, €3; load regulation, &9, performance, &8,
tejection ratto (PSRR). 463; npple, 56, E5, 72

Programmable Unijunct:on Transistor (PUT), 703

Praton, 2

Purch-through, 111

Push-pull, 512

PUT. 703

Q fartar, 747

Q pont (see dc bras point)
Quadrant diagram, B87
Quasi-complementary 327
Quiescent point (cee dc Bias Pontl

Ragdio frequency choke (RFC) 337

Rail-to-rall, §42

r-patamaters, 180

Reach-through, 111

Recombination, 11

Rectifier
bridge. 55; dicdes. 8. full wave. 54 B4 ralf wave 52, 57

Reference source, 42

Referred resistance, 618

Reliective cell, 721

Regulator (voltage). 563
current limiting, 575, S81; des:gn, 567; dilference
amplilier, 873, dropcul voltage. 567, emittar lollower,
584, error amplifier 585, fold-back current himiting, 576,
high current, 570; IC. 582, 585, 535;Inverling. 595; line
regulation, 69: load tegulation, 69; op-amp, 588,
pertormance, 566, 563; pre regulation, 571, npple, 56,
65, 72; series, 564. series-pass lransistors, 564, 583
short-circuit protecton, 577, step-down, 588, step-up,
£89; swilching, 586 vcltage adjustment, 573; voltage
follower, 579; Zenar diode. 70

Relaxation oscillator, §34, 701, 705

Repetitive surge current. 38, 68

Reservoir capacitor §3, 58, 65

Reverse
biased Junction, 14; hreakdown, 25: characteristic, 15,
22; recovaery time, 38 saluration current, 15, 23, transfer
ratio, 182

Ripple voltage, 56, 65 72, £66

Rise time, 238

“Saturation region, 111

Saturation vcltage, 161

SBS, 692

Schmitt trigger, 492, 485 543, 551

Schocs'ey diode, 692

SCR. 875
applicators 681, characteristics, 672; circuit stabiity,
681 control circuits, 675, equivalent circuit, 671 false
rigzerng 681, forward blocking, B74, forward breakover
volizge. B72, forward conduction, €73, 674, forward
lezkage current, 672; fusing rating. 674, gate, 670.
holaing cureent, 674, lawching, 671; parameters, 672
ghase control, 677, 680, pulse contral, 675 reverse
bleexing. 674, reverse blocking , 672; reverse
brezkzown voltage, 672, reverse leakage, 672; rms

turetl €74, snubber, B82; specification, 674; surge

currenr B74; two-transistor circuit, 671; UJT control

732 zero-point triggering, 682

Series

chpper T4 -pass transistor, 583, 583; regulator, 564

Sever-seg—ent displays, 719

Shell 3

Shockiey Zcce, 692

Shunt £ coer. 76

SIDAC

Sigra

Silicon, 3

Silczr o zteral swich (SBS), 632

Silican cortraiad rectilier (see SCR)

Silicon L~ ateral switch (SUS), 692

-

Sew rz'z 517
Sioge. 2
S=al §z=a a—plhiers, 365
i80. 385 bias resistors, 367, 375, BIFET 333

268, 370, 375 capacitor-coupled. 373 332

474, commen base, 109, 405, common emer

==gn source, 37 3, de feedback paw, 390, 392
cesgn ', 376, 378, 383, 396, 403, 407; d:flereal
353, 429, direct-coupled, 382, 390, 395; high frequency
4G5 ower culolf frequency, 368; negative feedback.
421 428 434 435 single-stage CE. 366, sinzle-siage
CS, 373, testing, 409, two-stage, 378, 382. 387, upper
cutsH *requerncy, 371

Sclar cel, 727

Source folower, 347

Sauste wave generator, 548

Siability. 156, 506, 523

Stability factar, 156

Standard Components, 784

Steady stae current, 38

Storage tra 238

Stray capacnance, 518

Summirig amplfier, 481

Surge current, 38, 62, 68

Surge limivng resistor, 63

SUS, g92

Switching
circuits. 160, 183, 164; diodes, 38, regulators, 586,
5585, umes, 238

T-equivalent circuit, 179
Temperature coefficient, 11,12
Tetrode-connected FET, 259
Thermal
eguivalent circuit, 247, noise, 239; resistance, 247
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stability, 15!
Thermally-coupls
Thermistors, 749
Thick film IC, 219
Thin film IC, 218

Threshold voltage, 279, 645 P - :
Thyristors, 669 breakdown voliage, 43; characteristics, 43; clamping, 86; .

applications 681; DL "85; GTO, 695, $BS, 692; SCR, clipping, 79; data shee!, 43; dynamic impedance, 43; %
670: SOR circuits, 67% DAC, 695; SUS, 692 . equivalent circuit, 45, parameters, 42; voltage regulalors, ol
TRIAC, 685; TRIAC circu 388 70, 584 . :
Tilt, 82 Zero-point triggering, 682, 688, 631
Trensconductance, 289
Transfer characteristics, 264, 315
Transtormer-coupiad amplifier, 606, €12, 617
Transistor
BJT (see Bipolar junction transistar)
FET (see Field effect lransistor .
Transmittive cell, 721
TRIAC, 685;
phase control, £88; quadrant diagram, 687, triggering,
£86; zero-point switch, 689 ) :
Triangular wave generator, 550 e
70 can, 222
Tunnel diedes, 752
amplifier, 755; characteristics, 754; negative resistance,
754: parallel amplifier, 755, 757; parameters, 754;
piécewise linear characteristics, 755; series amplifier,
758
Turn-off time, 36. 238
Turn-on time, 238

Unijunction transistar (see UJT)
Unity gain bandw.dth, 516

UJT, 626
characleristics, 698: contral of SCR, 702; emilter

saturation voi'age, 700: interbase resistance, 699;
{ntrinsic stancoft ratie, 700; peak peint current, 700;
valley point current, 701; negative resistance region, 699;
parameters, £89; programmable, 703; relaxation
-gscillator; 701

Upper trigger poirt (UTP), 432

Upper cutoff freguency, an

e

Valencs band, 4
Valence electron, 3
Valence shell, 3, &
Varactor diode, 746
Varicap, 746

Vg, 102, 104, 158
Vi, multiplier, 628
VMOSFET, 278;
Virtual earth. 472

Voltage
divider bias, 136, 145, 148; doubler, 86; foliower, 471;

level detector, 482; multiplies, 89, reference source, 42;
regulators (£=€ Regulators), swing, 128, 648
Voltage-variable capacitor (VVC) diodes, 748
abrupt junction, 745; capacitive funing ratio, 747,
charactaristics, 748; doping profile, 747; equivalent
circuit, 747; hyperabrugt junction, 746; Q tactor, 747
Voltage variakle resistance (VVH), 546 ﬁ



