CHAPTER 5

5.1
Base Contact =B Collector Contact = A Emitter Contact = C
n-type Emitter =D  n-type Collector = F Active Region = E
5.2
For Vge >0 and V. =0, I =415 or S =I—C:M:68.8
I, 4uA
oy 0.5
= = = 1
b l-az 1-0.5
lo =1 exp[vij or Iy = le __ 275uA =2.10 fA
v, {vBE] ( 0.64 J
exp| o= | expl ——
A 0.025

I —275uA
FOTVBC >0 andVBE =0, IE :_ﬂRIB or ﬂR :—i:‘(mjzz.zo
B, = e _ 0.975 _139
l-a 1-0.975
|E=—|Sexp£vﬁj or lg=—e___2TMA 43¢0
V; Ve 0.63
expl ——| expl —— -
a 0.025
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Usingﬁ—i and a=i
-« p+1
Table 5.P1
J U

0.167 0.200
0.400 0.667
0.750 3.00
0.909 10.0
0.980 49.0
0.995 200
0.999 1000
0.9998 5000

55

(a) For this circuit, Vg, =0V, V. =-5 Vand [ = I.. Substituting these values into the collector
current expression in Eq. (5.13):

le = 15| exp(0)-exp 05 ﬁ—Zexp.(;—zs -1
{os0r o o 5|
|:|c:|S(1+ﬁiJ:1o-“A(1+3:2fA.

(b) For this circuit, the constraints are V. = -5 V and I, = 0. Substituting these values into the
emitter current expression in Eq. (5.13):

le = Is{exp(vi]—exp(vBC ﬂ !5 {e p(v J 1}: 0 which gives
Vi Vi B Vi

exp[VBE)= ! + Pe exp(vBC j Substituting this result into I. :

V; 1+4: 1+ V;
| Vy
lego =—2—|1—¢ ke |
1+ﬂi Xp[ ﬂ { £v]
1 _1 1
For Voo =-5V, lggo = lg| ———+— A—+-|=1.01fA, and
|1+ ,BF BT (101 1
Voo =V, ln[ 1 ]=0.025v1n(—j=—0.115v;t01
1+ B 101

5.6
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s
Ve BY i
BC VeE
150 pA
_ c N -
lc le
(@) - (c)

(b) npn transistor  (d) Vi = Vi

ool

I—E: ! and I—E——ﬁ
IB 1+ﬂ7F Ic /BF
Pr
f)u I —& e =— 4001 dl;=1-1,=4011
() sing B. € g and g =lg—lc = E
R

For the circuit I; =1504A
150A

Therefore I = =0.374 yA, and 1. =-149.6 LA

Voo =V =V, In B = (0.025V)in 150.A =0.591V
11 11
I —+— 2
Be B 100 0.25

5.7

— npn transistor

I 1 V, I
— ForV,. =0, I. =11+ exp| —=& |1 l,=—2F l. =41
£ BC E s( ﬂFI p(VT } } | 1 B +1 | 1 =p:1g

le _175uA 100
I, =175 | =1.73 c=——175uA=173
E LA | g = ™ HA | 101 HA
VBE:VTlnEﬂ—FI—E+1J 0025v1(100175“A j 0.630 V
— 1 g 101 2fA
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5.8

—L_ npn transistor

1 V I
= ottt ool el
R T R

c=—175 A | 1, :{_175“Aj=140 LA |1 :-%mw ~35 JA

1.25

Voo =V, ln(— Pe '°+1] 0.025V In (025175% 1):0.590v
Bo+11g 125 2fA

5.9
Using Vg, =0 in Eq. 5.13 and recognizing that i = i + 1, =1 :

i=ig =1 (l + LIexp(vﬁj - 1} , and the reverse saturation current
)V,

F

of the diode connected transistor is I = Ig| 1+— (2 fA{l - L] 2.02 fA
,B 100

F

5.10
Using vy =0 in Eq. 5.13 and recognizing that i = —i.

L 1 v :
i=—i, =—Ig [l + —Iexp[ij - 1} , and the reverse saturation current
B Vi

R

of the diode connected transistor is I = | (l + ,B_j (5 fA{l + %J 6.67 fA

R

5.11

(@)i = {exp( T] exp(%ﬂ:5X10_16A{exp[0007255J ex {ﬁﬂ:s.m mA

(b) The current is symmetric: For V.= 0.75 V and Vi =-3 V, 1, =-5.34 mA.

5.12

(a) i =1 S{exp{%} - exp[z/ﬁﬂ =107" {exp{%} — exp(#;ﬂ =1.45mA
T T

(b) The current is symmetric: For V.= 0.70 V and Vi =-3 V, i, =-1.45 mA.

5.13

Base Contact =F Collector Contact = G Emitter Contact =E
p-type Emitter=D  p-type Collector = A Active Region = C
5.14
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(a) pnp transistor

(b)-(c)
(d) Using Eq. (5.17) with v = 0 and dropping the "-1" terms:

] 1 \Y; ] \Y; ] [ Y/
I.=—I.1+— e —CB I.=—l.¢e _CB 1 :_Se _CB
c { ﬂR] Xp{vTj : Sxp{vTj ° B, Xp{vTJ

| 1 |
—E: 1 = IBR :aR _E:_IBR
le 1, 1 B+l Iy
P
lo =—1004A, T, = agle =0.251, =—25.0uA
[ a 025 1
[,=—F fy=—1R= =— I,=+75
A P l-a, 1-025 3 ° HA
poo 0.985 _ .

l-a. 1-0985

Veg =0 and I =-Iq eXp(\\//ﬂJ Ves =Vr ln(_II_E]

T S

—25x10°°A

Vg =0.025V m(— A ]: 0.599 V
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5.15
(a) pnp

(b)-(c)
(d) Using Eq. (5.17) with v; = 0 and droping the "-1" terms:

. 1 . .
ip = Is(l+ﬂ—]exp(\</ﬂj ic =—1s exp(z/ﬂj i :,IB—Sexp((/ﬂ
F T T F T

N——

lg=—e S0, o94a
Vg 0.640
exXpl —— | €xXp
v, 0.025V
ﬂFZI_C:M:75 | fo=—2 = 02 _ 05
I, 4uA l-a, 1-02
5.16

Using V.; =0 in Eq. 5.17 and recognizing that i =i :

I=ig =g [1 + LIexp(vﬁj - 1} , and the reverse saturation current
B V.

F T

of the diode connected transistor is I = | S(l + L] = (2 fA{l + Lj =2.02 fA
B 100

F

5.17
35 pA
(a)-(c)
(b) pnp transistor(d)
. | Vv . | Vv . 1 1 Vv
Veg =Veg  Ie =——|exp| =2 |-1| i =+—> ZEB 1| i =4l — i — Yes | 4
woe e ﬂi p(vTj } E ﬁieXP(VTJ } ; S(ﬂF ﬂRIeXp(vT] }
1
le_ B - B 2 _gps06 e Pa__t_ 0533
IB L_,’_i ﬂF+ﬂR 79 IB ﬂF
Be P
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I, =35 A |E=%|B=1.77yA |C=—§| =-332 uA

4(—33.2x10“’ A)

— =0.623 V
2X1075 A

Vo, =V, ln(l—&] Veg =Veg =0.025V In| 1 —

pnp transistor

1 \Y/ |
For V., =0, IE:IS(I—i-ﬂ—}{exp(%j—l} | IB:ﬂ E+1 Y AR
F T F

~300A
101

Ve =V, 1{( Pe j'—E 1} 0025v1..K100J300“A 1}( )=0.626 V
— B +1)1 101) 4fA

=2.97 yA | 1o =100(2.974A)=297 pA

pnp transistor

1 V |
For V. =0, IC=_IS(1+,B_]:eXP(%}_1:| | IB=_,BC+1 | e =15
R T R

c=-300 zA | I ={_3020“Aj=150 pA | T ==1(1504A)=~150 uA

CB_v1{ C+1 =0.025V | (300“AJ =0.603 V
- 20 5fA

5.20

@)t = {GXPE J eXPE%HZSXIO_M{eXp[OO 07205J . p(o 0325H e

(b) The current is symmetric: For V., =0.75 Vand V,; =-3 V, 1, =-723 pA.
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5.21

@) =1 exp[viJ—l =4x107" exp( 0.73V j—1 =19.2 mA
V; 0.025V
i =1, exp(vi)—l —4x107" exp[ =3V }—1 —_4.00 fA
V; 0.025V

i =i —i, =192 mA | }L: 19.820mA =240 /A | }i: _4'20 A 500 uA
E R

(b)ie = |S{exp(‘</ﬁ}1}=4x10“ {exp{oz{z\g\/}—l}:—4.00 fA
3 :
iy = Is{eXp(\Qij—l}:4X10"15A{exp(0067235\</]—1}:19.2 mA
2 :

i =i, —io=—192mA | dE TR0 505 A de J192MA g 6 A
= R
5.22
@)i- =15 exp(vﬂj—l =6x107" exp[ 0.68V J—l =3.90 mA
V, 0.025V
i =1 exp(vﬂ}l =6x107" b{exp[ -V j—l}:—é.oo fA
V, 0.025V
i i~ =300mA | Je _390MA o de _600TA_ 56 A
F 60 Pr 3
—15 _3V
(b)l {exp( ] 1J=6x10 A{exp[ j—l}:—é.oo fA
V, 0.025V
I =1 exp[vﬂJ—l =6x107" exp( 0.68V ]—1 =3.90 mA
V, 0.025V
i =i —i,=-3.90mA | 1= 000 ;005 |t Z390MA_ 50 A
] 60 B 3
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S BE

7eX (Vi]—ex (Vﬁj +I— ex (V—J—l =1
L P Vi i Vi B i Vi ot
_ élexp(%]—l—exp{%j+l}— I
ex (Vﬁj—ex [Vij —I—S ex (Vﬂj—l =1
R e W R R N
exp(%}—l}— I5(1+ﬂilexp(\</ﬁj—l}

1+

<

oo

IS

I_S{exp(vﬁ
o V;

VBE VBC
exp(—j —1- exp(—
{ Vi Vi

+1]+ =
1 B

-1
+1]--2
Pr

VBC

Defining I =—- and I :I—S, then wesee |y =apl =axls and
F R
. Vv \'
io =1 {exp(iJ—l}—a I [exp(ﬁ}—l}
E ES VT RS V—l—
. \' \Y
ic = IES{exp(ViTEJ - 1}— Ic{exp(vL:j —1}
g =1Ig —i¢ =(1—aF)IES exp Yee | +(1—0{R)IS exp Yoo |y
V; vV,
5.24
o :'B—F:@:O.%O | o = Pe :;5:0.333 | 1 :I—S:£:2.O2 fA
pe+1 101 B+l 15 ar 0990
I 2fA
ICS :a_Z:@:6OOfA ’ aFlEs:aR|CS:|S
©Richard C. Jaeger and Travis N. Blalock - 3/10/07
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oo oot

ool el

ic=1 Es{exp(%j - 1} — gl _exp(%] - 1_

I =ag g {exp(%} - 1}— les _exp(%j - 1_

ip =l —i. = (1 - )I Es{exp(z/ﬂj - 1:|+ (1 -, )Ics{exp((/ﬂ} = 1}
T T

5.26

Atl.=5mAandV, = 5V, I; =60LA: - :'_c:ngm
I, 60LA
Atl,=7mAandV,, = 7.5V, I, =80uA: g, —1c = TMA g7 5
I, 80u4A
Atlo=10mAandV, = 14V, I, =100LA: B =|_C= 10mA =100
I, 100xA
5.27
See Problem 5.28
5.28
20mA

- 4mA
ov
o -1 (VCo

T T T T
2V av 6V 8V 1ov

V_vce

5-10
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5.29

3. 0mMA

1]

2. OmA+

1]

1. OmA+

11}

0A-

-2V
o -1 (VCB)

5.30
See Problem 5.31

5.31

2V 4V 6V

V_VCB

8V

1ov

20mA

10mA+

0A1&

- 4mA

U
ov 2V

T U U
4v 6V 8V

V_VEC

1ov
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5.32

3. 0mA

2. OMA- f
0A-

-1. 0mA t T T T T
-2V ov 2V Y 6V 8V 10V
o -1 (VBC)
V_VBC
5.33

The change in v for a decade change in i. is AV, =V, ln(lO): 2.30V;.

-23
The reciprocal of the slope is 2.30V; = 2. 30k—T =230 ———— 1.38x10 — T (\//dec)
q 1.60x10°

(a) 39.6 mV/dec (b)49.5 mV/dec (c)59.4 mV/dec (d)69.3 mV/dec

5.34

(a) The break down voltage is equal to that of the emitter-base junction: Vz; =6 V. (b) The break
down voltage is determined by the base-collector junction: Vz = 50 V. (¢) The break down
voltage is set by the emitter-base junction: Vz=6 V.

5.35
(a) The base-emitter junction breaks down with V., = 6.3 V.
5-63-(-5
0N i
1600 Q
(b) The base-emitter junction is forward biased; V. = 0.7 V
5-0.7-(-5
S0-Ey_

"7 24000 Q
(¢) Vgg = 0, and the collector-base junction is reversed biased with Vi, = -10V which is less

than the breakdown voltage of 75 V. The transistor is operating in cutoff.

Using Eq. (5.13), I, = I, = |S(1—o)—;—5(0—1)= 'S(”ﬁLj ~0

5.36
Ve =Veg+ Vap =V T 075657V
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5.37
(a) I; 1s forced to be negative by the current source, and the largest negative base current

accordinf to the Transport model is

L+L] =_1o—15A(i+Lj — 2,02 A
5. B 50 0.5

(b) I 1s forced to be -1 mA by the current source. One or both of the junctions must enter the
breakdown region in order to supply this current. For the case of a normal BJT, the base-emitter
junction will break down and supply the current since it has the lower reverse breakdown
voltage.

lp =

5.38
Base-Emitter Base-Collector
Voltage Voltage
07V 50V
5.0V Reverse Cutoff
Active
07V Saturation Forward
Active
5.39

(a) vee > 0, vpc = 0, forward-active region; vgg = 0, vgc > 0, reverse-active region; vgg > 0, Ve
= 0, forward-active region

(b) vig <0, vep < 0, cutoff region

(c) veg > 0, vcp < 0, forward-active region

(d) vee > 0, vpc <0, forward-active region; vgg > 0, vgc > 0, saturation region

5.40
(a) vee = 0, vpc < 0 cutoff region
(b) vec <0, Ig = 0, cutoff region

541

(a) vgg > 0, vgc > 0 saturation region

(b) vee > 0, vpc = 0, forward-active region
(c) vee = 0, vgc > 0, reverse-active region
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5.42

Emitter-Base Collector-Base
Voltage Voltage
07V -0.65V
0.7V Saturation Forward Active
065V Reverse Active Cutoff
5.43
(a) vge > 0, vpc = 0, forward-active region
(b) vge = 0, vpc > 0, reverse-active region
5.44
(a) vgg = 0, vcp > 0, reverse-active region
(b) vgg > 0, vcp = 0, forward-active region
5.45
(a) ves > 0, vcp > 0, saturation region
(b) vig > 0, veg = 0, forward-active reg1on
(c) vig =0, vcp > 0, reverse-active region
5.46
(a) pnp transistor with Vg, =-3V and V; =-3V — Cutoff | Using Eq. (5.17):
—15 —-15
I :+I—S _107A 0.5x10" =0.5fA | I :—I—S _107A 13.3x10" =13.3 aA
Iz R 2 ﬂF

I =—|S(L+i] =107 A(i+lj= 0.263x10™° =0.263 fA
B B 75 4

(b) npn transistor with V. =—5V and V. =—5V — Cutoff | The currents are the same as

in part (a).

5.47

. 0.3 5 )| 107

i.=10"¢ ex[ j— ( ) X( j 1/=16.3 pA
c P 0.025) " Mo02s)| 1 [T Po02s) P
) 0.3 -5 10*16

o 22 2 T 02
; P 0.025) “Po.025)|" 19 |TPoozs) TP

107 (
I, = ex -
T e

5-14

—16
j—l +10 [exp[ > J—l =0.857 pA
1| \0.025
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These currents are all very small - for most practical purposes it still appears to be cutoff. Since
Vi > 0 and V. <0, the transistor is actually operating in the forward-active region. Note that

1. = Byl

5.48
An npn transistor with Vg = 0.7V and V. =—0.7V — Forward - active region

I 10mA
Using Eq. (5.45): 1. =(6- +1)I =—E£_1= -1=65.7
g Eq. ( ) e (ﬂF )B | Br I, 0.15mA
I = Is£1+ijexp[vﬁj | 15 = 0.01A =6.81x10"° A=6.81fA
B. v, ( 1 J [0.7J
1+ exp|
65.7 0.025
5.49
A pnp transistor with Vg = 0.7V and V. ; =—0.7V = Forward - active region
: I 2.5mA V, 2.5mA
Using BEq. (5.44): fo =-S=—"—=625 | l.=lgexp 2| | I = =1.73 fA
g Eq. (5.44): f; . 0.04mA e SP(VTJSW
expl ————
0.025v
5.50
—0.7V —(-3.3V
£ = ( )=55.3,uA | 1g = le =55'3’UA=0.683;1A
47k Le +1 81
| = B 15 =80(0.683uA)=54.64A | Check: Ig+ 1. =g is ok
5.51
(af, =L=w=6.67 MHz
B 759
(b) The graph represents the Bode magnitude plot. Thus ,B(S)= Pe = Py - @
S S+w S+w
1+ # A
Dp
Or B
DTt P S P
e o storte, s+t S S
S+, (B + 1), W
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5.52
Veg >0 Vg <4V,

ic =l exp(vﬁj+l—s ~ | exp{vﬁ] ‘s
VT /BR VT B
ip =l exp(vﬂ] + I—Sexp(VﬂJ = I—Sexp(vﬁ] y
VT ﬂF VT aF VT EB
0.7V
iB I_p(v_J'_ . I_p(v_j
Br Vi B B Vi £ g
e =fels | o =agie _ E
5.53
An npn transistor with Ve =—0.7V and V. =+0.7V — Reverse - active region
. —T5uA
Using Eq. (5.51): . =—(B; +1)l; | fr=—T"—-1=- -1=0.875
c ( R ) B R~ I, 404A
e =—I exp(\\//ﬁJ | le=-35uA | Ig=- _3561': =2.42x10""A=0.0242 fA=24.2 aA
[ 0.025]
5.54

A pnp transistor with Vg, =—0.7 V and V; =+0.7 V — Reverse —active region

— p(v_j'_p(v_j _ '_p(v_]
Vi) B Vi g Vi
=1 eXp[VCBj Is ~—| exp[v j
Vi ﬂF Vi

i=—|—5+|—sexp[VCBJ I xp[v j
° ﬂF ﬂR VT IBR VT

0.1 i 10

Bo=— __COImA) 67 =t TIOA  oix0TA

i, 0.1smA oxf Ver exp{ 0.7 J

v, 0.025

5.55

-0.7V - (—3.3v) | —46.41A
lo=— = —46.4 |, =——C =——2_165
¢ 56kQ AT s B +1 1.75 HA

I =g + 1y =—46.4uA+26.5uA=—19.9 A
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5.56

I, 1mA
Bron =-S =21 | Vepar =V, 1
FOR IB 1mA CESAT T

I+ (1—ap)l ImA+ (1-0.667 YmA
Ve =V, In| — (-an)e = (0.025V )in| — ( ) =0.724 V
1 J 107 A@0.02+1-.0.667)
ls| —+1-ay
B
5.57
. v | V, . | Vv | Vv
ic =1 exp[ﬂj——s exp{ﬂj | iy =—= exp(ﬂj+—s exp{ﬂJ | Simultaneous
WV e W) P T W) B Y

iB+(1—aR)C _ | VCB:VTIH _ _B ﬂ,: _
sreves Mions feree

LJH (,BR fl)iB

Veesar = Ves ~Ves :VT 1 [

solution yields: Vg, =V; In

oo
for iy>-—%
L F

e 1

233

5.58
(a) Substituting i, = 0 in Eq. 5.30 gives

Vegsar = Vs h{al] = (0.025V)1n[%} =0.0173V =173 mV
i :

(b) By symmetry
1
Vecsar =Vr Inf —

A
or by using i, = 0 and i = -i,

17



! I
1 +1 1 +1 l |
Veesar = Vs ln(—j’g—R =V, ln(—j’gR— =V; h{_jTR

o 1+L ag ) B +1 ag) 1

Br Be (243

1
Veesar = Vs ln(aF) and Vyegar = Vi h{a_J
F

Vecsar = Vs h.[al} = (O.O25V)lr(0—199j =0.000251 V =0.251 mV

F

5.59
(a) Substituting i, = 0 in Eq. 5.30 gives

1 1
Veesr =V In a—R] = (0.025v )h{ﬁJ =27.7mV

(b) By symmetry

1 1
Veesar = V5 In a—Fj = (0.025V)1n[ﬁ} =128 mV

5.60
B 09
a)V =V_In/| — = = =0.4737
(@) Vegsar = Vs (0{ Bl 09+1
+7
1 (0.9+1)
0.1=0.0251 — Brog =11.05
0.4737 l_LﬁFORJ
15
+ ﬂFOR
09+1
0.4737exp(4) = ( )—>ﬂFOR:11.OS (1= ~20A 151
1— Bror Pror  11.05
15
+ IBFOR
1 0.9+1) I _20A
(b) 0.04 =0.0251 S Beg =197 | [j=—C =2
0.4737 I_KﬂFoRJ FOR
15

=10.1A

18



5.61

With V. = 0.7 and V. = 0.5, the transistor is technically in the saturation region, but

calculating the currents using the transport model in Eq. (5.13) yields

. 0.7 0.5 107" 0.5
ic =107 exp| —— |—¢ - e —1|=144.5 yA
c ] Xp(o.ozs] Xp(o.ozs]_ ml Xp(o.ozs] | a
. (07 05 10 (07 |
i =10 exp| —— |—¢ + e —1|=148.3 uA
; ] Xp(o.ozs] Xp(o.ozs)_ 39 | Xp[o.ozs) | a
107 ( 0.7 107]
ip = exp

39 |7 0.025

_H

N [ 0.5
1 |7 Po.025

)—1}:3.757 LA

At 0.5V, the collector-base junction is not heavily forward biased compared to the base-emitter
junction, and |, =38.51; = B:1;. The transistor still acts as if it is operating in the forward-
active region.

5.62
(a) The current source will forward bias the base - emitter junction (V,; =0.7V) and

the collector - base junction will then be reverse biased (V,. =—2.3V). Therefore, the

npn transistor is in the forward - active region.

50(175x10‘6 A)

\Y
lo =B = lgexp 2= Vge =0.0251n =0.803V
c =B lg s p(VTJ | Vee 105 A
(b) Since I;=175uA and I. =0, 1. < S:1;, and the transistor is saturated.
175x107° +0

Using Eq. (5.53): Vg =0.0251n

. =0.714V | Using Eq. (5.54) withi. =0,

50 1.5

Vieoar =0.025 1n(ij =0.025 1n(MJ =0.025 1n[£} =27.5mV
R Pr 0.5
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. Y, \Y; | v

i. =1 exp & |—exp & ||+ —| exp =& (-1
| p(vTJ p[vTj_ 3 p[vTj

. v v | v

i =l.exp -5 |—exp| =& ||+ —=| exp| =25 [—1
| p(vTJ p[vT j B p{vTJ

Vge >4V, and Vg, <—4V;

. v . 1 v | v . .

ic =1 exp(ﬁﬂ and i = | (l—i-—Iexp(ﬁ }:—S{exp(iﬂ—n = agi

C S i VT E S IBF VT aF VT C F'E

Vge =V, ln[lij =V, ln[aF IEJ
I S I S

5.64
LI LSRN
a. 098
5.65

Both transistors are in the forward - active region. For simplicity, assume V, = oo.

I =1, + g, + 15, | Since the transistors are identical and have the same Vg,

le;=1c, and Ig; =1g, | |:|C1+2|81:(/BF+2)IBI | dea =Peley = Be g
le, = Pe I = 25 25uA | 1,=23.2 uA | See the Current Mirror in Chapter 15.
Pe+2  25+2
5.66
I 50x107"
Co=-"Yr7.=—"—1.=2x10"1. (F
° =\ F T 0025 c (F) (a) 4fF (b) 0.4 pF (c) 40 pF
5.67
18 2 2
Using Fig. 2.8 with N= 10— 11 =260°™ and 1z, =100
cm v-s v-s
2
2 2 1x10~*cm
(a)npn:rF:Z\g =2Y/VB = ( ) -y = 0.769 ns
o S 2(0.025vi26ocm]
v-s
2
2 2 1x10™*cm
(b)pnp:fp=;N[§ =2\V/VB = ( ) —~ =2.00ns
P ST 2(0.025vi100°m]
v-s

20



5.68

Forf >>f,, f, = f =10(75MHz)=750 MHz | fﬂ=;—T=%'v(')Hz=3.75 MHz
F
5.69
ﬂinzwzlso | For f >>5 MHz, ﬁ(f):i:w:
f, 5MHz 50 MHz
5.70
18 2
N, = X1 —>ﬂn:130\‘/’ms using Fig. 2.8. D_ = V. _130—(0 025V)=3.25""
cm -
1020
,  1.60x10™°C(25x10" cm’ 325T .
: cm
Iy =q|f|\[\)/:/”' - o =5.42x10™" A
Al X (0 4x107*cm))
5.71
1 1
W, =42D,7: | 7 < = =31.8ps
° T T oA 27(5x10°)
18 2
Ny =210 s <1359 using Fig. 2.8.
cm V-—S
2
D, =uV, = :3.38”:
cm’ 2
ng\/2£3.38 . J31.8x10 s =0.147 um
5.72
c =Pelg :ﬂFo(l"'ViJIB | ﬂF0(1+ij:240ﬂA and ﬂFo[l+£J:265ﬂA
V, V) 3uA V) 3uA
10
V) s 80
al 20MA Ly 431V | B = =717
5 240LA 5
1+ — 1+ —
V, 43.1
5.73
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[

(@) l. =1 exp{vij— 1+V£J:10—16 exp(o'nvj—l 1+10VJ 371 uA
V)T T, 0.025V 65V

(v ] 0.72V
by 1. = 1.|exp “EE |—1|=10"A e ( )—1 ~322
(b) lc =1 XI:{VT] | /{Xp 0,025V HA

(c) 1.15:1 (a) is 15% larger than (b) due to the Early effect.

5.74

V, . .
c=P:1s =Fr0 (1 + %J I; | Weneed two Q - points from the output characteristics.
A

For example : (10 mA, 14 V) and (5 mA, 5 V)

10mA = ﬂFo[l+\1/—4JO ImA and S5SmA = ﬂFO(l+Vi]O 06mA yields

A A

100 = B, (l + \1/—4J and 83.3= ,BFO(I + ViJ Solving these two equations yields
A

A

Peo=72.9 and V,=37.6V.

5.75 |
V. V., +V I Y/
Fig. 5.16(a): 1l =1.+ 1, 1+ +1]I, = CB___BE |1 ]1|——¢ BE
g (a): Ig c { FO[ VA] J B {ﬂm( v, ] J:BFO Xp( v, ]

5+V Vs
1+ —FE 5x107" Jex 100uA > V.. =0.589V by iteration
[ 50 }( ¥ p(o 025] HA = Vee Y

L, S _19[1+5589j|8:95.48yA
5.589 50
191+ ——|+1
50

ForV, =, I = Isexp[vﬁj | Ve = 0.0251n—100’uA =0.593 V
V. 5TA

19(100
Fig. 5.16(b): I; = Lexp[vﬁj — Vg =0.025 1n(—”A):
Pro S51A

T

0.667 V

:/JFO(1+\\//£]|B :19[1+5—50J100;1A:2.09 mA | Io=1.+1,=2.19mA
A

V;; 1s independent of V, in the equation above.

5.76
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V, 9+0.7
le =p:15 | IE:(ﬂF+1)IB |ﬂF:ﬁFO{1+%J:50(1+ 50 j:59-7
A

9-0.7
IE:(—)/:I.OlmA| |, =—te _LOIMA_ o0 A | 1, =59.71, =0.996 mA

8200Q Be+1  60.7
5.77
1.38x107J / K Y300K
gmzl—c | VTzk—T=( _IQX ):25.9 mvV
V, q 1.60x107"°C
10° A 107 A
@)9n= v =0.387mS (b)g, = =3.87mS
-3 -2
(c)gm:M:38.7 mS (d)gm:m A_0387s
VA vV,

(e) The values of g are the same for the pnp.

5.78
| 10x107"
C,=—Cr7. = I. =3.88x107""1. (F
° =\, T = 00058 € c (F) (a) 0.388fF (b) 0.388 pF (c) 3.88 pF
5.79

The following are from the Cadence website and the file psrefman.pdf:
IS=10fA, BF =100, BR =1, VAF =0, VAR =00, TF =0, TR =0,
NF=1,NE=1.5,RB=0,RC=0,RE=0,ISE=0,ISC=0,ISS=0,
IKF = o0, IKR =00, CJE =0, CJC = 0.

These default values apply to both npn and pnp transistors.

5.80
A NK 1 A
14144 " R Ll
IKF 10mA .
(a) KBQ = 5 = 5 =1.09 — 8.3% reduction
1+ 144 10MA
10mA . i , :
(@)KBQ = 5 =1.62 | i. = R 0.62i. — 38% reduction
1+.]1+4 S0mA
10mA . i . .
(@)KBQ= 5 =279 | i = 5 ;9 = 0.36i. — 64% reduction

5.81



10.000 /;
2.000 ’_‘__‘_’_._“/
5.82
(@) Veg =K 10y _3.460v | Ry = 36kY|68kQ2 = 23.54kQ)
36kQ+ 68k
=022 0T Vo 618uA | 1o =501, =80.9 A | I =511, =82.5 A

T 23.54+ (50 +1)p3 kO
Ve =10-430001; —330001; =3.797V | Q-point : (80.9 xA,3.80 V)

(b) Vgg = T2 oy —346V | Reo = 7.2kY[13.6kQ2 = 4.708kQ2
7.2kQ+13.6kQ
Iy = 02=0T Vg 0024A | Iy =501, =404.64A | 1, =511, =412.7 yA

T 4708+ (50 +1)5.6 kO
Ve =10-86001; —66001; =3.7976V | Q- point: (405 £A,3.80 V)

(€) Veq __ O8KQ 5y 6538y | Reg = 36kQ)68kQ = 23.54kQ2
36k + 68k
l, = 10-0.7-6.538 i=1.618yA | 1o =501, =80.9 uA | . =511, =82.5 uA

2354+ (50+1p3 kQ
Vee =10-330001, —430001, =3.797V | Q- point : (80.9 1A,3.80 V)

13.6kQ
7.2kQ2+13.6kQ

(b) Veo = 10V =6.538V | Req =7.2kQ)[13.6kQ = 4.708kQ2

10-0.7-6.538 V
® 4.708+(50+1)S.6 kO HA | g B HA | I 5 LA

Vee =10-66001, —86001. =3.7976V | Q- point : (405 1A, 3.80 V)

5.83
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_ 36k
36kQ+ 68kQ
3.462-07 V
= Y _1.629uA | 1, =751, =122.24A | 1. =761, =123.8
" 2354+ (75+1p2 kO HA e : HA | 1 g HA

Ve =10-430001; —220001, =2.022V | Q-point : (1224A,2.02V)

68kQ
byV. = O00K3
0 Veo = 36ka+ 68Kk
10-0.7-6.538 V
= L 1.629uA | 1, =751, =122.24A | 1. =761, =123.8
? 2354+ (75+1p2 kQ HA e : HA | g g LA

Vee =10-220001, —430001, =2.022V | Q- point : (1224A,2.02V)

(a) Ve 10V =3.462V | Rgq =36kQ68kQ =23.54kQ

10V =6.538V | Re, =36kQ68kQ=23.54kQ

5.84

*Problem 5.83(a)
VCC1010

R13 036K

R2 13 68K
RC1243K

RE 4 0 33K
Q1234 NPN
.MODEL NPN NPN IS=1E-16 BF=50 BR=0.25
.OP

.END

*Problem 5.83(b)
VCC1010

R13 036K

R2 13 68K
RC1243K

RE 4 0 33K

Q1 234 NPN
.MODEL NPN NPN IS=1E-16 BF=50 BR=0.25 VAF=60
.OP

.END

*Problem 5.83(c)
VCC1010
R113 36K

R2 3 0 68K

RC 4 043K

RE 12 33K
Q143 2PNP
.MODEL PNP PNP IS=1E-16 BF=50 BR=0.25
.OP

.END

*Problem 5.83(d)
VCC1010

25



RI1336K

R2 3 0 68K

RC 4 043K

RE 12 33K

Q1432 PNP

MODEL PNP PNP IS=1E-16 BF=50 BR=0.25 VAF=60
.OP

END

5.85
Ve =10 6.2kQ
6.2kQ+12kQ
3.41-0.7

I.=4.1. =100 —0.356mA.
c =Fele 4090+101(7500)

101

=341V and Ry, =6.2kQ)12kQ = 4.09kQ

Ve =10-0.356mA(S. 1kQ)— 0.356MA(7.5k2)=5.49V

Q- point : (0.356 mA, 5.49 v)

5.86
o = 1202 _ 5 hov and Req = 120kQ240kQ = 80kQ)
120kQ + 240kQ2
5.00—0.700
=41, =100 =42.2uA
c =hele 80000 +101(100000) a

Ve =15-422x107 A@OSQ}EM 2x107 A(1.5x1059)= 439V

Q- point: (42.2 uA, 439 V)

5.87
(a)l (IOIJImA 1.0IMA | R. = V| 98k —>2.0 kO
100 ~ 1.01mA
(232
= L —5kQ—>51kQ | V,=2+0.7=2.7V
1.00mA
SetR =& 2N 97k 27 kO

101, 10(0.01mA)

_(2-27)  9av

= = 84.55kQ — 82 kQ
111, 11(0.01mA)
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(D) Vgo = __ 2T oy Z2970v | Reg =27kQ82kQ =20.31kQ2
27kQ + 82kQ

2972-0.7 V.
2031+ (100+1)2 kQ

Ve =12-51001c 20001 =4.723V | Q- point: (1.02mA,4.72V)

B=

=10.224A | I, =1001, =1.022mA | I =1011, =1.033mA

5.88
@)1= I ( le,uA 10.134A | Let Vg =V, =V =6V
R. = 6V =592kQ — 620 kQ

10.13A

6V
RC———600kQ—>620 KQ | V,=6+0.7=6.7V

10LA
SetR = Vo _ OV ___503MQ->5.1MQ

101, [myAJ

10
75

B (18 6TV _ 113V

111, | 1[10,1AJ
75

(b) Vgo = SIMQ ey _7286v | Reo =5.1MQ[7.5MQ =3.036 MQ
5.1MQ+7.5MQ

7.286-0.7 V
3036+ (75+ 1)620 kQ

Vee =18-6200001; —6200001 =5.707V | Q-point: (9.85 xA, 5.71 V)

=7.7IMQ — 7.5 MQ

2 =0.1313uA | I, =751, =9.8484A | 1. =761, =9.9804A

B~

5.89

@)= de ( JSSO,UA 864.2uA | R, = v

" 864.24A

=1.16kQQ — 1.2 kQ

5_ —
RC:—)/—235kQ—>24kQ |V, =5-1-0.7=3.3V
850,A

Y/ _
RO 3'3VJ12.OkQ—>12kQ

0l O(SSO,UA
60

SetR, =

Ve, 33V

R =R — =21.2kQ — 22 kQ
111, 11{850“AJ
60

27



22k
byV. —_ %2
(0) Veq 12kQ + 22kQ
5-0.7-324 V
777+ (60+1).2 k2 HA | e B pA | e . 7.

Ve =5-12001; —24001; =2.14V | Q- point: (786 uA, 2.14 V)

SV =324V | Rgo =12kQ[22kQ=7.77kQ

5.90
11mA
(@) Ve, =1V.Ve =9V | |B=W=o.zzomA

|E='—C:(5—lj11mA:11.2zmA R =-—Y  _g9105910
a. \50 11.22mA

9V
11.0mA
Ve,  —133V—(-15V)
SetR =— = =772Q — 750 Q
101, 10(0.220mA)
_0-(133v) 133

Il 11(0.220mA)

R. = =818Q0—>820Q | V,=-15+1+0.7=-13.3V

=5.50kQQ —> 5.6 kQ

5.6kQ
() Veo = 025k + 5.6k
| _—13.2—0.7—(—15)!
5 661+ (50+1)01) Q
Vee =0-8201¢ =91l —(=15V)=5.59V | Q- point: (10.2mA, 5.59 V)

((15V)=-132V | Req=0.75k)5.6kQ2=0.661kQ

=0.207mA | I, =501, =10.3mA | I_ =511, =10.6mA

5.91 Problem numbers on graph

. __ 33K oy Z30s6v | Reo = 7.5k03.3kQ2 = 2.202k02
3.3kQ+ 7.5kQ
oy SmA
Ve =10-8201, —12001; | From characteristics at Ve =5V : S = COUA =83
L

Ve =10—8201, —1200% I =10-2034I,

Load line points: I, =0, Vo =10V and V. =0, I, =4.9mA
_3.056-07
" 2292+ (83+1)200

23uA | From Graph: Q-point: (1.9 mA, 6.0 V)
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///l;’;);/“:
0C 1= uA | Q[;POim /
1
. SmAT
; ;=40 pA
Q-Point
Prob. 5.91
5.92
o= (10Y- 6,538V | Ry =6.8kQ3.6k2 = 2.354kQ)
6.8kQ+ 3.6kQ
L SmA
Ve =10-4201. —3301. | From characteristics at V. =5V : S ;m: 83
)7

Ve =10-4201 —3300% . =10-7541,
Load line points: I, =0, V. =10V and V. =0, I, =13.3mA- off the graph
10-0.7-6.538

Ve =5V, 1. =6.63mA | I, = )
FC ¢ 1o 2354+(83+1)330 HA

From Graph: Q- point: (7.5 mA, 4.3 V)
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5.93
Writing a loop equation starting at the 9 V supply gives: 9 =1500(l. + Ig)+100001; + Vg
Assuming forward-active region operation, Vg = 0.7 V and I, = Bl;.

9=1500(5c I + 15 )+1000015 +0.7
_ 9-0.7 o B(-07)
~ 1500(B- +1)+1000 and o=/ ls = 1500(B: +1)+1000
30(0-0.7)V
@)= 5kw(§o )
. +1)+10kW

B

=441 mA | Vg, =9-15001, =2.17V | Q-pt: (441mA,2.17V)

(0)1c = Skgg(()goji;)iom =514 MA | Vge =9-15001¢ =1.21V | Q-pt: (5.14mA,1.21V)

©)!'c = 5kg215(2§9();(157+)10k9 =5.37mA | Vg =9-15001¢ =0.913V | Q-pt: (5.37mA,0.913V)

@)1 =%:5.53 MA | Vg =9-15001; =0.705V | Q-pt: (5.53mA,0.705V)

5.94
| Vee —0.7
Vee =9—(Ic + 15 1500 | VCE:9_£|C+é]1500 | |BZCEIT
From Fig. P5.26 at 5V: ﬂF=ﬂ=83,3 | Ve =9-15181,
60uA

lc =0, Vg =9V | Ve =0, I, =5.93mA
Ve =09V, 1, =20pA | Ve =13V, 15, =604A | Ve =1.7V, I, =100LA
From graph: Q- point = (5.0 mA, 1.3 V)

10mA

1= 100 pA
"/’13_:;::
5
E L,=60 uA
O SmA
=
2
8 I, =[60 pA .
=}
S Vepf 13V ] I,=40 pA
1,=40 pA
Vep= L1V -
=20 pA
1,20 pa
Vep=09V
0A
ov 5V 10v 15V

CE
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5.95

(8) Ve =10~ (I + I, R = 10— IR, | 1, =2 =F L, O

= lc =—10mA=10.17mA
O Br 60

( 3y =689Q 680 Q | R, _Vee “Ves _ (-07) =13.8kQ — 14 kQ
10.17mA Iy 0.1667mA
(b) 5-0.7-1400015 —680(1 + 15 )~ (~5)=0

10-07 V.
14000 + 41(680)Q

Vec =10V —(8.88mA80Q=3.96 V | Q- point:(8.88 mA, 3.96 V)

=222.14A | I =1, =8.88 MA

B=

5.96
1.5-0.9
Vee =1.5=(Ic + 15 )R = Re ——20—29.4kQ—>30 kQ
20uA + ’UA
Re = Vee “Vee _ 092065 _ 65510 -5 620 k2
I 201A
50
For Ry = 30KQ: Ve =1.5-30kQ(I¢ + I JRe =1.5-30kQ(126)lg | I _ Ve —0.65
620kQ2
0.65
Ve =1.5- 30kQ(126)7CE V.. =0.770V
0.770-0.65 :

lo =125, =125—"———"==242uA - point : (24.2 A, 0.770 V

c B 620kQ HA | Q-p ( LA )
5.97
12=Re(le + 15 )+ V, +Vege =500(1¢ }+7.7 | I = 12=77 _g 60mA

500
Il 8.60mA

| E =852uA | lo=p-1,=852mA | V. =7.70V

B = ﬂp"'l 101 A | e =Bl | Vee
Q- point = (8.52 mA, 7.70 V)
5.95

15- 6

Vo = 6+100——————= 6.114V | R, = 10007800Q = 98.73Q

= 7800+ 100 | Req = 100

|- 20MA Vo _20mA 6149871,V —>|c=50ls=50101'1_VBf

51(47009) 51 51(47000) 2.398x10

|
Ve = 0.0251n 1036



Using MATLAB: fzero('C107',.02) ---> ans =0.0207
function f=IC107(ic)

vbe=0.025*log(ic/1e-16);
f=ic-50*(101.1-vbe)/2.398e5;

20.7mA —.0251r12(1)'07—_r1“6A =5.276 V

V, =6.14-98.7

5.99

*Problem 5.98
VCC10DC 15
R1127.8K
RZ 24100
VZ40DC6
Q1 123 NPN
RE 3 04.7K

IL 3 0 20MA
.MODEL NPN NPN IS=1E-16 BF=50 BR=0.25
.OP

.END

Output voltages will differ slightly due to different value of V..

5.100
Vg =7 100§, —Vy. =7 —100i, —V, 1n'|£=7—100iB Vv, In %l

S S
Vg =7-100i, V. Ini, -V, 1n%
S

R, =—% ={—1oogd#—\./—T)= 1005, D2V 3510
di, di, i, 51 0.02A

5.101
Since the voltage across the op - amp input must be zero, Vo =V, =10 V.

Since the input current to the op amp is zero, | = % =100 mA

ls=L+1.=L+a:l; :%+%IOOmA:98.S mA

32



5.102

47Q
2t =y,
47Q+47Q
and Vo, =10 V. Since the input current to the op amp is zero,

lo _ 10V

o 94Q\40 82kQ

Since the voltage across the op - amp input must be zero, v,

5.103

V.. -V ‘
l.=41. = EQ BE For 1™ . V. _ =0.95(15)=14.25V
c=B:1s =1k R+ (R | &t Ve (15)

R =0.95(82kQ2)=77.9kQ | R, =1.05(120kQ)=126kQ | R. =1.05(6.8kQ)=7.14kQ
719
T 77.9+126
min 5.44V —0.7V
IC :1 =
48.1kQ + (101)7.14kQ

V& =14.25-17"[0.95(6.8kQ)]- 1777.14kQ2

V™ =14.25-3.98-4.44=5.83V | Q- point: (616 uA, 5.83V)

For 18™ 1 Vg =1.05(15)=15.75V

R =1.05(82kQ2)=86.1kQ | R, =0.95(120kQ2)=114kQ | Rg =0.95(6.8kQ)= 6.46k

14.25V =544V | Ry, :77.9kQH126kQ:48.1kQ

6 LA

o =L 1575V ~6.78V | Reg = 86.1KQ1 14k = 49.0k0)
86.1+ 114
o _jog 6TV 0NV
49.0kQ + (101)6.46kQ

V" =15.75- 17 [1.05(6.8k2) ]~ 17 6.46kQ2

V" =15.75-6.19-5.66V =3.90V | Q- point: (867 A, 3.90 V)
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5.104
Using the Spreadsheet approach in Fig. 5.40, Eq. set (5.66) becomes:

1. Ve =15 (1+0.1 (RAND()—o.s)) | 2. R =82000 (1+0.1 (RAND()—O.S)]
3. R, =120000 (1+o.1 (RAND()—O.S)) | 4. R.=6800 (1+o.1 (RAND()—o.s))
5. R.=6800 (1+0.1 (RAND()—O.S)) | 6. B.=100

500 Cases Ic (A) Vee (V)
Average 7.69E-04 4.51
Std. Dev. 4.02E-05 0.40
Min 6.62E-04 3.31
Max 8.93E-04 5.55
5.105
VEQ _VBE min
le =B g =B | For 1™ : Vg =0.95(12)=11.4 V

Req + (B +1Re
R =0.95(18kQ)=17.1kQ | R, =1.05(36kQ2)=37.8kQ | Re =1.05(16kQ)=16.8kQ

o=l 14y =355V | Ry, =17.1kQ[37.8kQ =11.8kQ2
17.1+37.8
i _s0_ 3SNVON 0

11.8kQ+ (51)16.8kQ
Vi =11.4-177[0.95(22kQ2) - 17716.8k2
VE™ =11.4-3.43-2.81=5.16V | Q- point: (164 £A, 5.16 V)
For I8™ 1 Vg =1.05(12)=12.6 V
R =1.05(18kQ)=18.9kQ | R, =0.95(36kQ)=34.2kQ | R. =0.95(16kQ)=15.2kQ

=2 126V =449V | Ry, = 18.9kQ)[34.2kQ = 12.2kQ)
18.9+34.2
e _ 150 44N 0V 4610

12.2kQ+ (151)15.2k2 =2
Vit =12.6 - 17[1.0522kQ)]- 1715.2kQ2
VE" =12.6-5.68-3.77V =3.15V | Q- point: (246 A, 3.15V)

500 Cases Ic (A) Ve (V)
Average 2.02E-04 4.26
Std. Dev. 1.14E-05 0.32
Min 1.71E-04 3.43
Max 2.35E-04 5.21
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The averages are close to the hand calculations that go with Fig. 5.35. The minimum and
maximum values fall within the worst-case analysis as we expect.

5.106
Using the Spreadsheet approach with zero tolerance on the current gain, Eq. set (5.66) becomes:
1. V=12 (1+0.o (RAND()—o.s)) | 2. R =18000 (1+o.1 (RAND()—o.s))

3, R2=36OOO(1+0.1(RAND()—O.S)) | 4. RE=16000(1+o.1(RAND()—o.5)]
5. RC=22000(1+0.1(RAND()—0.5)) | 6. ﬁF=100(1+0.0(RAND()—0.5))

500 Cases IC (A) VCE (V)
Average 2.03E-04 4.29
Std. Dev. 1.10E-05 0.32
Min 1.74E-04 3.46
Max 2.36E-04 5.27

Note that the current gain tolerance has little effect on the results.

5.107
(a) Approximately 22 cases fall outside the interval [1 70,uA,250,uA]: 100% 52020

=4.4% fail

(b) Approximately 125 cases fall inside the interval [3.2V,4.8V]: 100% ;(2)(5)

=25% fail

5.108
Using the Spreadsheet approach with 50% tolerance on the current gain, a tolerance TP on Vc,
and a tolerance TR on resistor values, Eq. set (5.66) becomes:

. Vg =12%(1+2*TP *(RAND() - 0.5)) | 2. R =18000%*(1+2*TR*(RAND()-0.5))
3. R,=36000*(1+2*TR*(RAND()-0.5)) | 4. Rg=16000%*(1+2*TR*(RAND()-0.5))

5. R.=22000%(1+2 TR (RAND()-0.5)) | 6. B =100*(1+1*(RAND()-0.5))

10,000 case Monte Carlo runs indicate that the specifications cannot be achieved even with ideal
resistors. For TP = 5% and TR = 0%, 18 % of the circuits fail. With TP = 2% and TR = 0%,
1.5% percent fail. The specifications can be met with TP = 1% and TR = 1%.
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5.109

Ve, -V,
| = | = EQ BE
C ﬂF B ﬂF REQ +(ﬂF +1)RE
R =0.8(18kQ)=14.4kQ | R, =1.2(36kQ)=43.2kQ | R. =1.2(16kQ)=19.2kQ
144
1444432
mn_sg 28V -0V
¢ 10.8kQ+ (51)19.2kQ2
VIS =] 4— |2 [0.8(22k§2)]— 12"19.2kQ)

VE" =11.4-191-2.13=736V | Q-point: (109 mA, 7.36 V)

| For 1™ Vo =0.95(12)=11.4 V

11.4V =2.85V | Ry, :14.4kQH43.2kQ:10.8kQ

09 LA

For 1™ : Ve =1.05(12)=12.6 V
R =1.2(18kQ)=21.6kQ | R, =0.80(36kQ2)=28.8k | Re =0.80(16kQ)=12.8kQ

- _ 216 o ev =5.40v | Reg :21.6kQH28.8kQ:12.3kQ
21.6+28.8
|~ 150 54V —0.7V 620

12.3kQ+ (151)2.8k2
Vit =12.6- 177[1.222kQ)]- 1712.8kQ2

V" =12.6-9.57-4.67V =—1.64V! Saturated!

The forward - active region assumption is violated. See the next problem.

Based upon a Monte Carlo analysis, only about 1% of the circuits actually

have this problem, although V. will be relatively small in many circuits.

36



5.110
Using the Spreadsheet approach:

I Vgo =12%(1+.1*(RAND() - 0.5)) | 2. R/ =18000%*(1+0.4 * (RAND()-0.5))
3. R,=36000%(1+0.4*(RAND()-0.5)) | 4. R =16000%(1+0.4*(RAND()-0.5))
5. Ry =22000%(1+0.4*(RAND()-0.5)) | 6. S =100*(1+1*(RAND()-0.5))
7.V, =75%(1+0.66* (RAND()-0.5))

In order to avoid an iterative solution at each step, assume that Vg does not influence the base

current. Then,

R

V.. — I,|R. +—E
Vgo —0.7 e = Fro B[ ¢ aF] Vee
and Vg = | e =Beolg| 1+

Iy =
Reo + (Lo + R R
co + (Bro +Re 1+'HF°IB[RC+EJ A
A s
500 Cases Ve (V) Ic (A)
Average 3.81E+00 2.049E-04
Std. Dev. 1.26E+00 3.785E-05
Min** -2.07E-01 1.264E-04
Max 6.94E+00 3.229E-04

**Note: In this particular simulation, there were 4 cases in which the transistor was saturated.
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