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From the figure we see Vg =1 11, then
I=9n Ve = 9Im™'e Ip but from Eq.(11-16) ryia 9y = hge
hence I=hg L. Also from Eq.(11-9) hyg=rppi+rp.
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v,
11-2 (a) K=v°£ where

b 8 s’ c
e _”“
Vee = IscZce Vi wi ew® 3 k3

with Ry =0, €

me

IL= ISC =Vb'e qb. c” gm vbl e - (gbo c-qm)vb' e

Zce i3 the inipedance seen between C-E. Thus,
S S
Ip'ct9cet 9L

\' =g+t
Hence’ =22, = K= —In—b—c—-
Ve Ib'ctIcetIL

Zee = (rpiclirgellRL) or Zee =

(b) From the circuit we

obtain:
Vv = =g Vi
ce ~“m'b'e K-1
gL+gce+T e c
Yo Rig
-Kgp
= Kvb' = ———— o |
e qu+9°e+gb‘c)"qb'c
~Im*db'c
1 1 V== * K= —mm
or K‘Qw"’gb c QL)-qb c _Qm .e gblc+g°e+gL
= — = = K o e —————
(c) & L where Iy, gL‘Vce 91, KV Ib o1 -Kapg
9L K
H , A=
ence: iy IpetIp cKdp'c
9L

or Ar=
T (9p c*9pre) K-9b'c
(d) Note that g ' >>gy, . and gy, >> gy,
Thus from parts (a) and (c) we have:

=g giK
K m L

B B e =
Ip ct9cetIL 1™ g e -Kapi o
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-gnﬁl,
IprelIpict Ioe tIL * Im I

or

A ~Im/9p'e ~hge

P =

1 ylin LSm 1+ hoe Ry,
9 be9ce® 9 D'C

11-3 BA—EESRCERTER Lo =10 B> Vee = I0REH > 3

Eszsun e ¢
hie=500 %8 h,.=10"° Rk /RHE
k=100 hee=10""
(ER—#1EEs s fr =50 HIEM » Co, = 3BT B KATEBE
T2 WUl o
11-3 From Eq.(11-16): g = el _ 10mA_ o0 mA/V
m Vg 26mV
h
_fe _ 100 _ . - - =
bre =5 = 5.385" 2609 i Ty Mo iy, 500 -260=2400
Ty
Thig =f =260x10'Q=2.6 M;
101

gce=hw —(1+hfe)gbic=4 Xlo-s - 2.6x108 =0.12x 107®

) 9m _ 385x10
Of foe = 1/90e = 833K ; Ce= 57— fr  2mx50x108

=1224 pF ;
Co=3pF.

1M-4 BA—FEERRTRET Ic=584a2 V=10 REF » 85

B ¢
Age == 100 hie = 600 Bk iy

KSfesSr v Covrve s Rrw e

| -he | _ Pte ___100
/88 | T/ t8)2) ¢ [t/ 197

11-4 From Eq.(11-28), |Ag|=
=10

or 1+(f/£5)*=100 and (£/£g)*=99, or £/f5=9.95 where



£=10 MHz. Thus, fg= £/9.95= 10/9.95=1.005 MHz
and f-r=hfe f3=100,5 MHz. From Eq.(11-30),

kel 1 5 10

2“& Vp Znfp - 26 2nx100.5 S04 PF
=_hi_e 100 = 5200 l‘ = - =600-520 =80Q
™he g 5/25 ’ b’ b'ie l’b'e

11-5 —vBp—n—pBHEZ f; =400 MG » HREEHEFE

Ce=

g
11-5 From Eq.(11-30) we have  fy=hgfg=5—c— (1)
e
wl
From Eqa(11-17) and (11-22) we find Ce:CDe=9mﬁ_B(2’

Substituting (2) in (1) we have
Im - Dg

— — 2 o —
fTH wz "wz or W ﬂfT

2"9m 3Dy
But for a p-n-p transistor Dg =Dp= 13cm?/sec (Table 2-1)

w2 = L3 - 13 x 107 cm?=1.035x10"® cm?

T 3.14x400x 10% 12,56

or W=1,03x10""cm=1.03ym
11-6 BA—#Hp-—n—p BEWZHEETER 107 Bk ks
T[E.rﬁ&)‘ffﬂﬁiuﬁﬁi 2 "ﬁfﬁZlﬂ/&fﬁﬁﬁ%Q ’ (b)fr o
2
11-6 (a) From Eq.(11-22) we have Cg =~Cpg = qm%a (1)
Using Eq.(11-3) and Table 2-1 andsubstituting in (1)

I w_2x10-* 10°°
we obtain Ce =y X 3Dy ~ 26x10~ *2x47

= 8,2 pF

_9m |1c|
(b) fy =3 Ca ~Vg2nGg — 1000 MHz
11 -7 (@EAFHHES R TNR FE# XL BARB aZWEH

__B
1+ 8
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A= A =TS0 77)

AU a3

a

TS T
S

hll . fﬁ
l+hh E f’_l-av

OFHazER s B a, = 1FFs fa=fph, °
()& 2

-

—_ — Y%
l-au""jf/fe

@) BWE @M ( excess phase)s BEL a,e/Va
W a, + BH: |4 |=] BRZEE f, JhaFARB:

Ay

| +x'=2a,(cos mx—xsinmx)
ﬁq:l X :ff/.lr'
&) Emx<l s i El=fHEBURA LY

aﬂﬁ
(1+2a, (m+m* /2 )ij

Sfr=

N FEa,=1,m=0.2s BWASfr=fa/1.2¢

._nie__ h¢e
187 fa) gm B= ke = H’Z‘” . e RS 'r;fe
2t 1+ 1-A fo_  1+h__+Jf/f :

ST fe 7P 1 TR

Qo

- I_HW where o, =hge/(1+hg) and

£
f, = fg (1+hge) =TZB°,_



h
(b) op= lﬂ: =~ 1 since hge > 1. Then f,~ fg hee

(C) From the results abave: = and i =f (1=
Thus, we have ite™ 1 alle0)

-hfe ~ao/(1-a0 )
METTYE, " T/t (1-ap)  1-ap* 1/,

(d) Using the expression of part (c),
-jmf/ £y

e l—aoe'jmf/fa +§f/f,

-ap cos(m f/fg)ﬂ aosin(mf/f,)
" T-agcos(mi/ I, ) Hagsin(mf/f )+ {/f, "

Note that

when f=fp, | A/|=1. Thus,
ao” cos® (m f1/f)*ag sin’(mip/ fy)
[1-agcos(m fg/f )|+ apsin(miz/f ) +Ey/ fa]Z :

|ag] =1

Let x=fp/f . Then ag (cos®mx+sin®mx) =

I - 24,008 mx+ af cos’mx+ag sin*mx + 2a X Sin mx + »&
or 1+x*=2q, (cos mx - x sinmx)

(e) If mx « 1, then cos mx ~1 -4 m*x* and sinmx =~mx
Thus, 1+x* ~2 a5 (1-$m*x* -mx?) or 3
(el

fr 2 2ap -1
T %o Now
xz= — —————— f f .
( )"’1+z¢°m+,° ¢ or T a[1+2¢°(m+l?—)]=

since ag™1 then (2a=-1)2~ag hence fp = )
[1+2¢ (m+§-,r]
(f) If g,=1 and m=0.2, then o

Ixfy fy _fL

1= 1+2¢1x0.2+0.02)]F ~ (L. ag)r 1.2

11-8 (o) LIEMSHEMEERLNEZHAE - SHEK » AES
H L R R ERE SRS PG A A 8L 2 NI ANESD
BIC. s rv. » 7o WTRBE/NEL o
) FfcZgER BY: REBERETHAS

A‘. g- - )
gba+gu+.,wc l+]f/f”
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Hep

_ hyu & __ JB
“1+h, A fe orC,a, 1-a,

11-8 (a) The impedance of

Cc=3pF is -§100 at " g&vk e

530 MHz which is L '

far above the fre- Toe : V:: Qg}"k ‘L
quency range this 4

circuit is used, .

Thus, C; may be

neglected. T o= 4M

is in parallel with Type = 100Q and thus may be omitted.
rce =80K is in parallel with (rpte * Ippt) =1.1K and may
also be neglected.

(b) With Cg, Iy and r, left out in the circuit of part (a),
we have: Ajp = g- where I =-g,, Vi, and
~(I;*ImVbre)

==l + g Vi = —
Ve ==+ 9m Vpre)Ze betluCs *
-4 9m
Vi o= ——————— = ————.  Using
b'e gy tamtiuCe Pb IpretIm*IwCe
hee/Thre hfe -
Eq.(11-16), Ajp = = 1+hgo+jwry, Ce
N A N h¢e +uCe fe b'eve
‘g Th'e rb'e 5
1+hee %o hte
: or AMp=Tir7/f where o= 77 and
1412m £Ce THA 141¢/1y 1+hee
1+hge 1 Im
S ——or f_ = = «Also
o 2nmr,,.C o b'e hfe 2 Cg
b'e ™e 2mhe, (TFhz!Ce e
1 1
2nrp e Ce 21Ty e(Ce*Cp) f
fe 1+ hge ?

11-9 EREEPELEZHaer2ME 11-1 i » REKBER R
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11-9 Assuming |K| = |

LLorifr o 3k
(@) WAMBZ A =1,/1, 2+ 35 28A%
) {EahFRZ ARBFERER 4, =V, v 11

F-9EW

| >>1 and using Miller's theorem we

obtain the equtvalent circuit shown.

g‘,‘]uor“' BI I-t_’
“ Jce [
Q_Vs e T (v 1. Ve ‘FC‘(’T") <K

As explained in Sec.11-8 we can neglect Cq(1 -"1—() and then
at midband K = -g_ Ry = (50 mA/V)x 1K = -50. Also
C=Cg+51C.=100+153 = 253 pF. We call Ry =900 +rpp, =1K
and we obtain the indicated equivalent circuit using Norton's
theorem.

L, ¢

= | T
' ’ ‘D
PayY, e e Tc CDLV;‘ Bk

E ' 3
Ip'e *sC L_ omWe
Now L =Ig G+ e TsC and Ap= Ii - T but
gm

L= Vb' (gpre +sC) hence Ap = _+sC(l) Using Eq.(11-



~hge - “hte
1 +s_C_ 1+ f/fx
Sb'e

16) (1) becomes Ap = where

fgqb'e_ 1 -1
I 27C 7~ 2mxl x10°x253x10 2 1,582

x 108 = 0.63 MHz

R S - .
(b) From Eq.(11-47) fy= 2nRC where C=253 pF and
10°x10°
R=(Rg*rpp) |1y from Eq.(11-40), hence R= ;ﬁ? =5000
o 1 - - _ar
Then fy= 9rrx500 X254 x 10~ 1.26 MHz, Using £q.(11-41
~ImRp, G8/(G5* 9pe)

we have 1+ f/fH or
ngLG'S __f'_ -1
|Ays |= = JH—;— (1) where
| Gs5*9pre ( fy )
D S -3
Gg_Rs“’bb' 1x10™ mho then
9mRLGS  sox10-x1x10%a0™
Gs*ope | 1x10-+1x10-7 - 2° andatf=f we
have from (1)
1 1 25
=25¢ =25x =22 _92.4,
| Ays|=2! BRI T.25 1.12

11-10 #HE— HftHEERE N AR HAKSEME R GEEC. LW
@ B|Y:ANBERBALK=V./V..B

K=~ _g-RL
1+ jw (C,+C.) R,

) {BE: 35 HHER

1
fi=ox(C.+C R

HEREER ¢



go R, (C. +C. )3 C,+C, (1 +8aR:)

11-10 Applying Miller's theorem we get: where C=Cg+C(1-K)

and C'=C,.
-9 RL

1+jw(Cc+CLRL

Vee 1 m'befL
(a) K= Voo Vb' Ll*lhﬁL(Cc+CL)] or K=

J ’
8 W B c

w j‘
s FC & 3R ARG, Ve
- j‘-‘-‘*«%‘ ™1

% E

(b) From the circuit we see that there are two time constants
Ry (Cc+Cp), and 1y, [Ce*+ C(1-K)] . I

1
Rp (Cc*Cp) > oo [Ce+Cc(1-K)] =1y, [Ce*Co(1+gpRy)]

(since K=K, = -quL). then fy; is determined by the
larger time constant. From part (a) we get:
s - SO S W
'H=37 ™ 2n (Co*CpRL
11-11 HA—NRIHEEGEREAN » HBA~ SBEM 1 - 18§/
FIZFEYE s FAREWEM R, DUEH 35 J1EF [y R R,
=0 RFZ— (DR, =olFZ % 7 1LER, ERAKR R, ZX

/A AR 7 F R KB E B BGE BT i <
Rs* rpb!

. _s_bb
11-11 From Eq.(11-47), fy= nRC where R= Rg +hye e
Eq.(11-40), and C=Cg+ Cc(1+gmRy) ... Eq.(11-39).

1 _he 1
(a) If R =0, fH 217 Tbb' :b' Ce“ci(l"quL) . Now find RS

such that fy = iy

i =L ._.Rs+ hle - =
H 2n (Rgtrpp)rye CetCol1*ImRL)

10



_Pe 1
~ a2 (14m R = \ + U
2 [2n b Tb'e Ce"Cc(l"ngL)J where hyo =rpp * g

Rs*he 1 Me o Mefhy _
(R +l’bbl)rbl 2 rbbn rboe -8 hie-zrbb'
b *The)bb' 11004100 _ i
% = 1220
e~ Thp 000
(b) If Rg=e, fyg = o= 2= ——L———_ To find Rg for
*"H 2nm rbo Ce"' Cc(l"'ngL)
£ (Rg+hyory,
H s "le’’b'e
f'o=2f —==2 = —————— 0or 2Rz + 2r,1 =Rgthy, =
H Hr fH (Rs"'rbb')rb'e s bb' s hle

Rg+rppy +rpig
or Rg=rp o =Tpp = 1000-100= 90092, Note that the above
values of Rg do not depend on Ry .

11-12 — HRSE AR R R =500 Eiess ERERRDRESS,
=5SMRfs & h, =100, gn= 100 ZL /R¥s 7w =100
s C.=1 @MEEs fr=400 &M o
@) FEREBTFHBEZEHST4E -
6) HaBikZ R, fé» KehSiERER V, /V,
(#7R : FIAEUS#HE] -

11-12 (a) From Eq.(11-23) we find

_9m __100x107? -
Ce=2nfy ~ 6.28x400x 108 - 0-0405x10

From Eq.(11-16) we have rp, , = hie =1K. From Eq.(11-
9m

39) we have C= Cg+C¢( l+quL) =
=40+ 1(1+100x10™°x $ x10% = 91 pF.
Let R, =Rg+r,,, and R=Rj||r., then from Eq.(11-47)

we have fp = 1 or R= L - L
H ™ 2nRC 2mfyC  6.28x5x10%x81x107°%

=0,35x10° =350Q

11



Ry XTpg
hence z———— = 0.350K or 0,.650R* =0, 350
RS*rb'e

Ry =0.539K=53902 and Rg=Ry-r,,, =539 -100 = 439 Q

(b) For s=jw and w=0 for-the midband gain Eq.(11-41)

o ImRy, Gg , 1
becomes Ayg = - _Gng—'e where G =R—,s hence

_ _ 100x10™°x0.5x10°x1.86 x10™> _ -50x1.88
Ays 1.86x103+1x10-°  ~  2.86 325

11-13 MRERFEREZHE 2B 1]~ 187 » RAEKASR
ERAPRBO.2ELRZRBE N » ARTIHIMAZ R BB 5
R 2 (/& O = 08F » sk HBF % B 288 F5t © 6)&C, =0.1
TREERE » BB 1% BUZRERET «

Yoo

. CL
‘-g) I F1i-13 EH

11-13 (a) We shall use approximate analysis. Applying Miller's
theorem we obtain the circuit shown. Where
C=Cg+ (1+g R )C =100+ (1+50)x 3 = 253 pF

) 100 L R’

| Wy
‘;( 4): 1K 1K $ 1 J Lk

D’-Vh’t

AN
V

>

Applying Thevenin's
thearem to the circuit
to the left of B we
have

12



Vs=0,2u(t)V

S5k g’
(u(t) unit step function) >
and R' = 1K, Applying * 1
vl "c GD 1.&
Thevenin's theorem to - TWVee

the circuit the left of

B' we have

v, = v,,,‘%1 = 0.0952 u(t)
and R;=1.1|{1=0.525K. Then the time constant of the
input circuit s R;C=0.525x10°x253 x107™*4=0,133 y sec

-t/0,133

Hence vb.e=0.0952 (l-e ) with t given in ysec

Consequently
-t/0.133) -
-t/0. 133)

Vo= =0mRL Vi g = =50x 0. 0052 (1-e

=-4.76(1~e

\b) For this case we can consider 9m Vp'e 28 @ unit step
since the time constant af the output
Ry, Cc=10*x10"7=10"*>»R,C = 0.133x .07 . Hence

-t/10™* -t/10~*

Vo =-50x0.182 (1~ )=-4.76(1-e ) with

t given in seconds.

11-14 (@ HAFE 11 -8t EREHFHHEMARZHBEEHRK -

6) kX (11-37) ikzEBREV, /V, o
4

L C e
[——fw 1 "
3.V Riar» l
e C s = Vs Yoe | Ce @ 3
]' QL %0(..‘ "_vu

(a) (b)
(a) By applying Norton's theorem we obtain the circuit

13



