CHAPTER L

hL |
(@ From (I-1) the built-in potenhal
'° ¥, = Vp &n Nalp
n*
[

- 26 Ln SY ’0'5)( 'O'7= 75 mVy
2.25 x 10%°

From (I.14) the depletion-layer depth
in the p-type region s,
|
W, =| 2X 1.04 x 107« 5.15 "2
Lex 10 '% ex105(1+0.08)

= 0.93 ym
In the n-type region vsing (I'15)

!
W, = | 2% 1-04 x 16%x 5.75 72
l6x10Mx 10'7x 13-5

= 0.074 ym

From (1-7) the maximom field is

= -qNaw,
€
= —[.6X lo—mx leo' xo-93x154'

oy x 107"

EMAx
5

= -4 x 10t v/,

(b) For 3zero volts bias,
\‘/O + \,/R = \*’o = 0.75

0:93 /035" _ 0.34 4m
5.15

Wz' = 0'074 0'75

W, =

= 0:027 MM
515
= - - 4. .
EMAX- -4 x 107 x 0-34
0-923

= =417 x 0% Vi

For 0.3V gorward bias,
YotVg = 0:45V

N' = 0'93 0'45 = Ot 26 Hm
\ 5.75

Wp = 0:074 [0.45 . 0.021 ym

5.75
= =~]]- 4 v
EMAX Ned4 x10%x 0-26
0-93
4
= - 3.]9 x10 vbn
|2
/

From (1-20), the 3ero bias
yunction capacitance is ,
)
= A [‘i,éNAND J/" l
2(NtNp)d A,
Y

- =19 -2 |
= 2xi5x [1:6¥10 X104 16'X BX 10" lo”J
2(8x10"+ 10"

Cjo

x 1

J 015

=0:57 pf

Using (1-20) With Vp=-5V ne

obtain,

%"—' Go  _ 0.2 pF
~N7.7

With V= 0.3V

G = %o - 0.4 pF

No.6
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The break down VoH'age, con be From (1.81),
calculated from (124) using BV,.,= 488 = 3v
6 6 [ Y : ‘\/4 200
, MAX‘ = Cepp T 4XI07 Y/,
Thus, . e . 3

- Z = 1.04 %0 0
4x10° = [Zx:-ex:o Rexi0'5x 10 Vg} BV 4 "_m - X 9xI10'= 293V

= 3.2 x(0
1,04 x 10 (8 x10"%+ 10") x10

BVeo= 223 - 65.5V

S Vg=T0.2Y
R 200
&
Junction curvature cavses (1-24)
to become
:
|Emax) = 15 [ ZiNatoVe 7%

E(Ng+Np)
If Ny>> Np, [Emag| = 3%10° V4,

and Vp = 150V, then this equation
gives
ax10%= 225 24NpVe
£
"Ny = 9x10°% 104 x 157*

*

3.2 x10 ?x 150 x 2.25

= 8.7 x10'4 at'orY\S/Cms

13
The plane breakdown voltage s
BV = € ( NA* ND) 82’
cBo

CRIT.
2.1 NA ND

= ho4x16* L 9xi0% 48.8V
3.2x%10"%ex0'5
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\/(00 [8
_—
L ! m= T = OZmMA - 7.6490 mA
101 |
' v=1_ = _1 _ -130ka
91 | o =
8 | N9m 1072 (7-69m)
|
7 | _ |
¢ l r.o= B = 100 _i34q
5 : dm T:69m
|
41 ! € = Te g, =(I5ps) (169 m) = H5 £F
3 |
21 : 2’],\=5L30\r;,=‘’5(100)(!30i<)=esM.c:.
| wh !
T + ’:‘, L} N C 2_ C = 0 FF
0 0 20 30 5\2204 \&::E 4¢ 4
= (1t X M« Cuy = _Sho 0fF _ 394 ¢F
c = + Vee F I v
vA> —Mx, © \}H es - {Hoss
M= ' om Cao . zoer _ c.os4F
I= VCB " I+ Ves
V q’ t+ 4
( ) N o5s
BV,
Where . =099, V, =50V Cr= Cp+ Cje = 155 fF
= - 1 -
Bvceo 120V, n= 4 2000 —w\és MM——;L 1005
B } % ¢ W/‘V
(b V + | 3.e4¢F L
A i3 mé ' |iss ¢F D o 6.95 fF
18} ; (69mey
o} v 4 | |
8} 40
_6OMA
7%//* c
6
5._
4‘;,/,___*_———?-9—&6"#
3
21 _ IoMA
n * TN
fo) % e SV
5 10 Volts
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2 For problem (-9),
= Ic = | mA = 3&8.5 mA R ,
. ' ) j
Noe 1 - o - 26 ki ol dW 623FF 4 JF
M 9m 1673 (38-5m) A
200}
Yn= B = 100 . 2.6kn 00 :
9w  385m 1-8 7 =7.76Hz
Cy = Cr Gm = (5ps)(36:5m) = 577 4F \['_'9*1’9-346”1
Yy = 5B, N = 5(100) (26Kk)= 13Ma 1ot
CJ& o 2CJ¢O = 40 §F
. /noe
C = ,o F 4 Il -~ S
u=_M f = 5.96 fF |O~IM M oM looM 16 TT’
N [1+ I e e
0.55 .16
b
¢ = Seso
es T - 20fF _ 9.20 ¢F
I+ Ves
. b+ 2
Yo 055
C'TT = Cb+ CJC = 6’7 FF
M-
2000 i3 Ma |0005L
"‘Wv‘v ¢ f “ ' W‘_
B t ] 5.94 £F I c
24Ka. \ 26K
‘1’6””:3@ ot @ :[9'7_9 fF
S| s

110 At high frequencies,
Blyw)= 21 o 9m

W T
J Jw(gHCy)

For problem (1.8)

()= 90 My _ 4846 17
dw |59 fF

Jw Jf
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.

S

@ A Io=1ImA, =L o |
2rfy 2 sooxi0®
= 0:265 ns

At Ic= 10mA, T = ! I

2, 2nxi02

= 0.159 ns
.. 265 = Tp 1 26x(Cu+tC)
159 = CTp+2.6 x(CH4Cje)

‘. loe =

* e

" CytCe = 453 pF

Since Cy 0.15 pF, Cje= 44 PF
IC = 0.1 mA
-3
= O.I%x 10
26 x 1073
3.8
¥, =500 kn
v, = Sx100 X500 kn =250Mn
- ~9 -3
Cb = (,Fgm- 0147 x 10°x 3.8x |0

= 0,56 pF
0:56 + 44 = 50 pF

]

I =1mA

gm’i_!gs 3¢ mA/V

tr= 190 kp= 26kn
38

b=50Ka, r,=25Mn

¢, =56 pF

Cn=56+44=10pF
CMs 0.3] PFJ CCS? 0.852 PF

r, = loona, r =000
I =5mA
dm = 190 mAy,,
¥nr = 100 = 5300
120

L=10kn, y=5Man

€, = 28pF

Cp= 28+4'4=324 pF

Cy = 031 pF, G = 0.82 pF
Y, = 1008, ¥ = 1005

(b fy= L —39m
2T Cp+Cje +Cy
= | !
2n e+ M (¢je+Cu)

I
CF"\O' 147 ns CJ';"’C,q = 47 pF
£ '
(MHZ)

loot

ot

{ 3 : L
I nA IOMA 100 MA [mA
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A2
s " .
@ Leg=_B = 10", 38.5 ns
2Dp 26
fr=_  9m
2n Cb-i-CJ'g
-1
I, .

=1 _ 1 x10°= 41 mMHz

2T 38540l
ceI, - 38.5x 16 7% 0.5 167>

19.3 pC

%)
1]

P
(b —-IC - AN _ o per volt of V.

AIC =05x 1 mA per volt of V¢

Points B and B, will be at the
same potential and can be
connected. Also ¢, and ¢, , E| and
E, . Thus, the composite device
becomes as shown mith a
collector bias current I,

YM/Z
rb/z —'—MMP—'—" E/z_
- ZL —T_W\l—o c
L “ 7 «
rﬂ’ VT 2¢, G zﬂmy%f I"iacs
- ,
T,
+ —0
E

since Y,,r. and r, are assumed
constant, the valucs of these

IOO resistors are halved in the
Jooh = AV o log Ko = 200k composite delice as compared
AT o . ‘
¢ to the original device at the
some total current.
113
-y ; ‘ ‘ nd ¢
connect two transistors in parallel, since cy and G, are

each with & collector bias current

Independent of bias current,

the values of these capacitors
are doubled in the composite
device. Since Iy, F, and 1y are
proportong| to '/Ia’ the valves
of these regis tors arc unchangcd

ih the composite device as
compared to the original device
Wi th the same fotal current.
Since gm 15 propertioral fo I.,
its value is unchanged in the
composite device.
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B ison g' 96PF  15mc
Finally, cq = Cjet Cp Where ¢, 2‘6;; W
IS assumed constant anrd . V"[’ 7""'3?6 mkl:ZPF
¢y is proporhtional to I..Thus, — E ¢

in the composite device, Cie
s doubled and ¢, is unchanged.

AS a conseguence, ¢ in the
composite is larger than in the

original device at the same
total current, put the increase
in ¢y is less than twd times.

Lk N
Since current gain 15 9 at 50 MHz,

fr = 9x50 = 450 MHz al I =1mA

Tr = | _ -0.354 ns
ZIT‘FT

From (1-130),

CT = CF -+ C};‘f‘CM

&m
L. 00354 = 0.25 4 (LetCy)x 26

". CJ:C‘ +Cq =4 PF

Given Cy=0:6 pF,.. ¢, =34 pF

Cp= Cpdm= 0:25x167x_L = 192 pF
13

o Cn ~ ‘—Je‘*”cb* 3:4+19.2 = 22.6 pF
=1 = 77 mA

dm =13 i

=Y =40 xq =20ka
I 2

Y= B = 13000
9m



1-8

15

L=

@ X KW =927x10=270 HA
Z L A

$o in triode region,

Ip = 970 [ 2(Vgs—0:6) Vyom Vb5 ] 4A

In active rcgu'on (saturation)

Iy= 970 ( sz—o'e)"(|+o.oz4vD5)qA

(b> From (11140),

Vi = Vot ¥ (2d v -

From (1141),

26, )

— -\
Y= ,-,/2.@6 N4 ,J{x 16x10 "% 1.04 x 163 5x 10'®

C

=0:094 \[v'

From (l.142),

Cox = Eox - 39x8.85xi5'4

tax gox10°8

ox 4:3x 10”7

X !O—s = 43_f_F
Ym*

= 4:3xI07F

When Vgg=05V, V= 063V
When Y¥g=1V , V=065V

eme

-
-
PR

V65=I;5V

I,/, (mA)
20T
I8t
16 1
144
2 +
1.0 +

O!g )

041
02 {

Vpg (V)
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w 2.6F
V, =06 +0.094 (-6 =J0¢) é ' { b ,
2 0.646 V 5 307 l+ 702XI0 Voo | 26x(0 \87¢F
) fF L FF T vgg | Ysb —
; __ -
Ip= _Jé W (Vgg=Y) (14 2 Vi) . T s 328 Ka
L I+ *
4‘ 2 T_ VSB
- '_92{ "EQ' (1-0-646) (14 0.024(2))
= 127 4A
1e\7
From (1-180), — '
- \ < From (1'208),
: gm:jzx W I, =Jz(194) 0 (127)
. L "FT = ._‘_. gm - 3M
- 702 Ay, 2i Cgs*‘gd gb 2 37.7x16°
From (1. 129), From (1.179)
By = YJ KW I o.oez,jmao)(uzﬂ\ Gm= X A B (Ve-%) (14 AVps)
2(20 +V¥%3) 2(064+1) =154 10 (Vcs"o"ﬁ(‘*“ Vos )
=26 4dy '
Here, 14+ AVpe= 1+ 0.024(3)=1-072
From (11194), & =_1 - _ ! .
A,  0.024 (1274) This term (s usually (gnared
~ 328 KO but is Included here to demons-
From (1201), . - Lcho . 204F _ 13 cF -trate 145 LSe. Ignoring the
\[H- Vsg \j,_,.,(_‘ term would cavse a '7~z%¢rmr
N o7
Vog = Voot Veg = 2= 3V Ves (V) | %V (V)] S (ZA)] 7 (6Hz)
From (11202), ¢4 = < _ 20F _gugF |- 0 04 0-83 a5
’ 009 " 87
IH l I+ 3 s ) 7-9
¥, 07 20 |'4 2-9]| 12:3
Cg,d‘ 2 fF
From (1-191),
Cos; = _23_._ WLCO,‘=_§-_(|Q)(|)(4-'3 f)=28.7 fF

Cgs = Cssi‘i’ Cgsol.: 28742 = 30.7 fF
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18 b L=1-5V
e ® &
In linear region , from (1-215) Vs | Ve (W) | VosgaaV)
Ip= MnCox W [’-(Ves“vf)vo;‘ VD’; ] l-0 0.40 0.3574
2.(:+l/2§) 2:0 140 I-0397
EL 3.0 2:40 15741
From (1.220), V=1V | V. (v) | Nowelsat. | Vel -sat:
\ £s bs( oA | Tp(4A)
Vos(act-)"' ‘E«:L[J f""-(ves"vk)—l] 0] 0 o)
L 0.2 né.4 (027
| ‘ 04 1552 123.9
- In ackive region, from (1.223)
Vees2V | v (v) | Novel sat | vel-sat.
Ip= Mnfox W V2, (act) = bs (V) Ip(4A) | Ip(4A)
2 L o 0 o
E L-I5V 02 5044 4451
| V. (V) V. -V, (V) | V. V) 0.4 231.2 7352
@) ‘es 65t ( bsack ( 1.4 | 1201.2 |1048:5
1.0 040 0.395
i ¢ "gko
2.0 [ 40 1.34 Veg=3V | Upo(v) | Nevelrsabp e
3.0 2:40 2.23 i Dol Ip (HA) Ip(4A)
vel gat. © o o
: No vel.sat. ' .
vty | vty 0.2 | 892.4 | 7874
cs bs(V) Ip(MA) | Ip(MA) 0.4 1707.2 1347 &
0 0 0 4 4617-2 2388.2
0.2 [16.4 149 2.4 5587.2 2403.4
0.4 155 .2 I51.2
No vel sat. vel sat. ©) &, =075V
Vgs=2V | Vpg(V) Ip(MA)| To(MA)
p o o Ve (V) | Veg=Y% (V) VDS(acf)(v)
0.2 5044 497.8 1.0 0-40 0.3282
.4 1901.2 | 1742-1 3:0 240 | 1-290
) No vel. sat] Vel sat. V.=lV Vo (V) No vel-s&t | vel SaFk
Vee= 3V | Vpg (V) T cumy| Ty (MA) & bs Ip (4A) | To(ua)
0 0 0
0 o) o)
02 892.4 | 860.7 o2 ,';_‘?*_ ?”ai
0:4 1707.2 | 16622 4 04
I- 4 4617-2 | 4223.0
24 5687.2 | 4839.7




: ()
V=2av| v (v) | Do veloeity vel. satn. 5
6s DS sak. X10
AR 4a) Ip (MA
In( p (MA) Tok)
o o) o) ST
02 | Sou-4 | 398.2 50 t L7 s =3V
04 93!1.2 607.8 /
4 [1901.2 | 754 40 - /
No velocity| vel: satn. /
Vo= 3V | Vpg (V) .
8s Ds sat. 30 /
To(4h) Tp (u4) e _ - Leamyy gy
o o o) 204 /s 7 -
0-2 892:4 7044 L e e - - }Va’ 2v
o4 | 17072 | 3.y I vel: sain.
e &4 4617-2 1610.7 ’é/ Vs = IV
2-4 5587.2 | 1614.7 0.0 t + >
0.0 10 2.0 Yos (V)
(@) ©
3
x 10 X 10°
ID(qA)T L I (A e
// |V S : // v, *3V
50 t -7 es= 3 50 1 e 6s
,7 = (vel sam) /7
4.0 - /// 401 //
78 /
3.0 - / 307 /
//’/ \/ ’
2:0 / 4 ,/:—_—-—:n_“_._—c:s =2V 20+ / ’ LT T T Ves=2v
/ 4/;:',’ (Vel.Sain.) ,’ T T T T kel sam©%s - 3V
X0 1/ . Yot ” V&2V
/e Vg dV }/// Vgs = IV (Vcl.ggm)
00 4 + -> 00 } } >
o0 LD 2.0 Vps(V) 0-0 10 2.0 Ve (V)



119
, . o(v) | LoV (v - (44)
Direct calcvlotion : ks (V) | e (V) X2 (W)
Ip= X' W v2 06 | 00 1.0 0
p = _E Dsac!-
0-8 02 0790 12:4
\
Vps,, - &L [,\[_L_;. 2 (Ve ,1] .o | o4 0-652 409
—ZL 1.2 | 146 0.556 784
(-
L=o0. (¢ | 10 0429 168
> Mm 1.8 le2 0:385 217
EL = 0775
0% error occurs When i =1-8V
/
X W =19 2 - 388 uA |
2 L 2 05 vz Reasonable since,

- \
VDS(%&)‘: O'7b [ ’\} .L+2(VG$_O'6)—1

Vos== (2F = 1o

75 -
(CpR,,) = [ 2428 x15°(1718:2)]
Ves (V) | Ves—Ve (W] Vg My.(") o (4A) = 0:1740
0:6 0.0 0 0 0-17 is 1206 Of I'44
0.6 02 0.179 1243
10 O 0.328 41,7
-2 0-6 0- 459 8).1
-6 10 0.686 | |82:59
'-8 "2— 0,787 240'3,
-9 t-3 0.635 | 270.52
20 |- & 0.862 | 301.83
Now vse (1.230),
KN =194 2 =388 MA
2 L 2 05 v*
R, =_L = 1 =17182
EXW  1.5xI0¢(194)2 4

KW Ry, = I19Lx4x1718:2 X 16°€ = 1.2333
L
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120 | IR
— Simple calculation : = 1654 x107, s
. L v
Im= KW (Ves-%) —
- L (um) R gm= [-1654 %10 R “A/v
= HMn €ox W (ve-Vi) S L.
+OX 10 66x 10 077
= 2 , 0—2 ’8'5
Mn Eox (50) W (v“_v*) 3175x 1 .
L L 1 | 6.066x10 70-7
-1 , .
= 450 o (3.2)(8.854%10 TE ) 0:5 | 0.11148 260
Vs em 0.4 | 0:134 3920

x SO(IOMM)X 0% A o1
> lem

= 4
= 7.769% (0 (041

L?.
L (M4™) @m ( "'M/v‘)
0 4 485 (24% error)
0-5 310 (207 error)
1.0 77.7 (10% error)
2.0 19.4
10.0 0-17

Now With Velocity saturation,

8m= wcoxlqn éck Wh&m,

= A}
R= [ I+ 2(Ves-Ve) _ 4
E.L

,\[H’ Z(Vss-VJ
&L

3m = (104m)(39) ( 8:854x 16"1E | 450 en®
wm

Vsec
L/so
x |5 R x lD"'MM
Llem

=5
= 777x10 R (E.W) MA/VZ.
|



[2)
—

From (1-223), Ip= HnCox W

1-14

[ bs (act)-r.

2 L
From (1-220), N
( ) Wosgety = &L [_\]7{+2(V55—Ve) —1J
] i " y L -
Gs (V) |osad) | To G0 [ NT(Af%| XM (oo %) @) T o] st (V)
0.7 0.0 0.0 0.0 0.0 0.0 0.0
0-8 | 0.097| 0.253| 0.503 0.27 0:520 0|
0:9 | 0.188 | 0.956 | 0.978 I+ 08 leO4 0.2
-0 | 0215 | 2204 | 1-43 2:43 156 0.3
1.5 0:656 | 1.6 3-4) 17-3 4-16 0.8
20 | 0280 | 259 | 5.09 45.6 6.15 -3
3.0 | 162 | 62.4 7.89 143 12.0 2.3
40 | 1-29 | 06.9 | 10.3 294 1741 3.3
5.0 2.39 | I54.2 124 499 22.3 43
For large V., current is limited by velocity saturation.
Yo
{7 (MA) %4
120 1
100 1
&0 7
60 1
40 1
20 1
0.0 + ! >

2-0

4.0

Ves (W
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Vs Vs
p= Ky W e Avf(#—a /Vr)

—

gm = aID = | KX ﬁ evvésﬁl’vf( |- e—vbs/vr)
oV, NVr L

£

hV.r

...5 -
= ID = 10x10 "2'56XIO7
I '5x26x10%
= 0:256 MA/,
fr = 9m - 01256 4A/

2T (Coet Lgatlyp) 21T (104F)
= 4076 MHz



