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CHAPTER 2

2
From Fig.(2.2)

For P—i-ch s,
Ny = ' 3x 10" atoms/em?
For n-type St,

17
ND - 10 Q?QMS/‘_MB



_% =1 n-em _ Jn-ecm
Zym 2!!54“\4

= 5000
“7o
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The doping profile has the form
Np(X) = oy €1 (<)

The first step is to determine
Npp @and L. Since at x=0,

17
Nb(x) = [0 cm'z, then

10 |‘-".:m':g
Npo =

At 2 =0.5xMm, Nbfx)vzf Ny (0)
= | ;
L = 0e56 MM

Thus, 17 N
No(xX)= 10 exp (- 2
: (“sosmm)

The junction wil exist at the
point where the net doping
Np(x) = N, (x) =0
lo”e.xp(" X, ) = 0'®
0:5 4m

A ) 17
P XJ = 0'5 A{m ﬁtn _L_D_.. = 2'3 Lfm
lo'3

The sheel resistance is given by !

4] -
R, = [ qunf[Nb(x)—- NA(x)J dx]
o
Since the effective doping

15 NDU‘)—NA()‘)

o0 m':. 3 M4 -g; s
‘l[’o v'__.scc] [ 107 ***C 107 ]dx

2z ° " ] 3
=9 [!ooo em ]{[-o-sx 10-2:3x10 |+0-5xI0

V- Sec
- 12
-6 x 10 Hx!ooox 4-72 x 10

1.6 XI0Ox 4.72 %16~

1}

Rp = [-7.55 xfo""J-L 1300 £/
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For the resistor L . looum . 20
W 5 Mm
Base -di ffused

R = 20xI00 Ny = 2K

Emitter- oiffused
R= 20X5 __n__/a-_— 100

Pinch
= oo ks
R = 20X 5 K-ﬂ./n
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From (217, for an npn-fransfsbr,

—; S
QB:.- ADln9gn, exp ( VBE)
I‘: Ve

For Vgg= 520 mV,
— i L3 -9
QB=U04C"‘)('3EC-:-; )(1-6 x10 ) (2x16°) 6(5?%‘)

2xj0”?
= 12
= 1.0l xlo afomS/Cm,,

For Vg = 580 mV, same expression

gives : @g= IxI0" atoms /.

FPor Qg=1-01 x10'*
— -1
R [ 4 HpGs]

-9 2 12 77!
.6 % 150 <L\ (I o
[L 10 J(sov_m)( ol x| ;J

=17~
= (242x10"") =. 42 Kn./ﬂ



2:0
(a)5eries base R :

Emitter periphery adjacent to a
base contact Is .

p=4X 40 4m = 160 Mm
Distance from base contact to

emitter (s : 10 4m

SR Ru(%) - leo Ay (Té—)

= 6.2.n

(b) Series collector resistance :
For each of two emitters the
effective buried layer dimensions

are
Wg, = (W+2T)= 20 4m + 2 (10 4m)
= 40 Mm
Lg, = (L+2T) = go4mt 2(10 4m)
= 60 4Mm

Using (2-18),

a-(207 , b= go
(%0) o
2_;;* = (5 n-em) (1o um) (n %‘5

(20 Am) (‘1"0“”‘) 0.5
= 360 n

]2* = |80 N

2= Reug (ﬁ)szo_%(;;% -57n

Y3 : for buried layer
L‘ff = !4—0 MM
Weg = |4 Mm+ 2T = 34 MM

For top NT: L= 140um
W= Ilg mm

a=34 .2:43 ; b=1
14
¥, = (5aem)(i0 “m) o 2:43

(40 um) (14 Mm) 20437
= |58
» |58 4+ 180+5°7=344

Re

. — y CI
(©) Cie = (Abotb: A‘ﬁdcuon) Yorea

I

[( 140 MM)(éO qm)-i' M3 4m(2804m
=
~4
+ 12 x 10" PF/
- Zam)

(6400 +1865)x 6%

I

= 1.03 pF
@ o= (Cloporom? “lesidewal )
= . C;
2 [ AM AS!cha"] Jc/arga
e [L’DH"‘)MOM»«HE'-'I 4 (4oum
<
~4
+ 80um) ] x IO p7 ”
2 (Mm)
= |4 PF
= : ..
€) Csubsirate CSldewaI}+ £pi-Sub
+ CBL- Sub
Csidewall =% X (”#""')[ 175 4mx 2.+

140 4™ X 2] x 104 %m)’

= |-6 pF
g
Cl-Pl'-sub = (175%140-85% fzs)x 10 PF;
Am)
= |-4 pF

CpL-sob™ (85 x126)x 3.3x16%= 3.5 pF
" Csubstrate = €7 PF



(+)

From text example,

Qg = 5.7xI0" ¢m? cec

DPn
. =19 20 2 /8 e
"‘IS' 1ExXI10 ' x 2x )0 XfGODHMX(IO r”-:)

57x 10"
=09 %x10'"° A



2.7
’f-’fom (2:24), the p falloff begins

at I = qAN, PP
ng

For this S4ructure , the area A
is the product of the emitter
diffusion peripbery 120 ym, and
the effective sidewall depth.
Regarding the sidewall as a
guarter -cylinder this fffec{rf've;
depth i5 the emitter junction
depth multiplied by Ty .Thus,

Aege = (120 Mm) (3um)( Ny )=565x10°

cm

From fig(2:2), the donor densiky
corresponding 1o a resistivity of
05 n-em is 112x10%em3 Thus,
I, = 6x16"7)(565%6°(12x10) (10)
5xi0 4
=217 x10° =217 yA
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2-8
ﬁm(z»n),mr a pnp transistor

Gp = 4AD, N exp ( VeE
T, v
For his device
A= 2 ;&(Bqux'TSMN)*lX'(’OHMX 304m)
= 5100 MM
For Vgg = 525 mv

Q" 16 XI6' %5100 lb';bxleozoe_xp (525)
1G5 % 7
= 9.6 x10"
Using Fig-(2-2), the donor density
corresponding to 2.n-cm is
25 x10° e 3
since, Qg=WgNp, then
Wg= Q8 - 96x10" _ 3.84x157em
Np  2.5x 10"
= 3.84 ym
Since the p-diffusiondepth Is
3 MM, the total epi+hickness Is
684 Mm , for Vg,= 525 mV. By a
similar calculation, the total
depth for Vgg =560 mV IS 17:45 4m.

The Same resistances are
_— -]
-19 nq !
= [(-6x16")(800) (26 x10")]
_gas]
=[12 xios] = & kay
For VBE = 5606 mV



2= 0

2
) Is= A ‘ln! DP‘-
Qg ,
r [qo’l"‘" X 75 mm - 304mx 55 »qm]
X lo_im x(I-6x IE'X(legb) (10 cm"/ga)

(:d‘afamf <lgymx 10F 'm
cm’ MAm

= 1-17)”0 A

' - X 104 pFf
(2) C'JL Abbﬂom O P/(’qmjl.
t Asidewall ¥ 167 PRAy 2

= (20 x 75- 30x 55 )umx 15 ¥ PF_
5 (4w’
+ TT(60+IIO)(3J@~lm)fo_E__
(Mm)*
= 0.5\ +0.8 = [.3] pF

C
@) ¢y- Czpi-sidtwa-lfl- bottom
77(4-0x2+125x2)x(l7)(14m)x10 "pF.

+(40x125)wum’x 16 T PF erd

-
- |n4- + =75 = 3.|5 PF

W Tp = WE _ [14um) (5% emy )]

2.Dp ZX10 <M /epc

I

98 nNsec

|
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|1
2.10

~ First consider the &um resistor . Apta= 275929 (um)*
K 100 res
For 1o We need 100 Squa "¢ Coovas
or 600 um of lerath. The +otal
resistor area is that of +he body
plus clubhbheads , or

27,929 Mmyx 10 _E_ = 2.8 pF
(Mm)*

Apotto 600 UM x 6 um + 2 (26‘-4’")
= 4952 (um)
The Sidewall area is equal to

the total periphery multiplied
by (3um) () -

The periphery is,

P=6004m+ 600 ym + 6% 26 ym +

2(26-6)ym
Thus,
= 396 3
Asidzwall eSSy %

= 6578 (.qm)"
The total area Is,

For +he 10'® eriv® epl concentration

the capaafance per unit areafor
3ero bias is from Fig.(2.29) equal
to 10* pF/ymy

r =4
ThUS, Cyopn = 1> 530 m) x 10" P

4Ym)*
= |15 pF ¢

For the 12 ym resistor, we need
1200 ym of length

— z
Thus, Abﬂ‘f’h;i J2melzoofrﬂ+2(zsq)
= 15,750 (4m)
Asidcwall" I [1200x2+26%6+
2 (26-12)]x3
= 12,177 (um)*™



2. \)
For an npn transistor
-— 2

I

_ =1, —4 -

=(léx10 )10 cn?')(r,')(z:zm) aiiz
o™

= 4.3 x ]O” a{-oms/cm‘-

-1
Rg = [34p Q]

exp(vﬁ‘_:

-—[_I-éx 156'% 150 em 4'3x|0“]
V-sec
=27 ko

In order to contain 4-3x 10" atoms

m*

of the n-type epj- impourity,
the width of the collector
depletion layer at ponch-thru

195 Wg = 4.3xi0" a{“oms/c_m’-

0% cpi3
= 4.3%X10%cm=434m

Using U15) and assuming that
Na22 Np,

WU = 2¢ (Yo \PR)\ = 4.3 MAm
N 4, Np

N
2% 1.04x16"% (0-55+Vp)
J 6% jo!5

VoVg= 137V
FOr Vgg =560 mV, Same eXpressions
give, @g= 94 x 0% atoms/, 2
Rop= 4:43 kir/,
Wg = 94 ~4m
Ve = 6,796V
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From (].157),

ID = Mn Cox _W_ (VGS—V{')‘

2 L

IOMA = Hnlox W (;.5-\/*)‘ - W)
2 L

IOMA = MpCox W (0.8-Y) (@
> L

bivide (1) by (2) and solve for V¢
QiVCS V.{. =048V,
Substitubing for V¢ in () gives,
c W = ) A
Mn Cox -E- @ M /v



- V= Pyt ?-4’1: + Qb R (3.29)
C-o)l C'ax

(> For unimplanted transistors,
From Table 2:1, ¢, =-01V

From (2.28),
/
&= KT Ln Ny = o.ozsLn_’_‘lﬁ‘_._
3 h; l-45x10'"°
= 035 .
From (2.30) ,
Coxz 0'86 {-F/(Mm)"
Qes = 16x16"% 10" _ 6,19
Eon 8.6 x10°8
From (1.137),

Qpo = JQ_q_ Ny €28 |
- - |
= [2x1.6x16"% 10 11.6x8-86x15"

) =
X 2% 0-35] /‘= 4.8 x10 Coulombs
cm?

S,V = —0,1-2x0.35 - 4.8x10°% 019
86 x1078
= —|.55

0y For implanted transistors

Ny = I x fO”’— o-‘ixro"‘= !o’scm";

From Fig(2:29) , the depletion
layer width corresponding to
a doping level of [0'%cpi* is
~1 qm, wWhile the implant
depth is only 0.3 4m

Vitimplant)~ o0

-+ 0.9 wo"x o-Sxi54x l6x% IcS'P1
8.6 x 1078
= —[|-05
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2-1
The metallurgical channe| length is

L= Lyrawn—2La = 7 4m=2(0-3) = 64.4m
The effective channel length 15 L
miPLS the Width of the depletion
reqion at the drain .. In the active
region, the voltage at the drain
end of the channel is =Vge=Vi=V,,
To colculate Voy, assume at first
that Leg= L .Then from (1-166)

Vov = , 21, 2 (I0MA)
lr.’lﬂ/ 700 c.m .0.86 €F

= 0.15 YV Mt( )

Thus, the voltage across the drain

-\

depletion region =5-0.15= 4:85Vv
To estimate the depletion-region
width, assume it (s a one-sided
step junction that mainly exists
in the lightly doped side . since
the channel and the drain are
both Nn-type regions,the built in
potential of the junction is near
3eto . using (1-14) and aSSuming,
Np>> N

— A}
%4 :\l 2€ (Vps-Vov) = [2(104 xtt?“)(s-o.ts)
9 Na 16x16"(2x 106+ 16%)

= 055 ym

so, L‘fF = T Mym—-2(0:3 4m) =0.55 ym
= 5.85 Mm
Therefore, since = L_ = Ley /4y,
ALy Ip/ v,

> ¥ =5Mn- S»SSHM/dM
o MA dVpe

0, dX4 = 0:12 4ym . Since, the
dVp ¢ Vi
other device uses the same

%e.cbnologg, X9 s unc.hangcd
dVpg¢
But, should calculate VYov for

A {-mnsis tor,

1% (e02) 50

12-2(0-3)
S0, %4 = »
>4 2(104x16'*) (5-0-48)
éxig ' (21x10/¢)
= 0653 ym

Le_{,&- 12 - 2(0-3)-0:53)=10-87 4m

o= Lest 9_’.‘9—’0'87””‘/ = 3.02 MR
Ip/ dVpg  30MA [0-12

Note that using the same Vp, 25
for the I transistor (0.15v) gives
an answer of 3| M. (The
changa hardly matters)
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\x

Vo
D%
Ny Vas

o -1V
I A

FiIrst to estimate Xy and L‘FF

Lot = Larawn = 2L4=Xa > ()

s
X = J 2 €5 (Vpg=Vov) @
Lo = MnCox W (V Vv L_;Lj)
S W (Veg-W)
Lefe

Letf, Xg and (Vgg-Y4) can be



found by solving ),@),@).

To avoid solving non-linear equations,

the following procedure is vsed:find
X4 by substituting Lgp,.,~ 2Ly for

Lege 0 (3) and ULse the resvit in(2).

From (3),
N
Ves-Ve * \[ 2.Lp
Mp Lox H/L"H'
= r " 2AxX 20MA N
J45o £m* 4.32 ﬂ‘( 1o um )
Vsee MM\ | ym-2(0.014m)
= 0.130 V
From (2) ,
xg = [RRN¢xE86x I5'4 (2-0-13)"
¢ x 10" (5x10%+4x10'¢)
= 0:23] ym
From (1),

Lc.{-f: | Mm=2 (0.09) um - 0:23] 4m
0:569 ym

(a) 3m=J2.K‘_N_. ID\
LCFF
h
\JZXF‘I‘} MA x |0 X 20 M4A
V* 0.589

363 MA/V

(b) From (1-200), g . ¥3m

ZJ 28t Vss
where, y - ,2%.&,'. Ny akid

COX

Ny 15 the cffective dopant density
at the bottom of the channel-
substrate depletion layer, it canbe

cither N, (substrate doping) or
Np+ N, . To determine which
one applies, we have to £ind
XAM3 i-e., the depletion depth

under the channel,

!
Xy J 2 €4 (2 (dp] + Vo)
9 (Not N;)
But,
‘Ppr‘ KT 1n NatN;
ng
= 0026 In 4x '0":"5"'0‘5':0.339
L45x [0'°

2x11-6x 8 86,\!5"'{2::0389-»1) X
16 X IO "(4x!a"+5ﬂ° )

. ¢
L 'x'd =
. Mmax

N

= 0.225 am

> 0+ 16 ym (eftective Implant
depth)

since X, , the depletion

X4 rna.x>
capacitor is the series combinaton
ot the capacitors as shokm,

Now X can be coalculated from

the following relationships,

x =Cs . Cs-= % ia
ox %l + C‘z
CJ'l = £sg CJz = &
X!
¥ ' X‘MM B



The actval depletion depth is (d) ¢ LegCox + Gy
=r2e€. N A =2 , =15
Koan® [ _ﬁ(d>F+[¢P|+\/58—xle:_._] Exfoxo.saax4izxro
INa A +0:35 X107 10
; I in$ : Devce- Hectronics
(¢f. Muller and I%amu- S . o B e
for Integrated circuits, 27 ed. ;1286 © CSd ¢ =0 35x 575, 0w 38 FE
2g9uation (10.6:2))
¢) €, = Sjo * (drain area)+ Sguo' periphery
4’{ = KT gn Ny -0026 &n 5xl0 =0.33V
% Nl. f#b foﬂ ' [+ VDB/¢"
dea;.:. { 2x1116x886x10%10.33+0.389+1) = 0:2 x10x]1 +1.2 (104 X2) F
16x1071% x5 x 10'3 £
> 2 3
—(0i6 x 10 Yem) (4”0”') - VI (%61)
= 0:453 4ym (P Cope ¢ X(sourcz area) +C5swo’ PENPPETY
Ll = 5 % s l4 ) -8
41= 1:6x8 56)«’:’2 -642xl0"F/ o NELAZ-V'S
N 0.16 X 10 » . = 02 xlox] +1.2(10% [x2) ¢
42~ 1.6x88éxi6 ~ =35Ix16 Ff,. e
+
(0-453-0.16) x 14 \, (/0-7)
< = 10-5 fF
Cs = 2.27x10°° Flem® 2
Soox = 221x10° _ p.0526
432 %1077
Imp= K gnm = 010526 x 363 %16 °= 19.1 MA
V
© From (2:37),
~
Yy = ’ 2L, . ZX 20 4A
x’ (W/L‘ﬁ) 194 HA/P'& (!DM/O,sggq)
= 0.0V
Xd = ,fz €g (Vos- Vav)‘
9 ( Na+N;)
4% - X4 = 0,231 Am . 0-061 ymy
-1
2’fa:v =( Ip dXxq ) (20 MHMA x 0.06( zqn%)

= 482.78 kn



2.16 Vp
—
AR &, %00
s B - V‘ (.bgO):,'.sv
TOL0) ¢s
T =I5V

) Iniﬂally transistor Is off,
current source 4 :'schargas

CoLt €55 - The rate of woltage

change is,

~ lo HA

0:35 £fF y 1o04m+0:2FF x (omm x (I 4m

Hnl qml

+0.09 ym)-+ IZ:F_’_: (I‘R.J-{m)
AMm

= 1500 v/,qszc

() Tronsistor enters saturation
region ; drain current starts
to flow ,discharges ¢, +<pp

ond

discharge rate of drain voltage i5

2 Cox WL Gt Csg. The

V =z 1o0MA
t CoL*CpB
= 10 A

0:35 ..fi% loym+0.2 _-f_ixloumx (1 ym+00Iym)

Rl S 102 fF (1z2mm)

= 500 V/,u Mm

Uiy Tronsistor enters triode region p

current discharqes C, WL+Cpgp+ Cop

+2C°L at a ra.fe D'F‘,

10 4A

Y. &
+ {4-32(:0)(i-z(a.os)}+ 0:2(10) (140:09) 2

+ 1L202)2+ 0-35(2)(10) E

e S e
2 overlaps
10 MA | v
= = =
_— 32.30 //-15
" 75584 §F
15V
|
|
I Vp
AN
I
} >t
Naa —\*.:k‘ )
~
| Se_cl5V
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| 11 Iz
2 =
m 4T Ma VI,
+‘_—i W '_| Wa Vos
L L

s 14 I
—‘H‘ W]+W=_ DS
Note that all the franslsfors

hove equal terminal voltages.so,

Vs, = Ves.= Ves, = Yes

Vbs, = Vps,= Yos,= Vos
Vs, = Vsp,= VB,= Vs
If Vsg #0, there is a body effect
bl){' Vélt v+2.. V+3= V

Case 1 2 All active

H
¥

LN (Vs V-t) (1+7Vps)
T
! Wa (Vgg-Ve) (1+2AVos)
L
z
I4I,= _Ic_’{k:__l'fb’g.) (v“..%) (1+ 2 Vps)
. 1

Ty=K (vt i i) (Ves % (f-r?tvbs)

case 2 . All triode
= ¢ s \Y _vl
I J—:_ _“L_"._a [2(Ves-Ye) Vos = Vs |
I 3
I, = 1;_ Wy [(2(V5g-%) Vs —VDS]
- :

It Iz_=_351('£‘:-+ ﬁ?-) [2(Ves -¥e) Vos™ Vp?]
2

Iz= k(wﬁ wa) [2(Ves Vo) Vs v,,,]
&\ L
= I,-|-I:_,_
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2.8 (412
E‘ + l I3
. VGS k. Vv
. | Yps T ""t'-'l o e
M, s
L5 s, -

; Iz'

M, can operate In ochive or triode

vegion. M, always operates in

triode region

I= X (WY [2 (VoY% ) Vps - Vpe ]= 1
! E(T)l[ [65 ‘f) DS, DSIJ 2
Solve for Vps, R

Vos, —2 (Ves-Ve) Vos + 212 = 0

x(w

2 (Ves-%) t J4 Vas"‘!’t)t" 4

\
2T,

v ;
* (%),

DS,

z
Vbs, must be < V-V, or M; Would be

In active region.

ZTg

Vb, = Vés'”{'\j(\’as-"e)z‘ ET
L/

AssLUme M, Is active,

If M, and M, are active,

I;= =X )(VGS'V{-)- I2

I
2 \LtL,

Assume My s in tnode vegion,

‘3‘(

X' (1) [2 (Veg~Vs ) (Vos™ Y05)

—(Vos - Yps, )zj
J(Vss V)~ ?_(In.:;)‘1
_(ﬂ) [zﬁs %) _x( ‘ [

l- |

(Yes-%)* ﬁss—‘fe) 3—(;-5‘1 -

[VM‘(VGS“vt) + \JU ’Q) - 2@ k

Yos,= Ves V.

I,=

If

Let X = Vps— (Vos-Ye)

e Was%)‘- x,{:iL)

[

2‘5 %) [?.Y(x+Y) (X-rY)J

2

'
=X _Vi) [zxnz\'-x_v—nYJ
2\L/;
/

& %(%);[Yixz]

s 2 () Gt o T (e
= -ng (_?_ )z [Vas' /] _(VGSFV{‘)'r\I(VGS-V{)z_ :-':,I: ] 2 = k’(:: ),
k, (%), { Vps - Lv“-:e '} ]

Iz”[f{ ﬂ'—)y: % [E)L/!f: (Ves-Y%)
® & ] e

:k’[!."_)
5 Lz |
VDS < ZVM(%;V&)"'(V“-‘Q) J

i (H(—-—E-)—’“) - %(\f_\: )1{ ~Vps +
(T)l ZVDS(Vgs—V{-)}

] i
I;= J‘E %E:[Z(Vss"vf)vos-vbsj

=X
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41-'/”' .'.usl'ng tWo chips is more
(%) gurve & 5 economucal .

(h The cost of a 40,000 mil" chip is

¢ =_CSw = 100 +0:¢

(N ) e Yoo (40)(109)(0:8) 08

= 3.7|
NY, = 47 5 obtained from fig270)

(y The cost of two 20,000 mi{zchips
1S,

Cy,= 199 +0:6 o 14y
(200)(0:9)(10-8) ©-8

- C, x2 = 2.88
Ctol.-al— %

Potting the system on two

chips 15 more economical

(b) curve A ;
@) For a 40,000 mil*chip,
C‘.__ 100 ‘f'Ofé =I.,
(15) (0:9) (0-8) o-8

= . 2 = 2.2
Cota)™ 1%

", one chip is more economical .

€) Curve C

i) For a 40,000 mil*chip,

C= L2 +06 _ 2.3
12 (0-9) (0-8) 0.8

(> For +wo 20,000 mil* chips,

C, = 100 + 0.6 _ 2.49
Z
* (80)(0:9)(0-6) 0.8

Ciota] = 249X 2 = 428
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(o]
.2
A2

(@) When Y= ¢

= 0.37

From Curve A, A, = 38,000 mil*
Curve B, A, = 20,000 mil*

cutve ¢, Ap= 11,000 mil*

20 40 60 80 (00
~ Dpie size, mil*xi0*
curves A, B and ¢’ are predicted
by the eguation.

(b In fig(2:69), gross die/ wafer
i5 Inversely proportional to the

die size ,ie; N» KA™, KI5 the
Prbpo_r{-iomlil—g constant related
to the Wafer $i3e (more Specifically, K
1 the effective or usable area on
the Wafer). By (2:56) , the cost per
unit silicon area s,

_A
KE Yo Yot AV

Each K con be obltained from
g(2:69).eg9. K= II5x ;65mil‘-ror 4" wafer.




Area =(150 mils ) = 22,500 mil
(&) CUYrve A |
C = Cw + CP
(NYu) (%) (o) Yo
= =0 +0-4 _1.06
(360)(0.8)(0-8) 0-8
NYus = 360 s obtained from
ng,(ZJO)
(b) curve B,
€ = 130 +04 - .05
(40)(0+8)(0:8) 08
(¢) curve C,
¢ =__130 + 04 = 3.89

(60) (0-8) (08) 0-8
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2.22 Now we can find g,
First estimate 24 and Loy Gn = /2 (W/Legs)p
Less = Larawn — 2La — 24 (1) = /2(5381A/V2)(0.5/0.063)100uA
= 924pA/V
- 2ey (V}JS - vvov) (2) . o caleuls )
i a(N1+ Ny Next we calculate r,:
E W R — [(ID/L )aﬂf(i/a\ng]AE
In=27—(Vas =V () 7 _ Y -
2 Loy = [(100pA/0.063pm)0.06 um/V]
Zdy Legs and V,, = Vg — V;, can be found by = 10.5k0

solving equations (1), (2) and (3). However,
solving these nonlinear equations is difficult.
Instead, we approximately solve them. First,
estimate x4 by substituting Lgrgen — 2Ly for
Lesy in (3) and use that result in (2).

From (3) and using values in Table 2.6:

Since the transitor is active {or saturated):

2
Cg.s = gﬁ'fLeffcogg + Cy

= %(O.Sum)(O.OﬁBym)l&SfF/u.mQ
+ {0.5pm)0.10fF/ um

V= ViV = W?ﬁ = 0.29fF + 0.05{F = 0.34fF
N 2(100pA) and
b \j(538%‘?)g.w?ﬁ{?féesﬁm Cot = Cu
= 0.27V ' = (0.5pm)0.10fF/ um

he — — cm® 7 13.8fF 5 104 pm = [.05(F
where £, = pnCor = 390\&5(—%‘2 =L 0.05

= 538uA/V? and C,, = 13.8- T, (hased on

o2 The gate-leaka ant can he estimated by

tor = 25 Angstroms) have heen used. % BAEeRIEE SHITHID Call Deosliimiea By

Using (2) and Vpg = 0.6 V: Io ~ JeWL

~ (1.2 nA/pm?)(0.50pm)[0.1zm — 2(0.005m
o [peEsexi0-ee—02n) Eé N fourn) {0 50mm){0:1amn ~ 2(0.005m)]
T A L6 x 10710(1 x 107 + 5 x 10) - WA
= 0.027um
From (1),

Lesr = 0.1pm — 2(0.005pm) — 0.027um = 0.063m



299 Now we can calculate g,
First estimate 24 and Loy G = /2 (W/Legs)Ip
Lest = Lapawn — 2Lg — @4 (1) = /2(24611A/V2)(0.9/0.12)100A
= 607uA/V
2¢ «(V}jg -V )
i = \} :(Ng n N»z‘;t (2) Next we find r,:
E W R — [(ID/L )aﬂf(i/a\ng]AE
Ip=37—(Ves - V)? (3) " N -1
ef = [(100pA/0.12m)0.028 um / V]
24, Legr and V,, = Vigg — V; can be found hy = 43k

solving equations (1), (2) and (3). However,
solving these nonlinear equations is difficult.
Instead, we approximately solve them. First,
estimate x4 by substituting Lgrgen — 2Ly for
Lesy in (3) and use that result in (2).

From (3) and using values in Table 2.5:

Since the transitor is active {or saturated):

2
Cgs - gﬂ'fLeffcoar 4 Coi

2 %(O.Qum)(O.lQum)S.QlfF/qu

+ {0.9m)0.36fF/ um
21y

Yor = b=V — = 0.59tF + 0.32fF = 0.91{F
o | KW/ Loss
N 2(100pA) and
~ 1A 0.8um
(246%)0.2@&11’.1‘**2!(6.01.;&&1} ¢ =
= 040V -
' = (0.9xm)0.36fF/um
where &, = tnCop = 30082(8.21-1E;)10m = 0.32fF
= 246pA/V? and C,; = 8.21;;2 {based on

tor = 42 Angstroms) have heen used.
Using (2) and Vpg = 1.0 V:

L _ | 2016)(8:36 x 10-1)(1 - 040)
“ T 16 x 1079(8 x 101 + 1 x 10'7)
= 0.065um

From (1),

Lesr=0.2pm —2(0.01pm) — 0.065pm ~ 0.12um



