CHAPTER 2

2\
From Fig.(2-2)

For p-type LY
N, = I+ 6 x lo" afom5/¢m3
For n-type St,

15
Np = 6x107 atoms/cpm3

2.2
'/fn =€ -1 a-em _ |0-em
T 5 ym 5x16%m
= 2000 S
/o
e

The doping profile has the form
Np(X) = Ny, €Xp (-2 )

The first step is to determine

Npo and L. Since at x=o0,
7
Ny (x) = 10 eni? | then
17 .3
NDO = 10 em

At 2 =0.5Mm, ND(X)*_C/_ Ny (0)
. — | ) ,
. pre - NDoeXP(—OELHM)

L = O0¢eH6 MM

Thus

» 17

No(x)= 10 ex - X

» (X) P( Mm)
The junction wil exist at the
Po}n'l: where the net dopfng

Ny (x) = N, (x) =

(0]
lOanP(-— xJ‘ )= ,015

0/ 5 Mm

17
) XJ. '-'O'sqm ln,’_.o_.=2-3/~1m
5
lo

The sheet resistance is given by !

2-

Xj
Rg = [QE{[ND(X)- NA(X)) dX]
[
Since the effective doping

Is  Np(x) = N,y(x)
234 x

2
s[om] (e

(o]

3
= 1[800 em: ]{[_ 0.5x m”-z-;xlouj-roéxlo‘}

V- Sec

-1 12
= -6 xI0 x BOOX 472 x10

LEX8B x 472 x16°
—4 -
Rp = [5.o4x/o ] = 1655 7

373

For the resistor L - 200Mm . 40

W  5Mm
Base -di ffused

R = 4oxlooﬂ%3=4l<_m

Emitter- di ffused

R= 40X5 njf = 200 v
Pinch

R=40X5 Ka/, = 200 kn

25
From (2.17), for an npn-trans:sl’vr)
- 2

AP A exp ( -VEE-)

V.
IC T

Qg =

-4 2 » -9 20
Qg = U0 em)(13 £2 )(16x10 ) (2xI0 ) e(‘52%‘)
o~ %
—_ 12
= 2.02x10 afoms/cmz,

For Vg = 580 mV, same expression

. . _ 3
gives . Qg = 2xI10" atoms /.,



For Qg =202 x 10'?

RU = [ QHPQBJ-,

- ]
[u-sx;o“)(lso o )zoaxid ]
. sec

7.~
= (485x167)'= 2) kA

2:6
(a)5eries base R :

Emitter periphery adjacent to a
base contact Is :

p=4X 40 4m = 160 4m
Distance from base contact to
emitter js : 10 4m

e R (i) 0 % ()

(b) Series collector resistance :
For each of two emitiers the

effective buried layer dimensions

-+

are
Wg, = (W+2T)= 204m + 2 (1o 4m)
= 40 Mm
Lg, = (L+27) = 40 Mm+ 2 (10 4r)
= 60 YMm

Using (2-18),

a~(207, b= iz)"'
(%) e

2_;"' = (5 n-em)(1o um) th Y.

@0Mm) (40um  Hg o

= 360 n

Y

o = 180

2" RBLD(W)’ 20N (140) =570

Y3 : for buried layer

L‘ff = /40 ym

Weg = 14 Mm+ 2T = 34 Mm
L= 140uym
W= lg mm

= ‘34 = 2'43 ; b=1-
4
v, = (5aem)(i0 “am) g 2:43

(40 mm) (14 4m) 2437
= |58 n
RC > I58 -+ 180"’5‘7:344—“—

For top NT:

© CJ'g" (Aboﬂp:: A-f/dcwall) CJ%rm
= [ (140 am)(60 um) + 0 3um(280um
+ 120 4m)] x 107 P%m);
= (8400 +1865)x16*
= 1.03 pF
@ Cje= (c [ebottom "/'J'esidewml)
[ Aboi’bm Asidewau] Cj‘/area
=2 [(2ou"‘)(4014~) "'_”2.*1 4 (40oum

+ 80 um J % 107 PF,
= 2-4 PF (MM)

(©) Covbsirate Csfdewall+ CﬂPi'SUb

+ CBL‘ Sub
(’smewall = TT X ('744”‘)[ 175 me?_+

14oumx2]x 164 p/ -
m

= |-6 pF
Cepi-sob = (175x140- 35x!26);<lo PF’z
= |-4 pF “m)

Cpr-sob™ (85x126)x 3.3x10%= 3.5 pF
" Csubstrate = €2 PF
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@ I.= 9N

At
/5,

From text example,

@8g = 5'7x!0“a;\455c

Pn .
I - héxl5'; 2x Iou& 1600 qm"x (158;%“7)

57 10"
=09x10'"% A

From (2:24), the p folloff beqns

at I = qAN,Bp
Wg

For this S4ructure, the area A
is the product of the emitter
diffusion periphery 120 ym, and
the effective sidewall depth.
Regarding the sidewall as a
guarter -cylinder this effective
depth i the emitter junction
depth multiplied by M, « Thus,

¢
Acgp = (120 Mm) (3 My )=565x10
efs = ( ) (3um)( M) xio

From Fig(22), the donor densiky
corresponding to a resistiniby of
05 n-em is 112x10'6em3 Thus,
I, = U6 %15 )(5.65x0%(12x 10 (10)
sx10 4
= 1356 x10° = 136 4A

28
ﬁm(z'n),ﬁor a pnp transistor

— 2
Qp = 9AD, DL exp ( VBE)
T, vr

For this device |

A = 2 X(304m xT54m)+2x (101mx 304m)
= 5100 MM

For Vge = 525 mv

N ~ 20
Q.= lréxio ?(5’00)((0)510"2):!0 exp (525
8 =5 P(ze)
o :
=96 x10"

Using Fig-(2-2), the donor density
corresponding to 2.n-cm s
25 x10%em 3

since, Qg=WgNp, then

Wg= Q8 = 96 0" _ 3.84 x B em

Np  2.5x 107
= 3.84 ym

Since the p-diffusiondepth i
3 MM, the total epithickness is
684 Mym , for Vg,= 525 mV. By a
similar calculation, the total
depth for VBE=56° mV IS 1745 4m.

The same resistances are
For Vgg = 525 mV

Rpg = [7 HMn Qg ]_’
= [(1-6x15"%) (800) (26 x 10")]
=[2 x16°] = & kay
For Vg, = 566 mV

RD = 212 k.ﬂ./u

2.9 |
~ First consider the 6um resistor,

For 10K We need 100 Squares
or 600 4m of lergth. The +total



resistor area is that of the body
plus clubheads , or
Abpti,S 600 Mm* 6um + 2 (26 um)
- 4952 (um)”
The Sidewall area is egqual to
the total periphery multiplied
by (3um) (Ts) -
The periphery is,
P= 600 4m+ 600 ym + £xX 26 ym +

2(26-6) ym

= 1396 ym
Thus,
Asiveraal ’396me3umx%

= 6578 ym)

Tre total area is,

Atotal = 1 530(‘4"*)1
For the 10" cpi® epi concentrakion
the capacitance per upit areaor
3ero bas is trom Fig.(2:29) equal

to 167* PF /ymy*
r 4
ThUS, €, 4, = 12530 Wm) x 10" pF

(Hm)*

= |+|5 pF
For the 12 ym resistor, we need
1200 4m of length.

Thus, A, .= 12 4m X 1200 4™ + 2 (264)

= '5)750@4,\4)2'
Asidcwau"' % [1200::2-)-2.5;(4.,.
2(26-12)]x3

= 12,177 (um)*
" Aptal® 275929 (um)”

= 2 o =4oF o
Cropy 212929 e4myx 10 " PF = 2:8pF
(Mm)

2.10
—
W Ig= A ‘l 'DPL
Qg
[qoMM X 75 um - 304mx55ﬁ4m]
X Io cm ,U 6xlo 3(2”0)(10 CM/S“)

(ld;ah’"ﬂ x 1 agm X (5 em
CM’ HAm

= [ 17 x107%4

- x 1074
(2 Cje = Abotiom P/xm)
+ Asu‘dcle x 16 PF/MM)"

= (90 x 75-30x 55 Jumx 15 ¥ PF_
5 m”
+ W(so-r:vo)(g)wm)x,o_f_
(Mm)*
= O51+0.8 =3 pfF

+ C
) (’M = C&pios'mwall bottom

= 7r(40x2+125x2)X(!7)(HM)X DpF

MY
+ (40X 125)Um x 10 fpF ¢

am)”
= 4+ 175 = 3.15 pF

2-
@ T = wi - [taum (5t e )]
2Dp ZX10 My
= 98 nsec
2\ '
For an npn transistor
— 2
I, Vr
= (16x16")(15 %) (13)(2x16)) %3¢
10“5

_ 1"
= 4.3 x |0 afoms/mz.

-}
= (’WPQB]
_U 6x15' xns*o em y 43x10" ] -
V-sec
= 97 KJL/D
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In order +o contain 4-3x 10" atoms

emt

of the """HPC epi- impuril-g,
the width of the collector
dePIeHon layer at ponch-thru

%5 Wg = 4.3xi0" atoms/,

105 .73

= 4.3X10%cm=4-3 4m
Using (115) and assuming that
) NA >> ND)

WD = 2€ (Yot Yr) = 4.3 Mm
4 Np

2% 1.04%16"% (0-55+Vg)
1 6x10My 1p!5

— £

VoVr= 137V
FOr Vgg =560 mV, Same eXxpressions
give, Qg= 14 X 0" atoms/, 2
Rop= 4:43 kir/,
Wg = 94 um
Vg = 6,796V

22
From (|.157),

Ip= MnCox W (VGS'V{,)Z
L

2
IPOMA = Mplox W (,.5_v,()z > W)
T2 L
2
lOMA = MnCDX l/_‘l_ (0~8'v+) —)(2)
2 L

bivide (1) by (2) and solve for V¢»
gi\lCS V{. = 0:/48V.
Substitubing for Vg n (D gives,

c W = 19| A
Mn ox_‘: H/V

22 y=4, 424 % - 8 (229

oX CDX
(> For unimplanted transistors,
From Table 2:1, ¢, =-0'1V

From (2-.28),
l6
¢F= ﬂLnﬁA=o-026Ln 107~ .
9 ; 1-45x10"°
= 0.35 |

From (2.30) ,

Cax s 0'86 +F/(Mm)l

.C_Q__;_i = l.éxlo—”x 10”: o.19 Vv

Cox 8.6 x10 8
From (1.137),

Qbot \J?_@ NA £2¢F |
- )
= [2X1.6xI6 910" 11.6x8-86x16

/ -8
X 2% 0'35]/‘-; 4.8 x10 coulombs
cm?
" V.{: = —0.,1-2x0.35 —i.leo-s_o,'q
86 x108

= —|[.55
iy For implanted transistors ,

NA = I x ID“’— o-‘%fl()"'= {o'scm"?

From Fig.(2:29) ; the depletion
layer width corresponding to
a dopl'ng level of 10'%cm> is
~1 qm, while the implant
depth is only 03 4m

V{(impiant)= -1-35

+0.4%10%0.3x10% 16x 15
g6 x 1078

= —|-05



21
The mzfanurgical channe| length is

L = Lirawn=2L4 = 7 4m= 2(0:3) = 6.4 4m
The effective channel length 15 L
minLS the width of the depletion
reqion at the drain .. In the active
region, the voltage at he drain
end of the channel is =Vze=Vy=V,,
To colculate Voy, assume at first
that Leg=L .Then from (I-166)

Vov ,\fzzb - 2 (10 4A)
kW 700 ¢m* . 0.86 £F (joo.

vV.s z(,
= 0.15 Vv M= \e4

Thus, the voltage across the drain

\

depletion region =5-0.15= 485V
To estimate the depletion-region
width, assume it (s a one-sided
step junction that mainly ex 15t
in the lightly doped side.since
the channel and the drain are
both n-type regions ,the built in
potential of the junction is near
3ero . Using (1-14) and assuming
Np>> Ny |

— \]
%4 =J 2€ (Vps - Vov) =\F(1.oqx|6")(s-o.:5)

4 Na 16x16" 2% 104 16%)
= 0055 Aym
SO, Legg = 7 Mm - 2(0:3 4m) —=0.55 ym
= 585 Mm
Therefore | since = 1= Legs X
Al Ip/ ZUL
> Vo-_- 5 M = 5'85Hm/d)(4
0 MA

dVpe

S0, dX4 = 012 um . Since, the
dVpe Vv
other device uses the same

technology , 4% is unchanged
dVpg¢
But, should calculate VYov for

24 Lransis tor,

~ _
Vov‘ E.7-1"'= 2(30) =0.48V
x z‘v: (60.2) 50
12-2(0-3)

S0, X4 = M
> =1 2 (logx16'%) (5-0-48)
exig (2. 1x10'¢)

= 053 gAm
Lege = 12 -2(0:3)-0:53)=10:674m

o= Lest é)id_'.'o-”“'"/ = 3.02 Mn-
Ip/ dVps  30mA [0-12

Note that using the Same V), 25
for the [ transjstor (0:I5V) gives
an answer of 3] MA ., (The
change hardly matters)

15
=

First to estimate Xy and Lege

Lett = Larawn ™ 2La= X4 — O
\
xd = J 2 éSl' (VDS“ DV) —_s ()
4 (Nat+N})
2.
Lp = Mnox W (Vsg-W) — @
2 Leg

Lett, X4 and (Vgg-Y) can be



found by solving ), @), @).

To avoid solving nonh-linear equations,

the following procedure is vsed: find
X4 by subusan Ldrawn— 2Ly for
Lege 0 (3) and UVse the resvlt in(2).

From (3),

\
P
Mn‘ox N/L‘f’F

= [ 2x2044A °

\/450 m* 4.32 £F ( 1o 4m )
V.Sec WM\ | 4ym—2 (0.0 um)

= 0.130V

From (2) ,

xg = [RXN6xE 86x 154 (2-0.13)"
-6 x 1571 (5x10'%+4x10'®)

= 0:.23| ym
From (),
Legg® 1Mm=2(0.09)um = 0:23] um
= 05689 ym

@ 4,

]

N\
J 2K' W I,
Legs

-
V* 0.589

= 363 MA/V

(b) Fyorm (I. 7_00), gm}". ng .
z\lz‘b,c‘fvse
where, y _ ’2%55,'Nr and

COX
Ny is 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 find
Xé,m, i-e., the depletion depth
under the channel,
X;;MM‘ J 2 € (2 dp|+Vep)

9 (No*N;)

But,
$p= KT g NatNi
9 n;

=0.026 tn 4x10'%5x to'sfo‘“e
’ I-45x (0'°

% 2% 11-6x 8'86)<15'*(2x0-389+l) )

se’g =

' '"""\J 16 x 107'2(4x10'4+ 5% 10')

=0.225 4m
> 0+ 16 ym (eftective implant
depth)
since Xa,/mmf X, , the depletion
capacitor is the series combinahon
ot the capacitors as shohm,

Now X can be calculated from

the Following relationships,

, . c c
X = C-Js , CJS = J‘ }2
OX CJI + CJZ
CJ:[ - ES‘ , CJ‘Z - £SL
X, : XJMN -%



The actuval depletion depth s

_ i 1, .k
deax-_ [Zﬁ (4’; + ’4’9, + Vg l"ﬂlj *
9Ny Na
(cf. Muller and kamins : Device- Electronics
for Integrated cireuits 2™ed. ;1286

2guation (10:6:2))

¢, = KT gn Ny-0026 4n 5X10° - 0.33V
7 N 145 x jp'®

X, = 2% . 0% /0. )

Aoz [ x16x8-86xI0%0.33+0.389+1)

1'6x1071% x5 x 10'5

—(016 x !0-46’“)’(4”016) ] by .
5xi10's

(4) Cgs= 32_ wmeox-r o

2 x |0x0.589 x 432x107"°
+ 035 x 1075 10

= 20'5 fF

(C) Cad = CDL

€) G = 1o x (drain area)+ ’jsuo" periphery

J [+ Vos/3,

O-2xiox1 +12 (jo+ 1x2)

1+ (3/0,7)
1.1 £F "
(@) S Cjo X (sovrce area) +C<}‘$wox periphery

-
-—

W

=0.35x107"°x 10 « 35 FF

= 0453 4m
Cy= 11:6x8.86x16" _ 642 x16° i m:
¢y = ueo'slésxsw.j;"" Sixic® = o2 xjoxl + 12(1011x2) ¢¢
= 1l.6x8- = 3.
* (0'453-—0./6;;10"‘ IR v '+ Upa)
Cs = 2.27x10°° Flepn? = 105 4F
Joox = 227 x10~8 = 0.0526 % 2
4-32 %1077 . g‘“: ) v (£=0)
Imp= X gm = 010526 x 363x167= 19-1 MA ‘ P8 =y, (+=0) =15V
v 1G10) S5
© From (2.37), —
Yy =j 21, ) } j 2% 20 4A S W Initially +ransistor is off,
X" (W iLeg) 194 MA/ (104/6.5694) current source discharges
= O.llo V cot o . The rate of voltage
X4 =J72€s;(vps- ov) change s,
4 (Na+N;) v - I
t < |
4% - X4 = 0.23|Mm - 0-061 ymy . 10 LA
dVps  2(Vye-V,y) 2(2-0-11) v =

0:35 £F y jomm+0:2£F x logm x (1 4m

. w -/
e xa =(£2. dx‘{ > = ( 20 H4A X 0.06/( A{M/) A ym?
Lege AVog ! | 05694m y +0:09 Am)+12.£F (124

482 .78 kx

= 500 v/,qsec



o , } | T+I,
(ib Transistor enters Ssaturation 211
L T v, T
region ; drain current starts Mo [T M2 2
‘ L_* | ' Vps
v,
65 -

ond 2 Cox WL+ ot Csp. The
discharge rate of drain voltage 15

V oz loMA

CoL*Cpa
= 10 4A
035 ff v joym+o0.2 _{f x 10 ymx (14 m+ 00T ym)
am et 12 £F (124m)
= 500 V/HS AMm

Uiy Transistor enters triode region,

current discharqges Cox WL+ Cpg+ Cop
at a rate of,
10 M4A

+2C

Jc {4 32 (10) (I-2(0-09)+ 0-2(10) (I4+0:09) 2
+ 12022+ 0-35(2)(10) §

B
2 overloaps

= .’_O__A;’i_ = 132.30 V/S

v 75584 §F A
} >t
P

. |l | ~ "!'SV

: ¢ se

Q) \ | QL))

M3 Jr Is -+
—‘ W[+W2_ DS
Note that all the fmnslstors

hove Lq,ual terminal voltages. %o,

65, V 65, = Yes

Vbs, = VDsz' Vos,= Vbs
Vsg, = Vsp,= Vs = Vs
If Vsp #0, there is a body effect

b()&' V+, T V{z- V.e‘s: V{,

Case L+ All active
I, = K W (Ves-Vy) (14 7Vpsg)
2 L
I, = K Wo (Vgs-Vi) (1+AVps)
zZ L
2
Ii+I,= k' (Wi+W, (V V) (1+2V,
2= K (T_ Tf) s-%) (It M Vbs)
/ ‘-
Iz= _KE._ (Wl":’—wz)(V(_s‘Vk) <l+7\VDS>
=I+I;

Ccase 2 * All +riode
= X -
I = .."‘l_i.' [Z(VGS Ve) Vbs ~ DS]

"Wy [2(Vee-%) Vos - Vps]
. ,
Tt = 2 (s M) [2(0eH) o
n .
Is= .2.<I< Wi+ W,_) [Z(Vss"vk) Vs 'VD:]
2\ L
- I,-Q-IZ

I.2_=

NIR
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I

2.8 -2
/’Mz —— + Jl I3
—‘“: - Vg; + vDs
— Ybs -

ﬁ‘“;j Vs, -

If M, and M, are active,

X (5 (Ves-4)'=

__’<w
L,+L:

-
=

I

2

AsSUme M2 i5 in triode vegion,

e () [ et )
. . . 2 2
M, can operate In octive or triode ‘ —(Vos- Ys, ) J
vegion. M, always operates in 21,
6? :. ys op Vps,= Vgs—Va —\K/“-V*)z' A
triode region. T)
_ 2 _ - ! "_ I:.\ v -
m-E () [0 o e E () [l g [
. I i
\
Solve for Vpg,, (Vas-"e)*\[('\’és-"e);- ;',:([;) 1 -
2 2T - v 2
Yos; =2 (Ves-Va) V°50+J<—,‘:‘ =0° [vos'(vcs“ k) + \J (es-%)" - 2L ]}
| (%) * (&),
> 21,
Vps, = 2 (Ves-%) t f4(V65’Vt)_ 4 1,(:) Let X = Vpg— (Ves-Ve) and
" V= | (Ves-Ve) - k/(;),
Vps, must be < Vgg-V, or M, Would be Then,
in active region. I,= _Jg'éu) {2y(x+Y)—(X+Y)LJ
— 2 (1),
VDS, = Ves=Vy — \/(Vcs—ve) - ‘?—ﬁ‘— 1. = :_x__’ W zxy_‘_zyl_ xZ YQ-Z."YJ
(L)' 2 2 _'——)2
v {_v / 2 2
AssLme M, is active, I,= X (_v_«_) [Y_ X ]
2 2 \L
I, = X' (W) (Yes Vb~V ) o,
z \T = X (Lﬂ_) [(vés_vt)_ I
’ i 12 2\t J<’(.l’_")
= X (ﬂ) [VGS‘VJc‘(Ves‘Vt)‘* (Vgs-%) - 2T ] Ol
2 \Lh *(&), { Vps = (Veg-Ye) } J
’ - (Y Z= '
= % (_‘;__‘_’) (V6$°Vk) (L‘)Z : = £/ (LV_) [(Vés-v&> — .Iz -
2 (T.): 2\L/A x’(ﬁ)
I I+ (W W )= KIWN (Veeov ) L/
2 ( ( L‘>2/(t ), 2 (L)z( ce=tt) Vps - 2V (%)= V)" ]
' 2 '
e E {1 ] (e (MR- x )
L — — 2
(W (Ves—V )zL | BT 2 vpg(ves-v) }
= X [N es— Ve .
2 (l-l'l‘l-z) I,= -2;.__ .!.:-;r[z(ves"vt)vp_s-v;sj
{1t 3
=X

3
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(&) curve B
(h The cost of a 40,000 mit"chip Is

C =_Cw = |00 +06
(M%) e Yer  (4D)(109) (08) 018
= 3.7l

NY, = 47 15 obtained from fig70)

iy The cost of two 20,000 mil” chips
1S

b

(200)(0 49)(lo-8) ©O- 8
- C, x2 = 2.88
total ~ 4

Potting the system on two
chips 16 more economical

(b) curve A ;

() For a 40,000 millchip,

c= |00 406 -1

(15) (0-9) (0-8) 0.8

= . 2 = 2.
c’cotal 1 X 2

one cbip i5 more economical .

" e

(€) Curve C

i> For a 40,000 mi(*chip,

C = IOO + 0’6 - l2»3
12 (0-9) (0-8) 0.8

(> For +wo 20,000 mil® chips,

C, - ,OO + Oa
/5
* (80)(0:9)(0-8) o 0.8

Y

=2.49

Ciobal = 2 49 X2 =

L. using twWo chips is more

economical .
20 o, "
Area =(150 mils ) = 22,500 mil
(0) Curve A ,
C - CW + CP
(NY)(Yae) (o) Yo
= 120 + 0.4 _1.06

(360)(0.8)(0-8) o0-8

NYys = 360 1s obtalned from
Fig.(2:70)
(b curve B,

¢ = _130 + 04 = .95
(40)(0:8)(0:8) 08
(¢) curve C,
¢ =__130 + 04 - 3.89
(60) (0-8) (08) 0-8



-1

2.2}
/

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

cutve ¢, Ap= 11,000 mil*

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

by In g(2:69) , gross die/wager
i5 Inversely proportional to the

die size ,i.e N+ KA™, KI5 the
Prbpo_r{-iomlil-y constant related
to the Wafer si3e (more specifically, K
1§ the effective or usable area on
the wafer). By (2:56) , the cost per
unit silicon area Is,

KE ™ Yge Yot AYu
Each K con be obltained from
g (2:69).eg. K= |I5x 16 mil*for 4' wafer.




2.22

First estimate x4 and L¢;

Leff = Lgrqun — 2Lq — 74 (]‘)
2¢,i(Vps — Vow)
Ty = 2
kK W
D= ?nLeff (Vas — Va)? (3)

Zd, Legy and Vo, = Vigg — V4 can be found by
solving equations (1), (2) and (3). However,
solving these nonlinear equations is difficult.
Instead, we approximately solve them. First,
estimate x4 by substituting Lgpqwn — 2Lg4 for
Lesr in (3) and use that result in (2).

From (3) and using values in Table 2.5:

21p
Voo = Vas—Vi=\|777—
@ kW Leyy
N 2(1004A)
~ A 0.9ym
(246?‘/_2) 0.2pm721(10.01um)
= 0.40V
— — cm? fF \ 10%um
where k!, = p,Cop = 30()@(8.21@) e
= 246pA/V? and C,, = 8.21% (based on

tor = 42 Angstroms) have been used.
Using (2) and Vps =1.0 V:

J 2(11.6)(8.86 x 10-4)(1 — 0.40)

= 0.065pm

From (1),

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

1.6 x 10-19(8 x 1016 + 1 x 10%7)

Now we can calculate g,:

Gm = /2k,(W/Legs)Ip
= 1/2(24611A/V2)(0.9/0.12)100pA
= 607pA/V

Next we find r,:

ro = [(In/Less)0wa/0Vns]™
= [(100pA/0.12m)0.028um/V] ™!
= 43kQ

Since the transitor is active (or saturated):

2
Cgs = gWLeffCO:c + Col
2
= 5(0.9um)(0.12,urn)8.21fF//ml2
+ (0.94m)0.36fF / ym
= 0.59fF + 0.32fF = 0.91{F

and

ng = Col
(0.9m)0.36fF/ um
= 0.32fF



2.23

First estimate x4 and Ly Im

Leff = Lgrqun — 2Lq — 74 (]‘)
2¢5i(Vps — Vo)
Tg = 2
kK W To
D= ?nLeff (Vas — Vi)* (3)

Zd, Legy and Vo, = Vigg — V4 can be found by
solving equations (1), (2) and (3). However,
solving these nonlinear equations is difficult.
Instead, we approximately solve them. First,

estimate 4 by substituting Lgyewn — 2Lg for  Cgs
Lesr in (3) and use that result in (2).
From (3) and using values in Table 2.6:
21p
Voo = Vas—Vi=y|7777—
@ T R W/ Legs
N 2(100pA) and
~ A 0.5um
(538%_2) O.Ium72(lf).005um)
= 0.27V
where k! = p,Cop = 390%(12@}?) I?zf‘nm
= 538uA/V? and C,, = 13.8-%; (based on

pm
tor = 25 Angstroms) have been used.

Using (2) and Vps =0.6 V:

IG ~
2(11.6)(8.86 x 10~14)(0.6 — 0.27) ~
Tg = cm =
1.6 x 10-19(1 x 107 + 5 x 107)
= 0.027pum
From (1),

Lesr = 0.1pm — 2(0.0054m) — 0.027um = 0.063m

Now we can find g,,:

V2R W/ Leg) Lo
V/2(53811A/V2)(0.5/0.063)L00uA
924uA/V

Next we calculate 7,:

[((Ip/Les)0xa/OVps] ™

= [(100pA/0.063m)0.06pm/V] ™!

10.5k€2

Since the transitor is active (or saturated):

2

= WLeffcox + Cy

3

2
= g(0.5um)(0.063,ma)13.8ﬂ«“/,ml2

+ (0.54m)0.10fF / ym

= 0.29fF + 0.05fF = 0.34{F

ng Col
(0.54m)0.10fF/ um

= 0.05fF

The gate-leakage current can be estimated by

JeW L
(1.2 nA/pm?)(0.504m)[0.1m — 2(0.005m)]
54pA



