5.5. The transmission line model of contact resistance in a planar geometry is represented by
the distributed network below. The current flows from a thin resistive film (diffusion with a sheet

resistivity psq) into a ground plane (metal) with an interfacial contact resistivity p, between them
(Fig. 5.13).
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Following a similar approach as in Egs. (5.20)-(5.22), one can write
av
V(ix+dx)-V(x)= -Zx-dx =-I(x)Rdx,

and

I(x+dx)-I(x)= %dx =-V(x)Gdx.

Here R = p,// W and G = Wip.. From the above two equations, one obtains

dz
2L -rof=L27,

where f{x) = V(x) or I(x).

57. FromEgs. (5.35) and (5.37), Tima < 7if
Cu*+CG>2C, +2,/C,,,CL :
This inequality is quadratic in C;'”, which can be solved to yield
2
e (\/C_,,,+,/Ci,, +C,,,,) .

Under this condition, the insertion of one or a few properly designed buffer stage(s) will help
reduce the overall delay.



6.1.  Consider hole current flow in an n-region. Eq. (2.46) gives

dg,

J,= ~Puky " (1)

Now, as shown in section 2.2.3.1, d@,(n-region)/dx = 0. Therefore, (1) can be rewritten as
J : d
(n—region) = ~gp,u, —~(¢,~ 4,). @)

Eq. (6.16) gives

_kT, (P,
(¢,—¢,)—71n( 2 ] 3)

for the n-region. Substituting (3) into (2), we obtain

. kT(1dn, 1 dn
s AL L]
n ie

where we have used the Einstein relation D, = kTy,/q. If we compare (4) with Eq. (2.44), i.e.,

J,(n—region) = gp, u ,&(n - region)- gD, cg,, , (5)

we have

e ML e dn,?,)
E(n regzon)-[ PR 3 g }



6.4. Eq. (6.139) gives

B(w)= [—ﬂ1—+jw(r, +£%”52+CM(RL +r, +rc))}— .

In the high-frequency limit, and for short circuit (R; = 0), (1) becomes

p(@)= [jw(rp +£C“""é;q"cl+ Caxc(r. +rc)n- :

The magnitude of A @) becomes unity at @ = wr = 2afr, or

1~ 241',(1,, +(—Cmg—+—c‘"’°l+ Caclr. '*‘":)J ‘ 3)

Eq. (6.99) gives

Therefore, (3) gives

1 o—
2xnf,

£y +£(Cm +Cp )+ Cope(r, +1.).
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6.5. Neglecting parasitic resistances, Eqs. (6.152) and (6.153) give
Iy =—Igp[exp(qVys | kT)- 1]-agle

and Io = ~Igo[exp(qVye | kT) - 1] - @Iy,

which can be rearranged to give

&1 sl

Ve =—In|1-
= q9 L ) i
and V,;C—El 1-Ietaply |
q9 L Iego i
Now, Veg =Ve-Ve=(Ve-V3)+ (Vs —Vg) =V = Ve

Substituting (3) and (4) into (5) and rearranging, we obtain

v = len[ Lokl ]R-aRIc)}
9 | Jmo(Igo —1c — aply)

Now, Eq. (6.90) gives
aglp, = aply,,
and Eqs. (6.150) and (6.151) give

Igpo = Inf(1- ),

and Iopo = Ino(1- gy ).
Therefore, lao  Jro _ ¢ :
Ige 1 Qg

Substituting (10) into (6) gives
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