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1. P88

2. This circuit buffers the small-signal current from a photodiode. The small-signal _
model for the photodiode is shown. Isyp = 125 pA, roe = 250 kQ, and L = 2 pum. Use
the MOSFET parameters from p. 319. (Note the typo in the channel length
modulation parameters. An=0.067 V')

(a) Given that Jp,y =0 A and Igj45 = -125 pA. Select the width W of the NMOS
such that the DC bias on the photodiode is Vp=-1.25V.

(b) Draw the two-port small-signal model for this amplifier (with source and load).

(¢) Find the numerical value of the input resistance R;j, of this amplifier.

(d) Find the numerical value of the output resistance Ry of this amplifier.

(e) Find the overall current gain ipy/is for this amplifier for the case where Ry = 30
kS and Ry = 100 k.
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4. Default MOS transistor parameters: note that A depends on L!
NMOS: upCox = 100 pA/V?, Ay =[0.1/L] V' (L in pm), ¥yp =1V
PMOS: ypCox = 50 HA/V?, Ap=[0.11] V(L in pm), Vip=-1V

(a) Determine the width of transistor M, in um so that V5, =0V.

(b) Redraw the circuit with symbolic current supplies replacing the transistor curtent
supplies. Give the numerical value of the DC supply currents; there is no need to
calculate the source resistance of this supplies.

(c) Draw the two-port small-signal model for this two-stage amplifier. There is no
need to substitute numerical values for the elements. .

(d) Find the numerical value of the output resistance Rq,,s of this amplifier.

(e) Find the numerical value of the open-circuit voltage gain Ay of this amplifier in
dB.

V= 1tsv [=24m for all MOSFET

(w/l_)l = M/L.)z g_{_s'_:
Rs “
G Teer t Mo Mg '-_'—lt M (W/L')J - G

i

s I WL ) = (Wh), = 20um
Z Al
: _L_I[;H, %RL W) o oum
h 1 ‘Zuq
Mi:_-l'p Etm \ [ Ms  Teer = 25 wa
Rs = 5 kL2
EL = (oo k.O_
V™= =15V
Quesh'uf\ 4

5. E59

6. An NMOS inverter with current source pull-up shown in the figure has (W/L},, =
6/1.5 and (W/L)p = 3/6, Vpp=3 V and Vg =0 V. Use the simplified hand
calculation method shown in sections 5.4.1 and 5.4.3. Assume devices are in their
constant current region. For this problem, use A, = [0.1/L,] V! (L, in pm) and Ap=
[0.1/Lp]) V*' (Lp in pm); &, = 8.85 x 107 F/cm. Refer to p. 319 for other MOS
transistor parameters.



(b) Two identical inverters are located 1000 um from the driving inverter. The
connecting wire is 2 jim wide aluminum and lies on a deposited glass and field
oxide layer. The total thickness of the dielectric layer is 1.0 pum and you can
assume it behaves like a parallel capacitor. The permittivity of the dielectric is
3.9¢,. Calculate the propagation delay /p.

(c) What is the static power consumed by this circuit?

(d) Calculate the device widths such that Cpg = 100 fF while maintaining the same
V.

(e) What is £, for the device sizes calculated in (d)?
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