ECE3050 — Assignment 14

1. The figure shows a CS amplifier with a current-mirror active load.
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(a) If the ro approximations are used, show that the small-signal short-circuit output current
is given by
Y 1 _ Im1
1+ x: 74+ Rs 14+ gm (1+x;)Rs

Lo(sc) = Vg

(b) Show that the small-signal output resistance is given by

Rg
Tout = Tid1||To2 = [7“01 (1 + 7) + RS] 702
sl

(c) Show that the small-signal open-circuit voltage is given by

. gml Rg
= = — 14+ — R X U;
Uo(oc) = Lo(sc)Tout 1+ g1 (1 + xy) Rs |:TOI ( + 7“{91> + S:| |02 % v;

2. For the CS amplifier of Problem 1, each MOSFET has the parameters Ky = 0.002 A/ V2,
Vio = 1.4V, A = 0.02V~', v = 1.5VY2, and ¢ = 0.6V. It is given that V+ = 10V,
V= ==10V, L =1mA, Rg=20012.

(a) Use the equation Ip = Ko (1 + AVsp) (Vsg — VT0)2 to show that Vggs = 2.09V. Note
that Vsps = Vsas.

(b) Use the equation Ip = Ko (1 4+ A\Vsp) (Vsa — VTO)2 to show that Ips = 1.15mA. Note
that Vggo = Vsas.

(¢) Show that Vpg1 = 9.77V and Vps; = —0.23V. Note that the current through Rg is
equal to Ips.

(d) Use the equation x = 0.5v/v/¢ — Vpg to show that x; = 0.823.
(e) Use the equation K = Ky (1 + AVpg) to show that K; = 4.78 x 1073 A/ V2,

(f) Use the equations g, = 2¢/KIp and ro = (Vps + 1/A) /Ip to show that g,,1 = 3.32 x
10738 and ro; = 51.9kQ.

(g) Use the equation rog = (Vsp + 1/\) /Ip to show that rg2 = 52.1kQ2.



(h) Show that the small-signal short-circuit output current is

V; 1

— =1.50 x 10 3w,
1 + Xl T;l + RS’ !

Z.o(sc) =

Assume rg; = oo and use the simplified T model.
(i) Show that the small-signal output resistance and open-circuit output voltage are ry,; =
TileTOQ = 35.8k) and Vo(oc) = io(sc) X Tout = —H3.8v;.

(j) If a load resistor Ry, = 10k(2 is connected from output to ground, show that the output
voltage changes by the factor Ry / (rout + Rr) = 0.218 (or by —13.2dB) and the new
voltage gain is v, /v; = —11.7.

(k) If Rs = 0, show that v, increases to the value v,(,) = —86.28v;. Show that the gain
increases by 4.10dB.

3. The figure shows a CG amplifier with a current-mirror active load. The voltage Vg is a dc
bias voltage. Each MOSFET has the parameters g, = 2.5 x 1073 S, ro = 40k, and y = 0.5.

It is given that Rg = 200¢2. It can be assumed that the dc value of the output voltage is

Zero.
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(a) Solve for the Norton short-circuit output current. Assume r9; = oo and use the simplified
T model. Answer: io(s) = vi/ () + Rg) = 2.14 x 10~ 30;.

(b) Solve for the Thévenin equivalent circuit seen looking into the v, node, i.e. solve for ry,;
and v(oc). Answers: Tour = 1ig1||To2 = 25.5 k2 and v(o) = Go(se) X Tout = 54.6v;.

(c) By what factor does v, change if a load resistor Ry, = 10k is connected from output to
ground? What is the new voltage gain? Answer: Ry / (rout + Rz) = 0.282 or by —11dB
and v, /v; = 15.4.

(d) Show that the input resistance is 7, = 1%; = 267 Q.

4. The figure shows a CD amplifier with a current-mirror active load. The voltage Vs is a dc
bias voltage. Each MOSFET has the parameters g, = 2.5 x 1073 S, ry = 40k, and y = 0.5.



(a) Solve for the Norton short-circuit output current. Use the simplified T model. Answer:
bo(sc) = Vi [Ts1 = gm1V; = 2.5 X 1073v;. Note that the body effect cancels when v, = 0.

(b) Solve for the Thévenin equivalent circuit seen looking into the v, node, i.e. solve for ry,;
and ’UO(OC). Answers: Tout = 7";1”?”01”7'02 =263 and Uo(oc) = io(sc) X Tout = ().658’1)1‘.

(c) By what factor does v, change if a load resistor Ry, = 10k{2 is connected from output
to ground? What is the new voltage gain? Answers: Rp/(rou + Rr) = 0.974 or by
—0.226 dB and v,/v; = 0.641.

5. The figure shows a cascode amplifier. M; is operated as a CS amplifier with a small-signal
voltage vs and a dc bias voltage Vpy applied to its gate. My is operated as a CG amplifier
with a dc bias voltage Vpo applied to its gate. Ms and My form a current mirror with an
input dc current Irgr. For each MOSFET, it is given that g, = 0.005S, ¢, = 0.00258S,
and rg = 50k(2.
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(a) To simplify the solution for io(s), assume 791 = ro2 = 00. Show that i) /vs = iy =
", = 0.005S.

(b) With 791 = rg2 = 50kS2, show that the output resistance is
Tout = T03]| [7“02 (1 + 7“01/7”'82) + Toz] = 49.87 k2

(c) Show that vy(e)/vs = — [io(sc)/vs] X Tout||To3 = —249.3.



