SOLUTIONS:

Problem 1:
First we solve for quiescent Ips:

Cox W 3500112
Ipsg = 2 (Vs = Vp)? = o — (1 - 0.5)? = 02625 mA

Then we will use Ipsq to get gm:

2psg _ 2%0.2625m
Ves—Vy  1-05

Gm = = 1.05mA/V

Solving for small signal gain we get the following (we will ignore gas):

1 Vds Vout
_nggs = VdSR— - V_ = v = —9m* RL = —1.05m * 5k = —=5.25 V/V
L gs in

Problem 2:
First we solve for quiescent Ips:

Cox W 350u6
Ipsq = M_(VGS —Vr)? = —u—(l —0.5)% = 0.065625 mA
2 L 2 4
Then we will use Ipsq to get gm:
2Ipsg 2%0.065625m

Ves —Vp 1-0.5

m = = 0.2625 mA4/V

Solving for small signal gain we get the following (we will ignore gas):

1 Vout

—gmVi =V0utR— - V= —gm * R, = —0.2625m x4k = —1.05V/V

L in




Problem 3:
a)

500K

Vo)

Qq
L= Ssin{ut+E] 1

b) Veq = 10V — (Sk * I¢q)

_ B(10 —0.6) _
cq — W = 1.88 mA
Veq = 10V — (5k * 1.88m)
ch = 0.6V
Voutq =0

C) Vout = (—GmVin) * (g_lo//RL)

Vour 1
o =22 — g (-IIRL)

d) Approximate gain, Ay = —g, R,
Ay = —g,, (5Kk||8k) = —gm(3.077Kk)

I, 1.88m
M=y, T 0.0258
Ay = —0.0729 * 3077
Ay = —224.22 V)V

= 0.0729V

Problem 4:

)
Vit sin{uwt+E) R1 LRE ,,é
I

i 5k | |8k

Vour



Problem 5:

a)
Ve——
@
Bit=\usin(wt+E) TOK ﬁ .
O o
o — v
b)
( 10 + 70) k=4v
- 0.6
Voutq =0V

¢) Vour = (—gmVin) * (i//RL)
Ay =2 = g (-//R)~ ~gumRs

d)

Al I,qR, 2000 % 0.0017 131783 v
Y7 vy, 00258 0 TV

Problem 6:

MOSFET:

.

4K || 4K

vy

Vg = Vs, putting a test voltage Viest and solving for current we get:

Viest 1

Itest = Gm * Viest + Viest * Go

w
Im = JZ * Wy, Cox (T) *[p =1183m

Req = gm™ = 845.15 kQ

Itest B Im + Yo

1

9m



BJT:

1 1
Gm T G+ o ‘U (Gmt It o) Im
Im =7 "= 0.0258
Reqg =1290Q
Problem 7:

a.) DC equivalent circuit

5V
ls (})1ma Ipg = 1mA, V. =0.0258V
v I
Vour Ipg :]sADeV_lt) - Vp =Voyr = Ve *In (] L:4Q )
S4iD
Ap=100pm?
1mA
—* 200um
um
50
MWW Vout
Un Ro

A W—

b)

c.) Treat Diode as a box with Vg4 as one terminal and 14 as another, we know that V, =V, *

IDQ

In (]SAD)
dvp JsAp Vi

=V, —x%*J.Ap = — =R
dlng t Ing JsAp Ing D
Ry, = =228 _9580

IDQ 1mA

Rp

Vout = mvin

Vout Rp 25.80
A = = = =034V/V

V" v, Rp+50Q 2580+500 /

ARy =L =288 _5160 54, =Cout=_Ro__ 3190 __ 49357y

Ipg  5mA Vin  Rp+50Q  5.16Q0+500Q



Problem 8:

There are multiple approaches to this problem, one is shown below:

5V

10k
Vour(t)

ALw

Un(t)
-1v

I will start from my gain and load specifications, I know that for my circuit choice, my gain has
the following relationship:

A, 15
Av = % = —gm(i//RL)z _ngL = —15 - gm= R_L = m =1.5 mA/V
I also know g,, = VZILS‘(;, I can set Vs =-1V and solve for Ipsq to get 0.375 mA
GSTVT

Voutg = Vop — Ipsg * Ry, and for the transistor to be in saturation (and for our models to hold)
we need Voug > Vs — Vi > 0.5, solving this inequality:

I will choose Vpp to be 5V.



Problem 9:

Code:

Ln# |
1 “timescale 1lns/lps
2  Hmedule demux(F, a,b,c, YL,Y2,Y3,Y4,Y5,Y6,Y?,Y8]d
3 input F, a, b, c; //inputs
4 cutput ¥1,¥2,¥3,Y4,Y5,¥6,Y7,Y8; // ocutput variables
3 req yv1,v2,¥3,v4,v5,v6,v¥7,v8; /finternal variables
6
7 assign Y1 = yl;

8 assign ¥2 = y2;

9 assign ¥3 = y3;

10 assign ¥4 = y4;

11 assign ¥3 = y3;

12 assign Y6 = yé;

13 assign ¥7 = y7;

14 assign Y& = v&;

15

16 always @ (F or a or b or c)

17 -1 beqgin
18 E case({a,b,c})

19 3'b000: begin

20 ¥l = F;

21 {v2,¥3,v4,y5,y6,y7,¥8} = 7'b0000000;
22 o end

23 o 3'b001: beqgin

24 FZ = F;

23 {v1,¥3,v4,¥5,¥6,¥7,¥8} = 7'b0000000;
26 - end

27 © 3'b010: begin

28 ¥3 = F;

29 {v1,v2,v4,¥5,¥6,v7,¥8} = 7'b0000000;
30 o end

il A 3'b011l: begin

32 v4 = F;

33 {v2,v3,yl,y5,y6,y7,y8} = T7'b0000000;
34 o end

i3 o 3'bl00: begin

36 FS = F;

37 {v2,¥3,y4,yl,y6,¥7,¥8} = T7'b0000000;
38 - end

38 H 3'bl0l: begin

40 v6 = F;

41 {¥2,%¥3,v4,¥5,¥L,¥7,¥8} = 7'b0000000;
42 o end

43 H 3'bl1l0: begin

44 ¥7 = F;

43 {¥2,v¥3,v4,¥5,¥6,yl,y8} = 7'b0000000;
46 o end

47 = 3'blll: begin

4B }rS = F;

49 {v2,¥3,v4,y5,y6,¥7,¥l} = 7'b0000000;
50 - end

51 - endcase

52 - end

53 - endmodule

54



Testbench:

Ln#
1 timescale lns/lps
2 B module demux thi);
3 reg F,a,b,c;

4 wire ¥1,¥2,¥3,Y4,Y5,¥6,Y7,Y5;
[ demux d(F, a,b,c, Y1,¥2,Y3,Y4,¥5,¥6,Y7,Y8);
8 initial

9 [ begin

10 F=1;

11 a=0;

12 b =0;

13 c=0;

14 - end

16 always

17 #10 ¢ = -3

18 always

19 #20 b = -b;

20 alwayﬂ

21 #40 a = -a;

22

23 - endmodule

24

Waveform:

[T wave -Defastt /4 4/"73 "7 ——"'——————————————————————————————————————uu
[ ] :

idemux_th/F
fdemux_th/a
fdemux_th/b
idemux_th/c
fdemux_th/Y1
Jdemux_th/Y2

fdemux_th/Y3
idemux_th/Y4
Idemux_tb/¥5
fdemux_th/Y6
Jdemux_th/Y7
idemux_tb/Y8




