SOLUTIONS:

Problem 1:
A)a= I¢ _ 1.00mA _ 20
Ig  1.050mA 21

- _ 20
B = 1—a
B.) q = 22419l _ 995

1.0250*(1—.01)
B 0.995 21263
" 1-0995 '
212.63 — 20
Error =— = 0.906 = 90.6%
20
Problem 2:
I I; B 1.00mA _ 50ud
I  1.00mA = 1.0025
=—= =201
Iy 50uA * 0.9975
20.1 - 20

Error = T = 0.00501 = 0.501%
Problem 3:

Assume BJT works in forward active region and the capacitors are very large so they can be
treated as open circuits.

o= (3299 _ 155,
B_<400k)_ K

I = flz = 100 * 18.5uA4 = 1.85mA
Ve =10 - 4000 0.00185 = 0.6V
Voue = OV (there is a capacitor creating an open circuit in DC.)




Problem 4:

For the MOSFET to be in saturation Vpg = Vi — Vi
VO'Ll.t + 2 2 2 - 0.5 g VO'Ll.t 2 _0.5

U COXW 4 -V
Ip = nT(VGS —Vr)? = R—lout
8 4 -V
300 % 1076 * (—) x(0—(-2)-05)2=—"
4 R,
V,ut = 4—0.00135 % R, > —0.5V
- R, < 3.33kQ
Problem 5:

Assuming that M; and M, are in saturation

tnCox W, iy Cox W,
Ip, =Ip, = n2L_n 2 (Vs — Vp)2 ==L 2L, £ (Ves — Vr)?
300%107¢ %10 75 %1076 % 50 2
—(=2) — 2 — — 2 — (=
- >33 (0—(—2)-0.5) 1 Vou —2—(=05))

= Vour = 0.55 or 0.816. Since output has to be Vpp > Vour> Vss we will choose 0.55 V

Problem 6:

For quiescent values that capacitors act as open circuits, so the voltage is simply,
I _28_VB VB _ 28_1OVB
P7 90K 10K 90K

28—10x (Vg + 0.6) Vg

I =B+ DIz =(101) =

1
Io = axlg = 099 % oos = 495 ud > Vo = 28 — 4000 = I = 26.02V
Voue = OV



Problem 7:

a)for the same voltage drop, the ratio of currents between two BJT is a the same as the ratio of

. : A
their areas (you can verify that to yourself) 2% =2EL—2
Iz A2 5

Ig =1Ig; +1p; =615
Iiy=1I¢y +1g = 6131 + 61,

1 58
Ip; = Iin <m) —> loyt = Blp2 = B *5lp1 = Iin <m)
Assuming that § is large - I,,; =5 *I;;, = 7.5 mA

b) Similarly to part (a), for two transistors in saturation with the same Vgs, their currents will be
a ratio of their W/L

wy
Iy L _>5 _1
I, W, 20 4
L,

Ly = 41, = 6 mA

Problem 8:
AEZ
B]T: Iout = A_Iin
E1l
w,
g L
MOSFET: 1, = W Iin
Wq
Ly

These are very useful structures that are called “Current mirrors”. They allow current to be
mirrored over to other branches with a gain that is dependent on the geometric ratios of
MOSFETS/BJT’s used.



Problem 9:

Code:

“timescale los/lps

module Regdbhit(In,

out,

input CLE, EN;
input[3:0] In;
output [3:0] Out;

LFF FFO
LFF FF1
LFF FF2Z

(.O(In[0
D{In[l

. CLE{CLE),
. CLE{CLE),
. CLE{CLE),

.EN{EN}}
_EN(EN})
_EN(EN})}

1. 0 ;
(. 13, . a(out[l ;
(.D{In[2]3, . 2 ;
DFF FF3 {.D{In[3]), 3 ;

_CLE{CLE}, .EN{(EH))

endmodul e

e
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TestBench:

rtimesca;e !
modnle Regdbit th():
reg CLE, EHN;
reg| 1 Im;
wire| ] Cut;
Regdbit Begl(.In{In), .Cut{Cut), .CLE({CLE), .EH{(EN}}:
initial
begin
In = H
EN = H
CLE = H
end

always

#. CLE = ~CLE:;
always

#- In =
always

#7 EN =

In + :

~EH ;

endmodnle



Waveform Output:
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