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1. (a) (B) holes
(b) (A) electrons
(c) (A) electrons
(d) (B) holes
(e) Vep = ¢p — ¢pt = (60 mV)log % + 550 mV = =300 mV + 550 mV =| 250 mV
(f)
1
‘/oz = C 2q€sNa (_2¢p) (1)
tOCl)
= —1/2¢€sNg (_2¢P) (2)
10 nm
= V/2¢e; 1015 (600mV) (3)
3.960
=[40.88 mV (4)

(8) ra = g = (26 9]

(h) Recall the equation for the junction capacitance of a PN junction:

C; = i (5)
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So the largest capacitance will occur with the smallest reverse bias Vp. Thus, the ratio is as
follows:
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=[2.497 (10)
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Vx =Veco — VeBs

I
=3-Vrlhn ?EF
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(b) Since the emitter area of ()2 is 10 times more than that of @3, the collector current of Q2 is also
10 times larger. This means the collector current of @)1 is also 10 times larger, so Ic; = 1 mA.

1

Gl = V—C =[38.46 m$S
T

Trl1 = gﬂ =12.6 kQ
ml

Tol = ‘I/—A =150 k2
c

(¢) Noting that 7,9 = r,1, we have:

B gm (ro2 || Rr)
1+ Rp (g + 1) + £

T

A, =

oy

gm1 (To1 || Rr)

1+ Rp (g + 1) + 22
=|-31.87
(d) Rm = RS +rz1 + (1 + 6) RE =1104.6 kQ2
(e)
Igrpr = Ics + Ip3 + Ip2
1 1
= (1 + B) Ics + chz
1 10
=(14+-=+ —) Ic
( grp)
Ios = 90.09 wA
ICl = ICQ = 10[@3 =1900.9 HA
Grq = 34.65 mS
vl = 2.886 k)
v = 55.5kQ
Al =[—34.03
A — A,
Error = ”T
= 0.06351
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Vy = Vpln SHEE

53
Vx =W +Vgsr

2IREF
(W/L)7 pnCog

~[152V]

Apy
iy~ L4

Aps = 4AEgs

[

Rout - Rup H Rdown
Rup = gmdTo4Tol + Tol + To4

Raown = Im5T05T02 T To2 + Tos

gt = /2 (W/L) 1, Corlp

+ VTn

- \/2 (W/L), 1tCosAlrpr

=3.2mS

Ims = \/2 (W/L)5 pnCoz4lrEF

= 2.263 mS
1
AMp

To4 = To5 =

~ Miggr
=50k

Rou =



1 /W
2 (f> 1Cor (Vsar + Vip)* {1+ A[Vsp1 — (Vso1 + Virp)]} (54)
1
1 /W 2
=5 (7 ) HnCox (Vasz = Vra) {1+ A[VDsz — (Vasz — Vra)l} (55)
2
Vas2 = VB (56)
Vsa1 =Vpp — VB (57)
Viss = Vour =1V (58)
Vspr =Vop = Vour =1V (59)
Vs =[09142V (60)

(b) This is was solved in the homework, but even if you didn’t remember you could easily re-derive
it from the small-signal model.

Ay =~ (gm1 + gm2) (ro1 || o2 || RL) (61)
gm1 = (W/L)l tpCosz (Vsar + Vrp) = 3.075 mS (62)
gm2 = (W/L)y 11n.Cox (Vas2 — Vrn) = 4.349 mS (63)

1/w
Ip = 3 <f> 1inCox (Vasz — Virn)* {14 MVbsa — (Vasa — Vien)]} = 900.8 A (64)
2
1
o1 = — = 22.20 kQ)
LT 0 (65)
To2 = 2220 kQ (66)
()
1
(68)

Wpyin = Rg [20@5 +2Cap (1 — Av)]

=|8.467 Grad/s (69)

1
Wy out = 70
Pt = (o s | R2) B0 T 20 (1= 1/A) (70
=[66.19 Grad/s (71)
W-_3dB = min (wp,inu wp,out) (72)
= 8.467 Grad/s (73)
f-saB = —M;TdB =11.348 GHz (74)

(a) We ignore channel length modulation for parts of this problem not involving small-signal param-

eters.
Ip1 = 2Ipras =200 pA (75)

ID3:10]BIAS: 1 mA (76)



Ay = [_gml (Tol H ro2)] [_gm3 (7'03 H T04)] (77)
= gm19m3 (Tol H 7'02) (7'03 || T04) (78)
Gm1 = /2 (W/L), j1pCopIpy = 632.5 1S (79)
Gma = \/2 (W/L), ttnCopIps = 4.472 mS (80)
1
o = —— =100 kQ2 1
To1 Mpr 00 (8 )
To2 = To1 = 100 kQ (82)
To3 = 20 kQ (83)
To4a = To3 = 20 k2 (84.)
A, =|1414 (85)
Rout =To3 || To4 (86)
=110 k2 (87)

(c) For large Ry (ten times 7,3 and r,4), a negligible amount of current will flow through the load.
We can do our normal analysis using Vysq::

21
VZ)ut min — Vdsat3 - $ ={447.2 mV (88)
’ (W/L);3 pnC,

ox

21
Vout,maw = VDD - Vdsat4 =3- % =12.368 V (89)

(W/L)4 HpLox

(d) For small Ry, (100 times smaller than r,3 and r,4), we have to worry about being able to supply
enough current to the load if we swing too high or too low. We need to calculate the maximum
and minimum currents we can supply. This is fixed by Vg3, since Vsgy is already fixed by the
current mirror.

1 /W
IDS,maz - 5 <f> ,UJnCoac (VGSB,maac - VTn)2 (90)
3
21p1
Vassmar = Vop — Vasat1 =3 — | —7——5— = 2.368 V 91
Gss, DD — Vdsat1 V7L, iCon (91)
ID3.mas = 17.44 mA (92)
1 /W
IDS,min = 5 (f) MnCOLE (VGS?),min - VTn)2 (93)
3
Verssmin = Visatz = 1| ———2P2 4479 mV < Vi = Varsamin = Vin = 0.5V (94)
GS3,min — Vdsat2 — (W/L)2 unC(,x = . Tn GS3,min — VITn = Y.

VGS3,min - VTn =05V

IDB,min =0

Iout,min = ID4 — IDB,maac =1mA — 17.44 mA = —16.44 mA
Vout,maw = out,mamRL =
V:)ut,min - out,minRL =-1.644V (100

Note that these are AC values.

(

(
Lout,maz = Ipa — ID3min = 1 mA (97

(
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