ECE 6412 - Spring 2005

EXAMINATION NO. 1
(Average score = 56.2/100)

Problem 1 - (25 points)

An emitter follower, push-pull output +2V
stage is shown. Assume that By = p
=100, V,=25mV, and I = 10fA.

a.) If the emitter areas of Q1 and Q2 are

10um2, find the emitter area of Q3 and
Q4 so that the collector current in Q3 Rin N Rour
Q2 / Q4

100uA( y

and Q4 is ImA when vjy =voyr=0.

'
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b.) What is the +peak output voltage of + d
this amplifier? Assume the 100pA | J_
sources can have a minimum voltage YIN Ql Q3

AN

O
+

vout

across them of 0.2V. = 100pF| 100Q [~ _

c.) What is the =slew rate of this - -
amplifier in V/us? 100uA (
d.) What is the small-signal input and

output resistance of this amplifier when
vin = vour = 07 (Do not include the

load resistance in the output resistance.)

Solution

101 1c3 Ieslsy
a) Vep1+Vpe2 = VBeatVeps — T 1,=T 0, — I3=1u="], =10,

AE3 :AE4 = IOAEl = 100Hm
b2) Vyeak = (100pA)(1+,)R, = £100pA-101-100Q = £1.01V

. . 10.1mA
Check to make sure this answer is okay. Vgps =V, ln(loT> =0.691V

. Maximum swing is 2-0.691-0.2 = 1.109V so V), = £1.01V

©) =R = (%) = 101V/us Ugmy  rmy  Pib4
d.) Smalllsignal model: —<<>RZ —--
V, = zt(gl%wm) + R I(1+B,) 4\/\/\,—_1_
100pA 1 —<<>— .-

m2 = 25mV = 7500 Bib3 s0sE1S1

ImA 1

md =25mV = E R;, = 0.5[250+25(101)] + 101(100) = 11.487kQ

1 l/ng
Ry = OS[g ot 145,

] =0.5[25 + (250/101)] = 13.37Q2

SOSE1P1
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Problem 2 - (25 points)

Find the value for the small-signal output
resistance R, ignoring R; and the value of

the small-signal input resistance for the
amplifier shown. Let the dc currents through
M1 and M2 be 500pA, W{/L; = 100pm/1um

and W,/L, = 200um/lum. Assume the
parameters of the NMOS transistors are

Ky'=110V/uA2, Vyy = 0.7V, and for the Vv

PMOS transistors are Kp'=50V/uAZ, Vyp = -
0.7V. Ignore r s and ryq).

SOSE1P2 _2_5\5

gm1 =V2:110-500-100 = 3.316mS, g,,» = ¥2:50-500-200 = 3.162mS

Solution

Calculating the small-signal parameters gives,

The small-signal model is given as,

Ry i Ry
v, ; Vgs
:~Ir’ Em1Vgs\/ &m2Vgs

For R,,,,;, sum the currents at the output (with the LH v, =0) to get,

-

I
<«
+
*.
Vit
\N

PSR
r/

SO5SE1S2

) 1 8m1T8m?2 Vi 1 Em1t8m27q
Iy =y R1+R2 + 2 - R0ut= it = R1+R2 + 2 =&2

For R;,, remove the RH v, and write a loop equation at the input to get,
v, =i(R1+ Rp) + (i; - 8m1Vgs — ngVgs)RL =R+ Ry + Rp) — (g1 + ng)Vgs

But veg = v; - i; Ry which gives,

v, Ry+Ry +R + (g,1+8m2)RIR]  201kQ+(3.316+3.162)(1)(100kR)
i = T+ (gm1+8m2RL = 1+ (3.316+3.162)(1)

R

in~

R;, = 113.5kQ



ECE 6412 - Spring 2005 Page 3

Problem 3 - (25 points)

Find the midband voltage gain and the —3dB frequency in Hertz for the circuit shown.
R1=1kQ C2 1pF

I \

N I
Ry= C3— V2 R3— Cy=
prT Vi 1000 100kQ SpFT 1000 1kQ 10pFT Vour

SOSE1P3

Solution
The midband voltage gain can be expressed as,

Vout Vout VZ Vl 'R

Vie = Vo V| V (1)<R2+1000) (1) =09V/IV
Finding the open-circuit, time constants:
RC]O: RCIO = Rl = 1kQ i RClocl = 10ns
Rcoor v,

‘ Vi Vs
Vt=Rllt+R2[l + 1000 * 1000] i,l

But V= V] V2 and Vl = Rlil"
Vi =Ryip + Ryly + 77000 - T000
Vi R1+R2 + 0002R1R2

Vo
= SO5EIS3

Reao =7, = 1+0.001R,
1kQ+100k2+200k€2
= 1+100 = 2.98kQ2 - RC20C2 = 2.98ns
Rc3ol Rc3o = R2 11k = 0.99kQ - Rc30C3 = 4.95ns
Rc4ol Rc40 = R3 = 1kQ - Rc40C4 = 10ns

2T, = (10+2.98+4.95+10)ns = 27.93ns

1
©3qp =3 = 35.8x10° —  faqg=5.698 MHz
oc
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Problem 4 - (25 points)

On page 514 of the text, the

statement is made that “the

common base input impedance Ry,
is low at low frequencies and Zin Zin R>
becomes inductive at high o o o
frequencies”... Find the N +

small-signal input impedance Ig Vout L
to the common base amplifier
and express the values of the o
equivalent circuit, R, R,, and SO5E1P4

o
ol

L in terms of the parameters of the BJT small signal model (ry, r,, C,, and ). Ignore r,
and assume that R|>R,.

Solution Zin I 2mVn
Use the following small signal model for this problem. | — <4>_ .-
Va 1 C J_
I +Z+ 8mVs=0 —=1,=-V_ (gm+ Z_n:) + T Va I'n
and Vt C) +
VJL’ rp -
V,=- WZr,,eV,:—Vn(HZ—E) b
Ve [ Zg1 T L 1 SOSE1S4
Zu=T, = (Fg2) where Zo=srar '
Now,
'
"o ¥ sCor 1l rp(14sCor) +ry  (rp+r)+sCor 1y
Zin =T gurx = 4 8ulatCalx = 11p4sCors
I+5¢ s
(rp+ry) sCprory  (Uptrn) SCaraty (rptry)  SCurglp
+ =+ Ty + rp
B, Bo ( Bo Bo ) ( Bo Po )
= 1 sCprp = ry SCprprp = SC T 7hp
I+——+ A s At T
Bo B "B B >

Rl(R2+SL) Rl(R2+SL) .
Zin=R+Ry+sL = Ry+sL T R1>Ry

Equating the two expressions for Z;, gives,

(rp+ry) Cralp
E,andL: b

Bo Bo

Rl :l"b,Rzz
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Problem 2 - P4.9 Voizo: (U5 L=0lym im0 12 e u
a) voD=(-2v
% Resistive Load inverter:
V., =V w IR‘ ok
ECL-: o 6 V o " Yol — N > :unCn,\ [2{;/0” V - ){7/“/ T:)Z/_‘]lv .
R/. L N (;/ Uog Uout=()°l.
U =2V (:(Uo«~Ut)Voc.- ‘g
Vot =0+ |V + Iog (
- > O
Gr=(-guFlam® 1.2-0.1 W, (270)(1.6x10™) , J. b oL
Gm?_ =— (Z(1.2-0.4)0.1-0.1°]
W =202 = 10k 0.1 1+ 0.1 <>
v s 06
Vst = e xiof w,=02um f v v
N =Y =0-3% (.2
&3 Easm 6
% Saturated Enhancement Load inverter (ignoring body-effect): L toc=0o {um
x (e = T (sat) e =0 Sy
KV/_ /uNCux ;:(V V )V _ Vomz } I/VIV\al {)x(VDl) ()ul ) UO@
LI V " “ 2 (I/IJI) ‘ I/II ) + E(NL
1+ omt Vo o—{ =o.l
( EnL, ] Vi LI 2o
W, (270)(1 6x107%) [20.2-0.4)0.1-0.1"]= 0.1(107)(8)(1.6)(1.2-0.1-0.4)°
0 (HQ_._lj = (1.2-0.1-0.4)+0.6
0.6 v
W, =0.1um [u) o (Y rn (;6(/ 2V
zo-Lum
¥ Linear Enhancement Load inverter (ignoring body-effect): (oad <5 soburatel Le=o lumw
Vouwe
m luNCux l:(Vm . V” ) Vam _ Vmu—} WI V\a/(“ur( /)I) Uu/ V)'L)_ L -
LI {l_i_ V:)u/ J 2 ( oo mu 7'[,)+E(,'NLI, U(\” ( T wm
ECNLI
W, (270)1. 6><10"")[2,(1 2-04)0.1-0.1%]= 0.1(107*)(8)(1.6)(1.6 - 0.1-0.4)°
0.1 (Hg._lj - (1.6-0.1-0.4)+ 0.6
0.6 J

W, =0.6um (L,D to-BaéuJ

The linear enhancement load inverter requires the largest pull-down device since it has
the strongest pull up device. The resistive load inverter is next and the saturated

enhancement Toad Tequires the smatllest pull-down device.

Problem 3 — P4.10

We will itlustrate the process and estimate the solutions for this problem.

We already know that Vou=1.2 V and Vo =0 V. For Vs use:




