ECE-4430 - Analog Integrated Circuits

Homework # 5
Problem 1

The following questions relate to the MOSFET circuit shown. Assume the MOSFET is
saturated and has the large signal parameters of K" = 24 uA/V2 , Vv=10.75 V, and Ay = 0.01

vl I 25V
(a.) What is the dc value of v;p? St

-

e -'";"um‘
(b.) What is the largest value of R, for which the MOSFET % = 11':'%“ L o s
is saturated? _dl: -
(c.) If Rp = 10k€2, what is the numerical value of the small-signal - _H_D o
voltage gain, v, /v;,? 10004 +

(d.) What is the numerical value of the small-signal input resistance, R;.
-2.3% FunEzFI

(e.) What is the numerical value of the small-signal output resistance, R,,,;?

Problem 2
A BJT amplifier is shown. (a.) Find the value of Vpgp that will give I~ = 1mA. (b.)

Assume that /-~ = ImA and find the small signal input resistance, R;,, output resistance, R,
and the midband voltage gain, 4,(0). (c.) If C, = 10pF and C u = 1pF, use Miller’s
approximation to find the -3dB frequency of this amplifier in Hertz.

Problem 3 — -
Find the -3dB frequency of the circuit shown in Hz. The values of the hybrid-pi model are 7,
= 1009, r, = 10kQ, g, = 10mS, r, = 100k, C,u = IpF, and f7 = 100MHz. (Hint: Use the

Miller approximation on C L and ignore the output pole.) Foe
- Ej:
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FO9EZPd

Fom

i
- Fee
Fa3EZP4



ECE-4430 - Analog Integrated Circuits

Homework # 5 - Solutions
Problem 1

The following questions relate to the MOSFET circuit shown. Assume the MOSFET is
saturated and has the large signal parameters of K" = 24 uA/V2 , Vv=10.75 V, and Ay = 0.01

vl I 25V
(a.) What is the dc value of v;p? St

-

“n -'";"um‘
(b.) What is the largest value of R, for which the MOSFET % = ll'z'ﬂ'l N
i ?
is saturated? __E|l: 2
(c.) If Rp = 10k€2, what is the numerical value of the small-signal N

voltage gain, v, /v;,? 1004 +

(d.) What is the numerical value of the small-signal input resistance, R;.
-2.3% FunEzFI

(e.) What is the numerical value of the small-signal output resistance, R,,,;?
Solution:

2Ip
(a.) V]N: —VGS: - W—VT: -0.913-0.75 =-1.663V — V[N: -1.663V

(b.) Remember that the drain can be a value of V' below the gate when the transistor is on the
edge of saturation.

2.5-(-0.
SLOD) v [Rp <32k

~ RD="To0uA
(c.) Small-signal model: _ EmFym
Noting that Vgs = ~Vip» WE Can sum the currents at the output node a:
g ( V=G N Vout Em*&ds - - o
Vi VooV ) =Gy = ; .
EmYin"8ds\Vin"Vout DYout Vin  Gptegs 2 ﬂc_l: Frr
=~[2-10024-10 = 2198, g, = 100:0.01 = 1S, and Gy = 10( 0
s 1o Sds g b FO9E2E2
Yout Vout
2% = 12.18V/V 2% = 12.18V/V
Vin Vin

(d.) Summing the currents at the input givesi;, = g,,Vin + €4¢VinVour)

Noting that v, . = i;,,Rp gives

Vin 1784sRp  1+0.1
Iin B s ©219+1

ii(14g R D) = (€8 gs)Vin = %100 = 45910
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R;, = 4591Q

(e.) The output resistance is simplified if we recall that v;, = 0 which means that Vog = 0.

Therefore the output resistance is simply

1 106
out g, +Gp  1+100

R =9.9kQ

Problem 2

A BJT amplifier is shown. (a.) Find the value of Vpp that will give I~ = ImA. (b.)
Assume that /~ = ImA and find the small signal input resistance, R;,,, output resistance, R, ;,
and the midband voltage gain, 4,(0). (c.) If C, = 10pF and C,u = 1pF, use Miller’s

TTY - 4

approximation to find the -3dB frequency of this amplifier ir

Solution:

Ryl I
B 100-1
4 tn( CJ +0.656 = 1.656V

(a.) VBBZT Vi z =7100

—> VBB =1.656V

= = FW9EZP4

(b.)  Small-signal model:

I 1ma
Em ™y, ” 25.9mV

5 __101 2.616kQ * : '
V= =00 ek 4- 5 -
7T g, 00386 Vin Cn 237 I ™ OmVn o Rc Vout
V4 100V 5 - - o

"o7 1c " 1mA ~ FOOE2S4

=38.6mS, R Cu
ik
1

First: Ry =Rp+7r,=102.62kQ and R ,,; = rp||Rc = 100k€22.5kQ = 2.44kQ)

Vour 8m" nlour  -0.0386(2.44x103)2.616
Vie . r7Rp 102.616

Next: 4,(0) = = 24VIV > [ 4,(0)=-2.4V/V

mn

(c.) With the capacitors included in the model,

e 1 _ 1012
3dB - (Rpllr PIC 7+ C(14gR oyl (2.549x103)[10+1(1+93.18)]

=3.766x10 rads/sec. > [ f3qp = 0.599 MHz
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Problem 3

Find the -3dB frequency of the circuit shown in Hz. The values of the hybrid-pi model are r,
= 1009, r, = 10kQ, g, = 10mS, r, = 100kC2, C,u = IpF, and f7 = 100MHz. (Hint: Use the

Miller approximation on C U and ignore the output pole.) Feer
P_g:
Solution: Lo 10kC
11t 1 ___1_1. ;_,.{Jm
Lo
2 "
o—Vy — |
. Feg
s dr :—_,{T;z-:___ For I :._ _,.';".: B = FUEEZF4
o T [ e T T
- o
Miller
£0ms= [1+ 80 43| SR €5
 approxd = e 2 G
A5
. S i I < o Fop
i - g L
' [ ol [ [
= o
Fa3EzZ&4
8m . 10x1073
-C - 1pF = 14.9pF
T or uo 2nx108 P P

Method 1 -Miller Approx.: Cy,s=[1 + 10'2(100kQHIOkQ)]1pF = (1+90.9)1pF =91.9pf

- 1 _ 1 _ 6
D 34B ~ () (Ct Cpp)~ 99Q-106.8pF 94.6x10" rads/sec.

Thus,

94.6x100
f3dBR " %y = 15.1MHz

Method 2 — Classical Approach (two-node problem):

Voutl8otGr+sC) = (sCr-gm)Vour & 8b Vin = @rteptsCatsC )V - sCy Vous
Vlell‘ gb(SClu'gm)
Solving: 7

in  52C,Crt s[(Ct )t G L8 CotgmCo] + (€t ep)Ept G

& denominatoris:  D(s) = 14.9x10724(s2 + 14.66x108s + 7.4564x1010), which has two roots.
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527x100
The smallest is -527.6x100 rads/sec which gives | f34qg = # = 8.4MHz




