INEL 4202 - Electronics 11
Solutions to Exam 3 from Summer 2001
Prof. M. Toledo

The following 12 questions refer to the circuit sketched in the last page. In your anal-
ysis you can assume the vgg ~ 0.7V and that 8 = 100.

1. Find the approximate operating point (both i and veg) for 1 and Q. (10 pts)
ANSWER:

The constant current source splits equally between the (1 and @2, so the icq
0.5mA for both transistors. Since the Q-point assume grounded inputs, vg1 = Vg2
—0.7V. Therefore, Vog,1 = +6V — (=0.7V) = 6.7V. For Q,, vc = +6V — icR¢
6V — 0.5mA x 10k =6V — 5V =1V and vege = 1.7V.

&

2. Find the value of voyr when v; = v, = 0. (10 pts)
ANSWER:
The collector of (), is connected to the base of (03, so that voyr = ve g2 —0.7V = 0.3V.

3. Evaluate g, for @1, @, and Q. (10 pts)
ANSWER:

_ _ iC,Ql _ 0.5mA
JmQt = JmQ2 = "y T = 9V

=0.024/V

For @3, observe that ic g3 ~ ig g3 = 6.3V/1kQ) = 6.3mA. Thus,

6.3mA

03 =~ = (.252A
m.Q3 25mV 0.2524/V

4. Find the value of R,.; that should be used in the constant current source. Assume
equal areas for Q4 and Q5. (10 pts)

ANSWER:

0—0.7— (—6V)

Brey = 1mA

= 5.3k

5. Find the differential gain Ay = voyr/v4, Wwhere v = v; — vs. (10 pts)

ANSWER: Observe that ()3 is in the common-collector configuration, so it’s gain is

abot 1. Thus .

Ay =— §9m,Q1Rc2

where R, is the incremental resistance seen at the collector of @3, and is equal to

10k || (ras + (8 + 1)) = 10k || (ggsp47y + 101 x 1k) = 10k || 101.4k = 9.1k. Thus

Ag = —0.5(0.024/V)9100 = —91



6. Find the common-mode gain assuming that V4 = 100V for transistor (4. (10 pts)
ANSWER:

~ gm,Qch
1+ 2¢m,q1 Rrart

Acm

RTAIL = UA/’L'C,Q4 = IOOV/lmA = 100kQ

0.02 x 9.1k2 182

~ = = 0.0455
142 x0.02 x 1002 4001

Acm

7. Find the common-mode rejection ratio (CMMR) for the amplifier. (10 pts)
ANSWER:

Aq 91

CMRR = = ~ 2000
| Acm | 0.0455
Or 66dB.
8. Find the output resistance of the amplifier. (10 pts)
ANSWER:
rr + Rp
Royt = R
=Rl =5
In this case, Rg ~ 10kS2 and 7, = 7, g3 =~ 4002. Thus
400 + 10k
out — 1 Ay Q
Roy = 1k || 101 93

9. Find the input resistance of the amplifier, as seen by a differential signal. (10 pts)

100
=% o1 =2 = 10kQ
4= TmQl = 20 024/

10. Find the input resistance of the amplifier, as seen by a common-mode signal. (10

pts)
ANSWER:

rem = Tegr 4+ (B + 1)2Rrars, = 5k + 101 x 100k ~ 10M€

11. Find the amplifier’s gain if a differential signal is applied between v; and v, using a
source with a thevenin resistance of 5&(2, and a 100(2 load is connected to the output

terminal. (10 pts)
ANSWER:
We will have loading at the input and output. The gain will be

Td Ry
A, =A
Y4+ Rry Ry + Row
A, = —91 x 10k 10 _ 514

10k +5k 100493



12. Redesign the current mirror to use a Widlar current source. Find the common-mode
gain and CMRR when your Widlar source is used. Draw a schematic diagram of the
circuit. (15 pts)

ANSWER:
For the Widlar source,

VTln(ITef/’io) = iORM
For our circuit, ¢, = 1mA. Choose I,.; = 10mA and then

25mV
Ry = < —In(10) = 580

To get a reference current of 10mA,

0—0.7—(—6V)

= 53002
10mA 530

Rref -

The circuit diagram of the current source is

—

502 LI ref _1mA

58

-6V

To find the common-mode gain, use the formula used in problem 6,

~ gm,Qch
1+ 2gm,q1 Rrart

Acm

Rrarn = 7o,ga(1 + gm,aRnr)

To = v4/ic,g, = 100V/1mA = 100k

1mA

mos = —— = 0.04
gm,Q4 25mV

Rrar = 100k(1 + .04 x 58) = 330k

and finally,
.02 x 9.1k
A ~ =0.014
“M ™1 19%0.02 x 330k
and
Ay 91
CMRR = = ~ 6606
| Aou = ou

Or 76dB.
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