Examples #3 e e
1. For a cascade MOS mirror utilizing devices with V,=0.5V, 1,Co,=387pA/V?, W/L=3.6pm/ 0.36um,
V;=10V/um , and Ize=100pA. Find the minimum voltage required at the output and the output
resistance.
) Ipg = Ipy = Ipy = Ipy = Ipge = 100 pA
| Since [, = %uncp l:f)v*av
GD Irer I I ' — )
£ o Voy = |—200 2(100 pA)
e {7) Ya36)
1 <_| J,u.nc,, 7 ﬂ(m phs v 20
Q4]|—-—«.—| 0 g =023V .
= o The minimum output voltage is
V,, +2V, = 05V+2023V) = 096V
To obtain the output resistance, Ry, we need g,.
— r__ .f'nn 1 e A
_ D3 _ & ULl Ay
Qlj|——$—| _’Qz By Vi VERT 087 mA/V
. - _ V(L) _ (5V/pm)(0.36 pm)
_L or = Toa I, 0.1 mA
—e = 18 kf}. From eq. (7.77)
Ry =™ gaslaifsr = (0.87 mA/ V(18 k2)®
= 282 kf)
2. The BJT in the circuit below has vge=0.7V, B=100 and V,=50V. Find Ro.
| | R,
| T B O ] e SR
5 Ry 10 k() 5
I. _ D43 mA
e o — ot = |
= i e s R ) )
¥ 50 V = (1163 k) 46 ML
10k r,=2=_RY¥X _ _ 1163k Rg al 58k )= 140 °
o - = 10 '.|| &
I, 0.43 mA 1+ (17:2 mA /Y10
B 100 1.
bp = — = ———— = 5§ kf)
5V 2. 172 mAFY
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3. Design the basic BIT differential amplifier shown below to provide a differential input resistance of at
least 10kQ2 and a differential voltage gain of 100 V/V. The transistor B is specified to be at least 100.
The available positive power supply is 5V.

Vee

al Uiy
al Vid R
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vy <€ 2Vy 7 ‘}
—al
m — 2VI‘
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R,=10ki} A, = 100 ViV V=5V Ir=g. V= 20mA/V-25mV = 05 mA
I =21 =1mA
Equn 8.93 A, = y Rq

Em =

R, = 10 = 2rm = 2 x &
Emm

2B _ 2 \ A 100
= = mA/V Fr==t = "2 = 5kl
Em = R ¢ %, W0mA/V !

Fall 2010 2



1?11"

- UNIVERSITY
Examples #3 of UTAH

4. A BJT differential amplifier is biased from a 1mA constant-current source and includes a 200Q2
resistor in each emitter. The collectors are connect to V¢ via 12kQ resistors. A differential input signal
of 0.1V is applied between the two bases.

(a) Find the signal current in the emitters (iy) and the signal voltage v, for each BJT.

(b) What is the total emitter current in each BJT?

(c) What is the signal voltage at each collector? Assume a=1.

(d) What is the voltage gain realized when the output is taken between the two collectors?

I=1mA Rg=200V Rp=12kV

Vig=100mV
Vy 25 mV
ro= ol = B0V g0
I. 1mA/2
. Vie 100 mV
a)i, = jd = MY = 02mA
@b = SRS~ 30250 0 "
¥ Vv
V., = 2 ,ﬁ’) =
be r,+RE[2 10 my
(b)
ig = %+1‘, = 0.5 mA +02mA = 0.7 mA
igy = é—:‘, = 05mA-02mA = 03 mA
(c)
Ver = —icRe= —i,- Re = —02 mA 12 ki)
= 24V

Ve = +icRe=i,*Rp = 02mA - 12k = 424V

48V
(d) Ay wd ' ¥ id 100 mv 48Y/VY

5. Find the voltage gain and the input resistance of the amplifier shown below assuming =100.
+10V A

e aRe
(2r, + 2R,)

in

. r
e g e BNV, gasin
S AT e W L
Assuming o« ~ |,
Ho'i 25 k — S0V/VS

v, 12)(123) + 2(113)
] L e BRI e R
= (101)[2(125) + 2(125)] = 505 k{}
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6. A bipolar differential amplifier with I=0.5mA utilizes transistors for which V,=10V and =100 and
Rc=10kQ.
(a) the differential gain

(b) the common mode gain and the CMRR if the bias current | is generated using a simple current
mirror.

(c) the common mode gain and the CMRR if the bias current | is generated using a Wilson mirror.

+Ver (c)

Rc= 10K
S an+

R-=10K

0,

_VEE
Equivalent
v 10V
R - F = —"1' = =
EE 3 7 TR 20 k0
v 25 mV
r__ =r i A _T = e my .l
B SRS T e W R, = 3Bsrus
Si = —--L = @ = ]
iy B+1 101 L R,= 5(100)20 k) = 1 MO
R
A= o€ = 10k _ o0 ypy s o sNE s
r, L1 k = I_Rn +_r-ﬂ =
(b) A= = (002)(10k) (0.02)(10k) _
" 2Rgetr,  2(20k) + 01K TR LY
= (.00499 V/V . e
A CMRR(dB) = 20 logy, = 20 logy,
CMRR(dB) = 20 log,,| 22| = 20 ]{'Em‘ 100 =
om 0. 00499 = 170 dB

= BodB
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7. Design a BJT differential amplifier that provides two single-ended outputs (at the collectors). The
amplifier is to have a differential gain (to each of the two outputs) of at least 100 V/V, a differential
input resistance >10kQ and a common mode gain (to each of the two outputs) no greater than 0.1 V/V.
Use a 2mA current source for biasing. Give the complete circuit with component values and suitable
power supplies that allow for +2V swing at each collector. Specify the minimum value that the output
resistance of the bias current source must have. The BJTs available have >100. What is the value of
the input common mode resistance when the bias source has the lowest acceptable resistance?
Atl.=1mA, r,=2510

R,= B+ 12, =505k1<10K

= need emitter resistors
In this caze:

2mA (§ Ro

Ry= (B +1)(2r, + 2R = 10k}

= R, =50 ki}
For *+ 2 swing V,, =V

|
= "”cc_ikc =2

=}VCC = 2+1ﬂ_3><]|]4 = 12V

Choose V. = = 15V although 12V is ok
2R, =B+ 1)2R + R+ 1)
=R, = SMI
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