SOLVED EXAMPLES
1 ] .(19:54). In t
Example 1 A MOS differential pair with common-mode voltage 13 shown !:; j;'{.? (l s L Q" he figure,
Vpp =Vss =1-5 V, K, (W/L) =4 mA / V2,V =0-5V, [ =0-4 mA and &p -
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Fig. 19-54 MOS differential pair with common-mode

Find the following:
(a) Find Vyy and Vg for each transistor.
(b) Forvcpy =0, findvg, ipy, vpy and vp;.

(c) Repeat (b) forvep, =1 V. . 3 .
(d) What is the highest value of vepy for which the transistors Qq and Qp remain in saturation?

(e) If current source I requires a minimum voltage of 0-4 V to operate properly, what is the lowest
value allowed for vg and hence for vcp?
(@) The over drive voltage is given by
1/2
I .
Vo, = |——— [Eq. (7) of article 19.1-1
v [kn' (W/L)J !

0-4x10-3]"?
=[—_3_J = 0-32V
4x10
Now Ves = Vop +V; =0-32+0:5 =0-82V
() oepy =0V
In thiscase,] = 0-4mA or I/2 = 0-2mA
Vg = -y = -0-82V

N : I
& I,D‘-'=ID2=§-=0-2mA

shows the differential amplifier with common-mode input voltage

Us =UcM~Ycs =1-0-82 = +0.18 V
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'vgg=—1.5V

Fig. 19-55 Differential amplifier with common-mode input voltage 1V

. , I
ID,l =1D2 =E=O.2mA

vp, =9p, = Vpp—ipRp = 15-[(0-2x1073)x (2-5x 10%)]
=15-05=1V

(d (vCM)max =V +Vpp -(1/2) Rp

= 0-5+1-5-[(0-2x 1073 x (2-5x 10%)]

=05+15-0-5 =1-5V
Vs + Vs + Vi + Vo

=-15+0:4+05+0-32 = -0-28V
@S)min = @cAM)min — vgs = —0-28-0-82 = -1-1V

Example 2 A PMOS differential amplifier is shown in fig. (19-56). Here, Vi, =—0-8 V, and
K, (W/L)=3-5mA / V&

1

(e (PcM)min

+25V

07 mA

Up1

2kQ

-25V

Fig. 19-56 PMOS differential amplifier

o amd Vs for each transistor for vg) =vG2 = 0V.
nd Vpy for v =062 =0 V-

i T — —_?n
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) .. ¢ input common-mode rap "
(c) If the current source requires a minimum voltage of 0-5 'V, ﬁ”d the inp "

2
Vpp = Vss = 2.5V and K,/ (W/L) = 3.5mA/V

(@  Overdrive voltage Vyy is given by

. _[ }1/22_[ 0.7“0:;]1/2 i
K, (W/L) (3.5%107%)
The gate-source voltage v is given by
s = Vov -V, = -0:45-0-8 =-1:25V
(b) Source voltage is given by
Vg = vsy =g -vgg = 0+1:25V =125V
Drain voltage is given by

I Oig 50 = -1-8V
Up) = Upy :(E)RD—VDD = —2—-X2—2 50 1

(c)  For(Q and Q; to remain in saturation
Ups < UGs Uy,

I
or cM > (ERD-—VDDJ +th
0.7
or (vCM)mm = (—2*X2—2-5)—0-8 =-26V

To allow sufficient voltage for the current source to operate properly
vem < Vss —Ves + (Vi + Vor)
or (WcMmax = 2:5-0-5-1:25 = 075 V
Example 3 A PMOS differential pair operated at a bias current of 0-8 mA employs transistors with
(W/L) =100, p, Cpy =0-2mA /V?, Rp =5 kQ and Rgg =25 kO .

(@) Find the differential gain, common-mode gain and comnion-mode rejection ratio (CMRR) in dB.
(b) Repeat (a) when the output is taken differentially.
(c) Repeat (a) when the output is taken differentially but the drain resistance have a 1% mismatch.

Let us first calculate value of g,,.

We know that,ip = %pn C % : Vov2

-3 1 —3 2 :
0:4x107% = 2 (0-2x107%) 100 x Vy ( i =

PRl _ip _ 0-4x107°
“ Vov 0-2

o 1 1 =
fial gain, A, = 58 Rp = 5X(2x10 x(5x10%) = 5

.- ¢ R 5x 103
3 "‘.‘A.-‘i'\' de gain A = - —i = - = —_0N.
o iiian 2Rss  2x(25x1073) o

o |
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Common-mode rejection ratio CMRR = _2_

01

CMRR in dB = 20 log (50) = 34 dB

b As =8 Rp = (2x107%) x (5x 103) = 1

Common-mode gain Acp =0

CMRRindB = ZOIOg[ - wdB

Acm J

() Mismatchin Rp will have negligible effect on the differential gain

A1 = 8 Rp = (2x1073) x 5x10%) = 10
Mismatch on R effect on common-mode gain
R AR
o =3 ()
Given ARp =1% of Rp =50 Q
_ 5000 x( 50
2x 25,000 5000

Jz 0-001

CMRRiIndB = 20 log[ﬂjzﬂlo log (i) = 80dB
Acm 0-001

Example 4. Two identical silicon transistors with p =50, Vgp =0-7 Vat T =25°C, Vcc =20-7 V,
Ry =10kQ and Rc=5kQ are used in the circuit shown in fig. (19-57). (i) Find the current
Ip 1,/ Ig.Ic, at 25°C, (ii) Find Ic, atT =175° C when =98 and Vg =0-22 V.

The current through resistor R, [U.P.S.C., L.E.S. 2005]

I=IC1+IB]+IBZ + Ve
;IC+2131 =ﬁ131 +2IBl

I
=(ﬂ+2) IBI or IBI =ﬁ+2 «eal(1)

Applying KVL to emitter loop of transistor Q;, we have
Voc =1IR, -V =0 -(2) Vin
(i) From eq. (2), we have
I _Yec-Vee _ 20-7 —03-7 —_
Rl 10x10

i I _2mA _, 0385mA =

=Ig, =
g2 2450 Fig. 19-57
Icq -Ieg =P g, =50x%0-0385 mA =1-92 mA
@) Atwrslﬁ"c

g esing |2 )1 <) )

9 20- 7_0.22] (98) (20-48 )=2mA
* I, '{"“"“‘93+2)( 10x10° 100) \10x10°
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Example 5. In the circuit shown in fig. (19-58), the two transistors are matched. Find an expressioy
for Iy in terms of I, and 3.

—0 6V
1.5 kQ
0.3 kQ

-0 -6V

Fig. 19-58

Assume Vg =0-6 V and B to be large, calculate Iy and I. Calculate Iy when B = 20.
[U.P.S.C, LE.S. 2007]

Here, the transistors are matched. Therefore, base current would be the same.

Applying KCL to collector terminal C of transistor Q;, we have

2
I =Ig+21p =Ig +21g/B=Iq 1+5

+2
or Il =(BT)IC1

Applying KVL for transistor Q; emitter loop, we have
Vee-h Rey —Vee-Ig Ry —VEE=0
Substituting the values, we get
6-(B+2) Ip, x (10x10%)-0-6 — (B +1) Ip x(1-4x 10%) —(-6) =0

_ 11.4 _ 11-4
104x(B+2)+(1-4x10°) (B+1) 10% x(20+2) +(1-4x10%) (20 + 1)

Ip, (-~ p=20)

or Ig, =0-045mA

Iy =(B+2) Ip, =(20+2)x 0-045=1-005 mA

Iy =I¢c, =Ic, =BIp =20x0-045=0-9 mA
When B is large, then I is negligibly small. Now,

Iy =Ip =Ig; =B Ip,

or. In = 11-4 B 11-4
BT 10 @+ +(1-4x10°) (B+1) 10°B+1-4x10° p
1
or IBI=[—3mA

1
and Ig =h+l2=BIp =ﬁxﬁ=1mA

]
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Example 6. Fj X _
gure (19-59) shows the differential amplifier using transistors with f =100.

+15V

~YEE

Fig. 19-59 Differential amplifier using transistors

Evaluate the following:

(a) The input differential resistance (R;q).
(b) The overall differential voltage gain (vo/Vjp)-
(c) The worst-case common-niode gain if the two collector resistances a

(d) The CMRR in dB.
(e) The input common-mode resistance (assuming that early voltage) Vg = 100 V.

(a) Each transistor is biased at an emitter current of 0-5 mA.

The emitter resistance is given by
25 mV
Te1 = 1e2 =ﬁ=—-—n;l—:500
IE 0-5mA

re accurate to within £1 %.

The input differential resistance can be obtained as
Ry = 2(B+1) (. + Rp)
= 2(101) (50 + 150) = 40 kQ

(b) The voltage gain from the signal source to the base of @y and Q; is
40 kQ

Via _ _ Rid  _ =0-8
Uiy Rib+Rid (5 kQ+5 kQ)+40kﬂ

The voltage gain from the bases to the output is
0 Total resistance of collectors _ 2Rc

‘v,; ~ Total resistance in the cmitter - m
) 2x(10x10%) _
2 (50 + 150)
The overall differential voltage gain can be found as

Ay = o _ Yid, Y0 _ 0.8x50 = 40
vp Ub Uid

50
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Re (Q.R.C_J

@ A - C
CM 2Rpe | Re

e worslt case. Thus

0K 0.0
AcM = 575 200 kQ

4

AR¢ = 0-02 R inth )
2 = hx 10

{_i‘},.) - 98 dB
5x 107"

Ai | - y
(d) CMRRindB = 20 1()g}/1c;x" = 20 log

(e) n = _.l,_A_ = 1_02,___,;— = 20() kQ
(i/2) (0-5x1077)

) _ (01 [200 k& | 100 k@] = 67 mQ

), let 1=1mA, Ve =5V, uey <,
=1 mA Flnd the 'UO”agC at emif P
itter

o
(Rycu = ¢+ (Rer Il 3

For the differential amplifier of fig. (
has VBE =

19-60

Example 7. ,
. t1
Rc = 3 kQ and B =100. Assumie that BJTs 0.7 Vatic

and at the outputs.

31

I=1mA

- VEE
Fig. 19-60 Differential amplifier

For input condition ( is ON and Q, is OFF.
i = al =1xI1mA =1mA
vggL = 07V
vg = Vg-vgg =1-0-7 = 0.3V
vg = Vec-ig Re = 5-(1x10"3)x(3x10%) =2V
and v, = Vec—ig, Re =5=0=5V
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