Chapter

01.

il

02.

03.

Current Mirror

Practice Questions

conduct same

Consider all transistors

current and same Vg show that

Ve (Consider P large)
E

+Vee T
-
R

Q 1 ——_ﬁ Q3
Q:
p
R

If Q; and Q; have same high B, find I
+3V

Ik I!
Qi —E Q:

l

2.7V

Io=

The transistor Q; is biased at a DC collector
current Io. Biasing is possible with resistor
Rg. In the absence of Rg, we can use a
current mirror to bias the BJT. If Q, is
biased at same Iy, find resistance R?

04.

05.

+10V

F:g(b)bnasmg with R,

S—10V
Fig(a)biasing with
current mirror

The circuit is a PNP version of Wilson

current source to establish Irr. If load
current I, = 1mA, find R, if B is very large
and Ve = 0.7 V T 9V

Q,\"/)
r{

Ircf‘ f Rl

-10.4V

Find L, I, I, V2 lfB 1s large VEB = 0.7V
+5V

-5V

-5V
5 e
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Current Mirror

06. Find l.. V. Iep and Ieg if

Veg = 0.7V
+5.7V

i
Nk i

RN

B 1s large

Qi
Qs
Ic) 1 10k Ve
5k Ici
~10.7V

07. The current L, for the given circuit shown is

(a)y_cc___v_ﬂﬁ_ *Vee 9 I,
R, +R, l
Ry
V
(b)—=
R, Q. E Qs
() —2vee_ 6
R, +R, Q
(d)~ze R
RZ
;

08. In the four transistor current mirror, which

statement is correct

1 r
Vei Q4E \1 Ve
/ —0

Qi Q:
¢ h
'

~VEE

('d) Ve | = V( 2
(h) V(‘] = 2V('z
(¢) Ver = Ve + Veu

(d) Veo = Ve + Ve

09. A bipolar current mirror with base current
compensation is shown. Transistor Q; and
Q are perfectly matched. Find I, Iy, I3, s,

Is in terms of Ic.

141
Ie|

Qi

s

10. Find I, L & L3 if |VBE| =0.7V and B 1s very

large.

Q4

-10V
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11. Given Vpg = 0.7 V and B large, find Vy,, 14. Given I, = 0.5 mA, find R if Ve = 0.7y
Voo, I, I, Iy and P large
+V
Cb&nA
/ ‘ ° voz
Iy <1kQ
v Nu 3
° VOI
2mA
? 1‘ 1kQ
1
-V -
12. Find the value of R if | = ImA and P large 15. Given Vag = 0.7 at Ic = ImA neglect the
o effect of finite p. Find R when Iref = I, also
hd find Vgg; (Consider Vi = 25mV)
® +10V
Ler= 10pA
' ER $1,- 10pA
h Qi - Q2
-10V ‘L
v@ Find Vy, Vi, Iy and lo, if Ve = 0.7 V, L
: I
p large isv v .
T . 16. Show that R;= 0
L N
8. 61:.EVy
Lot .
Imf R] Io$
Qi Q
o) )
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17. Given VBE1 =

0.7V and les = ImA find R;?

/F0=10pA

Q Q

& +10V

)
1mA 3R

[ 5]

!

18. Neglecting base current and Vpon) =

A%
Vgg = 0.7 V show that Ic = &

o
Qi m

R

19. Given B-E area of Q2 is n-times of Q; show

ot I, = 4
1+
B
)
I T,
Q Q

Lv

Current Mirror

ACE
Engineering Publications . 85:
i matched show

20 Assume all transistors are

ref

that I, = l+N
1+[
B

«— n output transistor
+V

[$ R, A
! Modox i

¥ -V
217" Find Ierand Ry if p=60 and Ve = 0.7V
+2.5V
¢ R
Lref 1,=0.5SmA
L

22.

l Il l IZ l 13

""" 1Y |

(a) If Q is diode connected and
I] = OSmA, find Iz and 13

(b) If Q. is diode connected and
Iz =(0.5 mA, find Il and I;

(c) If Qs is diode connected and

Ig—OSInA ﬁndllandlz
|ﬂmwn|mhmaﬂy|xom]
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23. Given B very large, Ve = 0.7V, 1, = 2 mA
I
lrd
Oy L
OI ()2
l~~5V

24. Calculate all node voltages and branch
currents if [Vy,[=0.7 Vand f = oo

+5V 5V Qlov +10V +10V
Qb" N i
Rs 21k ;%Zkﬂ
5V
1 R$10k
1kQ) R;3

N
Q[ Q @ Q Qs
-ﬁi-;’i-?:iv |tllov

25. Find the differential gain —\‘//—°, if Vagon) =
in

0.7Vand Vi=25mV

)
(

Ana]rz Cirey it

26, Find Lyappronimare), if b 15 large

¢
ImA I b

=

27. Find the differential gain (Ag) if Vi,
=(0.7Vand V,=25mV

+15V
225k 225k
¢ L o—1
5mA§ER
4

1—15V
28. Find R in the level shifter circuit if B is
large 10V

Vi=6.7V
20k

L-10v

J

-10.7V
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29. Find (V) = V) for the level shifter circuit
given if Ve = 0.7 = Vp on) and P is large

15V
Load

- _‘All]

-15V

30. (a) Calculate all the DC currents and
voltages in the circuit if Q6 has 4
times the area of each of Q9 and Q3.

(Consider B large and IVBE(ON,l =0.7V
(b) Calculate the power dissipation in this
circuit
(c) If transistors Q1 and Q2 have = 100,
calculate the input bias current of the

op-amp.

28.6k

Qo

—15v 15V

-15V

-15V -15V

01.

Sol:

02.

Sol:

03.

Sol:

Vi1 = Vi
Vg + Ve + 1o R = Vg + 1o R
- LRy = Ve 1)
R
But I, = _Y((_—_Z_\_/M. _______ (2)
2R

(H=(@)
IoRE — VBE — Vc‘c — 2sz

R 2R
(I,RE) 2 — Vee = Vee — 2VaE
10= VCC

2R,
Vg =0.7-2.7=-2V

3-V, 3-(-2)

I=Iikn= Bl = =5mA

T Tk Ik
L I=5mA

|~
i,
S5V 4.3k

5-0.7
[[=—=1ImA ------ 1
° 43k 1

V32=Vc2=0.7 —10:—9.3 \Y
_10-V,, _10-(93)

L
R R

(H=@2)
1mA = 22
R

= R=19.3kQ

(2)
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4. 08. Ans:(a)
Sel: Vg:=Vg=9_-07=83V T Sel: Vee= Vg
“'33=\-3:—047=8_3—0.?=7.6 Vv b \'55_:—-\‘( :?,‘2:--\'}_
= ____‘-9?_‘_10"3 : \.(_ = "4_.
=t R,
L =16-(-104) 18 0.
RQ R, ‘ Sol: I; =L'_ ffv I;=21( 3
But L, = L- Lo 2/ 2L
= lmA=E ’ B+l BB+D
R, i r 1
| | L=L+L=Ijs—2
= R; = I18kQ L BB+
Is=Ic
0s. !
Sok: Q: orr Quon, 10,
V=0V Sol: _—
Ve=07V Fei=93%
5-V [
Io= E2 =43mA 10k
1kQ) '§
L=0AandL=L,=43mA L]
Va=I(1k)—-5V=43-5=—07V Ve =-93
Ve, =10Vand Vg, =10-07=93V
“- r o 7 T —_ - —_ G 2
Ves=-10Vand Vg; =07 - 10=—-93
Sd: VB[=0VMVE]=—0.7V, 93_(_93)
V. —(-107) =" " -18mA
lCl= El \ - =ImA 101(
10k ~L=L=L=186mA
L=21c1=2mAm1dlc5=12—°=lmA
11.
V,=Ice(5k) — 10.7 V = Im{5k) — 10.7
o= les(5K) m(5k) Sol: Vg =—07V
=-57V
\Y
Ig=~l-i‘—=—0.7mA
07. Ans:(d)
Sel: Vo =Vps L=2m+1;=13mA
ZVBE=VBE+]°R2 12+13=6mA
:’b:.v_'_!- L=6m-1, =47mA
R, Ve =L(1k)=4.7m (1k)=47V
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*]0 + 0,7 = 9“;

0-(-9.3)
Im

R= =9.3k

13.
Sol: Vg1=0.7-5=-43YV, 45V
Vp3=0.7+Vp =-36V

:39: Current Mirror

S
v T
Vier = Vi In| —=
lﬂ

VBEZ = V( ln kl:|

Vel — Veez= Vi 111[19'—}
ICZ

Given Vge=0.7 at Ic = ImA,
Let us find Vgg at Ic = 10 pA

Vg —0.7=V; In FO”}
Im

| 8.6k Ve = 0.7+ 25m ln[ﬂg} =(0.58
L lm
— 5 VB3 — . o N
Ioi= T =lmA =1, Vg3 =-3.6V In the Given Circuit
Tos = Io/2 = 0.5 mA 1oV
Ves=5-Ic4(2k)=5-05m(2k) =4V R 10-0.58
Ves=-0.7V ! R=—p, — ~42k
. 10pA H
n V=V = Vg =4-(-07)=47V 0.58V
Vy=5—V33=5 —(—3.6)=8.6V
16.
Vart
14. Sl Ic|-IseV
Sol: Vps=5-14=36V
R
d
L,
-5V
R= Yo = () _36-CI_ 17510
I, 0.5m
15.
Vae
Sol: Ic=Ise i
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KVL v, IR, - V=0 (. equation(l))
~ Vg1 + V2 + [[(R; =0 -
IRz = Vgg| — Vggy  ---=- (2) - v
Sub (2) in (1) 2R,
LR =V, ln[l—ri] 19.
L, Sol:
1, (n+1)Ig
Vi lnlil—fj| In}f 14 Ii
"Ry =Ll a1,
° IB nIB
17.
Vln[l“f} 25mln{lm]. ki J?_
T 10u Irer = I [n+14+
I 10p I, =nPlg
Conclusion: L __Bn __ n
I B+1+n lI+n
In problem 15, for biasing a BIT at 10pA we 1+ [—B ]
require a resistance of 942 kQ. This resistor .
is impractical to implement in I form. Hence ’ 1+ (lﬁj
we go for widlar current source in prob 17. B
Here, 20.
10-0.7 Sol: F t :
R, = =93k and 0l: Ior one output transistor
Im
I — Iref — Ircf
— 0 - -
R;=11.5kQ 142 14 A+D
For biasing Q; at 10 puA. Therefore 11.5 k is
low value of resistor that results in For N output transistor
considerable saving in chip area. .
1+ (l\+N_)
18, P
Sol: KVL 21.
IR+0.7+0.7+IR-V =0 Sol: | |
=V=20R+0.7) ... (1) Leet TWGIB)Vl(HB)B
BIBJ'
KVL

IR+0.7+IcR3-V =0

[l Iz 2 S
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let = Ig [B‘:*]

L=2B1Is
I, B+3
I 2B
B+3) 63
I = i, =
vef ( 3 e (0 5)
=0.2625 mA
25-0.7
R;= = 6.86k
' 02625 ot
22.
Sel: I: = 21[
I3 =3 I!
(a);=0.5mA, I, =1mA, [3=1.5mA
(b) 11 =0.25 mA, Iz =0.5 mA, I3 =0.75mA
()1, =0.167 mA, I, =0.333 mA,
I3 =(0.5mA
23.
Sol: I,=2mA
I,,f=lmA
L= 5-Vg, _ 5-(-5+1.4)
R=8.6kQ
24,
ok 10-0.7=9.3V
‘ R1=10k
Ic
~10+0.7=-9.3V

Ici=Iea=1Ic3 =Ica=1Ics =lce

_93-(-9.3)
10k

=1.86mA

25.

Sol:

26.

Sol:

27.

Sol:

(‘nmmt Mmor

0793V
10+ 0.7

Vg = Vps = Vg = 10~

Vg1 = Vi = Vi = Vi =
=-93V

Ve = 1.86 m (2k) = 3.72 \"

Ve =5 - 1.86m (1k) =3.14V

Ves =07V

[, =2(1.86 m)=3.72 mA

Ve = 1.86m (1k) = 1.86 V

10-(-10+0.7)
19.3k
[/2=05mA

0.5m
=g, R.=———(2k)=-40
Ag=—gmRe >5m (2k) =

g _ oo _05
"Sm25mV 25

=1mA,

L=

Iepo) =

= &(lm)= 1.5 mA
2k

R _ 4k
Ib= Iref[ R; } = Dm( Dk) 4mA

Iee) =1/2 =2mA,
_ Ieey . 2m 2
Bm = ——— —=—
V. 25m 25

=-200

-2
Ay = “ngc = 0
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28.

SQI: VI -—V: =‘6.7“0 = 0.7 + IR
6=IR

10-(-10.740.7) _,
20k

Where I =

s 6=1m(R)
R=6kQ

29.
Sol:
i

\/ +
L 7000 0.7
I

Vi-V2=0.7+1R
Where I = ﬂ:lmA
700

© Vi=V3=0.7+ 1m(6k) = 6.7V

30.
0-V., 0-(-15+0.7)
Sol: = 0 =
@ Lo = ok 28.6k

=0.5mA

Ic3=0.5mA

Ic) =I2=0.25mA

I = 4(0.5m) = 2 mA
Ve1=15-1(20k) =10 V=V,

+42:

Analo Cir(‘llits

Iea=les = 1('(* =ImA

Ves = 15— Ies(3k) = 12V
Ve =07+ 12=12.7V
_I5-Vy 1s-27
2.3k 2.3k

Vis = Ic7(15.7k) - 15=0.7 V

VO=VBg—O.7=O.7—O.7=OV

[g7

(b) From 15 V supply, the total current
=025+025+1+1+1+5=85my
From — 15 V supply, the total current
=05+05+2+1+5=9mA

Total power = [P,gy|+[P_ 5|
=15 (8.5m) + 15 (9 mA)
=262.5mW

(¢) Input bias current,
I, +1
’IB] — _BI ; B2
Ic3 =0.5 mA
Ic;=0.25mA
0.25m
Ipp= ——=25pA
B 00 H

and Ig; =2.5pA
2.5u+ 2.
.'.,IBli—*‘pz 5“=2_5“A
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