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Purpose

Resistors require relatively large areas.

¢ Resistor biasing technique uses coupling and bypass
capacitors.



http://Drshiple-courses.weebl

.com/

EEI 184

Current

Sources
Problem Definition
3 Dependence

r, Output Resistance

— ____——% — ]
Low output currents

Multi-transistor

Current Amplifiers

Current Sources

35-6



http://Drshiple-courses.weebly.com/

EEI 184

Problem Definition
3 Dependence

Low output currents

Vulti-transistor

Problem Definition

—— L I W TR

35-7



http://Drshiple-courses.weebly.com/

EEI 184 Problem

Problem Definition

3 Dependence

r, Output Resistance

Low output currents
Muli-transistor

Current Amplifiers

Constant-current source delivers a load current that remains
constant when the load resistance changes
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e Identical transistors Q1 and Q2.
e Operating at the same temperature.
e B-E voltage equal in Q1 and Q2.

Vvt — Ve — V™
R,

IRef =
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I

According to matching transistor I, = Iy
Irer = Ic1 + 21p Ipy = Ipy

~ta (1)

IRef Vvt — Ve — V™
Ier = —— Irer = R
(1 + %) 1
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Find R,

2
Irer = Ic2 (1 + B) = 204pA
Vvt — Vg -V
IRef

R =

= 21.6K0Q
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Three-Transistor Current Source
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For constant biasing V,» =0 lo

R, K:”'OZ

Vpg = constant
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George R. Wilson
Wilson devised this configuration in 1967 when he
and Barrie Gilbert challenged each other to find an improved

current mirror overnight that would use only three transistors.
Wilson won the challenge.
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Widlar Current Source

J ,Bob Widlar

« Widlar current source
» bandgap voltage reference
¢ voltage regulator ICs (MA723)

\ N\
» operational amplifier ICs (WA702, HAT709) » . -.“,\i‘&
o Activeloads in the LM101A op amp (1967) (7 1)
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Find R, and R,

2
IRef =1 1+ B) = 204uA and 2.02uA
Vt —Vgg —V

i - 21.6K$2 and
Ref

Ry =
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Example: Widlar Vs. Two Transistor

Vi=sy Visy
IL’ = 200uA
| 2 = I =
IREFl RZ216K0 (v E2mA lmzpl R3=21.6KQ 1 @A
=204pA =204pA V("
2,024 Vea
8= 1000, 8=100,)
Ria
Voov Voov
Find Rgy assume R, = 21.6K
vt — Ve —V—
R, = i = IRef = 203.7,LLA ~ 204/,LA
Ref

Ige
- LRg = Vrln ( ’;f) = Rp = 60.1KQ ~ 60K
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R, = Tx = Vi=Lroo — gnrn2Va + Vi
X
Vi = Ix(REHrﬂZ) = V=1 (7‘02 + gm2r02(REHr7r2) + (RE||r7r2))
REg||rm
Ry, =r1x <1 +gm2(RE||r7r2) + (’Uzﬂ—)>
0

" (1/r02) < gma;
Ry = ron(1 4 g2 (Re||rr2))  compare with Ro,sran = ro2
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Current amplifiers

e Current amplifiers are occasionally used in
analog systems.

e 1990s:analog designers promoted the notion of
"current-mode circuits”.
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e The parameters Is; and I, contain
both the electrical and geometric
parameters of O, and Q.

Low output currents

e If 0; and Q, are not identical, then
Current Amplifiers
Is1 # Is2.
VBE
Irer = Is1e 1
VBE
1, =Igpe'r

I
S Ay = Iger <S2>
Ig

10 =n X IREF-
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