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Transistor Current Mirrors, Source, and Sink 

 A current source/mirror have three terminals. The common terminal 
is connected to a power supply or ground, and the input current 
source is connected to the input terminal.  

 The output current is equal to the input current multiplied by a 
desired current gain.  

 If the gain is unity, then the input current is reflected to the output 
and named as current mirror.  
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BJT Current Sources 

 Current sink 

 Current source 

Uses: 
 as biasing elements 

 as loads for amplifying stages 

 more economical than resistor in IC 

Function: 
Its maintain a constant current at an  

infinite output resistance under all operating conditions. 

Types of current sources: 
 the basic current source                         the Widlar current source 

 the modified basic current source         the Wilson current source 
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Basic Current Source 
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Basic Current Source (contd.) 
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Basic Current Source 

Collector current ratio: 
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Example 4.2.1 

(a) Design the basic current source in Fig. 4.2.1 to give an output 

current of AI
O

5 . The transistor parameters are 

,7.0,30,100
121

VVVVVV
CEBEBECC

  and 150
A
V . 

 

(b) Calculate the output resistance O
R , and the collector current ratio 

if VV
CE

20
2
 . 

Figure 4.2.1 
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Example 4.2.1 (contd.) 
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Example 4.2.1 (contd.) 

(b) 
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Modified Basic Current Source 
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Modified Basic Current Source 

Applying KCL at the collector of  
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Example 4.2.2 

(a) Design the modified basic current source in Fig. 4.2.2 to give an 

output current of AI
O

5 . The transistor parameters are 

,30,100 VV
CC
  ,7.0321 VVVV BEBEBE  and 150

A
V . 

 

(b) Calculate the output resistance O
R , and the collector current ratio 

if VV
CE

20
2
 . 

Figure 4.2.2 
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Example 4.2.2 (contd.) 

(a) 
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Example 4.2.2 (contd.) 

(b) 
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Wilson Current Source 
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Wilson Current Source 
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Wilson Current Source 
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Wilson Current 

Source 
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Example 4.2.4 

(a) Design the Wilson current source in Fig. 4.2.4 to give an output 

current of AI
O

10 . The transistor parameters are ,30VV
CC
   

,7.0
121

VVVV
CEBEBE

 mVV
T

26 , 100
A
V and 150 . Assume 

all transistors are identical. 

 

(b) Calculate the output resistance O
R .  

Figure 4.2.4 
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Example 4.2.4 (contd.) 
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Example 4.2.4 (contd.) 
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Example 4.2.4 (contd.) 
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Widlar Current Source 

Widlar current source which provides biasing currents of low magnitudes, 

typically       . A5
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Widlar Current Source 
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Widlar Current Source 
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Widlar Current Source 
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Widlar Current Source 
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Widlar Current Source 
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Widlar Current Source 
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Example 4.2.3 

(a) Design the Widlar current source in Fig. 4.2.3 to give an output 

current of AI
O

5  and mAI
R

1 . The transistor parameters are 

,30VV
CC
   ,7.0

1
VV

BE
 mVV

T
26 , 150

A
V and 100 . 

 

(b) Calculate the output resistance O
R . Assume mVV

T
26 .   

Figure 4.2.3 
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Example 4.2.3 (contd.) 
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Example 4.2.3 (contd.) 

Since, 

 M
AI

V
r

C

A
o

30
5

150

2

2


,   


 k
A

mV

I

V
r

C

T 520
5

10026

2

2



  

and, 

VA
mV

A

V

I
g

T

C
m




3.192
26

5
2

2
  

Therefore, the output resistance, 

 





M

kkVAMrRgrR
moO

68.180

)]520||5.27(3.1921[30)||(1
2222


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MOSFET Current Source 

MOSFET current sources are analogous to BJT current sources. We can

convert a BJT current source to an equivalent MOSFET current source

by assuming that the   of the BJTs is finite. Since MOSFETs do not draw

any gate current, there is no need for base current compensation as

there is with BJTs. The choice of a BJT source or a MOSFET source

generally depends on the type of integrated circuit involved (e.g.,

bipolar or MOS). BJT sources have some advantages over MOSFET

sources, such as a wider compliance range and a higher output

resistance. However, a higher output resistance can be obtained by

cascode-like connections of MOSFETs.



1-37 

© Electronic Circuits 

Basic Current Source 

Assume        and        are identical. 

21 DD
II 

21 GSGS
VV 

Thus,                 will be the mirror of  )(
1DO

II 
2D

I

    will be in saturation  22 GSDS
VV 

       will be in saturation  

 for  )()(
11122 tGSDStGS
VVVVV 

1
M

2
M

2
M

1
M

 

 

 

 

 
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Basic Current Source (contd.) 

)1()(

)1()(
2

1

2

2

M

DS
tGSP

DStGS
x

D

V

V
VVK

VVV
L

WK
I



 

where 
t
V   = threshold voltage

W  = width of the channel, typically mm  50010 
L

  = length of the channel, typically mm  50010 

   = channel modulation length, typically 
101.0 V

               M
V = 



1
 = channel modulation voltage, in V

               x
K = oxx

C  = channel constant, typically 
2/20 VA

               x
  = mobility of electrons, typically Vcm /500 2

               ox
C = capacitance per unit area, typically

24 /105.3 mpF 

P
K  is a constant given by,     L

WK
K x
P

2

1

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Basic Current Source (contd.) 

)1()(
1

2

1111 DStGSPOD
VVVKII 

)1()(
2

2

2222 DStGSPRD
VVVKII 

 

 

As all the components of the current source are processed on the

same integrated circuit, therefore 
x
K  and 

t
V  are identical for both

devices, thus, the ratio of 
O
I  to 

R
I  is given by

 1
)/

)/(

)1(

)1(

)/

)/(

)1(

)1(

2

1

2

1

2

1

22

11 










DS

DS

DS

DSP

DSP

R

O V
LW

LW

V

V

LW

LW

VK

VK

I

I











We can change 
O
I  by controlling LW . L   is usually fixed, W   varies

from device to device to give the desired current ratio RO
II . With

21
WW   and 21

LL   one can ensure that OI  = RI .

RDDGS
IRVV

12


22 GSDS
VV 

2

2122
)(

tRDDPDR
VIRVKII 

Since                               and  

 
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Basic Current Source (contd.) 

Transistors 2
M  and 3

M  are used as voltage dividers to control the

gate-source voltage of transistor 1
M . If 1

M  and 2
M  are identical, the

output current O
I  exactly mirrors the drain current through 2

M  and

3
M . The value of 1GS

V  should be made as low as possible without

taking 1
M  out of the saturation region.
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Basic Current Source (contd.) 

Since 
22 GSDS

VV  ,

)1()(
2

2

2222 GStGSPRD
VVVKII 

Since 
23 GSDDGS

VVV  ,

)](1[)(

)1()(

2

2

323

3

2

3333

GSDDtGSDDP

DStGSPRD

VVVVVK

VVVKII









Since 
RDD
III 

32
,

1
)](1[)(

)1()(

2

2

323

2

2

222 




GSDDtGSDDP

GStGSP

VVVVVK

VVVK





Thus, by controlling the constants 2P
K  and 3P

K , we can obtain the

desired value of 12 GSGS
VV  .
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Basic Current Source (contd.) 

Output Resistance 
O
R :

The small-signal drain-source resistance 
1ds
r

can be derived from the equation,

)1()()1()(
2

1 22

M

DS
tGSPDStGS

x
D

V

V
VVKVVV

L

WK
I  

M

D
tGS

M

P

DS

D

ds
V

I
VV

V

K

v

i

r
121

1

1

1

)(
1






Thus, the small-signal output resistance of the current source becomes

11

1

1

DD

M
dsO

II

V
rR




which is relatively small. This small output resistance is a disadvantage

of having only one MOSFET 1
M  at the output side of a current source.


