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Discrete Circuit Biasing

Independent on β
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Purpose

• Resistors require relatively large areas.
• Resistor biasing technique uses coupling and bypass

capacitors.
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Problem

Constant-current source delivers a load current that remains
constant when the load resistance changes
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Two-Transistor Current Source

• Identical transistors Q1 and Q2.
• Operating at the same temperature.
• B-E voltage equal in Q1 and Q2.

IRef =
V+ − VBE − V−

R1
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Cont.:Two-Transistor Current Source

According to matching transistor IC2 = IC1

IRef = IC1 + 2IB IB1 = IB1

= IC2

(
1 +

2
β

)
IC2 =

IRef(
1 + 2

β

) IRef =
V+ − VBE − V−

R1
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β Dependence



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

EEI 184

Introduction

Current
Sources
Problem Definition

β Dependence

ro Output Resistance

Low output currents

Multi-transistor

Current Amplifiers

35-12

β Dependence

IC2 =
IRef

1 + 2
β
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Design Example

Find R1

IRef = IC2

(
1 +

2
β

)
= 204µA

R1 =
V+ − VBE − V−

IRef
= 21.6KΩ
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Three-Transistor Current Source

IRef = IC1 + IB3

IE3 = (1 + β)IB3

IE3 = 2IB

IC2 = βIB

∴ IRef = IC1 +
IE3

(1 + β)

IRef = IC1 +
2IB

(1 + β)

= IC1 +
2IC2

β(1 + β)

= IC2

(
1 +

2
β(1 + β)

)
IC2 =

IRef(
1 + 2

β(1+β)

)
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ro Output Resistance
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Output Resistance



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

EEI 184

Introduction

Current
Sources
Problem Definition

β Dependence

ro Output Resistance

Low output currents

Multi-transistor

Current Amplifiers

35-18

Output Resistance Two/Three
transistors

For constant biasing Vπ2 = 0

Ro =
Vo

Io
= ro2
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Wilson Current Source

For constant biasing Vπ2 = 0
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Wilson:Output Resistance

Io = gmVπ3 +

(
Vo − Io(ro2||rπ3)

ro3

)
∵ Vπ3 = −Io(ro2||rπ3)

ro3Io = −ro3gmIo(ro2||rπ3) + Vo − Io(ro2||rπ3)

Vo

Io
= ro3 + ro3gm(ro2||rπ3) + (ro2||rπ3)

assume rπ3 � ro2

= ro3 + ro3gmrπ3 +��*
≈ 0rπ3

∼= ro3(1 + β) ∼= βro3 ↑



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

EEI 184

Introduction

Current
Sources
Problem Definition

β Dependence

ro Output Resistance

Low output currents

Multi-transistor

Current Amplifiers

35-21

Wilson Current Source
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Wilson Current Source

IRef = IC1 + IB3

IE3 = IC2 + 2IB = IC2

(
1 +

2
β

)
= IC2 + 2IB = IC2

(
1 +

2
β

)
IC2 =

IE3

1 + 2
β

=
(1 + β)

(2 + β)
IC3

IRef =
(1 + β)

(2 + β)
IC3 +

IC3

β

Io = IRef

 1

1 +
(

2
β(2+β)

)
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Further improvement (full Wilson
Mirror)
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Low output currents



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

EEI 184

Introduction

Current
Sources
Problem Definition

β Dependence

ro Output Resistance

Low output currents

Multi-transistor

Current Amplifiers

35-25

Widlar Current Source



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

EEI 184

Introduction

Current
Sources
Problem Definition

β Dependence

ro Output Resistance

Low output currents

Multi-transistor

Current Amplifiers

35-26

Problem

Find R1 and R2

IRef = IC2

(
1 +

2
β

)
= 204µA and 2.02µA

R1 =
V+ − VBE − V−

IRef
= 21.6KΩ and 2.17MΩ
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Widlar Current Source

Io = ISe
VBE2

VT

VBE2 = VT ln
(

Io

IS

)
IRef = ISe

VBE1
VT

VBE1 = VT ln
(

IRef

IS

)
VBE1 = VBE2 + IoRE ∵ Io ≈ IE

VBE1 − VBE2 = VT ln
(

IRef

Io

)
∴ IoRE = VT ln

(
IRef

Io

)
R1 =

V+ − VBE − V−

IRef
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Example: Widlar Vs. Two Transistor

Find RE2 assume R2 = 21.6K

R2 =
V+ − VBE − V−

IRef
⇒ IRef = 203.7µA ≈ 204µA

∴ IoRE = VT ln
(

IRef

Io

)
⇒ RE = 60.1KΩ ≈ 60KΩ
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Widlar Output Resistor

Ro =
Vx

Ix
⇒ Vx = Ixro2 − gm2ro2Vπ2 + Vπ2

Vπ2 = Ix(RE||rπ2)⇒ Vx = Ix (ro2 + gm2ro2(RE||rπ2) + (RE||rπ2))

Ro = ro2

(
1 + gm2(RE||rπ2) +

(RE||rπ2)

ro2

)
∵ (1/ro2)� gm2;

∴ Ro ≈ ro2(1 + gm2(RE||rπ2)) compare with RO2tran = ro2



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

EEI 184

Introduction

Current
Sources
Problem Definition

β Dependence

ro Output Resistance

Low output currents

Multi-transistor

Current Amplifiers

35-30

Multi-transistor
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Multitransistor Current Mirrors

IO1 = IO2 = ION =
IRef

1 + 1+N
β

IO = N
IRef

1 + 1+N
β
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Examples: Multitransistor

IO3 =
1
2

IREF

IO4 =
3
2

IREF

IO1 = IREF

IO2 = 2IREF
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Current Amplifiers
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Current Amplifiers
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Mismatched Transistors

• The parameters IS1 and IS2 contain
both the electrical and geometric
parameters of Q1 and Q2.

• If Q1 and Q2 are not identical, then
IS1 6= IS2.

IREF = IS1e
VBE
VT

Io = IS2e
VBE
VT

∴ Io = IREF

(
IS2

IS1

)
Io = n× IREF.
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