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Problem

Vout = (VCC + Noise)− iCRC ⇒= (VCC − iCRC) + Noise

Hum example

./Audio/hum_noise.mp3
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First Glance Solution

V+
out = (VCC − iCRC) + Noise V−

out = (VCC − ICRC) + Noise

V+
out − V−

out = (VCC − iCRC) + Noise− [(VCC − ICRC) + Noise]

Vout = −iCRC + ICRC = −(IC + ic)RC = −iCRC

Duplicate stage consisting of Q2 and RC2 remains "idle",
thereby "wasting" current.
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Improve Solution (Common Mode)

V+
out = (VCC − iCRC) + Noise V−

out = (VCC − iCRC) + Noise

V+
out − V−

out = (VCC − iCRC) + Noise− [(VCC − iCRC) + Noise]

Vout = 0
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Cont. Improve Solution (Differential Mode)

V+
out = (VCC − iCRC) + Noise V−

out = (VCC − (−iC)RC) + N

V+
out − V−

out = (VCC − iCRC) + Noise− [(VCC − (−iC)RC) + Noise]

Vout = −icRC − icRC = −2icRC
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Definition

Differential Amplifier
is an amplifier that produces outputs that are a function of
the difference between two input voltages.
DA Modes:
• Two inputs are different (Differential).
• Two inputs are the same (Common mode).
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IQ

"tail current source","emitter-coupled pair" or the "long-tailed
pair."
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large-signal operation

iC1 = ISevBE1/VT

iC2 = ISevBE2/VT

IQ = iC1 + iC2

= IS

(
evBE1/VT + evBE2/VT

)
iC1

IQ
=

1
1 + e(vBE2−vBE1)/VT

iC2

IQ
=

1
1 + e−(vBE2−vBE1)/VT

∵ vBE2 − vBE1 = vd

c
iC2

IQ
=

1
1 + e−(vd)/VT
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Differential BJT
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Large Signal Example

VE = VB − VBE

= 1− 0.7 = 0.3 to be active
∴VBE2 = −0.3 Reverse

VE = VB − VBE

= 0− 0.7 = −0.3

∴VBE1 = −0.3
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Active Differential BJT

Active means both transistors
in active region, linear region,
difference input voltages is
small signal.
∵ transistors are matched,

vBE1 = vBE2

iE1 = iE2 =
IQ

2
iC1 = iC2 ∵ iC ≈ iE

∴ vC1 = V+ − IQ

2
RC = vC2

vd = VC1 − VC2 = 0#
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Active Differential BJT

Two inputs are equal

and inverted

vin1 = −vin2

vd = vin1 − vin2

vd = vin1 + vin1

⇒ vin1 = −vin2 =
vd

2

∴ IE1 =
IQ

2
+ ∆I IE2 =

IQ

2
−∆I

vC1 = V+ − (
IQ

2
+ ∆I)RC vC2 = V+ − (

IQ

2
−∆I)RC

vd = VC1 − VC2 = 2∆IRC

∆I : proportional to the difference input voltage
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Small Signal Analysis

iC1 =
IQ

1 + e(−vd)/VT
= IQ(1 + e(−vd)/VT )−1

diC1

d(vd)
= IQ(−1)(1 + e(vd)/VT )−2

(
−1
VT

e(−vd)/VT

)
=

IQe(−vd)/VT

VT(1 + e(−vd)/VT )2 |vd=0 =
IQ

4VT
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Small Signal Analysis

Therefore the equation of a line passes through Ic = 0.5IQ

and slop IQ
4VT

is Ic = 0.5IQ +
(

IQ
4VT

)
vd
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Small Signal Analysis

iC(linear) − iC(actual))

iC(linear)
= 0.01

or(
0.5IQ +

(
IQ

4VT

)
vd

)
− IQ

1 + e(−vd)/VT(
0.5IQ +

(
IQ

4VT

)
vd

) = 0.01⇒ vd ∼= 18mv
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Recall BJT AC analysis

Apply KCL @ node ve

∵ VA =∞ ∴ ro =∞

gmVπ1 + ib1 + gmVπ2 + ib2 =
ve

REE

gmVπ1 +
Vπ1

rπ
+ gmVπ2 +

Vπ2

rπ
=

ve

REE

(gm +
1
rπ

)(Vπ1 + Vπ2) =
ve

REE
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DA: Virtual Ground

(gm +
1
rπ

)(Vπ1 + Vπ2) =
ve

REE

(gm +
1
rπ

)(
vid

2
− ve + (

−vid

2
− ve)) =

ve

REE

(gm +
1
rπ

)(−2ve) =
ve

REE

ve(2gm + 2
1
rπ

+
1

REE
) = 0
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DA: Gain

vc1 = −gmvπ1RC vc2 = −gmvπ2RC

vc1 = −gm
vid

2
RC vc2 = −gm

−vid

2
RC

vod = vc1 − vc2 = −gmRCvid

Gain =
vod

vid
= −gmRC Rid =

vid

ib1
= 2rπ

Rod = 2RC|differential Rout = RC|single ended
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DA: Σ AC+ DC

ic = −gmvid IC = IQ/2

vC = VCC − iCRC = VCC −
IQ

2
RC + gmvidRC
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Example

Design
a bipolar differential pair for a gain of 10 and a power budget
of 1 mW, 0.5 mW with a supply voltage of 2 V.
recall P = IV gm = IC

VT

I =

{
0.5|1mW , IC = 0.25mA, gm = 9.6mf, RC = 1041Ω

0.25|0.5mW , IC = 0.125mA, gm = 4.8mf, RC = 2080Ω
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Low Input Resistance

Recall Rid =
vid

ib1
= 2rπ

vid

2
= ib1rπ + ieRE

vid

2
= ib1rπ + (1 + β)ib1RE

vid

ib1
= 2(rπ + (1 + β)RE) = 2(rπ + (1 + β)RE) ↑
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DA with RE: Gain

Recall Gain = −gmRC gmrπ = β

vid

2
= vπ + ieRE

vid

2
= vπ + (

vπ
rπ

+ gmvπ)RE

vid = 2vπ

(
1 + (

1
rπ

+
β

rπ
)RE

)
⇒ vπ =

vid

2(1 + 1+β
rπ RE)

vout = vc1 − vc2 = −gmRC(Vπ1 − Vπ2)
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Cont. :DA with RE: Gain

Recall Gain = −gmRC gmrπ = β

vout = vc1 − vc2 = −gmRC(Vπ1 − Vπ2)

vout =
−gmRC

2(1 + 1+β
rπ RE)

(vid − (−vid)) =

Gain =
−gmRC

(1 + 1+β
rπ RE)

↓⇒ Gain =
−βRC

rπ + (1 + β)RE
≈ −RC

RE
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