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e The BJT Differential Pair

* Small Signal Operation of The BJT Differential
Amplifier

* Other Nonideal Differential Amplifier
* Biasing in BJT Integrated Circuit
e BJT Differential Amplifier

* MOS Differential Amplifiers
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5.1 Introduction
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5.1 Introduction
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Figure 10.1 (a) CE stage powered by a rectifier, (b) ripple on supply voltage, (c) effect at output, (d) ripple
and signal paths to output.
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5.1 Introduction
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5.1 Introduction
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5.2 Signal

o ! . . . = v (% d' d'd J
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5.2 Differential Mode Signals
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5.3 Common Mode Signals

2V Vin2
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5.3 Common Mode Signals
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5.4 Differential pair
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5.5 Input CM Noise with Ideal Tail Current
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5.6 Input CM Noise with Non-ideal Tail Current
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5.7 Comparison o

Vout1 Yout1

Vout2

Vout2

Vout1 ~Vout2 Yout1 ~Vout2

—5¢
—7 55¢
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t t

* As it can be seen, the ditferential output voltages for
both cases are the same. So for small input CM
noise, the differential pair is not affected.
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MOSFET Difterential Amplifier. e
* Signal analysis of Vpp
differential amplifier
» differential mode signal Rp; Rp;
analysis Voutl Vout?

* common mode signal

analysis v[Nzo—l lid] b idgl |—0V1N2
M,

M,
v )Igs Rp =Rp>=Rp

Fig 5.12 The basic MOS differential-pair
configuration.




A | 2vinend

J | srungquasusu
Voo
Vbp Roi w
Voutdl ¥ v Voutd?
RD] RDZ
Voutl Vout2 N y
X Y Vid M, M; 53
5 2
VNI O | lld] . ldgl I—OVINZ - Iss +
M, M, .
Iss Rpr = Rp>= Rp ¥



@ UNINYAY
F1UNuUATUSY
Differential Response
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Differential Response
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Differential Response
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Differential Response >
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Differential Response
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Differential Response
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Differential Response
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Differential Response
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MOS Differential Pair’s Large-Signal Response
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MOS Differential Pair’s Small-Signal Response
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MOS Differential Pair’s Large-Signal Response
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Differential Response
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Small-Signal Analysis of MOS Differential Pair
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Virtual Ground and Half Circuit

Voutdl  Voutd?
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Small-Signal Response

VDD

RoiZ §RD2
Voutl VoutZ
A Avd — " m R D

1711\110—|]\|}_.I lidl B ldgl |:_||—0VIN2

Igs RDI = Rp>= Rp

* Similar to its bipolar counterpart, the MOS
differential pair exhibits the same virtual ground
node and small signal gain.
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MOS Differential Pair’'s Common-Mode Response

VDD Voutcl — VoutCZ — Voutc
Rp= =Rp
X Voutcl — VX ! VoutCZ — VY

Y
I 4'—: M, Mz:"_‘ /
N ? . SS

Iss

Ipy =1ps = T

* Similar to its bipolar counterpart, MOS differential pair
produces zero differential output as 17, changes.
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Common-Mode Response, Aqy ow
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CS Stage with Degeneration
Voo
Ro Vin°_+ ° Vout
Vout Vq gmv1 %RD
Vin°_| M, = 5
Rs Rs
(a) (b)

Figure 7.14 (a) CS stage with degeneration, (b) small-signal model.



Vin = V1 + gm1 Rs

and hence

Uin
v = .
Il = 9m RS
Since g,, v, flows through Rp, vour = —gmv1 Rp and
Uout _ 9mEp
Uin 1+ 9m RS
Rp
— + Rg
9m

a result identical to that expressed by (5.157) for the bipolar counterpart.

(7.65)

(7.66)

(7.67)
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Common-Mode Response, Aqy ow




UNIINYIAY
19N UATUSY

e

Common-Mode Response
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BJT Differential Amplifier.
* Differential Amplifier analysis Vee
 differential mode signal Rc= =R¢
analysis

e common mode signal analysis

X
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Fig. 7.12 The basic BJT
differential-pair configuration.



Large Signal Analysis
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Vep = Virin(Io/Is)

Iy +1os = Igp.

Vourt = Voo — Rolen

Voure = Voo — Ro oo

-

I';.r.:--u,f — I';.r_:r-u,il -V out2

= —Rc(Icy — Ico).
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Small Signhal Analysis

bﬂ:cr
Rc= =Rc
l"I’t::nut1 o—¢ VDUT2

Vini °_I:Q1 Q, Vin2

<
=

X

O

-ll—iii‘ W

UNIINYIAY
F1UNuUATUSY

e

bﬂ:(:
= Rc
QZ-EI_Q Vinz



@ | v Inenay
Y | sunguasusu

V

out1 ~

V

out2




A | 2vinend

J | srungquasusu
+
I 2 Vin2
+
Vn2 = I'n2 Vin:



UNIINYIAY
19N UATUSY

e

Uinl — Uxgl — Up — Uin2 — Ux2

(H?T]- 1
— + Gmi1Unxl + - + Gm2Ug2 — U
Il T2

With el — g2 and 9m1 — Ym2- (1082) YIGIdS

Ur1 = —Ug2

and since v;,,1 = —vin2, (10.81) translates to
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Contrast Between MOS and Bipolar Differential
Pairs

* In a MOS differential pair, there exists a finite
differential input voltage to completely switch the
current from one transistor to the other, whereas, in a
bipolar pair that voltage is infinite.
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The effects of Doubling the Tail Current

V,

o

ut1

N Vout2
A
+2Rp I g5
*Ro ISS +\IEAvin,max
+Avin,max

_Avin,max

/
'\IEAVin,max — RD ISS
~2Rplss

> Vin1= Vin2

»

* Since I is doubled and W/L is unchanged, the equilibrium

overdrive voltage for each

accommodate this chafge,

to
as

transistor must increase by

thus AV, increases by

1n,max

well. Moreover, since I¢ 1s dqgbled, the differential output

swing will double.
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The effects of Doubling W/L e

Vout1 N Vout2

A

— U *Rplss

= Rp [ gg pre-m-nsnmseee i :

e Since W /L is doubled and the tail current remains
unchanged, the equilibrium overdrive voltage will be
lowered by ~2 to accommodate this change, thus
AV max Will be loweted by as well. Moreover, the

differential output swing will remain unchanged since
neither I nor Ry has changed
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‘ompute the differential gain of the circuit shown in Fig. 10.16(a), where 1deal current sources

are used as loads to maximize the gain.

Vee
Cl)
VOUt
Vin1 O—I:': Q, Vinz Vin1 for ro Vin2

With 1deal current sources, the Early effect in ()1 and ()2 cannot be neglected, and the half
circuits must be visualized as depicted in Fig. 10.16(b). Thus,

Voutl = ~GmTOVin1 (10.90)
Vout2 — —GmTOVin2 ( 10.9 1)

UVoutl — VYout2

( ( — —gmro.
Uinl — Uin2
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igure 10.17(a) illustrates an implementation of the topology shown in Fig. 10.16(a). Calculate

the differential voltage gain.

VC‘C‘
Vo
4

Q; "
] |
Q3

Q
I|I’Jrnut
vin1 O_‘IQ1 Qz —0 Vin2 Vout

-

P Vin1
3 Q,

(a) (b)

Noting that each pnp device mtroduces a resistance of rop at the output nodes and drawing the
half circuit as in Fig. 10.17(b), we have
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Voutl — Vout?2

= —gm(ron||ror),

Uinl — Uin2

where 5 denotes the output impedance of the npn transistors.
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Exercise
Calculate the gain if ()3 and (), are configured as diode-connected devices.
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Common Mode Rejection Ratio : CMRR

 Common mode rejection ratio (CMRR) aa énsinnsinam
Aouunodlnumdnm

A\/d
A

vC

CMRR =

MOSFET BJT

CMRR =142¢_Rc. CMRR =142¢ R,
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Ex 7.1 Vpp=Ve=1.5V, R, = 2.5 kand M;= M, has K,, = 2 mA/V?
V., =0.5Vand /=04 mAFind V,,

25 kﬂl

1Y ':'_"I’ mA

Fan®

= I

0.82V

=15V

0.2

l

Y :1]1:1
L ]

0.2
mA

0.2
maA

Q

2.5 k()

1V

-

0.82V

)

Y

o 8

(a)

—(0.82V

) 0.4 mA

!
Ml
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Ex 7.2V p=Vs=1.5V, Ry = 2.5 kand M;= M, has K,, = 2 mA/V?
Vy=0.5Vand/.=0.4mAFindV,,

=1 3N

A
2.5 k0 § ; 2.5kQ
0.2 02
_]E"O—'#m*a mAYS—© 1Y
+1 Vvo—]| O 0 |F—o+1V
Com o 1102 02 o
082V |YmA mAy| 0.82V
ERTE
G) 0.4 mA
Y
e

(b)
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Ex 7.3 Vpp=Ve=1.5V, R, = 2.5 kand M;= M, has K,, = 2 mA/V?
V., =0.5Vand /=04 mAFind V,,

A

2.5 k() §

FlVO—e

—o.zxa'oﬁlz

0.82V

Y

TN
A

§ 2.5 k(}
—O

0.2 0.2
maA maA

[ 0.2 .
maA maA .82V

- —
—-1.02V

G 0.4 mA

F1V

:II—O -0.2V
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Offset Voltage to compensate

* gunginausiauoeNiransmIANNAUNILYBIIHAA LAY K, 1ag ¥, 109
H ~4 1 1 Tl W
voailuguaaia Iy

Y
(a) (b)

Figure 7.25 (a) The MQOS differential pair with both inputs grounded.
Owing to device and resistor mismatches, a finite dc output voltage V,,
results. (b) Application of a voltage equal to the input offset voltage
Vs to the terminals with opposite polarity reduces V, to zero.



Active Loads

e Active load maintains bias
current 1

* Active load has high impedance
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Active Load

e Active Load in Saturation
e Without any input
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Active Load
* The current generated by -
differential input will only T

flow to the load

{ f_‘;o_ '
+1,,/2 o—lIIQl Q::p—o Vil 2

OV
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Active Load e

* In practice, leakage from Drain to Source

rn_l) ; g.lu-l-f'la;_l

(]
\za

(a)
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