Chapter 8 Differential and Multistage Amplifiers

*Reasons for using “differential” instead of “single-end”:

—> Differential circuits are much less sensitive to noise and
Interference than single-ended circuits;

—In general, the bias of differential circuit is suitable for
“direct couple”, no bypass and coupling capacitors needed.




8.1 The MOS Differential Pair
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8.1.1 Operation with a Common-Mode Input Voltage
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*Input common-mode range:
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+1.3'V +1H VY

0.2 0.2
¢‘ mA mA

) = +1vo—| O F—o+1V
02 02 ‘
0.82V = 082V |y 0.82V

0.2 0.2
" mA mA mA

1. W

I, ==k —(V,, ) ~15V —15V
2 L (a) (b)
W ,
knfz4mA/V and I, =0.2mA +15V
= Vov =0.316V 2.5kQ 2.5kQ
V,=0.5V - -
= Vs =0.816V = 0.82V
-0.2V O—l Q| 73 l)—o -0.2V
082V |V oA  may| 0s2v

1.02V

0.4 mA

-15V
(©)



8.1.2 Operation with a Differential Input Voltage
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8.1.3 Large-Signal Operation
| |
| I
| |

ID1 -

i{"m U)li/
1..W W
_kn ((331 t \/ n (V<351 Vt)
2 L
0 0 :] 1w - '
T E l ’ T o2 =75 2 Ky |_( Gs2 t)2 < b2 = _kn_'(VGsz -Vi)

UGaSINCe Vi =Vggy — Vegy =

I =ff\ﬁr

Meanwhile, i

UGl

A

2 - -
D1+D2 02: __'Vid:2 IDl'(I_IDl)

2

2
i_;)u It makes iDlZIEiJK . (V?d)\/l_ K (Vild /2)

since iy, oc V.,

e Mgy o K 12)°
D1—2+JKI(2)\/1 |

TN or iRy LS YL
'02—2 K |(2)\/1 |

o)
—-14 -1.0 —-06 —02 0 0.2 0.6 1.0 i




Since %:%K-Vév

Il
|
+
—~

: I I Viay 1 (Vi /2) 2~J_ | < Vig
o= vov)'(z)\/l [ 25 () ()

i _l_ I (Vv Mgzl_ I  Vig
Ip, = ( V)(z)\/l[ ] ( )(2)

2 'V, V., 2 'V,
ip A
/
_____ B V.
iD2 (1)2 o iDl VOV = 02V If Id << 1
Voy = 02V 2 0. sy ) 2V,
V=03V > 087 o Y= 0¥
ov— V. > 1 / B .
Voo = 04V N\ < Vor =04V The small-signal current
; o Mey g (Vi
1 d — ( ) — gm ( )
Vo, )2 2
0.3 T
021
0.1 1

—500 —400 -300 —200 -—100 0 100 200 300 400 500 vg(mV)



8.1.4 Small-Signal Operation of the MOS Differential Pair
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The Differential Half-Circuit
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Example 8.2
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8.1.5 The Differential Amplifier with Current-Source Loads
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8.1.6 Cascode Differential Amplifier
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8.3 Common-Mode Rejection
8.3.1 The MOS Case

Vop T
Rp i 2 Ry

e, I I T T
0, S | e— R,,l R,
Vem + Yiem o Ve + Yiem
vn'm | - 'i "
! e o I
N
Ry > CD / i/

I
Ry
= Vs.\' _—
(b)

Method 1 | Viem = Ves +(29,,Vgs )Rss = Vg, (1+209,Rs)
VOl — VOZ — _gmvgsRD

Vol _ V02 RD

Vicm Vicm _1/ gm +2RSS




Method 2

i : : V.
Vlcm:_+2I.RSSjI: \em
gm 1/ gm + 2RSS
‘W V1:V2=—i'RD=— Vicm'RD
S O 0 0]
22 O 1/9,, +2R
¢“ = Vol — V02
RSS Vicm Vicm
R R
= _ D ~ D -
N = ~ R (2R >>1/9,.)
) —+ 2R SS
I
Rp
|deally, free of common-mode interference
P
e Vod :\/02_\/01:O
$xs  V, V.,  Total resistances in the drain
W = ViV, Total resistances in the source 1°

Icm
(d)



Effect of Ry, Mismatch
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Effect of g, Mismatch A A
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8.4 DC Offset
8.4.1 Input Offset Voltage of the MOS Differential Amplifier
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(a) Mismatch in load resistance:
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(b) Mismatch in W/L:
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8.5 The Differential Amplifier with Current-Mirror Load

N N
40 O Y
“}. .
(d idd
— N N i
O U/ A\ J

A three-stage amplifier consisting of two differential-in, differential-out stages,
A, and A,, and a differential-in, single-ended-out stage A.

Decrease common-mode gain and increase CMRR
*Differential gain increases by a factor of 2 (i.e.,6dB);
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8.5.1 Differential to Single-Ended Conversion
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Lose a gain by a factor of 2 (i.e.,6dB);
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8.5.2 The Current-Mirror-Loaded MOS Differential Pair
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8.5.3 Differential Gain of the Current-Mirror-Loaded MOS Pair
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The output resistance R,
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The differential gain

A= =G R, = 0, (1, /1) = 0, (2) =

If Q,Q,,Q,, and Q, are identical!

Note: (a) A, is the intrinsic gain of the MOS transistor;

(b) Using the differential pair with active load,
the differential gain is half of the intrinsic
gain of the MOS transistor, if Q4, Q,, Q,
and Q, are identical.

A
2
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8.5.5 Common-Mode Gain and CMRR
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8.6 Multistage Amplifiers E J l‘_j
8.6.1 A Two-Stage CMOS OP Amp o |F i o 1" o
|1
[T o 0. | .
\oltage gain IREFCD p.——AF——»
— Voltage gain of 1ststage: A; = —g,,1(7 || 7o4) ol o L
— \oltage gain of 2" stage: A, = —g,.6("y6 || 757) F 5 5

— DC open-loop gain: A, = A; x A, ’ Vs
Input offset voltage
— Random offset: device mismatches as random in nature
— Systematic offset: due to design technique = predictable
(W/L)s _,(W/L)

= =2~ 1777 |f this condition is not met, a systematic offset
W/L), (W/L)s willresul.

Cc is Miller-multiplied by the gain of the second stage to provide the required
dominant pole.
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