LN EERY

ShanghaiTech University

EE115 Analog Circuits
Diff Amp: CMRR, offset,

current mirror load

Prof. Haoyu Wang
Office: SIST Bldg. 3-530
wanghy@shanghaitech.edu.cn

P=A

FARTSRIERRER

LA ERF

ShanghaiTech University

Outline

m Differential amplifiers 2
» Common-Mode Rejection
> DC Offset
> Differential Amplifier with Current Mirror Load

B Reading: SEDTRA/SMITH book pages 609-639
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Review: Small Signal Operation
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B For differential AC

small signal, the
differential pair is
anti-symmetric. The
potential at the mid
point is zero. This is
called Virtual
Ground

B This virtual ground
is obtained without
bypass capacitor
-> much smaller
area and better
frequency
response
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Review: Differential Half Circuit

W Because the two halves of the circuits are anti-symmetric, and source is
at virtual ground, we can simplify and just analyze the half circuit
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Equivalent half circuit
If consider r,:

Aq = gm(RplIT) s




Review: Diff. Amplifier w/ Current-Source Loads
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AC Equivalent Circuit for Common Mode Input tEHBAS
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(@)

(b)

m Non-ideal current source consists of an ideal current source,
shunted by a large resistance, Rq;.
S=ASL
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Review: Cascode Differential Amplifier

m Cascode configurations for both amplifying transistors and
current source loads.
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Ag = 2= gml(Ron”Rop)
Via

Ron = (GmaTo3)To1

Rop = (gmsros)rw
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Common Mode Half Circuit ki H B A S
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B For differential inputs, the two half circuits are anti-symmetric, and

the joint (Source) is
always at virtual ground. =

Rp Rp
Viem: ac small View f’ @ Vi
signal common- *
mode input

Vien 2R 2Rss.

Biased
@12

m For small signal common-mode inputs, the two half circuits are
symmetric. The Source is not virtual ground any more.
m Rgg can be considered as two parallel 2Rgs.

S=A= m Each CM half circuit has 2Rgs connected to the source.
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Ideal CM Output Voltage
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Common-Source with degeneration

2Rgs. 2Rss.
Biased
@12
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Viem = g—m + 2iRgs

Viem

/g, + 2Rss
R
/g + 2Rss

Vo1 = Vo2 = Viem

Vo1 _ Vo2 . _ Rp

Viem  Viem 2Rss

Vod = Vo1 —Vo2 = 0

m V,,is 0 for ideal diff pair
> 1. Perfectly matched transistors and resistors.

> 2. Small CM voltage to keep Q,&Q; in saturation.
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Common Mode Gain with Mismatched R,

m However, any mismatch in the half circuits will produce finite output voltage.

Case 1: R, mismatch
e Doy = Rp Vo1 _ Vo2 . _ Rp

— A,
2R icm =
=8 Viem  Viem 2Rss

Rp + ARp
2Rgs

Vo2 & — Viem

ARp
Vod = Vo1 —Vo2 = — 2R Viem
SS

A vod SRS WO\ (K]
em = 2Rgs 2Rss)\ Rp

Viem

Viem Viem
_ |44l

CMRR(dB) = 20log——

[Acm|

. ARp
Since Ay = gmRp,  CMRR = (2gnRss) /| ——
Rp 10017

Common Mode Gain with Mismatched g,

Case 2: g,, mismatch

{} S=AN
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1
Im1 = Im +EA.gm

1
Imz2 = Im _EAgm

Im1 — Gmz = Agm

ton = (555) (52)
View ™ 7 \2Rss/\ gm

A
CMRR = (29 Rss) /(ﬂ)
Im
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Example-CMRR of MOS differential pair

B Design a MOS diff pair with 100 dB CMRR. The only source of mismatch is a 2% mismatch in Q,
and Q,’s W/L ratios. Let I = 200pA4 and assume that all transistors have V,, = 0.2V. V, = 54/um.
» a) If a simple current source is used for I, what channel length is needed?

Mismatch of WL ratios leads to mismatch of g,

Voo

Substituting into *,
Rgs = 1MQ

For a simple current source

w Vesrtvian VestVien
Im = (UnCox) (T) Vov
7, = Rgs = 1MQ

Agm Rss
CMRR = (2g,,Rss) (—) v,
ImRss)/ Im r, = TA =1MQ -
29mR i = e ’
AT _« g,,;)zss) h Since I = 20014 ,‘
: v, = 200V

21, 2x (/2 2x0.1 =V/L= = o [
"‘=V_D= V(/)= X01_ vmayy V4 =VjL =5L — L = 40um

@ @ : Too large!

s 12/36




Example-continued

it DC Offset
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> b) If a cascode current source is used for I, what channel length is needed?

m Due to mismatch in R, V/,#0 even when both inputs are grounded.
- 2 = To |?r?jduce'0(;>.;1ftput, anI input offset voltage Vo5 = Vo/A4 needs to be
R AR applied. A, is differential gain
Voo i)
21 _2x02_, i ) 4
== =2m DI 2 D:
Im Vov 0.2 Vesrtvien T e ; f;r:) ) + 15’
Thus 1MQ = 2mA/V x 12 %
7, = 22.36kQ H = r_4 }_T —[, o 0, |——o—
. Vil
T, = 22.36k0 = = = 5% o, = i
V=447V = VjL = 5L . I
a
L = 0.89um — ;%
A considerable reduction of chip area! Vss
13/36 =A== 1417
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DC Offset et Differential-to-Single-Ended Conversion =M
R =R ARp
Voo p1=FRp+— + + +
oV P2 b 2
I ARp
—[, o 0 F——o— Vp1="Vpp -3 Rp +T
The simplest approach
L I ARp
+ VD2=VDD_E RD_T
1
1
Vo =Vpz =Vp1 =3 | ARp o=
Ve AR
iy = e A Vos = <%> (R—D> Simple but inefficient: the current
Yid ; Yid ; » signal in Q; is not utilized, leading to
= G = = 1517 loss of a factor of 2 in gain. T
WNRFSEEEATER VOV/Z VOV




Differential Pair w/ Current Mirror Load ) LR BAS

A much better approach Common mode input Differential input

Output current 2i:
No loss of gain!
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Gma = 9Imi,2
Ry = To2|lTos = RanllRap

Vo
Ag = = GmaRo = gm1,2(02l704)
Vid

Guavia R,

Ag = gml,Z(Rm'L | IRap)
1 1

= = Ad =5 9mlo =540 e




