3.6-DEVICEMISMATCH IN DIFFERENTIAL AMPLIFIERS
INTRODUCTION

Objective

The objective of this presentation is:

1) Characterize the dependence of bias circuits on the power supply

2.) Introduce circuits that have various degrees of power supply independence
Outline

* Characterization of power supply dependence

» Simple bias circuits

* Bootstrapped bias circuits

» Temperature characterization of bias circuits

Objective

The objective of this presentation is:

1) Hlustrate the method of analyzing mismatches

2.) Anayze the input current and voltage offsets for differential amplifiers
Outline

» The general approach to analyzing mismatches

* Input voltage and current offsets of BJT differential amplifiers

* Input voltage offsets of MOS differential amplifiers

* Summary

MISMATCH ANALYSIS METHODS
General Method
Suppose that two performances, p; and p,, can be written can be written as
pr=Ff1(Xp, y1, z1...)  and  pp =falxp, ¥, 25..)
Ideally, y; should be equal to y,, but in practice their difference could be expressed as
Error = e(py, Po) = (X1, Y1. Z1,-+0) X2, Y2, Zp,..1)

Now assume that X1,yy, Zq,... and Xo,y5, Zo,...) can be expressed in terms of their difference and average
values. We illustrate only for x; and Xy,

X1+Xo
AX = Xq- X and X=—>

We can solve for x; and x, in terms of Ax and x as follows,
X1 =X + 0.54x and Xo = X - 0.54x

Now the error can be express as

e(pq, Pp) = f(x+0.5Ax%, x-0.54x)
This expressing can generally be simplified by assuming that Ax <<x and using the following
approximations,

1 1
T~ l+e or Tt~ l-¢

and neglecting higher power values of ¢, i.e. £2
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INPUT VOLTAGE AND CURRENT OFFSETS OF THE BJT DIFFERENTIAL AMPLIFIER
Model for Input Offset Voltage and Current
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Vee

Re

where

clniZDn

2Dy,
17 NpWg; (V. 1=
AWB1(Vca)

Q1(Vcr)

emitter area.
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c1d o0
Voe = Vgre-V, =V In Vin Vin d
0OS~ VBE1"VBE2 ~ Vt B D t S U= Vi c2

How does |4 depend upon the semiconductor parameters?

where Wg(Vcp) is the base width as a function of Vg, Ny is the acceptor density in the base and A is the

Vee

Circuit * |

with no 2=

mismatches VEg DMO1
Ocyp 20

le

| ani?Dy, A qni?Dp,
2= NaWg2(Vep) 2 ~ Qpa(Vep)

and
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BJT Input Offset Voltage - Continued

In order for the output voltage to be zero, it is required that

lc1_Rez
| =1 0 —
ciRe1=lc2Re2 Iz~ Rop
Combining these two relationships gives
VooV I IR0 (A0 DQBl(VCB) i
0=Vt fRein Ain g QeVes)m
Making the following definitions,
Rc1+Rc2 AtAz Qp1*Qp2
ARc =Rc1-Rea Re = L AA =Aq-Ay, A= —5—, AQg =Qp1-Qpp, andQe =—5
which gives
ARc ARc AA AA AQg QB
Rc1=Rec +5— Reo™Re -5 A=A +57, A=A -~ Qp1=Qg +— - and Qpp=Qp -~

Substituting these values into the expression for Vg gives,
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if ARc <<Rg, AA<<A, and AQg << Qg
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AR¢ AQB
Vos=VIn qre- 7 ok -7 Aker 5 ML\, 1o . 250 48, 2980
os=Vtln [u]Rc*‘A&EHA AA DDB_AQ_B% tn i R AG Qs

Expanding the logarithm and neglecting higher order terms gives

DARC AA AQBD IZIARC Al g0 AIS_AA AQg
VOS"‘VtE+ RC T"' QBD RC - _DISD where I——T-—QB
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Example 1 - Calculation of Input Voltage Offset for a BJT Differential Amplifier

Find the value of the input offset voltage for a BJT differential amplifier at room temperature if the
standard deviations of the resistor match and saturation current match are 1% and 5%, respectively.
Assume that the standard deviations are correlated. Repeat this example if the standard deviations are not

correlated.
Solution
For the correlated case we have,
0ARc AlgD
Vos= Vi g ? - KE: 0.026(-0.01-0.05) = -1.5mV

(Magnitude, not sign is important since the polarity of the mismatch is not known.)
When the variation in R and | gare uncorrelated then we get,

AR~ Al
Vos =V, ARz, G0 = 0.026v{(0.01)%+(0.05)2 = (0.026)0.051 = 1.3mV
oReo  olso
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Temperature Dependence of the Input Offset Voltage
The temperature dependence of Vg is found by examining the temperature dependence of

0AR: Algn
Vos=V; 3 5—- —0
oS t[| RC

ls o
While | and R have reasonably large temperature dependence, the temperature dependence of their
difference can be neglected. Therefore assuming a value of Vog= 2mV, we get
dVos Vos 2mv
dT = T ~ 300
Offset voltage can be cancelled using external circuitry but to cancel the temperature drift requires the
external circuitry to have the same temperature dependence.

= B.67UV/°C
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Input Offset Current of the BJT Differential Amplifier
Consider the following model based on the previous circuit,

$ lEE
VEE DMO02

The input offset current of the BJT differential amplifier can be written as,

_ _ _ _le2 I

- lcitlea Bri+Pr2
Defini ng AIC :|CZ_|C1' |C = T, Aﬁp =ﬁ|:2'B|:1, and ﬁF =T
Al AB AB
. . C C F F
which gives ICl: IC - T, IC2: IC + T, BF]_: BF - T, and BFZZ ﬁl: + T
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Input Offset Current of the BJT Differential Amplifier - Continued
Combining the previous expressions into the function for | g gives,

Al Alc
%C*T lc- 20 lc@lc ABgD

log= - = o — - 0 when Al << |~ and ABg <<
0S % ABe ABe[d Brole  Br c—c Pr << Pr
Ft % P30
. lci Re
Recalling that for the output voltage to be zero thatlc—z—@,t en
Al ARc
Lo YRe L0 %m Men o ARem ARen Al AR
1. 4le | 4Rc 0 2dcm 2co o 2Rem 2Ren lc ~ Re
2c 7 2R
Therefore,
_lcfRc lcAB  lc BRc ABeC
OS™ BrRc BB~ BroRe B

Typicaly ABg/Bg is about 10% and AR-/R¢ is about 1% giving

|
los = - é (0.01+0.1) = -0.111g = 1.1pA assuming that I = 10pA
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INPUT VOLTAGE OFFSET OF MOS DIFFERENTIAL AMPLIFIER
Model for Input Offset Voltage

Vbp Vbp
Rp Rp
——o + o +
VOD VoD
Vos —
- +
o—_J#Ml M2k m 3_0_44#1\“ M2_ i
Vin Ve Vin vGsi | VG
o S

* | Circuit _ * |
S with no =
Vss mismatches Vss DMG3
where for v;, =

251
Vos=Vagsi-Ves = \/ +Vyq- \/ +VT2 where B =

Define,

|D1+|D2 B+ ﬁz V11tV
Alp =Ipa-lp2, Ip = AB=Pr-Po B= 5 AV =V Vppand Vp = ——5—

Gives,

Ip1=lp + 5 1p2=lp -5 B1=B + 5 B= B -5 V1= V1 + 5 and V= Vr - —5—
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INPUT VOLTAGE OFFSET OF MOS DIFFERENTIAL AMPLIFIER
Model for Input Offset Voltage

Vbp Vbp
Rp Rp
——o + — o +
Voo y VoD
0oSs O -
- +
o—+| M1 |v|2v D ﬁ_O_*‘ M1 sz +
Vi VGSL G2 vin vest Ve
o &

Circuit . * |
with no =
mismatches Vss DM03
where for vj, =
, /2|Dl |2p2 K'W
Vos = VesiVes2 Vr1-\/ B, TVr2 where =7

Define,

ID1 D2 Bi+B2 32 V11tV
Aﬁ B_‘]_ ﬁz: B - AVT —VTl-VTZ and VT = —2

Alp =lpy-lpo, Ip =
Gives,

Ip1=lp * 51027 lp -5 B1=B + 5 BB -5 V= Vr + 5 and V= Vr - —5—
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Example 2 - Calculation of Input Voltage Offset for a MOS Differential Amplifier

Find the value of the input offset voltage for a MOS differential amplifier at room temperature if the
standard deviations of the the resistor match and beta match are 1% and 5%, respectively. Assume that the
threshold voltage deviation is normalized to the value of VgVt = 1.5V and is 10%. Assume that the

standard deviations are correlated. Repeat this example if the standard deviations are not correl ated.

Solution
For the correlated case we have,
Vos _ _AVr  ZRp 4B _010 001 005_ a0
VosVT~ VgsVT 2Ry 28 157 2 7 2
0 Vos = 0.0367x1.5V = 55mV

When the variation in Ry, 8 and V1 are uncorrelated then we get,

V ad AVT [2 [AR BZ @
=1\ [ v —y 0+ = 0.0714
sVt oVes VT O Rog
0 Vos = 0.0714x1.5V = 107mV
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Temperature Dependence of the MOS Input Offset Voltage

pD@Rp Ap0
VOS:AVT- 7 R + Egg

D
While Ry and V1 have a strong temperature dependence, the temperature dependence of there matching
can be ignored.
The temperature dependence of 3 is

’ d 1.58(To)(T/T, )'1-5 -1
pm =K gt o e oo A9

dv_w_gﬁ\F_DmRo+A_g _af 2o 2o, 4p Arzl %o s
dT ~dTAN B 52R T 2847 2BAN B 3Ry dT 4T B 2Rp 2B

At room temperature and a current of 100pA and 8 = 200, we get,

dVos 1.3 [0.01 , 0.050_
dT 43008 2 2 H

= 75uVv/°C
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Comparison of BJT and MOS Offset Voltages
BJT:

|
Vog(BJT) OV, = grn(CTJT)
MOS:
) 2p
(Ves V1) e I I
Vos(MOS) 0 Vs V1 = oy~ = VooV = OEAV e Vi) = 5MOS
Assuming that the bias currents are the same, the offsets are greater for the MOS differential amplifier
because the transconductances are smaller.

What is the key concept here?

When amplifier imperfections (offset, noise, nonlinearity, etc.) are reflected to the input of the
amplifier, the larger the gain of the amplifier, the smaller the reflected imperfections.
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SUMMARY

« Mismatch analysis between two components can be performed by defining a difference and average
value of the components and expressing the mismatch in terms of the difference and average value.

« BJT differential amplifiers have both a voltage and current input offset.
« Cancellation of the input offset is difficult because of temperature dependence of the offset.

« The MOS differential amplifier has only input voltage offset but this offset is larger than the BJT
differential amplifier

* The temperature dependence of the MOSFET input offset voltage is about 10 times that of the BJT

« To reduce the value of the amplifier imperfection reflected to the input of the amplifier, make the gain
of the amplifier as large as possible.
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