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Differential Amplifier Offset

« Causes of dc voltage and current offset
« Modeling dc offset

- R, mismatch

» I mismatch transistor mismatch

* B mismatch

« dc offsets in differential amplifiers due to component
mismatch are differential phenomena
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- 1. Consider the emitter-current bias case
1, | A I, | where bases of matched Q1 and Q2 are
ro3 i connected to ground.
g’l' f“’mﬁ Cf’ 2. Tofurther simplify, let there be no external
B - U ., base and emitter resistors.

Ve 4

— 2 €, =7 3. Let the mismatch be in R_whereR_#R_.
' Var=Vee—Rer e
I @ Var=Vee—Rele
% Voam =V eV e (= 0 ideally)

EE

v
Since Q1=Q2 and | is fixed, Vo_-an="Re Io,— (=R I)=Ro I —Rey I,
currents are matched i.e.
B I I - _ _
[C,=]C2:mzzo<5 it Vo aw=0=Reilci=Rer I
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V .
I, ‘CC I Let: RCI;&Rcz S.t. RC2>RC]
Ry$ V. Split the mismatch between both
.l ;Odm collector resistors, and decompose into
B vy . common and differential components:
- i = R = RC2+RC] (Common)
2 . C 9
1) AR.=R.,— R, (differential)

Then, it can be shown that:

)
ian AR, | AR,
# R.,=R.+ =R.(1+—= )
Assume matched currents: , ¥ 2 2 Rc

1 —v,_ 412 ARC—R (1 1 ARC
=R, (1—=

[czzlczzo‘g R.,=R.— ; >
C

X -

)

2008 Kenneth R. Laker update KRL 290ct09 3



Pe[] []_ ESE319 Introduction to Microelectronics

Vec
ICIl 4 Icz
RCf O-dm
Cie—0
B
. 0,
= I
2 .
10,
V'
Recall: H

Voan—=Rerley—Rep L

Iczzlczzo‘z Re# R,

Hence:

VOdm:( c Ach

VOdm:( C_Afc
or.
VO_dmz—(xéAR:

AR,
[CI_ RC_I_T ]CZ
] AR | T
_ R + _
T RN

random variable (rv)

output offset voltage
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EE

Collector-collector voltage due to
resistor mismatch:

1
VO—dm:_O(EA RC
Define the input offset voltage
as that input voltage that will cancel

v, If the amplifier differential gain
IsA -

v = Vioan | V,is highly variable,
R rv & can be + or -

Input offset voltage is the output off-
set voltage referred to the input due

to mismatch ARQ.
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Differential Mode Small-signal Analysis

Collector-collector voltage:
g— cdm —
CdmL N vo—dm:vdg—dm_vclg—dm
bdm
2
L ; an

jRBZ vo—dm:RC23ib—dm_<_RC13<_ib—dm>)
~yy /2
= Csz-dm v 2ﬁRC

vdm _2<ﬁ+1)re

Ve B Ve B 1

© I, B+11. B+lg,

o—dm __

[ —— b
a2 4 :_CRC:ngC

v—dm V
T

2008 Kenneth R. Laker update KRL 290ct09 6



Pe[] []_ ESE319 Introduction to Microelectronics

(xiARC
2
Vos=
ngC
_fe_ 11
En= Yy T

Input referred offset due to AR,
mismatch:

Y random
: _y AR iabl
_\Vo_dm\ Vosiar)=Vr - variable
Vios= p where 4, 4,=&,Rc ¢
‘ v—dm|
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Offset Voltage From Transistor Mismatch

Perfect balance requires:

VC’C VCC
Ia,l A ] Voran= 0= Rl oi=Rer L ¢y
Re 3 T/O-d"g ez Previous case considered R ., # R .,
Cie—o0 o—¢ C,
B 0. 0. B, & Q1 =Q2=> ]Cl — Icz'
- — Considernow Q1 #Q2=>1_ #1 .
, ASSUME: 1.V, =7V,
7 @ 2 VT]:VTZ
Only difference is in the saturation
v currents of the transistors, i.e.

EE

[S]¢]S2
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Again using common and differential
mode concepts:

:[w+[ﬂ
2
Alg=1g—1

I

The two transistor saturation currents
are:

i—em +v, . [2
A A[ i—dm
lg=1gt 4
2
AI _vi—dm/2
I'/EE ]S]:]S_ 2 : /

2008 Kenneth R. Laker update KRL 290ct09 9



Pe[] [] ESE319 Introduction to Microelectronics
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B2 Large signal Model:
I.,/2 v D2
1 eXp(VBE/VT) p—
4> — V
) . BE
Rc Y 7 7 A ]S V.,
Al = -
]H C2 5 Sexp(VBE/VT) E2 Cl S 2
Al
—GXp(VBE/VH* @ Ve V sp
e I../2 2 AT
— ¥cce C-dm Q » £ VT S VT
: ‘e 7 - — Vee [c)=1ge " — 3 €
— N ISeXp<VBE/VT)
I, 8 L] =+
~7 - - also
A D1 Vo AT Vo
B1 J.=7 V., S Vv,
om=1l¢e T 5 e

The parallel current sources are
llustrated in the schematic.
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Note: differential /. components
cause current flow in opposite

82 . . '
lead? Iexp(Volv,) %02 L dlrect!on§ through the R s
Re St resulting in an offset voltage. The
?_,Wdﬂzfsexp(yﬁmtz common mode /. components
“ —a I cause no offset voltage.
ALs exp (V17— v y v
—— Ieg/? 2 eXI}"\BE . =t VBE Al S VBE VBE Al S
—Vec - o 1 - [,=Ige "+ S e r=1ge T(1+2] )
¢ B s
- _—IvaE.ISeXp(VBE/VT)E‘I ] | A]S
A = = —_ _|_
I O—g L] = o 2[S)
xD1 VBF VBE VBE
II//BE ] B1 I —[eVT_AISeVT:]eVT( _AIS)
]C:]S€ r :E Cl S 2 S 2IS
AT
i A]S ol A [S
Vooyn=Rclo;—Rolo=—20— ——
0—d ctcCl c*C2 ;’ 3‘21S C 9) IS C
11
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B2 1% __X 1A ]S
O—dm™— C
ISeXp(VBE/VT)!Dz = 2 ]S
v S V.oAI
I—b C2 Azlsexp(Vﬁ_E/V_T E2 V :_O(] r S R
C2 T O—dm C
AT Tl 2 Vy I
) SGXP(VBE,/VZ))' @
— Vce @ * — A ]S
Rc E1 e Vocan=—8&nVr 7 R
— —’\f_bw&-ISexp(VBE/VT) g
Ie, @ ! — =
4 D1
B1 Vocan_Voeim_,, Al
VOS(A ]S)_ A o R T VT I
Recall: v=dm  Em’tc >
¢ _]c_0<1 1 y v Al 4 random
m VT 2 VT os(ar)— VT ]S variable
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Offset Voltage Summary

We considered two sources of offset voltage:
Unbalanced collector resistors
Unbalanced saturation currents

Mismatched transistor geometries

We ignored base or emitter circuit unbalance

Since the relationship between resistor and current
unbalances are statistically random and assumed
independent, we combine their effect as an rms quantity:

2 2

AR,
RC

Al
]S

_|_

V 0s(rms) :\/( VOS—ARC)2 +( VOS—A]S)ZZ VT\/
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Average & Offset Base (input) Bias Currents

Consider the case where the base currents
differ I, #1,,.

Since I, & I, are related to bias current /,
their mismatch is due to 3, # j3,.

Let's use differential- common mode models
for beta mismatch:

V.
i—em o — AB /+vi—dm/2
Bi=B+—-
VEE A B A/_vi—dmlz
32:3—7
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Using this notation, the two base currents are:

Y 0 N S SR 1
B2 B +1 2 AR . 2B+1 AB

+ == +1 1+

b 2 ( B+1 \nonllnear

I 1 I 1 I 1 f(AB)
J == _ 2 L
P2 B+l 2, 4B, 23+1(1_ AB /
2 (B+1)

For x < / we can expand the fraction as the series:
1

—l—x+x —x+..
1+x

1
where  XTE5T NS g
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Using the expansion and approximating g+1~38:

I 1 1 AB I 1 1 AB

]BJN_ — T —— 1+——
2 p+1 2 B 2 B+1 2 B

I AP :
IOSE|[BI—]BZ|:B+1 ; (input offset current)
I, +1
Since the input bias current 7, is defined as: 7,=—2"—*= d
2 2(B+1)

The base or input offset current can also be written as:

ﬂ)
b

]OS(AB) 1
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