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Abgract : Based on a physical understanding of nonlinearity and mismatch,a novel offset-cancellation technique
for low voltage CMOS differential amplifiers is proposed. The technique transfers the offset voltage from the out-
put to other parts of the differential amplifier and can greatly reduce the input-referred offset voltage without ex-
tra power consumption. A 1 8V CMOS differential amplifier is implemented in 0. 18I m CMOS process using the
proposed technique. The simulation results show that the technique could reduce the input-referred offset voltage
of the amplifier by 40 % with a 20 % load transistor mismatch and a 10 % input differential transistor mismatch.
M oreover ,the proposed technique consumes the least power and achieves the highest integration among various

of fset-cancellation techniques.
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1 Introduction

The differential amplifier is a crucial building
block in analog circuits. The senstivity (the mini-
mum dc and ac differential voltages that can be de-
tected) is an important specification target for dif-
ferential amplifier desgn. Component mismatching
and their drifts (versus temperature,power sup-
ply ,and so on) induce the extra output differential
voltage ,which is indistinguishable from the sgnal
being processed. The extra output differential volt-
age limits the minimum detectable differential volt-
age level. Als0 ,such mismatching could convert the
common-mode input signal to the differential out-
put ,which is treated as the desired signa by the
subsequent stages. This may drive the latter cas
cade stages into nonlinear operation. In analog sys
tems,these errors pose the basc limitation on the
sengtivity with which sgnals can be detected.

For the differential amplifier ,the effect of the
device mismatching on the performance is repre
sented by input referred off set voltage ,whichis de
fined as the input voltage that forces the output
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voltage to be zero. In many CMOS analog systems,
this voltage can vary between 1  40mV.

The off set cancellation is a great design chal-
lenge for many high performance analog systems.
Many systematic offset cancellation techniques
have been proposed" °'. They can be divided into
three kinds,including correlated double sampling,
chopper stabilizer , and auto-zeroing. All these
methods require complex circuits and extra power
consumption to achieve offset cancellation. They
could not be used in a low power and highly inte-
grated analog system. Thusthereisa great demand
for a novel offset-cancellation technique with low
power and Smple circuitry.

In this paper ,a new technique isintroduced to
cancel the off set voltage of the differential ampli-
fier. This technique is different from conventional
techniques that cancel offset voltage with a com-
plex extra circuit. Instead ,it tranders part of the
off set voltage from the output to other partsof the
differential amplifier. One stack stage and a pair of
feedback transistors are added to the differential
amplifier ,and the off set voltage produced by the
mismatched active load and the mismatched differ-
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ential pair are transplanted to the feedback tran-
sstorspartly through one feedback circuit. Because
no extra shunt circuit is used in the proposed dif-
ferential amplifier ,no extra power is consumed.

2 Offst-cancellation technique

The fully differential amplifier is a crucia
building block in the analog systems. Differential
circuits achieve higher linearity, higher voltage
swing ,and higher immunity to noise than their Sn-
gle-ended counterparts. But in differential circuits,
component mismatching and the drift of the conr
ponent values result in a high offset voltage that
may be larger than the signal and saturate the fol-
lowing stages.

2.1 Offset voltage analysis of the differential pair

A smple differential amplifier with an active
load is shown in Fig. 1. Vosn is the off set voltage
caused by the mismatch of M1 & M2.Vosp is the
off set voltage caused by the mismatch of the active
load transstors M3 & M4.Vosn & Vospresultina
nonzero Vo When the input differential voltage is
zero ,and this voltage may force subsequent stages
into nonlinear operation.
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Fig.1 Smple differentia pair with offset voltage

To gain more insight into the effects of Vosn
& Vosp,let us calculate the input-referred off set
voltage of the smple differential pair as shown in
Fig. 1. According to Refs. [6,7] ,the input-referred
off set voltage Vosinr Of a differential par with a
resstor load is

Vosing =A Vi +lGSé_Vm x[A_RLcm +A_(JALLL)_]

Ricad W/ L

(1)
According to Eq. (1) and the superposition
principle ,the input-referred off set voltage Vos,n Of
a differential pair with an active load (Fig. 1) can

be written as
Vosin = Vinn + Y -2V X[A W/LJN-'-
where Gm and Gwe are the transconductances of M1

& M2 and M3 & M4 respectively.

Equation(2) gives an important result about
the offset voltage of a differential pair with an ac
tive load ,revealing the dependence of Vosin On the

A(W/1)
W/ L

Ve - Vwm. In CMOS circuits, the threshold mis
matchA Vi is very small (< 1mV). However ,the
overdrive voltage is high, typically ranging from
100 to 500mV. According to Eg. (2) ,the device
mismatch contributes to the majority of the input
off set voltage.

device mismatching and overdrive voltage

2.2 Offset voltage analysis of the proposed differ-
ential circuit

As in the foregoing analyss, off set voltage
mainly depends on the device mismatching ,which
leads to a nonzero differential output with no dif-
ferential input. In Fg. 1, device mismatch will
cause Vor to be unequal to Von. Figure 2(a) illus
trates this voltage difference.

A's mentioned above ,the output off set voltage
Vosouw may be higher than the useful sgnal. With-
out off set cancellation ,Vos.ou Will seriousy degrade
the performance of the system.

Now in order to decrease the offset voltage
Vosouw ,Wwe assume that part of Vosew has been di-
verted from the output node to the other nodes of
the differential circuit ,as shownin Fig.2. With the
transformation of the off set voltage,Vor increases
to V' or and Von reduces to V' on ,which reduces the
off set voltage Vos.ou t0 V' osout .

In Fig. 1,snce there is no extra node apart
from the output node,it is impossible to achieve
the above tranormation. Now ,if a pair of cascode
trangstorsis added to the circuit in Fig. 1 thereis
apar of nodes which may bear part of output off-
set voltage. The improved circuit is shown in Fig.
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Fig.2 Output off set voltage

3. Mogp & Mosn,Mos,and Rip & Ress cOMpose the
off set voltage transformation circuits. The val ue of
W/ L of the cascode trandstors Mosp & Mosn is
very large,which allow them to operate as linear
resstors. When Vor is smaller than Von ,as shown
in Fig.2(a) ,Vcorislessthan Veon. Thisleads to a
larger current through resstor R.y,and then a
smaller current through Mosp & M3. Therefore,
Vor has to increase and Von has to decrease with
the same Vi« .
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Fig.3 Conceptua schematic of low offset differentia
amplifier

Through the above voltage trangormation,
part of the off set voltage will tranger to Vcor &
Veon. In the proposed differential amplifier , S nce
Mosp & Mosn work in the triode region with the
large degeneration resstor ,the offset contribution
caused by the off set voltage Vosr is very small.

3 Simulation results and analysis

In Fig. 3,the resstances Ry & Rosn must be
variable in order to reduce the off set voltage trans-
formation time. In the ideal case,the redstances
Re & Rosn become smaller with a larger off set
voltage and become higher with a smaller off set
voltage. In order to achieve the above variable re-

dstors,apair of pMOStrandstors Mswp & Mswn
replaces the resstor pair Ry & Rosh,as shown in
Fig.4.
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Fig.4 Low offset differential circuit

In order to verify the offset voltage trandor-
mation technique,a detailed smulation was per-
formed with the circuit as shown in Fig. 4. Asin
the above analyss, neglecting the threshold mis
matchA Vi, ,we determine that the off set voltageis
A(w/L)

w/iL -
As mentioned above ,the off set contribution caused
by the mismatch of Mogp & Mosn can be neglec
ted. Therefore ,the mismatching of M1 & M2 and
M3 & M4 contributes to the majority of the off set
voltage. To gain moreinsght into the effectsof the
off set voltage trangormation circuit ,the worst-case
smulation should be performed when:

(W/ L)Ml > (W/ L)Mz &(W/ L)M4 > (W/ L)M3

or

(W/L)m: < (W/L)m2 &(W/ L)ma < (W/ L) w3
(3

Assuming (W/ L)w1 > (W/ L)mz &(W/ L) wma
> (W/ L)wms,the mismatching of M3 & M4 can be

. (W/ L) pa- (W/ L) ws
defined as (W/ L) e

mainly caused by the device mismatch

,and the mis
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matching of M1 & M2 can be deined as
(W DYwa - (W D) .
(W/ L)t . Figure 5 shows the smula

tion results of off set voltage in the worst case. In
Fig.5,the x-axis denotes the mismatching degree
of M3 & M4 ,and Figures 5(a) ,(b) ,and (c) show
the input off set voltage with the different mismatc-

hing degreesof M1 & M2 ,respectively. As can be
seen in Fig. 5,with off set voltage trandormation,
the input off set voltage decreases greatly. An over-
view of the smulated circuit performance with and
without offset voltage trandormation is summar
rizedin Table 1.
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Fig.5 Smulated input-referred off set voltage with and without off set voltage transormation
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(a) 10 % mismatch of

M1 & M2:(b) 20 % mismatch of M1 & M2;(c) 30 % mismatch of M1 & M2

Table 1 Smulated circuit performance

Parameter W/ O off set vc?ltage W/ | off set vo.ltage
trandormation trandormation
Power supply 1.8V 1.8V
Input offset * 21mv 12.3mV
Gan 26.4dB 18.3dB
3dB_band width 10.7M Hz 25.5M Hz
Power consumption 109 A @1.8V 109 A @1.8V
Technol ogy 0.183 m CMOS 0.18 m CMOS

* 20 % mismatch of M1 & M2 and 10 % mismatch of M3 & M4

4 Conclusion

In this paper ,we have proposed a new input
off set voltage transormation technique and per-
formed detailed analysis and ssmulation. The tech-
niqueis used to decrease the offset voltage of the
differential amplifier. The smulation shows that
the input off set voltage could be reduced by 40 %
with a 20 % load trand stor mismatching and a 10 %
input differential pair mismatching with no extra
power consumption.
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