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Abstract : Based on a p hysical understanding of nonlinearity and mismatch , a novel offset2cancellation technique

f or low voltage CMOS diff erential amplif iers is p rop osed. The technique t ransf ers t he offset voltage f rom t he out2
p ut t o ot her p arts of t he diff erential amplif ier and can greatly reduce t he inp ut2ref e r red offset voltage wit hout ex2
t ra p ower consump tion. A 118V CMOS diff erential amplif ier is implemented in 0118μm CMOS p rocess using t he

p rop osed technique . The simulation results show t hat t he technique could reduce t he inp ut2ref e r red offset voltage

of t he amplif ie r by 40 % wit h a 20 % load t ransist or mismatch and a 10 % inp ut diff e rential t ransist or mismatch.

Moreover , t he p rop osed technique consumes t he least p ower and achieves t he highest integration among various

offset2cancellation techniques .

Key words : CMOS ; inp ut2ref e r red offset voltage ; offset voltage calibration ; low offset voltage

EEACC : 1205 ; 1220 ; 1285

CLC number : TN432　　　Document code : A 　　　Article ID : 025324177 (2006) 0520778205

1　Introduction

The differential amplifier is a crucial building
block in analog circuit s. The sensitivity ( t he mini2
mum dc and ac differential voltages t hat can be de2
tected) is an important specification target for dif2
ferential amplifier design. Component mismatching
and their drif t s ( versus temperat ure , power sup2
ply ,and so on) induce t he ext ra outp ut differential
voltage ,which is indistinguishable f rom t he signal
being processed. The ext ra outp ut differential volt2
age limit s the minimum detectable differential volt2
age level . Also ,such mismatching could convert t he
common2mode inp ut signal to t he differential out2
p ut ,which is t reated as t he desired signal by the
subsequent stages. This may drive the lat ter cas2
cade stages into nonlinear operation. In analog sys2
tems ,t hese errors po se the basic limitation on the
sensitivity with which signals can be detected.

For t he differential amplifier ,t he effect of the
device mismatching on t he performance is rep re2
sented by inp ut referred off set voltage ,which is de2
fined as t he inp ut voltage t hat forces t he outp ut

voltage to be zero . In many CMOS analog systems ,
t his voltage can vary between 1～40mV.

The off set cancellation is a great design chal2
lenge for many high performance analog systems.
Many systematic off set cancellation techniques
have been proposed[ 1～5 ] . They can be divided into
t hree kinds ,including correlated double sampling ,
chopper stabilizer , and auto2zeroing. All t hese
met hods require complex circuit s and ext ra power
consumption to achieve off set cancellation. They
could not be used in a low power and highly inte2
grated analog system. Thus there is a great demand
for a novel off set2cancellation technique wit h low
power and simple circuit ry.

In this paper ,a new technique is int roduced to
cancel the off set voltage of t he differential ampli2
fier . This technique is different f rom conventional
techniques t hat cancel off set voltage with a com2
plex ext ra circuit . Instead , it t ransfers part of t he
off set voltage f rom t he outp ut to ot her part s of t he
differential amplifier . One stack stage and a pair of
feedback t ransistors are added to the differential
amplifier ,and the off set voltage produced by t he
mismatched active load and t he mismatched differ2
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ential pair are t ransplanted to the feedback t ran2
sistors partly t hrough one feedback circuit . Because
no ext ra shunt circuit is used in the proposed dif2
ferential amplifier ,no ext ra power is consumed.

2　Off set2cancellation technique

The f ully differential amplifier is a crucial
building block in t he analog systems. Differential
circuit s achieve higher linearity , higher voltage
swing ,and higher immunity to noise t han t heir sin2
gle2ended counterpart s. But in differential circuit s ,
component mismatching and t he drif t of t he com2
ponent values result in a high off set voltage t hat
may be larger t han the signal and sat urate t he fol2
lowing stages.

2. 1　Offset voltage analysis of the differential pair

　　A simple differential amplifier wit h an active
load is shown in Fig. 1. V OS ,N is t he off set voltage
caused by t he mismatch of M1 & M2. V OS ,P is t he
off set voltage caused by the mismatch of the active
load t ransistors M3 & M4. V OS ,N & V OS ,P result in a
nonzero V out when t he inp ut differential voltage is
zero ,and this voltage may force subsequent stages
into nonlinear operation.

Fig. 1　Simple differential pair with off set voltage

To gain more insight into t he effect s of V OS ,N

& V OS ,P , let us calculate the inp ut2referred off set
voltage of t he simple differential pair as shown in
Fig. 1. According to Ref s. [ 6 ,7 ] ,t he inp ut2referred
off set voltage V OS ,in R of a differential pair wit h a
resistor load is

VOS , in R =ΔV t h +
V GS - V th

2
×
ΔRload

Rload
+
Δ( W/ L)

W/ L

(1)

　　According to Eq. ( 1 ) and t he superposition
principle ,t he inp ut2referred off set voltage V OS ,in of
a differential pair with an active load ( Fig. 1) can
be writ ten as

VOS ,in =ΔVt h ,N +
( VGS - Vth ) N

2
×
Δ( W/ L)

W/ L N
+

ΔV t h , P +
| V GS - V t h| P

2
Δ( W/ L )

W/ L P

GmP

GmN
(2)

where GmN and GmP are the t ransconductances of M1
& M2 and M3 & M4 respectively.

Equation ( 2) gives an important result about
t he off set voltage of a differential pair wit h an ac2
tive load ,revealing t he dependence of V OS ,in on t he

device mismatching
Δ(W / L)

W / L
and overdrive voltage

V GS - V th . In CMOS circuit s , t he t hreshold mis2
matchΔV th is very small ( ≤1mV) . However , t he
overdrive voltage is high , typically ranging f rom
100 to 500mV. According to Eq. ( 2 ) , t he device
mismatch cont ributes to t he majority of t he inp ut
off set voltage.

2. 2　Offset voltage analysis of the proposed differ2
ential circuit

　　As in the foregoing analysis , off set voltage
mainly depends on t he device mismatching , which
leads to a nonzero differential outp ut wit h no dif2
ferential inp ut . In Fig. 1 , device mismatch will
cause V OP to be unequal to V ON . Figure 2 (a) illus2
t rates t his voltage difference.

As mentioned above ,t he outp ut off set voltage
V OS ,out may be higher t han t he usef ul signal . Wit h2
out off set cancellation ,V OS ,out will seriously degrade
t he performance of t he system.

Now in order to decrease t he off set voltage
V OS ,out ,we assume t hat part of V OS ,out has been di2
verted f rom t he outp ut node to t he ot her nodes of
t he differential circuit ,as shown in Fig. 2. Wit h t he
t ransformation of t he off set voltage ,V OP increases
to V′OP and V ON reduces to V′ON ,which reduces t he
off set voltage V OS ,out to V′OS ,out .

In Fig. 1 , since there is no ext ra node apart
f rom t he outp ut node , it is impossible to achieve
t he above t ransformation. Now ,if a pair of cascode
t ransistors is added to t he circuit in Fig. 1 ,t here is
a pair of nodes which may bear part of outp ut off2
set voltage. The improved circuit is shown in Fig.
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Fig. 2　Output off set voltage

3. Mosp & Mosn ,Mos ,and Rosp & Rosn compose the
off set voltage t ransformation circuit s. The value of
W / L of the cascode t ransistors Mo sp & Mosn is
very large , which allow t hem to operate as linear
resistors. When V OP is smaller than V ON ,as shown
in Fig. 2 (a) ,V COP is less than V CON . This leads to a
larger current t hrough resistor Rosp , and t hen a
smaller current t hrough Mosp & M3. Therefore ,
V OP has to increase and V ON has to decrease wit h
t he same V ref .

Fig. 3 　Conceptual schematic of low off set differential

amplifier

Through t he above voltage t ransformation ,
part of t he off set voltage will t ransfer to V COP &
V CON . In t he p roposed differential amplifier , since
Mosp & Mosn work in the t riode region wit h the
large degeneration resistor , t he off set cont ribution
caused by t he off set voltage V OS ,F is very small .

3　Simulation results and analysis

　　In Fig. 3 , t he resistances Rosp & Rosn must be
variable in order to reduce the off set voltage t rans2
formation time. In t he ideal case , t he resistances
Rosp & Rosn become smaller wit h a larger off set
voltage and become higher wit h a smaller off set
voltage. In order to achieve t he above variable re2

sistors ,a pair of pMOS t ransistors Mswp & Mswn
replaces t he resistor pair Rosp & Rosn , as shown in
Fig. 4.

Fig. 4　Low off set differential circuit

In order to verify the off set voltage t ransfor2
mation technique , a detailed simulation was per2
formed wit h the circuit as shown in Fig. 4. As in
t he above analysis , neglecting t he t hreshold mis2
matchΔV th ,we determine t hat t he off set voltage is

mainly caused by the device mismatch
Δ( W/ L )

W/ L
.

As mentioned above ,the off set cont ribution caused
by the mismatch of Mosp & Mosn can be neglec2
ted. Therefore , t he mismatching of M1 & M2 and
M3 & M4 cont ributes to t he majority of t he off set
voltage. To gain more insight into the effect s of t he
off set voltage t ransformation circuit ,t he worst2case
simulation should be performed when :

( W/ L ) M1 > ( W/ L ) M2 &( W/ L ) M4 > ( W/ L ) M3

or
( W/ L ) M1 < ( W/ L ) M2 &( W/ L ) M4 < ( W/ L ) M3

(3)

　　Assuming ( W/ L ) M1 > ( W/ L ) M2 &( W/ L ) M4

> ( W/ L ) M3 , t he mismatching of M3 & M4 can be

defined as
( W/ L ) M4 - ( W/ L ) M3

( W/ L ) M4
, and t he mis2

087



第 5期 Han Shuguang et al . : 　A Novel Off set2Cancellation Technique for Low Voltage CMOS Differential ⋯

matching of M1 & M2 can be defined as
( W/ L ) M1 - ( W/ L ) M2

( W/ L ) M1
. Figure 5 shows t he simula2

tion result s of off set voltage in the worst case. In
Fig. 5 , t he x2axis denotes the mismatching degree
of M3 & M4 ,and Figures 5 (a) , (b) ,and (c) show
t he inp ut off set voltage with t he different mismatc2

hing degrees of M1 & M2 ,respectively. As can be
seen in Fig. 5 ,wit h off set voltage t ransformation ,
t he inp ut off set voltage decreases greatly. An over2
view of t he simulated circuit performance wit h and
without off set voltage t ransformation is summa2
rized in Table 1.

Fig. 5　Simulated input2referred off set voltage with and without off set voltage t ransformation　(a) 10 % mismatch of

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

Table 1　Simulated circuit performance

Parameter
W/ O off set voltage

t ransformation

W/ I off set voltage

t ransformation

Power supply 1. 8V 1. 8V

Input off set 3 21mV 12. 3mV

Gain 26. 4dB 18. 3dB

3dB band widt h 10. 7M Hz 25. 5M Hz

Power consumption 105μA @1 . 8V 105μA @1 . 8V

Technology 0 . 18μm CMOS 0 . 18μm CMOS

　3 20 % mismatch of M1 & M2 a nd 10 % mismatch of M3 & M4

4　Conclusion

In t his paper , we have p roposed a new inp ut
off set voltage t ransformation technique and per2
formed detailed analysis and simulation. The tech2
nique is used to decrease the off set voltage of the
differential amplifier . The simulation shows t hat
t he inp ut off set voltage could be reduced by 40 %
with a 20 % load t ransistor mismatching and a 10 %
inp ut differential pair mismatching wit h no ext ra
power consumption.
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一种应用于低压 CMOS差分放大器的失调取消技术 3
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摘要 : 基于对 CMOS差分放大器的非线性和元件失配理解的基础上 ,提出了一种应用于低电压 CMOS差分放大
器的失调取消技术.这种技术在不需要增加功耗的基础上 ,通过把输出端的失调电压转移到差分放大器的其他节
点 ,从而达到减小输入参考的失调电压的目的.为了验证这种技术 ,设计了一个工作电压为 118V 的低失调的
CMOS差分放大器.仿真结果表明 ,在负载晶体管的失配为 20 % ,输入放大管的失配为 10 %时 ,利用这种失调转移
技术 ,输入参考的失调可以减少 40 %.同已发表的失调取消技术相比 ,利用这种技术可以达到更低的功耗和更高的
集成度.
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