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Sub21 V CMOS Voltage Reference Based on Weighted Vgs
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Abstract : We p rop ose a voltage ref erence based on t he weighted diff e rence between t he gate2source voltages of an

nMOS and a p MOS op erating in t heir saturation regions . N o diodes or p arasitic bip olar t ransist ors are used. The

circuit is simulated and f abricated wit h SMIC 0118μm mixed2signal technology ,and our measurements demonst rate

t hat its temperature coeff icient is 44pp m/ ℃and its PSR R is - 46dB . It works well w hen Vdd is above 650mV . The

active area of t he circuit is about 0105mm2 .
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1 　Introduction

The usage of portable devices such as mobile
p hones is rapidly sp reading all over t he world.
Some simple self2biasing circuit s such as voltage
references are widely used in t hese bat tery2opera2
ted devices. In t he past ,voltage references have u2
sually consisted of bandgap references , which can
be implemented using parasitic vertical BJ Ts in
standard CMOS technology[1 ,2 ] . However , t he
parasitic bipolar t ransistor in a CMOS process is u2
sually not very well characterized , and the power
efficiency is not sufficient for low2power operations
due to t he large dropout voltage. It is expected t hat
t he whole system will be able to operate on a single
1V supply in t he near f ut ure.

In t his paper , a sub21V voltage reference in
standard CMOS technology based on t he weighted
gate2source voltage difference between an nMOS
and a pMOS is p resented. The design techniques
for achieving good performance are also presented
in detail .

2 　Structure and principles of the sub2
1 V CMOS voltage reference

　　The proposed voltage reference is shown in
Fig. 1. It is based on t he circuit fir st p roposed in
Ref . [ 3 ] and is composed of a start2up circuit , a
low2voltage bias circuit , and a reference core cir2

cuit .

Fig. 1 　Sub21V CMOS voltage reference circuit

Unlike t he one in Ref . [ 3 ] , t his new voltage
reference uses t he sub2t hreshold region of t he
MOSFET to generate a current for t he reference
core circuit , which can lower t he supply voltage
and power consumption. The combination of high
resistance poly ( HRP) and n2well resistors cancels
t he temperature coefficient ( TC) of t he resistor R0

in t he bias circuit .
The square law equation for MOSFETs in t he

sat uration region is

I d =
μCox

2
×W

L
( V GS - V T ) 2

where the t hreshold voltage V T and t he mobilityμ
are temperature dependent and are given by Eqs.
(2) and (3) [ 4～6 ] ,

V T ( T) = V T ( T0 ) - βV T ( T - T0 ) (2)

μ( T) = μ( T0 ) ×( T
T0

) -βμ (3)
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where βV T a nd βμ are technology2dependent con2
stant s and T0 is room temperat ure. From t he cir2
cuit ,t he reference voltage is

V ref = (1 +
R1

R2
) V GSn - | V GSp |

=

　

(1 +
R1

R2
) V Tn - | V Tp | +

2 In

Cox
×

　

1 +
R1

R2
× 1

μn ( W
L

) n

-
1

μp ( W
L

) p

(4)

where V GSn and V GSp are t he gate2source voltages of
Mp and Mn in Fig. 1 ,and

In = I2 - V GSn / R2 (5)

Reference [ 3 ] replaces In wit h I2 and neglect s the
current through R1 and R2 ,which result s in an er2
ror of almost 10 % when R1 and R2 are 1MΩ.

In order to get zero TC , the source2bulk vol2
tage of Mp is set to zero to eliminate t he body
effect and improve t he power2supply rejection ratio
( PSRR) . Moreover , long2channel devices are cho2
sen to minimize the channel2lengt h modulation
effect .

In Fig. 1 , R0 , Mn0 ,and Mn1 compose a MOS
peaking circuit mirror diagram when operating in
t he sub2t hreshold region[7 ] . The drain current of
t he MOSFET in t he sub2t hreshold region is deter2
mined by t he equation[8 ,9 ]

ID = μCox
W
L

NU2
T exp [

1
NU T

( V GS - Von ) ] ×

[ 1 - exp ( -
VDS

U T
) ] (6)

where N = 1 + CD / Cox ,U T = k T/ q ,and V on = V T +
N UT .

If t he drain2source voltage V DS ≥3U T ,t he for2
mula can be simplified to

V GS = NU T ln ( ID

I ES
× 1

W/ L
) (7)

where IES =μCox NU2
T exp ( -

Von

NU T
) is a p rocess2de2

pendent parameter .
For

V GS0 = V GS1 + I0 R0 (8)

if I0 = I1 ,t hen

I0 =
NU T

R0
l n

( W/ L ) 1

( W/ L ) 0
(9)

　　Equation (9) can be t hought of as a p ropor2
tional to absolute temperat ure ( P TA T) st ruct ure if
t he TC of R0 is neglected. This is also power sup2
ply independent if t he channel2lengt h modulation is

neglected.
If I2 = M I0 ,t hen f rom Eqs. (1) and (5) we get

I n =

-
2

μn Cox ( W
L

) n

+
2

μn Cox ( W
L

) n

+ 4 R2 ( MI0 R2 - V Tn )

2 R2

(10)

　　Finally , t he temperat ure dependence of t he
reference voltage can be obtained by differentiating
Eq. (4) with respect to t he temperat ure ,and is giv2
en by

5 V ref

5 T
= [ - (1 +

R1

R2
)βV Tn +βV Tp ] +

βμp + 1
T0

I n ( T0 )

2μp ( T0 ) C ox ( W
L

) p
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R1

R2
) ×

μp ( T0 ) ( W
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) p

μn ( T0 ) ( W
L

) n

×
βμn + 1
βμp + 1

×

( T
T0

)
βμn - 1

2 - ( T
T0

)
βμp - 1

2 ] (11)

　　To obtain (5V ref / 5 T) | T = Tr = 0 ,t he linear and
nonlinear terms are set to zero by t he resistor ra2tio
and t ransistor size ratio ,which are given by

R1

R2
=
βV Tp

βV Tn
- 1 (12)

( W
L

) p

( W
L

) n

=

μn ( T0 )
μp ( T0 )

×( T r

T0
)βμp -βμn

(
βV Tp

βV Tn
) 2 ×(

βμn + 1
βμp + 1

) 2
(13)

　　Equations (12) and (13) show t hat t he TC
can be optimized by varying t he circuit parameters
instead of by refining t he process parameters. Opti2
mization can be done on t he circuit design level and
by on2chip t rimming.

In order to cancel t he TC of resistor R0 in t he
bias circuit , mixed2resistor technology is applied ,
which combines two resistors ,an HRP and n2well ,
into one t hat has a different direction TC. In SMIC
0118μm technology , t his can reduce t he resistor’s
TC from 715 % to 015 %.

However ,if the bias current I2 decreases ,Mp and
Mn may leave the saturation region and enter the tri2
ode region. Thus ,the minimum supply voltage must be
maintained in order to prevent the current source Mp2
from being forced to operate in the triode region ,which
means that V dd must be larger than (1 + R1 / R2 ) V GSn +
V ov or V Tp + 2V ov + V ref ,which is about 650mV here in
the SMIC 0118μm process.
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3 　Simulation , measurement , and lay2
out

　　Figure 2 shows the simulation and measure2
ment result s of the outp ut voltage V ref at different
temperat ures and power supplies. SMIC 0118μm
technology is used here. The simulation result s
demonst rate t hat when t he temperature changes
f rom 0 to 100 ℃, TC ( V ref ) is about 32pp m/ ℃.
When V dd > 650mV , t he circuit p rovides a stable
reference voltage , and t he PSRR is - 51dB. For

Fig. 2 　Simulation and measurement result s of sub21V

CMOS voltage reference 　(a) Reference voltage versus

temperature ; ( b) Reference voltage versus power sup2
ply

comparison with t he simulation result , t he mea2
sured TC is 58pp m/ ℃in t he temperature range of
10 ～ 110 ℃ and 44pp m/ ℃ in t he range of 10 ～
96 ℃. It also can be t hought of as start2up when V dd

is above 650mV ,and the PSRR is - 46dB.
Since t he temperat ure dependence of t he

t hreshold voltage is not perfectly linear and a com2
plete cancellation of t he temperature depen2dence
of μp ,μn , a nd R0 is not p ossible i n t he w hole te m2
p e ra t ure ra nge , a nonli nea r te mp erat ure2dep e nd2
e nt e r ror volt age app ea rs at t he ref e re nce outp ut

volt age .

Rep eati ng t he measure me nts f or dif f e re nt

chips at a 1V supply voltage de monst rates t hat t he

outp ut voltage V ref is betwee n 97114 a nd

100175m V ,i mplyi ng less t ha n 4 % rela tive e r ror .

The p owe r consump tion is only 12μA. Figure 3
shows the layout of t he p roposed voltage refe2rence
circuit ,which is fabricated in SMIC 0118μm tech2
nology. The chip area is about 0105mm2 .

Fig. 3 　Layout of sub21V CMOS voltage reference

Table 1 gives a comparison to voltage refer2
ences reported f rom 2002 to 2005.

Table 1 Comparison of voltage reference

Technique Min V dd/ V Supply current/μA TC/ 10 - 5 ℃- 1 PSR R/ dB Technology/μm A rea/ mm2 Year

BV R[ 2 ] 3 1 0 . 98 18 1 . 5 NA 0 . 6 0 . 24 2002

CMOS[ 3 ] 3 2 1 . 4 9 . 7 3 . 69 - 47 0 . 6 0 . 055 2003

BV R [ 10 ] 3 3 3 NA 2 . 5 NA 0 . 35 0 . 13 2004

BV R[ 11 ] 0 . 97 NA 3 . 6 NA 0 . 35 NA 2005

CMOS 0 . 65 12 4 . 4 - 46 0 . 18 0 . 05 This paper

3 1 Ba ndgap voltage ref erence ; 3 2 CMOS voltage ref erence ; 3 3 Simulation only

4 　Conclusion

A sub21V CMOS voltage reference t hat uses

t he temperat ure dependence of pMOS and nMOS
gate2source voltages is described.

Simulated result s using a SMIC 0118μm
CMOS process reveal that this circuit works p ro2

677



第 5 期 Zhang Xun et al . : 　Sub21V CMOS Voltage Reference Based on Weighted V gs

perly at a voltage as low as about 650mV and has
excellent stability when t he supply voltage varies
f rom 0165 to 3V. Since t he circuit s work in the
sub2t hreshold region , t he supply current is only
12μA. The temperat ure coefficient is 44pp m/ ℃
and t he PSRR is - 46dB. The active area of the
chip is about 0105mm2 .
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1 V以下基于 Vgs权重的 CMOS 恒压源

张　洵 　王　鹏 　靳东明

(清华大学微电子学研究所 , 北京　100084)

摘要 : 提出了一种新型 CMOS 恒压源的制作方案 ,它基于 nMOS 和 pMOS 的饱和区栅源电压随温度变化权重不
同的原理 ,将两者做相关运算 ,得到零温度系数的恒压源. 该电压源没有采用二极管和寄生三极管 ,并用 SMIC

0118μm 数模混合工艺模型参数仿真并制造. 测试结果表明 ,温度系数达到了 44pp m/ ℃, PSR R 为 - 46dB , 650mV

以上的电源电压就可以完全正常工作. 芯片面积约为 0105mm2 .
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