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Abstract
In this paper, two schemes of generating reference voltages using enhancement-mode MOS transistors and
resistors are proposed. The first one is a voltage-mode scheme where the temperature compensation is made by
summing a voltage component proportional to a threshold voltage and a voltage component proportional to a thermal
voltage. In the second one, that is a current-mode scheme, the temperature compensation is made by summing a
current component proportional to a threshold voltage and a current component proportional to a thermal voltage.

The designed circuits have been simulated using a 0.65tm n-well CMOS process parameters. The voltage-mode
circuit has a temperature coefficient less than 48.0ppm/C and a power-supply(VDD) coefficient less than 0.21%/V for
a temperature range of -30°C~130C and a VDD range of 3V~ 12V. The current-mode circuit has a temperature
coefficient less than 38.2ppm/C and a VDD coefficient less than 0.8%/V for -30°C ~130C and 4V~12V. The power

consumption of the voltage-mode and current-mode circuits are 27/N and 65/ respectively for 5V and 307T.
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Measurement results show that the voltage-mode reference circuit has a VDD coefficient less than 0.63%/V for 3

0C~100T and has a temperature coefficient less than 490ppm/C for 3V~6V. The proposed reference circuits are

simple and thus easy to design. The proposed current-mode reference circuit can be designed to generate a wide range

of reference voltages.
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Table 1. VgesF variation versus temperature of the voltage-mode reference circuit (simulation)

VDD VREF (S,g _E_;-q) \_57‘“7’ \_Eﬁl‘l‘ \_5:-7-1]'7‘
v 1.924V 14.4ppr/C +42.7ppm/C -23.1ppn/C +4.3ppn/C
+2.22mV (-30~1307C) (-30~07C) (0~1107) (110~130C)
sy 1.932V 17.9ppm/C +48.0ppm/C -24.1ppn/C +5.1ppn/ C
+2.79V (-30~1307C) (-30~07C) (0~1107) (110~1307C)
gV 1.942V 23.2ppm/C +38.4pp/ C -31.0ppm/C +0.7ppnv/ C
+3.61mV (-30~1307C) (-30~07) (0~1207C) (120~130C)
12V 1.956V 30.4ppm/TC +39.8ppm/C -34.7ppn/ C
+4.76mV (-30~1307C) (-30~10C) (10~1307C)
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Table 4. VREF variation versus temperature of the current-mode reference circuit (simulation)
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Table 6. Power versus VDD and temperature of the

current-mode reference circuit (simulation)

VDD
4v 5V 8V 12v
<5
-30C ST TIH | 132N | 234
30T S1M 65 | t16W | 205N
100 458 ST | 1014 | I8N
130C a2W SAMN 96 | 174W

dAe AgwE H29

AFRE 329 dolo}

=& ¥ 99 104 ZZ e}t WL 2+t
445m<212m, 582imXx488m °Jjt}. ALR= 7]FEAL
323 0.65um n-well 2-poly 2-metal CMOS 3422

HP4145B¢} Hot Chuckg
7, 8,

1.994VE33.5VE HFghe
v wigEre

AHgEte] EXE ARE R

99} T 11, 120 Bk vpprt Vel B 3
0C~100CY 2= HHdAM =39 7|Edg2

Ageold A3 AL

< A FHAEE € £ At 30T~10

0T 28 3V~6Ve Vpp BolMe 44

7]

e
%

Jo &

19.

Al

a8 6 AFEE 7E

( 187 )

ZHYY LEASE

= 490ppm/ TR} o, Vppol

WH3EL 0.63%VET ok W MYy AR

T 30T 259 5ve] FFAYANA dEaRE
W2 53 A o Fe

Ay 228 et

T T T
40 60 8 100 120 140
Temp.(T)

At 2o 254 oE

VREF 54 (A &#ol4)

Fig. 6 VREF versus temperature of the

current-mode reference circuit (simulation)
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Fig. 10 Layout of the designed current-mode

reference circuit
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Table 7. VREF variation versus temperature of the

voltage-mode reference circuit (measurement)
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3V 1.982V+34.0mV -490ppm/C
4v 1.988V£33.5mV -482ppm/C
5V 1.994V+33.50V -480ppm/C
6V 2.017V+33.00v -467ppm/TC
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Table 8. VREF variation versus VDD of the

voltage-mode reference circuit (measurement)
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Fig. 11 VREF versus temperature of the

voltage-mode reference circuit (measurement)
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Table 10. Performance comparison of the voltage reference circuits using enhancement-mode

MOS transistors and resistors
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