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Design of a low temperature drift and high PSRR bandgap reference source with
second-order compensation

CUI Jingjing, ZENG Yicheng, XIA Junya

(Department of Microelectronics Science and Engineering, Xiangtan University, Xiangtan Hunan 411105, China)

Abstract : A bandgap voltage reference source circuit with piecewise-linear compensation is
designed. It has the functions of a low temperature drift and a high power supply rejection ratio. The
bandgap reference core circuit adopts the structure of three branches and cascode current mirror, which
improves the rejection ratio of the power supply for circuit. According to the piecewise-linear
compensation principle, the circuit adds a negative temperature coefficient current when the temperature
is low. Similarly, the circuit adds a positive temperature coefficient current when the temperature is high.
This kind of compensation circuit greatly improves the accuracy of output voltage for bandgap reference
and it achieves the goal of reducing the temperature coefficient. In addition, the current mirror adopts the
cascode structure, it not only improves the rejection ratio of power supply for circuit, but also suppresses
the load effect on the mirror transistor voltage. Basing on 0.5 pm standard of CMOS technology, the circuit
is simulated by Cadence Spectre software. The result shows that the temperature coefficient of reference
output voltage is 2.62x107°/°C when the temperature ranges from =50 °C to +125 °C, and the Power
Supply Rejection Ratio(PSRR) reaches 88 dB when the circuit is under low frequency condition.
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Fig.2 Bandgap reference circuit diagram of the proposed piecewise-linear compensation

PR 2 A SCHR Y B4 B AR MR MEAS B R e, e TR
1.1 EiREREE

AR SCVE T ) HL I B F B R FH VR R A 2 AL, N A AT DA R PR R R R R A L, i EL AT RLYs N DR B A
A GG T B H S T RS 5 T 0 A5 A T A0 P R PR S I, DT B R R R U MR
MO~MS8,R, ¥ i 5 4 % 95 FE /% 1F e (Proportional To Absolute Temperature, PTAT) A HL i PR ML, i M7 A
M8 TAEFEW FRE X, 7B {E X MOS 4 I I % H 3 K/ A
¢U,InK
Ro

(M

I prar =

K. (RTEREREHAF; U,=kT/q.
MI11~M14,R,,Q, 4 1l 5 48 X} i B I #b (Complementary To Absolute Temperature, CTAT)HY H I U L 35,
M11~M14 g JEFIEAE 254 1 s i e, AT DA 2034 MI11TL,ML3 45 (1 s i S B R B0, HR Ak



%: {RBES PSRR M MAMEBRERFRH 367

lcrar =

U g M0 = Q) YA R I B L TR

1.2 IR By B A0 FE B

U BE1

2

2

RIR B Be AN B I 2 o MOS 48 M27~M38 A4k, 32728 g JLUR L ef R SR 41 . i ad M27,M28 HEf%
lerar LI, TR E M27,M28 IHL IR Kilerars 25 it M29~M32 #4 Al Al L5 AL A i i %, 45 203 a3 M32,M31
BRI K/NHA Kikolerars B M33,M34 5 M3,M4 21 A AY HE 3 455 15 20 i M34,M33 45 9 FLIE K /A Kslprars T
TR B B 1 i b, AR R RO R TR R R A, AR PR IR E R E A, WA M37,M38 ML I K

NL —

{ Ki(kik2lerar —Kslptat),  Icrar > |prar
07

| crar =< | prar

3)

. KB M37,M38 5 M35M36 e K bzt ko8 M27,M28 5 MIIMI13 Wse K b2 It k, oy M32,M31 5
M29.M30 55 K b2 ks ks S M34,M33 5 MO,M3 5 K b 2 .

1.3 SiEM R AME B

i i B Be M L T 2 R MOS A MI15~M26 A4, e T B B A D BRI ARG I [ B il A S B AH T

M15M16 5 MO,M3 #4 B3 F I L i e, Wiad MI5,M16 IR Kylprar 18

o VR LA L B M17~M20, Bif%

KRN Kikslprars M22,M21 55 M11LMI13 R ST, BB 000 2 R B A Kelorare 755 T B,
TE P AR RO R T SO R AR RO, AR AR AR R KCL E B, Yiad M25,M26 LR lpy A -

{ Ka(kskslerar —Kelerar),  1prar > lerar
PH = 0

prar < lcrar

“4)

A Ko M25,M26 5§ M23,M24 KLz Ib; ko M15,M16 5 MOM3 B5EK b2 Lk ks b M20,M19 5
M17MI18 [ASE K L Z s ke H M22,M21 5 M1, MI3 ISEK L2 Lt

1.4 #HBRE IR Z D BB %

PR v P R RO B BRI 2 B, B 2 T, B MO~M10,Ro~R,,Q, ¥4 B, PTAT FE Uit U M L 356 v 4%
D HL AR . MOS 4 M3~MS8 A HL S Z5 M TE i T Ua—Up—Uc— U, TR, MM 2 55 fL 5 PSRR, I/ HE
5 EEL PR AR AR F 3 TR A% 52
AEK ke 22 FL 3T R v T M L A A R R AT O B, A AR R o R E I R B RN R IR B ) 1 A5 ) Ab

L,
Faul

2 hES&ERSW

1.25

A B oA P S 20 o A B 22 I AR L T A

Urer = ( lref + INL + IPH) R1+Use

)

B IET 0.5 pm CMOS T.75, #JH Cadence Spectre X% i1 BT 5 HIE., EF 3 #, L ARIE[
B PEAME T, REZh m i B Be M AME L o (5 B A R R AME R B A RAF AR e . B’ 4 PR b SR
F R TR A R R R L A . DO A R AN, a2l AR B rL R R LA B 88 dB, A B A
TR BhEE Ji o B 5 AR 6 43 F 2y Bl 35 o F o 2 Pk 2 1 A AN J5 A9 T R PR I B2 2R

1.00
0.753

< 0.504
T 0254
O_

-0.25

PSRR/dB

-20:

=304
-404
-504
-60+
-70-
-804

-5

25 0 25 50 75 100125

t/'C

Fig.3 Simulated results of compensating

current at the low and high
temperature phases
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Tablel Simulated results comparison of bandgap reference sources between proposed and other literatures

parameters literature [4] literature [5] literature [6] literature [9] this article
temperature coefficient/(10° C™") 3.02 7.25 25.70 5.00 2.62
temperature range/'C”' -40-125 -40-125 -40-140 -40-85 -50-125
PSRR/dB 57.00 89.28 80.33 76.00 88.00
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