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Bandgap Reference with Adjustable Temperature
Coefficient Based on Controlling PTAT Current
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Abstract: A bandgap reference (BGR) with adjustable temperature coefficient was designed.
By controlling PTAT current, the temperature coefficient of reference voltage can be adjus-
ted from positive to negative. Compared to traditional method, a two-bipolar transistor
structure is adopted which could reduce the circuit area in chip and improve the layout sym-
metry. Furthermore, an OPAMP circuit was designed to improve the PSRR. The reference
voltage could be adjusted in a wider adjustment with 16 levels. Implemented with 0. 35 pm
CMOS process, the Hspice simulation results showed that the temperature coefficient can be
adjusted from —1.76 mV/C to +1.84 mV/C and the PSRR of the reference voltage rea-
ches —110 dB at low frequency.
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Fig. 3 High PSRR bandgap reference with adjustable temperature coefficient
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Fig. 4 Temperature coefficient adjustment circuit

P4 B P i oo — i g T U
e P A1) 22 B e AL o BV e A R o T ) B
FEC O TS BN R B AR BOAY T g AR 4 ] X R
K HT A-16 PEAT A 5 K007 $ ] 50 S 42 D o7 45 3 15
5 AB.C.D. AT RLAHE] 16 Fb A ] f9 76 B2 2R %0
Vet it 38 i m ~omg B9 KN A BEFRAS AN [
f1 3L B A RO 1Y VS

32 Bl i 20 1R 22 55 R W, — MY A i
FA B B v DAL i 3 L R R O R
FEGHEATIEIE" o 0 R0 o 10 IR R 2 B0
T O 2 4 /0N - AR 2 T — M B IE SR il DU R



108 " A

#
)
a
gl

5 kA ZN

7 1 RS A 1 A 2R 1 S L P
3.3 A R A4 E B

1S 49 SR e, L S o P 2
ML L, BT CMOS 5 77 76 1 38 K 15 8 1 3
B2, B M, M, 45 A S R, LA
fI K /I 5 L U L JE Voo A 6. A T A FL B 1
PSRR FR&

ASCREH TR 3 BT R 9 R U MR A R
B o (5 A R 2 A P A R A G
HUE Vin, HOP Vil BIERERE 2. 4 Vi BRI H
{E i L K A B IE 3 TR,

Wl E A M G 2 Vi ETFE] - E
FEAE R M,, S5, M, M, M, #ll My, % R4 —
GGE My Fil My W8 “GGE T, 1.2 M4 2 14
fr Fh S 95 28 558 %438 OB+ AT 72 Mo 1 52 B E
A Vi B T RGE. T %8 i
B 75 M, M, TR (1.2 20 B A I o
{2, DUBIRATHAF Y PSRR F¢k . J2 0 5 4
1.2 HLRLR M, M, B A X 8 B Vi
R L PR Vo B U R Vo 25 1K F 400
e 7 B

3.4 BEFEE

PR A A B B v R, ML D ML, A4 S % A
TN A — P AR TR, B U 2 A
e Bl F ol B M U X R R R, A
Je S BRI 3 R, TR R T M 1
MR I H S M, Ak TR RS . M b
mf, M, fE s B 5] & M, MR X M S
M B A2 51 &= My A M, R e AT
T 5 AT R It o U 8 U A AR RS
TG TAE. MG My 5 5, 308 M iR H o it
I, M SC I, L OE 3 TAE JR shad B B b e b
BT M & BT RERE T M, 815
K HEAR /N GE 21 v, BHL A VR HTD & XA {8 50 5 A9 1
TN I8N H R Bl HL R D FE

445 R B A8 B A

A EREI LR 0,35 pm CMOS T2
17 T HE T, i F Hspice THXTE 1 FIE 3
ML HEAT T 05 ELRIME RE S B0 bE L g5 Rk 1
s, FEAEAM BB EEE R 2. 75~
3.3 VLRE N 25 C, T2 TT,

x1 BEEEESEITLL
Table 1 Comparison of circuit’s parameters
ML PERE S B S IGEN &l 3 H
LRS54 8 16
P —1.24 ~ 1.13 mV/C —1.76~1.84 mV/C
PSRR #i% 1 kHZ —65 dB —110 dB
B 10 kHZ —59 dB —93 dB
15 L T 4 T =3000 wm? GEA) B 45 L R, 251 200 um’ BJIHEE M,
Jr B B B R, 2X900 60
R, 600(R; fe KHD 300
Ji#E 32 uW 50 W

455 ABCD M\ 0000 254k 3] 1111, 18 3
A B 7 A T 16 R AR R S k.
LR 3 VO B R AE 5 s, B
FERML SR SKK R 1,2,3-+16, 24 ABCD=
111 B B TR Wi IF o m =0, V. = Vigq » IS
HA R E R B Ve 19 16 BE R 50 DLl
2 16;24 ABCD=0000 B}, Br& - X2 &, m &
KU Vo BA B R R IE i B R % Wl 261,
e e A0 T BE AR B R W YE HL O — 1. 76 ~
1.84 mV/C,

TE T BV L TR Voo I U B R B Vo 1 4

1.8

e S

1.6r -

" -
©m————————"

1.4F

Vil V

1.2f

[0 —

e ——a—
038 16\

0'6 = | 1 1 1 |

5
Fig. 5

HA AR E R EEME R R Ve 005 225
Simulation results of V., with different tempera-

ture coefficients



%13

L &, SRR PTAT a3 A9 BE 28 50RT 8217 Bt vl 5

109

X (LA K A AR A S B R T ) AT RE
ANl L SR PR O S A B ik o R R S T
A Kt F P R 2 81 e

HLJR L I AE 2. 75~3.3 'V L [l N A2 1k, R 1
HLJE A PSRR W& 6 Bz, g€ 1 Al L, 7E IR B
BEMEHLIE Vi 9 PSRR 235 13T 50 dB,

HL B 1) R P BT R AN 7 B et R
H R /R, WA R 5,my ~ms BIKR/NG5H 3.
3/2.3/4,3/8. HLEKTE R 300 umX 100 jum.
Q M Q. BBy 81, Q. Ao T 1 AU H: 8 5 Yy
XU AL R RS Qo ], i 1Al b, ek 1Al 1

=20 .
-30 N
40 i
m =50 %1 itk IBQRR.
= _go T THLEIT PSRR
% 70
/~ =80
90 (-3t #5119 PSRR
-100 —
-110¢
| | i
10 100 1k 10k 100k 1M 10M 100M
f1Hz
Bl 6 JEHEHE V.1 PSRR
Fig.6 PSRR of V..
2 * X #:

I
il
e

. .

P 7 It R o AT O 1 O] S T
Fig. 7 Layout of the BGR

P P 3L 1 T R v BEL 1 1 ORI 9 Y R e
o T AR R R AR

4 % b

FET W PTAT H i ™ AR 4 Bl 3 o o e 19
JEURRL L B 13 R AR O] A AT R v TR A
BN TR P R BELAE . AT/ T S A T AR
LR TP TR LG O 8+ 1 1 UM B 1R 45, 2
1R BT A X PR L . R AT S 16 2 Yt
JER B, AL E Oy — 1. 76 ~ + 1. 84
mV/ C. AR w3 H R B PSRR KT 110
dB. 3E Z 4 /0Nl BE A RO Y i H i AT ]
T L R AR R0 v R T O I R T RE AR
N BB IE B A, AT i B i i T 22 R i 22 .

L1 DAY 4R 3G, 4. ¥ &k i 2+ (M Jbat B2 Ak, 2003 213-235.

(2] TATHBEA7 5k . 5. FHUH TET-LCD JRgh = otk s A g ik it (1], & dh b5 2% ,2006,21(2) :169-173.
(3] JiLHe  BLAEAE. B R B00T IR A S ol vl H ™ AR i B AP R S i3t (D], ik dh 5 27,2006, 21(5) :574-578.

L4 ] fliReE, B2 P R B 85 3% 3 54 & [M]. Jb a0 Bl 22 A4k . 2008 :198-204.

[ 5] egrqi « Ri4L4e[ 6], B CMOS £ sob 3% 3% 3+ [ M. P49 . P4 42 52 1 K2 Bk . 2003 : 310-318.

[ 6] BRus Bt g . 2t . CMOS #ff Bt o, F B o 1) 2 22 B H ke atk [T, Bk e T F 3 & 55 3 &, 2005,25(4) :531-535.
L7 ]8T, BWSL. —FhEA ol B Ay IREh RE CMOS 5 B 34k b K5 [J . #0274 ,2004,30(3) :330-333.



