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Design of current bandgap startup circuit with
dynamic threshold control
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Abstract: This paper proposes a novel startup circuit for a current-mode bandgap reference (CMBGR) to resolve
startup issues in low-voltage CMOS processes while balancing design cost, PVT (process, voltage, temperature)
robustness, CMBGR performance, and curvature compensation compatibility. The proposed circuit employs a
dynamic threshold voltage mechanism, implemented in 0.11 pm CMOS technology, which dynamically adjusts
the startup threshold to ensure reliable operation across varying PVT conditions. Validation through 20 400 Monte
Carlo simulations under diverse PVT settings confirmed successful startup without failure. The CMBGR operates
over a supply voltage range from 2.3 V to 4.3 V, delivering a configurable reference voltage output from 0.1 V to
2.0 V. A temperature coefficient of 8.7X 107 /°C was achieved, which is superior to current 41.5X 10 /°C and

maintains the inherently low-temperature sensitivity of the CMBGR. Moreover, the design preserves full
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compatibility with curvature compensation strategies and requires no additional circuitry or performance trade-
offs. This approach provides a comprehensive and efficient solution for achieving stable startup in configurable
CMBGR applications.

Keywords: current-mode bandgap reference; startup circuit; PVT; wide reference range; wide temperature range
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Fig.1 Typical current-mode bandgap reference sturcture (CMBGR)
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Fig.3 Improved version of the proposed CMBGR structure
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3 SCIGLSIE

3 EREE

T VEAR BT EE R B R PR RE S AR A M L DL LR RS R Al L 7E 0.11 pm CMOS T2 i S T %
Wit AN YR B S50 09 2 25 K 48 AN 0 BT RUR R T 1 R H B9 1.2 PDK (process design kits), B I T T
200 S0 AR B Ly BRI BT TS R OB AE . 28 F AE Virtuoso IC618 - T
X A HL I HEA T 05 LS 0G , SE 0 PR BE A 4G N [ 1 T2 AR 4F B (typical, slow, fast) i B A% 10 (-40~130 °C) . L
JEEBL(2.3~4.3 V) S A4 2R IO DL (G5 R H).
32 XWRERESW

R T B AE i 9K A TR A PR L B E B bR V.=1.2 V, A 0~5 VL IR R VDD Wi 5 s 75 1.6 V 2 i
Wy v, B VDD ARk ARG AE 1.6 VZ IR PR HAR L2 VI Vo I, i TR B E W Ve, 20 0.4 VT
1o 8K Zl HL

6 JE R T A7 A 4 A4 RS S H % B 45 H (1 CMBGR I R BPERE , D AL T M 2.3~4.3 V 19 20 AR
[ B . MA—40~130 °C, B R EAE 1.56 X 10° ppm/°C LA ,7E 3.3 VL IR F MBI K 1.31X 10° /°C, il
LI 7R, PSRRFE A [A] H T MK 70~130.8 dB . 3XiE W] T £ 4 19 )3 3 s B S 52 i CMBGR JE A7 19 TC PEfE , JF



130 TR K F F IR % 48 %

B e g M R AR . £ 1 RS TR CMBGR P fE .

1.5

1ok \
VDD=1.6 V
05
1 1 1 1 1
1 2 3

4 5

Vref A

VDD/V
E5 0~5VEREBREAMETHV HELER
Fig.5 Simulated V,,under 0 V to 5V VDD scanning

1.2005
1.200 4 -
1.2003 -

z

af 120021

1.2001

12000 L L L !
-40 0 50 100 130
T/C

6 (33L£1) VEETHV MEETLER
Fig. 6 V,, with temperature within (3.3£1) V

®1 &M CMBGRIIERE B A
Table 1 Performance summary of CMBGR design

T.Z/um 0.11
R NAAY 2.3~4.3
L /°C -30~140
Vi V 0.1~2
PSRR/dB >60.5
TRIE R E/(X107°-°CT <8.7

T B T B R B YRR B RE O TE AR T2 R R ANR N AT T A E R RPE, BAH A
HLHT T 8~ N ANIEY VL E o X EEAS Vo B 3 BIAE R ss 3T R #E AT T 200 S REA Y 1 B
DL B TG . B2, M ALETIL T 20 400(2 X 9X 3 X 200+2X 8 X 3X200) 7K I HL 5 B MRS I 1 o {7 L%
TE N 7 FioR , B A T30 A 7 40 RE I B EE 57 7 140 s P, BT 32 0 A4 I 3 V6 78 BT AT 1 0 R AR REAR I T4,
I HXIASFE A PVT (L2 H He TRLEE ) R A, B DG P 55 100 B A 5 e 1k

BRI S RAE B T MRS 0T 0l BRSO S B T & 4R B9 CMBGR JE 8, I BN 4
CMBGR PERE, Al 2 M R AMEHAR
3.3 CMBGRH®J3 3 BB B A A 43 47

WP 2 7R, 38 Y B B R T EUA B9 CMBGR HL R 4548, &l i 1, 19 45 5 CMBGR 4%, {UTE J3
B B T 1 CMBGR 1Y TAE 8 G ILIE AR 09 TARARE . b B sh i i 24~ PR MOS & M R M, , — 11
JE 2% CMP, — > PNP =448 O, fil— D HLBH R ZH . M, F T 77 A f 8 LT A R R O, M WIHE JS 3l ik



#1228 FORLF S ASRMEAEG LR B L%kt 131

2 N VDD [a] 7,5 AR, CMP T3 SRR A 0 10 8

LV, =2.5 V, t&s&ff

'V, =2.0 V, tt&s&ff

| V. =2.5V, t&s&ff
V=20V, u&s&ff 2 |

s 1.
&

12t
V.=0.6 V, tt&s&ff  0.6F piiissiiiissiiiini V..=0.6 V, tt&s&ff
= = = . 4 1; =0.2 V, tt&s&ff P— - . prr V,f—OZ\i t&s&ft
0 100 200 300 400 500701V, tté&s&if 0 100 200 300 400 500 Vw01V, tt&sé&dt
t/ps t/ps
(a) VDD=4.3 V, T=130 C (b) VDD=4.3 V, T=40 C
2,50 2,50
V=20V, n&s&ff  2.0f BOMMMBE: V=21, s
E‘g 1.5F
= | M ———
1.0f
V06V, uds&dl | ai V_=0.6 V, t&s&ff
Il; =02 V, tt&s&ff } - =y, -8 % ¥ ngsgg
0 100 200 300 400 500 w01 Vs sl 0 100 200 300 400 500 * o=
t/ps t/ps
(¢) VDD=2.3 V, T=130 C (d) VDD=2.3 V, T=40 C

B7 ARV MEHEPVIELTHEEFTRSFTELER

Fig. 7 Monte Carlo transient simulation at different V and extreme PVT cases
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