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Abstract: Based on bulk-driven and resistive subdivision technigues, an ultra-low voltage
CM OS bandgap reference using second-order temperature and current feedback techniques is
realized The bulk-driven op anp is goplied as the negative feedback of the reference Itsoutput
isused to bias itscurrent sources, leading to a higher pow er supply rejection ratio (PSRR), that
is- 63.8 dB. The bandgap reference is smulated by H gpice smulator. Under a 0.9V supply,
the output voltage of the reference is572. 45mV , and its tenperature coefficient is 13. 3 ppm /°C.
The variation of theoutputw ith supply voltage rangeof 0.8 1.4V is3.5mV. Basedon TMC
0.25 ym 2P QM O S process, the die area of the proposed bulk-driven bandgap voltage is 203
umXx 478. 1 pm.
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Fig 1 Thecircuit of the bulk-driven based ultra-low voltage OM O S bandgap voltage reference

= I+ Iz:V_REZ‘l+ \é_zln(N) (1)
V Rer = %:[VEEM"' E_z\/Tln(N )] (2
, (2)

V Rer = R V1 + R_Z[VTIn(N)+ R VOS] (3)
R> Rs R 22

22

(3)

EB Ve
[5]:

Ve(T) = Ves- (ec- Vo) TLo-

(M- o)Vrin Tl (4)



4 aMos 533
y CC ’ RZ ’
2 0.9v, 0.4V
) EB , , 70 dB, 211
(o= 0) kHz, 67° 2
(PTAT) (o= 1) 1
1 ) Q1 Q> 150
(PTAT) (0= 1), gy
,AMOS M9M 10 g_sg_
(o= 0) , M 11 i F
M 9 M 10 . M1l Qs
, =0 Ve (4).
Q12,Qs V e ?
g
VEB,Ql'Z(T) = Vec- (Vse- VEBo)TlO- S
(M- 1V+in T (5) 100m1 10 100 1k 10k 100k IM 10M
To 1tz
v ] I T
Veo,(T) = Vee- Vee- Veo) - Wrln~ ,
(6) Fig 2 Thephase and gain characteristics of
, (4) the bulk-driven op anp
T 1
Ve Ve, (T) - Vo, (T) = Vrin To (7) Tab 1 The character istic parameter s of
, (7 , M9 M 10 the bulk-dr iven op amp
I , V Parameters V alue
I'sc 1 \ Isc M 11 DC gain/dB 70
Rs Rs | GB/kHz 211
Phase margin 67°
= = ' . IoM R /v 54 7 897
V Rer = R_:‘[V m1+ R_z\/ rIn(N) + R- 6\/3(;] (8) Offset voltage/V 16 3
' Total current/uA 11
' PSRR /B - 638
M 11 Rs R, ' Pow er dissipation/aW Q95
, , Pow er supply A/ Q9
23
2 4
[3] 1
avos TMC , )
0.25 um GMOS BSM3¥3 , Hugice : tel
1 , M 13 M 15 M 13
, MOS )
) , M 15
M 15 Z , M9 M12



534 26

203 pmx 478.1 um

M 12 M 14 , M15 574.1
574.0
, M 15 ) 5739 }
573.8
573.7 ¢+
5736 |
25 5735 |
5734 }
T 5733 f
2 Y ;2
_ N 5731 ¢+
MOSFET L=2um 5730 +
5729 r
M9 M12 5728 [
1/ , 572.7
/ 5726 |
M1M?2 5725
5724 }+
20 0 20 40 60 80 100
! ! T/°C
2 ( L=2mm) 4
Tab 2 Parametersof devices in the circuit Fig 4 The tanperature characteristicsof the bulk-driven
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Fig 3 The transient characteristics of
the bulk-driven reference
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