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A BIST Scheme for Band Gap Reference Circuit

YUKA INOOKA™ MASAYOSHI TACHIBANAT!

This paper presents a Built-In Self-Test (BIST) scheme for detecting catastrophic faults such as opening and shorting of a MOSFET
in the Bandgap reference which is one of reference voltages often used in mixed-signal LSI. The proposed BIST technique detects
catastrophic faults by comparing expected voltages and observed voltages on three test-points in bandgap reference which is
improved for test operation. Furthermore, since test stimulus generator is incorporated into a startup circuit, the high-density
integration becomes possible. The demonstrations show that fault coverage and area overhead are 91.4% and 8.8%, respectively.
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MS1 DO SO GO
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MA2 DO SO GO
MA3 DO SO GO
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MAS5 DSS DO SO GO
MA10 GSS GO
MA11 GO
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THHAEOMWEL, Zov o Fyar L —2EHnz
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BGR EIHWNTHIENH D56 THIEFEALH T 56
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7o, SATHFZE[6] T, Z OfRIEE LTAL T AEED
MA3 B LU MA4 O 7 — MERZTIWI L, 72 MEFE A
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3. ZOBEO BGR A& D)) & CUT Ok | fUsk 7z 2 &
D) — REEFEE T 5.

4. ZNHOHEIZ LY CUT OBEDH #E 2 ¥k 2 .

4. BEBIST

4.1 BIST EEEDHEAL
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AR TR Lo T A MATIRAERREEFFOA X — T
v ZEEEOEIEEHER Z K 1012, BT A—2%2FK 21
R RETROEBY, AZ— T v FEEITEREE VDD 23
MHERD EXIZORBMEL, VDD WLEE LR E XI2iE
BGR MM L7 RHEE 725, 2D, A4 — T v
BT A N AN TSR ERPAL I ENTEDLOTH
L. ZRIZEY BEEEMSRERY, AX =T v
B ET A NASIBEREDTCRELZEESIVLER
HREZHOTZENTED.

WHEEEE— FTIXT A MATHIEES Visc & Low 12
THIETALvFZONEL, MS5% OFF &35, £0D
%, VisiE BGR LUV EES LTV B728, AX—FT v/
I IEEIMEET 5. —F, TAME—RTIE Visc &
High (2810 2% & MS5 28 ON L7220, 7T R & B
THEO Vs H OVICRETEXHDTHS.

%131 MSE
MS3
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VTSC
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MS4
MS5

10 7 A MATIREKREEFFOAY — T v 7 HK

#F2 MECUTDREIFERT A—H

IR T A —4 [ 27k

MS1, MS3 2.7um/540nm 1

MS2 2.7um/540nm 2
AX— N7 v 7REIE MS4 2.7um/1.08um 2

MS5 2pm/180nm

RS 180kQ

M1,M2,M3 2pm/2pm 1

M4 Sum/10pm 2
BGR [HI R1 11kQ

R2 112kQ

R3 90kQ

MA1,MA2 2.7pum/2pm 2

MA3,MA4 2.7um/2pm 1

MA5MA8,MA9  3.6um/2um 1
FRT T MA6,MA7 5.4pm/2pm 1

MA10 5.4pum/2pum 2

MA11 10.8um/2u 2

Cc 3pF
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11 \CARMFFECRERE L2 T A MIGERENT 3 O [0] A AL Al X A — & & D27k
T, B RT A—XIER 3ITRT. ZOT A MNREMR INV1L, pPMOS  8um/300nm 6
s TliE, 72 FE—RIZBWT VA DEENIEFE 0.7V INV12 AMOS  1um/1.3pm 1
fHETAI SN D L High 2757 1 Fuar b INV13, pMOS  10um/180nm 10
— % 1 (WC1), [RIERIZ VB DEJE EHHE 1.4V 3 T High INV14 AMOS  250nm/6um 1
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JEAMIEH 8 1.0V £ C High /1350 4 > Rz INV22 AMOS  7um/200nm 10
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High % 11773 2 ATy EEOH#IRIL T 0.63~0.81V, i 5 INV3L OMOS  4um/300nm 4
1.26~1.45V, 0.89~1.10V & @& L7z, INV32 AMOS  23um/400nm 2

BRI OFIEL LTI, £7° Vs 0V LR D RIS Va INV33, OMOS  6um/300mm 10
L Ve ZNZFNOHBIFERD AND B L OZDfE % & VOUT INV34 AMOS  3um/400nm 1
EOHRIFERD AND 2 & 0, ZOEREY TV o I(E Simple oMOS  6pm/180nm |
5 Vsam T DFF IZA—/L RLTHEL. ZLT, INV#EED Comparator  NMOS  2pum/180nm L
TR —=HFIZLD, Vis B OV ol %o Other pMOS 4 4um/200nm 1
VOUT # IEH & T 5. 7ok, v rav L —# Other nMOS 2 2um200mm 1
X 12 IR T R RAENFEETH D, KK, Yo7 2l PMOS 41800 1
NN —ZIZLAHBIFERE DFF I2X D A— R AT

all nMOS 2um/180nm 1

NTWIZHIBFEREZ NAND 7 — MZANTHZ L TT A
MER Ver S &N D . CUT O#ED A #IL, Vis & 0V
CL7e e DM Ver ZBUIIT 5 2 L THNITX, #bEA 5. iR BIST EIREOEE(
& YB3 Ver 23 High, Z2WEH1E Low L7225, BB BIST IO LA T 7 F ¥ —v %1 13 15T &
FEIE 181.28um X 241.16pm, WA —/3~> NiX 8.8% & 7¢
> 7.

# 4T BIST BB Z MM L7HE &ML THhaaWngs
R R OHABIE & IMABEESE), WREFRLERT. WThom

b BIST [l OA M & 52411372 <, BIST [l BGR

7 o B ~DAFITR > TWDRWNWI ERNbhsT-.

cL O—

VPE

VouT —

Simple Comparator

11 7 A NSERENT &

13 BEEBISTEHEBOL AT U b

-
8o # 4 BIST MBSO A #EIZ X 5 BGR OPEAE
R
H

0.8 vIal—ya il

06 41U <YF /N BGR  BIST EIFfHHN BGR

H 717 £(@VDD=1.8V) 1.0055V 1.0055V

AT
0 5.5mv 5.5mv
0 05 1 15 2 (@vDD=1.6V-2.0V)

AR FELRE
R £2(0C-100°C 6.8ppm/°C 6.8ppm/C
12 Yo ar L —xo A B ) pp pp
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#2%2 BIST [HI¥E O MR =R DMRFED 728, AN A
7 U7 M &MV BGR IZ#fEZ 01 L HSPICE Tv I =2 L
—TarERIRol. MEOFIEIZL DM INER Ver D
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X 1512777, 723, M4 ® DSS, DO, SO, GO L
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638 Y O L OElE B H A T & 720 MOSFET 230 727
LT 1EBY, HBICAXY— T v 7RIERNO TR
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HEESH
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6
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L, EH08RAF— N7 v FRIEEZSERTD OIS E L
TWe., EFPARMIEORE BIST RIKICBWTAZ— T
v 7 HIEE CUT IZE D75 91.4%0 &\ O ik =
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TTHFZE[6]1 L © b WBER RN S b=, 7272 L, KRF
FETOIZE BIST ITBWT AL v FOMEITEE L TV
Wmh, SBRBENRLETHD.

£ 5 1% BIST & SBATHFZED i

g HfEA—

WIS cuT
B YR
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AWFZEDO#RZE BIST R, I a2l —v a3 il T
BRI R 91.4%, HEAEA— 3~ K 8.8%& 9 BGR [A]
ORI DL NVERETE R > TNA I ERnbrol=. L2L,
A B — KTy SR O GIERHESL L Then. F
T FEA ETIEAA v F OlghE b 5 o 7o B bifi H 5 15 A 2
Lo T D, 2D, SBITRIEF v 7R Enictg,
FEROFAM L FD, A4 vF b CUT LT HFOFKRFZ
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