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Design of a radiation hardening Low Dropout Regulator

YAO Heping, YANG Lihong, LIU Zhi, SHI Yingxuan, ZHAO Guangwei

(Integrated Circuit Design Department, Xi’an Institute of Microelectronics Technology, Xi’an Shaanxi 710065, China)

Abstract: A design of radiation hardening Low Dropout Regulators(LDO) is presented, which
consists of high precision reference, error amplifier, power transistor and power reset time controlling
circuit, and so on. The estimation method of the device parameters variation is introduced in detail in
total ionizing dose and neutron radiation experiment by simulation. The chip is fabricated in 0.6 um
BiCMOS technology. The results indicate that the product not only meets application requirements but also
performs well in radiation hardening when the total ionizing dose attains to 3x10° Gy(Si) and neutron
fluence attains to 0.6x10" n-em™. Tt is applicable to nuclear radiation environment and the test results
prove the correctness of the design.
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Fig.1 Functional block diagram
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Tablel Uy variation of H/I type MOS devices after and before irradiation (channel length is 0.6 um)

device type size/um Uz before radiation/mV Us after radiation/mV variation of Uy/mV percentage change
0.6x0.6 617.93 197.737 6 -420.192 -68%
I-type NMOS 8x0.6 613.02 190.036 2 -422.984 -69%
20x0.6 607.12 176.064 8 -431.055 -71%
0.6x0.6 -840.47 -1 538.06 -697.590 83%
I-type PMOS 8x0.6 -813.93 -1554.61 -740.676 91%
20x0.6 -816.60 -1 608.70 -792.102 97%
1.6x0.6 617.85 500.458 5 -117.392 -19%
H-type NMOS 20x0.6 593.78 457.210 6 -136.569 23%
- - . 0,
H-type PMOS 1.6x0.6 834.98 860.029 25.049 4 3%

20x0.6 -829.07 -870.524 -41.453 5 5%




136 KMZMESEFEEFR %15 %

3 HTESERRMK R

PR B R AR B B R R, RT DL OO B A 1 25 R R . WX SRR 3 um AYBRAEYN I NPN 2S04,
£ 0.5%x10" neem” AR FIERT, W0 S 1 IR, aTL, SR X NPN A Aee(SUN A PR B A 3K
FEOME A AT N

T S BE A8 TR 1 SR R N P A B R B R L ™ R R AR IR XD B T Ay, BRI X A i
L FB e BT e MIPFHERAW T XA

hre

heeo
1+ heeoto K 1
K hep BRI TK REG hepo SR P HTE IR REG 6, 20BN R X E A E; K 2 F5Ra
PR o P FiER. X T S, 6 SEHERR AT LR
1

= 2
2nx1.33% fr

3.1 ZRELZSR NPN BEERMKXRETMGE

H5HE M NPN EW5th FRES ML, ARSChiitey LDO i T £ i kk
KT NPN &, aniE 3 ron, HILXFEE R 0.1 pm, FRAESUR () L H ALY
B =S E S 2, WE L NPN /) £ 29°4 200 MHz, 1 A& SCH 39 LDO
% ik & B NPN % fr o8 15 GHz, @it Q)i , 6 4 8 ps; HIESIH
TR e AR R T T S L B ., A B RO HME X RE IR B, K R

1x10° em*n s, @R (DIHE, ATExF TR FEREN 0.6x10" nem” Fig.3 NPN with poly silicon emitter
(1 MeV %301 NPN, Jt hep 4 2519 90 54 T 86, 13 BRI NN

3.2 #4= PNP E R M KX RZE M

MR ] PNP SR a1k CMOS T2 4 i) 75 A4 48
PRSI, R AR 2 M E R X Wi, EAMS &
FWAE, LA PMOS AR E IR AR R IERES, BT &
HLHE 5 R SRR SR FH MOS #5059 11 6 i T2, i DL X (9 58 1 AR
A, IXHESE AR NS W AE R 55 R ) PNP AE, AR TR &EBUTD TR Fig.4 PNP with grid controlled
SHE S 4 Bz PN

HOHL PNP B9 FE X 8B 3 um, A SCH 89 LDO £ &6k & S5 PNP 45 (3L X 5 K 0.7 um, W& 4 fr
N, fr AN 200 MHz, BidsCQ2)TE, 6~ 600 ps; HRIES A SRS &S BE F R B AR J., FFE R RN
e Rk SR B, K 0.5%10 em®n s i ad (DA, Al TR ERSN 0.6x10™ nem *(1 MeV %
OB NPN, H A HE &R 60 28T 28.8,

4 WHEREELGE. nEHREESH

TS FR B SR BRI 3x10° Gy (Si). WP ER N 0.6x10™ n-em 2(1 MeV 5500, ¥ CMOS #5124 i 135 {5
JE o OB A0 hep FROABERLSCAE, X8R R B E AT 05 L UE, S5 2RI 2, R 2 By, &ITHA BB AT LU 2

BREE o T AR S A EOR 2 UKL S KRS (08 e 0 7 2
. Table2 Simulation results of output voltage before and after radiation
[EREYYN
4.1 RS sarameer UoalV UoulV UoulV
. before radiation after radiation difference value

2014 48 11 71 6 H, {EPG LAY BB 5 BT xd Un=43V 3.297 846 3.326 710 0.028 864
1% s 25 28 P Fl s 9 2% 2 B 58 8 3% 10° Gy (Si) Y Un=55V 3.298 188 3.327499 0.029 311
3.298 039 3.327 154 0.029 115
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Table 3 Parameter comparison by total ionizing dose radiation experiment

Ugy_4V3/V U SVS/IV line load/mV Uy 1A6/V dropout/mV I gnd_1mA/pA I gnd_1AS/pA
14 before radiation 3.286 9 32876 0.02% 0.64 3.2859 339.1523 148.305 7 137.923 0
after radiation 3.2471 32495 0.06% 1.00 3.246 3 366.558 6 141.382 2 133.760 5
o4 before radiation 3.3235 3.3245 0.02% 1.21 33224 332.2851 153.984 0 142.680 1
after radiation 3.2471 32495 0.06% 1.00 3.246 3 366.558 6 141.382 2 133.760 5
34 before radiation 33187 33197 0.02% 0.82 33185 3273532 149.0833 112.948 2
after radiation 32757 32775 0.04% 1.43 3.2750 355.009 2 142.020 4 104.920 6
pm before radiation 33191 33197 0.01% 0.99 33178 334.095 5 147.282 4 110.569 7
after radiation 32727 32741 0.03% 0.55 32713 358.942 2 139.338 7 101.947 4
54 before radiation 3.3288 3.3294 0.02% 1.12 3.3282 333.596 0 152.638 0 111.462 0
after radiation 3.2772 3.2794 0.06% 1.65 3.2775 369.306 0 141.954 0 105.218 0
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Table 4 Parameter comparison by neutron radiation experiment

Upu_4V3/V U SVS/V line load/(mV) U _1A6/V dropout/mV 1 gnd ImA/pA 1 gnd 1AS/pA
" before radiation 33025 3.3035 0.03% 22256 3.300 4 3333152 150.087 2 107.893 8
after radiation 3.3450 3.346 8 0.05% 1.0307 3.3443 330.467 1 145.030 0 101.675 8
o before radiation 3.290 6 32912 0.02% 0.688 6 3.2895 319.674 4 150.634 2 112.353 6
after radiation 3.3443 3.346 6 0.06% 0.799 7 33441 319.666 7 150.566 4 105.838 8
3 before radiation 3.3018 3.3029 0.03% 0.716 7 3.3012 336.062 0 148.1413 110.867 0
after radiation 3.3703 33727 0.06% 0.2709 33709 336.5853 148.978 5 106.136 2
a4 before radiation 3.3093 33101 0.02% 1.2305 3.308 7 334.969 5 148.296 3 111.1643
after radiation 3.3627 3.364 8 0.05% 1.3672 3.3628 329.561 9 147913 2 104.946 8
sy before radiation 3.3480 33490 0.02% 09108 3.3477 336.3742 149.640 9 112.948 2
after radiation 3.3912 3.393 6 0.06% 1.4515 3.390 1 335.9922 149.598 6 106.136 2

M 4 FH, [MEBESEERETEZEMRDN, WEEREEZ N Ho® R 28 B A —69~—42 mV;
R e 2 M R B SR AR AR VS A —0.043%~-0.019%; iy i L R £ 3R R 35 R AR AL Bl —0.54~0.45 mV; B A HLR
AR AL BB R -0.83~6.81 pA; 2k L EZE LY Bl 0.007 7~-5.407 mV,
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