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Fig.1 Basic structure of the memory cell of floating gate ROM

HT, SERE, Frf U BAGENIERRFEEFEATH, SAEELE, £
EEPROM f#i% 5 oos A BIfEss. PF08E. Zrbas, mheh, BiFEHIfZEER%

BB, ST ATERAELSE U A TRAIESHE, FLASH ROM fiiAfird

KA 8% (command state machine) FIBIRA 2R (write state machine) 2545 | 28 57 (8.

3 W

SEE AR B AR E B S BRI B ST 35 MeV T F HEMME R EHEITI. BnEasie
PEBTF IR, FRRBE pA B, KTHFEREEM SO FERMBE 5—6 &
% BATRASHEHINERIRRG, BEol LIRSS RN, X HE3E 5 F) B R,

WIE S FREGT IR, HE T ARRRRERFRANEAREERSE L, AR
SARET, ARER FMEHRFREE % 150 mg/cm® BHEHEHEE, £ 45° #t
1, BEHE 25 cm AbAT B YRR LA A FI U RO BT IR I B RN R SO T RE R
31.9 MeV.
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Fig.2 Schematic map of proton irradiation experiment
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AESEERTRES BURTREEASEGE). A TERRES, WAL EKR
%, TEROTRAEEARK 30mm | B2 15mm KHEE . SSRAARME 2 Fix.

BB IRE Y 3 R VAMIE: 1) YRR ke BT, SRR EER, Mgt
HPER, 2) AR SRR R, 3) M AR, RS S HA
BfRS, SKOPRAE, WRARMAREL. 3 MOTHEENERENT 5%,

W T S5V RO B R, PSR B U R 0 BT AOR ). i SR 2R A Y A
FEXREALE L (LA 2). SKRPME T pA BHEPRTFRR, FHRFEREN 95 x
10% cm™%-s ™1, X R BT B AR Ak 2.4—3.1rad(Si)/s Z A1 S@x 6 —m 21 B F IR RAR S,
AT A A — B R B P T 0 AT BB

WRIE AR IS, EBETEMFIEER A, F—#tA L, HESEAN, #iE
AR RN A%, BETHRR AR RSENENRTER. BHTEESF
FEHILhRE, AARSERTERRR. B, BAOESNSHRBERSEENE L, f
BTREOLREF, RWERFHEENYSNE. BERtES MR FERBEENEF LREE
BUR, REARCMES R, RO RIEERAEE. B THEARR A v SRR,
JRTFRBAER + SIASSMENRIRE. HERT v HAYs, @A eugaLl
% R TE R A A E.

L Al 8844 28C256 F 29C256. 6 s MM (L 28 R334, 29 R 3 4);
6 INFRSINE (28, 29 RFIE 3 ); 6 NEEEAMAE (28, 29 RFE 3 4. MEETEA
THEAZIR 5507, Bl “0” 5 “1” AHE[IME. KRREDA 3 M. Aml, #Smd
FIEHAREM. TR S4ERES, MARER L, 5N RS mAmER
Mo b, $t45 5V R, EARRERT, NRRERE, TS FETETRE ST
AIEAMES MBS, BRI RREE, SERAHRIE SiSENRRERIES
TREMERGER AP RORE, SRS, WRIETT, St HaERMNE.

4 IRERG5H

F 1, 24yRIEHT 28C256 F1l 29C256 W SLh 45 5.

F1 28C256 HLRER

R T RTER (x10/cm?)  EHRN
28-1 2,676 110946
s Ko 28-2 2.737 105392
28-3 2.461 91720
28-4 2.750 90505
wBAmE 28-5 2.740 71944
28-6 2.903 62936
28-7 4.353
BSAmE 288 7.159 FA LR
28-9 5.009
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28-7-—28-9 Fl 29-7—29-9 FERMBLRA FTIEM, BTFEEAT 3.228 x 10 cm™2. #§
HUSIIE, KSR

%2 200256 gyLRER

K& w5 BiFiER (101 cm™?) PR
29-1 2.845 105 424
BN 29-2 3.074 98437
29-3 3.506 100070
29-4 2.619 100 467
29-5 2.944 101 300
e 29-6 3.181 101338
29.7 3.228
T A i e 29-8 3.877 RERHR
29-9 4.025

R 3 20-1 FHEHEN IR A TTRYE

MEEE  HHR TR HiRY
000518  04A00: 05 2
000549  03E00: 05 2
000650  01200: 00 4
000703  06000: 00 4
000742  02600: 01 04C00: 00 7
000746  03D00: 05 2

000754 00C00: 06 03400: 00 05800: GO 12

000758 01200: 00 4

000802 04C00: 00

000806 02000: 00 04800: 00

000814 00800: 00 4

000818 01D00: 00 03600: 00 03D00: 05 10

000822 03A00: 05

000827 03200: 00 05400: 00 8

000831 00000: 00 00800: 00 00CO00: 00 03E00: 00 16

000835 01200: 01 3

000843 01D00: 00 02600: 01 05200: 00 11

000847 01D00: 01 3

000851 00B81: D5 00C00: 00 02A00: 05 03200: 00 11

000856 03D00: 00 04400: 00

000960 00000: 00 00781: 75

000903 00000: 00 00A00: 05 O01FAl: 75 02800: 00 11

000907 01583: 75 07800: 00 5

000911 00000: 00 003A2: FD 04000: 00 11

000916 00BAO: 7D O017AO0: 75 O1FAl: 75 02000: 00 8

000920 00B83: FD 01200: 01 02000: 00 02A00: 05 03500: 05
04D00: 00 05400: 00 22
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28-4—28-6 Fll 29-4—29-6 ZEMNE, (+5 V) IRATHRME, FFEB AT 2.619x 101 cm—2,
SahAR N S R R FER AR Y. RRUGIE, SRS s N a0 SR BRI,
VLTI HR AR T SR BB 5 X 5 R K.

SASIRNE A SN TR L 5R, HR NI, FERTFERRE.
Bl 3 4 sh AR 28C256 I 29C256 5 BB FIERZIL R RAML. R FHERRA
$)9.275 x 10 em™2 I, 29-1 FFARMI 2 fif “1"—~*0” fFiR (BP4ERIRLIhER); T
HEIAH 9513 x 100em™? B, HMIL 0" -1 BiR. WIFFMR BT, SHRE R RbaE
EDBAER. £ 3EWMT 29-1 RIFF S E R ISR B TTAMEIE. #REBEER w28
W&, MET %], BRRMD T, E—Foofx M2, mE T2 &R IER
i), MBS SR

HABSS R0 B AEARTR), RERMENMRFEREFIAR. R4 GHTEE

10° a* /1 - /"”T.

104 oAb v’ /
, ., / / k
/. ,'%’ ®
/’ /A / ,.'/‘/ /‘
& 103 u /A/. Ve < —&— 29-1
# vy ‘o d & 202
& / / / 7 — A 293
102 . /‘ . < /'f —y— 281
/ /A ./ = / & 282
[ )]« / 4 283
10! /l / /
/ /
/ Al 4 v'
n
100 — —_ T —— )
0.8 1.0 1.2 1.4 1.6 1.8 (x10')
FEFER Jem?

3 A MIE 28C256 N 29C256 11 EEBBER FiE BELK R
Fig.3 Characteristic of errors versus proton flux for 28C256 and 29C256

that are measured during irradiation

x4 [HUMTRHRORFEIREAE x5 FBHEDENRFIEEREAEE
R FIER (10 em=? e y———
Py ( ) g T OOMRE H
“O” _) “1" “1” __) “0” “0” _+ “1” “1” _} “O” “0” __) “1” “1” _} “0’7

28-1 1.328 1.262 28-1 118957 1786 66 300 14685
28-2 1.337 1.312 28-2 113879 2297 63811 20147
28-3 1.404 1.055 28-3 95071 4334 58 094 14658
29-1 0.951 0.928 29-1 81870 108 19030 74981
29-2 1.019 1.013 29-2 87926 487 21285 71798
29-3 0.984 0.984 29-3 83776 428 20076 75017
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HEL “0"—¢1” 1“0 HRMBRTFER. ‘U0 HiRK 0T HIRESHK
. (EREERTERKEM, 07— 1 SRR, BREER -1 HiX, LA
4. ZByrp, ArSIcpRTIE 28C256 JLAMERAIFRITINR 29C256 JL 0 E, EFWE, &
IR B AR PR R ER R, ERRA. F 5 AR rP W E A
BEM . PENEREFNE, 00 SiREED, HEENERES, B
JUHAS LA H#E 0 17— 0" SHREOERM, MG R REREREE. #HRYEL
Sl EEA X, HER R, ZhL, HBRER.

5 _a —a
10 /‘_‘ ﬂ/a

e
P

104 k.
n/ X
%éou O —0
o)

108
5 / A
@é / —m— Total (29-1)
2 , _— -
10 .- P —@— 10 (291)
, —A— 0 1(291)
101 / —{ 71— Total (28-1)
—O0— 1-0(281)
. / A 01 (281)
10° A
T T T L T T T d 1
1.0 1.2 1.4 1.6 1.8 (x10t)
BFER /cm™?

@ 4 “077_,)“1» *u “1”—)“0” %:&&mﬂ%
Fig.4 Characteristic of errors of “0”—“1” and “1”—“0” versus proton flux for 28C256 and 29C256 that

are measured during irradiation

S MEIAE AR A BRI T IR IR, MR REERTEER
THEERNFRT, ViRbE.

LB RSB TERNMAE, KON EEmE, BSmEmshE&
KRN E R M. PRy, MeSEXSFNHERRA.

R 6 AEMZIBHEIRBIER

P Wi g ] (0232) W B ] (0933)
=417 “1"0” Total “7 =417 417007 Total
28-1 0 127741 127741 108063 2289 110352
28-2 2 127775 127777 103020 1974 104994
28-3 23 126 879 126 902 89 950 1714 91664
29-1 0 126 989 126 989 11769 90077 101846
29-2 11 127 335 127 346 26677 66 875 93552
29-3 2 127491 127493 25677 71058 96 735
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TN S, SRWEAE Bk EN, WL 6. 2:32 £LH{EHER,
KPEHEYL, FIbE. 933 AAEFRMWE, “17-40" il 0" HFRHNBRER.
5% 5 HRNEERIFHR. 0 —T BIREERMIGM; T 28C256, “17—“0” HiiR
LR RN, B EREEE RREERREAD, SUERAAR RN, Bk, X3 FESm
BN R RE, EERTMAERAK 112h 30min J5, JHRRNEEHEE; 4 100°C
FimeiB:k 44h 20min f5, 29C256 2wl LAgmfs; 28C256 &R0 LIS A%E “55H7,
HAMARBEE AL “AAH”. X 54N 7E68 BT RAR X, I R7E6E 3 o 80
% “55H”. 28C256 AKALTE 100°C T e E Kk 194 h 50 min, BRLE K 239h 10min 5, 28-6
ATUURARE AR “AAR”, BRI A1T.  28-1-—5 4k4E7E 100°C T hiIHE K 255h
10min, RFIB k 494h 20min J5, 28-2 F1 28-4 W] LIGRFRE AEE “AAHY, HABSSHAIR
ANf7. BTR, %FF FLASH ROM 29C256, iR el k 25 5 T B st 1= A e At fidh; xd
F EEPROM 28C256, &l R SO B 1 B 1 A R 4 4.

31.9MeV TN T, WMt ROM HEKHATHES 14MeV HTHEMTREE—
B B 2 ROM 4858 31.9MeV JRT-5@ 5T S0 AT B¥ R JR 7 B k& s 77 4
K RERE R R BRSNS, BAEE T HRFER R SRR, B0 AR
IRETH RAFIRAE 2 X 10*—3 x 10%rad (S1) A4, WE T

® 7T BEHAAEREIHORRTR
ZEFIE (10* rad (Si))

s 40717 1Ty
28-1 3.063 2.911
28-2 3.084 3.026
28-3 3.239 2.434
29-1 2.194 2.141
29-2 2.351 2.337
29-3 2.270 2.270

L B HIR B HLE A LR AT 4 LRIAR: (1) RF RE KRG b7 it
I B RS2 2 0 B P AR LS O, B IE A IIE R TSR, R EATERS
B LA, 8RR A R ) 67 AR, SRR AR RS —ERR, R
KBRS SE, FREATHRAR AN, HIBEEER. BT 5 i K P R A B3R
REE -EHMAERR, Eit, HREAAEAERTERBEE MEERTHERONM, BiE
RS SAER AN, #REEn Q) REsEEBRARN, fEFLTHLE
IS BOEFRA, B AR ITH —MRSMRA A MRS, B, AFMHRuR
AMEREZ AT —BH RN, TRERNHEH. L, SERITHEN, #HREK
R RAFEN. () P AHREH R 7/ ENE 7/ OERS T, HiE
BAEA Y, HIBEX, ASEROLESAEE LRGN, IBEN EEEX,
BAEE R I RAEE. Fil, SEEMERRAT HIER, WARNIERET AR
FHR.

BES, FIA °Co v JxiFMt ROM 28C256 Al 20C256 HEAT I BB L. K
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MWL S 31.9MeV RSN 5223 PO, SRR ROM 28C256 F1 29C256
31.9 MeV J5i THa5 R BB .

54b, EMFERSERAET, WE T HSMHEYFHRFEELS (SRAM) 1 31.9MeV i
SRS Bl USRI TR Bl R IR R B, SRR —
B =40 il 0”41 R IR, MEH ROM 28C256 F11 29C256 K]
3L9MeV B FHEH RS SRAM WRAF. X2 T & 17 BOu A 4 AN R 2R

RRIELL AT LAAR, YRHE ROM 28C256 il 29C256 K 31.9 MeV i T3R5 A
RBRLF RN, BT B RGO B 7 7 A ) R A By S S B

5 4k

FHt ROM 28C256 1 29C256 K 31.9 MeV ST-FHRSTMNAR SR FBN, MiLBT
FRHRF b A RPRIRERN ST BEN. S HBEERA TR
B, BRFERDPTR-EN, CEEHFR YRTERAB—EMHN, TR
WHR BRI TFIERRIEM, FIRE0EM. SANTFHRHER, SRR
TH 2. x5 T FLASH ROM 29C256, & ifa iR k& 5 M BR BT 77 A i SRS 1 ;. %
F EEPROM 28C256, il i HLE KA B I BR BT  AE RORR AT 545, shaS M AnEpSmeE
BRI EER SR, BARRMERERNSALER. R AMBRSFEESNRT
ERBERTARUAGHR, FETLHMESERSALEE. R, X TNHEM ROM 2
HEMRBRTRSR, AEGERAHTERNAERTRZ —.

2 % X K
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EXPERIMENTAL STUDY ON PROTON
IRRADIATION EFFECTS OF
FLOATING GATE ROMS

HE Chaohui GENG Bin CHEN Xiaohua YANG Hailiang
(Northwest Institute of Nuclear Technology, Xian 710024)

Abstract

Experimental results of proton irradiation effects are given for Floating gate
ROMs. The proton irradiation effects in FLASH ROM and EEPROM are the
total dose effects rather than the Single Event Effects. These are attributed to the
accumulative dose of both original and secondary protons. There is a proton fluence
threshold. Errors occur when proton fluence is above the threshold. It is easy to
eliminate the damage produced by proton irradiation for 29C256 by annealing in
power on under 100°C, however, it is difficult for 28C256. Data errors occur in
devices that are measured during irradiation and irradiated in power on, moreover,
new data cannot be written in these devices with programmer. However, under more
proton fluence, there is no error in devices in power off mode and new data can be
written in these devices with programmer. It is an effective method to backup some
devices in power off mode to improve the reliability of spacecrafts in which FLASH
ROMs and EEPROMs are used.

Key words FLASH ROM, EEPROM, Proton, Single event effects, Total
dose effect

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

