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Abstract: Various process modifications have been used to minimize SiO2 gate oxide aging in metal-oxide-semiconductor field-

effect transistors (MOSFETSs). In particular, post-metallization annealing (PMA) with a deuterium ambient can effectively elim-

inate both bulk traps and interface traps in the gate oxide. However, even with the use of PMA, it remains difficult to prevent

high levels of radiation-induced gate oxide damage such as total ionizing dose (TID) during long-term missions. In this context,

additional low-temperature heat treatment (LTHT) is proposed to recover from radiation-induced damage. Positive traps in the

damaged gate oxide can be neutralized using LTHT, thereby prolonging device reliability in harsh radioactive environments.
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Metal-oxide-semiconductor field-effect transis-
tors (MOSFETs) $t= ] A} &j'do] Zojx, =2 XA
=0 Shuet 59 20 UL glstel, 241 A7t £Fs}
Elof @ v It} [1]. 53], o]et 2 APt Yr=A| 2%}
oAl 43t Ao E EX|H(gate controllability)S =4
st7] HsliM =, A A AlolE AAvtS A=sh=
o] wspdolct. stAel Qhe AlojE HATS bias-

temperature instability (BTI) & hot-carrier injection

—

(HCI) 59 A7|A AEAREGE ofYz}, y-ray, heavy
ion, 2] 11 proton 5 $7G A1 AEH Aof Of-2 7 oFs}

B Jun-Young Park; junyoung@cbnu.ac.kr
Copyright ©2024 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

o}, o]2fgt A7|A /& F A AEHA ZZofA, BA A
o 2 Aouk Yo A= oF49] interface traps 2 bulk
trapso] AJ/d=o], EA] 93K aging)’t A1FHTH
[2-4]. o]} 22 Ao|E HHT] = 23}=, threshold
voltage ( Vry)2] mismatch & subthreshold swing (SS)
o] =ypmat olz}, off-state current (brr) & gate
leakage (1)) 57+ Zefsts S wheA] Axte) 45 at
Al2]/d Astoll XA ot} [3,5].

oj2igh MoA, A7 /PG A AEH A0 ot A|
o|E FHAuo] L3I3I5 A|A4dst7] 9Jsto], post-
metallization annealing (PMA), electro-thermal
annealing (ETA) 59| T}erst 7130l Ao %ict [6,7].
£5] PMAE, A4 g S|4 4 (hydrogen, Hy) B 54
Z(deuterium, D7) &30 A AXHE BA] AT o2 M,
Aok AW U AA Yoj|A] LAY traps?] 4o &
712 ojFlE & 9lrt [8.9]. sHXIgt o] 23t PMAS] A&
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E15tal, total ionizing dose (TID) &1}e}F ZHo] @4
2B eREE axte] 2442 et Felt
c}.
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THeba] 2 Aol A=, =0 717 WAL of o5
© MOSFETs WHEA| 2xt0] A7]A S4<
7] Yot o4& EA 2 542 Atettt. WA,
m Aol 4] enclosed-layout MOSFETs AAHS A
o] ApFFof|A, Alo|E FATY| k9 otE |4 stst
o], deuterium annealing& PMAZ#] X-8-5tct,
ti=f 639 &Qt0] k&3 s g5k, L&Y y-rayol &
S EEAA, 2419 24S FFA oz Pt [10].
0|3, A|QsH= low-temperature heat treatment
(LTHT)& QAIRF Rlegsto], axte] A7 4 S5 &
Qlaotar, FFA o2 BAsttt Ja| il thefst Aol E Zo]
(gate length, Zg) @ A'@9] Z(channel width, Wey)S
AYe 2AE AlAsto, Alftshe LTHTO] fa/d= A
ghelstet. ol2|et A=, 7hast A7A /278 A g oA
T-&5Hs e Al AR A7IAQ ARE R a8 A%
Hote], sutAlo = 8= 2 Qlrt
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LTHTZ &8 2At9] 5415 2215171 0f] 9A, enclosed-
layout transistor (ELT) &t& 7]¥19] NMOS AX& 1
1(a)2}t 2ol A2]& 7] Aol A AAFsrA Tt [11]. o]} 2
& AXt &= shallow trench isolation (STI)1f 24L&,
£ SiO; isolationd-& AYaL QUA] 42 Zio] E4J0]
o}, or2tA] TIDOf| st W ®ARAH(radiation tolerance)
A AR A A Qo [12]. #9F ofy e}, ELT AA}
+ AR ubg o] s}, 24 Y 372 452 ¢t test
vehicles (TVs)2 &-g&]7]0]] HaFstrt [13]. & Aol A]
23 1(b)9t 2ol 491%] p-type el E glo]n] Aol
ELT 759 TVs 2418 A9t ol 221 ol %,
dry oxidationS &3} 10 nm £/ 9] SiO, gate oxideS
HAs5t3itt. 1 &, low-pressure chemical vapor
deposition (LPCVD) 54 4 T E A< XIsisto] 100
nm F79] n" poly-Si gate =& /g5t 2]
ion implantation Z2&< £3f Arsenic (5x10"° ¢m ™,
40 keV)S self-aligno 2 Z#Ust1l, rapid thermal
annealing (RTA) 348S 1,000°Co|lA 10&x7F XI885}o,
source®t drain G945 J/dstAth. AAtH 4AH9] Fet
30]7d AFXIT}F transmission-electron microscopy
(TEM) Atxl2 & 1(c) 2 (d)2F 2ot ARt AR Lo
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£ 7|&0% 20~30 ym HY, I Wepys 715802
190~280 ym Y-S AY L Jlon, AAF ghad ~AHE
A2 (N2t 544(D2)7F S8 7HAS AH| o] U sto,
300°CollA 6027t PMAS 4385t [14]. o] 9, AR+
*Co7t &8, A% 185 rad/s9] y-rayol] =&E 10
o, & 8 A% 2 Mrad?] TID 2AE A0 =&/
ojd, 2t L= A= 2E AF5 floating HEIE
A8t y-rayo] AKX =& A /S, Keithley 4200A
parameter analyzers &-8310], & 427§ AXt9] -V
42 SR, Vi L S5 2F5H9ch o), hot-
plates 285101 200°CAA 6027 LTHTS 2243910
o, LTHT && o|%, 343t 2AE 5Lt 204 A
SRotelch nE S5 4

W,,, = 190 ~ 280 pm

Fabrication Process
P-type (100) silicon wafer
10 nm of SiO, for gate dielectric by dry oxidation
n* poly-silicon deposition for gate formation
Photolithography and gate patterning
lon implantation (As) for source/drain formaticn
Rapid thermal annealing (RTA) for dopant activation
Post-metallization annealing (PMA D, 4% ref. [14])
lonizing radiation using 8%Co (185 rad/s, 2 Mrad)

® Low-temperature heat treatment (LTHT)

(c)
Gate
Source
— e
1 Si-Substrate
L; Drain ;
1OEm Sl 20 nm

Fig. 1. (a) 3D schematics of an enclosed-layout transistor (ELT) for
test vehicles (TVs), (b) summary of the fabrication process flow of
the TVs, (c) an optical microscope image, and (d) a TEM image of a
device.
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3.Z X E

I 2(a)= Aol AMEH AR bh- 16 5782 B
Eoh AR 542, 24T AlAF Al S(fresh), PMA 1S
(after PMA), y-ray =% Al S (after y-ray irradiation),
J2]3 LTHT A& (after LTHT), S U35t AKX} Aoz
% 43] o] 20| Rt} Fresh &2} 2%o]A], PMA A& 0]
S, AR SSU bhsat 5701 FA5] 7hAdE o] =l
o, o]= £2UH deuterium-Z E£3t SiO, gate oxide?}t
A2 Ato]9f interface trapo] &atA o2 AAE S
Bo&Et [4]. o], YUt AXE y-rayol| =EAIZ
o, 2719 Ve 29 YFer o]5sty, ol 19
2(b)e} Zo] SiO, gate oxide Uo|A] o]-&&}&] o] A
positive traps© & QI3t Zlo|t} [15,16]. 221 A
= LTHTS y-rayo] ojs) £418 4xfo] 523 4
Ato] ViwZt THA] Qo] whato 2 Soprbs A shelat
AL} o] F &5ll, y-rayoll o5 &FH 2AF LTHTS
off A7 54 7tsda =AY 4 A y-rayg Qlsto
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Fig. 2. (a) Measured Ip-Vs characteristic at fresh, after PMA, after y-

ray irradiation, and after LTHT and (b) schematic of thermal recovery

using LTHT for damaged gate oxide.
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Si0, gate oxide Ujof] A = positive traps— 200°C A
F9o 2=oA, AE Z|HAA FeEe AR
direct tunneling F+= thermal emissiono] 9]st
recombination @ £A3t2 A|AH 7535t o=z AdHA
9t} [16-18].

07 32 ohg axte] AR 542 YA
5171 Slatol F5E, Viusk SS9 B W BEUAE 8
A&t oldl, 219 Ve 978 2719 bt Wen/Ls Hl
&8 359 F&35t= constant current (CC) method
£ 7|9te g 2&E51It} [19]. 22]al S5 Vg 71&2
2 1008 22 A7 79 712715 &5t FEsH
y-rayo] k&% 0|5, &FE AXFO] Iy Fo 32 -0.82
Volglo}, LTHT o]%, -0.66 VO & 19.5% B L] ict.
U7 HR| 2, y-rayol e &% o] $9] 27445 4x}e] S5
T 2 104.84 mV/decof| 4] 100.86 mV/decC 2 3.8%
SHE AT of 2 0] y-rayof oJsto] LAYSE V] &4
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Fig. 3. Extracted (a) V'tu and (b) SS characteristics of devices at fresh,
after PMA, after y-ray irradiation, and after LTHT.
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256%01 dit] SSO] £k 15% 2 At og A2 7S
shelgh £ Tt & y-rayo]l 93t SiO; gate oxide % A}
Vins ¥SHA] 7| = positive traps®] $717F SS
= interface traps?] Z71Ect O QAsF 71 o
E 04747“% [20,21]. WA 2A] B4 RN E, 29
AR} &4 919l positive traps?] A|A=Z Q15to, 14u9]
277} So) o s Uehd g 21018 5 it

4.8
o] AFolM =, &9 y-rayol &Jsto] &4 NMOS
WA arfel, A71H S 228 155 sk low-
temperature heat treatment (LTHT) 7] &-& A|t51%
o} WA, Aa]E go]m oA enclosed-layout transistor
(ELT) +& 7]¥1°] NMOS A XS A|AH619 © 1, deuterium
2 2835to] PMAE %8519t PMAZT A-8%E AXHE 11
EH yrayoll =E2AIRA S O, 2419 ViR SS&4g0] Z)
7} 256.5%, 15.0% WSS shelstirt. meby u]=
deuteriumE &85t PMA Z& o], MOSFETQ] Al&]d&
AFAIZ7]= 7 mabAlQl W ol e F4shal, 1E9
y-rayol] 2Jgt A%}9] SiO, gate oxide AN o] X5 &
7t o] =l it 22 1 A|Qtsh= LTHT & &5t &
Afo] B S42 s o SHIsteck LTHT Al of
AR iy 9 S5 Z47F 19.5%, 3.8% EE o,
% 171l E-& &3l positive trapsZt A2 7]/t
LaE= AXFO] direct tunneling T= thermal
emissiono]] 2|5t $AJ3t2 A|AE 7] glFo|c}. ZEXO
2, 24} A} ol $ £7]H 02 WhEE L A2o] $4 AR
2=, AR A71A £/ Aot 45 7Hssthl ste, A7
2 g WAl 2Ato] §-8517] A8 4 Qc.
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