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Abstract: The size of semiconductor devices has been scaled down to improve packing density and output performance.

However, there is uncontrollable spreading of the dopants that comprise the well, punch-stop, and channel-stop when using high-

temperature annealing processes, such as rapid thermal annealing (RTA). In this context, low-temperature deuterium annealing

(LTDA) performed at a low temperature of 300C is proposed to reduce the thermal budget during CMOS fabrication. The

LTDA effectively eliminates the interface trap in the gate dielectric layer, thereby improving the electrical characteristics of

devices, such as threshold voltage (Vrh), subthreshold swing (SS), on-state current (Ion), and off-state current (Iorr). Moreover,

the LTDA is perfectly compatible with CMOS processes.
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AL QITk [1]. ShAITE Yhe A ARFO] AJ&A Q1 A48}
A & 1K short-channel effects, SCEs) S 2 2l
A} pre] ofef g zefstul, olo] chat sj A Al
%3] ol 2ol A1 Qlr} [2]. AN &3, metal-oxide-
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9] threshold voltage (Vry) mismatch & 319] @ At=2S
e wob obyet Ao oprldPa AL axtel
subthreshold swing (SS) ¥ off-state current (Iorr)2]
27t 29t [3].

SEAIEE o] 2{gt TA'Ed it AIo]E A tof ofsh =2
Q1 -F(drain current, Ip)9] Alo] 53l Ao|E SA|H
(gate controllability)Q] 7§A& E35to], 24 AAE 5
ATt o] F H5to], aAte] LRA ZH oA =, FInFET ®
= gate-all-around (GAA) FETet 2+ 3XtY vt A A&
A 27} Qpatol AR 1 9lr} [2,4]. Wt ofjet, Ak}
o] AAA FHA =, 7]EQ Si0; Alo]E AR

(dielectric)of] HIO,e} 2+ high-k A& F71 &850,

Aol E A A|El A(gate capacitance)E
o} [5].

o] oJof], AAtY| A&2F74 FHAA =, A2 7]¥Hlow-
temperature)?] € 3 A (thermal annealing) 7]& 72
o] @@ o] o551 glck. 7]E0] 1Le 7|8k} CMOS &
5732, shallow junctiong 5710 &2 ¥4t oty
2+, well, punch-stop, channel-stop, halo 59 Z 3=
dopant?] E7t] sk 2HAF 3 deactivation g Zajsict. o]
2f gt meto A, & v]-&(thermal budget)s &°17] Hgt
A 1< 24, microwave annealing (MWA)1} 742 7]
=0] 2014d0] 271 vt It [6]. o]2{gF MWAR 22
& H]-& Stof|Al, dopant activation> Stjjg}st= BHH,
dopant?] =Hib2 FA4stsh= Zlo] SAolth. SHA|Th
MWA-2 microwave?] 542 20|57 517] Y5t H 9]
A 719 E4A1E dolHo LSy, o] He qA
St W5 BA R st 5 ofA]l A& 7|8he] CMOS &+
ol 48] 7]ofl= EAI7E EXSEAL QT

olof|, o] AofA = 7]E EEElo] & 12 7|¥te] &
782 4% UA 715 ot s M2 B 57442 Aloksttt.
FRA o2, 7]F 1,000~1,100°C2] 2= ¥ Qo] A o] £0]
Xl rapid thermal annealing (RTA)2 tfjAlsto], 300°C
o F2 2= JeoA o] FolA]= & 54 A7l o
£ & ¢ &olstl st7] Ysto, Ay WRo 1199] 4

TIAE FUSHH, 24" Saae AR 54Y A
Selstalc). 540 7k s
E e S PG e B

Z7HA1712 9

2], 554 712 B0 HE 2719] Si0, o] E Aeuta
Si A@ Atolof] £Afst+= interface trap?] passivation
ol 7hsstet. Aletet @ B Lt 712 & 340
)5l A 5] g 0t ofy2t, CMOS &7 of] &3] 2.8t
Ihset £41 AU 9k,

Al
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7lute] o g Alael7] Hol, B0l a4
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Bﬂ A7bE 3 13t 2o] ARSI (7). 23 1(a)ot
2 enclosed-layout transistor (ELT) AX}+= 70| E
ol an/2eel Qg AL R i e 3
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low-pressure chemical vapor

deposition (LPCVD) 24 @ T EZAXS Xa85ta] 100
< HAstelon,

nm £719] n" poly Alo|E A= ol &

n* Poly-Si Gate n* Poly-Si Gate

Si0, Gate Dielectric Si0, Gate Dielectric

p-type Si-Substrate

20 nm |

p-type Si-Substrate

(d)

Fabrication Process Flow
P-type (100) silicon wafer
10 nm of SiO, oxidation by RTA
100 nm of n* poly-Si deposition by LPCVD
Gate patterning (Lg = 10—-15 pm, W¢y, = 190 — 280 pm)
Source/drain ion-implantation (As) by 5 x 1075 cm2, 40 KeV
x Rapid thermal annealing (RTA) (1000 °C, 15 sec)
.< Low-temperature deuterium annealing (LTDA) (300 °C, 1 hr)

‘ Low-temperature nitrogen annealing (LTNA) (300 °C, 1 hr)

Fig. 1. (a) Schematic of an enclosed-layout transistor fabricated for
test vehicles (TVs), (b) a cross-sectional transmission-electron
microscopy (TEM) image, (c) an energy-dispersive x-ray
spectroscopy (EDS) image of a device, and (d) summary of the
fabrication process flow of the TVs.
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°‘(ion implantation) 248 £3to Arsenic (5X10"
, 40 keV)S self-aligno 2 Z=Qls}gct o] =9I
Ol 5, EAA 02 1,000~1,100°C0] 2-20]A o] 2ojx|=
RTA Z7 o] dopant activationg ¢Jsto] = Q 5ttt 5HA]
ot o]¥l 7oA & offst .20 A AL 300°CHA
0]20]X]= low-temperature deuterium annealing
(LTDA)C.2 ciAlstic [8-10). At ghasl Alelg TV
AAFY] transmission-electron microscopy (TEM) At
A AR Al RS2 1 1(b)~(d)oll Q.ofE]of et
A TVs X9l F7]+= gate length (L) 7|22
10~15 um ¥¢], Z72]11 channel width (Wep) 7|&2.2
190~280 pm WelolA Rmatct. Axt AJE o3
LTDA 57-& 4385t7] o|Fof, BI500A ¥H=A| &417]
(parameter analyzer)S &-83519, & 35471 42%19] Ip-
Ve ¥ Ip-Vp 5442 5T o] F, 17579 vlw+ &
A1 U0 2 A AN, F4A(D)7 96:49) 8] 82 &
U718 Bolol Rk, 10bare] ¢34 3 300C 2
. Ol AJEIOIA, 1AI7F &k {X]5Ho
Potck. AL F24 FH(LTDA))
2 7% 7] ojetol, UniA] 179
AXFE Ao 2= low-temperature
nitrogen annealing (LTNA), & 100% =% 9] A4S &
Qo] $AT L w0t AAoIA A B MAskATE

o=2 v

a L=R
dopant activationg st H £ 9] 1712 RTAS A=kt
o, o]& thAlsto], LTDA = LTNAE A] .
LTDA £= LTNA 574 /% AXC] 8]+ ¢lo]n] o
A FLet AAE dideg A5t &
constant current (CC) method= 7|¥Fo 2 &
UeHAQl CC method= Wen/Lg ratioof] €744 3719 Ip
= I5t9, Vs F&she Zlo] SAoltt [11]. shA|gh
RTAE A2kt 3 A 9] E4A}, AX19] series resistance
7} & WA R Qlsto], o] AFLA L [5=2.5%107 AofIA]

LA O R Vg FE6IUT. SS+= V2 FE 108 S
< AR/ #7175 &5t FESHCH, lon
Vo=Vm+2 VoA d&x o2 Z&51300.

RTAS 38 Al3sHA] &2 x£7] AR} vlugd o,
LTNA A2 AJsist AXI9] 742, SS I on-state
current (lon) 5442] 7410 1=t} @A A A4gto]
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Fig. 2. Measured (a) the Ip-Vg and (b) transconductance (gm) of a
device without RTA, after LTNA, and after LTDA.

FA" A, At E4o] A E = ARl n'
poly 7I0lE A= Wof zZ3tE|o] QUH 0]Ffe]
(hydrogen)Q] &tato 2 HE| 7]Q1519 S 7o g2 FX =}
[12]. SHRI19 F54 87014 AgEls LTDAJAE
LTNAO] 7AZ0], 2.218) ¢ 7§A = SS EA 1} 1.74] 4 7))
M Iong Bolzleh. 5 A4 #7014 A3l LTNA
L 2] EAjsts 240 33l F2stA 2otol, Alo]
£ ofotat A Afelo]l Exfshs
Al O & passivation 5HA] £5t= YtH | LTDA 2 A=
QR 2 HE FE9t 4471 5550, interface trapE
gitAog MA 7tede & 4 AT [13,14]. 22|41 9]
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£ B &N o) LTNAY] 7 9= RTAS 75 AJdsHA|

7&
AT

interface trap2 &}



46 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 1, pp. 43-47, January 2024: Wang et al.

ore 7] Axto] ulstol, gyl 3.43u) AHE QoL 5
442 285 LTDAY] %9 LTNAC| 791t} oF 2.89
4g =AY 2 9lek. o]2)at 24k H7|HQ)

a2 32 Ao AAY AL 5] Ystel. F 3547)
2 Og 5H b-Ve Hlo|H 5 o &t
354719] TV AKXt &, RTA 3A-& tjAlsto], LTNAS A|
gt ARtE2 & 179700, LTDAZ Alsgsh ~A&2
5 1757holch, Aupso R, 44 B0 AAe 37
= Alegs 47t A A gl 2o vlstod, lon B SS 5749
o] AeRlo s o aabdle HAW 4 At
3 4= LTDAR} LTNA € 3% Ao tfjst TV &A}t
O] Vry, SS, 22] 11 on0] B3t ¥ BEFEHALE Ho &0}
23 4(a)o] 2 Vpe] Fwt3t2> LTDA ¥ LTNAZ} 7+
7} 316 mV, 694 mVo|u], LTDAQ] 7.2 o|AtAlol Ax}
o] Viye] W9l 200~300 mV 77t AT & 4 9
T 22]1 LTDAQ] SS H3he 207.61 mV/dec?l ¥HH,
LTNA9] HF3H2 322.19 mV/decz 2F 114.58 mV/dec
Aol & HojRdot [1™ 4(b)]. 1™ 4(c)= 2B =7l O
¢ 259 lu ¥4 £E 208 HoiFTh LTDAS 719
eF O 29 ARt=0] LTNAO] sl Ion] AF27}F 21% Hf

— O

lo

MR LR, FUS 150 o AMEASL 2ol 4 9
o} [9,15].
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Fig. 3. Comparison of the measured transfer characteristics (Ip-Vg)
plot without RTA, after LTNA, and after LTDA for 354 samples.
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Fig. 4. Comparison of the mean and standard deviation of (a) Vru
extracted at Ip=2.5x10"7 and (b) extracted SS, and (c) cumulative
distribution of Ion extracted at Vp=2.05 V.
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4.2
o] AofM= A& CMOS A% A& Y5t 71&
gt2tjo] & 12 7]¥t9] rapid thermal annealing
(RTA) 5782 <5 diAIste, 300°Ce] W2 2%ofA &

oh. @A, AYste Ae 4 240 S&
st A2lE 7]Ho|A  enclosed-
layout transistors (ELTs) AAE A A5ttt ELT AAf
= AEY o] golstel, BHL At/ et Atz A
Astet. 271 AR 0%, 300°C] 2% 9 10 baro] 4
stof], A A 7FA(low-temperature nitrogen annealing,
LTNA)?} &4 7tA(low-temperature deuterium
annealing, LTDA)E 217} sto], AAte] §4 WHat=
PArstITh LTNA ®& LTDAZ AJast AZo] %9,
RTAE 8] Aled5HA] ¢h2 £7] A4 0| vlsto], -5 7iA
ol selxlgick. §5], A4 7}A7F 2 LTNAY 39,
4x] n' poly o] & Ao ZxfsTH 0]aFo] 44| &
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