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Abstract

In this study, we investigate in the high dielectric constant spacer at
device gate sidewall to improve the characteristics of short channel
junctionless transistor (JL-FET). With theoretical analysis and device
simulation results; therefore, we measure the actual product to verify the
expected results. Firstly, we simulated the device structure of the 3D FInNFET
structure with Lg = 80 nm, W = 40 nm and channel thickness Ts; = 26 nm
achieve the optimal results, using a semiconductor device simulation
software of the Synopsys Sentaurus TCAD. And also discussed the effects of
JL-FET with different spacer materials, such as HfO, (kx = 25), SigNy (k =
7.5) and SiO; (x = 3.9) on the I-V characteristic curve, DIBL effect and
leakage current. The simulation results show that the higher dielectric
constant of the spacer, the more effectively reduce the off-state leakage
current, increase the output current |y, improve the on/off current ratio and
DIBL effect for the short channel JL-FET. Therefore, JL-FET with HfO,

spacer will have the best device performance.

Keyword : Dielectric constant ~ High-x spacer ~ High-k material

Junctionless ~ JL-FET ~ Sidewall spacer
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Substrate
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= ,;-,ST-\')V(;éfer

Fig. 11 Device JL-FET with spacer fi-#t. 5 #7 & B

41 AEHREH

4 B Fig 11 & #ost JL-FET ~ 2 S i r LW - # * = S st TCAD
Sentaurus i£ 7 3D @t ~ E R E L EHE THH AR AT VB ZEE MR
o ?_, 'ri*%c—;?d» y LA ﬂ}“y_ﬂﬁ%ﬁ'\ﬁ(—hr’—r %}\ Table II -

Table I Device JL-FET Simulation Parameter

Parameter n-channel JL-FET Value
Gate Length (Lg) 80 nm
Device width (W) 40 nm
Spacer Length (Lsp) 21 nm
Source/Drain Length (Lsp) 100 nm
Gate Oxide Thickness (tox) 3.5nm
Spacer Thickness (Tsp) 53.5nm
Device layer Thickness (Ts;) 26 nm
Burried Oxide Thickness (Tgox) 250 nm
Substrate Thickness (Teub) 20 nm
Spacer material SiO; ~ SigNg ~ HfO,
Gate Oxide material Al,O;
Device layer Doping level Np=5€e12 cm™
Source/Drain Peak Concentration (Ns/p) 1e15 cm™
Gate Work function (e ¢ i) 4.65eV ~ 5.2eV
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4-2 JL-FET {3 0k & i m 47
4-2.1 JL-FET off-state £ 3 kA A F
4= B Fig. 12~ Fig. 13 M &+ &dc % 4.65eV - w7 b 5 &
AR 0 T g IR HFO(kx=25) % B 2 JL-FET it # SiOy(x=3.9) %

A L3l A B MP R EEERFRAR > P RDBT AR -

Off-state (Vp=0.1V, Vc=0V)
Gate Material Workfunction = 4.65eV

(@) (b)

eDensity (cm”-3)

eDensity (cm”-3) . 1.78e+21
. 1.78e+21

1326419 Gate AR
9.760+16 9.76e+16
Ir.zsem 7.23e+14
5.36e+12
5.36e+12
3.97e+10 channel g
.97e

Fig. 12 JL-FET with SiO, spacer off-state if i ()42 % ~(O)F > 5 =+ kAR A #

(@) (b)

eDensity (cmA-3)

1.78e+21
eDensity (cm”-3) l o
1780421 1.30e+19
1.300+19 9.57e+16
i 7.02e+14
i 5.15e+12
5.15e+12
3.77e+10 3.77e+10

Fig. 13 JL-FET with HfO, spacer off-state i@ if ()47 % ~ (b)yF & & F kR A F
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Fig. 14 ~Fig. 15 5 Ri&* 5§ 5.2eV 2 2 7 B R ~ 2 B P 3d 3
fr o GH > HIO 2 A ~ 2B A3 Rl PLf 3 kR
BEAPATEHEY oA WS R RE Z R B L A
MPREE RS T SR AT AEGH RR G &

TOLEE A .

Off-state (Vp=0.1V, Vc=0V)
Gate Material Workfunction = 5.2eV

(@) (b)

-eDensity (cm*-3)

eDensity (cm*-3) 1.78e+21
780421 2.31e+17
| A 3.000+13
P 3.890+09

3.89¢+09
5.05e+05

5.050+05
6550401 éssexol

Fig. 14 JL-FET with SiO, spacer off-state i i ()42 % ~ (D) > 5 =+ kAR A #

(@) (b)

eDensity (cm*-3)
eDensity (cm*-3) . 1.78e+21

e 228e+17
2.28e+17 | 2920+13
R 3.750+09
3.75e+09

4.81e+05
4.81e+05
P 5.170+01

Fig. 15 JL-FET with HfO, spacer off-state il if ()57 & ~ (D)~ & T+ kR A F
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4-2.2 JL-FETon-state £ ¢ F kR A #
Fig. 16 ~ Fig. 17 R t& 4 3 #c 4.65eV » % o 2 B & JL-FET 1 %34
BLFTHRASTGR & 4T iy B A (Fig. 17)4 7 e 3 BT 4+
o BRBERARDIRBETE > AL I OULFLF 0 ey

@ o~ e oon/off TN EE R o

On-state (Vp=1V,Vg=15V)
Gate Material Workfunction = 4.65eV

(a) (b)

eDensity (cm®-3)
.4..2294‘21
Gate 5.00e+20

eDensity (cm*-3)
4.22e+21

5.00e+20

| 593et19 5.93e+19
7.03e+18 7.03e+18
8.33e+17 8.33e+17

9.88e+16 Channel 9. 88e+16

Fig. 16 JL-FET with SiO; spacer on-state if i ()47 & ~ (D) > & T+ kA » F

() (b)

eDensity (cm*-3)
eDensity (cmA-3)

5.86e+21
5.86e+21

6.95e+20
6.950+20
8.24e+19 8.24e+19
9.77e+18 9.77e+18
1.16e+18 1.16e+18
1.37e+17 1.37e+17

Fig. 17 JL-FET with HfO, spacer on-state if i ()% & ~ (D) > & T+ kA » F
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Fig. 18 ~Fig. 19 A &+ & #c 526V > # f 3 B & JL-FET 1 17 &
HETFIRREAGE d N3k ErPE L FENTIER

AlEERT, R RET IR EERIE R B EE I gi;ﬁu;

AR I EREES Y RERS S Ee EIEArE

On-state (Vp=1V, V=1.5V)
Gate Material Workfunction = 5.2eV

(@) (b)

eDensity (cm#-3) eDensity (cm*-3)

1.78e+21 [.78e+21
1.25e+20 1.250+20
|8.83e+18 8.83e+18
6.22e+17 6.220+17
4.39e+16 4.390+16
3.09e+15 3.09e+15

Fig. 18 JL-FET with SiO; spacer on-state if if ()47 & ~ (D) > & T+ kA & F

(@) (b)

eDensity (cm”-3)
eDensity (cm”-3) 2.26e+21

2260421 1.43e+20
1430420 9.11e+18
9.11e+18

Is.79u17 Is'm"W
3.680416 3.68e+16
233e+15 2.33e+15

Fig. 19 JL-FET with HfO, spacer on-state if i ()47 & ~ (D)% &+ kAR~
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4-3 JL-FET with spacer |-V #cig & ¢ &

Bl g+ R AR A Wi > 50 (i P rgdRst JL-FET
MR AR AR EAPEEL EFME G Synopsys TCAD
Sentaurus & {7 Ip-Vp ~ Ip-Vg & ¢ R E TR GAEOHRE > L&
4%+ (4-3.1 ~ 4-3.4) non spacer ~ SiO, spacer ~ SisN,4 spacer ~ HfO, spacer

¥ %

[<ali'y

FHIL-FET # kenT gt > BERLRL RIS T 3 LT
R AT SRR N o U e A ST il M SR U

1738 & ke R AR s 6 T AL -
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4-3.1 JL-FET |-V #i84iee A

JL-FET(non) 15-V, curves

2.5E-04
—Vg=2.0V
—Vg=1.8V
2.0E-04 Ve-16V
Vg=1.4V
1.5E-04 —Vg=1.2V
—
< —Vg=1.0V
o
1.0E-04 —Vg=0.8V
—Vg=0.6V
—Vg=0.4V
5.0E-05
—Vg=0.2V
—Vg=0.0V
0.0E+00
0 0.5 1 15 2 2.5

Vp(V)
Fig. 20 JL-FET non spacer Ip-Vp characteristics curve.

JL-FET(non) 1,-V; curves

1E-03

1E-06

1E-09

Io(A)

1E-12

1E-15

1E-18
-1 -0.5 0 0.5 1 1.5 2

Va(V)
—Vd=0.1V =—=Vd=1.0V

Fig. 21 JL-FET non spacer Ip-V characteristics curve.

25 BT X FH 444 ePaper(2017 #)



BARZEEER/AEEG T L2 FEHEHRA Y

4-32 JL-FETSIO, z B & |-V #3gd{td &

JL-FET(SiO,) 1,-V curves

2.5E-04
—\/g=2V
2.0E-04 —\/g=1.8V
—\Vg=1.6V
Vg=1.4V
1.5E-04 Vorl 2V
— — =1.
S— g
) —\/g=1.0V
1.0E-04 —\/g=0.8V
—\/g=0.6V
5.0E-05 —Vg=0.4V
—\Vg=0.2V
—\Vg=0.0V
0.0E+00
0 0.5 1 1.5 2 2.5

Vp(V)
Fig. 22 JL-FET SiO, spacer Ip-Vp characteristics curve.

JL-FET(SiO,) I,-V; curves

1.0E-03

1.0E-06

1.0E-09

In(A)

1.0E-12

1.0E-15

1.0E-18

1 05 0 0.5 1 15 2
Vs(V)

==\Vd=0.1V ==Vd=1.0V

Fig. 23 JL-FET SiO, spacer Ip-Vg characteristics curve.
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4-33 JL-FETSisNsz B & |-V ficdd s &

JL-FET(Si3N,) I,-Vp curves

2.5E-04
—\Vg=2.0V
2.0E-04 —Vg=1.8V
—Vg=1.6V
Vg=1.4V
1.5E-04 Vo1V
< e
- —Vg=1.0V
1.0E-04 —\g=0.8V
—Vg=0.6V
5.0E-05 —Vg=0.4\l
—Vg=0.2V
—Vg=0.0V
0.0E+00 — ]
0 0.5 1 1.5 2 2.5

Vp(V)
Fig. 24 JL-FET Si3Ny4 spacer Ip-Vp characteristics curve.

JL-FET(Si3N,) 1,-V; curves

1E-03

1E-06

1E-09

In(A)

1E-12

1E-15

1E-18

1 0.5 0 0.5 1 1.5 2
Ve(V)

==\d=0.1V =Vd=1.0V

Fig. 25 JL-FET Si3sNy4 spacer Ip-Vg characteristics curve.
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4-34 JL-FETHfO, z B & |-V #id3gfitd &

JL-FET(HfO,) 15-V, curves

2.5E-04
—Vg=2.0V
—Vg=1.8V
2.0E-04 —Vg=1.6V
Vg=1.4V
1.5E-04 —Vg=1.2V

—
< —Vg=1.0V

[=]
1.0E-04 Ve=0.8V
—Vg=0.6V
—Vg=0.4V
5.0E-05 —Vg=0.2v
—Vg=0.0V

0.0E+00
0 0.5 1 1.5 2 2.5

Vp(V)
Fig. 26 JL-FET HfO; spacer Ip-Vp characteristics curve.

JL-FET(HfO,) 1,-V; curves
1E-03

1E-06

1E-09

Io(A)

1E-12

1E-15

1E-18
-1 -0.5 0 0.5 1 1.5 2

Ve(V)
—Vd=0.1V ==Vd=1.0V

Fig. 27 JL-FET HfO, spacer Ip-V characteristics curve.
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4-4 JL-FET 2 R 3B A |-V HEERFLY 80 R

4o F(A-41)Fig. 29 7 I 5 B K lo-Vp £ 500 i ftp b if
BT REE LA AT ABRD 0 TR Ips 4 P BTN 4 R
High-x spacer it 3 :¢ & R & # % T ¥ »c & (Fringing field
effect)' £EF 1T ZEMIPE AR A BFSE 23 7 E4-T B Fig.
28 AT B G I XML O RFEH S N T EARAIH

A

r /2 ,%
SEEW

Il

ﬁi R cEARF T IpE o

f-Physical Le

Source & x Drain

p—Effective Lg —f

Channel

BOX

Si-wafer

Fig. 28 JL-FET RIEEZ B A 5T % 7 & B

d Bl(4-4.2)Fig. 30 7 o 7 B R Ip-VedFitd ®¥ 1 {F v il s
%l—f’i\lfﬂmﬂ' A}“}’fr"L%#E]f“"’—,’fq_F'&%]? - i+ A-f#‘),g‘&u’ﬂm/%mm

PR PSR T 0 T4 % 2 BT nonspacer & R HE o KA 2 B A

AAE/FR o T2 /RA TR D

—N

Y SLE RS RS
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JL-FET(different spacer) I,-V curves

2.5E-04
2.0E-04
==non
—Si02
1.5E-04 ciang
— 1
<
3 —Hf02
1.0E-04
5.0E-05
0.0E+00
0 0.5 1 1.5 2 2.5

Vp(V)

Fig. 29 JL-FET with different spacer 1p-Vp characteristics curve.

4-41 JL-FET % B2 B A Ip-Vo B itd 20 R
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4-42 JL-FET % B 2 B A lo-Vo HERE ¥ 0L R

JL-FET(different spacer) |-V curves

1E-03 |
- ,
1E-06 :5/ - ‘
<L
VG(V) _D/
_ 1E-09 D
< Ve(V)
_D
1E-12
1E-15 _
F
ST~
| J\j
1618 |
1 -0.5 0 0.5 1 1.5 2

Ve(V)
non (Vd=1V) —SiO2 (Vd=1V) —Si3N4 (Vd=1V) —Hf02 (Vd=1V)

Fig. 30 JL-FET with different spacer 1p-Vg characteristics curve.

4-5 JL-FET 2 Pz B R BT n4F 2L 451 R

d T 4 Table M2 {740 B iS5 % R b 47 - iR

%3 » JL-FET & f{& SiO, spacer ~ SizN,4 spacer ~ HfO, spacer 7 f& &

F_*

°om

S H e on-state Vit %] ¥ I 52% ~ 92%:22 213%m§i%1 I S

e

off-state /& 7. 7 & W T "2 7 14% ~ 24%2 65% > pt B % T A Ip Hp 4P

A

B & High-c 2 B FIRIEER T 5 A il BRI S 5 90 G R sk
B MPRERD ZHA D JREDERRMIEBLR > Tk B4

B G ordrElAT I o

Table I JL-FET 7 F % B R HORRT 7h 5 1A 700

3 # Y < 84472 ePaper(2017 &)



BARTEEERR/ ARG T 52 B RS

Spacer | Ipgsay (A) | Increment (%) lors (A) Decrement (%) lon/ loft
non | 6.08x107° 4.54x10™" 1.34x10™
.. | SiO; | 9.23x10° 52 % 3.99x10*° 14 % 2.31x10"
it SisN, | 1.17x10™ 92 % 3.45x10™° 24 % 3.39x10"
HfO, | 1.90x10™ 213 % 1.61x10™® 65 % 1.18x10%
4-6 il 3¢ JL-FET non spacer vs. HfO, spacer DIBL effect

S AL B B (HIO,, k=25 )& 44 DIBL vcfbig & 2 4%

-

2

MR BEid i & 2 (Le=16 nm, Tgi= 10 nm):& (7 {-Hi 344 ©
1.06-0;
1.0e-04—;DIBL (without spacer],f’/ - "r’”

3 e ,,0
10605 4 i ot
E 1.0e-06- ; // # DIBL (HfO2 spacer)
E ; J', !I !
<L 1 ’ s 7
5 108-07*; !," /: ":’
] ’
10e-084 ./ [/ [/
E R4 !f ;’
1.0e-094-" /[ -==-JL-FET VD = 1.5V (HfO2 spacer)
. / ) -==-JL-FET VD= 0.1V (HfO2 spacer)
1.0e-105 ./ o JL-FET VD=15V
1,4 / ~==-JL-FET VD=0.1V
1.08-11 - T L L T T T T T T T T T T T T
- 0 1 2 3

VG (V)

Fig. 31 JL-FET with HfO; spacer and non spacer DIBL effect
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FHFARINIBRPEIFE 2R T HHMOBEETT > APEE
WA B R Y TR EA T A4 o JL-FET % £ & 5 MOS ki &5 PIN
o oo VAR REAARFLIEG A AT 5 JL-FET 4 3
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FAPFS WRAERTF A GRS 40§ R DRE T
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