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3

ter 6. Chapter 7 presents the experimental results of fabricated devices and
analyzes the factors affecting the electrical performance of SB-MOSFETs.





L G

silicide

p-Si

silicid silicidex
j

n +

p-Si

silicid x
j

n+

(a) Conventional MOSFET
	

(b) Schottky-barrier MOSFET

silicide silicide

n*-poly n*-poly



metal oxide substrate



Qs — S

V g

Vg = Vfb + φs − 
Q^ = Vfb + φs + 

√
2εCoNbφs



(a)
	

(b)
metal	 oxide	 p-Si	 metal	 oxide	 p-Si

Ef

Evac

Ec

Ei
Ef
Ev

(c)
	

(d)
metal	 oxide	 p-Si	 metal	 oxide	 p-Si        

V g
Ef-- -----

Ec

Ei

Ef	 ^Vg
E v	Ef 

Ec

Ei

Ef
Ev





q vbi
Ec

E f

n-Si
	 EvMetal



Ef



C
exp (kT)

qφbn AA∗∗T2 exp C 
kT ) ,

nt, A is the diod
lfl, 110A

cm2K2

the A∗∗

40A
cm2K2 'Or

q ∂V
n =

kT ∂ (ln (I)).





Es
f

Ed

Vds > 0

(d)



Vds (a.u.)

S = ln 10 
∂ log Ids 

∂Vgs

−1





Idsat = 
μeff CoxW

2(L −ld) (
Vgs −Vth)

2
.

Vds =Vdsat Vds >Vdsat



10-7

-3	 -2	 -1	 0
Vgs (V)



source	 channel
	

drain channel drain

E
s
f



buried oxide







silicide



40	 00	 00	 70

Weight Percent Silicon

9418"C

tl

gei'c

4)

24	 Silicide in SB-MOSFET

Figure 3.2: Nickel-Silicon phase diagram.

(a) (b)

0 Ni

Figure 3.3: Crystal structure of (a) Silicon (Diamond structure) (b) NiSi
(MnP structure)





600	 700
T(

o C)
800



900400	 500	 600	 700	 800
Channel

cide phase (1nmNi + 1.84nmSi → 2.22nmNiSi, 1nmNi +
0.91nm Si → 1.4nm Ni2 Si) [431.

Energy (MeV)
0.8	 1.00.6

80,	

0



Energy(MeV)

200.. 0:2 0.4 0.6 0.8 1.0	 1.2................

0
400 600

Channel

800 1000

Measurement
Simulation Ni/Si=1.08/1





(b)

0	 40 80 120 160 200
depth (nm)

21
10

17
10

0	 40	 80	 120
depth (nm)



300

250

200

150

100

50

10	 20	 30	 40	 50
t si (nm)





(∂
2

	,
∂x2 +

∂
2

∂z2 )Φ(x, z) = 
ρ(x, z)

εsi

otential Φf (x) is o

	d2 Φf 	(x) Φf (x) − Φg + Φbi 
= 

ρtot(x)	

^εox
wit 	

εsi

	

2	 2	
^l A=	 tsitox,

	dx	 εsi 





0	 8	 16	 24
L (nm)

10
-2

10	 20
L (nm)



10
-4

10
-6

10
-8

10
-10

10
-12



10-4
(a) Vds = 0.4 .... 1.0V

-0.5	 0.0	 0.5	 1.0	 1.5
Vg (V)

10-13

0	 8	 16	 24
L (nm)

0.4

0.0

-0.4

-0.8

-1.2

-1.6

-0.5	 0.0	 0.5	 1.0
Vg (V)







10
-3

10
-5

,.10
-7

10
-9

-0.5	 0.0	 0.5	 1.0
Vg (V)

0.5	 1.0

Vg (V)





-0.5	 0.0	 0.5	 1.0
Vg (V)

1.5	 0	 10 L (nm) 20

100

10
-3

10-6

10 -9

10-12

10
-15

0.4

0.2

0.0

-0.2

-0.4

(a)
^ ^I i^	 -I

%	 •^
Vds = 0.8V

1

— 4



   

Nseg (cm
−3 Lseg S                                                             

2 × 1020   



li ». p-type
∼ 1015cm− 3

As/B was

◦

side of the



10
0 	

10
-2

ä10
-4

10
-6

-1.5

I − VF charac

ion. (b) I − VF

ation. VF

kT
q \AA s T 

2

/
φbn,bp = — ln 	

I



1.5

0

0.08

0.04

0

-0.04



-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
VF (V)

0.08-

0.04

0.00

-0.04

-0.08,



I = AA**T2 exp
f

(q^
T ) \

exp \
q nkTR

s

) — 
11

the SB. On the contrary, the I — VF

iplanted dose of 1015cmm2As is worse
5 x 1014cm-2As, which mav be due tc



0.08

0.04

0.00

-0.04. 

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
V

F
(V)







gate contact (M2)



(a)

gate
contact











26

32

37

43

49

55

60

66

72

(nm)

15

17

19

21

3	 6	 9	 12
(mm)





(b) ^^+;,
-^,

^_=-	 =`



(a)

Si-substrate   

(b)



2 .4• (a)

2 .2•

2 .0•

1 .8•

1 .6•

0	 50 100 150 200 250 300
Time (s)





-1.0	 -0.5
Vds (V)







102

100

E 10-2

E

E 10-4

10-6

-1.0	 -0.5
V ds (V)

10-8

-2.0 -1.0	 0.0
Vgs(V)

-1.2 -0.8	 -0.4

V ds (V)



0 experiments, t 
ox

=3.7nm
--0—simulation, t

ox
=2nm

qi4 simulation, t
ox

=3.7nm

5	 10	 15	 20	 25
tox (nm)



-1.5 -1.0	 -0.5
Vds (V)

-1.0	 0.0
Vgs (V)





-1.0	 -0.5
Vds (V)

-2.0 -1.0	 0.0
Vgs(V)

-1.0	 -0.5
Vds (V)

1 0-8	
-3.0 -1.5	 -1.0	 -0.5

Vds (V)
-2.0	 -1.0

Vgs(V)



700	 800
S (mV/dec)

0
900	 170 175 180 185 190 195

S (mV/dec)

tox

tox



200,	
V gs =0.1...1.5V
gm=1 35mS/mm

(b)

-1.5 -1.0 -0.5 0.0	 0.5	 1.0	 1.5
Vgs (V)

0 	
0.0	 0.5	 1.0	 1.5	 2.0

V
ds  

(V)

102- (a)	 Vds =0.1 ... 1.5V	 .^

100.	
.^

0-21-

10-4•
^.

10-6

	i)
8 . 420mV/dec ii) 70mV/dec

10-   



Edf



60

40

20

-1.

I = WA∗∗T3/2 exp(−qφe f f/kT){exp(qVds/ kT) − 1}



10
1

10 -1

10 -3

10
-5

10
-7

 1.0
(a

0.0	 0.5	 1.0	 1.5
Vgs (V)

0.0	 1.0	 2.0
Vgs (V)

I 000 01

 

tox 3.7nm, tsi 8nm
tox 3.7nm, tsi 25nm
tox 3.7nm, tsi 50nm

,0%	 - tox 10 nm, tsi 50nm
tox 24nm, tsi50nm

e

0.0

t ox 24nm, t si 50nm
t ox 10 nm, t si 50nm
t ox 3.7nm, t si 50nm
t ox 3.7nm, t si 25nm
t ox 3.7nm, t si 8nm

4	 6	 8	 10	 12
1000/T

0.3

0.2

0.1

0.0

0.4	 0.8	 1.2
Vgs (V)

-0.4	 0.0





0.0	 0.5	 1.0	 1.5
Vds (V)

0
Vgs (V)

0

102

100

10 -2

10 -4

10 -6

10 -8



Wμ



L=22 nm
Vdd = 2.5 V

fT=280Ghz !

Jülich
L=1 um
Vds=1.5V
Vgs- Vh =1.5V

10000

1000

100

10

1

0,1

0,01

0,001
0

Wang - Vgs=-1.2V /'bs=-1.2V (a)
Ikeda Vgs=-1.5V / Vds=-1.5V (b)
Saitoh - Vgs=-1.5V / Vds=-1.5V (c)

Itoh - Vgs=-1.5V / Vds=-1.5V (d)
Kedzierski - Vgs=-2.2V / Vds=-1.5V (e)

sodamos -Vgs=-2V / Vds=-1.6V (f)
sodamos - Vgs=Vds=-2V (f)
Spinnaker - Vgs=-2.6V /%s=-1V [g]

500	 600 700



7.4 Results	 81

The comparison of the on-current between the experimental and simulated
results (not shown) for device with dopant segregation shows a relatively large
deviation indicating that the scattering in a long-channel device becomes se-
rious if SBH is low. In contrast, the experimental results of a long-channel
device with high SB agree well with Simulation results, in spite of the as-
sumption of a ballistic transport. Figure 7.16 shows the state-of-the-art
SB-MOSFETs of different research groups. The present SB-MOSFET de-
vice with dopant segregation has already achieved comparable performance.
However, such a device still has an enormous potential for further improved
electrical performance. Therefore, future work should focus an the combi-
nation of ultra-thin oxides, ultra-thin SOI and dopant segregation into an
ultra-short channel SB-MOSFET device to achieve a higher performance.







Appendix A

Abbreviation

APM
CMOS
CVD
DS
HPM
ICP
LPCVD
MIGS
MOS
MOSFET
PECVD
RBS
RIE
RTP
Salicde
SB-MOSFET
SBH
SEM
SIIS
SIMS
SOI
SPM
TEM
UHV
UTB
XRD
XTEM

Ammonia peroxide mixture
Complementary metal-oxide-semiconductor
Chemical vapor deposition
Dopant segregation
Hydrochloric acid peroxide mixture
Inductive coupled plasma
Low pressure chemical vapor deposition
Metal-induced gap states
Metal -oxide -semiconductor
Metal-oxide-semiconductor field-effect transistor
Plasma enhanced chemical vapor deposition
Rutherford backscattering spectroscopy
Reactive ion etching
Rapid thermal processing
Self aligned silicide
Schottky barrier metal-oxide-semiconductor field-effect transistor
Schottky barrier height
Scanning electron microscopy
Silicidation induced impurity segregation
Secondary ion mass spectrometry
Silicon an insulator
Sulfuric acid peroxide mixture
Transmission electron microscopy
Ultra high vacuum
Ultra-thin body
X-ray diffraction
Crosssectional transmission electron microscopy
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