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a-Si:H/a-SiN:H 7% MODFETY #i% 2 2 $%E
(Fabrication of MODFET with a-Si:H/a-SiN:H
Structure and Its Characteristics)
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Abstract

MODFETSs using the heterostructure of phosphorous-contained a-SiN:H and undoped a-
Si‘H films have been fabricated by PECVD of SiH,, PH; and NH,; gases.
Thecharacteristics of the devices have been invetigated and compared with conventional
TFTs(CTFTs). The threshold voltage of the MODFETs was smaller than that of CTFTs, in
the case of the devices using the a-SiN:H film with the relatively high phosphorous
content. the threshold voltage was negative and the operation of the devices followed the
depletion mode. On the other hand. on/off current ratio of the MODFETs was more than
one order of magnitude higher than the CTFTs . and the field effect mobility of the
former was approximately two times as high as that of the latter.

1. M8

,4~
/3 {J\

“EER. TR Pl

e

upetE 2] A€ (TFT)S] AAES o]Fxs

(Samsung Advanced Institute of Technology.

SAIT)

R BRALEM T

(Dept. of Elec.Eng..Kyungpook Nat'1 Univ.)
BT 19934 1H 210

(451)

#al7] slal skl s BA2A a-SitH diAl
ZhsE Ale|2e Algsts w e Muix] wi=AYo)
o2 vl wheAle] @5 (superlattice) TES
ARgshs g 51 o] s glet. zelvh daAl



£ 1+

600°C ol3tollA] LPCVDH o2 Az« opdAg A
22L& I (grain)el =717} Zeld KirERt
Az vAA wtEAe] 24z rxRe Rt <
g ol W) ool {KiEiollA ALY o] F=I} F
29 e RS AW qleh. 2819 a-SitH TFT
off T Bk W ol sl BT AAAY olEFE:
Aol FiesEle rle] BEA Estedl, oA
7= Ak FEel wel HE] FEste A4
o) HiEFEE & R o (B i SER
BE7) gebr]7] wEelch. o] o]&& ZAR A
AA LY o] FEZ ZoMA 7] Aol 2 T2
HA2E FaA7lE =AD& Y &AE S
Alo) A Aol F2bAT Adarw, A
A%y 5o FAMES A Hw, =3 Adel B
fyog B&Ed Bk A THMEGLS S/
7)7) ol 2358 o5k FAE HERY F i
t}. &8, Dingle T "o Agoz #H£HEL
AlGaAs/GaAs 272} Fxe4 o)2zts E¢Ed
A}o} AR SR S AT o9,
v A Wk BHEAHEA T olelgt A3} o]
Eoll o3 WA as} et @ v abde] ¥
EE =

K WEelx+ phosphorous?t fiE EFHE a-
SIN:H 23 =3etdl a-SitH 2Hg o] A3 Mz
oy FxE olgsld A FAAH FEE A
& HbA] e AAE FIAZLEZN o] el
FHREJE FFaAA A OB 2 Ale]E FHshe|
AR 28 HAEH o)FEE 7IXE wWxrsy uiet
Eal#) ~¥ (modulation-doped field effect
transistor :MODFET) & Al &3}t

= AL

I. BACT REFSIEE

weAgo]l H&2 ofE 5 BA o]F3 I HAAlL
o] 2 FHel 91 (donor)E =HshE =¥
ye] ozl 9171 WEsge] 2he Ao Adrdy
o} & AS =39 2 R oAr)H HAs W
7o) 2k BAR o]g3le] AR FA A
o 2"} ole} o] HAE ESiATe
¥ 2 =3 (modulation-doping)el#t et

AXA o) FAgaA Told, ol Wr=HdS
Aol B4E Akaks WA G AAE frAF R
Al Aolla] 2ake] AAFR o) FELE ZA FAA
7l dge gt T g e Yol B2 FH-F
$17F EAskeE A o] FA R E R
o] WA g ©

(=]
T
KN

=

P

&
~
T

o7 WMEEY-L Halel B4

M o

a-Si:H/a-SiN:H #+% MODFET®] #& 2 2 Rt

(452)

15

oz A=Al AF Yol A4

FRENE Yo Fale dE F el
A EREel Y AR W% ) FEE 37}

= o9&g gl a#d A"z ols vy I¥E
9ol vls Axchellr] "4 =] ofFof HEEge
Arrt 245 AApe] AAEHY o)Fke U F7}

gt

Metal a-Si:H
conventional
TFT
Ec
Efsi —_— }_ e e s ———
8D
>
Efm ‘?—J
Phosphorous
contained i
Metal a—SiN:H a—Si:H
MODFET
Ec
Efsi —_ }_ e e ——
QD
-

g 1 odubdal o1& Hard o)FAH7e
A= T2

Fig. 1. Band diagram of ordinary and
modulation-doped hetercojunctions.
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Fig. 2. PECVD system.
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Table 1. Fabrication conditions of a-Si:H film.

Parameter Value
~ SiH, concentration 10% in H, |
| PH; concentration N 1% in H,
| SiH4+H, partial pressure 500 mtorr ]
PH;+H, partial pressure 5 or 50 mtorr |
| Sub. temperature 220 |
_Electrode distance | 4em
Deposition rate 9 nm/min
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Table 2. Fabrication conditions of a-SiN:H film.

Parameter Value
SiH, concentration 10 % in H,
PH, concentration 1% in H, |
| SiH,tH, partial pressure 500 mtorr
PH,+H, partial pressure |5 or 50 mtorr |
NH,; partial pressure 300 mtorr
Sub. temperature 270°C
_Electrode distance 4cm
Deposition rate \ 9 nm/miﬂ
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Table 3. Properties of a-Si:H film.

Value
2p10°(W cm) '
2.5p10°(W cm)’

Parameter

Dark-conductivity
Photo-conductivity

_Activation energy 0.78 eV |
Optical bandgap | 1.75 eV

 Hydrogen contents_ | 17 %

| Refractive index | 3.42
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Fig. 5. C-V characteristics of a-SiN:H film.



8 19934 67 BT T4#H

% 4% E 29) 220 o8 5ol a-SiNH %
o 4% vehd Aoleh 13 79} C-V SHowy
B Al4g a-SiN:H/Si AY Aleld s o 2.
55p10”/cm29i" FTIR¥AH o2 5e] F& a-SiN:

H omte] 4 ghgeke oF 19 %9ow . ety e
e o 2.6 eVlrh

k3 4. a-SiN:H o] A4
Table 4. Properties of a-SiN:H film.

_Parameter | Value
Resistivity | 2x10"(2cm) ' |
Dielectric constant - 6~7
Optical bandgap 2 51 ZGi eV |
Hydrogen contents 19%
Refractive index 1.92
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