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Abstract: Hydrogenated nano-crystalline silicon (nc-Si: H) films are
prepared by using ultra-high vaccum plasma enhanced chemical vapor deposition
system. The experimental results show that conductivity of the nc-Si : H films in-
creases with decrease of the mean grain-size of the films. There exists evident small
size effect on the conduction process. Based on the experimental data, the effective-
medium theory is used to calculate the partical conductivities o¢ of crystallites and o;
of interface. From the calculation, it is found that there exist two structure phase
change points in the materials. The results suggest that the high conductivity of nc-
Si : H films results mainly from the érystallites and the interface region may serve
as insulator layers. Thus, it is considered that the crystallites in the nc-Si : H films
act as quantum dots. A heteroquantum dots tunneling model is presented in this pa-
per to discuss the transport process of the nc-Si : H films. The calculated results
agree very well with the experimental conductivity data of the nc-Si : H films.
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HHAPECVD B4l S A KBERE(ne-Si: HE-HFRHATHEMN. CREHRKEH
AEFAKBROAMBEHR, HASHEEREIE Xc=50%, %4 45 8B 2 [ R & H
AE. MAKREERPEEREKEORE(~10"/cm?) , AEBEE <]l om, X KBHRERE
M RE nc-Si: HRNEMAYHE  REABHETEAFITN., HJLE, EE ne-Si: HE
MEETEN, MREHY ARKFHES BT TRARANTR BE, XN ERAET
RAEBEECPLYEREH R X ELNRES B uc-Si: HEREXLAFARBEL TITEM
—%. KM X—RIIFANPUUEREECHERNGERR. RXREEBEORE SIS HE
BHEERFHE107°—107' Q7 lem™ , EBF C-Si HEEHRFQ0*—10* O 'em™) ,—HE
—MNERBENEERE, ZPRELEMHAK. Yoshida T 1986 FRUEMBWHEFEHE
BESEHCHAKREENARRARBSHHN#T THEHRTHE, B/ ne-Si: HEE T4
mmﬁ%%i&ﬁm‘mf‘a&%*&ﬁ&%%ﬁ%%ﬁ;%%afﬁﬁﬁﬁ,kﬁﬁmm&mmw
. ASENLTRMAL/E BEENRNERSEFETS K X HFWHX,nc-Si: H
BPFHRERTR/IBERAD RS RAHBN/ARTHM., #H Raman JE#4 &
AR,HREM Kk STM S FERXMAKBEHRBHMEHWHITTHWRSH. A8 PECVD (4 &/
ne-Si: H MM FHBPRTH 3—6 nm, GRFTERBESHEN Xc=(5315) %, SEE X
GUkBEEM B IERINRHEFT. SHEHNBL BB BRUAMBRNARASHURBRZ
B FAEEM, MEL1FAR B2 ETRAESHEPERAPHRAEFRE~WAHRES
BEGCTMHAEINN — KA nc-Si: HEEFLGER AIEMGBEISRNLIAAOXH#
EFRSHHELR.
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B1  RREncsc AR HREM B ) B2 —HEnSi:HESTMBAFHa
(4.6 nmXx 4.2 nm)
Fig.1 A typical HREM picture of Fig.2 An stomic distribution picture
nc-Si ¢+ H film of nc-Si ¢t H film by STM
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¢ (306 — 0¢) (20 — a¢) + 27coc(20 — o)

(1 —7)o+ (1 4+ 27)oc 1

+F (20 + ac) (o + ac) — 2%(a — ac) (6 — 20c) ~ 3 %
F (1— 7c)0' + a4+ 27c)6;

€0+ 6)(0+ 0,) — 2Yc(06 — ) (0 — 20,)
+F 2+ 7)o — 1 + 27)o, 1 6)

(30 — 0)(20 — a,) + 2%0.(20 — 0,) _ 30
HEHD.QOXHEHIEXZERAGCIMEO XTI TEHAKREHEEN RS R o
ERAER o H, M a,=0.30 R a,=0.70 0, EBAEARR Xc HHAKBEHELENE LS
BRo HIMAE L.
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Tab.1 The calculated results of related parameters of a series of silicon films

“lecem™! ~lam =1

(exp:)icalue) a(/e(:p. vaiume) e % Fe F o:cix? vacl:le) oc/o
0.45 1.75X 1072 0.610 [ 0.868 [ 0.665 | 0.335 2.4X107? 1. 37

0. 47 3.70X107? 0.662 | 0.807 | 0.591 | 0.409 4.65X1072 1.26

0. 50 5.10X 10'? 0. 700 0.700 | 0.500 0: 500 5.15X1072 1.01
0.55 5.30X107? 0.814 | 0.580 | 0.330 | 0.670 5.17X107? 0.98
0.58 3.87x107! 0.874 | 0.510 | 0.234 | 0.766 4.05X107! 1.03

0. 66 1.50X10° 0.984 | 0.352 | 0.036 | 0.964 1.41X10° 0.94

HIRH N Xc=G3LDZHARERERAHENE N o EELRREBCENSHR
MERSR(ERE B XEER B nc-Si-HENBIFEAFRASREE T oc WEH.
Xt Xc=0.45 % 0. 47 PR FE 5, TR B O RN BG , AT GEFL B T B R 2 K — 28 BR Xc
=0.66 B (oc/0=0. 9D BRI — LR HESHHFEN  HE X ENAKRKERRFFE
ERH R R ABRE

Fo X — R Xc=58%,d=3.7nm ¥ nc-Si + H BEEAH LR TS HTHETH oc
Ro st BRBENEARR. MIBSERSIIIARZEBAI . HHEERGH . ERMTENE
EHEN(293—413 K),oi/c WHENR G 1%—4. 4% MEBITEIFETR TR T o TG
ERMBUAKN, F—FEH  HE3REM .o BEMKXRIREENHBEENTAARR
ERR,oc—THEMRBAFAYKN, XUTEERRRB o WBEMEKYE, M o—T HWELKET
~3BKARRE—E, MFARo MBEARIERER TR, PDEEHELK o HES
BENHAPBRNERD 5%, FFUTTIANEE ne-Si: HES , GRBHMEF oc 5EREHHE
FORAMAMTHEML KGRI, RN HIEX T (OXWIEFRE.
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Fig.3 The temperature dependent curves of o¢c and o;
B2 H—RX=0.58 HQAMITNER
Tab. 2 The calculated results of a X¢c=0. 58 nc-Si : H film
T/K oc/0 'em™! a/Q 'cm™! 0;:06/%
413 1.101 1.13X 107 1.0
393 0.980 1.15X 1072 1.2
363 0.776 2.16X 1072 2.7
353 0. 759 2.57X107? 3.3
333 0.587 2.81X1072 4.4 -
313 0.479 2.16X1072 4.3
303 0. 443 1.64X 1072 3.6
293 0. 405 1.40X 1072 3.3

3 nc-Si:HEHRSENLRER

Z3FH—4 ncSi:

HRENBASRIRKEARHENEHSH X —AFRKH

log p—1/TSEBMEL AR 4. H4RY, X—Hnc-Si: HBES PR BEEZE Arrhenius B4 5
XcHMEATM TR, EEPOLRXPERBEBSERM X HAECNLRARE, HBESR
MR, B4PEREX—H Xc ERXEHERMES RS 3.4.5), 3 Arrhenius KRBT 15 &
BRI, XRAER EERKMMBZE nc-Si - HENBFHUHP IR BN

.

AV AREHITHE, TN RBIZE ne-Si : H BB M % F 8 AR UL nm X
MEBBHEREBHAERAN, AMATEXEHANRZABRFRFERLFEUMNPERY
BFRWPRTEM ZRFEXMH - EEER.
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Tab.3 The experimental values of related parameters 3 l
8 B
of a series of nc-Si : H films 10 E sample 1 N
— 107 4 <
sample article diameter 3 / -
i Xc P films/pm 0,/0 'em™! i )/ /;
number d/nm 10°F /f 7
1 0. 46 4.0 2.3 6. 4X 1073 e 10k / ‘L&o_ﬁ._‘i‘
£ < ! S - &
2 0. 47 3.8 1.6 3.7X107 G 1ot St ot
3 |o.55 5.2 1.1 4.7X1072 T b By A
x] p—
4 |05 4.1 2.1 5. 710" 10°% ’,’ 3]
5 |o.55 3.5 1.8 1.8X10~" 10— b
10
4 3 B 10°F
075 10 15 20
. L/IO—ai
4.1 ZHEAF o, R, HYEEX T K

A4 —dHAkalBE
ERNTHERHEF AN TENET o & o, ENE— Arrhentus dh &

HESHEE. o Roa “Eﬁ%ﬁ»ﬁ?ﬁiﬁ%ﬁ%ﬁﬂb%ﬁ Fig.4 A series Arrhenius
Fe Fi BY Vi TR (DOFHEHR., KBHIHESERIE  curves of nc-Si ¢ H films
WoORAY%E 0,=0.30 & 0,=0. 0T BEEESTREAYS .

EZIHBEEL, Y X H<0.38F 7—~1,M% Xc >
0.78F Ye—1 WS . HYHEE LR X <0.3, B HHNEREBR A TR -HESKHEGH);
MY Xc>0.7, BTN XERHE—HGESHTHRC H), RFE 0.3<Xc<0.7HER
AEREBESEERTHRBRAECHER , BEMBEHE (ue-Si : DD RAKEE(ne-Si: H)F
AREWE BN EHEF =03 Ra,=0. 7T FIrEARBEMRNEM T HEEERIHETA,

As5H-RINBHFEASINERLS R o (ZREMERSEFES L X EBbdl
£, BFPHMAERE, Xc=0.35 Y FEHLHB AN -ITRA. ER . BERY EARKT
EHEEMNETHABHURT -ENRESRBUMEROIIB. B—FHE, 4 Xc—0.7 B S
Ro R FHARETFANBE IRF-MHEL., BEX—THES BHEBEERLR
KERENERBUZHRBBGE-NWCH B 6 X —H Xc=0.66(EREE 0. 7 E)REBH
f i Raman B i . S ABMBHR EXEAFERRARMEESBRRBNIEE. 5—F
H, REMBRAEEE2RYBD,509 cm T (RIEFHHRKA/M—3 nm) & 521 cm ™ (FE R
C-Si&AER), WMl , EZHRPAMBBEERN L ABASRNELELT Xc=0.7X
—HEREE. RT Xc=0.3WHEER . EEMITEPHFRSEE™. B5s B REHEN AR
BEE—BEENHK. S C-SiIXc=100Z)HERBEFE 0,.=10°—10"* Q lcm™!

4.2 nc-Si:HWEHESNE

EEAEOELTAMERE R, M nc-Si: HENESHBE S TEMORE. &, AN
AKEFHGNERREEREXFMNESEHEE TN, TEHNIBEM N —FF C-Si/a-Si
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Fig.6 A Raman spectrum of nc-Si : H film
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REGHRE 7. AR fEnc-Si: HERNMEFETRURHIREFRABTHEB L
B, XWMATEODEEEELFEXRPEERIC L EHRATARITIENKRBEESE

HAEER, HERXBSEFTRALTEHS. ARNAXBEEIBF SR N/PR %M, H 8
F C-SiGRRD a-SiI(RE) FHMERREE ABARANEALBOERTEEA.10eV),

a-Si:HBMEREE(.70eV), EHRRERMBMEHBRERE EX FHEREES,#
FEE 8 iR,

. interface . interface interface
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Fig.7 A schematic diagram of quantum dots
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Fig.8 A schematic energy band diagram

(micro-grains) distribution in the network of nc-Si:H

of nc-Si:H
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1 PECVD @ IE R ERF L0 nc-SiH MEHBSABES E Xc~53%#3—6 nm
AMBREEXBNRARAEHR.EARHEBILS T EREFEBITHE nc-Si:H BE RS
SREAETERARAREAS. RENFEXBTHEIESE, AT nc-Si:H B A% &N
EEREIRAAHHRFEEN(RET) M nc-Si:H B SBEIRMLHBREL, B XA
MAEEEALANS BEBERTEB/ MM K ATAERRELR EHIA,nc-Si:H ##
AHBTALRBE.FEXTEHRNDERT P,

HAHBENLS AR EFERNARERBREAN BN EAREEBOEHPEER
MHERYESERESHCHIX<30%BBTHREMEFEHAERE,. T Y Xc>70%X
RETHA-WRSHEH(ERHEARBE), REEO0. 30X c<0. 70 B AR KA (AR Rk
BSGEF FEXRAFENXS, EX—XBEANQERRRE O 30<Xc<0.45) R KR
0. 47<X<0. 58) B K %, Y X—0. 708, B1 Raman Y& B4 i 5 7 o 5 5 25 49 e 40 60 % L 1)
BARRETHHE. X —SRBAEXEBAFRANBEREN THEIEEL™,

HATAEREEH# S IELTAKREREFAMENNBRF AR, kE KW R A0
RE_REEW. ERE N H C-Si K LARILEK—E20 nm BEH SiO, 2, 7 SiO, R L%
B—ARFIEEF30—40 pm FEHHILEN . REEPFARBEK nc-SitH BH T HHTR
—E 420 nm B/ nc-Si:H B, ¥/ FFLSME Y nc-Si-H BUR M, F& LERRMRY,

EORIOR Y, EBRBRX(7T7TK)  HAXEHREBRE_REN IV R C—V A&+ E
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Fig. 9 The I—V curve of a nc-Si:H tunneling Fig. 10 The C—V curve of a nc-Si:H tunneling
diode at 77 K diode at 77 K
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