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1 # VEANEI & 3 FEF~ OFFRM

MEMFE i OH &k B WHAIEH

DOPING OF SEMICONDUCTORS BY ION IMPLANTATION
TAROH INADA  Assistant Researcher

Abstact

The application of ion implantation to the doping of semiconductors was
studied by implanting aluminum and phosphorus ions into n- and p-type
single crystal silicon, respectively, at ion energy of 10 kev. Ion implantations
were performed by using an electron-impact type ion source which was
designed and constructed by auther for use of doping of semiconductors.

Isochronal and isothermal anneal studies were made using the Hall-effect
and sheet - resistivity measurements and the reflection electron diffraction
method as means of indicating changes in sheet resistivity, majority carrier
mobility and type, and crystal structure.

Electron diffraction examination showed that silicon single crystal was
transformed to an amorphous state by ion dose in excess of 10" ions/cm? and
major part of this radiation damage was annealed out by thermal treatment at
800°C for 20 min. Hall effect measurements showed that Hall mobility in
p-type layer (Al implant) depended on temperature as gy T *° in tempe-
rature region ranging from 120°to 300°Kand that the mobility in n-type layer (P-
implant)independent over the measurement temperature. Implantation profile measur-
ements ravealed that in case of Al implant radiation enhanced diffusion played
more important role in depth of p-n junction. On the other hand, in case
of P implant this diffusion was not so effective and so surface carrier
concentration amounted 7 X10' carriers/cm?,

Silicon p-n junction diodes and n-p-n junction transistors were fabricated
and the following results were obtained:

(1) for diodes: forward current was expressed as [,=Is(exp(Vf/1.4kT)-1)
backward dreakdown voltage was nearly 200 volts, and junction capacitance
varied as C=Co(V+ Vy) ** (2) for transistor; B was >100 and noise
figure was 5.3 dB at 200 MHz.
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Hegd, BHL2EABOARRRIIEVT, A4y E—L0EBETFEAOERAIZHET 3K
BEREERITE-70 20BN EREAAVEABIIHTIHELEDTETVIDOT, Al
BEOEZHE LT, ZORBRELIIESATVIEREMET 5,

B—RIIBVTIE, nHBOHEENSIEBMITER L In RFEAROHLE, L LTH-n
BOMMUTHIEH —EERUVESFR —BVEHEIDVTHRE LA, K<H5hTVw3L LS,
In A2 & > TSiEERDP O LMK X1 3 acceptor level 13, T4 A 5 #90.16eV Th ik
D3 EFFIz& Blevel LD HFEVADIIY AN HIIHSCEABOBMLBFIZTBE T
bbb, ~HEBRDA 4 VIEALBI LRI SHREMITEH), Z2OZRMERSHHLTHRS
NTVBAIFFIIOVTEEAERISITLL3E 5128 57D T, 4 [T acceptor dopant & L
TAIZRVAEBAIISDWTHELITE S, FIZBEL, donar dopant THZP RUSHIZHOWT
LERZEDTVENT, IO VFEALLSTHERENI nHOBOHEIIOVTLERT
%,

AAVEANBIIEVTHS ZIIEETNER AR L2IHEE, EATHDBEORES KEFSER
Ui ¥ SEERPABRINIEA SN2 ERE U3 BIREMANOETF T (lattice disorder)
Thd, BiHER, ERAVSNTVAMIRICE S THERINIFHIKELEL(REIEDE
MFEnd7-HTHN, XiEEL, FREHEIF KRN 2EEBE (structure sensitive) 2K T
H3:012, FABHTERN carrier DIERRIZE LT K & LHELPLE 2 - T, carrier DT
BAELCRLEEBLEIONE=DTHBY

FHEIUEOMBEIIOVWT, 44V FEARTE LR %, HeRF2ELATHRLEYITE
VIR A O THIRAE 575 & U Hall S S 12360 C BRI RED BT £ 172 - 720

2R, AlFABOTHMBESHOERICBL T, EREL DR EIZL > THP X
nNTw3, channelingZh R 71T T % <, BEHAGHZIED < radiation (defect) enhanced diffusion®~'®
FHRAKRE HERNERL T3 WERVE LAY

Hallh BRI EE L& LABANNEICIE > TRN L S ZYWBHFES Mz & s, (1) SRR
BELXGOHEHILILEST, FARNOBMEL FRERF L LTHV SIS 2EERBETE
3, (2) BEEIEADEEGEAE N R FH 45712 interstitial site A 5 substitutional sitelZ ik
En3d, BEEEAOBGIIGZOBRONNGUEIED LTEAIE > THRMT = 3BAMHH 5
50 BN AA Y FABRTHOTTHMERMT RIS ELBREERESFRFIEIIHAVS A
TV/21200~1400C D & 5 BHRICHNTHELIEVEOCTHATTH S 4) EEEEADS
B REAEFE LTEHRATE 3BEICHOHRBEMO BRI 34, U BRIV TERER
FMRMEIEREL, JOBIBRIIRREET L 2581213, EABF A precipitation ¥ #2 2
Fo
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FIA A VFEAREREACOSNTVANETETCERGEFZ2UE LR, EkAvwsh
TOVARERITE - THO 3 ERERFLEERE I 2 LogteFo>Z LAY, §#i
ROEABFHEORELERZ BN I TE A LA AV FEABOBEHELZRT I LN TE S,

1. 1FVFEARER

44 VEANE D RREADTHPRMOEERITIRE, KE2EBBIIATEZ2EHFTE S,
s, (1) +ai$sF8lkis, REOT AN -5 -74 4 v ¥ — L Tlg+ 5 EiPs,
(2) Hf%RfE 12, WZEPR VL, ArEOTREHEFAhIZEWT, REHIBREEZETRETH 3,
i, 14 YHROBFIZKMOBREEZ GO TEH HE (hot implantation) LFFIZHRBEMBAL 2w
BENHBY, BHEIZOBE, BREEZFIMHAL TV

44V EADOBRORKROFZEIL, optical Zflat TH Y, B2, #ED contaminations T2 < %\
ZENBETHD, O ElE, REDOMMNY, FHABOERE (FI 2 1Eh-n iAW) ICEEIZY
BERIFLD, ASH4 4+~ L %I contaminations & A5, TLE % sputtering 2 #8222 & %,
X contaminations B A A EREMANNITFEASNAD, AGH4 4 12248 LT masking$h % LT, —
RIS AV E—LPEATIORGET50THEY

WHRIZORLEEZDS, BOBZEBEEKRNDE 12 LTHEfHR L7, Czochralskiif:iz & - T4
EN/-SiE g rod % waferiRIZYIN KL, T wafer® #4000LL FTH ALO: RU'¥{¥EL F
N=A MITREEL, Fi2, (LENTyF Y 720, REICBRAMIBEMYE -,
# [ O contaminations X EXD B < =12, 4 # ‘/iﬁl:%fﬁ';'éﬁ*ﬂl:ﬁ@ﬂ:_t@SiM& JBé 4
Y RUBERAOEREEPIITHERRSERVBELITE 5o ZOE5 125 L RiR %,
BB T target holder IZEXD {13, B HIZ, 4 A Y ERSANEH L, 44 VENS SR L
HZEEAL X107 torr LTI TALE—1IIRT LI BRETA 4 ViEARTFE - 1,

Table 1. Ion Implantation Conditions

Ion Species Aluminum Phosphorus

Ion Energy 10— kev 10 —kev

Ion Density 1—3p¢A/em? 1—3p¢A/em?

Implantation Time 10—500sec 10—500sec

Total Ion Dose® 1 X10"— 1 X 10" ions/cm? 1 X10"—1 X10'ions/cm?

Implantation Direction 111), (114), 110) (111)

Substrate CZ. crystal CZ. crystal
1)x1° (111)+1°
n-type, P-doped p-type, B-doped
p=T7L0—cm P=58-cm

Substrate Temperature room temp. room temp.

Residual Gas Pressure <1 X107 torr. <1 X107 torr.

*is caluculated from the product of in density by implantation time .

A4 VEATGIIT % ) BRI, BEOBREY S HERTITE > TVd, RABFIIE—1 i
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MY &) ZHMEERS, FAORMERMOBENREENILE L2l T3, MAEEH
(£, 200°C ~900°C DB FEM THEMIL 5 S~ 100 FMOMEIZEZ T E->TW3, ZOBD
HBE LR R UTROME IEH1210C /min T 5 7,

Thermocouple

/ Pt-Pt.Rh(13 pet.)

Stainless Steel hll
Radiation Shieldings
\
Tantalum Wire Heater ili
—~ o Silicon Sample
[ (o) /'/
\
v
Molybdenum [o] -
Radiation Shielding o J 1
o
o i | 1— Tantalum Basket
ra—-‘—"
Quartz Tube o
O
Tantalum Support Ring
Stainless Steel
Base Plate

Figure 1. Schematic diagram showing the annealing furnace used in this experiment.

MEOMLEE 725 2BB0 S b, F—VHRMEAORENE, ZhIZLELRIRE &
h3, EEOHE, F—NVRHRREIZIE van der Pauw'™ D FEERAVTVIDTRHIVHLWOS
Fclover shapey 1T L7zy ZOIBAFHMOMRIIZIE, KEMT v F v FEERAVA A VIEAR
ZHDRDTERE &0 A HlEIZ L, - VRHRPEIE, R OBEL77K ~350K 0 EE %
ATIBY, - VBBEOBREFELRD -, WERMIE, 4000Gavss %A\, #EIL, WS
DEEERELTET2Y, BUEROBE2EITITL2-T, FORHEERD -,

A EANGOR—NEH (Ru) &, EARRIITHPEES B S57012, BEHSES
RERSIZBTFLTERT S, ZOBIBREOSV 71T 25— MEMER—HT 5213 T
Sqv, BHIE, RELSAESNIEFAROBERR VA —LBBHE,SE D5k —
etk TBA-LEE LB, ESZOFEREAVTYE, ZOBAR—N{EH (sheet Hall
coefficient Rus) IZRRTREN B

d
Ru -/; #-n(z)-dz

_T_[j;"»uu-n(Z)-dz]2

Rus (cm?/coulomb)
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T

d : ZZRZ0HERE

#u L R—NEEEEE

n(Z) (B PIT L HFEOF v ) 7EE
Thd,

3. REBRRRUSBE

3-1 AlM # Vi A @ 0is
3-1-1 PHBRE 5
FANFBUBOTRLEEIIE, A4 VEABICE - THEREN S TLHAMBESHIRES M3
2L, BMBMAERIT2LhTOIMEMEE R RE > TVWE DI, 5 EICRBETA
SHELZHMETHS, 2{DHRBL ZOMBRRIZERIIKEEBHLHITETWV S, EF
CRESNTVEF—sDELE, ZhoOHEDEROREMNEIDER—21IRLE, &
DEEEIHS LI e, BLNDEBRFZGRVUERMFIB-TVWEEHEREXTY, &
—2IRLZP-nBEOFREILBH—EIF BV, THEDHBHAIZOVT L OFREIL, K
CHERZAVWTVWEZ LA 5, chanelingRITKZ LD EHMBA LTV L FEHIXREAI[ A4
EAB O HYRESIE, WABORMEIKETIZLERVEL, ERZOGEI MG L%
A o /2, Tradiation enhanced diffusion; #°4 % ¥ & ARG D PRSI EE LT channeling
BHREEBIZERERZBHEZFELETVBRZ L2RLE,

Table 2. Depth of p-n Junction formed by Ion Implantation

Energy Substrate (p) ¢hklD) Substrate Temp. ) Xj ¢

Ton  “eny (2-cm) (c) Annea @) ref.
50 Ge(l) a1 25 400°C 15 min.  0.36 26

B 150 Si() (111) --- m———————- 0.9 27
300 Si(1.2) Qa1 25 600C 60 min. 1.17 28

Ga 30 Si (100-200) a1 500 900C 10 min. ~ 0. 35 12
Al 10 Si (5) {111) 25 800 20 min. ~0. 6 29
50 Ge(1) (111) 25 400C15 min. 0.2 26

40 Si (4.55) 110) 100 600C 10 min. 0.7 30

40 Si(7) (111) 100 600C 10 min. Q.5 30

P 40 Si (0.1) {100) 100 600C 10 min. 0.48 30

150 Si (1) 111 ——= eemmeeeo 0.4 27

300 Si (0. 46) {111) 25 700C 60 min. 0.94 28

20 Si (100-200) 111) 500 700°C 10 min. ~ 0, 12 12

Sb 20 Si(1.5) (111) 25 800°C20 min. 0.1 31
— Si(10) = —---- --- 600C10 min. 0.5-1.4 30

100 Si (8) random 25 450°C 16 hour 0.18-0.2 30

Tl 150 Si(0.02) ----- 500 0 eememeee- 0.4 34
5.1 Si (19) {111) 450 0 eememeee 0.6 8 35

Cs 5.1 Si(19) (119) 450 0 —mmemeeee 0.2 35

18.5  Si(19) 1) B R — 0.8 35
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THREAHOREFEE, (1) BEHLAHE RU, (2) BROWEICET HECHT
BN, (W0FEIE, EARTHMEFORIHEL, HRE0REREREATOEA L 2N,
ZOEIIERPSOBRITEEZ DY Y P LEOBEADEE D, 5, XHSh-BROHIANRE % m
BHETH D, TOHIEKITLBRMEETHME T 28T BRMICERETH A RO[EH B S h
BOREN S D, —HRDF ) R RER % 135U %55 2 QG RE» 5 FEHR
(ps) HWE L, Vpsk ZFH 50 BEREMORIE S RDHTE 5 M 3 MGORITE A 5 7 DAL
B ATHMBELERDSIFETH S BERHSQDFEILFFERITE > TV 5,

Al 4 F ¥ %2 X10% ions/cm? A U2 3580 TAUMIREEE i & SR d 70 M— 2 Hh) P o) i
PBENLERTHD, MV RBERORE & FIHI R % BI LT, BREATVS D -niEd I
HUBRBELNE LABRTH S, RBOP, #RF & 5 1= 10kev DAl £ + > 13, ZFEH50.6
R EIZBALTEY, ViORESES 5 P-n#A13402 00.580 DESITHREh TV
BB, THE)BEWAL A OFAEREZ, Lindhald® $°Nielsen'” QMR TIT & ) TWOIFT
E¥,800C 200 MIDMMBBIZ L B EHDMIIM T EZ B, Xcahnneling®hPlck3EnE L
THFEBESELEXOND, ZITROES BRBERS 1, AL, 44 ¥ iE ARSI T
ok g S IR il ésooﬁftéaﬁl vyF Y TITENRE L, ZORBEETE FEARIZ800T, 20571
DIIRIR % 17 72 W THEHI TG & I,

IIT, ZO800A DREILKISRT &S ZBRTEETH B, A5, BBD0.60LIEIZA I
AT B LD (1) channeling&h$£ A% <, LindhaldBRIZE S BHTEBALTVS L T hif, 10kev
DAL+ ¥ DSith ORI 4 200A THV800A HERH D BHIE, EAENALTOHALR
FUMOBRANZ I L1220, BRI HVT L PHOGUY B OBREREh VI L L2 3,
(2) channeling ZHEAE L ¢ T 3 LARE T HIE, 800ADHFEEII BT S 800ALLED
BEHEIZ 13 B ARIREBIZIE A & 2B RIES 2VIEFTH B,

KRR 5 WS HREEE— 2 0P R &3 28D Th o7, BB, 80ADE ENHE
HBEMIBR Ik T,

(1) PHOESS RTBITHERE LTHREA,

(2) 2 DHMEREE, REABERELLZVBO LB LTELOELSSD, RIS D -nik

BOFEX $0.58u 5 50322 128D LT W3,

kN> b ERERS S5, 10KevDAIEAIZL > THMENS D -nBEDES #0584 12
BEBRIZIE, chamneling®h e LI RFRBOMEBE RT3 LA A o4, BREOEFEE LT
EX5NB01E, EAORICREEMEIC S S & A7 vacancy HHLEIC & - TRE O HF R
UREBATEE T 2 12 5 WEATHM A B X W 3 (radiation enhanced diffusion) =HTd 3,
D& ZHRBYFERIGBERTH L, SR RE CHRICHEY RT3 L EI0N30DT
BRALER & 400~800°C > EHRITIRAE £ % X THF 2 W ABEDIHE O FAMBE N5 Kb /2,
H—3IRTEDNFZOKRTCHD, COEERS McEBICERRILHARTH BHFHH
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Figure 2 Depth dependences of carrier concentartion in aluminum-implanted
layer in silicon and the effect of removal of surface layer perfor-
med before annealing.
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FIZZD &) L B MAEPIIREZ 5 & ) 2B D channeling R OHE £ AN BT,
14 oA HmEE (111)114)A10) IZEX TEALZRBO THBBES RO L
channeling ) & A 53 AIREEIC B LDICH 5 <IFA T A1) <A14)<A10) 1ZxHET 2 FAHDR &
HHONBZEIIE B, ERIIEBONATHRBEIR—AIITRTLILEDEE ST WITHD
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10 I I
Substrate n-type Si 7{em(111)
» lon Dose 10** ions/cnf
B Anneal Time 20min. -
Anneal Temp. P, =400TC
P, =600C
Lo P, =600T
P,=700C
[ P, -800°C ]

lom

CARRIER CONCENTRATION (CARRIERS/em®)

lot.‘

10 | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6

DEPHT X ( w)

Figure 3 Depth dependences of carrier concentration in aluminum-implanted layer in
silicon and the effect of annealing.
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BEY, P-nikEIR06pRIEORE IR SN TV A A, FHRIEIZ A1) OHEE (114)
DHEN BB L 2575 &0, (L10)DBEEVRE S EFHHFBEATVE, ZhITEY
BT 3MDEAAIBEFOMMAHARLEZ L 8EHA+ 2 2 & T, ZOsiiZchanneling$h 2517
RTVBDTHS,

Figure 4 Depth dependences of implanted-carrier concentration and the effect of ion
implantation direction.
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Annealing 800C, 20 min. \\
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DENE I B RERIZKD, RZOEEFTRTH -4 4 YiEAIZEIT S radiation enhanced
diffusion DD TEAEEZHEMIZT B I LD TE L BEHIE, ZD#ESR % Applied Physics Letters'™
ISHEE L 72 A%, 2 D I519684E Boston TR X 11 7= Electrochemical Society ¢ Spring Meeting 12 &
O THKED Hughes D 7N — FHZDBBROBHET I LERELTWVAEY
3-1-2 SRABEZHE & iE AR DERE

FADEIZEVTHNAEIL, A AVEFFALALBEBRERIL, 44V BAFMAT HICREDN
WAHASE SO REN RO AR T 5, Al4 4 2 OBAIE, 4 4+~ H10%ons/cm? 28z 5 &
BHEMEICER TSN, REETRET ROBEL»SHA 54, LAL, kI 2EE
£,800C20 DB & 7% 5 & ARy PRUBHMA RIS L 91240, BHEL L
RO EREIG A EARPE & epitaxitia IZFEER UBALEA R LA A 20U LEHS
BHMSNTVA LI, B REH D 5135 0 2581, YK X 23R 0 FHMER T
Y, LEEMECHTIFEE COBRDETHEETIDERELITHS,

2ITCEEBE, A4 VEARORABEGLEZ TITF 2 - 2RI O TEABOHallzh £l
i 3 U2 HEHE BT GE & 17 - 72,

X—51210%ions/ecm*D Al 4 4 ¥ &iFEA L 72 34 % 200°C ~800°C o ELAE figfH ¢204 ] isoch-
rnonal’z BAER % 112 HADEARBOBERR % + Y 7 —DR—VBHMEERLELDTH B,
25825 &5 ICHRIRENMEVEFERL & CEALZAIRFAH5ICBRAICEREZ,
substitutional site 22 W2 & & RLTHD, BAMIIAIE % interstitial site 28 % > TV BAI
B RUBGHASA F v ) 7OERICH L TR ELEHMELODLE LY, BBEIELDEY,

BEEBDZIEIINVBETIGRDL, v VBMERIMRTIIEFHL B, F2IE, 80
0C DI AT % - 2 ADBIEMIZ2.5X10°2/0TH Y, HMEIL168cm?/V sec Th 3,
BILBAIC & > TSN EBBO T — s F L2 VO TI D EEBANLET 2 2 13T &
WA, AR U2 AHRE 2 5185 M 3EAROFMILER 0. 152-cm ¢ {RET 5 &,
N7 DBENDVT, F L Morin®® E£XHEH» 53K (200cm?/V sec)DA485%Th 3,
SR80 CHMMMEITE 5 7BE, ¥ ) TOERBIIELVHEL RIFTROSRE
BIRFBII DBV EAEZLGNS, RBHP LBV EIEH— 6 2R L ABIMEDEEREIZH Y
T, BFHEICE3BMERPOMEENSBEHIRLREES, 5 5 1R EEMICBITT
S5IehLEEHIHNMEN S,

XA—= 7 ITEFEA AV HEIOS~102E L B AOF—VBUEDBERES R L, 20
FNORERFHEIHR A S120°0Kn4aEgic 0w,

#H=K -T"*® (1.,25%10" ions/cm?)
pH=K-T"* (1.0x10" ions/cm?)
TERbhINS, ZOMELS, BTHEACLIBMEDRH VDA ITVITROBRELT-3E0 K
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Figure 5 Isochronal annealing characteristics of aluminum implanted layer in silicon.
#yis Hall mobility measured by van der Pauw’s nethod.
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§<,%%ﬂﬁ%@%u%%ﬂ@%%ﬁﬁﬁmﬂwﬁﬂu§5waé&#zéhéo
U PSRRI D VTR LR, EABAOKSHAEIZ X v ) 7T OEBRICHYT 3R0 Y
wa@%%uﬁw,ﬁﬁ#ﬁ%héiu@ﬁ?%%:a%ﬁL&ﬁ,uTu%?;ﬁﬁzkéﬁ

BLATAIEERS 2\,

Figure 6 Temperature dependences of Hall mobility in aluminum-implanted
layer in n-type silicon as a function of isochronal annealing tem-
perature. [on dose : 1.8 x 10'* ions/cm?, Anneal time : 20 min.
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800 C20S O E ]} 2 » HIEOBANF v ) 7T OEKP:E, BiEHR (ps) RUB#HEp %
HOWTRANTEKDEZEATE S, (ref appendix 1)

S
Hu-Pse

NN S5 ps=2X10°2/ 0, uy=168cm?*/V -sec xHW1 3 &

Ps=6.7x%10" (carriers/cm?)

Figure 7 Temperature dependeces of Hall mobility in aluminum-inplanted layer in n-type
silicon. Annealing temperaturc : 800C, Annealing time : 20 min.
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—FiEAEN 4 4 v &Pin 131 .25X10%ions /cm?* T 3, B, EABRTEDIIF YU T
ELTEHVWTWEAIBTFREAROLTP0.7%IBE LV, ZDP:/Pin DiZ4 4 vRH10"
DEIZHRVIBAIZEAY 1IZEVEE & 3 H'10%ons/cm? 28 % 5 L/ &< 2D, 10ons
Jem?h#EZ 3 E0.0LUTE % » CEABHRDF vV 7% A% 3 X10%carriers/cm® L\ k12
MEBBZZLETELR, ZOL) BEEREARITE - 235814,800C200 M BAMEBFIZ B
5Td, KEHDEAAIFEFLinterstitial site ZDMIZBEFE S TWEIEERBRL TV S,

ZNEIBEBOBFHETFE, ARLALIITBRMEICRZABARE PRI RIEE
WZ EIZE DS A, SHELNEICEARELTVRAZENFEILbNS, ZOL) 2HENED
FHOMBR L3 b1, BEX800TH5 900 CIcEd THLEEITL - BRIV T A —
NHEDREEIT 70 ZOBBIZHBSNI A —NEH (Rus ) OBREFEELR-8IZRL 2,
Z ORI BAIREBE H600C, 800CHBEIZBON R - NVERIHET 5 2DIIRLTH S,
600C R UB00C MIBAI12B 5N /2 Rus DEER MIZIER ICHEIL 5T H 5 4%, 900T T
BahRABOBMICREERENFA50 5, A5, 200K° & D ERBEE TIERs OF FIXET
FEABOBRAEHEIFPETH S, 20K LI ENERMB T, RsDFHFEIAIIRKELEHE
nHIZELT 3, Z0Z&iF, FRIFVTEARF o BIIRELTWEILIZE S,

FZTCZNBREUHE A - NVARAEL REZMETEH » —n HEEEBVTHE LA,
FABOBRZRIIRARL LTPETHILPEEN, F—NVHROHEBRE—BL LV, £
ZTHEIL, D—nBBOREL Y v VAT VEROKBET 2T 2 VEAR XA & HiRMORBOE
BEDNEL RS ER, XBEEIREL, V—nESHEETIILPHRAL, BREENRE
DERE—HL I, ZOREEDREIX, REEEEZ - VHRAEOHE LERIZ, TT°KA 5
HBRULDEEIIEZTIT 257 I—9IRTEDHYIDHERBONREROEREFRMETH
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Figure 8 Temperature depences of sheet Hall coefficient in aluminum-
implanted layer as a function of isochronal annealing temperature.
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Figure 10.Temperature dependences of sheet Hall coefficient in 10 kev aluminum ion
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Figure 13 Temperature dependences of Hall mobility in phosphorous implanted
layer in p-type silicon as afunction of isochronal annealing tempe-
rature.
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Figure 19 Forward characteristics of p-n junction diode formed by 10 kev
aluminum ion implantation.
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Figure 20 Capacitanc-voltage characteristics of p-n junction diode formed by 10kev aluminum
ion implantation. Annealing temperature 800C and time is 20 min. Aluminum ion
dose is 2X10" ions/cm®.
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Appendix 1, 4 4 YEABAOF v 7# (P) oitH

wF

*,

p(x) (1/cm?) . carrier density

P(x) Q@/cm?) . number of carrier per squar c¢m
#p {cm?/V.sec) : carrier mobility

p(x) (Q-cm) : resistivity

x {m) . depth from ion-implantated surface
p* (2/0D) . surface resistance

ps (2/0) . sheet resistance

d (cm) . depth of p-n junction
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