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Introdnction 4.l 1.1

-

olad] Ay gl & crablus A1) LR aaf (e Banly A8 Apiey) A8 g
i) plhas padiugy AL5AN lgalsd (0 Bl e Aadaly 58h cubely cBlagall
iy . [2,1] alh oSl Sam g0ty Gl (e cligh s g A8k gl 483
ilaaiag claglie (S duig SV B3gaY) GuS B JA 3 Samie Lo lia e lenind 488
dolia (b Jani sy [3 ] Apisdally Apnadd] DAY gieatl Ll iy Wyl hoanailily
oids cilite G 4 puay g gl CidgSl)

Ally Alad) algall ccilial D5 1) Laily g Wgilua s un (ha Al afgal) an
<l ag Aagall algally ¢ (10'18 —10'8(Qcm'1)) 354y faa dably Widuags ¢ s<
CliSrag pabic) dsall o 5y 5y) Al G b ¢ (10° —10°(Qem™)) 250ny At
Aliagal) dp algally o219 Abjlally Alagall dgall G Wiluasi ol (dxilass
.[5,41 (10‘8 —103(Qcm‘1)) sl Gada 43l S Wiluagi adig ((Semiconductors)

oLl Ttk okl Ao 2o luy diagd) 5ol aladind o laly mual cligud) g
agalall) Wi ¢« Bae cliud b gslaladiulg (Semiconductoer Devices) <lagall
ale (Anderson ) cpeuail allall Lgy a8 3,88 Jglg Apuadd) WAL LED s gall ce L)
al Jualadl ) ghail) Jabyg (Window effect ) 838l il 58U aladiuly . [6]1962
. [71 (2096) Y Juai Aglle 3o liS cfd dpnad A3 o J guanl

PbS, Si sl 4y b 5l al &l (azs 241
Some of the physical properties of PbS - Si

(IV-VI ) (Aasladi-4ayyll) deganall palic (a PDS  Gabayd) s Luds] aas
Qs (1-1) Jsddy age LS (CUDIC) e (sl S 53 g <[B] @gal) Jgaad) ¢
oaba; clis) b Cups el JShalay 3 ¢ (Fce ) 4as¥) JSate gsil) (e 4ad) 5ang
O dausi A Bl L) sl sl 0355 Labiiia Lely) M UigSa A gluaia cililinayg
g ASY AN Ge At dpan b Bal g8 palally ey sl el

Bgad il Bala Ay (S p8) dgedl Jile (3ale Gl @) pala)l) ady S Bala )
o Ohigd ALl el 4y <ty .[8] (300K) da ais (0.42 V) ¢ i §)dila Al
9] assmlisd) uSgsan ol Joash B sl ¥ a9 aalsal)

LLK
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[10] (PDS ) aliasl 28 5ulad ool cusidl) (1-1) Jsid

\Sabaad) e O Cmaa sl day llal) B 1A ST Balal) & sSibaaad) any
(1V ) A doganall jualic (e g cAada ) 8yl Sala (e 25%0 Jiad cilSaludly (Jadl)
4)lia i) Aol B A03)al) Aliaga 4nddl algall Gadl 8 ¢ sSabiadly ¢ g al) Jgaadl (e
(diamand lattice ) culall ludiay Cijmy o)sl uSsi <) 2y @ AY) Aagal) 4nd dlgally
. [5]

552d Oly ¢ gSabimd) Salal () ol qusyilly Gulall () o) qus il (2-1) JSal) mudagag
kel Lagall pailadl) Gany (1-1) Jssad) Gams (300K) daye xie (1.12 eV) 4 4dla
coabasll A sy O sSolad)
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[14,13,12,10,9] PbS & Si sulal Lagall pailasll ises (1-1) Jia

Materials
PbS Si

Properties

Formula Weight gm/mol. 28.08
Density gm/cm® 2.33
Melting point °C 1415
Boiling point °C 2680

Coefficient of & linear Expansion at 300k °C™ 2.44*10-6
Energy Gap at 300 K(eV) 1.12
Gap Transition Indirect
Electon Affinity (eV) 4.01

I Mobility of Electrons at 300K (cm?/V.Sec) 1500

I Mobility of Holes at 300K (cm?/V.Sec) 450
Effective Mass Electron 0.98
Effective Mass Holes 0.16
Work function at 300K (eV) 4.48
Lattice Mismatch (%) Si — PbS 8.9

I Dielectric Constant (Relative) 11.9
Lattice Constant (A) 5.4309

Colour Grey-metallic

opagd) Gl e Cldaadlall sy 341

YIS g clin AL Caagd) (@ohall ey
iy sl 4BUal) Bgad cld 3alall Auagil (Captal Letter )ms dijas L (1)

Jia ([15 ] 3l g2l cild 3akall (Small Litter ) sa
.[(n-P)Ge-Si]

iy (Dash ) (-) 4Adle ta (Al dgal) A b pall 4BUall 3gad <l 3alall Jay Sy (2)
Jia <[16 ] A8l (e (gpmusll Agad) 8 Bynsl) AU 5gad 3 Balall e
.( Si-Ge-Si, PbS))

O ) Agadly QiSig ¢ Cilagal) Apd cpialall (g3a) o (Slash) (/) Adladl Jali  (3)
[17] 3208 ale Jay iS5 Aadad) (e el dgad) Ay (3851 o Lial Sala ey Adlal
-(PbS/Si , Zno/Si,Ge/Si) Jia
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gl Bl gl 3,k 4 1
Methods of Fabrication of Hetrojunction

4 8all (Epitaxiai Growth ) (Bodl) oLl Adiagd) (3 lal) juaas dale §) guay
oailad paat B dage ayiiall) A8y )k i 4dlid dlage 4ud ga o Baalg Aaga
:[18,16] WS el i Ciiualy pieaill Gl Ga S 38 hgh . cpagd) (3
BUA B Al Aiy k-1

Jha Cragd) @odall aoieai WA (e ¢Sy il a0 2a g8 E AN B pal) 48

213

Single Evaporation Technique yial) Al A (a )
Coevaporation Technique AL i A (b )
Flash Evaporation Technique gl i) A (c )
Sputterin Method LA Ak -2
Molecular Beam Epitaxy Method Lt ja dajall o lady) Ay b -3
Alloying Method Loadl) Ay b —4
Laser-Induced Epitaxy Method il Gaall Ly 44,k -5
Solution Growth Method e iy Jslae 48,k —6
Chemical Vapour-Transport Method Sl gty Auluast 44 ) -7
Chemical Method duilal) 45y ot -8

DAY Sl Al ) AS k) 03 aseddl (S

Electrical Deposition Technique S el 45 (2 )
Chemical-Deposition Technique el uil) A (b )
Chemical- Displacement Technique Aplash) Aaly) 4 (c )
Chemical-Spory Pyrolysis Method @Al el il 4 (d )

G il B g hal) u.a‘lﬂ.a,gﬁ\ Gl dass aladicd oda Ly A aladiel) alg

Jlgal) daja @ld Alga dnis) u‘ 43, yall oA addiud Eus ((PhS/SI) salal craaa
Lo Guilad @l plis UJG Jganll Al a3 (gAY kil Wyuaad e
BymS Glabeeasg

s oAl Ll (il A ) e 51
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Lt Al odn Adacilgy pand AN AEEY) oda of V) ALY 038 Aoy (e aE)l) o
:[22,21,20,19] snse &isaa
(o) dila 8 Ak - 1
Baiea gl M glasy -
Aslsall) Lgilha 8 Adle 4 )i Glias A8y hal) 03¢y Bpudanal) Lui2Y) -
AdliRa gy JS) ) ciole e (e ApdiS) ppdaat gl -
LAY Bl Bypaaal) Lndey) -
BymS Glabun @il wlie il Glal -
o)) g -
e i Jira B8al e LS -
ALy daily il -
Agaa Jalail) Ao — 10

N

© 00O N O O &~ W

PhS ie b Lalall 4L il ) 6-1

Lyl Ailida yacans g lalg 45850 (PDS ) Apiel o cusnl Sase cilu) dlila
L) L (3 e el A Lgaladiad oo b A4l gty L ily Ll Lgualsd
Ga (ra hib ol CRAISS Jaall ghudagig dyigal) duililedl) Auailiad duaag (4adlad)

- Ay Lddal) Anlaiud) cluld slal DA e dsubilite g 1<) dadd)

(1979/1980) ale (ELABD,STECKL & VIDINSKI ) ggialdl ¢ Js ol
g5 Ouagd) kel Lailad e (Substrate Orientation) sl Laladl Ak Ay
L) Aaiy) agun 408 aladinalyy o Al quamsil) A8y jhay § sl (PS/Si)
e Ayl (PDS ) Luiel o s Al clua gadl) ilis gl ((X-ray Diffrection)
Wi ((311,220) dalaaly lidicia oliad Aly slall asmia (111) daladl culd AyisSulu a0 gd
Lalasly Aitia sasly 4ad Aly olall sawie S5 13 Ll 548 (100 ) Aigilu 3o o
.[23] (200)

Ayglitall Lmalasall ciluskity (1980 ) ale (STECKL & SHEV ) clialy) ald
£55 cnaed) Gkall Blal) Aauag JLai) a2 23l Ass (AC - ADMITACE)
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oS e (4500A) sLis daugyg (Evaporation) sagll 48y jhy paaall P-n PbS-Si
daldl) clagaidll slal sg «(5-10 Qem) dagliag (100 ) Aalad) cild LigSilu o gd
[24] 2330 o Badina (5 hall Al pst) ALty Lbiagall ciliSya (ha SIS ¢ Nang ubdll

G hall LRaSYy 4 pasl) (alsid) (1980 ) ale ddslany (ANDREW) bl
a3 Adad) )l dagd b Slash) quuall 48k jdasal) (PDS-Si ) gsi Cuagdl
Ay L Lkds o] o lohang (0.426V Akl ABlal) 5y (pubd
die gt Add o cuils Al Aglaiuy) W) 85K A ais (1.10Mem. HZ*2 W)
s Laal 53U ¢ gShual) aladioady odle) cilul@l cua o(1.5um) 5 (1pm ) casadl Jsgd
.[25] (PbS)

Aol clasadl) duly (1980) ale (ELABD & STECKE ) ofialdl ol
(Chemical Solution ) (bl Jaill 48, oy 3 uaaally (PDS-Si ) £65 Gl (3o8all
(Electron Spectroscopy ) (g sasi¥) sgaall daulg ) olilll Lala) LigSilu 3ol e
<edils (Auger Electron Spectroscopy) sSsh «big fsl cildaay Asid) dai¥) 35iag

doaladly sl ana o) Joball sl S 13 A sl (PDS) slid o) bl gl

Al Alaleal) dllad ase Auapal) il cpedil LaS (Baslill Aalad) o badina Wysls
J[26] slial 4S5 oo Cadsl Aaditall 5)hald) cilayag

Tl (e (38 s LIS judant e (1982) ale adelaag (SARMA) dald) o84
lgalgd cups &3 ¢ (Solution Growth Technique) Jallaall 448 ddauilgs PDS,Sey.
[27] (Si/PDS,Sey1) £5 ubay (S (AL arinal AilSaly Ablida culyiiy A3l

(PDSSey1 ) £55 b (Bka painaly (1984) ale Aicsazas (SARMA) dalyl alé
Al gl pailadd) Jgupny ABAN Bha Aoy (1< X <0.1) quudyy Astaall £ lai¥) 45, by
Sl sie dplaiul ol o fshaang Lbulal) Aulaiad) oo Sab (32 dang) s (242 L)
Ol Zagad aladind a3 iy (1pm ) easall Johall ais ¢ sShud) g (e Lgole Aady)
[28] (5 hall Bt} habaia ansd

oailadl) (1984 ) ale (PETROV&PROKHOROW ) (e J8 ()
saally Ss) cilig fSl Cilaag Aiaad) Aail) aga aladiuly PDS 48y 4 payg x4s))
.[29] (Polycrystalling) _siall ssia (PhS) 4udeY g ohdl quS il o)) |gidi) g Rty
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5alay quadiall (N-PDS) 4587 (1986) ale aislaag (KILMAKOW) daldl s

s Loy «(650°C ) 0a Aaun TI LA PbS  4udé) (et DA (e T agudlil)

N- ) sliad LG8l coli dad (e JI&y qugdil) ol lghay iy p LIl s Ao cuygil
130] (PbS

dgigual) Alilgdl) ailadl) Auhyy (1995 ) ale aislang (PINTILIE ) daaly) o8
gl (e ApisSilus 2o lgd o dpiliassl) A8y kil sl PDS-Si-AU 58 Gaagdl (odall
Glua i LaS (a—dawyg) 9 (3L wailady (N-type Silicon Substrats) it
oY L giad claliy (RT ) 4Bl 5a da)0 is (0.426V ) dadlylly 48Ul 5
(R Aol Jganl) o5 5L S Jefy ((NT ) eyl s Aa0 die (0.3eV)
[31] (RT) a2 (2.10"cm.HZ"2 W)

PbS 4uiel Ll Al alsddl Auhay (1996) ale ouald) Alh Ao diald) ol
Ga GSaly SN (e 2l Ao el @ball il il A8k 8paaall CdS
i (g (2.1806V ) Aadllly dpalaied) cish (e dagacall §pdiluall AUall §sad ciluaa
g 48 aladinlys (1.840eV) Aall) de giaal) §yilial) 48Uall 5004 (2.181€V) 4 alall
[32] shidl) amaia ol uS i ld Bpdanall LYY O aag Apud) dadY)

spaal (e (2000 ) ale (THANGARAJU & KALIAMAN ) ¢w JS o84
el il A8 aladiuly (FTO ) e 2o lgd oy zladl o dssall PHS 4iéi
gl Cupgdily s Laall o) oll) GuS AN uydg (Spray  Pyrolysis Technigue )bl
Cluldl) JYA ey ebidll dmia gyl S5 13 g4 PBS  plE& ) 4 ill cilagadl)
<idg (400-2500NM ) el gaal) craa Jani PHS  Audél o ¢ il ¢y 4 el
. [33] 107 (Qcm™) Laiiys N-type daile duilygs dluass

£ Gl 3 ALl AEIS aial (1 (2000 ) ale (2ena Glala desa) diald) (848
o) Cpalilly g atitl) cpalil) 30 (up LaS (ELAN B ) ) 48y hy (PDS/Si)
(22 bt) oluald il cypglily RIS Ay gudal) Al gilly Auily sl Gailadl) o
O gkl §dall o) (g dan) pailad mill (g (1.4) LME Jalea o Algan
i Grupall s LAY O C Aaduaal) (§5Eall Ll Qaibadd) Auhs JOA (g sladl il
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Johall die 433 )la Aoy die Lo sl LRES o) o Juany (111 ) dalasly jtal
- [34] (7.2-10" cm HZz""W™) 25254 (850nm) (sasall

s Al all Caaa 7.1

43, oy (PDS/Si ) E5 i (3 he gl AlSal Ciay ) Allal) Aufal Cings
A silly Al gudal) Ailidgilly Ay 4l Auaailiad daiag (CSP ) badl (ilaassl) qum il
Oa Esil) 130 aiail W) Uglaall gl lale uuayy Anpieail Hial) Gig lal) jLidly
ARy k) 03y Aliagd) 5l

agde Adalud) LN CAAISS Jand (5 dall aladiiad Ala) ) Aafyal) Cings Les

Anlaiad) bl sla) JYA (e Ay Al glaal) ity dyisal) Auiikl) dbhially gaaly
Adaglly dd
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Introduction 4<2idl 1.2

A Blaall Jiat gl Lea base ailiad (e Alagh @l 4l W s

Godall 3,08 laualy al padalall ¢ 8N (o cliiioal) 8 . Dl gal) slpdd bailyi delia

galally Apesadd) LAY Jia ddlida Al cilae culialy hildl) &by e cuagd)

s a8 8,58 Jgly [35] cdlagall olad) cfyjuly [17] L sieansilsilly [6] (LED) s guall e )
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1. Sprayer Nozzle.

2. Holder Of Sprayer Nozzle.
3. Electrical Heater.
4_Voltage Divider.

5. Thermocouple.

&. Digital.

7. Air Pump.
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ABSTRACT

In The Present Work, PbS/Si heterojunction detector has been
fabricated for the first time using chemical spray pyrolysis (CSP)
technique. The procedure was carried out by spraying an aqueous
solution of 0.1M lead nitrate and Thiourea onto (111) orientation and 3-5
resistivity n- and p-type single crystal silicon substrates. Substrates
temperature was 350°C during spraying.

Four-point probe measurements revealed that the electrical
conductivity was n-type indicating that the heterojunction were iso-and
anisotype.

X-ray diffraction measurements demonstrated that the PbS
epilayer is a polycrystalline, the dominant orientation is (200).

Forward and reverse I-V characteristics exhibited high quality
diode with ideality factor of 1.08 for 100nm thickness of PbS-layer and
rectification factor of 807 for 250nm thickness for PbS-layer.

Capacitance - Voltage measurement illustrated that the junction is
abrupt type. Extrapolated built-in potential extracted from C-V
measurements was 1Volt at 200nm PbS epilayer.

Minority carriers lifetime was estimated from photo—indused
open—circuit voltage decay technique. Maximum value obtained was 51ps
for 200nm PbS thickness.

Responsivity waveform showed that the mentioned detectors have
a spectral response range between 450 and 1150nm, responsivity curve
showed two disrinct peaks, the first one was at 850 + 25nm, while the
second was at 1075 + 25nm. Specific detectivity of (8.85x10" cm.Hz'%. W)
at 850nm wavelength and quantum efficiency of 9.8% at 800nm have

been obtained.
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