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Abstract

An MSM structure is simply composed of two back-to-back or face-to-face Schottky
barriers placed flatwise and it has some advantages. In this research, Si-based planar MSM
photosensing structures were treated with the emphasis on introducing further function. This
research has two targets. The first is to introduce the voltage controllability of the output
photocurrent obtained to an MSM optical sensing structure. The output photocurrent in planar
MSM structures proposed reveals successfully to be the function of not only the optical
illumination intensity level but also biasing voltage by employing widely separated electrode
structure. The concept of metal-semiconductor barriers is reviewed first. Then, a new idea of
planar MSM optical sensor structures having widely separated electrodes is proposed. Such a
structure leaves undepleted region between the electrodes even under a bias. Therefore, this
structure is expected to show the output photocurrent as the function of not only optical
illumination intensity but applied bias due to laterally spreading of space-charge-region (SCR).
This is because efficiency for generating current in the SCR is higher than that of undepleted
region. Secondly, low frequencies (10kHz-100kHz) noise measurements of such structures are
carried out and their noise characteristics are clarified.

With preparation and measurements of planar metal-semiconductor-metal structures is
concerned. That is, it is mentioned that single slit and interdigitated planar Mo/n-Si/Mo
structures with a long undepleted region are fabricated and their dc photoresponse characteristics
are examined experimentally. It is shown that the photocurrent varies with both illumination
intensity levels and bias applied. In addition, measurements of sinusoidally modulated low
frequency (1kHz-2MHz) optical signal response of such structure are performed. It is confirmed
that this structure keeps bias controllability of the detected signal to coincide with the results in
dc photoresponse. No spurious effect was observed by a Fast Fourier Transform (FFT) analyzer
at the frequencies examined.

Low frequency 3-100 kHz shot noise (white noise) emerging from photoinduced current
in Mo/n-Si/Mo structures leaving undepleted region has been observed under different bias and
optical intensity conditions. The measurements revealed that the current noise observed depends
not only on the illumination intensity levels but also on bias voltage. The current noise observed
is expressed as s(w)=2¢/r* and analyzed, where / and r*is the average current and noise factor,
respectively. The measurements reveal that 7> has strong bias dependence, lying r2-0.01to about
unity corresponding to simple shot noise. Such experimental results are explained, stating that
the reduction of crosscorrelation between drift and diffusion currents and autocorrelation of drift
current component determining the level of noise occurs with decrease in SCR width bias-
dependent. To explain the behavior of observed noise more properly, we propose, in addition to
the mechanisms above, that the reduction in autocorrelation effect of each current component
plays an important role to decrease the relevant noise to such extremely low levels. Such
experimental results are explained, stating that the reduction of crosscorrelation between drift
and diffusion currents and autocorrelation of drift current component determining the level of
noise occurs with decrease in SCR width bias-dependent. Numerical simulation using 1D model
supports the change in SCR width with bias.

Keywords: Planar metal-semiconductor-metal structure; Optical sensor; Space-charge-region;
Photodetector; Electronic iris.
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Detector Type p-i-n APD MSM APD p-i-n APD MSM
Semiconductor Si Si Si Ge InGaAs InGaAs InGaAs
Structure vertical vertical planar vertical vertical vertical planar
Useful Region (nm) 400-1110 400-1110 400-1110 800-1850 900-1700 900-1700 900-1700
Quantum Efficiency 60-90 70-80 50-70 50-80 70-90 60-90 50-75
(%)

Gain 1 50-300 1 10-100 1 10-40 1

Carrier ionization ratio - 0.01-0.1 - 0.6-0.9 - 0.20-0.5 -
Unmultiplied dark 1 0.1 0.3-10 1-50 1-10 0.5-5 2.5-20

current (nA)

Multiplied dark current - 0.1-1 - 5-100 - 0.5-5
(nA)
Detector Capa-citance 1-5 1-5 0.2-0.7 1-5 0.2-2 0.2-2 0.01-0.4
(pF)
ResponseTime (ns) 0.3-3 0.5-5 0.1-1 0.3-3 0.05-1 0.1-1 0.05-0.8

Cost medium medium cheap medium expensive expensive medium
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Fuuusanevesda iusiasdnaiauna 2 x 2 mm’ wazszevvinadalnin 20-2000 um FLULR
FrensiuiunteRuaraune Aawmm (interdigitated) W83 IAFULLL WA U aF1aulsn
paradauasiasa¥ie MSM aia Moin-SiMo uazileldigunsnudaasiamageunnauiiniauas

o o

TUANHU A IUNASLUL de Az ac AWFUATYaUIA UL de Ren L umas ALdauas
21lalau  UAY/ATE He-Ne 1AMRSNAANLNIAAL 633 nm  AMUATYIUIMUAILLL ac  azidan
wasnitanas He-Ne Laviafuazuagiandtyningilaaulsiiaunlugeg 100 Hz-1 MHz Wi

He-Ne s TnaldiAsasagalnentAinuegianas (Acousto Optic Modulator : AOM) WA3MN

[
o

ANFNRufIasdiulssnaunszualnln lnlenuaznszualninpeusames GeuiuAIA N 23 AUAD
ANHAENIRIMaAN18Uen (load resistance : R) wazAuAuALsaAulLLeg A nTuNesNNa LD
AHUHNENNNENTWTBINaNIsAaad lugLnalnnafianszuauay  uazatnvaswine  udatinlim

1 ! v
LUUANAB99EN99e e EIufUANNABITaIuUIANAATIAWE LAFausLIn
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ANV IANaalnsIas el aric-ansnantin-larie (MSM)

anuan1sdeftunuansdiuianiullidnazsiiginsnllassaing MsM Talldewlu
dennaiae adnlafinuidaduaunindouusyaimunlaseaie MsM et lidssgnelden

AuszuunI1sdeansnaiiags luaneinisdesynsildaumieinuan Tasead1a MSM - axnsn

¥

W lilsegnaldaulammuiu dadu Mlussuuiudeyas vraldiduginiaididnnselindlesa

1
waa o

(electronic iris) usiu AviuludneinusiazuanaenuantfindAnylsenisau aaelaseaina

MSM ununazilugnaniiinissuaisionieuiueuideialy dsagldnaasaely delu
flaqiiulassairaugesuuuulans-a19nesintin-1aug (planar-metal-semiconductor-metal : MSM)
TaFunisdnmiluadneunnivaldiiulassafeinsadunisuas Tnogdsaululunisiia

Use@nininaasmaanuia Anundneaeauuwdny  lunnsmeuawesdyonmdidindumaiud 3

v

A1113091A09 110 GHz - ann1985199UnInlTudu MSM  faaig1usesdanet 39NMean
unaldeNei i (GaAs) uwaz Taneuaeillen (SiGe) ludiuresgiusesssinnilazifuaisia
Fati Uy compound semiconductor FaHFANUNBNTINERHANNIT UG luTuAsUNINAR dou

gt ndaneuiuuuULNANALS single HulsAliunsuazdirasenisaing

2.1 NIZTVIUMIMNUMUAY

TuN1919 U199 ATASFUA TY I UUASLU LAY (digital op-tical receiver) wanelHiiudaw
. W R d d . 4
289F9R992TARAINBYUTN4AT09LATeFY AaviAsudtyrnnaadudnynyinlaila aandu

(%

Ayyrawlninazgnasnslilugau wazawisoaendynyimludasiidesnisaindauass

o

amnalaes uaziawmes udrasihdynahldszandldausial angdd 2.1 Juansldiviuga

o

o o o o =< A 1 | o ~ o
ANANATYIBIFIRIIATALAY TeananelddudwinlareeTasiudoyaunouuas
Fomsadauaaiuginsniniveadlndidnnsafindnnindinnganaundseunas udoaiaauli
Wundsulin - aenfazuaasaanunluglaesnszuauas taevinlinszuaunismeadaniauas
azilag 3 dumneu Ae TuneulInluiuneuIeIN1TANAUNAIIULAITE INAAUANKASIAN

4 o Y a a & . 49{ 21/ all =3 all
neeny uaanniindaianmseu-Taa (electron-hole pairs) A4 ludunaun 2 Aaanmsau-Taan

v
1 o A

AATuAzIAAD UNHNUTUAANALLAY T ludunautanaiaAna INNSANNAIUIUTBIABLIANATDU-

u



Taaunnau (gain) vieeliinsinanaesgdidnnsau-laadld ludumeun 3  fBdnAseu-laah

Npauargneau sanndaliinresginend uasifiaidunszualualldesasniauan  Tuunands

|
A o

NILUIUNNTATIATANNURIANNITDNHANAQUIBINFUEINATY T2 (demodulation) adrya 1o

o

ANdgaanasgnlasundududoyo ol i asuulaaiuoa

Amplifier

S| Detector Pre-amplifier | Equalizer
A A A

Transmitted

Optical Signal Electrical Signal
Signal

519 2.1 WHUNINNIINNUTBATIFLATY I IUASULILIE AT

lunadasunlasaniusndanuresdidnnseuiuazfasaanndediung1edn1seying

THINUAN NA19AA HARNITU AL UL AR DU IBINANIUBLANATEU WAAN THINUANTRIBLANATAL

¥

| = o oA v oo v o = < o o
azfasliinislanuulas fume Ak axdesldasuulas  duiunisganauuasluansiagonin

| = | = o & o o ' o ' &
EIRNBAEN sﬁ\T'ﬂﬂﬂ&LuLLuqLﬂ?;l')ﬂu@\?Lﬂuﬂqﬁ‘?ﬂﬁ‘_‘f’]ﬂf]'ﬂ@\ﬁﬂLNumNIﬂﬂﬂ?ﬂqﬂ LLMﬂ’]?@Jﬂﬂ@uLm\ﬂum’]?

'
o o

= o | =< o o WMy = o
ﬂﬂWJiﬂ‘H’NLLﬂUVLNM?\‘I sﬂ\‘]ll""\ﬁmq@ﬂ"].lﬂ\‘]LLQUM']VLV\IWWVLN»LC"]@%‘IHLLMQ AEINUNLUAAAIAAURNLLAL

q q q u q

1 o

wiaud Asliilanuendsnule ) Navsesiudidnareudsunlunuesa Aniugidnaseuaznszing

%4
a '

ldguouiin i lafselesianasaunsyianaulludainis/asuulasanTumudu Tnanisd
o an o ! =X o &= o A ! o o 1 =2 dlo o ol/ |ul/

dunsnsenfiulasedianan vinliinsfuvzacamnlumudniulasssananinnasdueg tues lu
dsngnisalilanTumusinaesssuuariiasgninmliamld awinlinisganauuasluansnesinun
dasunulainsafntuls  Asduansiedntndesunuldnseaeilgaiaainisuasldresd i nis
waguaslin vreganauuaslddas asldwuizaunaziiansnadatinadatuinas iy
lnlenlasuassaiamasinlan wsilunstlaasfnsmadnuasisaiiaduasaniingionldansns

Foratintiiunn nszdndisaignuazianiatuaunin Ingeniziuganey

q

2.2 MIRANAULAI LUAITNIAUN

2.2.1 nalnmsganauunduaziingaiannsau-laa

n1sineuzesgnsnipedingidnnsetindinenynaiineg LUNLTIUIBINITAATY Wie

waldaesgdiannsau-laa nalnnisiingaziinlignszuaunislindssuundidnasauniuoy
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aududa vinliBianasauanuauauinsyina llguourin i lusnzimeaiuasiclaalilu

[~3

e adl a a d‘: dl A 1o a6 v 1 dl o © [ 1 A
DAL ’Jﬁﬂ’]‘imﬂﬁ@L@ﬂﬁ]?ﬂuiﬂ@ﬂ\ﬂﬂﬂﬂ;ﬂ AR NITLNTA MILNA1INIARNY ALY LagUTaIn

a

v
o o o o

= N £ o o 9 Y =
AR UNHNNAIWNIUNINNE Lll‘ﬂﬁ]ﬂﬂ?ﬁ/]‘]_l’&’]?ﬂ\‘iﬁlqu’]LL@Q@%QH@Jﬂﬂ@uLﬂJ’]vLﬂﬁlu@’]?ﬂﬂﬁl’Ju’] AMNUU

2
=

dnawmwassuliundidnaseuauaiunsonsyian ldgdaunusin il 16 nezuaunnsiitegniendn

m?zmumi@mnauum (absorption process) Munenduiudndidnnsaranausn i winn1g

o

al o % o dl s Y a & = 1 daln
Qﬂ&lL@ﬂW@Q\‘ﬂublﬂ LAIANNALUNINLLOULILA D VIWIM@@L@ﬂﬁ]ﬁ‘@u—IEI@M’]EIllﬂ LIENNTSUAIUNITLITUURN

N32U91NNT990AL N (recombination process)
= L o o A a 02 & ! =~ a o A
nsganauuatuansiesitiheguanetin aqluniazeeanaiaies 2 atiaudn Any
wiwiuleeviall e (1) N19gANALKULBWYITUTARINUALASLDL (intrinsic band to band absorpti-

on) WAz (2) NNIRANARLLLLDILILAZSYALANIAS (band and impurity absorption) AYHINHATIBER

X
U

2R

b

(1) N19QANABUAILLLIBUYBUTARNUOLTUL NUanslugin 2.2(n) HaTuEaNANIY

WA AININNINTEITNUIUNANIY (energy band gap : E,) 784813045010 wazuAslaInNng
£ va 8 o/ o A ds/ =3 o/

nszfulididnnseuainuauniauinszlaalidauauin i nsganautasuuLiasnuwingy

wnlusmnmadauasnouyngta HasaNWANIUIIINAGY £ = hV(V Aa ATINDTBILES) o9l

a

Arnannefazyinliiinggidnasew-laa Seaiunsovnldlumenaes hv £ Wee hod 2 £, uazin

dnlwegluglaesanennnaugegn (4 ) Aaanisoiiiieegdnmsen-laa avliiy

k)

1 = (2.1)

e h A8 ANPSTIRIUNASA (J.S)

A @
c AR AULTILAY (m/s)



ANINENIARULBILAIRZABINANTENTT 1110 nm AIIUANIIN 2.1 UATTIAINENIARUGIZATIN

(n)

11

4N E
Al °

— —(O— — — Donor level

Acceptor level

(1)

519 2.2 nalnnsifianinzainnizgaAnauLasluansNafaT

(N) N19AANAULAILLLAWYSUT AR NUILITNLOL

(1) N9IAANAUUAIULLUOULATIZAUANTIAD

uN20U998 8 ADLWAIAZADINNANIURLNNEALINAL 1.12 eV A9iaInaNn13n (2.1)

IS DR 2

TiAnaBaNRsau-laa Fandn mnuananauAnesi (long wavelength cutoff : A )

A15199 2.1 AYINENIAAUGAATBIANINNFINT AR

T80 | TRITNUDLNANU (eV) ANLENIAR AT (nm) AnEaAALR el (nm)
Si 112 1110 500 - 900
Ge 0.67 1850 900 - 1300

GaAs 1.43 870 750 - 850

(2) N1TAANAULAILLILUOLLAZITALANTAS AALBIAINNTALINANUDT AANANTRDLTATY

TR 19D LNAIIUANRA AN ANNUNNTBIUDINAN NiFendn szsulanaladamm (local-ized

o

state level) visasalaunsanaiaadlil Asuanslugilin 2.2 (@) Ainliuasinnnssnundnasnu

¥ 1 1 1 o 1 3 v a d’g % dl a é( 3l a o
URENAINTRIVIWLUALNAINIU LLM@WNW?DVHiMLﬂﬁW’]MZ“}Juiﬁ Tanugninaauaaiualanasaul

anduszALaIsiaag ¥ (donor level) lUaunutinWin wiseiindidnmasauainuauioaed ldedu

izﬁum’]ilﬁmé?ﬂ (acceptor level)
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a 1 a @

2.2.2 55N LluNARIABLANATRU-TER

-dll v AIIA 2 dl o o a a A a a 35

Waliuassnnsznuntoninaesasnasiagn azinmzdaszvseqaidnmseu-Taainau
Aﬂl A o AII 1 v 90’/ a o o -QII a a ;94( ?:/ @ a
1HBIAINNIZLIUNITAANAULAY AINNARNINATY TwnaAaiuiunianIusdassauiua
dsngnisninissansialus (Recombination ) [39] 2ed@ianasauiulaainTuion naame Azl
AANATaULNEUA N LN AN ansssunduadldsausa iU Taanuauawd N1 lFaIANATaN

P o a & a & & o a a pry
LL@ﬂﬂ@NQ’]uQu@mm W@\Nquﬂ]ﬂ\j@L@ﬂm?@um@m@qui@‘ﬂqﬂiﬂ AR W@N’]qummﬁiﬂ LBANARNNNIT

gufulAsas9nan wanguianInzdaiy (excess carriers : An waz Ap) Tudng uazdin
wra9aNgwaIaan bl W’mmqmﬁu%mmﬁf;ﬁu@uuummL‘MﬁﬂLﬂWﬂzmmLﬁ’J’N%’UWWMzﬁ@ﬂmz
aunarasdianmsauuazlaasaAniun, uaz p, [10] AuaIFAU
sluﬁﬁ@ﬁ@mmzﬂmazmumammﬁfoﬂmiﬂJ@\‘iwwzzﬁqmﬁuLﬁm 2 NITUAUNIINAN AB
(1) ngzuaRNI9gINml lnluLTnamse (direct recombination process) YIALLL WL (band
to band recombination process) War (2) N3zUUN1TTINAL InNuuuInefe (indirect
recombination process) vrauuuluilaquas (nonradiative recombination process) %l\ifl

o

-
PEAIREAAIT
(1) NzuKn1TNAa UL TAYATI AR NTZULNNTIINAR IMNA LD AT WA LANIN9F1IN
LUUTRIUaUAS e anslantdeandsinuasnunlugtaasuasiseinnauldite Auanslugil

2.3 (n) BdnmrauanuausnWinazanszsunduasldmusiiulaaluwaunaudingna

JUS Av R center -._.a{ ....... | S E

1% 2.3 nszuaunissansa lusiinTuluansNasan

(M) wuulaease (@) wuulnsdes

| X
a

(2) NezuanITINAa mNLLLIRLSeN Ae NTELANNNTIING IR

URUANSNE-
wnuudeunulings  Taedidanaseuannuoutinliinanssiuasundessdunassunilanag lu
PRI wﬁwmﬁeuﬁ%mnmmﬁqLmumL@wﬂuﬁqm ﬁmmﬂugﬂﬁ 2.3 (1) 9LAUNANIY

dl ' ! ' [ | o dl dl o © 1 1 S U ://
wﬂmﬂg@ﬂﬂmmmqLmuwmmmﬂummu:wmmuwm?mmmmmLmumﬂummmﬂm ANUU
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o J 1944 a é’ A A zﬂl A a
zﬁmuzwmmummmqmmumn@:mmwmwmmmmLLﬂ@ﬂﬂ@ﬂu@uj NTARINAINNAITN
= . =2 & o o . X - o \ =
W@amgaaelaseganan asgannigssansa nduuu ity @Juﬁlﬂ@’?fm’]ﬁ"lllMQGL‘VIN?I@Q‘WTMZ GRIY!
o 1 ¥ dgl = ' o ¥ = o Y a y
NITUIUN19IINA d e dantazin1sdantaaanasinuanuiauaanuwazinani nan194u

o ' = X L o X | o R ' a
m'ﬂmﬂ\ﬂﬂﬁ\ﬁ’]\n\l@ﬂﬁlu Lazn17dusatazlantaanassnuniEandn T‘V\lu'ﬂu (phonon) @ﬂﬂll’]slu‘ﬂ@‘ﬂ

|
v A o

Tneinldudranuendsaunnmdnidugudnananissausalng (Recombination

center : R-center) inarisngedNsrdulndiuUTNNINANL9T0ITUALNANIY 1198

'
1 o 1

[Ha9antan1a1a9n1999882 TMHA Tl AN 49gARL NATLMUININNA N TBITDITNWAITUND R Tz

u

(1 ! 1 o A 4 A Vo a oA = a
L‘Vlu'ﬂLLﬁ]ﬂl?]’\\‘i'ﬂ’\ﬂi‘ﬁﬁ‘i_l@”liﬁ@mﬂLL@5@’ﬁL@‘ﬂl}Jﬁ‘U Tmﬂélum\iﬂgummmﬂmmzmmﬂ\iﬁmma

afipaqldluasnasinun

2.2.3 UsngnisaimsaanauLaslua1sNmA9n

|
A a

A a & ¥ dy 4J o © 1% o =
ENANANTIUINITAANAULLAIINNHINLN L‘LI’WVLﬂsluLuﬂ@’]?ﬂ\‘i AU DINAWNULAIANNTENLAN

A o

ANNINNANALN IFHAANINZAU LATWAIULAIHATanAdE19AaTaaR U IATIT I HANURIA TN

FntinludnszasauINLas (optical field) Faindauniiwd il luansisdorin Asuanslugii 2.4

= =1 o = o N o £ o o o T
éﬁmmuu%@mﬂu@ﬂwmmmL@ﬂiﬂLuumaaiugﬂmmwmmumﬂmmuiﬂmmimmm ANUL

k)
! ]

n19eANAUIBILAIN Y NANUlUHeAINFRNAEHANIAARITLTZEENNN ATNAITNANRUT TR

L)

ANN9N (2.2) [11] AB

ai A dslj AJ o o
gﬂ'ﬂ 2.4 ma‘@mn@uummﬂmu@mammm
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105

.;’.‘ InGaAsP

E o

— c

L -[04 — — o

[= 1

0 InGaAs §

(3]

= GaAs é

Y= -

8 S £

g 103 {— 410 &

° (a]

S c

o o
whd

g . :

11— — el

21 100 g
c

f, ()

m n

5

10 | | | | |j Ii

400 600 800 1000 1200 1400 1600 1800
Wavelength (nm)
a o o a & = 2 o o a | oy o o o
gﬂ‘w 25 mLﬂﬂmmmmuﬂ?mmmi@mﬂ@ul,l,mmmm@mmmﬂmmfimj naaFradusonmadn

LA

Py (x) = P,,(I-R)(1-e™) (2.2)

o o

Toef P, (0 AB MAINIIAANAUIBIUANNTURUIZIENIN (x) VBIANINNATN (W)

b

o

AR NIATBILAIANNTENL (W)

inc

R AR ANINNNTALTIEULAITRNANTNNAYN (reflectivity of semiconductor)

o))

a A AuilsyAnsnisgananuas (light absorption coefficient) (cm’)

ﬁmﬂizam%mi@mn%uum (@) 189TARDY LeasuLile wazdnslseneungu -V Liu
GaAS uaz InGaAs usiu wansfalugli 2.5 Sernduisc@nanisganauuasiiifuniaiinesi

A1Anyansianils lunisiatsniaendanansnesintinzessionadnuas
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2.3 AUANURFIATYUBIAINTINIAUE
dl a o o [ % a ¥ dJ o o I a
Luﬂﬂ@qﬂﬂﬂ’]?uqL@’]L‘]"QE‘]?Q@Q@LL@QM@’]H‘HM@N’]ﬂﬁ”zﬂqﬂﬁﬂ‘ﬁ\?’]u BIFVIATVINVALULRAILAAECLULLREN
= all ! o ‘;{ o % o AII o Y v 3| o o 1 @
AnAnNANNTINLANFANeW ﬂUHUIﬂ?Q@?WQLL@z@@@V]uWNWi’ﬁ’N?WQL‘]_IUM'JW?'J@Q@LL@\T ag1glafin

4 =2 wa o oI/ o o nﬂl Y @ 4 ¥ a = A
ﬂWW@W?mqﬂQ@m@NUMM@ﬂj V]QVLﬂﬁI@QWme?QQQ@LL@\‘i L‘W‘ﬂi‘ﬁLﬂuﬂJ‘ﬂNﬁ@ﬂﬁx‘i'ﬂ\‘l Lﬂ?‘ﬁl‘i.lL‘V]El‘LlMﬁ"ﬂ

Faaulatinlseansdldauasnamnnzan aruantmvanivanil Ae

2.3.1 Usz@nsnnAIauAN
Usz@NEnIMARUAN (quantum efficiency : 77) MNNEDN ARIEIUIZUINNRIUIUTDS
_a lﬂl a é’ ) o/ o dl
WvzdassNinny (Aaidnmnsen-laa) wazinliifadunszuauad’ (1) fuswsulnneunannszny
[10], [11], [40] iuAe
e L kv
B./hv g P,

mc

Taed P A NANILIBILAIAANNTZNU (W)

g AnUszadianmsen (C)

Awed 77 HAgendng 0 < 7 < 1 dwduannish (2.3) lagnilenudnidulsc@nsnn
ANBURNNIEWAN (external quantum efficiency : 77,) TNUsz@nEnInAIAUANN EUANAZTUALAT
ANz AVEN199ANALLAIIRIANINNANINTRAGNN] UATAINMWNTBIAIUAANALLAY Aauansly

gﬂﬁ' 2.6 wazilimuannist (2.4) Aa
Mext = (I1-R)(1-e™) (2.4)

aNngNnIeT (2.4) wanaMAEWININ f’ﬁﬂ?zam%mwmq@uﬁmmﬁu@ﬂﬁmqq NAANIUE
WRIAZHN ﬁﬁlqﬁﬂﬁﬁqmmﬁmumﬁ@mmﬁﬁﬁﬁ% InenAudnazilAn1lszanns 0.7-0.8 (134 ~ 70-
80 %) mezdf]Lmeuuﬁwzqﬂmﬁ@u@@ﬂﬂ dautlsr@nsninateusnniali (internal quantum
effici-ency : 77,) Ag & ”mmzﬁ'quiwdmﬁﬁmuwmxﬁLﬁm%uﬁm‘hmuiﬂmuﬁgn@mﬂﬁumﬂu@ﬁ

\'1 7147 Tmﬂﬂﬂmmmmmmumfﬂﬂ@meum

Ao o o 1% A
' NITUALAY MNWEGQH?WLLZQEQNV] 1PANFAINTIATALANALIAEINTZUAN A ([p =1 — l4ark)
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2.3.2 ANINNITADUAUDY
ANMWNNTABLIALEY (responsivity ; R) MNEDN SRTIEIUTEUINNTZUAUAS AN AT WL
AAsraaLgeinnnIzNy [9], [10] siuAe
O

- = 2.5
P. hv  hc 29

AMNANNIIN (2.5) WU ANRAINNITADLAUBIAZUL UL IFUA UL ANENIAA Wl WT

o

3 = P o o
N9 9 U sﬁ\?@&‘ﬂu@m@ll‘}_l FNAUBIRNIRNTINIA LA

233 ﬂ')’lNLg')dluﬂ']‘iﬁl’ﬂ‘lJﬂu'ﬂﬁ
Au lunnImaaues munale AnmFalunnmnaueessangaadanas daflunain

U usin1afianmznaasaunszisinszua Wit vinnluasengasasniouen audnmtas
WARASADLIANTANIIANTNT (t) WAZTINIAITNAY ()

. X . N - -
TAUIANUNTULAZTNIIANTNAIAZHATNIN UTAURLAUALILNALADTUDY

(1) Wandasu (transit ime) AN Ik Id ULl aaan
(2) 1AaNNNTWNG (diffusion time) 289NN ARATUNNEUBNLE ML ARANINY
(3) AAINLBIAN (time constant) HlunaguaasArANg InHaesTninlalanduen

WAAAINNFNUNIUNNEUAN

patiuinseansliininlalenneuauesnauDNANGIge] azFeaiansunaunAmaes

Mandsznistifog Aty avseanuuuliinunaunaane ileannatesrANg i W

2.3.4 AyaunisunauuLLTan
o o = o a » o A A
fangaadauatazinana nisolunisdauaniaaduninan vrei Al
(sensitivi-ty)  guiiiedlsazauiuauinaesdtynyasunauifintu wasdtyaunsunousuudes
(shot noise) filudtyunnusunauaiinnilanUnaad1auniusanTadauas TainTIuaINnNIzLaln
- dy vel s e o
waznszuauas lunstlaesininlalann ldidnsaaianialu ANQAAN1IAIE09909NTZLATDY

zﬁ“mmﬁM?unquLLuus‘ﬁ@mﬁ axifulmugunis? (2.6) Ao
(il) = 2qIB = 2q(I, +1,,,)B (2.6)

T e A ANRALTBINTZUALDYINT (A)
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A

/ B ANLDALITRINTTUALA (A)

p

A
- ! = p
[ AR ANRALARINTLANA (A)

dark

B A8 uuuAlarmnelnflnuesdiangadnua (Hz)

o ¥ o o A Ao o v o0 o | Y o A
ANUURAINTINIALAINAAITALH ELIG&IWM?UH’MLLUU%@MIMWWI@‘mwﬂwﬂﬂuﬂuiﬂvlm UUAR

Y o o v P
ﬂ’??@ﬁ@?qﬂm')m?')@’?ﬂLL@QiWNﬂ?ZLL@NmmT‘I

2.4 AIATIVALAILLUTATIFSIANS-R15NIALN-1ans

TaseaFrslanz-ansnedarin-Tany vialaseaine MSM ugiinsaindneslunguaadlany-ans

]
o

neiati Tnaddngiszasd etunldidusanmadauas  saiuluiadaiazlsnaionslaseaing
UANNIIN U UazANANRLENIuaNeadesiulnsade MSM Teanunsntinguresdenn

wiswefunlszgneldadunaiulanssa¥ng MSM 16 Aell maaziaansiasia il

2.4.1 TAS9E519ULAZTUANNITNNIU

] v 1
o =

NINNABAE2197891AT9E519 MSM wuuwanung dalidalWinag luscununeaiu g
wanslugiln 2.6 (n) Useneusdaedalans 2 49 NaF19uLUANIAEINTTEA N LazUENBBNAINTL
1% ] %I/ o o dl o o all a d? v < a a
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oA e . : 40y o o
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=
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Tam anseadudangnluneanss (daenTun) azBurinszualdunnau uazilaliussdulunagauin

T3 ulaaan EnIaasi U INUAL AEIIBILLLNTEUAAZIAATUAINNILUARLANATOL (J)

uaznazualan (J) souriu Fadlulipnanudniuiaedannisi (2.7) Aa
(e — —g(dy~Ady ) kT
J=Jd, +J, = LT et )bl o2 1 AT (39

e 4° way 4° Ae AAIIEATISAdUIR9RIANATaLLAL laARdsY IUER AR MNATSL [A/cm’.K)]
n p
top A0 PG UNANE 1T 1087 gy = Eg - ¢ hon
Ahon WA Adhy, AD TOANULTIE05TAL0834 (Schottky barrier lowering) 294ANGINUWHIANET

AanmrauuLazlan MNANAL WasaNNanITnLIIaILNaNINa (image force effect)
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2.4.5 Ananeratusialaaaniue luanznlasuussnulunag
Aﬂl v Qs v a a 1 o/ v
Waliusssuluwea Anundraaesidnmlaaaninesan (W) dAvinfiuanundneaes
3nnlasaninzidanning W) 29N LANNNS9TR9LT Il aANIE 981 Tue (W) 93
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2e (Vi +7))
LAy Wy = ] gN, (2.10)
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(n) ()

59 2.9 (n) Tasaaing MSM Walvusasulunea 7, udainisumlasanve w,, uaz W,
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(2.11)

C, = CuCo
Cy +Cy

Tl Cy A A wqlninpesseadudandaaning (F)
Co Ao AN lWinaessasdudanioaniun (F)

9Ny wr  C, = | 95N (2.12)
2V, =11) 2V, +73)
WA Cyy uaz Cg acluanunia (3.13) Faduaaualwilien wiriy
(2.13)

1

o
! 2 NNy =V + (Vs + 7))

Tugii 2.10 udneuzienizanug Win-ussiuaesdaa¥s MSM - Gauansliiiuns

AN I RaNsmsiuLasiAanaY WaliussiuilAngeau
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0
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Tugii 2.12 uansdnsziaNIznIzIa-LNaAuTasiasaie MSM Waginenllafuuas

udn M ldFunszuaWiniaa g7 2.12 (n) uay (1) LAAIANHRIZIBNIZNITUA-LIIA TR Tane-
4o e . 4 4. - a e e

a19n9tn luLAsz I AN ALeNeanaIndlL  BIRNHUZIANILNLAAUE AU UANH UL IANIZAAS

inlalasinlilaviiatinsesdudalany-a1nasnuniadaau i ansa UL nasnui L luan sy

218491AT9A5 19 MSM Az AR NI IANIZNIZUA- LI UNANNIATA WA AL IULAZ A ULAN ATl
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wANFEUIBINIENIAATY e nuatazaINaiUlszauesnlalen 299963 AT096A994
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-C, SRy TC 2R
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O

517 2.13 29asanyaresinnmainlauuiaaie MSM nelinisliugannnszny

a1ngUn 2.13 C, Ain AN liiaesFnaaaanine Tunsdiilszaziing D azlauin
o Y a | 4 ° £ a A = o o
uAL sl nnnlaanninraenaaquazeazing D sismun inlik C, aziidasiiAmile dwiu C,
A A Invesusiudausenn Taevialivie C, uay C, dinazfiAntiaandn 0.1 pF daur, Ry,
R, uaz L, Aa Aoamsnuniuaynsy, Annsiumiulalen, Tnanaonusuniu uay monumieniin
29IAALTANGADTN AINAIA e lEa9asanyatl MALLUAINTBIFIRTIATALAsLULTATIAENS
dld a Taa dl = ] :// £ ! ! = A
MSM fiaananauuLdueeshawm ddszazvineesdalnfndaandt 1 um wudiuuudinaziian

Ugru1u 20-50 GHz [10]
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v 1 1
ndaszndneda iweusnfiegluszav 2-2000 Tulaswns Inefigiuseaduansiesiatiatingu (n-
type) gn1elArNdNuAINIINAIIDNLIING NS ATUANNITUALAY WLLNTTUARTY (DC

dl £ [ 1 3 1 a ?:/ v Z’/

photocurrent)  AnnelFuseiunaunIsRanateaznuInLTnlasanuziiuldaanaaanaindqlufin
v =X :// v dl [~ o/ di v o A a 1 a
fuarinaauteds s unelusdadunaduiiiasanassnalnfaiuea  nsinAI89BIAARTAU-

Taa NiBaaaNY waznadutiasaInnisilszanmediuniunsAnefanndliatinmmnii
3.1 HANWUFIUNTYINNUTRIRIRTIAUNILATATIRSI T Tans-arshanai-Tans

IA7ag 519 9sU Tanz-gnsnasiatin-lane Tnavaireliszasiinaszudnelane D Hau1aduunn
W ldanunsoinausaaaNiags Inandalansilasuussiuluweanss (Forward) dndnaniun
wazuasuluLedfiaunay (Reverse) wWnidaaning Aatiuazifinuinnidaaanivz  (depletion
region) WATLFNALLLEA1TTAARU(Neutral region) WBRWAIANNTLNUNLTIIUSLUAS(active area) A%
AANTzuadeddaulszneuii ABNTTRANIZLALAdAINAIUTeILnLaAN UL (depletion region)
Fanieuiunszuauasaasdonadauasiuunialalandianll Inalauinindidoalunisieaeun

. = dil 1 ] a a
YBINNZUAS (photocarriers) Bannsziaudsilan nezuaugslnlnlalen waznszuanasdiunnnlu
a X aa . = \ P~ 4 A 9 =2 o

UFnlleansianau(neutral region) TaguanaunlWindnisadauiadaARiLNITILALASTDY
Famsaadnuauuuiinreusnmefinaifinlilinaainueuaesdaudaaaniveninin dazer lusvey
nsung (diffusion length) 1asilszqaning Taa(Hole) dautlszannuzlaanifiauanszaznisunsaziin
N1979NFAIRUNNA (recombination) LL@ZiﬁJﬁN@IFi@ﬂ?::LL@LL@Q?’mﬁx‘iﬁum‘zLL@LL@Gﬁﬂgﬂm‘xH:ﬁﬂ’]?LLWéﬁ
FenanseuanasinlnAauanAes AAUNTLALA9IINTRIAINTRTALsYNaLARE NI AR RIRAIUAS

nezualnlnlalen (7,) waznazuauasininpaudnines (7)) dadullmuanuduiudaesannisdail

I,=1,+1, (3.1)
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3
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LUL n-type AzHANMILUNLTEanIuE vy 9317 3.1 SedniusiuaunniuazAnd i sdupe
ANHEIRINUNSANTRIANATOU @y |, By, wazANgINUNeANdueslaa @ |, @, , uazsein
I,

WENV,,, V,, Nregsaszudeda inAvdaney duivaauinszazaestduudulaannine

depletion layer W, , faaunnsANdNiusi

(3.2)

1 v
e €. = €.¢ AaAlpalANATATRITAARY Taaluan 1Nz aNAaiATIa519 MSM-PD 1iuasilan
S r~0 ]

Do = Doy = Dp, 402 q(By,,, + B5,,) = E, Tneid E, duiluizswunundsureddanen
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o e o dooas o o =¥ o oo Ao
nawnuAngd gV, uar gV, svinbisriundsnumesiiuliauuwanswiunsesdudan 1 uay 2
paNaAy  doewmniinusssuluwes V=V, +V, duldgnuivegsundesesduianaanady
wsasuluuea V, waz V, niduusesiuluveadanundy uazusssuluueanss daiuaunnlniiagdsng

Neendneseududasuaiine E dsaunsanivunlalag

E, = Moy Ly (33)
&y

Tugiil 3.3 (b) azwudAundIesLEMLasanIuE W, uar W, Wuanundrenisiuaning uas
anTun suiuludanenizaaelaraaiaderusnasun1nas lans-a19neenun-lany azdisesuln

Gunwiwganiu ¥, =V, =V, uassldfoanuduiuti

2 .
W, = b v, +7) . cathode side (3.4)
qN),
2¢&g .
W, = v, =V, : anode side (3.5)
qNp

e TuatiuldFuusasuassfsiuageueInundAnddenatdazanasan 7, llds ¥, -7,

v ' I
a o

peuBLaNATaundunIsiTuamnsnalfiian1sAndwasUNAwIN AINNAUBINT A LAY
Tuweadieunduaznudnmnugenunsdndazivswdly ¥V, +7, uardidnasauiazlnaainnieinu

Tanzlifada1a09819N9FA 1N SR NNATAIN1T TAID TR LD LINA S9N WA LN AL
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Mg RIRNIUANMNTUIaL AL UL ALazN SR BIaIA N Id N LaIAT w17 3.6

Arb.

Current |
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o
ooO°°°oo

000000009 O 0,0 O 9 1 1 1

717 3.6 antiRresnszua fuusadunelinnudnuasineissasinazudegidaninen 100 pm

pansaadauadingaaing MSM luRedsshngnaieldialnedunisaiaidulanzieadu
peWinTuLuANINFNnATLEnRagn 3.7 Tewanslareainaniasinaangeeslasia¥ie MSM Tnad
Hoduiaszudnglaneiy  ansiedainisaesinsazuansnuanifvesdensmduidinas  (Schottky
barrier) 2 sesduda Iasdsraziitessmdnedalane D Fuflununiuuas Tunisuszansldlunng
[ dl tﬂl 1% 3;// :s' % v 12 tﬁl 1 o o dl
paadauas  dudenisaiidalavzasnsafiazaialiiaunnnld Gesneiuiulane-ansna

siari1 Tinlalen (Schottky photodiode) NFaaai e R AINLANANTT

gy
/

U7 3.7 nMpdinravaedlazeaing MSM Adtassairaduuunidasy (planar)

Current[uA]
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3.5 N9LATANTUIULAZNITNAADY

1ANAE19 MSM  LULNANNFRINNTa59leNe dadludaifutssnimmil senlenadtddnas
v v v = | .2 v o o ) ) = . .
uda Tneldnseansuiusines 1-2 wiwwinty acsanesusuuildenaiduwuudeanan (single slit)
¢£I 5| ¢=II| tﬂl A a cAaa . - Q}Q 7% [ 1 1
dafuiuundengn  visauuuBweesAamn  (interdigitated)  Mienldaiaiuatnaunivany
dgj v [N o Y v [ % v = Yo
uananinszuaunisai i llgenndudoutaraanndasiunsziounisademn - asldiuanuanla
inldaFradunsasmuidunazaanady ynniuas
TUUNTR N A TNAN LT LAZILIATBIAIAAALLLL  AnfuwuuRtnld59Ta94519 MSM
d“l ?;/ Qu// Q’/ ¥ a a o 1 dl o © @ Aaa a o Qu// =
F9dn AN I809709T 191859 N Tans TNAUATIN (Mo) douansnasuduGaneudin n A9iiuas
1ilmsaaiie MM Aafrsaudlusiin Mom-SiMo  antunaienismaaessine] elinaasyugl-

N30 Mo/n-Si/Mo N aWANG N9 A Lazneuaa

3.6 AIAAIYRINTUNITASNTUINY
£ Qll Y v o [ v a a rdg/ v 1
N7¥ANFAULLUN 25196 9m9A A IATad519 MSM luaneninusuay FWeNaNAaeas 1 Weild

dl = [~ 1 dl a A dl v il/ I Aaa = = A
FINAVAA LTI UL LT LAZAULADTAALAN LW’I’J@?’NLﬂuﬂ’JVLWW’WUHLLNuGﬁ@ﬂ@u NINEAZLREA AR

3.6.1 Aa2AAELLLITAILA

‘J‘ﬂﬁ 3.8 Lﬂummmmmusﬂ'@\uﬁm Iﬂﬂﬂ’aﬂLL‘LI‘]_IGLﬁfI‘lIu’WWll'ﬂ\‘lﬁ'ﬂﬁ/‘lﬂ’]ﬁ\ﬁ@@\iL']'ju 2x2mm’

a4

(2000 m x 2000 Lm) #dquszaizvinadqlvin (D) dAilu 2 tm, 3 Wm, 5 Wm, 10 Wm , 100 Wm

WAz 2000 LLm ATNANAL Mo

Si D =2-2000 pm

n-Si 2000 pm
% %, ”

o

2109 3.8 anpauAULLLRRANEzudauRen Naaiailusangadalaslasaadie MSM i

u

Mo/n-Si/Mo
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3.6.2 NFTUIUNTATN

n9ztnuNsaialaseaine MSM 45 Mo/m-SiMo i azldmaluladaasdanewidundn suily
mﬁiuiaﬁmmﬁ”mqwiifmﬁﬁﬁﬁu@ﬂwLLWi'Mmﬂﬁzgmsluﬂ@aﬁuﬁ neaireaamaneesdnninasld
watlaraalninalans W (Photolithography) Lm‘ummgmﬁl%ﬁ“u‘lmﬂﬁqiﬂﬁluﬂf]m?’mm@@fm e
AMNUHUTAABY TRALEY (n-type) ATanNANE N 10 Q—cm "ANNEzaIAKEL NI9A TusT
uay daneulaeanlad antuinuuEareunndeudulavsauAT  Aseiessymelanylu
qryrynAuuulda8ianasen (Electron beam evaporator) Taeliifimnununaasilanilszanng
2000 A PefUANNAY 3x10°Pa ANNTUTIUHUERREUT AR R AN A INALATIL Jnadhada vy

v 1
pnengzUaunITnina NN udeanlsannaiuuasdn iudsinun s lang luauatiuludauinly

saaniseanty g7 3.11 uansdanmdnzawgUnaninaiuadaanysnl tsasnudnlavsinausines

U

v IR 3 1 1 v
Tugtluessaasauuudant Tnandalnintlazlawaiun 2 x 2mm’ uwuuaasda i Taadiuns

1 1
o

AnelAgenang Mo way Si 8A1seunns 0.58-0.68 eV Tasdiuaastanaunnintnnlunismnmade

(-

Was (Active area) agsenanedn lnfvisaes Telszazring(D) winiu 2-2000 Um
[ % % % v i’/ 1 = 1 KX aa a = a d‘ dl
PAIRANNIANIZANFULLLLAY TUABUABNIABNMHUHNANTAAAWTTANANITILALY 72170 (100) 7
HAANINWFIUNU (resistivity) 9-12 (-cm  UazUNUNANTAAAUNANULLITZHNN 400 Lm 1110
#519iluln9a519 MSM G9im Mo/n-Si/Mo Riumnannisad1esasiall
1. NMANMNAZANALLULANTARDU LNBNNAARIaNLN tayluu
2. nMandanaulaaan AU NNATULULNUNANTAARL
o 1 KX aa A a6 a a o v dl 1%
3. WeunanTareuNAae LA lansTNaUATN meerasszmelanslugayaniawuyld
ANBLANAIAY (electron beam evaporator) Adwanslugili 3.9 daadnsinaiaianlans

TuAUATNzHNL 1.6 A/s Tae TR A NN TaIAANLITZHN U 1000 - 1200 A
o | =KX aa dl A a| a a o v v Z’/ v
4. dnutupandanauninaauNsnlane Tnaumdunan ungdrailuda ndngaanszuounig

malans W saainanlaugeriauan was AZ P1350
v 1
5. uasanlgarnatgaasda fluan aedundealansluaunduludiunludasnisaanl

el W11 HNO, : H,PO, : DI ludimsndau 1: 5 4 Auafa@unszuaunsaing
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5N 49 (n) wrasszmelansugauanauuyldansidnnsau

=S

(1) NenvsiunanianeuluATasszmelans Tuganiauuyldangidnnsaw

(P) Tanzluavumin (Mo) Faailuda i

Tugt 3.10 UAAINININANARAL9TBINTELIUNTAT191AIAFI9 MSM il Mo/n-SiMo Az
Tt 3.11 (n) waz () Wunwiisfuuueesduanuiaiuadaude  dougili 3.6 (A) iWudwaun

dl | 1% a dl o !
I TaNARAN1MRYE an1n1madausaly
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LEUNANTAARUENAUINALEY Nan1wduniu 9-12 Q-cm

1. pdeuNFNTNALATNa I nATar e Tany 1y

. AUUNNIARILANBLANATAU AITNNLNUDY
n-Si (9-12 Q-cm) ee

Nasu ~ 1000 -1200 A

VA AL LSS LA LSS S LSS S L LSS S S LSS S

n-Si

2. 1taaqaanalany iNaasradudawdasae
UV Light

\L i/ \L \L wallainalans

I I | |
. V. Yy Y ey
AL AT A LSS A LSS LSS S LSS LS LSS LSS LSS S |

0-Si Photoresist .
3. wasannalansluaumdunds  ayladnlnin
Wiwanng wazenlusn  druszeaziinassudng
Cathode —— — 4 L,
athode Anode Al D Hensiaust 20-2000 pm
G777 PAZI 7777
|[<D—>l
n-Si

317 3.10 nszuaunsaZsBesiassa¥1e MSM aiia Mo/n-SilMo wuuwanung

500 pm

(n) (1)

U7 3.1 nwenagilnanl Mo/n-SiMo wuLwa I FNaFgLaTaudn

(N) WULTRUAED (1) AINENLTUINUNRIANNANTTANFADANHAIEN1&T
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3.7 NTNAABY

Iuﬁq%@ﬁ@xﬂdﬁq§Qﬂqimmmﬁmj YAIFAINTIATALES Mo/N-SiMo  NFTUIUNITAF
IA994519 MSM 13im Mo/n-Si/Mo tFseNanLEUTAAaY TRAEBY (n-type) Aiflan AL ELmIY o-
12 Q—cm ¥Auszanausu sdnlasunes: Fareulaeenlas antdurinuiuganeunaaeLldy
TanzluauATN 51’%1mda‘lfﬂw:m&‘iwﬂuzgcytmﬂmLLuuiﬁﬁﬁﬁLﬁﬂm@u (Electron beam evaporator)
TaelTlanuvunesildutsyanns 2000 A AsLFUAMNAL 3x10° Pe ANTULI LA ABLTILAR DL
Afalaveluaumy unaiedaliindaenszaunsinanneil ndsannldasnaiaaesda g
thanialansluauaiinludauilldesnseanll 907 3.7 uassianmiaaansgunsaifiairaiaia
anysnl Geaznuinlansinauidier luglvessesseuuudent Inefidalnfintasiiaunaiudl 2x2m
dunsuada iy Taeiunadndiléaidng Mo wag Si SA1szannl 0.58-0.68 eV Ingigauaed
BARABURTMT TN RIS A LAY (Active area) @fgiwrjw%ﬂvmﬂ%\mm %qﬁi:mﬁ’m(d) Winfy 2-

2000 m

3.7.1 MsmansuzianizaNg blHI-usIaAY
nTununaiuaiauda Nnvinimesesindnsuzianizaug lii-ussdiu ugln 3.7
duudenlaezunsy  wassn1sdnmansuzianzaNg - Seulaldlfiuasunsonsmadn

L&Y (dark condition)

51 3.7 udenlpezunsnreIn AN uzianIzAINg IiN-useiu

antunA1ANg WA AT e uusssulunaauan wraauils (Hasainnsmaaug
AN -usaiuaNNAITIIUW waril) WMANANRUSIzudne 1/C7 Muusedy Asuanslugilil 3.8

o P o o 0 | oo o o v o
Waannidunannidudunslilausinunuusesiu o Aundansaunuusaswiy azldauseaiunaly
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1097084 udd  waranAnsaaunTalull 29817010 T AU AN AN AU LWL AAN AT LA
i lvistalyl

1/C? [x 10" (F/em?)?]

6.0 -

-0.3 -0.2 -0.1 0 0.1 0.2 0.3
Bias voltage (V)

gﬂﬁ 4.8 N19VALIAUNTETURNNANHILIANI I 1/C° Aunsasuluuas

3.7.2 MIANHIANHULLANIZNTZUA-LTIAUADI Mo/n-Si/Mo Tuaneusdn gy
WULNTELAAT

WNANTUUNaFIaTaudo NNN1IMAaeIdANIIRALAUEINIuas luanE s a94Ty-

QIUULLNIZUARS (do) mnuden tnazwnsxlugiln 3.9

Light source - Digital
g e e —— ] MSM-PD N g

Halogen lamp under test "|  multimeter

ND Filter y

A

Voltage Source
generator

519 4.9 vRanlaezunsnaainsdndayanamisuad ludn s Ay IUULNIEIARS

wAgaNeLgs (light source) N HunAaRIRdALES Mo/n-Si/Mo @nunsaldugsaniaiauize waaaimes

A aa ~ PR g A Y o o o & Ao Ny
TUATLAHN-UADY (He-Ne Laser) NNAMNEIIAAY 633 nm “]qﬂuuuqﬂqqﬂmﬂwuﬁﬂﬂﬁﬂ?:ﬁLL@VW@im

Tud@snufludnenisianiznssna-uaasusall



42

N139ANANITADLAUAN WNUAN NATUNIZUARN TAIFAIATIAAUNINLAILLLTATIAF 9T

MSM #agieastugili 3.10 Tneldpnatnemuaudalssfndlasaainedeey Mo/mn-SiMo Nlszazing

sendneda I uALNINgEde 2-10 Um neliunas Allauasannuaananiaaunszuansslned
4 T oA o ' o = o - = o =
nszuaniuiAandiszaululasueniiusesiu 10 Tavl  wasinnaldReulavesuasiannsyny
WUINIZUANANNINTRA LN gan1azNszuaBNsa Saturation current NnszAuANIdNLAY AN
dl 1 1 ?;/ ?;/ dl L4 o o Ql d? o Y a =2
nafszazinesznaneda i tuwaunnn Waldusssuludamsauiniusnonlsaanuzasnaauis
Usasda I suweTun Full depletion width SULHEIANNISAAANUEBIAARTOL-TaANNINTY U

1FUUARANINZE ANNNNTANALTadLTas WU

717 3.10 asildlunnamesesinamuantifueInssuaiuusamy

3.7.3 N1IFANENANHUZLANIZNTZUR-UTIAULDY Mo/n-Si/Mo TuRNHus A e as
WULNSEUARAL
thiensmsadauaalnsagde MSM afia Mo/n-SilMo annsiadanssafiknuu tihanmii
N1INAARITANITAALAUINIUAS IUANHUZIIA YN ULLLINIZULAGAL (ac) ANLAaN AazLNIN

Tugi 3.11

M. . .
A Lj’

[

717 3.11 vdenlnazunINaeIN1ITAATY I UNINLA TUAN I AT IUMLILIN S LAAAL
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Tuntunagansugan unsangaadnnas Mo/n-SitMo axld He-Ne LatiasiiAue1Aaw 633

o/ dl e—dltzl Y o I3
nm wazuagandryninaugtlmiiauingsrann 200-400 mv, | diuuas He-Ne awaef tne
Huszpalaealfnuagiames (Acousto Optic Modulator : AOM) uazmdudanInaugtllafay
wasulaslugaetlszunns 100 Hz-1 MHz antusinaudunusaaanssuandnle ldidaudnen

anznszua-wsasusia bl Tuntamaasstivenainulasuulaspauduesdnynyingd laduda deiinag

wasuudasiuanaausnuniwdu 100 Q. 2 k€2, 20 kQ wax 200 kKO puaFL
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UNN 4

UA +% U
ﬁﬂJ‘lJﬂ‘l’lN"h/\lﬁ1ﬂ1uﬂi$!lﬁﬂid aynyzilaaal

anlAsea¥ne MSM uuLmauns aiia Mo/n-SiMo fiszaiz-vinedalniindlaunandns tagranismaaes
%i’nLmu@mﬁm@mmmﬂﬁ‘ﬁugmmm@qﬂmtﬁ n19ANE1AHA INFNALLIAU N19TRAnIANTAN LA
WULNITRANT (de) NNITARMANTRNIMUAULLNTZLAFAL (ac) ﬁ”mma‘m@L@mﬁmmﬁmﬂﬁugﬂsﬁﬁ
ATNEAN (ANANAE 100 Hz 891 MHz) msdnmnszuauas funislasuulasiuanpanumiugi
usasluued uaznafinLBunnnIzuAuas

NINAAeININNAluuNENINIasesiguu) e dougilnsainiiuiiinimaaeetiulunisg

3
1
al

¥ o . dld 1 3| a aa dl QI
I2IKIAN "Qﬁiﬂ]‘t}ﬂﬂim Mo/n-Si/Mo  NNaAa g LLLTadmeqlay Huaaa e uULauAasAALAN [NaLNY

d’j dl [ ?;/ = a [ d’j
Wuﬂluﬂ’]ﬁ“i‘u@ﬂalﬁyﬁmu@\‘i NITNANBIVNUN mNﬁ"]ﬁl@&‘ﬂﬂﬂﬂ\WI'ﬂiﬂu

4.1 mamanunuaasianlancluauftnainnaaqanssAidiannsau

LLULNINA

¥

o zil’alv & zill % al 6 ada o s
nsnaaesluindeliidnglsrasd Weseanimauaunuiresidulanzluantiuaesglnenl
Mo/n-Si/Mo TaiilugaundrAnyaasinseaire MSM
AINN3TUIUN9a519gLnenl Momn-SiMo  Asinanaluumii 4 udaiiu Taneluauainldgniaendu
Aol Wevsanidulanciiqanaanmangs saiuianlans TnauATNAEANNLdssIN LAz AN
dl A o dgjo/ =< a aa ¥ @ 1 aKR £ [ a
dodalunievinauge wenaniidearnnsatiainiziladaneulfiiluetennaudaz ldiunszuounisd
ULABTY (sintering) %mwmﬂmtﬁ?ﬂm‘@ﬁmmﬂz_yﬁlﬁﬂmﬁu%ﬂﬂu% FR9 kNI UIUNITTUNDILANSD
doupnnununresidulans nauminldgnimua liiasuuuitlszann 1000 - 1200 A uazviaann
¥ Qy [~1 k2 =& ) QgJ a ¢ a a o v ¥ Mm@
afTuuadands asiawanulduaoununsesidulanslnauninsiandesqanssaidiannsen

11IN314 (Scanning Electron Microscopy : SEM) N@mimmmmmﬂugﬂﬁ 4.1 ‘Emﬂgﬂ*ﬁ 4.1 (n) flu

nwdneduuuaedglnanl NsvezvinedaIWin (D) wihdu 2000 pUm  dauaniuvunaesianlany

o IS

TuAUAIN uanefalugtl? 4.1 (@) aannawedng SEM manmsiun (1) Santlszanns 1140 A Gepanumunnas

a

124
o

TaveluauminndAumunzani 4 dudq iaesginsailfifluained inszifluannumunntien 4
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a¥esansaadauasiog lu Geazilandszanas 1000-2000 A (48] uazifiesinginnl Mo/n-simo Tl

a

nagaUsneugsanlamy Inaasegauntinnintlasiunadldlinsenuiutiatanan

wD 7mm sig-um:sel Date :26 Jul 2003 ' EHT = 700KV WD= 9mm Signal A = SE1 Diate 25 Jul 2003
Scan Speed =10 Time :10:25:34 Mag= 600KX Scan Speed =9 Tiene :10:46:07

(n) ()
sﬂ‘w 4.1 (n) aweeduuupeslasaing Mo/n-SitMo Nlszaz D = 2000 m faendedqanssal
AANATAULLLNING

@) AuvunaesianlavetuauAi sz 1140 A

wa M a9 lal R uANNIEN LN LN LT 8999 Ta n e INALATNINTN LA NN AR NHUTIANE
ATLUA-UNAU WUINNTEUA AN A LR ANNTLNTZ AN A YuaANIIA Nt lans Tua LRIy

RaFr9uiiaurunaananas lddanansenusaniainanszua liflinre 1ddq Wi F9a1aazdanasa

b

nnsasuneani1Iaaad lintadallls IneainldudiazBaninseairedneueiiin “lnseadne MSM 71

FOUAWBNATY YN ULANTIRITAADY Teag szrinada Wi (blocking MSM structure)”

4.2 MIMNANEUsLaNIZANNA IWH-usIsuaaaLngal Mo/n-SilMo Nszazung
1WA HuIANI1e

nsnaaedluiadeiiinglszadd iasaanimauauduiuiaean Ny i N asuulaslyl

A a o a P " P = o -
Lu‘ﬂ\‘l@'\ﬂﬂ'}ﬂﬂ@ﬂuu?\‘]mlﬂuLL@@ NAN1IZUA (dark condition) LN@iNNLL@\‘]Wﬂﬂ?&WUWQ@Qﬂﬂ?m

1e1g1nsnl Mo/n-SiMo Widlszaiz D = 2000 Wm 19N1anaaed enraxg iaule (an

U3nulaaanin) mm?wmmum\ﬂugﬂﬁ 4.2
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Fa i |
A"
2000 pm Separated
«|* Electrode Mo/n-Si/Mo
< 0¥
i : s
—’ . .
O
=
o 02 |
=
Q
2.
<
O 0.1 F
1 a [l
-10 -5 0 -5 -10

Bias voltage (V)

51 4.2 Anmouzianizaug Inin-usadnaediagaaing Mo/n-SiMo wanaliiiuiiananannneiu

wazANa Wiazudsunfuiuussiuluuea

anglfl 42 uaneidnEzantzanuain-wsesud AuaNm sl aaug i iidaldas
uilsundunuusesuluues %qﬁﬂwmzmwmmmiﬂﬁmumﬁuﬁﬁmmmmﬂé’mﬁum@m@\’mnmﬁmim
Sze et al.  anualiinilrnanas delfussiuluueatidunntudulumupaanaduiuszesgunisi
(2.12) wa (2.13) memmﬁmugﬂﬁ' 4.2 Aussduluueaissunns 10 V %\1LﬂuLLNﬁuﬁﬂ'ﬂuIﬁLLﬁ@ﬂﬂiﬂi

Tuszndnaminldvinnimeaes paanqlnfnlAdeszunn 140 pF

4.3 msindynruuasrasalnsal Mo/n-SiMo TuanHsR Y QI MULILNSSWARSI (dc)
Tanulsvasraasnimaassuiadell inensudanatianisnmadauasludnenizdnyaynnuude a9
M linsuia@npnanisnlunsnmadnauduwasedieiie  Weldunaannilinuaaniuansingiu

A09TTA A (1) naananlaldu waz (2) He-Ne Lawas
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4.3.1 MIMANHULLANIZNTEUA-UTIAUAILLATDITAAUANL BN UT AL ADS
WNFRIIadALALTia Mo/n-SilMo a5 1aadaudauninmaaay NednANNINLAIANE1]
Tnelduaananlanuiluunasanauas  uazldiesesinnmantimnsudame i uATaLanILaNIIMAaeY

ANBIUZIANIZNIZUA-UIIAU uanglugii 4.3

1 INluminated 2
E f‘——_
[ —==4=s| [lluminated 1
Dark

UUTH FYTEY FUTTE FUwe

gﬂﬁ 4.3 ANHUZRNIZNTZLA-LINAUTAIAIATIATALRITUA Mo/n-Si/Mo %ﬁé’mm@%ﬁm@m

antTAnIuTamasn e 1f RN W LaInNNIENUAE A NIT N LASN LANFASTT1

anuan1aneaedlugiln 4.3 fuginend Momn-SiMo  Aiiszazsingdalafn 100 tm wud
AnHZIaNITNIeld-LsasuluLuLANNAT FaflunnuaaninseadrsaasdannulisiaasaaasoNidansa

TudnmuziundsruTuLaziidudafdaniaralnsaasne MSM Nlddastanaingaiudnuasnsesulunea

'
a o

nazuaiaiAaeglusziu 1 - 2 Tulasuanudf AvngeaesiuneAndaesdaniuE-tans (Mo/n-Si) Azl

A1951979 0.65 - 0.68 eV waziearsuadanlalaunnnasnuiusa Momn-SiMo ginsniansnsnias

ANNIENLAIDS lluminated | Iifunszualuinlilszann 100 HA (v, = 5V) wazidaiinauidy

bias

uasilu lluminated 11 azlinszualuindszanns 200 HA (V,,, & 5V) anuansmaaaquans iiiiugd

bias

A1:119701 IAT9A519 MSM 1idin Mo/n-SiMo 1 ldilusinnsaa Sauaals
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432  NSANENANHMSIANIZIRINTSUA-LSIAUERIRLINTAl Mo/n-SilMo Nssasinedn

v dauandng
g1nsnl Mo/n-SiMo Ndszazvingdalinauiandte unnedalaseaine MSM e liusesiu
TuweaudarFnnilseanuziiiaiuldaenshilaseunguszazvineda i visune wasdalldouaeaision
fanfawmaoay Auanslugiil 4.4 Geazsineiulaseaing MM Tnavinlusasnsairaliscazvingdaluin
dl V% o % g a 1 Zj/ % ZJ/
wauNnn wazieliusaiuluueaudaasiidauaesiizumlasaninepsaunguszazineda lnin l$ianun

(fully depleted between electrodes)

Incident light

Cathode (-) 33 33 3 Anode (+)
Eé

Depletion region

gNeutra_l region

Electrode

spacing n-type Si
(40-50 Q-cm)

51 4.4 Tagaa¥ng MSM Nszazvingdnnfindauiandne udsannliusssuluneandaniine

Wuau wazdoanTuailuinn uazdmudauaesidnuioniamvaant

1ngUnsal Mo/n-SiMo Mdszeziedalnfn 2000 Um snvinnnsmaaasiaald He-Ne tawmas
Huwnasinfiauasnilewliuniginsnl uazilfeuwlaspnuiduuasrnsinge faanszan ND Aawas (ND
filter mirror) $49719195219149 He-Ne Lariasiunaadtladniuug (dark box) &NUSLANHLSIANIZNIZLE-

WIIAULRIANHIENUAIA 9] wanAslugLii 5.5
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0000
5000000
ooooooOOOOOOOOO
00!
0000
000
(o)
o
0
©

000000000
OOOOOOOOOOOOOOOOOOOOOOOOOOO
0O
ooOO

ooooooooooooooooooooooooooooooooooooooooooooooo
000

20

519 4.5 dnmuzianiznizua-usssiuluuea Waldaudunasiunnseiuannssnuasuy

qiinsnd Mo/n-Si/Mo Adszezinadalwinwinfu 2000 Pm

o o 4 dl ! 4 4 ¥ é’ Vo
NIMNANBULLANIENILUA-LIIAUNLE m‘lugﬂ‘w 4.5 wuNeliaudy LL@\?NWﬂﬁIH@Ziﬂ?U

neena A unTu wazdn linsasuluwagivnau i AN N Las N AN AN sz g I s Tl R AN

|
o

WNAUARe Tun1maaedll wudntakddnas i uaannnsznuann He-Ne 1awias (0.6 mW) T9ln1ada11mn

[ 6

NIUAIAINENTAAUNIN (STAUNAERLTRF LATIATENAINITNAENNAILHgegnDe 150 W) usidaanien
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on . , 4 o A A 2 9
1598115289 SOR (Successive Over Relaxation)-Newton method G9lI%ITN1INIRUIZRN lasisudn
azlfaunsanudaiitasvadsnine carrier continuity equation

div(Jn+Jp)+q%(p—n)=O (t:time) (4.2)

laoft  J,usz 7, duanunwiuinszusnasdidaaseun) uazlas (p) uazAnudntuzasBiinnson
o AL o =] Aa & g A Y A o &
nulaafduiuanum  Sadszgwmeiifeluantazauy@ildduiumafsuudamean - aou
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divi — g qr (4.3)
dt
) dp
leJp + QE =—gR (44)
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Symbol Value

V: applied bias 1-10V

V,; : built-in voltage of the Mo/n-Si 0.23¢eV

W (V) : depletion region width BV, +V)]
B =2e¢, /qND 16.5um?/V

&, : permittivity of semiconductor

1.054x107°F/m

q : elementary charge

1.60x107C

Np, : donor concentration

4%x10°m™
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1. Introduction

Recently we have shown experimentally that a planar metal-
semiconductor-metal(MSM)  structure having a wide
separation between the two metal electrodes exhibits not
only the function of a basic optical sensor but also optical
sensitivity field-controllable by the bias applied [1]. In this
study, we present the experimental results of one-
dimensional (1D) optical-beam profiling properties of an
MSM structure as its application. To our knowledge, no
study has appeared on such an application of planar MSM
structures.

2. Model of operation

The essential cross-section of the structure we treat in this
study is illustrated schematically in figure 1. The separation
between the electrodes located at both ends is wide enough
to leave the undepleted neutral region under the bias we
examined. When a bias voltage is applied between the
electrodes, one Schottky-junction is reverse-biased and the
other junction is forward-biased. Such a structure is expected
to show lateral spreading of its space-charge-region (SCR)
of the Schottky-junction reverse-biased towards the other
electrode is expressed semi-empirically[1].

W{¥,)=ypI +V,) M

where ¢ is the width of lateral spreading of the SCR
along the surface of the active area at an applied bias
¥,.B=2¢[qN, , & is the permittivity of the semiconductor
employed, g is the elementary charge, Np, is the impurity
concentration and ¥, is the built-in voltage of the
Schottky-barrier, respectively, The barrier on the other side
is forward-biagsed and assumed here to be nearly flattened.
The photoinduced current 7.(¥,) is approximately formulated

as [1,2]

L(V)=nlkW (¥, )+ L] (2)

where L is the diffusion length of the mobile carriers and &
meang that the SCR is k-times more effective to generating

Fig 1. Schematic illustration of an MSM structure, leaving an
undepleted region even under a bias.

the photocurrent than the residual undepleted region
(presumably, larger than unity, and 7is the proportionality
factor including the effect of quantum efficiency and
intensity level of irradiation. As a result, 7,(¥,) is would be

an increasing function of applying bias ¥, with the
dependence on {7, + ¥, This means that the device structure
under consideration is to furnish the field-controllable iris.

3. Experimental

To make the electrodes of 3x3mm*, molybdenum film
working also as barrier metal was deposited onto an 7 -type
silicon wafer by an electron-beam evaporator and was
subsequently processed by photolithography lift-off
technique. The electrode separation is mainly 2000 pum. The
resistivity of the wafer used was (40-50)cm. This resistivity
would provide corresponding donor concentration of
some 3x10'“cm™ . The height of the Schottky-barrier on both

sides was estimated to be (0.55-0.65)eV from the forward
currenf—voltage characteristic[3], Furthermore, from this
value of the barrier-height, the built-in voltage V, is deduced
to be approximately 0.23 ¢V

We carrier out of profiling of the light-beam from a He-
Ne laser having a wavelength of 633nm. The optical beam
was scanned by every 15 pm in the perpendicular orientation
of the tilting plane of the beam. Spatial intensity distribution
of the beam to be detected was assumed to be Gaussian
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distribution with the radius (20} of 480 wm defined at the
point of 1/e? its maximum just at the aperture of the light
source quoted by the manufacturer. The dispersion angle of

the beam from the source is approximately 0.23 mrad . To
control the light intensity incident onto the sample, a neutral
density (ND) filter was utilized.

4. Result and discussion

First, we observed the x-direction 1-D spatial distribution of
detected photocurrent over the whole region between the
electrodes. The typical plot for a 2000 pum separated
electrode sample is shown in figure 2. The photocurrent was
obtained by subtracting the dark current from the current as
measured at the same bias. Each peak in the figure 2(a) and
(b) comesponds to the profile when the polarity of bias is
reversed. From the figure (a)and(b), the separation of the
two peaks is estimated to be about 1920 pm, which is a little
smaller than the electrode separation. It is apparent from
these figures that only the SCR of the junction reverse-
biased generating photocurrent.
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Fig. 2. Spatial distribution of the photocurrent under a constant
optical illumination level versus the lateral position of every 15 um
step. Electrode separation is 2000 pm,

On the contrary, the current from the barrier forward-biased
barrier is extremely small and can substantially be ignored.
As described the photocurrent vs. position relationship for
the sample agpeared in figure 2 under a fix bias of 16V were
observed under three different illumination intensity levels.
The plot normalized at each maximum are shown in figure 3,
where the solid line represents the Gaussian curve calculated
using the parameters given by the manufacturer of the light
source.

——rm ||
" Catnans

| L7 LEVEL

|

o

on
500 400

200 200 60 500

DISTANCE FROR MAJIMUM (um)

Fig.3. Normalized plot of the spatial current distribution from the
data in figure 3 Solid line represents the caleunlated Gaussian
distribution for reference, taking 2 = 480m .
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We also carried out profiling by changing the bias voltage.
Figure 4 shows the experimental plots for v =2v, 4v and

16V biases. These results show that with increase in bias the
observed output photocurrent also increases. In the present
experiments, the silicon wafer of the resistivity of (40-
50)Qcm for preparing samples. From equation (1), this
resistivity expects the change in the width of the SCR,
W(V,), from 6 um to 16 wm at most between 2V and 16V,
As a result, it can be concluded that the planar MSM
structure examined can be used as a simple intensity profiler
of an optical-beam of this size. As described earlier, the
profiling was carried out changing the relative position by
every 15 um step, which is still larger or approximately
equal comparing to the width of the SCR. Therefore, it can
be mentioned that the beam profiling would still be
effective. We repeated the similar measurements on the
structure having 20 um electrode separation. This result
might be attributed that the SCR is several times more
efficient than the same area within the diffusion length in
generating photocurrent. Therefore, one can mention that the
structure examined in this study is usable as a pixel for 1D

optical-beam  profiling, having the field-controllable
sensitivity,
o -
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Eosor & ..“.,
§ 40 .':
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f:/
10 &=

0
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Fig.4. Bias dependence of experimental spatial intensity

distribution for ¥, =2V,4Vand 16V,

5, Conclusion

As a novel application, a planar MSM structure has been applied to
profiling of the spatial intensity distribution of an optical beam in
visible range. The Gaussian intensity distribution of the beam from
a He-Ne laser was confirmed experimentally. The MSM structure
proposed in this study also exhibits field-controliable sensitivity
making use of lateral spreading of the SCR at the active surface.
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Electrical Characteristics of Al/n-Si/Al Photodiode with Short Electrode Gap,

Single Slit, MSM Structure
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Abstract

This paper presents the evaluation results of a single-slit
MSM-structured photodiode with small planar Al/n-Si/Al electrode
gap. The size of the electrode gap in the test is set at 2 [lm, 3 Lm,
5 Wm, and 7 Wm, together with 1x1 mm’ and 2x2 mm’ electrode
sizes. The experimental results indicate that the photocurrent occurs
when the device is applied with a bias voltage, causing the depletion
region to expand. Due to the small size of the designed electrode gap,
the depletion region would fill up the gap and the applied electric
field completely covers the whole region. Consequently there is no

neutral area and all the photocurrent would then occur only from

within the depletion region.

Keywords : Metal-Semiconductor-Metal, Photodetector, Schottky
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