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ABSTRACT

At present, electronic systems that consume less power to operate are
preferred by most. It is thus necessary to pay attention to the low voltage reference.
Among a number of reference devices, zener diodes, the important part of reference
circuit, is widely used. Through the junction breakdown method, zener diodes can
stabilize voltage.

This thesis describes the fabrication and improvement of the desired zener
diodes. The zener diodes with zener voltage at 5 V were fabricated on silicon wafers
with effective area 0.85 x 0.85 mm.. First, doping concentration in both p-n sides was
optimally adjusted to the desired zener voltage. Second, electrical properties of
zener diodes and the graded constant were examined. Next, the fabrication process
is enhanced via two steps, i.e. selection of ion-implantation energy to produce the
defined zener voltage layer, and reduction of series resistance by wafer backgrinding
to reduce chip thickness. Last, the best process parameters from experiments were
used in simulation (Sentaurus TCAD) to confirm whether the experiment results
match the theory.

Finished diodes measured at zener test current Iy = 90 mA yield zener voltage
V, = 5.08 V, zener impedance Z-r = 1.39Q, leakage current (at reverse biased voltage
2 V) Iy = 0.4 pA, and temperature coefficient of zener voltage TCV, = 0.22 mV/°C. The

most suitable implanted energy level is 280 keV. Chip thickness reduction by



backgrinding reduces series resistance by 50% and zener impedance by 35%. In
conclusion, all experiment results are consistent with the simulation result; hence,
the zener diodes possess proper electrical properties for practical use and

commercial production.
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1.1 anudunuazarudrdgyvesdym

2/

TuthgtudhmnendnveinsWannssuudidnvseiindizsesnisussuuiinnshay
fisanida dygrasunuduazinidedidnsnisiundrnuiish fwmmnesaludanisld
Idseussdud (Low voltage) Fatfuisimusnduidowiniuassnwssiuus s
(Voltage reference) [1 - 3] flanansasnunseiuuseduild aunsalniefisinavgnliidudou
dalunasinwseduuswufite “Siusslalen (Zener diodes)” Saulalonvinuileld
ndnmsveInsianatefisessie Junction breakdown) Tun1ssneseduusstulsiagd nns
mugunsimmeiisessslfAndieislovlridaundu (Reverse biased) llalen o st
WSS [4 - 5] mufisndoenasly aevildisaaunsaassesuusesulwdoslisauan
Foamsvessruuld wenanilanniitiueslalensrannsadestunsrualnalunmzind &1l

a

wae) uazariinszualvasiugaviduinniswmaneiiussiuatlaigenn Jsaznsoiunly

<

WusunsaiUesiulwihatin (Electrostatic discharge : ESD) #i3ausssuluiiu (Over voltage)

9

o

iAsINENgANT [6 - 8] usdiueslaleadiidniade msvilliiAansWanate s eiusii
Fududesdimsunsansidolusefuanutudiuiigs uilums fohudaenasgildenidesan
Hymlnsadrsosaouvesiareupiuaznansenuiugdninning uenanianiidegiunsas
fnwszdunssiudoananisinwsedunssiuiivhinnty ﬁqﬁumamaqqmqﬁﬁﬁdamsﬁwaw
ve3s08sie FuildiAnaurataiadaureInsinwmsEAuLsfuigadnailosinng
Wasuwasesgumaiideilinssnunse fuussiiudumadls
Tassnumsideuaianndiueslalondudugunsaiitlilussasinunseiuusdu e
Wnaesddquaziieglufouynssuudidnnseiind snviasiannsnuszgndlilunuledy
anudevesssuuidiesannusesiuliiu. iilelulddueslalonfiannsasnuseduus siumle

1 @ o ]

uwazannavpsaunalinilseussuimaisvesdiuesialesiveglunamiisansuld niswann
ieandainnansnantiududwminsianuaulalunisfnwiiass wasmeivansauvad
a /A = 'L 2 L ] vl a o } %

Faraudiuasialan twsrzusnainlauseleviluwdresnsiaiurauisearululas

dvannsaiind (Microelectronics) v8aUszinekataazivseloniluwinisaeie



1.2 AU LA INQUIZEIATRINSANED

TurdAdesegiiisdasiufiueslalentuinazssussiduluiinnsfmane i
Usngnisaimanzqalusdveanmeiisessia (Tunneling phenomena) [9 - 101 dsnalnly
duilagiinadomsrhanuresdiueslalensgraunn farduussiufiuesuasysvansnmnas
fnwrszduusefudiues edrelsAnmunuidedrvinnfidunuideidesnislansesng
Usngmsainegglusddedaiulsingmsaifdesnisedunednann uslusunisudngunsal
iielduaieensasdosnismseiueusingmsalivaniliinntn Wesusdosnisnisauay
Audnwarsfisuduienisinwszduusadulifinunimfisiwe iarldauldase dadu
swulaviansdinisan (Fabrication) Lagn1AUALAMATHIBIN IS NWIsEdULsIFUYEY
Fruslalenfisziuussiudidens

1% 1

gaflananludneduiinisIEnudannso ndfaean1sAsINENSEFULTIRUAAT N159

]
{ o

sl siuBiuesiiamIamineiaiesnisnisiananefidius afudaunduensing @
\Rendestunguisessieiidu (PN-junction) vnnanududuesaonansievianessossie
fifnga Aussiuiamanefiazdledio LwimsﬁﬂﬁmmLﬁuﬁuamﬁaﬁmqaﬁu Aaglunsyny
soRdn U Adnatuyszansnmlunmsldnudiueflalen
uenam3eInsinmseAuussiunds Siueslalendienagnihluldluisesussian
Jestumsiinnisaaneysalnihain (ESD) Famnsifimesiiddndmiunslidaudssiani
gnsuasa (Leakage current) ussdiusnpasenunizanslwluinamiin (Forward voltage drop)
suiluisanugnueynsunislu (Series resistance) Tngwiniivefindriagyhlfauninuos
msldnulszianiidesadly
Tunsfnwniifainavenisaduarusuaunmesdaneudiueslalon Lile
Whnngmswasgunsafludaniied Tiinunwganeflasiluldnuaie Inadontaausadiy
WananenselumsldnuiSendt usssufiues Zener voltage) 137 5 V finszuanagey

(Zener test current) 90 mA

1.3 AUNRFIUYDINITANED

nniildinFui it utlagtudesnsnissnwsefunseiuiiusadudiannwie
Annisananefiussiudiounduesing Asndudesdinisifuesmouanside (Doping) aens
uduieliAmswavansfiusdusi Faimaiansimanefiussdusiuasiiausngnisel
assUsIngMsaisaiuegiiufe mswiguenaud (Avalanche multiplication) waz n15nzg
glasd (Tunneling phenomena) sgamgfiflinuasinasesesunngnisaiisnstunanie

dmiuenduinavesgmniinzdmadeusingnisalendudiifindmias usazdansaiuinuse



Usingnisainzgglaed fdunseuaunisinaesusingmsaiiilunisWanateisessie ae
Heanlinavesgungisenisinwiseduuseiule ludiuvesBiuesduiiuaud (Zener
impedance) fudumsilwesnilsifmusgumwrsimsinwsyiunssfumnaduiuaud
fltlgaAuly spilfsssuussiufiveiudeulfhediotinsnsuionvesnssuaiiviasuios
iénsn

Tunenuiavinauensyuiunisane msfauaznnass danoudiuaslelen 3
usesfuBiuesagluta 5 V femndusspeuasidosdrautudy iitevhldsefunssiudiues
agluseduiifioans wazmuaumsuUsiusiegumgiiveussiudiues nasnvunisinuulil

[ | s

Ve uieantavaruimumueynsumeluniinemduesduiiuaudg

1.4 nauvdeuuenuAaiildluuide

nssnwsziuussiuludiueilalenszendendnnisfimarsiiseedeilofinistleu
usaslnihdounduiigeuiomsivansiisessie ilvnszualvaanndu daunssdulviton
aseuazasiviaiiounsit Ssamnsausvedlflalanilumsdnuss funsssuliitilinadils

esannsimangvessessasinalnnsfimanyaesnalndsernasilogilnesnanils
v3orampanalniinsaniy aesnalniuldug metwmaesuuvenduduasnimmyaeliag duke
apsnalnimeffnadenisianaefidatu Fie19vsueauaesdniifinadonsinumssiu
ussdu dunaududusesosaouansioniaesinueessende wardulsyaninigungi
(Temperature coefficient)

deemnduduvasozmoumaiiodann [11] sgvhlmAanisimaslfdetu dafy
windoansliuswuRmanenToussduTiuesen %ﬂé}’aqLﬁams‘ﬁqaaa%wwmsaam'aiﬁqamﬂS]
Sniesiidfydonuuusiureussfufiuesdequvgd vieduussaningungiive
usaduBiues (12 - 13) Ssmaimansnuvendudes i ssavivnsgumgfivesussiudiues
fiduruan dumsnegalindesiidinssdvimeamgiivesussfudiuesiiduday donn
musuMsisnsimaevesisasinalningamazanunsovinlidulssaninisgungd
yesusaiudiuesiialndgud Jaduanudoinisiidrdgdenisldaunisinusedu
usedulnih lusuvestiue fBuRusudduiidutsenouiduruioynsumeluey Femm
SruynuiBugunsaiuliiifegluiiodaneustud ftunsazasavesnnusumusynsy

2/

meludewasllanysunanilauesdanay (Bulk) aruilisnlusen Fesseravasdiuesinlond

a¥rflogiuinn dadudalfirnrsdandaurundndineu (Wafer backgrinding) Fadu

Y

nssvumsunsgundlilugaamnssunisusenauled (IC Assembly) iunlusniideil



1.5 Y2 ULUAIUITY

Tuiveniinusaduiildiinauemsfing msadauasuulss uagmsvnaoiuas Tana
Faroufiueilalen namsnmaestiiauenanIsAnyaudnuz A sd s Teuly
gounduuarludrenih TnenisfnuniasrhlpeudsnduseduanunduduarsiSaiefiarsan
wldunarududuaisidedesedvusiiudivesuazanuudstiumugungiiva s g
wes antudunisufulsnssniwduezaouaaiie karnsanAIUMLITIUUHER
Fareuiloanm uiumunelusynsufmenssuunsdasuduskunandaaeu fanide
ildsunisatuayuiuanuiuasimaluladaingudimeiuladlulasdidnnsefing (Thai

Microelectronics Center) 38 TMEC lagvinnisasiediueslalonniisniununndnyneng

1.6 TUADUTBINITAN

Ineniinusatuiildviaiemennidiu 5 undnefufe

unit 1 Ifnsuthiemuuinee1ide amiganeuas inguseasd auyfgiu
NuAR vauaLiee uaztumaunsAn

unit 2 nanBmguiiugurestiueslalen saemsunuantRvIszn1sve 0
fisuiitinaonisimaevedlalon wagnauhegavesduildondedisnsyseyndlinug
weslalaniuseuusngg

unil 3 luunildunsBudignizuaunsainsdaneuiiueslalesuuuiundndaaey
simdunazeiindl Jovluvomisvanes uarduneunsinng

unit 4 Wuunittwensneaediildanunil 3 indeseidoiduaudiu Aedmuusn
dunenesinudnuusiiddytenisldnuresiiuesilslen mndufudunsiuisuieu
msUfulsdBnsifteyaemside nsanmmMve iU Wazaavnenisideyatan
uneiluwuuiassdviunsiilvldmiluewneasisly

waggavinguni 5 in1ssiusaunan1TiRIERdeyaiavualveyindeasiuay

U

AU ULTBNIIVEVINUA T



UNN 2

Fuasialon

2.1 uni
Buaslaleadugunsaifiannsomuasussiuianateviefifoninussfudives
(Zener voltage) Tilnnidnvaisuunsinszuaussfulusadounduiduld wazneudiinns
”qvxawa%ﬁmmé\’mmuﬁqqmﬂ iosanmisldaugiunislusadoundu) wasiileinnis
Tangaeiiamadunuiioninn ussduiinnaseudiueslaleniimmuussfuimane §ey
ﬁqgﬂiﬁiﬂumuﬁé\’mﬂwsﬁﬂﬁuﬁﬁumﬁ [11]
Fiueslalondrunininazadisanddreuiiiosandainssuadusafiawas 1y
wialuladareulunisasiela 'ﬁaa@iaﬁtﬁuﬁmmﬁmwmaﬁﬁ?hmmLﬂ”ﬁsﬁuqqﬁ”’aamﬁ'\u &
ananTAtldgnAunulul 1934 Clarence Zener [14] linauanisnzaglusdsening
WAUNANIU (Band-to-Band Tunneling) “5&Lflumsa%melﬂ'\'ﬁﬁ’ammamﬂw%waaqﬂﬂigﬁms
A deunlud 1951 McAfee Ryder, Shockley wag Sparks lnuSuuganquijves Zener
WipasurensHanansvensteulndeunduiisesmeniay Sedunisiiiindiueslalen
(Zener diodes) saudtiusn aealsfmuRfiandsonansauiitlfiiuin nswanateve s
gunsaifiienuniivessesseuntulildinainnismegalued uifnainnisuandives

=

Toawiloa1nn1svu (Impact lonization) se8siefifiaani1amanda 50 nm wiesessed
wAuLN (Narrow junction) LﬁwﬁuﬁﬂzﬁﬂaﬂuL%maaamaﬂw%qa (High field) iiiganaiag
vildAnnswaanedenismeagluad Faasianeuiiasifianisimaneionave e ndud
(Avalanche effects) '
eldtinnsnBndiueslalonludenied Siueslalanfiduiitoulugnavnssueti
wnieunanauitgvenislicnm msusue) vuadn KarsIAIgN UBNIINITIBIU
msldnuiuusiug1eds fiueslaleadagnlalunudunisingli nsfhwnatissain 2
3aIvE wazaveTuaauls Aouflaziimsdunvesnasusaiudddesldasassau dn
senuuvaresnuuulifiueslaleaanizuuuesavindu aulugiad 1960s Amnsléidu
2ONLUUNITS N TEAURTIAU Tnanissafiusslalaauazlulnamsudainesiinmanu
shemsusuaudnuuzvesiiueiuaraiediveslaleniiarunsaannavesgampiile lnelutas
gAYaTY 1960s unnnaasdiuasgnuiuruelugiuiiosesiunislidugunsailnihids
Fearliiduunninafifidaunauvedany Quugramnssuiiiiaussdunasnszuags fiues

Ialeafdeifimadunadidanvintiy) wasiiina9assiu (Integrated Circuits) Aivdululwan



N33 (Bipolar Transistors) vugusesdineulignaitsulugieiures 1970s in
sanuuvinsuitesnieny (Op-Amp) lwraven1wRugiilndiuesialen deilvidary
adiesnmwaunnTu
wwnflosnuendldigninauslutisnatsvesen 60s Fueslalenfignuszgnsldidn
fluewndsnled (Analog ICs) Thpe1a5am57 waklledaussAvgiilon1sensdaainndnnises
< ' 2/ o = = e/ o 1 a8 e [ L3
wuuwAy (Bandgap) JuwsnisgninaueuargnidSeuileuiudiueslelen udfdslddydnal

o

nMalndiefuiudiuesiolon

2.2 soudodu [11]

] (4
a = o/

sousoiduiofuaddgiigandusensldnundiannseiindyalviuaynis

14 <

¢t a8

manulalunisfnemansisinh vgufseedeiiugnldlunsesuieildndvesqunsalans

& o 1

Aedminaneg Fanguijitugiuvesnruduiussenitinssuatuussfureasesdofuldign
a¥1etulagwne Shockley uazasuieselautndderudu sah, Noyce uaz Moll
TngaumsebuisaudnusveIToEse RIS uuARRgman fuaznamansaz 3y
NNIAMIRANARLEITIMANTEIDBNINNITUINTIAALaEN 1S TR I TuUSYaen
WUy (Generation and Recombination) miaﬂquq (High injection) wazNaYDIAINU
Frumueynsl (Series resistance effects) isnsaudiasiesilusosdafidu upnanidad
nsRsannsiAnnsiaanedisessle Uunction breakdown) %aLﬁm%umﬂmsvﬁ@mmﬂ
dud (Avalanche multiplication) kagn13Meaalied (Tunneling phenomena) Farzdudau

o as

dalunuide
2.2.1 saufauuutuUule ’
soamouwuuTuiula (Abrupt Junction) Wiumsinsisisessefilduiiindifsgaund
oA a v v v A A | o y P Y o

nanfsLRsanTiAuNtuerAeuansideNesdeillarlmilsannnndnilanneg (und

Y 1 & + ° o a 1 1 e’l’ I=4 o e’j 'Y
wULNAIDYINUU Na>>Np, p -n) MMlfaursafiarsunnsesss il dudnvusvestudula
fuLfled (One-side abrupt junction) #aguil 2.1 FaazfiuituiiusesdeUasanive
(Depletion region) (Hssamiduuinafiiauulwirsendnnivzesnly) ssudvgreidily
TutlsPanuaudusnunnnan

wssruiinnAsasUSNUaenwIvE VeuIusessagnisend “Andanelu” Built in
potential) #38 “wsediunelu” (Built in voltage, Vi %38 ¥, ) n1sinum v, vildlag
n73§um§mimﬂiwmumlw%hﬁsaaﬁaﬁ'uwiwausawiaﬂqﬁlﬂﬂa@uLLéﬁmgUanms’lmi%"lﬁ

faunist (2.1)



kT, (NpN
Vpi = —In (D—z‘“) 2.1)

Taodi k AoArasiiluandsiu (Boltzmann constant) fiAuvinifu 1.381x10™ J/K, T gaumgil
Fuysallumiseiradu, Useg g fdwindu 16x10° C, ny Aedianuidududuniuia
(Intrinsic carrier concentration) fAMUszana 10" cm” @u Ny wae N, fodranuidudy
Yp90znoNaIsIToludy (ermaua1siiegly, Donor impurities) waganuiduduazaoy

A ey A - v . L o
a15190EaM ( YRBUANGLIBLIY, Accepter impurities) MUAINU

«— p-region n-Tegion —=
=— Depletion region —-|
]
Deplction charge r &

® s
& @
D@
0

Wi (m

Area = built-w

PO!CIIIN W,
V;
b ] v, ()
L (1] 3]
2 _...Jo AN

()

d ar 1 1 - J s
JUT 2.1 (n) MansgneiveUsyglugasinuiiansesse (¥) n1snseanedmvasauulni
o o at s, & ;
(A) MInszanemvasdnglwiuile v, winetsdndlwiinielu (Built-in potential)
(2) UHUANLAUNEIY (Energy-band diagram)



HagAMUNINUIUTNUaRANME (Depletion width, W) FaTiUsIHAIUNINSTLK
venesdluluiloansiladu (wp,) wasit (wpy) witliosnlunisisrsauvusessedudula
AULAET detuusavasaningd kg lul siensduduaiuinnindnidsuing wie

Won>>Woy 15139033UleN Wo ~ wy,

285V pi
Wy = |—/—= 22
D N (2.2)

Tuguresriimuglninuinusesdefinnsundelisunisluda v, Tadu

2 qes(Vpi—Va)
Ch=—2= |22 2 . 23
D=y - (2.3)

2.2.2 msWananevassesseiduluaisiadani

iofinisUsuaunilviniigufisweunsesse iy seesiouinniswimatguayays]
nszualueriegenn s dazifinanznistouluiunsesdelufindoundude
Lsefuiigeararsnsailmanauulniigeld Faugruvesniswanateiinliann 3
ysngnisaildunaiuliiadesmieniiusen (Thermal  instability) nasnzaalusd
(Tunneling) nsniRaiaNAawd (Avalanche multiplication) nsiiaiudng (Punch-through)
WAENITARNIININAIB UTIINVIUUDITaEs (Edge effect) wiluiitavveeduromnizng
Wanevdniiieadestunislinudueslolen liud mansqelusduarmsvianeondud
NSNEaluRn ]

msaevessagsiodesananvil iReiuiunguiiareuduiinandaiuwadng
wazve Fedefidndeainesungliiiwme (Carien) figndasneriiuwsdng (Potential
barrier) azfimvgunsfiindanugavnduiiszansadiuiunsdngeantuld udlunaln
vameuiniledidnaseugnesungluguveaileddundu (Wave function) Fsarliignugauuy
auysaiferuns uiazdivdniiasnsonsginluls uazdidnseuszaninsonegrnldi
siowdlotJuiunsdndfiunune Feanunsaahaldlasauulnihiigadwmnefannsdeunsdu
Tudadioundu (Reverse biased voltage) ufisesseiiues Woauulniiadunielusessoll
Ageuszanal 10° V/em [15] asifanszuagelnaiidunainainnszuiuniansqeluedtiy
sevseviaIiansanany ussiuimanevaziiAansmeaglusdasiidnlsiiiu df/q dmiu

Ausaiunnn 6£,/q MhlbiAansiamatsasfunsiimareiiluramainnisniaaen



dud drunisianatefinssiuiainansedluyiesening dey/qg 81 6£/g avilumaiiunania
msveaalusduarenduinauivet
HoWAUTRIINWAINU (Energy bandgap) E, luddmsukaziuasiutiouanaiile

'
o a

amgilifiudu nisimanefdurainainnsvzgelusddadidudssansvgungiiluau tdu

U

2/ s )

g
Aauseiuivaigveiimanauiiegauumgliiadu vilinssuaianargaginaiussurdianie

gaumgilifindu Fensadwiunmsfimasuuvendudfifdulseaninsgumgidanduun
LLsaﬁuﬁ’ma’mﬁm@qﬁmﬁaqmwgﬁtﬁu%u

navdgaendud wiensvutuveaslessu (Impact ionization) Wuusingnisaeli
Aindusnnigeaniiseanuusngmaafiinendunistounssduludadoundulalanilu 49
AeaIEnIABS (Collector) vashulnamsudaines wivormanduiaunsu (Drain) vasuominy
(MOSFET) msitananefisessofidnasidunsianatsainendud usnaniinalnerdud
aunsagnidlunsaisedulilasiniids (Power microwave) Tugunsaittu IMPATT uasld

Jugunsolvgedygravendutesuasslined1dus (Avalanche photodiodes)

JUT 2.2 dnvazuaund nuiaanalnnisianatsees (n) Nsveaalusd (v) N1sninuen

€
=
[=:2%
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TuannrunAnselauulvfiliguindisnisdeunssiuludadeounduasilvun
S9UAD ‘wmzwﬁmsLﬂﬁauﬁmuu%nmﬂaamwmzﬁaﬂmmL§1LLa3%uﬁuazmaua§Lama L&
FuA1U ST LULINWAIIULAUTIRT A1STRUEITR AR RSN I UV T Welile

fimsiiuussiuludadeunduaunulnihivsiindaeanvzyesssasaasiimatu vinlvinvy

<

indeuiithermuniifiguasndinueaifiuniu sunssimdsnuentifissnanefidlelus
fusrreuilermeuianislosluayililigdidnaseulaa (Electron-Hole pair) Sidnmseu
fufalmiznsslantuluuautitlnii (Conduction band) waziedewufimeldaunalndil s
ﬁ’uazmaué‘u&ialﬂl,ﬂumwuasjmial,ﬁmﬂé’wUgtfmﬁwLL%qﬁﬂdmia6] awn nsvuaiiluasgd
Winduegnesmia Tnennsiiuvesnssuanewinnisieanats aviiendesiunisiiiniures
USinaunmey Sauanldlnen “winimosupan1sniam” (Multiplication factor : M) Llguld

fail [16]

<
Il
|

(2.4)

LaLANNNISNAaaalain

1

M=——= (2.5)

1_(14)"1
Vp

Toe m Jumasiitlanlutie 2-6 %uagiﬁ’wﬁmaamsﬁ"ﬁaﬁwﬁﬁﬁma%fw LazaINANNTS Lijo
usasludadoundu v, davigusesinm wsaduimans Vs anne f1 M aedidudilng 1 8
wnetaliinisniamuveinmy nsvuailuarusesreiianlnaldeensyuadus (Saturation
current) /, wAtilesams e V, Wdilnd vi a1 M Fannnia 1 LAnNISYRAMYRIWIIEN SYUA
ilvariunndumuiamsRmatetiues Sennsfisrsanauunihiivinadasanvevh

Tasurnuduiusvasussiuimans Vs Tadu
Vg o — (2.6)

Wia N iumanumnuiureseraaLasiesmuiiinnudududi fduiussensitduiias
PNasiFmhiiaNuriuresazmauasida1i ) alrauaudfnisianatgiuswiu

g9 uenNilusiuimateuegiureANLNINwRIta NG (E) IngTaesaves

hY]
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& v o aa ' o I 1 -l & 2 @ P}
asnwiniive1Iandsuneg wu unadensuglud (GaAs) agTiussiuiimananig
N71F3ABUKALLEDTNUTEIUMUAIAU kageINaNNTS (2.6) FrusauNdasIviaula

o o as o
enadiusiinslugui 2.3

P i
$1p02 i
p— oo
° —
> R i
g — : At
(=1 S {WT‘ i Ny T /
N
E LBl - - -
3 e e ==
= e e - <8
& o 11 iy
R - s e
1.LE+00 | i
LE+14 LE+15 1LE+16 LE+H7 1E+18

Impurity concentration (cm3) of lighly side

| o w e e/ v ¢ v v a v da ]
JUTl 2.3 muduiudussiuianansuuueduddeanududussaeuasidamuiionanh
o @ d o a
dwmiugusesniluideou

X o

e o -4 %) a v O o a

uwazlilennnIsduretasneaIzTuegiugnmall Auilogumngligelussneunay
o 2 o q w P Y ' ) P} o o g ¥ a ¢
Fuunu inliwmeilonasudusyasunaufasiinusineazyinliianislesslud
(lonized) AstiumnazyliianIsWInateeauddwewinwssnuludadaundulvunau
s A o e & = 21 @ ‘ v calaas £ At
Wuhe uswiuimaiegwu Jagulainsimateuuudnduinilduussdvioniegungiisien
Wuun

4 . .
2.2.3 nswnaaudtevesswane (Carrier transportation)

d '
2.2.3.1 nTadaaukazan nAavasnIne (Drift and Carrier Mobility)
a4 4 o ' ~ ' = .
wweiiedounsldaulwinslinnuiadmileg Senianuiaesideu (Orift
velodity, vy fududndnilnensetuauduauiiniuazdunaiainfaninagesves
e 1 2 0 o &4 o o -y o

wwie (Mobility, 1) Tumihagwes cm’N-s dwiuansiaihilifidadu wesiiudle (Ge)
a . o P2 1 - o 2/ dcd 0 9
wazddneu (Si) mnmnaesdeulimgwsnnefianinagengwing Ysngnisainyilv

o o a .. . <
munsaseidauilAanatfon15vuLazn1Inseids (Collisions and Scattering) lananae
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v
o

Wiansvuiuiasduedivladelaun ngRnssunisduvesarnauiieainivueu (Phonon)
warnslossludvesansiiesvdmalminnisnszidsvemvedadududrdylvaninaaes

anas leeansiasuasy danuduiusivauulwiduasanwaaasieaunis
vg = UE 2.7)

2.2.3.2 @anwdrumiu (Resistivity)

] [ = o o e q../l a ‘J e/ o VN
’mm‘umsmmmmwﬂaauazaLﬁﬂmauw‘waﬂu nszhansannsaLanilane
]'::UE' (2.8)

J = q{uyn + w,p)E ~ (2.9)

e o 1Jumennh b, wae L, Aemanwagaswewdiannseunazlsanuaifiu n uas p Ao

AnguTuYesdidnasaunaslsa

1

)7 5 g(pnn + pyp) (2.10)
waz p Wuamwsumulumioe Q.cm wagmnUszanaiezreuasidefiaunanuisule
oo lUTVINNA P N = Np Uaw p = N,
uilunsaifduasisimhiivfiadu n>>p 158 No>>N,

. .
(2.11)

Pn =
Npqun
warlunsdfduansisinhiiviiaf p>>n ¥58 Na>>N
1
Pp = ——— (2.12)

B Naqup
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300K

2.2.3.3 nMsvaaddaen1eaIuiay (Thermionic Emission)
msvanUdesmamafounalnnisthnssuandnue sy endelasnsaiuaiugs
ot unsindurlituiususs nalnifasgninisanduinnisvuvienisassideunsludu
Aunafisadningagui 2.5 iiegaumpliinnnigudesaduysalanumuiuiudidnnseud
wavanaiaglivhfugudiaiuduiindsnugeniiunsdnddaiuiaunsadiu

funsfnguaviiadunszualvyile
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U 2.5 wnunmananisUanassnannuieuresdidnaseuduunedng
2.2.3.4 Megalaed (Tunneling)
nsnzaslushidulsngnsalmameusifisdnenginssumiiwesmmedagnisg
Aunsdng wivgwardasisnnuieshifdhifsindinugimeswiunasngaeenluan

AMunedngiils Felaasunsluidaiuan wadisnalnniemsuiuiloaiutgninemenandy

3 1l
&

pay flardusdulildgnUanumeiunsegwauysal uiasiividnresiandunduiiaase
nzarulUlddgun Fernuinnduiididneseussnegrudunsdndifinnugaazai

neinaglivindueue

Ux)
4  RegionA Uy Region-B
ASN\N
i it 1 1158
E 8-\ ¢} >3 Ve
§ t 'w I | { b 3 ~ ~
o E ettt — 8 et
[} v % ~ ~
I
Vi vy
W
e
Xy 2 X

FUN 2.6 MsvzaruiundndvesBidnnseudeilaiduniu

2.2.3.5 NTEUIUNITLAARAYAITTINAI LA (Generation-Recombination

process) .
dielsAmudiaugarinu¥eu (Thermal equilibrium) gasunau w3e pnen’ 9]
nszvauivilisvuuidngaunadnads nssviunisswialminsfntude pn> n’ waz
nszvaunsiinesinde pn<ni2 9I3UR 27 (1) n3EUIuNTS Band-to-Band Aitdunis
swdfuvesgdidnnseuivlen ndnuiivaaudssesniunainnisiididnasouansediv
winuanwavthiinanfuaunieud (Valence band) e1varegluguvasinnay (Photon)
w3e nswied fanszounsiifunssniudeundurenssiumsgedundasiunua vie

&

anvtsgnaweliiingdianaseudaseiulealmimunszuiuns Auger Jso1asviliiianas

U
)
o

wanPENT3YU (impact ionization) daulugy 2.7 (v) Wunissasdsududndunmea
Jusrdundanuiiegluilearsiisiih Jwernialdnnanuldauyselveuileasiemsed

dudevuey gneduemundnatifues Shockley-Read-Hall
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Auger process
ﬁ (clectron)
® ' Ec s EC
a,,I
Photon emission
:> T (radiative) s, E
5 E, S Ey
Auger process
thole)

() ()

JUN 2.7 nszvraumaniumivg (ruiunisiiisssiidnumznsadiuty) () nssaudalna
Band-to-Band wdsnuiivanuasusenuieivaregluzuresnisudsdniodu
WANIUAMTUNTZUIUNTS Auger () ATTTANFIMUNIUSEAIUNAWIUAUANLAY?

tes

= (e =l
wipluinsunsed

2.2.3.6 N3zUUNITUNT (Diffusion)
Tuanidavesugludeulvanulsidussidovve vy snfegrnsdvossoasof
Budeusuaimauudursmmslivinfiunasaiui MldAansundvemangainusim
Afenududuglusausnaiianududuiing Tasaszuanisunsvesdidnnsewdu

guny

an
Jn = qDn == (2.13)
wasnIThawnsvalaa
_ 4P
Jp = qDy — (2.14)

Inedl D, wae D, WurdudszdnSnisuns (diffusion coefficient) Fauusiummgmungiiuay

anmagewnreBidnaseuwaslen (U, L) AMuaIRU
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2.2.4 Tassainsvasdieilalon
o L | o =

Fueslealaadugunsalnfiaesimilssesrefinseualvaldianiafeuarannsodu
v ¥ a a @ e el | = Yo 2 o '
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2.9 dgydnual fgunsel warlaswaswwesdiuesialen

2.2.5 seemauuuatadudu (Linearly graded junction) [12]
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dmfulaleaialusvgniansunindussssdefidunuututule wiluniajo

avnonaIsidorzunsiinluluarsiefinNiosnauaisiisvians 1Y SnwaLLAIUTvInle

$28MDIAULILTUNANVAUMLAILT LB AN LT LY FuSendnwuziguill) “Sossauuu

amdadu” egrdlsfimumnfinnsantulaloaviegunsaiiiiinudnvessessdeniuuing

2199 RsUM N TuIBsawuuTuTUlale

Fan1snszanevetesranansaeuuaunisidunsla

ND—NA=ax

[

&
U

(2.15)

Wle a AeAIAfIMILTY (Grading constant) dagszee x WIsaUSIAUaRan e uYll

-W/2 84 W/2 YesianunInaundus il aann vy s nUsanuas N Nau s s anun 1w

1 I~ (93
59909 UUAIEUNNT

2 [128

qa

oAl

(2.16)

e V, flarwssnuludaisesns (Applied voltage) Fsludiuvassesnowuutudula W uls

AU INNADIVDWTINUNTBEAD
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}n— Depletion region -u{

Depletion charge
Np=¥,)

XN
(XN

- Wy,
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densngy Ny Jeos
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B,
Donor

% density (Np)

&

— X

cloee
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Depletion charge §
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g o
~Wy2 0l "o & o
806 06
e 6 #o/2
S

(v)

« X

JUN 210 Wisuifisudnvazanududuiisessiosending (n) seassuuudutulauay (v)
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gusunsesunmely (v,) Weiarsanluviueafednuiusesdeivududulaarnui

SAuduW LS LA UAIAIPIAINTURIBENNTS

1/3
Vpi = 2T in (ﬁ— (%Vbi) ) (2.17)

q 2n;

waranevasnNnuglniiuiiasesse UJunction capacitance) sieviigitun

2 1/3
Cj = [—-gﬁ——] (2.18)

12(Vpi~Va)

ALTAUN nszﬁmaaiaaGiaqummL%uﬁummmﬂw%\ﬁsawﬁaLmiﬁumm%mﬁulué’aﬁ

sousie V, Builednglaunisiviavle [17]

— Y G\ L 12
WRASS T s xF Vy (2.19)
W50
C3 =K, — KV, (2.20)

J

vildldamduiusidudadusswinmanugluiiinusesse ¢ fuussdulusa
fisaue V, %nmmsaﬁmw‘h’ﬂuﬂ'ﬁmamﬁnwmwms] mgnansinaanugiiivediues
alan Iﬂamiﬁmamﬁﬂﬁlﬁmwﬁamummumﬁué’mﬁuéswdwﬁwmmaﬂﬂﬂwﬂﬁﬁa -3 ¢io
wnurussiuluda enasiauaiaduanansanlaainarudureansi uaggadauny y

ANUTNANNUADLINDINAT Vy

ar d o s
2.2.6 AnanvaEn WA g Ay [14)
Fieslaloadugunsaliilassdmiesesseinszualvalafimmasenazanuisodu
fedessrunswufiiadesmmlaedresimsNserinadavieast Tunisldnusinassevuiuy

Aulvandeuandeiugunsalansfisdihdufedus insrzauaudinalniivewingrede
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e ]

aunsaesurglasenisyvinanuisesseiaureslalaslugunswamaiegdeaneiulalaasialy

ar e/ [ 4

axsiiadudunsludalydhraihdydnwalidugy Z-shaped fitwmalvavedlalonily

4+ | cathode Hde
od Forward
Anode v bias
br
Reverse
b.reakdown Ry
'Vrev : de
MIN (1) leakage
%ﬁgg’ 1 current
{test spec) ‘ZT’” !}lormal (IR)
operating Reverse -
/ range bias
avalanche ~lrev
current MAX (123

JUR 2.11 dyanwaimalwihuasanuduiusvenssuausinusesdiueslalen

27 o

lunsldmunsenisiianndueslalealiiiussdvamiia sududesmdgudnvme

fidresdiuesilandail

o ussunnasauludwin (Forward voltage, Vi) Aeusifinnasaussuindaualnauas
weluavazshnisglnludirami dmsusessefiarsduanndngiferdaneuineed
Adaud 0.6 - 1.0V .

® nsTuadud (Saturation Current, I) Aensvuafivosmydufilvadnuseass §uiy
naAMaIEUsINgAITalsIni iun nsuaalvaifn (Surface leakage current)
NILUANITTINMVDINIME (Combination current) nsTwawws (Diffusion current)
NIELANTSNA (Generation current) LLazm’m‘lajauyﬁiﬁéﬁU‘] (Non-ideal factor)

e nszuasalnadoundu (Reverse Leakage Current, /) tunssuadilnaiiiefinisgnelv
doundulvilalensing Wunadetiewnainnssuaduimdioundy fauudsiunseiu
ﬁu’aqmmﬁuawmmmLLsaﬁué’auné’Uﬁf]au uenINBSuUsHunssiusERUA LTy

NMEUSLINSRERD (Carrier concentration)

® usInuWImaiy (Breakdown Voltage, V) AoAussrudounduiivinlanisiinssuad

segsiLngelueg19TIm ) ieunanifiadsingnisaifainateNsessie a aRdinig
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wWhsuuvaimaihlnih Gend avinteresnsmnssuadetsdudoundu Bandeaingn
1 whgiumseiideunsuiaeiifieausnssuavinuuiiiiuduog ann wawsduian
assulalentuaziimaifiufisnunn Jenadnuueiliifuddydentsiatsanauendiing

Fuueslalesuaslalannily

=1

o o4 ¢ = o Al ] o @
WIAULLUDS (Zener Voltage, Vy) nughsIufinnasoulalonndaniswanate ey

o/ ¥

AnnTzuANAaay (Zener Test Current, /) A19 iy iunildludeyaddyfidudn

&

seyld Fadleldanudiuesinlonfinssnanaasuiuigaumgivios aglaauseiiug1edei

9

Wavuazhiuaustudiues

AszuadweiNgANnge (Zener Knee Current, Iz Aonssunadoundu a 3aiinnis

NNa85985087B

nITuaTIuDIgen (Zener Maximum Current, ) fonsyuiadounduatannaun

gunsalsuifinAnudews Jeinsanannisiiumdwuggannule

nsTuaNagaud e (Zener Test Current, /1) Wneun@svaunseuaniinndaumisee

a8/l 25% -35% TeInsEadeunauatan

= = = Y a

nszua%"'a“lwaqaqﬂ (Maximum Leakage current, /ama) Wudnnil UDYDNNIIHER
sz lilugnuandFvedlalen neun lalenfitius wbudiuesNauinawsl k. fisni
IolenfifussduTiuedasig

usifudounau (Reverse Voltage, Vi) wunsfausesunnaseulalanvuzangl
goungdu ﬁl‘ﬁéww%’wmaauﬂsxua?ﬂwaqaqm Tneayly Vi a&ﬁﬁzmm 80% VBT IAUT

RIGH

= e ol L1 < {l 4 -:" s as
YLUBIBUNIAUY (Zener Impedance, Zz) ADAIAMUMIUNIULIINIINAINUTUUDY
nswnseuadawsudaundulutiwsadugunldau

= =3 = A =

Fruasduiuaudnnszuannaaudiues (Zener Impedance at Test current, Z7)

MUBDITUBSDUNLAUTS O NTTWANAFDY

=4

FuoiBuNunudnyaine (Zener Impedance at Knee point, Zz) fodiues

dutluand o eRdnsidisuwdasnisihinihanmsiimaevesseesie

ﬁ'&lﬂizaw‘équmwgﬁﬂadLLidﬁu%Luaf' (Temperature Coefficient of Zener
Voltage, TCV,) \Jusduussanénldvediatiosmmmssnusyiuusaiusiidaves
laloniflegmaifldnuiinsdsunvas uasAr 70V, daminsomuaulilénds
0.002%/°C (11) sndnagredilifiueslalenfifiusaiudiues 5 v ilogampiiiuniean 1

°C gy lymssudiiuasilasuly £0.01 V
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2.3 maUszgnalday [14]
mslinudiveslelonorsazanunsautsngunisldnuseniuamungslnaidongud

T9uessmtugunsaiduiiovaiuevideusuusiwineg wumslifuedsmiunsudamesiuy

Tulwah Ssasnsovmonavesgamgilunislinuusifusib nquseandunsidnutiue’

5o
o o o U

alenuuuifeny Ssfansnadrauitonisldanulusefuidedin waznguinihidasnenis
Uiuupamsusgneuiafavedlalaadulaveunuiitndunsuuizuh wazaavnenguildand
weslaleadugunseldeaiuussiulmiiy (Transient Voltage Suppressors, TVS) %wzag"lu
1425598 (1ICs) dwfutlasiuarandemetansndnanussduliAuaniunseg il

anng (ESD) wswiulingzann (Over shoot voltage) 5annaduLiDIINUY L

Transient voltage
Discrete | Suppressors (TVS)

Compensated
Reference

Low Power Power

sUit 2.12 uulawanimsusegnaldnudiueslalen

usnannisldnudiuesialonlagnsilaserdunsimanevessesdend: Fiuadd
narsaidufiugud Ayreansimuiiswimssduuindtesludmnded (Bured-
Zener voltage reference) Suinauslugiwiuwss 1970s Tng National Semiconductor N3
Funumadaiiliussiueeminridiveseeriuondlunisrdnfoussiusedudunniiania
waiuganny (Input offset voltage, Vog) d3ugy 2.13 (%) Humslddiueslaleaiionts
yaemegamaiilugunsalifien mssiefsnummumnutuduesiduasenidtlugy 2.13 ()
Faavgneuaumereuimesiumuanalve’ Jwzdmasdiuesifegrawiug (Find
50 pv) %atwﬂﬁﬂﬁﬁé’nﬁu'lu%a zener zapping el ususawidn (Off-set) vasaauuau
wazgunsaldug Snnsldnunilwesfiuesifenislddiuesadlulinsidnoadmiudu

gunsaiesiulwihatinduazinnlugy 2.7 () B4ldn 1980s Idiimsihdiuesesnugludud
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asena TVS ddldtieatunsyuaidsa (Surge current) lursasnszuaaduuazdrutiosiului
uaanedsdayafisy 2.7 (@) Sauiildniinsldnudiueslaleafivatnuats uiduazld
miluguiianisiavany Fadunismuruussiudiues LLazﬁustﬁwéwwqqmmgﬁmaq
useruRiueslimnzaurensidentdulusasUsanvia i dufideinsnisisouay

Wannweld

Trun
+
q. ‘ul Gig ! =
'8 e 3
o £ ‘
)
(ﬂ) Creating a temperature-
internal biasing and compensated zener in 2 (2) Stauce
stabliizavon for op amps. mongclithic structure. Internal ESD and gate-
protection for "smart"
Qmn it ) power MOSFETS.
(’ e LAZITRUsIIG, {,\ /:,
J7€
1 va
3 0 o
€
y N, Lo 2 N ;
3 v i ;g
] = & =
L Vc
: - -
2 B2
) () @
Short-cireuiting successive The monolithic
zeners {“zencr-zapping"}with  Bi-directional AC surge- buried-zener
3 computer-cantrolied faser protection with back-ta- voltage reference.
provides accurate Veg back zeners.

trimming for op amps.

3

suit 2.13 nslandiueslalensnusineg (1) dnasdmivludandlusasfvadosnm
yaswauweul (v) ainsadseneuwnudiuenveniigamgilulasiainanrssm
(@A) Wudupaeussgiiihataduasdesiuanudemedsinnve waavningy
@ nmstdnudiueslelaslidmsnasanameaawesimuanlagponiiomes
ainauiuglunmsuTueae Ve veteatuent (8) nsdediueslalendusi
Hestunszuadsaiaasafians (@) fiueslalontiiliogluressiussfunsadiu
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3.1 wialuladinnsa51s (18]
nsa¥ugunsalansfedihuugusesineg Snsrurunsiiansautiosnidudngy
Tawn
o nsin (Adding) ¥ur nsifiseyaeuaside uaznisUgnairaduilduyiinman
e nvsasnaan (Removing) lAlA NSEUIUNITYINIANLEZDIN NSTUIUNITAPLAZNIITR
o mwilidou (Heating) Idiiniseusemennuiouiegnuszasdnan 9y ou
WN3aE5130 HIONTLUIUNIITULABSTTY
e nsiaanate (Patterning) liunnszuiunislilladinsnsind
miteiflgvhnisadrdiuedlalendmiunsinwuarnaasisineg Tnenszuaunis
aﬁ”ﬂqﬂu’mumlﬁﬁwiuquéawaiuiaé“luiﬂsﬁLﬁﬂma‘ﬁﬂé (TMEQ) saifunsyuanasnadiiiauelu

NN USIAUTT DB INITUIUNSAS19TERSelu TMEC visnun

3.1.1 MsmIpULRUNENTaAau (Wafer preparation)
euthusundnddereuidgnszuiunmsaindiiuvihmaeSeuudundnddnoumems
ianuagemiiatestfufsandsnanmsuendunvuitiousuainlieunsaiiiadety
yhauduvaviesesuszavsamld Sviethnssuunsidadunszuiunslungueeans
asnpen lasmsvianuavernazidenlinssuiuiaiimaseingns FULL 01 Fadu
nsTULMSThANEze RN TARe NS LS UNsT LN sas U salans st
fvuileaensentas’ Asanusnneg aseasumistutieusedanysne

NITUIUMTMIANNETDIALNUEENERAR LGRS FULL 01

~  quluansiadl Piranha (H,S0, + H,0,) 10 w1t

— &l DI (deionized water) 10 Uil
~  qulunsa HF 3w
~— a9k DI (deionized water) 5 W

~  quluasiall SC1 (H,0,+NH,OH+DY) 10 ui
— &l DI (deionized water) 10 U

—  yliuRenenssuds Dryer Maragoni 6 W 25 WA
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3.1.2 ATEUIUNTTDINGLATY (Oxidation process)
nsruruntseendiatuiunsruiunisadnatusenluduuntunanddnaulaayvinly
a = £ a = a o 6’5 o 6 aa I3
usseINreendiauuiavisnelumfigungias (furnace) ilallutuiiduddnoulaoanled
: v o | o a o a W o aaa 1 ' -

(Si0,) fimhdudutesiudianysnuedudanUasudnminiisertuidowiundn 1y
& e a ' a o A& & oa A‘L 'y a -
Aundgwsuwenaduneluled Wuauiu vialutuleaiunlidenisnisiivesnauansiis
nszurUnNTslaunsavilaaesdnvuzfe asrweendiady (Dry-oxidation) NiideRniasnatu

& ol a £ ' 2 ‘ 3 ) ¢al
ponluafiAmNMLaEALUgNEaLiansoadelat mndesnistusanledivuieiald
nauvIevlildias 8ntveinisainstusenlenfe Lineendindu (Wet-oxidation) &4

annsoaitueenledluiinnuvuilégy widedefatusenledilaazaunindingd

Wafi
Heating Coils il

D R EEE

7 w,

e | ([T
e \// Gas flow
VRS OA A4 W4

Temperature Center Zone
Flat Zone

\
AN

>

Distance

o o o | @ v o o a =
JUN 3.1 wvihainmend (Quartz) nuanuFaugd Weliviesndiadu fiusnmsanansiiag

fgoumgilaaiuaue

Original Silicon Surface

d ar = ar
5U7 3.2 dnwaugmsiinesndiadu
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P
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Uil 33 dnvarmsianminvesiueanladfiugnieiniealie Elipsometer dald
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Aaia TN snLD W uinanastile luitiiRadusenleduasiinddnou

3.1.3 aszuunsiniadlunsnlil (Photolithography process)
- S i . ' ar -
nssvunsilednnsmiaglserlauamie Photoresist sauiunisansuasive
v -I A p 4 € 1 1 =4 = : =l o

ad AN NITaINQUN TlAN VUL UNENTARDY T3 TWALIBEAYRINITYIaINaTY
qll ar GJ o ar ar J :’I
Uudedensdvuntunauesgunsal uasn1sInIwBINIstBuiuTaIRIRAEUARLTUN
AHARDANAMTBINTATIANATILANY TUADUAIAYVBINTLUINNMTUILLTIUHUNEN
- e v d‘ d o g atey q - o w 3 ar n‘l’
FamouidAIne Coat Mduiniownluifgsasiiaduiunaudil

Dehydration bake wieauldmauiy

—  Priming weuiiiinsivavedthen HOMS iieWihisnliasdafatuusiundnlfinedu
—  Cool down grusaainlvusiundngamgiiiiuas

—  Coat Photo-resist %fiauan fimnan3asev..

—  Soft bake audnaduitelheluasdafnfuuiuuriuty

° I aa v o o - 0w a1y a a_ o
— thwiundn3droudnaies Exposure Fundunissdmivasuasginnusidaiiiy

a ' ° v a - ¢ =
n52aN Mask taiUatesdmsunisisesaeuaisidslusaudnaransiain

° ' o o 3/ o o s oy« .DI 1 o
—  UWHUNGNDAABULYILATDY Development amsumsaﬂnﬂawaamm‘huaaa'mmn
= a o 14 ar o o w & -1
RWUAWON TGN WULVDUATDINLAABAULATES Coat Harmutunousiail
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3.1.4 n53UUN1910A (Etching process) [19]
ﬂszmumiﬁ’ﬂgﬂﬁﬁaLmdauﬁ\lﬁﬁaamiaaﬂmﬂc‘iwamsiumﬁﬂ%ﬁﬂau Tagla35nns
Mamgasaiiuaznienien w useenaulsesnidudesdnvaurfon1siauuuniie (Ory etch)

Tagmsldnanasn sazdawuuden (Wet etch) Aldarsiaiiftdudnsaizvauvan

i
a oA

nsftawuuiden Wet Etch) iunslimsiaiifasiuisentuiiufiafidenisie i
auduneundnifeguadiuluasiadifilite thaindreseihie udawvinlvusts ouldunly
nsadremeaneiingini 3 luleswnsteveamsinsuuiifedieansalunisideniiuiia
fiifa (selectivity) fidunn iun1sintusenladayldnsalalasnqeesn (HF) vioasnauves
lelnsniganin dednsnsinfinesdudaeulaoonleiargs uazsinuiiovesdaneu 1udu
uananigaiisasinistaiiiuazannsoeuauldfesnmpdivasmnnduduiuvesansiad
Al

MMIAALUULIAY (Dry Etch) wise nsimmenanadi (Plasma Etch) WWunisldansiadl

Andufine

3.1.5 NS2UUNIIBDZABUEI5LI8 (lon-implant process)
nsruuMsBiesraumsdegnifiionisiduesouasideriussansnmieininns
uwsansidesnemudou (Thermal diffusion) LilssanasnsamuauuFinaenududusas
syfuAudnsaansnsaeianeserneuansiieiindt lagiedosdeornouanside (on-
Implanter) asiinsadieznesansiIofiduvas fon Source Msnisuandiunanaives

v
At o & e & '

ssmouvioluanaasidefidnvauziluinenay arntdulesuiunnslunanainfinedng

dwwed lon Beam &Fazdafianusnsdndgusslieyniandouiidasnnuiias antu
@ & A o a £ 2 ) [ = &

Analyzer Magnet azidushdnidonlesuiivigvsuasanuswmnzanliiuludaindaduy

WEUNANTRRDUNADINITUNTA5HYD
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Gas (at)_m‘ l System
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lon p i Beam
Source Y _ Line
“Electrical Vacuum
: Systcnl j i Pump
Plasma Flooding ’:’_A_ —— Wafers
System [Lfl—— End Analyzer

| | & =
U1 3.4 wiunnve nase B LaeNEside (londmplanter)

i

Si0,

—
—

P-type Silicon

d a = =)
JUN 3.5 aNWUEN1IEIDYABLAITIID

- - —s

Projected
Range

In (Concentration)

Substrate Surface Depth from the Surface

= 13 _ | = ]
U 3.6 n3milwslud (Concentration profile) wammuinduveslinuesneaisiiose
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fusiundndareumndiasnsidenituiindesnsunsarsifeuavituiiiliidenfasiiniinin

(Mask) dwiullasfunmsiierneuansiedienaniuiusenlediivgnuasindnvaly
Mt nhuiundnidneuiivinisiesneuasoudluvnnseu (Anneal) ifiavi

Tornouidudluluwiundnddaouiintsvihujidoniuesneuddneunarieanmndeme
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vadlAsmaAnTaneungnitenoy
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Before Annealing After Annealing

= 24 @ -l i ar l: } 24
E'U‘VI K 4/ mim'ﬂ,ﬂu,mﬂmwaaasmaua'l'manauua SVaINITaUMBANNUTIDUY

3.1.6 nszmumsﬂ%”m’?ﬂam (Metallization process)

nsruunsastilavasasdulansu s quuie s Andareuiialddaidon
2nasmeluled wissadernaniunisuen nieorslddmiuainssasdadent (Schottky
junctions) Iumsa%’wqﬂnstﬁﬂsunw%amf‘?’lﬁhﬂ (Schottky diodes) mmﬁmmwaﬁaﬂﬁ
imhma"i'wﬁ':uTami"fﬁaqﬁfi‘tﬂ’:m\hﬁqa annsadafanudassuled arsisaasielala vin
mﬂawﬁﬁmmauﬁﬂmgﬂﬁ wasnusianisiansaunientsinalawaaunas dausidusinld
ogiitiieu (Aluminum) ishemalulagdagiuiidesmsamaelavs faxSomanniud viun
lemaauns (Copper) unu

szuvildlunisasredulansasunuiunandanouealdinalulad dudunie
evaporation  amnsaldlfdfulavziduegiiilon daumalulaglusifidanunuitliun
Physical Vapor Deposition (PVD) #aiiunasléimanasivilmlansusnduiulossunaranas
TWa¥rfuunaquuusunEndaney Laveniawilae Chemical Vapor Deposition (CVD) %'agn

Tefusnndmsuvisaimu (Tungsten)

3.2 usuNsai1eTiueilalen
Tineniimsgiitinsmeasufisafumsuiunsrurumsadiuasiuusuiedu usan
nszvunsaiiaiidiueslaleaimualdiunsatvayuanausimaludlilasdidnnseiing
(TMEC) Wannsavhmsaianelusiesazenves TMEC fufunsunisadnedadnadaiu
nsTvIuNsASsgURsaiasisithues TMEC wasiilasniinsvmassunduiiisadesty
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nsidenvlinwiundnddreunldidugiuses duluduuunaunisasesniduassdiude
Juppunsasediueslaleniiisruseaduuiundnddrourion wazaladu
dtlanihiauedureunsainilaaisuduainurundnddnausiaou
= " = aa 1 9 o o aal ! & aa o 3
WSHUUHUNENTADUMENITYINAMIEZIALKUAIETENTS FULL 01 wiundnTdmousiodu

FEUU (111) @ATWAILNIULKY 0.1 Q-cm AU 625 pm

N-type Silicon wafer

NN Oxidation a9 dutasniuvun 9000 eansil

° a -, €l a 1 ) ¢ o as = i 2 '
MAledInsns Wil wdnil Weveaineenleddmsunisiieraauanside easiisounan
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Wnsrvaumslangimumas uanihdneunigamaiigs 420 esrwaldvaiiie Sintering

¥ oy

Aluminum

dwiuludvenisaindiueilaleniliwiundnddreuriinfilugiuses axiidiy
Tupeun1saT Il uiuLHuNENIErouriindunndusewisausasiinsaduanfunis
WeansuavgnInisdeznaumsidelunisaisssse oy Insaulubwezmenasifemdud
Wnuliasdnlunounaidedesneuarsidodudntumsasluifudumnnudidu danisda
A ol v a 1 w o | i a oo I
svpauaITde NI uvdwdunvrgnAnseniuiiioInIenesEndaasvilafiny Al 1y

anwauzleninfifiagua

3.3 MTIHAANENURANILIHY
nsAnunifinsiananuaudfnalniiiey 3 Snunsfensinaudiiussening
nszuaiunsipuludng (Forward biased IV characteristics) AnuduiussEninanssuaiiv
wseudoundy (Reverse biased |-V characteristics) wagmpugnuuzaranuginiisons i
foundu (Reverse ‘biased CV characteristics) §9n15imanudnwmussiaam iz inlaeld
wwdasileTaildidusnmsgiuesaudids TMEC ausenauludne
— Cascade Microtech Model M150 probe station dw3uiliutia (probe) Feaxil
dulududausnutiegiiesiasaliunthve wwiundnddneu uazgiuseadusnds
fidudaruegiilonsnundsve tuku Seesiindesganssmidmivdosunnduiavoudy
uenaniifigiusesannsoniuaugunillisedlinnuiou (heate dmiuns

¢ o e

ala a v [ a
naapsniigumgiinunlunsiiimesadiy
. . : R | :
— Agilent B1500A Semiconductor Device Analyzer LAT93U8UILADYAIVANNITING
) o v o @ v v as ]
waznTInnanLAslusunsUl) Fannsedalavianssua wsaiu viaranuglnih lag

' i v o . o a =2 aa
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g‘ﬂﬁ 3.8 (n) Cascade Microtech Model M150 probe station wae () Agilent B1500A

Semiconductor Device Analyzer

3.3.1 M3InANUENNUSIINIInszuaivusauludalutewiin
e s as ) | A a8 at as a =1 [ 1 4 wa ol
Wunsdenmdnunsiiluresseereniou Jsnsin ludnwazilasinlildeaaudan
ddvavedlalegeenin laun Anudmeyns (Ry), NTeuadud (), ksedunnasay
Tuaalutnamn (%)

3.3.2 N193AANUANNUSSEUINNTEuanUusIauludadeunau
nsietialasludadeunduiiseesesusiusiduain g aunseissessiaiinnsianay
Funaldnnszuadinafiudusgiaunn Jefr “nszuadusfoundu” wie nsvuatilua
(leakage current, /e WSIAUELUDS (V2) LALTluoIBUNULAUS (Zener impedance, Z;7) 1ne
finsiaussdudiuefuasiue fduiuaudtliianisossyuidalddmsdnuraansan
AuduiuSuensTiaLsLEOUNaY uivrfvus NS USaBIRLAUTTTALlY o1 nTzua
MAABU (Zener Testing current; ;) Wil ToslusnAduiamesivuanseuanaaaulii 90

mA Tagia1sundanaintnnnseualnatfivegranulddauazdadinnainuainisnus
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9

NTELEVIAgay 90mA



34

Zenervollage Vz (V)
-3

Forward current IF (mA)

Forward voltage
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1
1 VF V)
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)
Zener current 1Z (mA)
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vosgUnsaifiussfutarnssiladiineg udhmnmnauesninduieugliiiveusfuluda
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= g T | I ar L ar > 3
JUN 3.10 mendemnsAMuduiusAIRug i woussiuludadeundu lneunududu

3
Wutnuves ¢

mngﬂﬁ 3101 Ky Uow K; agn dumuly aunIsi (2.20) yen Vi, was a sl

o W
3.4 M5 1YulUsHASHIIRY Sentaurus TCAD wWassu [20]

Technology CAD w58 TCAD 1ﬁqn'l°’ﬁ|.ﬂuﬁ'1‘ﬁ'zwﬁﬂumsﬁwmqUn'iiﬁm'sr"’ia i

[ 1 A: i ! . . .
VIAINTIUNFUNTTNUT T LASTIRATUATW LTU @UATTINITUNT (Diffusion equation) @un1s

- l g N ’ o e ¢ e
n1sLAReUNUeINIVIE (Transportation equation) 1Uufu wasfillsslamidunszuiunisasng

nAemnumIIndtaesmsaingunsalasniiuuukuREndanauld TeanduuLas

a ‘o v ¢ o e e M
diueuusivdlunisveaasasiunsaiansnaiaile

3.4.1 99AUsENOUNAN

29AUsENaUnaNUDY TCAD Ysznaume 2 d@uldunnisdiasinssuiunis (Process

. . & ° ¥ & v o i [
simulation) MiunsdnasensvaunisainguaTaianshising Wy msia nsruiums

- [y [ v X a & v ° v o
sondiadu usu TasldaumsiugrunsiidnduaznislénisAunauuulassadne Finite

o o o ° € . . « = o
element lunsdaesdiegui 3.11 uaznisdtaedgunsal (Device simulation) lATeaTN

ol o v ° ° - a °
fiasansasnnaInmsiasansrraunsuvibitaiioudugunsalad wardrassnisldnu

Tananialuiisingg laslgnisAunauuulasiasne Meshed finite-element waviivua

Node gunsaldmiunisianamaluiuarAnunduaniduiimanisnindieg iguany

Watuwve auvnnseua aunulnia {Dusu
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gancenkaton| hetAcivel jom = 3

Dop,
. 47E18
2 %

JUN 3.12 () wandudunuunTinave N sLuAveTRUHD oW YU 013 um V=15V,

V4e=3.0. V () anuduiusssninnssiatuusiunlainnisdrassgunsally
211

3.4.2 daudsznaulusunsu
- Sentaurus Workbench %38 SW8 1du Graphic user interface fivimihidugudsiuves

TUUATUAN9 18 TCAD AM5819U Tool 199 wazn1siIvun Tool flow Avzyikiu
TUswnsuauil
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5U# 3.13 ntiwhalusunsy Sentaurus TCAD d@3uw8a Workbench
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- Sentaurus Process 3o sprocess (Process simulator) tdunilalulusunsuveas TCAD
9189INTLVIUNHER
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' 47618
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24012
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JUT 3.14 Tnseaiag 2 fiivesgunsalitliannnisdnassnisasnilee sprocess

- Sentaurus Structure Editor w38 SDE (Uulusunsuasiilassasnsvegunsnilaenis
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deuuuulassainiisgunsausnade wardniminiduinaraienlysunsudnsy
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- Sentaurus Device or sdevice (Device simulator) Wuniistulusunsaiidnassnmaudd

el

2xSigel
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b

nh
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Y [um]

| X [um]

o

5Uil 3.16 1314 Tecplot SV 1Wuamana

v
-

- Tecplot SV (2D and 3D visualization tool) iulusunsufiuanilassairevesgunsaina

wuuaIarauilf
5 5 = a «
- Inspect (Plotting and analysis tool for XY data) iulUsunsuiiuaniuazitasizinanis

Mavaluguuuurans vl XY 1 IV-curve uag CV-curve
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3.4.3 Yumaunssnass (Tool flow)
nszvIuMsTaealuaniuen nsadilasaiisvesgunsaidentsszanainms
$1893%8 sprocess 3B SDE AlA mudien15ad1a Mesh #ae SDE wdaantuiai
Tastairevesgunsaiuas Mesh Aldluiraemmauauianalwiviely wadwiildarnsa
uanildlae Techplot SV uag Inspect i’iﬂﬂiunsuﬁw‘lquazgnéi’amua'ln command file
(umana .cmd) Fudiu Tex file andannsoadiwazudlylife Text editor Wil us

yadndaildazsssenluluusiazluunsy

SDE or Mesh

Tecplot SV or Inspect
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A1519% 4.1 Wisdiwmeinaruaulunvnaai 4.1

R

Fhoshons

a0 | aea | Concentrat n | Concentration

D01 3.2><10la cm3

D02 , 5.12x10" em’
0.72x10 o s s

D03 N-type Si | 0.1 Q-cm 5 3.3x10" cm 7.68x10 cm
cm

D04 1.15x10" em’

D05 1.92x10" em’

4.1.1 AUAUWUSTIAININTTUENULTIAY
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Abstract:  Aficr  the  fabricaton  and  ¢lectrical
characterization of aner diodes, we  cuan extract
relationship between zener voltage (V) and graded
constani{B). This paper shows thal variation in zenern
voltage is caused by differences in graded constant ol
cach diode. Vig variation at higher Btend ta be less than
lower B one. Furthermore, changes in B also affects the
zner impedance (Zgp). The analysis of temperature
dependency reveals that the breakdown mechanism is
dominated by tunneling phenomena,

Key Words: Zener diode /Graded junction/Zener
voltage and impedance.

1. INTRODUCTION

After the invention by Clarence Zener in 1934 [1][2],
zener diodes have been used in reference voltage devices
and TVS [3] for many years. By used method of junction
breakdown 1o stabilize the volage level. Thus we can
control reflerence voltage level by selecting the junclion
area [4].

Many parameters are important for zener diodes
fabrication. One of them graded constant can show the
pn junction area chacacteristic. For general diodes, we
always assume the junction is abrupt, so graded constant
will be omitted. As zener diodes have some phenomena
concern this parameter.

So this study will experiment by technology supply
from Thai Microelectronics  Center (TMEC). zener
diodes were fabricated and measuremented electrical
characteristics that can explain about the cffect from
fabrication process o zener properties. On the ground of
the process uniform, each diode on wafer has difference
arca of junction. can expression in term of graded
constant (B). This paper will contain the variation in
zener vollage (V). 7ener impedance (7;) and
temperature dependency with graded constant,

2. THEORY
When sufficiently high field is applied w0 p-n
junction, the junction “breakdown™ and conducts a very

large current |4]. There are basically three breakdown
mechanisms: thermal instability, twnneling effect, and
avalanche _muliplication.  Thermal  instability s
responsible for the maximum dielectric strength in most
insulators at room temperature. and is also a major effect
in semiconduetors with relatively small bandgaps (c.g.,
Ge). For silicon at low temperature, however, thermal
instability becomes less important compared with other
mechanism. So we will Tocus on only 2 mechanisms,
tunaeling effeet and avalanche multiplication [5](6), Two
mechanisms contribute 0 the breakdown in Zener
diodes: avalanche muldtiplication and (unneling effect.
These mechanisms differ in several ways, the most
notable of which is that the wmperature coeflicient of
breakdown voltage of a tunneling junction is negative,
whercas that of an ayalanching junction is positive
[7118).

3 EXPERIMENT

Zener diodes were fabricated in basic deviee
geometry shown in Fig. |, The effective area of the diode
size is 1.69 x10° c®. The p* and n'"-region was formed
by ion implantation with boron and  phosphorus.
respectively. Then metallization on n™-layer and p'-
layer for cathode contact and anode contact. respéctively.

P EFE LT
sl

Fig. 1. Cross-section of diode

Then the finished diodes were mwasured electrical
characteristic by Agilent B1500A Semiconductor Device
Analyzer for electrical measurement and probing on
waler by Cascade Microtech M50 probe station with
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ERS Aircool SP72-300 thermo chuck. The
measucements  include reverse current - voltage
charactedstic (at test current, Ix = 20mA), under

ement temperature 30 - 150 °C for considered Vr,
Zzr and temperature dependency of zener breakdown
mechanism. Por another measurement, if reverse biased
juncdon capacitance - voltage charactedstic at frequency
100 kHz, we will get budlt-in voltage (V,.), hyperabrupt
factor (m), and graded constat (B) from this
measurement.

4. ANALYSIS

In the pn junction considered so far, we have
assumed that each semiconductor region has been
uniformly doped [9]. In actual pn juaction structures, this
is not always true. Especially for zener diode, we mmst
consider noa-uaiform doping profiles which are used to
obtafn special pn junction capacitance characteristics.

Fig 2 Generalized doping profile of a one-sided po
junction [9].

By assume one side graded junciion as Fig.2 with
following daping distribution for x > Q is given by

N=8x™ [43)]

N is ation at di x and B is graded
constaat of juncton.

The junction capacitance can be derived by
Poisson’s equation method and given by [5]

1
08 (e }m

S lmé z)(v,{wg)

(¢4

Then, considered only reverse biased Vg, m ca2a be
decived by

sdtieg) _ 1
diiogl) -2 ]

From Eq.2, the expression for relationship between
junction capacitance and reverse biased voltage is given
by

3

C-® N =k, 4 K, W

K
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So we can find B from

(m+3)
5

= e ®

since K, and K; is from the relationship of €™,

5. RESULT AND DISCUSSION

By reverse biased I-V characteristic, we can get zener
voltage (Vz) at Testing cutrent (Izp). In this study, we
choose Irr at 20mA and measured Vz in cange 4.5-4.9V.

000

3

8

..."‘Oo * 4

Meagwrement current (A)
(-3
g

om0

1 2 3 “4 L
Revarse biasad valtage (V)

Fig.3. Reverse biased I-V Characteristic

At high graded constant, Vor slowly inceeases with
graded constant -- f.e. changes in B, e.g. due to process
variations, the constant will have less effects on Vi in

this region.
st
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Fig.4. Variation in zeaer voltage with graded constant.
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Fig.5 Variation in zener impedance with graded constant.

Zener impedance (Zgy) is the impedance of the diode
at test current (Izp). From Fig.5, high graded constant
yields low Zgzy, which means variation of Iy will have
less effects on Vi,

S0
® and0e0e™
© yw3TSEedtent™
ELE I - ¥ 1aSUE
v v
z o ° v
g 43 & v v
.s . . °
4 . °
| R%] v s °
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45
20 330 %0 0 420 asp

Temperature (Kelvin)

Fig.6. Variation in zener voltage with
temperature, K.

Fig.6 show variation in zener voltage due to
p When perature  is
increased, zemer voltage will be decreased. It show
temperature coefficient of zener voltage is negative, and
meant the diodes from this experiment have tunneling
effect dominated on junction breakdown mechanism.
We may expect from Fig.7 that TCV; will decrease
with higher graded constant. As if we can coatrol graded
constant in high order, TCV; will be lower.

20
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>
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8
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Graded constant (erm™)

Fig.7. Variation in Temperature coefficient of zener
voltage with graded constant.

6. CONCLUSION

The zener diodes were fabricated by technology of
TMEC can operate effectively one. Vz can be measured
4.7 - 4.9V at Izx = 20mA and TCVz are -0.85 to -1.82
mV/°C. Graded constant is also an important parameter
in zener diodes process design. In sum, the process
should be developed for higher graded constant because
this developement can improve some characteristics (Vz,
Z;, and TCV,) of zener diodes.
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Analysis of Junction Leakage Current of Pt-Doped Silicon PiN Diodes
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Abstract

This repost paesents the separate components and amslysis of
Junction leakage curnent of Prdoped silicon PiN diodes a1 the diffusion
tomperatures $50 and 900 C and compared 1o a without Pi-doped
diode. The expenmental resulis shomed that the junction leakagse
curments of Peduped diodes ane increased and dirvecily peoporiional to
the ditTusion wemperature. From analy zed the relauon beiween thie
current density versus wmperaure characienstics, we found the
increase of punction leakage cument due w0 tic awms of plaunum

causing a decp energy levels in the baud gap of slicon and effeet on Ue

mechanisms of gunction lcakage current of diodes

Keywords: Junction leakage curnat, Silicon PN diodes, Pi-doped.
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Ion-Implantation Energy Consideration for Zener Diode Fabrication
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Abstract
This article describes the energy level consideration for ion-implantation to bwid the P-N junction zener drodes
fabricated The zener diodes, with SV zener voltage. were fabneated on N-type silicon wafer By using implantation energy
ievel 3 groups (120, 230 and 230ke V). in extremely phosphorous implanted for formed N+ layer Then P+ layer was formed by
extremely concentration boron implanted at energy level 40 keV From expenment. the most compatible 1n this experiment is
230 keV which 15 outstanding stabilizer in zener voltage, series resistance impedance and tewperature coefficient of zener

voltage (TCV))

Keywords: lon~Implantation, Zener diode, Zener voltage, Temperature Coefficient of Zener voltage.
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Series Resistance Reduction by Wafer Backgrinding Process

Wiwat Ithikusumam'. Wittawat Yamwong®, Amporn Poyui®. Jirawat Prabket'.
Chaba Suriyaammaranon' and Wisut Titircongruang'
' King Mongkuw’s Institulc of Technology Ladkrabang
Chalongkrung Rd. Ladkrabang, Bangkok Thailand Postal code: 10520
* Thai Microclectronics Center, NECTEC
51/4 Moo |, Wangtakien District, Amphur Muang, Chachoengsao. Thailand 24000

Abstract

High series resistance (Rg) is a problem that
degrade electrical characteristics and diode effectives,
The objective of this study need to reduce the resistance
by reduced the thickness of diede chip. Zencr diodes
with zener voltage (17 5.1V were reducing chip’s
thickness by Wafer Backgrinding method. Then (he
diodes were compared with zemer diodes which no
buckgrinding. By this cxperiment, chip’s thicknesy
reduction can reduce series resistance about 50%, and
zener impedance (Zz) was decreased 35%. Besides, the
saturation current and leakage current were decreased.

Keywords— Scrics resistance. Wafer Backgrinding. Zener
impedance, Reversed saturation curcent.

1. Intreduction

A problem of diodes fabrication is the high series
resistance.  This will cfiect te degrade other eleetrical
characteristics.  For instance,  forward biased  voltage
dropped was increased which affect to power consumption
also increase. In reverse biased region. the series resistance
also directly effect o zener impedance of zener diodes. And
the next cffeat. stabilization of zener voltage 10 zener
current. In case of high zener impedance. when junction
breakdown. zéner vollage will be large change if zener
currerit has a little variation. That degrades a prominent
point of zener diodes. ([1]-[3])

This rescarch has studied the method for decreasing
diode ‘series resistance. The experiment will focus on
thickness reduction by wafer backgrinding process. Then
finished  zener diodes  will be measured - electrical
characterstics and compare with no backgrind zener
diades.

2. Theory
2.1 Serles resistance

The most of diode matier is the bulk of silicon
wafer. So the series resistanee is caused from wafer matter
is given by,

L
R.ﬂ"’ﬂ: E (1)

When g is sheet resistance of silicon wafer in unit of
L-cin. L is the thickness of diode chips and wt is effective
arca of diodes [4].

Figurel, Crossssection of zencr diodes in the experiment

Form equation 1. the serics resistance can be reduced in 3
ways. First is reducing shecl resistance. which has been
daneonly in wafer plant. Next, increase effective arca.
And the last ways is reducing the diode chip thickness.

2.2 Wafer Backgrinding method

Backgrind (grind only) is a standard silicen wafer
thinning process. Itincludes two steps: a) course grind and
b) finc grind. Coarse grind uscs a larger diamend particle
size that removes silicon faster for greater throughput, but
causes more water damage, Fine grind ameliorates coarse
grind dumage for bettor surfiuce finish and dic swengih.
Fine grind uses a smaller diamond particle size and
removes silicon at a slower rate than coarse grind.
resulting in a smoother surface. [5)

Figurel. Wafer Backgrinding process
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3. Experiment
Zener diodes were fabricated in basic device
geometry shown in Fig.1. The effective arca of the diode
size is 0.85x0.85 mm”. The p+ and n++-region was formed
by ion implantation with boron and phosphorus,
respectively. Then scparate them to 2 groups. First group
sent to backgrinding process and metallization for made
contact, respectively. Another group sent to metallization
for made contact immediately. Lastly, both group of zener
diodes was measured I-V characteristics by Agilent
B1500A Semiconductor Device Analyzer for electrical
t and probing on wafer by Cascade Microtech
MI150 probe station with ERS Aircool SP72-300 thermo
chuck.

4. Result and discussion

Zener diodes, both 2 groups were measured
clectrical characteristics by start with forward biased region
to reverse biased region. The forward biased region will test
for forward voltage drop (%) and scries resistance (Rs).
From figure 3, when zener diode is ON, the backgrinding
group has slope of I-V characteristics more than another
group. VF of no backgrinding group is 0.89V, and the
backgrinding group is 0.82V (at zener test current, Jzr =
90mA). And then series resistance of no backgrinding
group is 2.54 Ohm but another group is only 1.26 or can

ing series r about 50%
0,12 [ = e
o Backgrind
010 ° No Backgrind
< 008 |
'g |
£ 006
o
g 1
2 0044
a |
002 |
i
0.00 —
0.0 0.2 04 06 08 1.0
Forward bias (V)

Figure 3. Comparison of Backgrinding group and no
backgrinding group by forward biased 1-V characteristics.
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Figure 4. Comparison of Backgrinding group and no
backgrinding group by forward biased I-V characteristics,

In reverse biased region, for study of electrical
characteristics in zener diode application. Firstly, VZ of
no backgrinding group is 508V and another one is 5.20V.
The reducing chip thickness can improve zener diodes
stabilization in voltage reference because can reduce Zz.
Figure 4 is shown variation m veltage afier junction
breakdown, zener diodes in #o backgrinding group have
changing more than in backgrinding group. At £ 90mA,
Z, of no backgrinding group is 2.15 ohm and backgrinding
groupis 1.39 or can reducing zener imped about 35%

From figure 3, we can analysis for saturation
current in figure 5. Saturation current of Zener diodes in
backgrinding group is less than another group. (Isat of
backgrinding group is 434x107°A and another group is
1.29x10"A )

109
»  Backgrind ‘
w07 | ° NoBackgind, aiga“
| —— 8
4 g8
< q0e 94222'
z
g 10° o9§::‘..
007 g®
e vo"ﬁ::'..
3 1010 aoi.l'
o K30 f
-
AL AL (e /
1042 j
0.0 0.1 02 0.3 0.4
Forward bias (V)

Figure 5. Comparison of Backgrinding group and no
backgrinding group by saturation current.
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Figure 6. Comparison of Backgrinding group and no
backgrinding group by leakage current,

According to fopward biased current of diodes is
related to recombination and thermal generation of carriers
oceur primarily in the neutral p and n regions, outside the
transition region [6]. Then. the reducing diode’s  chip
thickness would be help to-decrease matter volume of this
current ¢ause. Furthermore. measurement - of —lcakage
current's study found that zencr diodes in backgrinding
group also help to improve this leakage issuc like saturation
CUreni casc.

5. Conclusion

Studying this praject. we producc 2 groups of Zener
diode by using the same  production process  but
differentiate them by reduce the thickness shape to the one
of it. In the experimental. aficr measure the cleetrical
characteristic 1o both of them, we found that if we reduce
the thickness of its shape by backgrinding at the wafer. it
will_help to decrease the scrics resistance. Morcover, the
slimmer diode can causc more cfficicney in - voliage
reference aspect and wlso help to reduce feakage current o
reverse saturiation current peoblem.

6. Acknowledgment

The authors wish to thank Natuonal Science and
Technology Development Agency (NSTDA) for rescarch
scholarship capital via Thasland  Graduare instiwute_of
Science and Technology (TGIST) project. contract no.
TGIST 01-83-070. Furthcrmore. fabrication technology and
clectrical measurement by Thai Microelectronies center
(TMEC), NECTEC.

References

(11 W Tuhikusumam. “Effect of Graded Constant on
Zener Diode Charscieristics”, the 5th PSU-UNS
International  Conficrence ~on. . Engincening  and
Technology (ICET-2011), Phuket. May 2-3, 2011

S. M See. “Plysics of Sciniconductor Devices”, 20d
ed. New York: Wiley, 1981,

12

[3] A E Garside and P. Harvey “The Charactenstics of
Silicon Voltuge-Reference Diodas™ The Insitution
of Electrical Engincers. Paper No. 3055 E. Mar,
19601,

BG Sircetman and SK. Bancriee “Solid Stale
Electromsic Devises. 6th Ed” Prenuice-Hall. 2006,

S. Sandircddy and T. Jiang. Senior [EEE Member,
“Advanced Wafer “Thinnmg Technalogics 1o Enable
Multichip Packages™ WMED. [EEE 2005

DIETER K. SCHRODER, “Scunconductor Malcrial
and Device Characlenizanion” A Wiley-Interscience
Publication, USA.

(41

[5]

Wiwat  Itthikusumarn was bom in
Chonburi. Thailand. He reccived the B.S.
("2004) degree m Electronics Engincering
from Kmng Monghut's lostitule of
Technology  Ladkrabang (KMITL). in
Thailand. He has 2 years expericnce in
semiconductor  packaging  with  SONY
Device Technology (Thailand) Co., Ltd. Now he's working
toward o-M.S. degree in Microclectronics Engineering.
Faculry of Cngincering, King Menglut's Instinze of
Technology -badkribang (KMITL). in Thailand.  His
rescarch field is scmiconductor technology

Amporn Poyai was born in Pathum-thani.
Thailand. He received the B.S(91)
degree  in  physics from  Silpakom
University. ~ M.Eng.('94) in  Electrical
Enginesring  from  King  Mongkut's
Instittte of  Technology  Ladkrubung
(KMITLY. both in Thaland: He obtatncd ME('98) and
Ph.D402) in clsctncal cagincering from  Katholicke
Universiteil Leuven (KU Leaven). Belgium. His doctoral
rescarch wats in the ficld of deviee physics. low
temperature  clectronics, radiation  physies. submicron
silicon technologies and defect engincering. In these ficlds.
he has authored or coauthored over 60 publications in
Journal and Conference papers. and over 15 presentations
at international conferences, [n 1994, he joined NECTEC
(Thailand), where he has been invelsed in the nation
microclectronics projeel. From 1997 10 2002 he had got
scholarship from Thai government supporied through the
National Scicnge and Technology Development Agency
(NSTDA) of Thailand to join IMEC (Belgium) for his
master and doctoral rescarch. Since 2002, he is a
rescarcher of Thai Microelectronic Center (TMEC).
.

ambrpinnsmainmsn i A5R 39 (FECON-34) 30 Raadnion - 2 §u1an 2554 I Ying dtmo

RS

85



malszpivimsnadmna s T ATl 21 FRCON=32) 30 #nefdnion - 2 Fu21n 2584 i vingdvamn

96

86



¥a-uruana

Ju-iRau-Uiia

=b.
eqe,

]

87
UssIng1veu

wwianl dvsnaunad

13 unsAy 2529 Fay’

207/1 14 punnde e.utsarys 2.98y3 20150 15.080-440-0341
Useiimsfne daanssumiansdudin a19139188nnsedind

antumaluladnszaoundninnunmsannssda

ANUYIRNWIEATY 1) WEnduazgunsalansnesiny

2) M3IvenLUUKAENIEUILNTASINgURsalan TR

3) NNSUTENOUINTIITINU

USTEUNITUNIIULASHNAIUIY

W.A. 2549

W.A. 2549-2551

W.A. 2551-2553

W.A.2553-Uaguu

ﬂ”tia‘uwwé'ﬂqm “Basic Course Training in Microelectronics

(Group11)”

o oo al o & @ = 3 s <

laseiidefigudidedidnniedndERC) antumnluladnszaoy

ndnaammsaINsEUe usraunsalifisafiunszuiunsaiing

2 o A v ol o Y

gunsallulasiannselind wavdvinwenisldiaIesilelunisaing
¢ =% o o P a

gunsalansfisiniilued e

AAINTL599U Sony Device Technology (Thailand) Co.,Ltd

- SuiingaunisimstzranuiilymiaingnatiasfuussAuaann

wuweinaw (CCD, CMOS) mdundesianea Fudugunsalansis

fiwdauiifiiiudnnsyhouiudungufseesefiou

nlastddesiufugudmaluladlulasdiannsednd(TMEQ)

wialuladdidnniednduazasufiamesunewi® (NECTEC)  §

Uszaumsahineafunszuaunisasiguniailulasdidnnsednd way

fivnvznsldiniedielunsadrsgunsaiansiiinluedned





