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INKJET PRINTER/SILICON DIOXIDE/SURFACE PASSIVATIONNOLAR CELL

The small patterns of dielectric thin layers froiticen dioxide (SiQ) or
silicon nitride (SiN4) to be performed between silicon substrate andalmadck
contacts of p-n junction silicon solar cells carate the built-in potential. This
electrical behavior of the dielectric layer is edllas “passivation layer” to result in a
decrease of the carrier recombination rate duédéadecreased carrier recombination
velocity and the increased carrier life-time. Thessults can enhance the efficiency
of energy conversion of solar cells. However, a plex procedure based on
photolithography is the main limitation to be naimumercially available in solar cell
industry. In this work, a typical inject printer svadapted and developed for creating
small SiQ patterns on Si substrates in order to produceb#toi surface passivation
layer in solar cells. To inject directly the solveof photoresist, this low-cost
technique can reduce the complex procedure forici@on of the patterned
passivation layers and can be developed into tlleelucommercial processes.

In the first section of this research, a develojpgelt printer was used to print
the desired patterns on a flat base designed bypetmn drawing program.
Furthermore, the study on fabrication of n-Si difan layer on p-Si substrate was
investigated with using spin on dopant (SOD) teghaiin order to perform p/n Si

junction. In addition, the synthesis of Si@ielectric material by using the TEOS



solution base was studied and the SiO; films on p/n-Si samples were formed at the
back of solar cells by a spin coating technique. In order to achieve the SiO; groove
pattern, firstly, the printer injected acetone solvent on the photoresist which was
coated on the SiO, films. Secondly, the opened SiO, grooves were removed by
chemical etching from hydrofluoric acid (5% HF) within 25 seconds. Finally, the all
photoresist was removed by its solvent. The narrowest groove width is about 150 pm
with varying groove gaps at 190, 350, and 780 wm. The SiO, film thickness was
obtained at 100 and 150 nm for the functional thin dielectric. Aluminum (Al) for back
contacts was screened on the opened SiQ; layer and then annealed at 577 °C for 30
minutes. Al atoms were diffused into the localized p-Si surface under the thermal
annealing to form localized p* Si grooves as same as back surface filed (BSF).

In this thesis, the experimental results of opened SiO, passivation layers were
verified by a field emission scanning electron microscope (FESEM). It was found that
the localized compound Al-Si region with the width size and the depth of 101 um and
20 pm, respectively results from Al diffusion into p-Si substrate within the opened
Si0, region. Moreover, life-time measurement of the generated carriers in the samples
was studied by using a quasi-steady-state photoconductance (QSSPC) technique, The
solar cell containing patterned SiO, passivation with the groove width, gap, and
localized p* width of 150 um, 780 um, and 101 pum, respectively provides the optimum
life-time of 98.18 um. PCID simulation was used for calculations the energy
conversion efficiency of solar cells. It was noticed that the solar cell containing the
patterned SiO; passivation obtained the efficiency at 14.64% which was higher than
the solar cell without any SiO» passivation by 1.66%.
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MARANSIASENAE Sol-gel
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(Silicate) Lﬂu%umaumawﬁlﬂ 1TgNEITATA18UIT SOD ot udanueuriasvesasion
Y 1 [l aa A A A =~ F2 A =y 4
ADINTTLUWIAILAUTTUFANDU ‘VINmmsma’e‘mmaﬂmm‘umwm”Jemmmmﬂmﬂumaiuu
a Y aa Y ) Y 9 d‘ Y a "R A ad aa
NIV UIBAADU LLﬂ'J‘L!ﬂ,ﬂﬂllﬂ’JfJﬂ”J”Illiﬂu!Wﬂiﬁ!ﬂﬂﬂWiLLWicﬁNﬂlﬂﬂﬁ"l'iﬁ]@iﬂﬂ?‘lﬂmcﬁalﬂﬁ
& a Vo Yy 'Y 3 A 2 g '
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931828 1A815 U1 3v09N 131N TBUEITAZA18 TEOS:H,0:C,H,OH = 10:20:3
Y o ~ a o 3 o ~ ~ A ]
Ag1lnIsinTunauNgUnl 70°C tanITuaouAIzlN 4.2 (n) uazgii 4.2 (V) Wen UM

) 5 w1di noa H,PO, aslawiSuandmuanaaslddegalin 4.2(m) (mMsduanududu
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Y 9
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U

TEOS:H,0:C,H.OH = 10:5:1.5
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AIUKEANA 70°C YU 5 U

-

@y H,PO, (mu1l5mnamniivua)
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AIUKANN 70°C UIU 60 UIN
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U

4

AsazaedmsunmInaaildy PSG
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517 4.2 (n) MIaasaIsazats TEOS:H,0:C,H.0 Meilila (v) munauiiguigil 70°C

(M) vioa H,PO, ad lmulsinaiidimua (1) munauiigungiivos uiu 60 uii
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U
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MmN 4.1 Soulums diffusion NOATIANMGNAY TEOS:H,PO, 111D 4:1 5:1 uaz 6:1

Mo ldgungiisz¥dne 800°C — 1,000°C

Diffusion temperature ( °C ) Condition
800°C Diffusion time(minute) = 60 minute
850°C TEOS:H,PO,=4:1
900°C TEOS:H,PO,=5:1
950°C TEOS:H,PO,=6: 1
1,000°C

a J Y o
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4
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M15199 4.2 [Toulums diffusion NOATIANMANAIY TEOS:H,PO, 1911171 4:1 gauvigil 1,000°

1us2e2781521319 20-90 WA

Diffusion time(minute) Condition
20
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80

90
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Ny ¥ . o v A o v Ao & o A
’Jﬂmmmmnmbl‘vhﬂmwumawmaummmEJ!,ﬂim’mmmmumu!,muaw’mmmgﬂ‘n 4.8
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11 4.7 gUnsain 1l umsTannudumunuu AL (4-point probe)
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ANUTU TEOS:H,PO, 131 4:1 neldgainigiiszvdng 800°C — 1,000°C 1l

1781 60 U

U

Diffusion Condition
temperature TEOS:H,PO,=4:1 N, =6.2085« 16° ato%mg
CO N p @) | o@D | p@) | P p. (Q/0) miav
Sansai 1 | Sensan 2 | Jaasen 3 | (Q/0) 9@
ASIN 4

800°C 706 604 508 561 594.75
850°C 457 466 458 482 465.75
900°C 256 273 302 321 288
950°C 154 150 150 156 152.5
1,000°C 122 121 134 137 128.5
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A @ Y ] 3 <] A 1 A Ao
f1319N 4.4 Namﬁmmmmumu”lwﬁumumawmaummau"léuﬂmmimim@mﬁﬂ

AN TEOS:H,PO, 11 5:1 moldgainigilszning 800°C — 1,000°C 1ilu

=
1391 60 UIMN

Diffusion Condition
temperature TEOS:H,PO,=5:1 N, =5.022x 16° ato%m3
O p@m | p@D| p@n | P P, (Q/0) miy
Sandaii 1 | Sansaii2 | Sandaits | (@) T
ﬂg\‘]ﬁ 4

800°C 772 780 799 798 787.25
850°C 260 266 276 255 264.25
900°C 234 299 280 231 261
950°C 231 185 186 178 195
1,000°C 165 153 155 145 154.5

A [ 9 ] u’j I A 1 A Ao
MTNN 4.5 Waﬂ”IS’Jﬂﬂ’mJSs”’]”Iu1/111!11741711&!%1!5116@%1!&61!@1%&&’e)u]'lsllﬂ”ﬁuWiﬁ”lﬁﬁ]@TI’e]@]i”l

ANUANTY TEOS:H,PO, WA 6:1 naldgainigiiszndng 800°C — 1,000°C 1

a1 60 U

Diffusion Condition
temperature TEOS:H,PO,=6:1 N, =4.237% 16° ator%mg
CO N p@) [ p@) | p@m | P | p (@) wad
Sansaii 1 | Jansaii2 | Jansaniz | (Q/0) A
Adait 4

800°C 800 850 803 750 800.75
850°C 521 484 440 453 4745
900°C 431 380 389 378 394.5
950°C 324 332 346 326 332
1,000°C 233 226 232 228 229.75
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~ [ 9 1 09)1 <3 A [ A A
M13719N 4.6 Waﬂ']ﬁ'Jﬂﬂ'NNG]']L!‘VITL!uh"l“mWL!WL!TGQ“HULGULQ@uulﬂllﬂﬁ11Hﬂ1iL!W§ﬁ1iﬁ]fJ‘W

annuTaeNons1Anududy TEOS:H,PO, 1i1ny 4:1 meldgaigil 1,000°C

Condition Diffusion temperature ( °C ) = 1000°C

Diffusion TEOS:H,PO~4:1 N, =6.2085¢ 16° ato'%mg

tme | 5 (/) | £ QD) | o (@) | £ (@) | P (@) mis
(minute) | Saaedi | | Sandaii2 | Sansefiz | Sandadi 4

20 120 150 230 155 163.75

30 240 141 150 140 167.75

40 120 125 150 158 138.25

60 122 121 134 137 128.5

80 66 45 33 71 53.75

90 233 25 30 33 27.825

o 9 ] Qa}/ < ~ A o
anansTaanudiumiu ihusuve s uluaisian 4.3 -4.6 ilenisdana
9 A dg’ = o A 9 @ 1 [ [
wun TduveananIsnaaodndeyy 91iwan laanaisiaaanain lindeansvdaneaasly
ns 3 4.8 inmsdunanuiudioiimamuguugilumsunsFuasive manuduniy
] 3 < A v A A o Y 9 I

TufurvvesFuduaziiaanas ualenlasusasinududy TEOS:H,PO, 911 4:1 15lu 5:1

o w 9 a d' = [ 4 9 ] 09.;‘
uaz 6:1 awaay neldgaungiinaznaiouludeddu amnnuduniuliwduvesdu
I S A d? A Ao Yy 9 1w 9
PUITVANNVUY 1az10n31131N 4.9 NON31ANNAVNYY TEOS:H,PO, 11111 4:101814
QUUANNMTUNT T390 1,000°C tat)dsuszeznarlumsuns 151903521319 20-90 U1
1 d‘ o Q' 1R A 1 9 1 :/' a3 =\
wuileiimamiugszezna lumsunsduase sanudrumu i uruue ssuduagdl
1 1 d‘ d’d 1 Lﬂ' ti' o 1 A 091’ Ak A
A1aAAY AIANNAAIAAADUNLAININILBININTZHLIAINTIINTUNITTTIRDT UK YN

~ 1 Y a 1 ~ a 1 A v [ 1A g
madsunlasdawalinanu linsivesguugiilumsunsasitoninan sooaon-1ou

) 4 a J 1 [ 09; <3 {

Tasnaldvousaduasoriadlgainnudiuniutduvosvuounlszuin 60-100  Q/
4

o

(Davis et al., 1980) (Komatsu et al., 2010) 148 (Bock, Mau, Schmidt, & Brendel, 2010) AU

a

= A a A 1= A Y o 1 A
Gluﬂ'ﬁﬁﬂyWUﬂQ!a@ﬂN'ﬂuulEUﬂ'ﬁlLWﬁc]ﬁJﬁ'ﬁmﬂﬂ'Jﬂﬂﬁﬁ']ﬁ’Ju TEOS: HPO=4: 1 Nounnu
3 4 ]

U

o 9 1 A A A g T A @ Aq Y ~
1,000°C Glmaaﬂuﬂmmﬁmmaum 60 N LW@Lﬂuﬁ@ﬂﬂ@W-!@uﬂﬁl‘ﬁﬂ1 L, MUY
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800 +

600 +

400

Sheet resistance (Q/Sqr)

200 +

—#— TEOS:H PO =41
—*—TEOS:H,PO,=5:1
—a— TEOS:H,PO =6:1

750

T T T I’ T T T T T T 1
800 850 900 950 1000 1050
Temperature(°C)
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{ @ 1 :z‘ <] { o 1 o
517 4.8 wamstaanuAUMUIALYBIFIOUNTATIANUANTU TEOS : HPO, 11D 4:1

a 1

5:1 182 6:1 Moldgungiisening 800°C — 1,000°C

300

250

200 +

150

100
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DEVICE Device Schematic
Device area: 100 cm?

Front surface texture depth: 8 um E—
No surface charge
Exterior Front Reflectance: 14%
No Exterior Rear Reflectance
Internal optical reflectance enabled
Front surface optically rough
Emitter contact enabled
Base contact: 0.015 Q
Internal conductor: 0.3 S
REGION 1
Thickness: 380 um
Material from si.mat
Carrier mobilities from internal model
Dielectric constant: 11.9
Band gap: 1.124 eV
Intrinsic conc. at 300 K: 1x10'¢ cm?
Refractive index from si.inr
Absorption coeff. from si300.abs
Free carrier absorption enabled
P-type background doping: 5x10** cm
1st front diff.: N-type, 6.2x10%° cm-* peak
No 2nd front diffusion
Ist rear diff.:  P-type, 1x102° cm peak
No 2nd rear diffusion
Bulk recombination: 1, = 1, = 40.65 us
Front-surface recom.: S model, S, =S, = 1x10° cm/s
Rear-surface recom.: S model, S, =S, = 469 cn/s
EXCITATION
Excitation from one-sun.exc
Excitation mode: Transient, 16 timesteps
Temperature: 25°C
Base circuit: Sweep from -0.8 to 0.8 V
Collector circuit: Zero
Primary light source enabled
Constant intensity: 0.1 W cm-2
Spectrum from am15g.spc
Secondary light source disabled
RESULTS
Short-circuit Ib: -3.283 amps
Max base power out: 1.414 watts
Open-circuit Vb: 0.5985 volts

For Help, press F1
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x, = 2z,\/Dt = 2(2.99),/2.612x10™ cm*/s(1200) =3.348x10°cm=0.33xm

awsaudaaranmsfuaalou lunal melddasanududuves TEOS:H,PO, iy 4:1

a ° 1 A % 1 dy
HagguUrgu 1000°C GluﬂﬁuWiﬁTﬁL%@ﬂ\‘lGITH'N@]’E]UHJU
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o 09)1 <] 4 1 {1 @ ™
@ITB'NWafﬂiﬂTL!'Jleﬂ'J']3JﬁlﬂsUfN‘IfL!L?Ju55113J!ﬁ@uulﬂllﬁﬂWGlUﬂWﬁLLWiﬁWiL%ﬂﬁ@]Nﬂu TagNons

ANUIANTY TEOS:H,PO, 1D 4:1 e ldgaingil 1000°C

Diffusion time

Condition Diffusion temperature ( °C ) = 1000°C
TEOS:H,PO,=4:1 N, = 6.2085x10% atom

cm’
( minute) X,(um) AUIN
20 0.3348
30 0.4101
40 0.4735
60 0.5800
%0 0.6697
90 0.7103
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sk st sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk kot sk sk ok skokokoskokokokokokokokokokoskokokokokokokokokokokokokokokokokokokokokokokokokokokokokokokokokok

o a 3 Y Aqu ¥ 3 aJd aa 4
ﬂ13ﬂ1u’3m“lJ311T’[l!'fni@Nﬁuﬂi“ﬁﬁi1ﬂ%uwaﬂcﬁaﬂ@uqﬂ@@ﬂllclfﬂ

] d A a a a [
Tag wiwaignad Aar a1 iaanssy luih, uminedema TuTadgsuns, w2556

sk ke sk ke sk ke sk sk sk sk sk sk sk sk sk skosk skeosk skosk skosk sk sk sk sk s sk sk sk sk sk sk sk sk sk sk sk sk sk skeosk skeosk skeosk skeosk sk sk sk sk sk sk skokeoskoskeoskokeosk ks skosk ok

v
Y

= o a Z é Y 9 v Aad aa 4
uﬁmiwazmaﬂmimmmﬂsmmmmmum%mwwuﬂamaﬂaullﬂaaﬂ"l«m Tu

~ o 9
UNN 4 ¥IU0 4.4

o

1 P 9 T Aag 9 ) ) 3 ald aa
HUAUTIUNHIUNTHINWNIDIADNIDOUIINUD 4.4.1 N1ﬂ1ﬂ1iﬁi1ﬂ%uﬂﬂucﬁaﬂﬂu]‘lﬂ
s A g 3 a o Y Y I Y A a =
’afJﬂ”l%mwmﬂu“vuwmqm“vumuﬁawmwaa AIYNTILAAD VLV UHYUINIEININNIILATEN

3 Y 3 =~ aa I v 1 ;
AT ANYAIAULASUVUADUNTNTEN SOD mawaﬂau"lﬂmﬂ"lwmma“lﬂu

o a 3 Y Aq Y Y g a d aa 4
1. ﬂ1ﬁﬂ1uﬂﬂlﬂill1ﬂlﬁ13@]\‘lﬂuﬂﬁl‘ﬁﬂluﬂ'lﬁﬂ'ﬁN“b’u“V\lﬁiJclfﬁﬂfJuulﬂﬂﬂﬂul‘ifﬂ

Y
Y Aan 4 o 1
Tumsessuasasduvossanou laoen laadoaldsnsiaiu Tuavos

TEOS:C,H.,OH : H,0, =1:2:2,0.0009 M CTAB, 0.IM HCL wauluaisazaignaniug

Y
20 ml azdvalFasuaazsiia lasiuiruaias 11

TEOS - MW:208.33§%DI N density:O.933% ANUAINTU 98% (%v/v)

C,H.OH - MW=4607Y/ = _ density=0.79% ANUdNIY 99.9%

mol
H,0 - MW:18g/mO| R densityzl%ri

HCL - MWZBG.S%mI - densityzl.lg% ANMTUTY 37% (%w/iv)
CTAB - MWZBMB%H)I ANMTUTY 98%

A 3 9 A A Aaa = £~
Lu@ﬂﬁnﬂﬁWi@N@]u‘V]Nﬂ@!ﬁ]a“]fﬂﬂﬂullﬂﬂﬂﬂblcﬁﬂ A9 TEOS uag C,HOH <unNi

4

k4
VIANFUINND 98% astiulumsmseudisazalealoonsiaiulua (mole ratio) WHOUIN

(% 1 = % dy
’e]@lﬁﬁi]l!ﬂthlﬁ(Volume ratio) ANU
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TEOS - 1mol =1m

C,H.,OH - 2mol =2ml
H,O - 2mol = 2ml

Indesmsiasena15Usum 20 ml vzdeely TEOS=4m uaz C,H,OH =8ml &9z

Yy v
Y o Aa

4 Y Y ] Y
laSnamsasdunadu 12 ml danir i ldswduasasdu iosninmivggnidudla)

Tugiueansa (HCL.catalyst) 1aza15aausafand (surfactant, CTAB) a13azatonsalalasnao

AT 0.1M T MW:36.59/rml - density:1.l9%1 ANV 37% (%w/v)

) o UIAVDIRIPNAZAY
Sovaz Ingulanoliuing = — x 100
Ysmasvesansazay
v & HCl
ALY HCL37% = 9 100
100m

MUI8ANI A15aEa8 100 ml AIGazaIY (HCD) 37 ¢

mMANUTNTUY0InIA HCI Tuniie M

Y
#150v19n3A 100 ml  Niflonsa 37 g

vy 37gx1000m
a15aza1gnIa 1000 ml Nluﬂﬂiﬂg— =370
100m

3709
36.5g/ mal

Y
[

G911 A13aza1enIn 1000 ml AU YU =10.14mol

fdoamawIouaisazale 0.1M HCI $1191 20 ml frvaldan
CV, =CV, 121411 10.14M xV, = 0.01M x 20mi

P _ 0.01M x20m

AU V, =V = 10.14M =0.197m =0.02m

neANNN 1zdoalEnia HCL dudu 37% HUS11a5 0.02 ml wernluansazate 20 ml
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E4 9 9 [ v 1
Yz iNasazaregnuaunady 12 +0.02 = 12.02 ml 1AzIZMADAITNADINIANANDNES

S =KX A
Wuasaausmanl 20 — 12.2 = 7.98 ml

Yy 9

mﬁmmim?ﬂumiaxmﬂ 0.0009 M CTAB 91194 7.98 ml ﬁmam"lf?fmﬂ
CV, =CV, a'la11 C,x7.98ml = 0.0009M x 20ml

_ 0.0009M x 20

sy G, =Copp === oo =0000226M =0.0002260

CTAB 1 MWZ364'5%mI ANUTUTU 99% (%w/v)
3zdeald CTAB $17u m=nxMW =0.000226mol x364.5g/ mol =0.0824¢

v 1] 3 Y v s
MBI CTAB 11 0.0841 g (TaalHnToers 4 Aumia) udwaunuiiinauusgnson

7.98 ml

y 50m
291 TAB =0.0824gx———— =0.0041
AU g 3000 g

¥H1eAINII CTAB 11 0.0841 g udawaunuihnauusgnson 7.98 ml (Tagl41in50ds 4

AN9)
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HEAIT18AZIBIANANITTAAFIITIANHE N 1A91NATEI WCT-120 Sinton

Tuuni 4 110 4.6.3 13199 4.11

1 @

@ @ ] ana ' <]
Yothanan3Ind08191AT98319 n emitter/p-Si /Al and lnssadanansanousosnoi-1ou

9

a

v 9 ]
nldmatamsunsFunuy SOD uazdupgiiitioundae UAUKEIINATES WCT-120 Sinton

1 «J] Wafer Lifetime Measurement Software
Generate SEMIPV13 «\&1
2 Zero Instrument | Measure Wafer | Log To Summary Saee ?:::Il)emto Report ) n.ton Version 450 @ Sinton Instruments 2013
4 Sample Parameters Analysis Parameters Measurement Details
A A v ~ = ~ ] v
Thickness  Resistivity Sample Optical | Specified * Bias Light Logto |Gpace forUser Comments|
5  Sample Name (cm) (Q-cm) Type Constant MCD (cm™) (suns) Analysis Mode Date il Summary
8 hraphong-1-6-40r 0.038 8.0 p-type 0.70 1.0E+14 0 ized (1/1)  3/9/2013 Logged
7 Results of Measurement Error Messages
Lifetimeat *  Sheet | Measured e Fit 5 b § . ™ . hi . 1sun
Spec. MCD  Resistance Resistivity Intercept MinMCD  MaxMCD Bias pointCD Trap Density  Doping Implied Saturated Reference Cell -
8 (vs) (2/sa) (2-cm) JO (Alem?) (ps) (cm*) (cm*) (cm*) (cm*) (cm*) Voc (V) Data for MCD> 6.7E+15 not
s 10.46 106.0 4.03 -7.40E-11 25 1.0E+05  7.0E+15 0.0E+00 0.0E+00 1.7E+15 0.509 | valid Remove Sample From
T Stage and Re-Zero Instrument
0 Lifetime = 10.46 ps @ 1.0E+14 cm-3
:§ ion and Inverse Lifetime (Corrected) vs. Carrier Density Rescale
i " 000 Minority Carier Denst oo
——Light Intensty (suns) e = Minority Carrier Density
I s ||y | . opms CoatDomty
17 +_First Point Analyzed Z | & 200000 ——
B =g §| = L +_Specfied MCD
1 £ 0002 3| §
n 3 \ 8| g2
21 S 2| £
2 s 00015 § | g 200000
k] T ¢
2| ¥ 2|
5 \ 2| g
t \ o001 §| E "
% S $| & 100000
o - N\ 23
00005 & | $
28 10 s 2 s0000
29 N g ] \ T
= , \ . Z ,
31 0.0E+00 20E03 4.0E-03 6.0E03 8.0E-03 1.0E02 1.2E-02 1.4E-02 0.00E+00 5.00E+15 1.00E+16
;3,§ Time (seconds) Minority Carrier Density (cm-)
:; Implied V,, Minority Carrier Lifetime (no Auger Correction) vs Minority Rescale
» 100.00 Carrier Density Graph
2; / ’é‘ 4.00E-05 :::ranry C:rnelﬂ;nmy
) 5 sarent Carrier Density
0 10.00 Pl ° ANER @ Specified Carrier Density
al g ,1/ g 3.00E05 i
42
o 3 1‘”" H 2.506-05
44| £ 100 o
=l S . < 2.00E05
-] = =
el £ € 1.50805
E &
48 3 o010 © 4 00E05 L.}
48| = € Y.
50 S 5.00E-06
51 & L l
52 0.01 = o.00e+00
53 0.4000 04500 05000 0.5500 06000 06500 07000  0.7500 1.00E+13 1.00E+14 1.00E+15 1.00E+16
55; Implied Open Circuit Voltage (V) Minority Carrier Density (cm=)
5
57
il -
W 4 » M| User Settings . Summary . RawData . Report /%3 ]
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@ 1 v @ [l ' IS
A0619NANTIARID819TATIA3 19 0 emitter/p-Si/Si0,/Al 919130011 1ATIA319 MIS 1i]u

9
v A s

14
aa o 1 < a
Tﬂﬁ\?ﬁ%’]\ﬂlﬂ\?Waﬂ“ﬁaﬂ@u%ui@ﬂﬂ@ﬁ-i@u Lla$°lfu"]5ﬁﬂ@ullﬂf]f]ﬂul"‘lfﬂﬂilﬂﬁ']ilﬂu'] 100 nm 4ag

E4 ]
FupgilifioundouAunaINnTes WCT-120 Sinton

1 H Wafer Lifetime Measurement Software
SaveGraphDatato | Generate SEMIPV13 —81
2 Zero Instrument | Measure Wafer | Log To Summary 'rmp:k Report - JI'IOI] Version  4.5.0 © Sinton Instruments 2013
3 strument
4 Sample Parameters Analysis Parameters Measurement Details
" Thickness ~ Resistivity = Sample | Optical | Specified " Bjas Light ' A " Logto |eeace forUser Comments
% Sample Name (cm) (Q-cm) Type Constant MCD (cm™) (suns) _Analysis Mode Date Time Summary
& | 2-5-40min-1 0.038 8.0 p-type 0.70 1.0E+14 0 Generalized (1/1)]  12/8/2013 13:15:50 Logged
7 Results of Measurement Error
Lifetimeat *  Sheet | Measured TRt N N T 7 isun
Spec. MCD  Resistance Resistivity Intercept MinMCD  MaxMCD Bias pointCD Trap Density  Doping Implied
8 (ps) (2/sq) (Q-cm) JO (Alem?) (s) (em?) (em*) (cm*) (em*) (em?) Voc (V) Remove Sample From Stage
s 9.06 1285 4.88 -2.84E-10 0.8 1.0E405  4.5E+15 0.0E+00 0.0E+00 1.7E+15 0.022 nd Re Zero natrument
9 Lifetime = 9.06 uys @ 1.0E+14 cm-3
:i ination and Inverse Lifetime (Corrected) vs. Carrier Density Rescale
14 2 0.0018 S
15 \ —Light n®n sty (suns) = 3 '™ Minorky Camer Density
8 . \ ——Phowconducance (Siemens) 0.0016 imooo x Apprant CanierDensky
17 16 + First Point Analyzed 2 | % 350000 —F
o \ \ oo g | 2 ! o Spechied MCD
s EM \ \ 00012 5 | § 300000
2 81 213 X
21| & \ \ 0001 8| £250000
2| S 5 8
n B, 00008 5 | < 200000
4 3| e
25 £ B N \ 0.0006 § % 150000
= S -
2 T AN . 00004 5 | 3 100000
&
= 2 ~N \\__ 0.0002 £ s0000 e —
H LTt
2 . ———L . z o pr—
31 0.0E+00 20E03 40E03 6.0E03 80E03 1.0E02 12602 1.4E02 0.00E+00 2.00E+15 4.00E+15 6.00E+15
iz Time (seconds) Minority Carrier Density (cm=)
Implied V, inorif arrier Lifetime (no Auger Correction) vs Minori Rescale
u o Minority Carrier Lifetime (no Auger Correction) vs Minority
% 100.00 Carrier Density Graph
;; g 3.50E-05 W Minority Carrier Density
€ X Apparent Carrier Density
9 S 5
) 10.00 ’/. g 200EDS #Speciied Carrier Density
- &
o B "/ g 2500
42 3 BEY A o ;
4 e 100> g £y E 2.00E-05
45| 2 . -l d
] 5 1.50E05
a| B 5
4| 3 o010 O 1.00E-05 Rer
89 = ‘Y
50 f 5.00E-06 "R
51 2 FLL l
52 0.01 = 0006400
52 0. 0.4500 0.5000 0.5500 0.6000 0.6500 0.7000 1.00E+13 1.00E+14 1.00E+15 1.00E+16
:‘5 Implied Open Circuit Voltage (V) Minority Carrier Density (cm=)
%
57
E3

W <> M| user /Settings . Summary . RawData . Report [ ¥J 4] L]
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(% 1l [ YE-% 1 I~
fed1awamsindienalasaaine Localized p contacts 100 nm -350 (Y1 Tasaad1aveandn

< o

an 1A A a 4 A ] kY = 9
FANDUIDYADN-IDU wwu%ﬂau"lﬂa@ﬂ"lcmwm 100 nm QD VUNUATUHAINUVYUIANIN

] a d‘ ] d' 9 [ . Y A A + . .Aa ]
¥99%0411a 100 um IBNTUNTOUNANNIBUISAY eutectic LLAIVSUUILIWU p -Si inaluge

[ F
Aavinanianae 101230 pm uarszezr1vedreuila 350 um uaziivueaiitiounaoy

G

MUNFINA91NATOI WCT-120 Sinton

1 J] Wafer Lifetime Measurement Software
Generate SEMIPV13 |
2 Zero Instrument I Measure Wafer | Log To Summary Seve ?::'F'zm” Report 51. n_‘o" . Version  4.5.0 © Sinton Instruments 2013
3
4 Sample Parameters Analysis Parameters Measurement Details
~ ~ ~ ~ == ~ ~ ~ - =
Thickness ~ Resistivity ~ Sample Optical ~ Specified " gias Light Logto |[Space forUser Comments
| £ _Sample Name (cm) (Q-cm) Type Constant MCD (cm®)  (suns) Analysis Mode Date Time Summary
& jphong-3-5-401 0.038 8.0 p-type 0.70 1.0E+14 0 () 31972013 11:26:18 Logged
7 Results of Measurement Error Messages
Lifetimeat *  Sheet ' Measured © N Fit N N v N T tsun
Spec. MCD  Resistance Resistivity Intercept MinMCD  Max MCD Bias pointCD Trap Density  Doping Implied Saturated Reference Cell -
B (ps) (2/sq) (Q-cm) JO (Alcm?) (ps) (cm*) (cm*) (cm*) (cm*) (cm*) Voc (V) Data for MCD> 5.7E+15 not
s 76.62 3.7 1.21 -1.10E-11 174 1.0E+14  5.7E415 0.0E+00 0.0E+00 1.7E+15 0582 | valid Remove Sample From
Seadd Stage and Re-Zero Instrument
0 Lifetime =76.62 us @ 1.0E+14 cm-3
;i ination and Inverse Lifetime (Corrected) vs. Carrier Density Ré'm'lf
14 7 0.0025 _ 2p!
15 = Light Intensity (suns) 50000 = Minority Carer Density
16 60 (Siemens) g x Apprent Carrier Densty
17 + First Point Analyzed 0002 3| § o Fit
18] o §| = 4000 T +_Specified MCD
z 50 . g <
CI- S| 8§
20 2l 3
2 % - 00015 = 'g 30000
2| S8 \ 5| 8
2 By T i
= E \\ 0001 3 & 20000
f: 22 I\ 3| 3
2| £ 2| =
2 \\ 0.0005 2 3 10000
28 10 ~ £
s
2 H
£ 0 \\‘ 0 £
31 0.0E+00 20E-03 4.0E-03 6.0E03 8.0E-03 1.0E02 12602 1.4E-02 0.00E+00 5.00E+15 1.00E+16
g Time (seconds) Minority Carrier Density (cm<)
g; Implied V,, Minority Carrier Lifetime (no Auger Correction) vs Minority Rescale
» 10000 Carrier Density Graph
a7 g do0E0e W Minority Carrier Density
gg / H X Apparert Carrier Density
0 10.00 P S 250604 @ Specified Carrier Density
il 2 e
2| § g 200604
LR E
:; g 1 S 150604 -+
w § s
4 B E
a| B & 1.00E-04
8 3 o0 9 {&
9 = g
) £ soeos
51 $
52 0.01 2 o.00ee00 !
52 0.4000  0.4500 05000 0.5500 0.6000 0.6500  0.7000  0.7500 1.00E+13 1.00E+14 1.00E+15 1.00E+16
= Implied Open Circuit Voltage (V) Minority Carrier Density (cm=)
%
57
58
WM 4> M| User /Settings . Summary . RawData . Report /%3 IKN
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(% Ll v o ] I~
fet1anan1sindiee191nsea31e Localized p’ contacts 150 nm -350 1JuInseers19vednan

< o

an = A Aaa L4 A ] 9 v A 9
FAADUIDYIADN-1DU wu%umaﬂﬂu"lﬂaaﬂ"lmﬂﬁm 150 nm (AADULUNUATUHAINVYUIANI

] a d' ] d' Y Y . Y A A + . oA ]
V99¥91a 100 pm IORIUNITOUNAINNIDUITSAD eutectic UAIVSHUIIU p -Si inaluyes

a 9 A 1 ] a =\ es.ll a A A 9
wWavianunae 101430 pm HaYILETHINV0ITUTA 350 pum HASHFUBAUIUIUIADUATU

u

NA991N1AT99 WCT-120 Sinton

SaveGraphDatato | Generate SEMPV13 “S‘i nton Wafer Lifetime Measurement Software
Text Fie Report nctrument

1
2 Zero Instrument | Measure Wafer | Log To Summary Version  4.5.0 © Sinton Instruments 2013
3
4 Sample Parameters Analysis Parameters Measurement Details
" Thickness * Resistivity . Sample | Optical  SPecified " Bias Light " N T Logto Epsce forUser Comments
5 Sample Name (cm) (Q-cm) Type Constant MCD (cm*) (suns) Analysis Mode Date Time Summary
& | 3-6-60min-22 0.038 8.0 p-type 0.70 1.0E+14 0 (171)|  12/8/2013 12:06:25 Logged
7 Results of Measurement Error
Lifetimeat *  Sheet ' Measured | TRt N T ) N R ) 1sun
Spec. MCD  Resistance Resistivity Intercept MinMCD  Max MCD Bias pointCD Trap Density  Doping Implied
8 (ps) (2/sq) (Q-cm) JO (Alcm?) (s) (em*) (em*) (em*) (em*) (em*) Voc (V) Remove Sample From Stage
) 70.79 37.3 142 1.59E-11 -20.0 5.8E+13  4.8E+15 0.0E+00 0.0E+00 1.7E415 0.575 nd Re-Zerolnstiment
1 Lifetime =70.79 ys @ 1.0E+14 cm-3
:§ ination and [ Inverse Lifetime (Corrected) vs. Carrier Density RGOS:;'I'G
r
2 0.0018
:; -\ ——Light Inensty (suns) N / m Minority Camer Density
1 L \ ——Fromconduatance (Siemens) 0.0018 ‘2 50000 x AgprentCamerDensty
17 15 + First Point Analyzed | 5 —F
® o= \ \ 00014 £ S = o Spectied MCD
19 21 3 < 40000 4— Ny
5 \ \ 00012 3| S =
2 &n 2l 3 L] %
1 -
21 \ \ o0t £ £ 30000 3 -
2 B \ \ 00008 5| © : L
€8 2 ° =
% AN S| & oom .
% 5 ¢ 0000 § | =
o = AN ooos 3| 3
27 4 S $ 10000 1%
¥
2 s N DN 0.0002 5
3 e —— H
£ 0 — ) 0 I}
31 0.0E+00 20E-03 40E03 6.0E-03 S8.0E-03 1.0E02 12602 14E-02 0.00E+00 2.00E+15 4.00E+15 6.00E+15
ii Time (seconds) | Minority Carrier Density (cm=)
i; Implied V,, Minority Carrier Lifetime (no Auger Correction) vs Minority Rescale
» 100.00 Carrier Density Graph
37 z B Minority Carrier Density
) k-]
3  E— £ 250604 X Apparent Carrier Density
40 10.00 / 8 # Specified Carrier Density
b3
:; T / E 2.00E-04
@l g
“4 e 100 S 1.506-04
45 ﬁ «
48 e
o B N E 100604 o
E g L
48 3 o010 o
9] ¥ £ soeos n o~
5 2 —
52 0.01 2 0.00E+00
53 0.4000 0.4500 0.5000 0.5500 0.6000 0.6500 0.7000 1.00E+13 1.00E+14 1.00E+15 1.00E+15
g Implied Open Circuit Voltage (V) Minority Carrier Density (cm=)
E)
57
58
M 4> M| User /Settings . Summary . RawData . Report ¥J IKN
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SUMIRESIST PFI-34

Sumires:st positive-lype

» ) .- ]
pnoloresiss

5 .
517 n @15 uee wuw Positive
1. Goulvlums ldau
1 d' 9 ] an ay
UAUFIUN TS | LU IUTANOUYUIAS 1D
M3 HDMS ; UftiamsNgumngiidos asaui
o 05: o A g} a o
NAIINITUIIANNAZDIANYN 50 °C (1UTENT)
Prebaking : ﬁqquﬁ 90°C U 1419 (DHP) cf.) prebaking = Solf baking
ANNLURINFUNR]A : 0.9 um (Bottom of swing curve of silicon)
1.16 um ( top of swing curve of silicon)

Exposure 7119 : NIKON NSR-2005i9¢(NA=0.57, 6 = 0.6)

PEB : 110 °C W14 1 119 Development : SOPD (2.38 wt %TMAH )
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MWNAIANHUZANNHINAAY T 1110v09 Sumiresist PFI-34

PF1-34

A D16 s
NSR 20069C

PFI-34
G4umlL/S
Isolated

o r=esam

C L s

..................................

oz Litiiliil
200 250 300 350 400 450 500 550 600
EXPOSURE (msec)

Exposure : NIKON NSR200513C NA=D, 57 o =0.60
PB/PEB : 90TE0/11.0CE0y
Davaiopment : SOPD(TMAH 2.38%) 23°C Pudglo 605




azéﬁﬂu : Acetone

¥oi3unou Dimethyl ketone; beta-ketopropane; pyroacetic ether; 2-
propanone.
CAS No. 67-64-1
ge3 lutana C,H,0
Fd
uminluana | 58.08
= =
01709 56.5 paFN¥ AL
vAa 3 a2 Y A A A %
Aaauia Wuveaurarlind seme'ld Asaniu Inaumnizdd
{a I v o o a .
msldnaangrune | Idiudhazarelumseanaru(opium) tazlulan (coca
& A I~/ )
leaf) INON1IWAN heroin LAY cocaine 1T ufaza1elu
[ J
NITAUATIEH amphetamine LAY LSD
Wd’ 9 ) @ ~
msldngnaguine | ldiludrhazarenalilugaavnssuall uazgaaivngsy
Y [ Y
wane lnaniiiunaoau Chloroform Walaan 1judn
(97 1AZIATDIFID19 ‘a9
[ A Aaa [ I~ [ [ a {
MINIVAN TuaayI 3911001 550 Haaans Ialuingdunsieyian

a o

3 AUNTEINFVYAAINOUATIY WA, 2535

a o ¥ 2 a2 Y &£ o
- m3nan 111 deoon wiomsii A lunsounsesdiaing
@ a A Y Yo
suaseiian 3 doslasulueyne
Y A o Y 1 A Ay £ o o
- 4lawda 1iudn deeonwieli A lunsounsesdaingduasie
wilah 3 Taoi Id5voyna AoeszeInydinn binuaesl

k4
o %

A o ra =) 3 @
Wiﬂﬂi‘]_l“llllﬂuﬁ’t’)ﬂllﬁu‘]_l"m N3N

1 a A aa v
Mmmﬂmsﬂumu 550 yaaang Y UATILING AUNTE

sivuatleatunsldasszvie w.e. 2533
Y a A 9 o 9 B v o o ] 9 o
- guannsodiuindeansszive nouthesniimiiteazdeaii
Y o A A A '
aandenu AuAoU NATFULHIOUMOUITY
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) ‘a4 a v v 72
WIIIA HIHT L1AS MNOITTU ﬂaq‘mmmu

[ a A - ¢ - < o o
mwninimnssuhith augdmnssumand unnnmamnn]u'laquu

11 0. INodo A.q3u73 08103 1 3auATIIYTIN 30000 TnsAmi: 087-869-3580 E-mail: phong_jarr@hotmail.com

2 a A - ¢ - « - o
mnindmnssuhith AUSININTIUMNANT nnmwmmnnluhquu

111 0.2 INndo a.q3uns 0.800a $anIauas 1w 30000 Tnsfmi: 044-22-4582 E-mail: thipwan@g.sut.ac.th

v
unnage
o A A - o
msAnwaziaLniesRNT¥iafia  (Inkjet printer)
A , & 4 o o >
aidlaesyumsnsnhdmivmalizgndlfamihuyad
-~ 4 a - an ’ - -
umeiadyliandndaneu ymlszasdvesnts Winalianidadie
A A /A va a 4 v
wieamnixiimiia Avannsoainarnawnnadnszayluaseu
A 0 5 - - - 4
monveutladmivnssuunsaindnlzAuinudidomseiing ¥
. o 4 o sava -
maiiansiadoniesiiyinizia lszgminnlfiumumaiiany
A -
aduamawdoum  (Phowlithography) 1foanfuuMIHAR LAz
o A do Awpe A4 A 4o ooa d
sunounsHaniiFudouas Tassamil ldinasesintyiimiddadidh
maTuTaduuuFianudou (Themal) umianndelifmunsoiia
- - 4
anazawhunnszun 18 uazdamsazae: # TauFadudnhazaw
vouans s (Photoresist) 14 Tamhinsfaasuuilauiindeudo
- - A -
a3 huasdomaiinmsindeurumios Spin coating) 1o 1ifia

youllanwiideanns

v, A A ¢ a oa ’ a ¢
fhfhﬂiu: IATDINUNFUANINA, ﬂﬂlhlllﬂ. yaauasemay

Abstract
The study and development of inkjet printer for

f of semicond

of small openings
cell applications. The objective of this study is to fabricate a small-arca opening
mask for clectronic device by avoiding photolithography technique.  This
significant aim is to reduce the complexity of production process. The thermal
inkjet printer was modified in this project. Acetone solution was exploited

layers in silicon solar

as ink that was sprayed onto the horizontal silicon wafer which was
coated by the photo resist.
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