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2" Semester , Education Year 2004

Abstract

Solar energy is a clean energy. And it have never been exhausted. Thus solar energy is a
good choice. Solar cell is a device can convert solar energy into. clectrical energy directly.
However solar cell have been restricted energy converting. So we need to rescarch on increasing
solar cell efficiently.

This project present solar cell efficiency development by created back surface field. It
made solar cell was reduced carrier’s recombination at the back surface and it can increased short
circuit current (I_) and reduced saturate current(l ) .So the overall effect can increased efficiency,
increasing active area by inverted pyramid etching. And research on anti-reflection coating-

porous silicon. Beside designation of solar cell’s pattern are present.
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tMatenial {eV) Hn “y Ty Th {l
Si v 1450 500 400 100
GaAs 1.4 8500 400 50 11072 5
cds 2.6 340 615 100 107¢ ~1
8 e, 6000 4000
Se{Hex) 1.6 2 17
SiC{g) 2.6 1000 10
As, Sey 1.6 15 45
Sb,Seq 1.2 15 45
AlSb 1.6 400 400
GaP 2.2 >200 150
CdAs, 1.0 100
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ZnSe 28 500 16
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Other materials
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Material {eV) Material eVl
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" o W t:i d 1 9 [
mmmamqaqwmaamﬂmm?wa@ (P,) 4602 mW
1 a o
alaunanesd (F.F.) = 0.584
alszansawveansiasunasau (N) = 7.988 %
Fa v
o s 5
AUNTULA IV UBAA (Arca) = 0.70 cm’
guuni (Temp.) = 20 ¢
o
Tagaaiiaguq

Tasaadanquinsziia
H y g aa g < w
suaamsaztounaaiiuganoulavon lvdunilss ma 1000 daanson

A i as
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B
I-V Charecteristic
1
|~ 30.000
E
5 25.000 |- .
<
gzo.ooo \
3 oo |
| [<b]
3 10.000 A \
| § 5.000 ,\
- & 0000 . \ ‘ LY
| 0 0.1 0.2 0.3 0.4 05
Voltage(V)
L

a wva . o g a o A a
s3It 5326 nsludRsn AN TTaNRzLs IWLB TRt Tindd N S HiTnseadie

U

wquitszia uaz guiliihdumds

1\( P-V Charecteristic
‘ 7.000 LI\
1 6.000
| % 5.000 ] e \,*
T
S 4.000
% 3.000 - / \ 7y -5Py
2 2.000 t*
2 }
1.000 -
¢
0.000 ! . : : \¢
0 0.1 0.2 0.3 0.4 0.5
Voltage(V)

wva o w @ (4 a o A =
51071 5.3.27 ﬂﬁﬂxmﬁmmaummamamamﬁmummmammammémw 5 filaseads

Q

waufisziia uaz quwllihdmmas



~ 4 a do a = = a v aa 9 [
o319 5.8 IARLEIeMASAIN 5 1 Inssad amquNsziia Wes A anou sazauw Iihdnmas

|9}
~J

A ]
HuRsuLe

Voc Isc | \Y P A W I".F Eff
(v) (mA) (mA) (v) (mW) (cm?) (mA/cm?) (mW/cm?) %)
S Ipypr 0.436 18 0 0.436 0 0.74 0.000 0.000 0.631 ! 8,133 ;
T 1 0.43 0.43 1351 | o
2| 0425 0.85 2.703 149 | —
3 0.42 1.26 4.054 1703
4| 0416 1.664 5.405 2,249
5 0.41 2.05 6.757 2,770
6| 0405 2.43 8.108 3.284
7 0.4 2.8 9.459 3.784
8| 0395 3.16 10.811 4270 "
9 0:39 3.51 12,162 4.743
10 0.38 38 13.514 5.135
1 0373 4103 14.865 5.545
14 0.34 4.76 18.919 (:432 B
15 | 10327 4.905 20270 6.628
1575 | 03145 | 49534 21.284 6.694
N 16| 0.303 4.848 21.622 6.551
17 0.23 391 22.973 5284
L 18 0.023 0.414 24.324 0.559
AN = 125,000 1x.
AsTUAYNULAAIWT () = 18 mA
usanuUnzlaeas (vV,) = 0.436 V
WEINUFITANIIYANAA (P,) 2 7.848 mW

ANnudunszua ()

aszuaiiliifafas ldfhgaga @,)

usasum lfiRamae lihgega v

ms1dsnugagafiwadeliunlvaa (P

fFlauamos (F.F)

arszansmwvesmsilasunaanu (N

I Ao P
AUNSULA VD ULAA (Area)

Qilﬂmuﬁ (Temp.)

Tagaadaduq

Taseardanquitsziia

)

m

& g @i e
‘Uuaﬂmiaxﬁauuauﬂu‘waiﬁ%aﬂou

g I dunas

25.714 mA/em’
15.75 mA
03145V
49534 mW
0.631

8.133 %

0.74 cm’

20 °c
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e s

|-V Charecteristic

N
o
o
o
o

|
1

|

\ 1

\ | ——5 Py+Por

| | o
0.000 ; : X

<

0 0.1 e 0.3 0.4 0.5
Voltage(v)

Current density(mAlcm?)
—-—
3,
o
o
o

(@)]
o
o
o
!
[

v
a

wva @ V g a du a =
i‘l_h/l 5.3.28 ﬂﬁTV‘ILLﬁﬂ\3?1m’CﬂJ'UWVlNﬂiguﬁuﬁ%uiﬂﬂuﬂlﬂﬁL“]ﬁaauﬁﬂ@’l“ﬂﬂﬁlﬁﬁ‘ﬂ 5 Miﬂﬁﬂﬁ%ﬁﬁ

U

yquitsziia uazaunlWidumds

P-V Charecteristic

8.000
7.000 -

6.000 s st
5.000 / \\

4.000 —}X —e—5Py+ PorJI
3.000 -

2.000 - » X

0.000 - ‘ ‘ ‘ :
0 0.1 0.2 0.3 0.4 0.5
Voltage(v)

Power(mA/cm?)

~ wva o w @ d a do 4 s
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=) a Y [
Insaadanquitsziia uaz any Idhdumas

Voc Isc I \Y P s | ] w I Err i

(v) (mA) (mA) (v) (mW) (ecm?) (mA/cm?) (mW/cm?) (%0)

Zpy | 046 | 32 0| 042 0 0.7 0.000 0.000 | 0408 | 10.420
1| 0418 | 0418 1.429 0.597
2| 0414 | 0828 2.857 1183
4 0.404 1.016 5.714 2.309
6| 0395 2.37 8.571 3.386
g | 0385 3.08 11.429 4.400
10| 0374 3.74 14.286 5.343
1| 0368 | 4048 15.714 5.783
15| 034 5.1 21.429 7.286

18| 0317 5706 25714 8.151 1
20 0.295 5.9 28571 8.429
21| 0285|5985 30.000 8.550
215 | 0279 | 59985 30714 8.569
2175 | 021767 6.003 31.071 8.576

2] 0271 5.962 31.429 8.517 |
24| lo239 | | 5.736 34286 8.194
2% 0097 | 5122 37.143 7317
28 | o2 | 4256 40.000 6:080
30 | 0095 2.85 42,857 4.071
320,02 0.64 45714 0.914
AN UIES = 125.000 Ix.

AIEHAUULIAINT (1) = 32mA
UFIRUUNEITA9T (V) = 0.46 V.

WAINUTIAAMIQAUAR(P) = 14.72 mW.

ANuduNITIA (J.)
Ao q ¥
Aszuani i
o Ao q¥
wsaeundi v

AMANIUEA

a

a

L}

@

nan1a

[

AANIAY

o

)=

aean

A s
alauslnmes (F.F.)

'

b

o

Pleo]

mwgﬁ (Temp.)

Tageadiaduq

9 ~ a :1, £4 g aa J
Tasaadgquitsziia Fuaanisazfounauduganoulaoon lednunlszun 1000

{ 4 s
NUNS VLIV UXAA (Arca)

allfhgaga (1)

Seerasounazauin lihdunds

Tithgaga (v,)

madoeliunvan (P,)

o L
alseanimwvosmaasundsau ()

= 45.714 mA/cm‘

21.75 mA

0.276 V

6.003 mW

= 0.408

10.42 %0
0.70 cm:

20 °c
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I-V Charecteristic
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L Voltage(v)

Current Density(mA/cm?)

~ va @ g a do a 9
ZII'VI 5.3.30 ﬂi1“/‘1LLf’fﬂQﬂﬂ‘lﬁll‘lJGW]'Nﬂ5$LLﬁLLﬁZLLiQﬂu%@ﬂt“ﬁﬁﬁuﬁ@@’]‘ﬂ@ﬂﬁ?ﬂ 7 Niﬂﬁﬂﬁi'ﬁ

wouitszda uaz awmlnihdumds

P-V Charecteristic
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7.000 T107] o X
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i X 5
soo\\ = E, ¢ ==

x
3.000
I\
o [ by

0.000

Power(mW/cm?)

0 0.1 0.2 0.3 0.4 0.5
Voltage(V)

~ wa o w @ o a dou A = 9
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— J a do o =) = a v aa Y [
1371 5.10 radLEeonadaaf 73 Inssad wnguitaziia wedaganeo uax v Idha mas

| Voc Isc 1 Y% P ﬂruﬂfuum ] W TVIA Lt
(v) (mA) | (mA) (v) (mW) (cm?) (mA/cm?) | (mW/em?) (%)
7pypr | 0.444 16 0| 0437 0 0.7 0.000 0.000 | 0561 | 6914
1 0.435 0.435 1.429 0.621
3 0.426 1.278 4.286 1.826
o 0415 2.075 7.143 2.964
6 0.407 2.442 8.571 3.489
7 0.4 2.8 10.000 4.000
9 0.383 3.447 12.857 4.924
10 0.37 7 14.286 5.286
o 0.355 3.905 15.714 5579
11.5 0.344 3.956 16.429 5.651
175 | (034 4 16.786 5.690
12 0.33 3.96 17.143 5.657
13 0.299 3.887 18.571 TP
14 0.253 3.542 20.000 5.060
14.5 0.03 0.435 20.714 0.621
AN ULUAS = 125,000 Ix.
AszuavIMEanIs () = 16 mA
H3AUUNZITAINDT (V) S 0444 V
WHIUFIGANIIQANAA (P) £ 7.104mW

anudunszua (J,)

aszuafvhlfinedide iihgegea,)

usefniiilfinasas iihgaga (v,)

o o ~ P Y
aimdsnugsgaimaaiielviun lnaa ()
1y Jd
alaurlawes (F.F.)
Atlszansnwvesmsiasunasanu (N)
1 A &
FUNTVUAIVOUHAD (Arca)

guiinil (Temp.)

Tagsadedun

Taseadranquitszia

3/

Fuaamsastounauiunodadanon nag awwl

22.86mA/cm’
11.75 mA
0.34V

4 mW

0.561

6.914 %

0.70 cm’

20 °c
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R o
-V Charecteristic
25.000
E 58,000 —2= o
<
E 00 \
> 15000 | \
(/)] |
c —— 7 Py+Por|
$ 10.000 =
‘.E \
g )
E giey———
o X
0.000 [ o

0 0.1 2 03 04 05
Voltage(V)

I

s wa @ . 4 a do o = Y
Eﬂ‘ﬂ 5.3.32 ﬂi’]‘l"hlﬁﬂ\?ﬂﬂlﬁﬂﬂﬂﬂwﬂizLlfﬂmguﬁﬁﬂuﬂlﬂﬁl%aﬁuﬁﬁ@’l'ﬂﬂﬂﬁ'J‘Vl 7 NIﬂiQﬁiN

=\ a v aa 9 o
nauiisea wosadaneu uagamnuliihdumds

P-V Charecteristic

Power(mW/cm?)
w
(@]
o
(=]
|
|

2.000 +

1.000 |—

0.000

0 0.1 0.2 0.3 0.4 0.5
Voltage(v)

a wa o w @ J a do a P=t
31/ 5.3.33 nsluaasguauAnehidunzLI ALY IYAALTIOINAYAIN EUGENGERR

=} a v aa 9 [
NQUNIZUA WOTALANOU wageaany Wihdmnds




(V8]
US]

-~ o & der A = a o aa
@159 5.11 lwraauaaeindaan 9 i laseadevquitsziia wesaganoy

KA ]
e

Voc Isc I \Y P J W EF Lt
(v) (mA) | (mA) (v) (mW) (cm?) (mA/cm?) (mW/cm?) (%)
Ipypr 0.494 20 0 0.46 0 0.7 0.000 0.000 (0.544 ‘)‘3,“(?‘
1 0.455 0.455 1.429 0.650
3 0.444 1.332 4.286 1.903
S 0.433 2.165 7.143 3.093
7 0.42 294 10.000 4.200
8 0414 3312 11.429 4.731
9 0.407 3.663 12.857 5.233
10 0:4 | - 4 14.286 5.714
11 0.392 4312 15.714 6.160
o) 0.352 5.28 21.429 7.543
16 0.336 5.376 22.857 7.680
16.25 0.331 537875 ; 23214 7.684
17 0.313 5.321 24.286 ‘ 7.601
18 0.277 4986 25.714 7.123
19 0.205 3.893 27.143 ] 5.564
19.5 0.02 0.39 27.857 0.5357
AN LA 125,000 Ix.
ATZLATULOAINRT(A) 20 mA
s IAUYNZITA99T (V) 0.494 V
NHINUFIGAN1QANAR (P 9.88 MW

ANMIUNIZLE ()

asguafvhlfinamas fhgaga ()

psagunhiinafas Iihgegaev,)

1 o w dl g [0 =S
mmawmqquwaamalﬁum Iviaa (P )
1 a 4

amaunaees (F.F.)

a a

silseAnsamvosma/foundsau ()
fufsuumveumad (Arca)

Q¥ (Temp.)

Tnsaerdratun

Taseadanquitaziia

v

@ S| v aa
Gﬁua@fﬂﬁﬁ?ﬁﬁ@uuﬁﬁlﬂuwaiﬁcﬁﬁﬂ@u

28,57 mA/em’
16.25 mA
0.331V

5.38 mW
0.544

9.336 %

0.70 cm’

20 °c
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I-V Charecteristic
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( o
ADON bA

Voc Isc I Vv J fufisnm J w I¥:13 =)
() | (mA) | (mA) v) (mW) (em?) (mA/em?) " | (mW/em?) (%)
1 I/mor 0.481 14 0 0.45 0 0.75 0.000 0.000 0.603 6.577
| 0.445 0.445 1.333 0.593
2 0.441 0.882 2.667 1.176 ,
4 0.429 1.716 5:333 2.288 l
6 0.417 2.502 8.000 3.336
7 0.409 2.863 9.333 3.817
8 0.4 3.2 10.667 4.267
9 0.392 3.528 12.000 4.704 A:
10 0.381 3.81 13.333 5.080 t
10.5 0.375 3.9375 14.000 5.250
11 0.369 4.059 14.667 5412
11.5 6.353 4205_95 15.333 5.413
13 0.256 3.328 17.333 4.437
| 14 0.018 0252 18.667 0.336
AN L \ 125,000 Ix.
ATLLAVNULAAINVT () = 14 mA
HIIAUUULIVADT (V) < 0481V
WHINUFIGANIIQANAR(P) 5 6.734 mW
ANuALnITIE (1) £ 18.667 mA/ent”
aszuaiivhlfifamds ihgeae @, ) 11.5 mA
usssuiitlfifadide lnihgege (v,) S 0.353 V
ﬁwﬁ15@aw4gag@ﬁumaéﬁwa?ﬁudiwa@(Pm) = 4.0595 mW
Alauvlamos (F.F.) = 0.603
atsgAnTamvesnsAouwdsnu (N) : 6.577 %
ﬁuﬁ%ﬁumwmmtaﬁ (Arca) = 0.75 cm’
Qamgﬁ (Temp.) = 20 °c

iy
Tasaersneduq

v
Y] aa J %
%ua@miﬁz?’fauuﬂﬁm,nmaﬂ@‘u‘lﬂaaﬂulmﬂmnﬂ'izmm 1000030 T0U
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I-V characteristic

Current density(mAlcm?)
o
o
o
o
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= wa [ J a dJdou a =
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Power(mW/cm?)
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o
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Voltage(V)
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@ aa Jd
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P Jd A do o = = a
®15199N 5.13 1HARLTIDINAYAIN 12 NIﬂiﬁﬁ%TQ‘ﬁq&l‘WﬁzNﬂ

9
AnuvNnIEId (J,)

d‘ o 9y a
Aszuani liine

sIldhgegara,)

useguimlfinasias Ildhgaga (v,)

1 o W ~ Jd 1
mfdsnugagafwadnieliun lvaa (p,)

aflaunamos (F.F.)

alszansmmuesmsi/asuwasnu (N)

Y A &
AUNSUA VD UNAA (Arca)

Qmﬁgﬁ (Temp.)

Tagaad1adug

Tassadanquitsziia

¥

Y aa s
cxsua@mmzﬁ@mmam U¥nnou |

25.00 mA/em’
14.25 mA
032V

4.56 mW
0.542

8.148 %

0.68 cm’

20 ‘¢

s o
ﬂ@@ﬂﬂ%@‘i‘f‘lﬂﬂigiﬂm 100003T7AT0Y

Voc Isc | \Y P ﬁruﬁé”w 1 ] W 11 (BN
(v) (mA) (mA) (v) (mW) (cm?) (mA/cm?) (mW.cm?) (%0)
12/py 0.495 17 0 0.448 0 0.68 0.000 0.000 0.542 8. 148

1] 0442 0.442 1.471 0.650

3 0.43 1.29 4.412 1.897

5 0.42 2.1 7353 3.088

7| 0.405 2.835 10.294 4.169

§ | 0395 3.16 11.765 4.647

9 0.39 3.51 13.235 5.162

10 0.38 3.8 14,706 5.588

" 037 4.07 16.176 5.985

14| 0325 455 20.588 6.691

1425 032 4.56 20956 6.706

145 | 0314 4553 21324 6.696

15 0.3 45 22,059 6.618

16 0.2 12 23.529 4.706

| 165 | 0015 | 02475 24265 0.364
ANMTULAS = 125,000 1x.

AsTLTUNLAA NS (1) = 17 mA
u3eRUUNlA9es (V) - 0495 V

WHINUFIGANYAVAF (B % 8.415.4mW
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{ I-V Charecteristic
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= o a do a =) v aa
15199 5. 14 1BAAUTIDINAIAIN 12 Niﬂﬁﬁﬁ%}TﬂW@ia%aﬂ@u

Voc Isc ] % P fufisum J W I Lff
(v) (mA) | (mA) (v) (mW) (cm?) (mA/cm?) (mW/cm?) (%)

12/pr 0.494 16 0 0.448 0 0.7 0.000 0.000 0.560 7.686

2 0.435 0.87 2.857 1.243

4 0.424 1.696 5.714 2.423

5 0.416 2.08 7.143 2.971

6 0.409 2.454 8.571 3.506

7 0.401 2.807 10.000 4.010

8 0.393 3.144 11.429 4.491

9 0.385 3.465 12.857 4.950 N

10 0.377 3.77 14.286 5.386

11 0.367 4.037 15.714 5.767

12 0.355 426 17.143 6.086

13.5 0.328 4.428 19.286 6.326

14 0.31 4.34 20.000 6.200

15 0.225 3.375 21.429 4.821

16 0.02 0.32 22.857 0.457
AT LTS . 125,000 Ix.
ATV AT () 2 16 mA
U3 IR UULITANT (V) < 0.494 V
WHIUFITANQANAR (P) = 7.904 mW
ANuLnIELE () Z 22.857 mA/em’
aszuaivhlfifamasldihgagaq,) = 13.5mA
usssufiildifamas ihgegav,) - 0.328 V
mﬁwﬁmuqaqﬂﬁmaﬁﬁwiﬁuﬂwaﬂ (P) = 4.428 mW
AlauvAwos (F.F.) = 0.560
sz Antameensasunasnu () = 7.686 %
fufsuaaweusad (Arca) = 0.70cm”
Qm‘ﬁ{]ﬁ (Temp.) = 20 ‘¢

y.
Tasaari1aduq

9/

< v g o an
FUARNTT ﬁmauumtﬂuwmmaﬂau
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( . | -V Charecteristic
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= = = wva a J 1 a
M5 N 5.15 Lﬂﬁaumwﬂmammmmwaﬁgmmmmmmawu@

+BSF

%ﬁﬂmﬁﬁf{ Isc Voc Po Jsc Im Vm Pm F.F LEff
(mA) v) | (mW)]|(mA/cm?)| (mA) v) | (mW) (%)

(11)S102 14 048 6.72 |18.67 11.5 0.35 K.05 0.603 6.5

(12pr)Porous 16 049 |7.84 [22.86 135 0.33 |43  [0.56 7.6

(12py)SiO2 17 0.495 |8.42 [24.63 14.25 0.32 W56 0.542 8.15

+ Pyramid

(9pp)Pyramid+ 20 0.494 [9.88 [28.57 16.25 0.331 [5.38 [0.544 9.34

Porous

(7py)SiO2 32 0.46 14.72 45.71 21.75 0.28 6.0l 0.408 10.42

Pyramid

+BSF

(7pp)Pyramid 16 0.44  |7.04 |22.85 11.75 034 K 5.61 6.92

+Porous
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I-V Charecteristic
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Color Chart for Thermally Grown SiO,

Color Chart Table for thermally grown silicon dioxide films observed perpendicularly
under daylight fluorescent lighting. Copyright 1964 by International Business
Machines Corporation; reprinted from Volume V INTRODUCTION TO
MICROELECTRONIC FABRICATION

} Film Thickness (um) [ Color and Comments
| 0.05 |Tan
| 0.07 [Brown

r 0.10 :lDark violet to red violet

[ 0.12 [Royal Blue
I [Light blue to metallic bluc

r 0.17 lMe_‘_tallic to very light yellow green.. .
l 0.20 ]Light gold to yellow; slightly metallic

[ 022 |Gold with slight yellow orange

( 025 - A, |Orange to melon’

| 0.27 Red violet

( ‘ 0.30 , :lBlue to violet blue

051 0 ke

[ 032 |Bluetoblue green

{ 0.344 { : ;ILight_green

r 0:35 IGreen to yellow green

[ 0.36 [Yellow green

[ 0.37 }Green yellow

’T 0.39 IYellow

] 0.41 [Light orange

[ 0.42 Carnation pink

%ﬁ 0.44 lViolet red

g 0.46 Red violet

| 0.47 Violet

{ 0.48 Blue violet

| 0.49 ;Blue

| 0.50 lBlue green

i 0.52 Green (broad)

| 0.54 IYellow green

f 0.56 IGreen yellow

0.57 Yellow to "yellowish" (not yellow but is in the position
1 where yellow is to be expected; at times appears to be light
| creamy gray or metallic)




1 | 0.58 | [Light 6fange or yellow to pink borderline

{ - 0.60 }Carnation pink

1 0.63 » IViolet red ‘_

’ 0.68 Bluish" (not blue but borderline between violet and blue
green; appears more like a mixture between violet red and
blue green and looks grayish)

f | - 0.72 :[Blue green to green (quite broad)

[ 0.77 ~ |"Yellowish"

r ~ 0.80 %lOrange (rather broad for orange)

 om[samon

[ 035 [Dull, Tight red violet

| 0.86 Violet

[ 087 [Blue violet

[ 0.89 |Blue

{ 0.92 [Blue green

( 0.95 [Dull yellow green -

[ 0.97 |Yellow to "yellowish"

[ 099 Orange

r ~ 100 :[Camation pink

F ” _L.02} _ [Violet red

| ” 1.05 [Red violet

[ 1os | = ikt [T,

1 1.07 _ lBIue violet

[ 1.10 [Green

? 111 iYellow Tycen\ \Q/,

r 1.12 IGreen

| 1.18 Violet

[ 1.19 Red Violet

{ 1.21 §Violet red

i 1.24 ICarnation pink to salmon

i 1.25 IOrange

§ 1.28 ;Yellowish"

{ 1.32 {Sky blue to green blue

[ 1.40 IOrange

| 145 Violet

r 1.46 IBlue violet

i 1.50 ]Blue

| 1.54 [Dull yellow green
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GENERAL INFORMATION

This special photoresist is intended for lift-off-techniques which call for a negative wall profile. Although
they are positive photoresists (and may even be used in that way) comprised of a novolak resin and
naphthoquinone diazide as photoactive compound (PAC) they are capable of image reversal (IR) resulting
in a negative pattern of the mask. In fact AZ 5214E is almost exclusively used in the IR-mode.

The image reversal capability is obtained by a special crosslinking agent in the resist formulation which
becomes active at temperatures above 110°C and - what is even more important - only in exposed areas
of the resist. The crosslinking agent together with exposed PAC leads to an almost insoluble (in
developer) and no longer light sensitive substance, while the unexposed areas still behave like a normal
unexposed positive photoresist. After a flood exposure (no mask required) this areas are dissolved in
standard developer for positive photoresist, the crosslinked areas remain. The overall result is a negative
image of the mask pattern.

As everybody knows a positive photoresist profile has a positive slope of 75 - 85° depending on the
process conditions and the performance of the exposure equipment (only submicron-resists get close to
90°). This is mainly due to the absorption of the PAC which attenuates the light when penetrating through
the resist layer (so called bulk effect). The result is a higher dissolution rate at the top and a lower rate at
the bottom of the resist. When AZ 5214E is processed in the IR-mode this is reversed as higher exposed
areas will be crosslinked to a higher degree than those with lower dose, dissolution rates accordingly. The
final result will be a negative wall profile ideally suited for lift-off. :

The most critical parameter of the IR-process is reversal-bake temperature, once optimised it must be
kept constant within + 1°C to maintain a consistent process. This temperature also has to be optimised
individually. In any case it will fall within the range from 115 to 125°C. If IR-temperature is chosen too high
(>130°C) the resist will thermally crosslink also in the unexposed areas, giving no pattern. To find out the
suitable temperature following procedure is suggested:

Coat and prebake a few substrates with resist. Without exposing them to UV-light subject them to
different reversal-bake temperatures, i.e. 115°, 120°, 125° and 130°C. Now apply a flood exposure of >
200mJ/cm? and afterwards immerse them into a standard developer make up, i.e. AZ 351B, 1:4 diluted, or
AZ 726 MIF for 1 minute. From a part of the substrates the resist will be removed, anotﬁer part (thc;se
exposed to a too high temperature) will remain with the resist thermally crosslinked on it. Optimum RB-
temperature now is 5° to 10°C below the temperature where crosslinking starts.

The flood exposure is absolutely uncritical as long as sufficient energy is applied to make the unexposed
areas soluble. 200 mJ/cm? is a good choice, but 150 - 500 mJ/cm? will have no major influence on the
performance.

Finally it should be noted that the imagewise exposure energy is lower than with normal positive
processes, gener.ally only half of that. So a good rule of thumb is: compared to a standard positive resist
process, imagewise exposure dose should be half of that, flood exposure energy double of that for AZ
5214E IR-processing.

Once under§tanding and being familiar with this IR-procedure it is quite simple to set up a different
process for lift-off. A T-shaped profile can be achieved by the following process sequence:

The prebaked AZ 5214E photoresist is flood exposed (no mask) with a small amount of UV energy, just to
generate some e_xposed PAC at the surface. Now the reversal-bake is performed to partially crossllink this
top areas. By this treatment a top layer with a lowered dissolution rate compared to the bulk material is
generated. After this the resist is treated like a normal positive photoresist (imagewise exposure and
development) to generate a positive image! Due to the lower dissolution rate in the top layer a T-shaped
profile with overhanging lips will be the result.



PHYSICAL and CHEMICAL PROPERTIES

AZ 5214E
Solids content [%] 283
Viscosity [cSt at 25°C] 24.0
Absorptivity [I/g*cm] at 377nm 0.76
Solvent methoxy-propy| acetate (PGMEA)
Max. water content [%] 0.50
Spectral sensitivity 310 - 420 nm
Coating characteristic striation free
Filtration [um absolute] 0.1

FILM THICKNESS [um] as FUNCTION of SPIN SPEED (characteristically)

spin speed [rpm] 2000 3000 4000 5000 6000

AZ 5214E 1.98 1.62 1.40 1.25 1.14

PROCESSING GUIDELINES

Dilution and edge bead removal | AZ EBR Solvent

Prebake 110°C, 50", hotplate

Exposure broadband and monochromatic h- and i-line
Reversal bake 120°C, 2 min., hotplate (most critical step)
Flood exposure > 200 mJ/cm? (uncritical)

Development AZ 351B, 1:4 (tank, spray) or AZ 726 (puddle)
Postbake 120°C, 50s hotplate (optional)

Removal AZ 100 Remover, conc.

HANDLING ADVISES

Consult the Material Safety Data Sheets provided by us oryour local agent!

This AZ Photoresists are made up with our patented safer solvent PGMEA. They are flammable liquids
and should be kept away from oxidants, sparks and open flames.

Protect from light and heat and store in sealed original containers between 0°C and 25°C, exceeding this
range to -5°C or +30°C for 24 hours does not adversely affect the properties.

Shelf life is limited and depends on the resist series. The expiration date is printed on the label of every
bottle below the batch number and coded as [year/month/day].

AZ Photoresists are compatible with most commercially available wafer processing equipment.
Recommended materials include PTFE, stainless steel and high-density poly-ethylene and -propylene.



The information contained herein is, to the best of our knowledge, true and accurate, but all recommendations are made without guarantee because the
conditions of use are beyond our control. There is no implied warranty of merchantability or fitness for purpose of the product or products described here. In
submitting this information, no liability is assumed or license or other rights expressed or implied given with respect to any existing or pending patent, patent
application, or trademarks. The observance of all regulations and patents is the responsibility of the user.

AZ, the AZ logo, BARLi , Aquatar and Kallista are registered trademarks of Clariant AG.

Clariant GmbH Clariant Corporation Clariant (Japan) K.K. Clariant Industries Ltd.
Business Unit Business Unit Business Unit Business Unit
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Rheingaustrasse 180 70 Meister Avenue 9F Bunkyo Green Court Center 84-7, Chungdam-dong,
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Tel. +49 (611) 962-6867 Tel. +1 (908) 429-3500 Tel. +81 (3) 5977-7973 Tel. +82 (2) 510-8000/8442
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S

=

Clariant



[1]

[2]

[3]

[4]

(3]

(6]

[7]

(8]

USTUNYNTN

se.as.aUREsA fgniay | “ainoudmumes Aang”, unundi auzdmnssumans
ao1fuma luTagnwszvemndudigunmsaanseil, 2542

se.a5. AURYSA AT o “uariinoudamas Hana”, unund1s1 anzdrnssurnans
aouma lulagnszaoumndudnaunmsmanszly, 2543

se.A5. BUAYIA gAY ¢ “adnoudmmesTang”, unund1s1 auglmnssuedas
aoniuma Tu ladnsgaoundudnanmsmanseily, 2545

Adolf Goetzberger : “Crystalline Silicon Solar Cells”, John Wiley & Sons Ltd.,
1998

Hans Joachim Moller : “Semiconductors for Solar Cell’s, Artech House, Inc.,
1993

MATIN A.GREEN : “SOLAR CELLS Operating Principles, Technology and
System Application”, Prentice-Hall, Inc., 1982

Glenn Q. Mallory, Electroless Plating: Fundamentals An»d Applications,
American Electroplaters and Surface Finishers Society, 1990

ATINY SAUKY: wpatanIsAAn R TR uRBIT S 1 UBAT AT | Sneinus

[ a a d o a a a @ a a o
nangaslSyanimnssumaasuiduda a3 dsanisu i dadinInods

aoifuma lu TaonszaomnadIAMNyIs a1nn Iy, 2542

" = Y o a Ll dawv a d = o
!‘VlﬂjuTﬁf]ﬂ']iﬁ'i"\?!%’ﬁﬁl!ﬁ'q@ﬂ’lﬂﬂ ,ﬁuﬂ?ﬂﬂalaﬂ'ﬂﬁ'ﬂuﬂﬁ





