NextStep Positive PMMA e-Beam Resist AR-P 630— 670 series

PMMA resist 50K — 950K for the production of semiconductor and masks
B e AL
AR-P 630 - 670 series ;2 — % 3| R FlEH],, R Bl 42 F 2 PMMAER [AF| A& @ 623 HEE TRV ER, m AZEHE HRBRERFSHE
% # #2 (multi-layer and planarization), ¥t 3% 35, & & 1,28 %5, 8 RG99 55 .
PMMA ], # 5% 4-F 2 50kt 950k44 &k 4 (sensitivity) & £ 20%.
BRI 152 09 TR 65 45 £ 120°CAE A R 4F 694 & 4. (thermal-stability).
%5 E S RAKE B A& 2, 5T K F 2] 30nm. @ 445Kk F @Mk & 7 E il B LA % 0.2um.

AR-P 631-639 | AR-P641-649 | AR-P661-669 | AR-P671-679 | AR-P 6 x X|.04 & %535 H
Molecular weight & 50 k 200 k 600 k 950 k B4 % 04=4 %
Film thickness@4000rpm | | 55 340 20- 780 20— 1,040 30-1,870
(FT vary with solid contend)
Solid content [ 7% 1 % 1-12 1-12 1-11 1-11 3:50k
P 4 : 200 k
Resolution best value nm 6 T 6 : 600 k
; 7 : 950 k
Contrast % tb & 7 & 2T
Flash point B X 2k °C vary with solvent K 7] 35 ) P 28 N: 4
Storage 6 months °C 10-22 N E) 4 75
2R G
250 ml /# @4-8im: 1eEE
1 L/#& O 138: anes , ‘
R OB TIREE E LB o (BATH £ B N E4) B AR-P 631/641/661/671
(Nogwenm ) (S gean] [ 2scHsE S Ll
' o AR-P 639/649/669/679
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https://go-nextstep.com/inquiries/ar-p-630-670-pmma-resist-quote-request/
https://go-nextstep.com/inquiries/
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https://go-nextstep.com/sds/ar-p-632-672-ghs-label/
https://go-nextstep.com/sds/ar-p-639-679-ghs-label/

NextStep Positive PMMA e-Beam Resist AR-P 630— 670 series

PMMA resist 50K — 950K for the production of semiconductor and masks V:'A

Characterization

* e-beam, deep UV (248 nm)
ML) T AE TR, RE ISR T L
* very good adhesion to glass, silicon and metals
PR S 3% 35, B B 2 /8 6 Ak 2 L R AT
* 50K 20 % more sensitive than 950K
2T 250k & 5o, AR 950k #9145 45 20%
« for planarization and multi-layer processes
# TR SR E A
* highest resolution, high contrast
JE o0 B2y AT B3 # bk
* poly(methyl methacrylate) with diff. molecular weights
BT ARESFEHPMMA (B ¥ & &L 7 E5).
o BE SLHIALA 69 SR A T
- AR-P 631-671 solvent chlorobenzene,(£ %) flash point 28 °C

- AR-P 632-672 safer solvent anisole, (3X ¥ B )flash point 44 C
— AR-P 639-679 safer solvent ethyl lactate,($L& Z. &) flash point 36 °C
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Positive PMMA e-Beam Resist AR-P 630- 670 series

PMMA resist 50K — 950K for the production of semiconductor and masks
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NextStep

Positive PMMA e-Beam Resist AR-P 630—- 670 series

PMMA resist 50K — 950K for the production of semiconductor and masks

Structure resolution

Process parameter

R-P 679.02
tructural resolution:
.2 nm gap, 65 nm high

Resist structures

Process chemicals

w

AR-P 671.09
diffractive optics,
thickness of 4.4 um

Substrate
Soft-bake
Exposure
Development

Stopper

Si 4” wafer

150 'C x 3 min, hot plate
Raith Pioneer, 30 kV

AR 600-56 x 60 sec, 21 °C
AR 600-60 x 30 sec, 21 °C

Adhesion promoter
Developer

Thinner

Stopper

Remover

AR 300-80new

AR 600-55, AR 600-56
AR 600-01, -02, -09
AR 600-60

AR 600-71, AR 300-76

ALLRESIST
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NextStep Positive PMMA e-Beam Resist AR-P 630—- 670 series

PMMA resist 50K — 950K for the production of semiconductor and masks V. 4

Process conditions

This diagram shows exemplary process steps for resists of AR-P 630 — 670 series. All specifications are guideline values which must
be adapted to own specific conditions. For further information on processing, = “Detailed instructions for optimum processing of e-
beam resists”. For recommendations on wastewater treatment and general safety instructions, = ”General product information on
Allresist e-beam resists”.

[ s~ AR-P 630-670 series PMMAJE & & 5o @ AZ 239 500). PTA 585 S L EAL A F RSB R I T R U AR

AR-P 632.06 AR-P 671.05
110 nm@4000rpm x 60 sec 690 nm@2000rpm x 60 sec

Coating

l!

150 °C x 3 min hot plate or
Soft bake (£ 1°C)

150°C x 60 min convection oven

e-Bean exposure ZBA 21, 20 kV Raith Pioneer, 30 kV
dose (Eo): 95 uC/cm? 770 uC/cm?

§icy ( /
o1o501°0) puddle AR 600-55, 1 min AR 600-56, 3 min
Stopping AR 600-60, 30 sec
Post-bake ﬂ 130°C x 1 min hot plate, or 130°C x 25 min convection oven
(optional) $4444 “'““’" for slightly enhanced plasma etching resistance

Customer specific

‘ = Generation of semiconductor properties
technology

Removal AR 300-71, or O, plasma ashing
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NextStep Positive PMMA e-Beam Resist AR-P 630- 670 series

PMMA resist 50K — 950K for the production of semiconductor and masks V/‘

2-layer Coating and Lift-off Application

Processing instructions for coating
Large undercut structures (lift-off) are obtained if PMMA resists with different molecular weight are chosen for a two-component system. As upper

layer, an ethyl lactate PMMA is recommended since ethyl lactate does not, in contrast to other solvents, attack the second layer. For the lower layer,
a chlorobenzene, anisole or ethyl lactate PMMA is suitable. Both tempering steps are performed at 150 “C.

Recommendation:

large undercut (low resolution): bottom layer 50K, upper layer 200K, 600K or 950K. High resolution (smaller undercut): bottom layer 600K, upper
layer 950K.
R F R BEEPTE 69 T A LR 454 T VAR Bl 5T 2 69PMMATRE| 1 % 28 & 4% 69404 £ & 69PMMA#E 3418 A A SUB. LB (ethyl lactate) % V&7, [ A8 474
R B A, LB LB R SR 5 RS T JE G PMMA 9 757 ¥ VA 5% £ 3K (chlorobenzene), % ¥ & (anisole), %, $L# Z.#s (ethyl lactate). w &[] =T 5] B 74
150°C#k k5.
— IR A LA

T &R KUKBATE): 9T%, KEPMMA 50k, £ /&PMMA 200k.

Tonis s (5 BATE): 5F2, & EPMMA 600k, t &PMMA 950k.

Structures coated with metal films

After development (AR 600-56) Lifted 30 nm metal lines
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NextStep Positive PMMA e-Beam Resist AR-P 630- 670 series v
PMMA resist 50K — 950K for the production of semiconductor and masks V/‘

2-layer Coating and Lift-off Application
Investigations of 2-layer PMMA lift-off structures

For these tests, the 2-layer systems were coated as shown to the left and tempered at 180 °C, 60
AR-P 649.04 145 nm AR-P679.03 150 nm s, followed by irradiation with different doses (30 kV) and development (AR 600-60, IPA).

BE B 4B A 05 HE 69 R K9] e B 69 4R A B MR 5 A 180°C B, B 30KV hn ik B R AL R B A % TR LA
#a % (AR 600-60, IPA)

AR-P 639.04 80 nm AR-P 669.04 200 nm

p-Si p-Si
Layer structure of the two-layer Layer structure of the two-layer
system 50K/200K system 600K/950K
Dose sequence of the 600K/950K system Dose sequence of the 50K/200K system The system 50K/200K is more sensitive, the double layer

is completely developed at 1500 pC/cm2. The variant
600K/950K in contrast requires the higher dose of 2200
pC/cm2. With increasing dose, also a larger undercut is
generated if the 50K/200K system is used, which is thus
predestined for complicated lift-off procedures. Variant
600K/950K may be utilized for higher total film
thicknesses (> 500 nm) and is a reliable lift-off system for
simple applications. For these investigations, always AR
600-60 (IPA) was used as developer which explains both
the comparably high doses and the good process stability.
%1% 50k/200k#9 40 & KRR A& 5 B R 22 BHAAE
1500 pC/cmég B e 2. 4 -F = 600k/950kA] %
2200pC/cm#) 3 & &) 2. A7 0 R 05 R B WAL, — A& L

50k/ 200k &9 484, 3§ ok 7] 7T 439K K 69 T o454k
600Kk/950k &9 48 4~ A F& F 722 & % K¥ & 69 # 42 (>500nm).
12 2 A 72 0 AAR 600-60(IPA) % B8 % i, B ob 3 242 3 9 R b
| # A2 WA AR EAE T

530 pC/em

4460 pC/ecm

&
o
=
=
m

3100 pC/em

Not yet completely developed at 1800 pC/cm Constantly increasing undercut

Definition: The sensitivity is expressed in pC/cm for lines, while the unit for areas is pC/cm?
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NextSter Positive PMMA e-Beam Resist AR-P 630—- 670 series
PMMA resist 50K — 950K for the production of semiconductor and masks

2-layer Coating and Lift-off Application
Investigations of 2-layer PMMA lift-off structures

Formation of undercut vs. exposure dose Application example

55

50 ,

45

40

35

30

25 —
= S50K200K

20 = 600K950K —

15 ’

Trench width top: 20 nm, measured values in the diagram: width of trenches at the “Finger structures® produced with the special system PMMA 90k/200K, trench width
bottom 30 nm
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NextStep

Positive PMMA e-Beam Resist AR-P 630—- 670 series

PMMA resist 50K — 950K for the production of semiconductor and masks

2-layer Coating and Lift-off Application
Investigations of 2-layer PMMA lift-off structures

Sensitivity of a PMMA resist

1,2 1
—g—AR-P 679.03 (Do: 165
MC/cm?, Contrast: 6,6,
Developer: AR 600-56)

= AR-P 679.03 (Do: 311
uC/cm?, Contrast: 10,5,
Developer: AR 600-55)

Comparison of developer AR 600-55 and AR 600-56

The left diagram shows a comparison of the sensitivity of AR-P 679.03 in two
different developers. Under otherwise identical conditions (30 kV, 165 nm film
thickness), the sensitivity is almost twice as high if the standard developer AR
600-55 is used as compared to AR 600-60 (IPA). A development with IPA however
results in a considerably higher contrast (10.5 : 6.6). This developer is thus
predestined for higher resolutions. Experience furthermore shows that the process
window is significantly larger as compared to faster developers.

Dose deviations of e.g., 10 % are tolerated without any quality loss.

% 18 VAAR-P 679.03 % 4] Ba o /2248 R B B % ) T 89 SR L 79 PL3k. fe A8 B) 3R 4 T
(30kV, 165nm film thickness), 4% A B2 % Z| AR 600-55EAR 600-50 (IPA), A&k & &
24

PR i A IPABI R A & # b a9 45 1 (10.5 ¢ 6.6). B JLIPAA A8 & AT 69 AL, iR
LB A EWRRAE R H AR RBEY O ER.

10% 89 B LH| 210 2 R G H B RS

ALLRESIST
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Positive PMMA e-Beam Resist AR-P 630—- 670 series

PMMA resist 50K — 950K for the production of semiconductor and masks

NextStep

Reaction Mechanism

Upon electron irradiation of PMMA resists, the main chain is cleaved and the molecular mass drops from initially 950 000 g/mol (950K) to 5.000 — 10.000 g/mol. This main
chain scission is primarily due to radical processes (see figure below). At an optimal dose, radicals recombine and form molecules with a molecular mass of about 5 000 g/
mol. If, however, the dose is drastically increased, a large number of radicals are produced and undergo crosslinking so that molecules with higher molecular masses are
obtained. The PMMA is turned into a negative resist. This effect is depicted in the diagram on the right which shows the gradation curve of a standard process (AR-P 671.05,

490 nm film thickness, 30 kV, developer AR 600-56). High exposure doses convert the resist into a negative resist.
PMMAZR &2 € T RBH T 24287 2.5 T2/ R 4£950,000 g/mol(950k) 4 %5,000 — 10,000 g/mol. i54% T 4k EffE 2 BAMREARIE. (n £ TH). £@E S0 BAK T A H A

FHEL AT E45000g/moltg R &Y. A RERZJHHEAK ZEENXZT A G AW

film thickness, 30kV, developer AR 600-56), 2 Bk o7 = 4% A& 4% 4 & 7).

Depolymerization upon exposure

RIGRIE. ST ER SR Mm% kAR EE. & T BB~ AR ENA(AR-P 671.05, 490nm

Gradation curve PMMA

CH, CH, CH,
CH, (:: CH, <:: CH, c:t PMMA
<‘:—o (f—o (F—O polymer
(o} (o} (o}
"CH, ‘CH, ‘CH,
hv
CH, CH, CH,
CH, i - ‘CH, # ca CH, él"" PMMA
l—o (I:—O c=0 fragments
0 o

The main chain of the PMMA is cleaved into many radical fragments

1,2

Gradation curve up to maximum dose

ALLRESIST
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NextSten Positive PMMA e-Beam Resist AR-P 630— 670 series
PMMA resist 50K — 950K for the production of semiconductor and masks

Reaction Mechanism

Dose versus acceleration voltage

120 The sensitivity of a PMMA resist (AR-P 671.05) strongly depends on the acceleration
voltage. At 100 kV a major part of the energy passes the resist without any
100 + interaction and the resist is consequently less sensitive. At 5 kV however, all
electrons are absorbed.
2 PMMA e ), 69 5 Rk B $2 Ao 12 B JR A B 3 Ml 1%, 4 B YAAR 671.05% 4], /£ 100KV 5t 2 3
g 20 AR A F B A M R AR BB T M 25KV T BTA & F AR TR
n
=
% 60
- . 4
B 40
9 2
g 20 —4
< *
O ’ T 1 1 T 1
0 100 200 300 400 500
Sensitivity pC/cm?
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NextStep Positive PMMA e-Beam Resist AR-P 630- 670 series v
PMMA resist 50K — 950K for the production of semiconductor and masks V/‘

Applications for PMMA resists

v v eSS

. ‘ \ A A XA \ , ]

NSNS

Fabrication of a PMMA bridge with AR-P 679.04 by exploiting Fresnel lenses Fresnel lenses with AR-P 671.09
with AR-P 671.09 the limited penetration depth at low acceleration voltage
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Positive PMMA e-Beam Resist AR-P 630- 670 series

NextStep i _ _
PMMA resist 50K — 950K for the production of semiconductor and masks V,/‘
Specifications of 50K, 200K, 600K and 950 K in chlorobenzene, anisole and ethyl lactate
A R R AKX KT B FUBE T Eg Products in regular production are highlight in orange-bold
Type of solvent | Chlorobenzene Anisole ethyl lactate BEHETABR CHELENE R
Code Solid Content ~ Viscosity 25°C  Film Thickness Film Thickness Film Thickness Film Thickness Density 20 °C
AR-P % mPa.s @1000 rpm (nm) @2000 rpm (nm) @4000 rpm (nm) @6000 rpm (nm) (g/cm?)
631.01 1.0 0.9 20 20 10 1.104
631.04 4.0 1.3 130 90 80 1.107
631.06 6.0 1.9 230 170 140 1.110
631.09 9.0 3.1 570 410 300 250 1.112
632.01 1.0 1.2 20 20 10 0.992
632.04 4.0 1.8 110 80 60 50 0.995
50k
632.06 6.0 2.3 210 160 110 90 0.997
632.08 8.0 300 170 140
632.09 9.0 3.5 380 270 200 170 0.999
632.12 12.0 5.1 600 420 310 250 1.001
639.01 1.0 1.4 20 20 20 10 0.964
639.04 4.0 2.2 160 120 80 70 0.970
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Positive PMMA e-Beam Resist AR-P 630- 670 series

NextStep . . .
PMMA resist 50K — 950K for the production of semiconductor and masks V,/‘

Ready for NextStep

Code Solid Content ~ Viscosity 25°C  Film Thickness Film Thickness Film Thickness Film Thickness Density 20 °C
AR-P % mPa.s @1000 rpm (nm) @2000 rpm (nm) @4000 rpm (nm) @6000 rpm (nm) (g/cm?)
641.01 1.0 1.4 40 20 10 1.104
641.04 4.0 4.4 330 230 160 130 1.108
641.06 6.0 7.9 380 280 260 1.110
641.07 7.0 11.0 710 520 370 310 1.110
641.09 9.0 17.4 1130 830 590 480 1.112
642.01 1.0 1.9 30 20 20 10 0.992
642.03 3.0 4.8 130 90 70 50 0.994
200 k
642.04 4.0 6.8 210 150 110 80 0.996
642.06 6.0 12.8 410 290 210 170 0.997
642.07 7.0 16.5 530 370 270 220 0.998
642.09 9.0 30.3 850 590 410 350 0.999
642.12 12.0 62.3 1510 1080 780 630 1.002
649.01 1.0 1.9 30 20 10 0.964
649.04 4.0 5.8 250 200 150 120 0.970
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Positive PMMA e-Beam Resist AR-P 630- 670 series

NextStep . . .
PMMA resist 50K — 950K for the production of semiconductor and masks V/‘

Ready for NextStep

Code Solid Content ~ Viscosity 25°C  Film Thickness Film Thickness Film Thickness Film Thickness Density 20 °C
AR-P % mPa.s @1000 rpm (nm) @2000 rpm (nm) @4000 rpm (nm) @6000 rpm (nm) (g/cm?)
661.01 1.0 2.2 40 30 20 1.104
661.04 4.0 13.7 430 320 230 190 1.108
661.06 6.0 28.2 670 480 390 1.110
661.08 8.0 76.0 1290 930 740 1.120
661.09 9.0 105 2580 1750 1250 1000 1.113
662.01 1.0 2.6 30 20 20 10 0.991
662.04 4.0 12.2 280 220 140 90 0.995
600 k
662.06 6.0 31.2 590 410 290 250 0.998
662.09 9.0 82.5 1270 910 620 540 1.003
662.11 11.0 158.8 2140 1470 1040 880 1.005
669.01 1.0 2.5 30 20 20 0.965
669.04 4.0 15.6 460 310 220 180 0.970
669.06 6.0 68 990 740 520 420 0.975
669.07 7.0 128 1660 1070 740 600 0.978

page 16



NextStep

Positive PMMA e-Beam Resist AR-P 630—- 670 series

PMMA resist 50K — 950K for the production of semiconductor and masks

ALLRESIST

950 k

Solid Content ~ Viscosity 25°C  Film Thickness Film Thickness Film Thickness Film Thickness Density 20 °C
% mPa.s @1000 rpm (nm) @2000 rpm (nm) @4000 rpm (nm) @6000 rpm (nm) (g/cm?)
671.01 1.0 3.2 50 40 30 20 1.105
671.02 2.0 7.3 190 130 90 70 1.106
671.04 4.0 23.2 560 430 310 260 1.108
671.05 5.0 57.0 950 690 490 390 1.109
671.06 6.0 86.0 970 680 540 1.110
671.07 7.0 135 1370 970 780 1.111
671.09 9.0 285 3700 2400 1700 1340 1.113
672.01 1.0 3.8 50 40 30 20 0.998
672.02 2.0 8.8 120 90 70 60 0.991
672.03 3.0 15.5 220 170 130 100 0.994
672.045 4.5 46.2 410 320 230 190 0.998
672.05 5.0 63.1 650 450 320 260 1.000
672.06 6.0 76.2 830 630 450 360 1.001
672.08 8.0 211 1650 1210 870 690 1.005
672.11 11.0 503 3940 2820 1870 1420 1.007
679.01 1.0 3.4 50 40 30 20 0.965
679.02 2.0 7.8 120 100 70 60 0.967
679.03 3.0 16.4 310 230 160 120 0.968
679.04 4.0 43.4 630 400 270 220 0.970
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