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INTRODUCTION

Measurement of the development rate of photoresist versus time gives
a host of information about the resist, developer, reflections from the

substrate and system parameters such as gamma.

Rochester | nstitute of Technology
Microelectronic Engineering

[
| © 29 March, 2005 Dr. Lynn Fuller, Motorola Professor |= Page 3

J




MODELING OF EXPOSURE IN PHOTORESI ST

Complex Index of Refraction of Photoresist N =n-K
K=al /4p istheextinction coefficient
n = real part of the index of refraction
| =wavelength
The absor ption constant a
a=Am(zt)+B
where m is the relative amount of photoactive inhibitor at
position z and time't
A s the exposure dependent parameter
B is the exposure independent parameter

An optical sensitivity parameter C relatesthe destruction of
Inhibitor local irradiance, |

cICTT(z,t) =-| (z,t) m(z,t) C

N

\ Rochester | ntitute of Technology Dr. Fred H. Dill, IBM, |EEE Transactions on
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A,B,C PARAMETERS FOR EXPOSURE

A,B,C Exposure Parametersfor AZ 1350J

I A B C n
(um?) (um™) (cm?mj)
436nm 054 0.06 0.014 1.68
405nm 086 0.0/ 0.018 1.70
365nm 0.74 020 0.012 1.72
\
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MEASUREMENT OF A,B,C, PARAMETERS

Transmittance

Photor esist
Glass

anti reflective
coating

d =thickness
oo SRR RE
n=1.65
T n=1.65
n=1.285
T(0)— Initial Slope =d T(0)/dt Setector
71 1 1 1 1 1 tme
0 60 sec \
A =1/d In[T(00)/T(0)]
B=-1/dIn T((X)) X-Y Plotter
C = {A+B/Al, T(0) (1-T(0))} dT(0)/dt
N
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MODELING OF DEVELOPMENT IN POSITIVE RESI ST

R(m) : Development Rate (nm/sec)

Kim’s M odel: 10+2

1 N

1-meRsm) 4+ meRsl-m) 10+1 \
R1 R2

R(m) =

where Rlisrateof fully exposed resist 1010
R2 israte of unexposed resist
Rsissensitivity of development

rateto changesin m

101 m
0 0.5 1.0

pas \\ Relative Inhibitor Concentration, m
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SURFACE RATE RETARDATION EFFECT

R(m) : Development Rate (nm/sec) R(m) : Development Rate (nm/sec)
+2 +
10 Metal Containing 10%2 :
Developer Metal-ion-free
10*2 10*2 Developer
10%0 10+0
101 m -1 m
0 0.5 1.0 10 0 0.5 1.0

Relative I nhibitor Concentration, m Relative I nhibitor Concentration, m
This retardation may be described by a multiplicative factor which varies linearly
with exposure parameter m. The value of the factor with m=0 is called R5 and
with m=1iscaled R6. The depth dependence factor is exponential with
characteristic delay distance R4. Metal-ion-free developer uses additional
parameters R7, R8, R, R10.
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L aser

A

J

Detector

AN
\ Substrate

Photor esist

X-Y Plotter

Ir

JAVAVAVAVAN

 X-time
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Convert the datalr vst into Xpr vs.t
The dlope dX pr/dt
IS the development rate.
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ORIGIN OF THE SIGNAL

Light of wavelength
lambda

k -
Detector/

The reflected light intensity is the combination of the light reflected
from the surface of the resist and from the surface of the substrate. If
the resist thickness is a multiple of lambda/2n then the light reflected
from the substrate will be in phase with the light reflected from the
surface of theresist. The combination will be asignal maximum. As
the resist is developed it becomes thinner giving signal minima and

- maximauntil theresist is gone.

\
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SIGNAL VERSUS TIME

VWY

Time
30 sec 60sec

Example: | = 6328A and total of ~6 cycles each representing

| /2n and n = 1.68 so starting resist thickness= 1.13 um

N

\

Rochester | nstitute of Technology
Microelectronic Engineering

/

[
| © 29 March, 2005 Dr. Lynn Fuller, Motorola Professor |= Page 11




THICKNESS AND RATE VERSUS TIME

Resist
Thickness|

N\

Develop Rate

e

Develop time

30 sec
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THICKNESS VERSUS TIME FOR DIFFERENT EXPOSURE

Resist 0 mj/cm?
Thickness 20
40
60
80
100
120
140

160

T T

Develop time
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THICKNESS VERSUS EXPOSURE

Resist

Thickness

L -

0 20 40 60 80 100 120 140 160
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THICKNESS VERSUS LOG EXPOSURE - GAMMA

0
1.3
1.6
1.78
1.90

2.08
2.15
2.20

Resist \
Thickness SN

........................................ N Gamma= slope

| = 1/ (2.2-1.6)
R = 1.67

Log Exposure Dose mj/cm?
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MODULATION

M odulation:

M = Imax - Imin
Imax + Imin

Imax —— /\

2

Ll

— A0 ™

| deal

H o0

dﬂb /\/ Actual

H B W B \Wafer

0
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RELATIONSHIP BETWEEN MODULATION AND GAMMA

Resist Gamma, g
Slope

=
o
|
|
/_‘i’/
I

Dcisthedoseto clear
D(0) isthe max dose for
unexposed areas

The higher the slope or
contrast, gamma, then the
smaller the differ ence needs
to be between exposurein

| areasto becleared and areas
toleaveresist. That isthe
required aerial image
modulation issmaller.

Normalized thickness
after Develop
o
T

0 |
L og Dose (mj/cm2)

AR
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CRITICAL MODULATION FOR RESIST

The higher the contrast, gamma, CMR

Microelectronic Engineering

the smaller therequired aerial 10—
Image modulation. c
s
=
8 o5
S 0.
s
RS —
O
O 7171 T 71 1
0O 2 4 6 8 10
Resist Gamma, g
AT
/ \ Rochester | nstitute of Technology CM R - (10 v g = 1)/(10 v g +1)
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DEVELOPMENT RATE MONITOR (DRM)

| aser

Photo
Diode
Array

Wafer with different exposures
(special stepper job)
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RAW DATA FROM 256 PHOTO DIODES

N

\

Setup Template iz standard.

Reduce Template iz standard.

Reduce Data

Wafer ID 1z 825/934

Heduction by Weighted 7 Point Average

Cursor At
Scan 807 of 857([ 634.800 Secs )

Pixel 255 of 256 [ Intenszity 29 ]

Templates

Zone ||'|_

Exposure Ene

Pixel Marker 1
Pixel Marker 2

rgp | 0.00

mjfcm®

—

INEEEN NN .
MBS =N M A e M

| Include ‘ |£xclude ‘ | Mark |

Fomamas | Match Left | | Move Up | | Move Down | | Match Right |
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PIXEL #100 SIGNAL VERSUS TIME

= Pixel Signal vs Time =

Water ID is 825/934.B

DREEANS 225034 B 19-Tan-00
¥3.000 Puxel Signal ws Time 13:34
Frel 100
250
200 H
E 150 1
i:%
100 7
50
D T T T T 1
I 5 10 15 20 a5
Secondz
RIT
Ilicroelectronic Eng.
Pixel | 100 of 256 X Axiz Start i 0.000 X Axiz Endi 25.000
Y Axiz Start I 1] Y Axiz End | 256
Plot to

Plot Style
‘ X Line [ Paint ‘

% Screen [ Printer [ Plotter

I__EIDI I | Selup l |F‘lint£a|ues| | Exit i

2

\ Rochester | nstitute of Technology

Microelectronic Engineering

[
| © 29 March, 2005 Dr. Lynn Fuller, Motorola Professor |= Page 22




ZONE THICKNESS VERSUS TIME

Zone Signal vs Time

Wafer ID iz 825/934.B

|

Zone |4 of 14

Plot to

Y Axiz Start i 11
rPlot Style ———————

| [¥ Line [ Point

> Axiz Start i 0.000

¥ Axis Endi 100.000

¥ Azis End | 256

DEEANIS 25034 B 19-Jan-00
V3000 Zone Signal ve Time 16 a0
Zone 4 Te
250 4 T EIEI a4
200
% 150 H
Z
t3
100
50+
I:I T T T T 1
] 20 40 Al 20 100
Seconds
RIT
Llicroelectronic Eng.

\ Plot I | Setup I [™ Show Zone Indicator | Print Yalues I | Exit i
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THICKNESS VERSUS TIME FAMILY

|'=| Thickness vs Time E
Wafer ID 1= 825/934.B
DRELNS 2251034 B 19-Tan-00
V300D Thickress s Time 1338
; Berage Initlal Thickness s 0.024 um Ei Te
2500 3360
5000 1320
7500 all.4
= 1no.an 314
5 1250 298
i 1500 258
& 1750 230
= wma 212
= 23450 2068
= 250.0 1927
2750 12.0
3000 1285
3250 17.5
I:I - 1 T T T T T T
0 20 40 60 a0 100 120 140
Seconds
RIT
Idlicroelectronic Eng.
Zone [1 to[14 X Auis Start |  0.000 X Axis End [150]
Y Az Start il].l]l]l] Y Axis EndI 1.250
Plot to Plot Style——— Plot Type-
[%X Screen [ Printer [ Plotter | [X Line [T Point [X Family [ Individual
\ | FPlot I | Selup I [" Show Zone Indicator | Print Yalues I | E xit i
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THICKNESS VERSUS LOG DOSE

2

Thickness vs Log Exposure

Waler ID iz 825/934 B

rPlot to
| X Screen [ Printer [~ Plotie

Timeis 19.700 Seconds | Select Time |

> Axiz Start I 10.000

DEEL&TWS 2150934 B 19-Jan-00
Y3.00D Thirkness ws Log Exposure 15:57
Lrverage Initial Thickness 15 0,984 mm Eo Time
1956 19.9
14 1244 206
1775 212
o 2
= 084 . :
5 1215 23
= 9772 ]
& pg- T6.93 &4
& ~ 1320
= - 3360
B 0.4
0.2
0 ] —
10 100 100
Exposure
T % Gratrzna
RIT
117 121 123 134 137 146 162 152 - -
Ilicroelectrome Eng,

¥ Axiz End I 1000.000

Plot Type -
| Bt iEamily [ Cindivichia)

Plot: I | Setup I

[ Tag Gamma Points

Y Axiz Start i 0.000

[ Momalize Thickness [¥] Axis

Y Axis End | 1.100

| Print Yalues I |

Exit
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DISSOLUTION RATE VERSUS THICKNESS

2

|=-| Dissolution Rate vs Thickness |_'
Waler ID iz 825/934.B
DEELMS 825934 B 19-Tan-00
V3000 Dizsolution Bate s Thickness 1331
Zong | Imitial Thackness i 0996 wm Ei Al
0.0004 ' -
2 00003 +
£ 00002 H
&
0ooot
D T T T T T T 1
1.2 1 0z 06 0.4 02 ]
Hesist Thickness Hemaining (1)
RIT
Idicroeleetrone Eng.
Zone [1 of 14 % Auis Start | 1.250 X Axis End [ 0.000
Y Axiz Stant I Y Axis Endl
~Plot to ~Plot Style . . . i
. I ] [T Mormalize Thickness [X] Axis
Plolte
% Screen [ Printer [ Plotie [X Line [ Point % Autoscale Rate (Y] Axis
Piot | | e | [ Show Zone Indicator (Prtvalues | [ Ext |
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THICKNESS TIMES GAMMA VERSUS TIME

2

|;| Gamma vs Time
Wafer ID is 825/934.B

lal

X Axiz Start I 0.000
Y Axiz Start I 0.00

[ Mormalize Gamma (Y] Axis

rPlot to
‘ X Screen [ Prnter [ Plotter

Plot: I | Setup I

DREEANS 225034 B 19-Tan-00
V300D T x Gamrma ve Time 13:26
&vverage Tratial Thickness 1= 0.984 nm Eo Time
47 2650 175
2204 185
2141 19.0
= - 4 1956 199
5 L x b S 184.4 2086
s 4 1715 212
1568 230
1402 258
14 1215 298
2 X 9772 374
B To93 alld
= 1320
05 - 2380
D T T T T T T T
] 20 40 all &0 100 120 140
Seconds
T x CGamma
RIT
084 1090 109 117 121 123 134 137 148 14l
152 i i Nicroelectromie Eng.

¥ Axizs End | 150.000

¥ Axis End | 2.00

| Frint Yalues I | Exit I
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TIME TO CLEAR VERSUS ZON

E POSITION

2

|;| Time to Clear vs Zone Position E
Waler ID iz 825/934 B |
DREEALS 225034 B 19-Jan-00
V300D Time to Clear we Zone Position 1328
175== 585== 3340 Zong Te
130 7 14 173
13 185
= 12 190
11 197
10 208
J Q 212
,g 10 8 230
= 7 258
g 6 208
L 5 376
—— 4 a4
S04 3 132.0
=t 2 336.0
I:I T T T T T
S0 100 150 200 250
Poel
RIT
Ilicroelectronic Eng,
® Awis Start i1 X Axiz End | 256
Y Axis Start | 0.000 Y AxisEnd[1500
Plot to Plot Style ————————
‘ [X Screen [ Printer [~ Plotier | | X Line [ Point ‘
| Plot I | Setup I | Print Yalues | | E szt I
Roche

7

Microelectronic Engineering

|
| © 29 March, 2005 Dr. Lynn Fuller, Motorola Professor

|= Page 28




2

|;| Initial Thickness vs Zone Position E
Waler ID i= 825/934 B |
DEELMS 225034 B 19-Tan-00
WA 00D Iratial Thickness s Zone Position 13:30
0967 == 0984 == | 027 Fong Ti
14 0947
124 13 0570
= ; 12 0978
g i1 0933
e 10 0991
A g 0993
& & 0581
H — 7 0983
& 1 Li g e A 0579
= i i e e 5 0979
g T o
e 2 1027
1 .99
0.8+
50 100 150 200 250
Piel
RIT
Ilicroelectrone Eng.
2 Axiz Start |1 X Axiz End | 256
Y Axiz Start | 0.750 ¥ Axiz End | 1.250
Plot to Plot Style —————
| X Screen [ Printer [ Plotier ‘ | X Line [ Point ‘
Piot I ‘ Setup I | Print ¥alues I | Exit I
Ro —
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L OG EXPOSURE VERSUS TIME

2

|'=| Log Exposure vs Time t
Wafer ID iz 825/934 B
DEEANLS Ba5M34 B 19-Jan-00

Y3000 Log Ei s Time to Clear 16:01
Azeyage Tratial Thickness is 0924 um Ei Te
] 3250 175
J 2000 185
2750 190
| 2500 197
23510 206
; e 4
o >§< 1500 252
E 1250 208
] X 1000 376
J 500 604
4 e so00 1320
| 2500 3380

*
] 200 400 Gl 200 1000
Seconds
RIT
Iicroelectronic Eng.
¥ Axiz Start | 0.000 X Axiz End | 1004800
Y Axis Start | 23.750 Y Axiz End | 341.250
Plot to rPlot Type
X Screen [ Printer [ Plotie ‘ [ EovsTime [X EivsTc

Plot I | Setup i | Print ¥alues I | Exit i
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HOMEWORK - DRM

What would the signal versus time plot look like for a situation
In which there is significant standing wave effect?
What would the development rate plot ook like for a situation
In which there is significant standing wave effect?
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