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Overview

e Motivation

e Description of tool
(innotec)

e Description of project
 Experimental procedure
e Data acquisition

e Data analysis

e Recommended process

innotec at the SNF

e Results of test run
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Motivation

General layout microfluidic Close up patterned, sidewall
chip with electrodes electrodes

Cell
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Description of tool (innotec)

An e-beam metal evaporation system capable of holding 22, 4” wafers.
A directional process allowing precisely controlled film thickness up to 1 pm.

Jig in planetary Tilt angle “gauge”
~a L §

Planetary retrofitted with a tilt angle jig allowing wafer alignment at different angles.
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Description of project

Develop calibration process for tilt angle jig to determine angle of evaporation

e Standard lithography using

transparency mask (karlsuss)
— Horizontal slits to measure tilt

)

— Angle slits to measure rotation

e STS DRIE (stsetch, DEEP)

— Channels all 50 um, 1:1 aspect ratio

e Metallization (innotec) 2000 A Al
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Shodow Mask #2 Shane Cnppen Stanford University 2011

12/13/2011 Trenches in silicon > Crippen Transparency mask



Description of project

Near wafer center
(slits & scale)

Rotation marks

12/13/2011

Closeup near wafer center
(slits & scale)

Leading edge
creates shadow

S Crippen



Description of project

Cut away

trench width — x

jig tilt = atan(
JI& trench depth

12/13/2011

)

Single trench up close

Jig tilt angle

Incident source \

% way up
sidewall

Thin film

1:1 aspect ratio
channels (50 um)

% way down

trench

S Crippen




Experimental procedure

runs

Calibration innotec innotec Innotec
Experiment stsetch . _- assembly/ Notes
wafer evaporation tilt jig .
disassembly

Al o Best case

1 50 um (2000 A) 45° down No
Al

2 50 um (2000 A) 45° down No Best case
Al

3 50 um (2000 A) 45° down No Best case
Al o Yes Reproducibility

4 >0 pm (2000A)  APTAOWN  iktonly) & variability
Al Yes Reproducibility

(o]

> >0 um (20004)  P°IOWNitonly) & variability
Al o Yes Reproducibility

° >0 um (2000A)  PTIOWN itonly) & variability
Al Adjusted

2 then 3 50 um (2000 A) between No Test process




Data acquisition

100 um grid lines

Thin film

Shadow

0 tilt line using 5x objective
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Data acquisition
(trench width)

Sidewall

Microscope
readout

1 um grid lines

Sidewall

0 tilt line using 80x objective

12/13/2011 (focus on top, measure trench width)
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Data acquisition

(thin film width)
Sidewall
Microscope
Metal film in > it 0.7 i e readout
trench TE YT B
1 um grid lines
Sidewall
()
0 tilt line using 80x objective
12/13/2011 S Crippen 11
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Data acquisition
(top, middle, bottom of wafer)
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Data analysis
(Preliminary data using nominal trench depth & width)

Calibration Curves All Wafers

55.00

50.00

45.00

40.00

35.00

Measured tilt angle {(deg)

30.00
-40.00 -30.00 -20.00 -10.00 0.00 10,00 20.00 30.00 40.00

Distance from wafer center {mm)

—4—Call —M—Cal2 —&—Cal3 =—=—Cald —t—C(Cal5 —8—Calb

Data is tight. An odd behavior! But wait! Tilt calculation is
dependent on actual trench depth & width!

trench width — x ;
12/13/2011 jig tilt = atan( ) S Crippen 13
trench depth



Data analysis
(Measuring trench width)

Variability in trench width

(min/max around average)

Variability in trench width

(raw data)

Trench Width Across Wafers Trench Width Across Wafers
é é 58 £ ?L_* & %\ I g T s A
— & ; _
= fd 5 56 ‘¥ ol oy g ;/\ 56 / \
s 2. ® " S «=lley [ N I
3 T v A3 = 54— =
- \ ‘ i Average
= " 22 ﬁ i (] \% == Average
Ci |5 cCh
-20 0 20 40 ob -40 -20 0 20 40
Distance from wafer center {mm) Distance from wafer center {mm)
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Data analysis
(Measuring trench depth)

Variability in trench depth Variability in trench depth
(raw data) (min/max around average)
Trench Depth Across Wafers Trench Depth Across Wafers

= +1 ”é“ T T 6 i
5 £
= H?2 P! | T T
g° A3 > ;s
L= 0 == {Lverage
o %4 e L i L :

X5

@6
-40 -20 0 20 40 -40 -20 0 20 40

Distance from wafer center (mm) Distance from wafer center {mm)
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Data analysis
(Data using measured trench depth & width)

Calibration Curves All Wafers

Measured tilt angle {deg)

55.00
E;
S 50.00
u
{=14]
S 45.00
E 40.00
[s1]
5
2 35.00
@
z 30.00
-40.00  -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00
Distance from wafer center (mm)
; ——1 —B—) ——3 =] —=5 —8—6 .
Experiment #1 Experiment #2
Calibration Curves Wafers 1-3 Calibration Curves Wafers 4-6
55.00 . . 55.00
Tilt is _
50.00 . Eﬂ 50.00
reproducible =
45.00 2 4500
between runs b
——1 = —_—1
40.00 . .e o 40.00
o = | provided the jig | & =5
35.00 —A—g . g 3500 90
IS hot s
30.00 . 30.00
-40.00 -30.00 -20.00 -10.00 0.00 1000 20.00 30.00 40.00 dlsassembled' -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00
Distance from wafer center {mm) Distance from wafer center {mm)
S Crippen
Root MSE = 0.96 deg 12/13/2011 Root MSE = 0.86 deg 16




1.

2.

3.

4.

5.

Recommended process to achieve desired tilt

(quick calibration followed by real wafer
within 1 innotec reservation window)

Set tilt approximately 8 deg less than desired
— Ensures evaporation in bottom of trench for optical measurement
Evaporate calibration wafer on planetary using same slot each time

— Caution (consider not rotating planetary)
* Ensure no interference between tilt jig & bell jar hoist during rotation
* Ensure no interference between tilt jig & quartz crystal during rotation
* Planetary wobbles during rotation

Quickly measure tilt angle using optical microscope
— Olympus microscope #2 near Headway in Litho
— Calibrated objectives & measurement tools

Develop calibration curve from tilt angle measurements
— Excel spreadsheet

Set tilt jig as appropriate from calibration curve
Evaporate real wafer of interest

Measure tilt angle achieved



Test run using process
(Experiment #3)

* Selected wafers 2 & 3 for Calibration Curve Wafers 2, 3
process demo 55.00

e Similar curves with ~37 deg
crossings at center

y=0.061x+37.34
R?=0.903

50.00

e Stripped aluminum B
e Ran both wafers during one

40.00 - 3
M S
innotec reservation 35.00 i —— Linear (2)

— 2then3 S

e Measured tilt & adjusted 4000 20.00 0.00 20.00 40.00
accordingly for wafer 3

Measured tilt angle (deg)
y

Distance from wafer center {mm)

Experiment #3
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Test run using process
(Experiment #3)

Calibration Curve Wafer 2

e Evaporated wafer 2
y=0.060-

e Generated calibration curve to
right during test run (rapid fire!)

45.00

40.00 -2
—— Linear {2}
35.00

e Ocrossing was 37 deg

* Adjusted tilt jig 8 deg down to hit T oo o
45 deg

Measured tilt angle (deg)

Determination of tilt from wafer 2

 Evaporated wafer 3

e Used SNLU's SEM to measure tilt at
wafer center (side profile)

e Tilt at wafer center was ~44 deg
e Within ~1 degree of desired

kX| TL -1.0 08

12/13/2011 S Crippen ' =
SEM to measure tilt for wafer 3



Summary

Tilt reproducible if appropriate
precautions taken

Process requires 4 hour innotec
reservation window

— 2 pump downs, each one takes ~1 hour

— Calibration wafer, then real wafer

— 30 minutes to develop new calibration

curve in between pump downs

Calibration wafer must be previously
characterized for trench width &
depth

— Only metal deposition then need be
measured optically

— Difficult if microscope in use by others
Pick the right tool
— Sometimes low tech tools are the most

suitable
E-Beam| Mag : FWD | Spot| Tilt 121311

Thanksto J & many SNF staff 5.00 kV| 250 X 122| 3 | -2.0° | 01:15:55
— Jeannie, Uli, James, Mahnaz, Nancy
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