ETCHER



» Process Parameters/ Limits

» Process pressure, Max = 100mT
» Backside He cooling pressure, max = 10 Torr
» ICP power 2MHz, max = 3500 W
» Bias voltage 1kHz-100kHz, max = 1500 V
» Electrode temp, max =40 C; min=-40C
id temp, Max=180 C



Unique Features of PlasmaTherm Deep Si Etcher
ICP Power at 2MHz

Has a matching network as well as frequency tuning option.

Range for frequency tuning — 1.85-2.15MHz

Normal mode of operation — frequency tuning for faster tuning
ALD valves for the two main gases, C4F8 and SF6 -

Gases are always flowing — valve directs the gas to the chamber or to the pump

During etch SF6 to the chamber and C4F8 to the pump and during dep vice versa.
itchi eenetchand dep



Pressure stability — During problem period operated in position control mode

Root cause: Throttle valve leak; Fix: Replaced and retrained

annot reach set point during the strike step




ICP Reflected power/ impedance errors
Occurs periodically mostly from Etch B to Dep step transition and when pressure change is high
Thorough chamber clean and conditioning reduces the frequency of errors
Run long etches in process in PM, No transfer mode.

Installed DSEC computer collect more detailed error log for PlasmaTherm




4” Si wafers with resolution mask pattern on 1um 3612 photo resist were used

~ Pattern density on the waferis ~25%

DSE FAT for 20 cycles Etch depth, um

Recipe 1, 2.55 Recipe 2, 2.0s
Line Width Dep Dep

10um 16.03 16.07

20um 17.49 17.02 '

30um 17.98 17.84

. 40um 18.19 18.2
8 50um 18.2 18.25
> 80um - 18.25
> 100um 18.2 18.23
< Recipe Conditions: BSHe = 4T; Electre@é = 15C, Liner=70C,

Lid = 150C, Spool = 180C; No of Cy€les = 20
> Dep: 150 C4F8, 30 Ar, 25mT, 2000W ICP, 10V Bias, 2-2.5s
Etch A: 150 SF6, 30 Ar, 40mf, 2000W ICP, 250V Bias, 1.5s
> Etch B: 300 SF6, 30 Ar, 78mT, 3000W ICP, 10V Bias, 3s









4" Siwafers with resolution mask pattern on 1um 3612 photo resist were used
Pattern density on the wafer is ~25%
vide features (~4um/min; 10um in 50 cycles)
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DEEP SI ETCH — SMOOTHER SIDEWALLS — DOE ANALYSIS
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ﬁ 11/23/2014 HV mag [ WD [ — WD mag [
S | 8:07:06 PM | 5.00kV | 7002x | 50 mm 50mm | 7969 x

O i U.U

| Electrode temperature does greatly affec
| mele ——o—— g o =.0035), with their being practically ng undercut at -20 C.
Magnified images of various sections of the etch profilein a fumhole «  This resultis likely due to improved initial polymer deposition at

Data and analysis are part of Andrew Ceballos & Stephen Hamann’s the lower temperature.
Fall 2014 EE412 project
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Wafer 1 L)
S.8 kV X2._.8aKk '15.8@85m Wafer2 5.8 kV X1.88K '16.7uom
Ar sccm
Pressure
ICP watts 2000 zooo /
V p-p 10 25 10
> waveform 1 % /
Step time (s) 2.3 ////f /15
Loop 3- No of cycles 5
> Parameter Def” EtchA EtchB
C4F8 sccm /25 15 15

SF6 sccm 5to pump 75 100
Arscem /30 30 30

> Pressupé 20 20 20
IC;)létts 1600 1250 1250

| 2 p-p 10 400 215
waveform 3 3 3

Step time (s) 2 2 1.5
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Parameter m Etch A mm Etch A2 '
_ Parameter Result

C4Fg (sccm) (150 to (150 to
pump) pump)
SF¢ (sccm) (150 to 150 150 (100to 100
pump) pump)

Ar (sccm) 30 30 30 10 Undercut (um)
Pressure(mTorr) 25 40 45 20 Notching (um)

ICP (W) 2000 2000 1000
Bias (Vp-p) 10 300-350(1) 10

Waveform 1 1 3
Step time (sec) 1.5 1.5 4

Loops 48 loops (4 min) 60 loops (5min)

Electrode temp 15C



Courtesy Edwin Ng; June 2012
Mask Layout Size No SOl pictures; but SOl recipe was used.

i T T 0NN T o Efoh rates bit slower than the DSE recipe.
| | Both tools are able to etch sub micron
features.

Aspect ratio dependence comparable.
Similar scallop depths.

Process trends similar between the tools

0.7um |-955 PR

Expose 130mJ

P5000 etch 165s

0.8um oxide hardmask (~60nm leftover)
Recipe: SOI_HAR_VeryNarrowGap

Etch Angle:
~89.9°
Aspect Ratio:
~70:1 400 cycles ~ 35min, O, plasma strip




PROCESS TRENDS AND SOI ETCH -STS HRM ETCHER

Trends for Controling Profile | Selectivity | Grass | Broak Sidowal _SF6/02 Flow (sccm) C4F8 Flow (scem) Etch Cycle Time (s) Dep. Cycle Time (s)
process rasulls nagath al Roughness 450/45 100 3 2
sithia) ; i ssfetch) EM/Dela

Pressure (pass/etch) Coil Power (pass/etch) Platen Power | Tem
Etch gas increase ==-——-—-— 15%/15% 1000W/ 2200 oW /25w 0Al0s 10

[Dep gas increase

EtzhDep time ratio
incresss

+« no effact or negligible effect

T increase
L decrease

V.0 kV X5.020K D. BBHD




Results from four different processes on PlasmaThem Deep Si etcher were provided.

maTherm etcher is comparable to sts HRM etcher.




