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High Density Plasma Systems

Maximum Load

100 Cobra

H2, Ar, N2, CH4

Etcher Materials Etched Gases available Wafer Size Size Cleanliness
. . 8 per loadlock
Applied Materials . Ar, BCI3, CF4, Cl2, N2, .
P5000 MRIE ChA Al/Si Ar 4in pumpdown, 50 Back End MOS
max
Applied Materials $i02, SiN CHF3'CF4I\'|2A” He, 02 4in i&ercjgjvdrlogg Back End MOS
P5000 MRIE ChB pUmpaown,
max
Applied Materials PolySi,Si | CI2, HBr, NF3, CF4, SF6 4in 8 per loadlock
P5000 MRIE ChC He/02 pumpdown, 50 Front End MOS
max
. 02, N2, H2, ClI2, HBr,
Lam 9400 TCP PolySi, Si CF4, C2F6 4 25 Front End MOS
Plasmatherm varied metals Cl2, BCI3, 02, SF6, Ar, | 4in (6in%*) 1 Flexible
Versaline ICP CF4, CH4, N2 (All Classes*)
Plasmatherm Ox, SiN C4F8, H2, Ar,CF4,02, | 4in(6in%*) 1 Flexible
Versaline ICP CHF3, He, N2 (All Classes*)
PlasmaQuest 100 ) Ar, SF6, N2, H2, 02, . .
ECR Varied CF4, He, BCI3, CI2 4in 1 Flexible
Oxford PlasmaPro GaAs, -V, 11V BCI3, SF6, CL2, O2, HBr, 4in 1 Flexible
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Silicon DRIE and RIE

Etcher Materials Etched Gases Wafer Size Maxmsi:xzr: Load Cleanliness
PlasmaTherm i SF6, CAF8, 02, Ar 4in (6”*) 1 Flexible
Versaline DSE (All Classes*)

STS Si SF6, C4F8, 02 4in 1 Back End MOS
STS HRM Si SF6, C4F8, 02 4in 1 Back End MOS
Etcher Materials Gases available Wafer Size Mammym Load Cleanliness

Etched Size

Applied Materials| SiO2, SiN, Si, |02, CHF3, SF6, Ar,

8100 PR NF3 4in 24 Back End MOS
e o 4 Slots — Front
Drytek 100 PolySi, Si, SiN, [ 02, CF4, SF6, 2-6in, pieces c -

PR CHCIF2 2 Slots - Flexible

Drytek 100 Varied 02, N2, Ar, SF6,
(Modified) CHF3, C2F6, CAF8

2-6 in, pieces 1 Flexible




Ashers and Dry Chemical Etching

Maximum Load

Etcher Materials Etched | Gases available Wafer Size Size Cleanliness
Gasonics Asher PR ashing 02 4in 25 Front End MOS
Matrix Asher PR ashing 02 4in 25 Flexible
Etcher Materials Etched | Gases available Wafer Size Maxm;:;zr: Load Cleanliness
Xactix Si, Ge, SiGe XeF2, N2 Pieces to 6” 1 Flexible
HF Vapor Etch 1 Si02 HF acid Pieces to 6” 1 Front End MOS
HF Vapor Etch 2 Si02 HF acid Pieces to 6” 1 Flexible
SPTS Micro Etch . . . ”
HF Vapor** Si02 Hydrogen Fluoride| Piecesto 6 1 All Classes
Tou5|.m|s Critical NA Cc02 Pieces to 6” 1 All Classes
Point Dryer
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PlasmaTherm DSE

ICP-11 DSE 3-Turn Source Electrode Chiller temp -40C-40C

RF PKG: 3.5kW*, 2MHz Fast gas switching

RF 100W, 1kHz-100kHz DBS (Digital Bias Supply) Optical Endpoint Detection
Mechanical Clamp
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Etch rate (um/min)

Selectivity Si:PR
Profile Angle
Scallop Length (um)
Scallop Depth (um)

%Nonunifomity (6
mm edge exclusion)

Run-to-run
%Nonuniformity

C
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PlasmaTherm DSE

>10 for 100 micron
trench

>100:1

90 degrees +/-2
<2.5

<1.0

<3%

2.00%




PlasmaTherm DSE

Stanford 2013/01/31 x1.2k 50 um

Stanford 2013/02/04 x800 100 um
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PlasmaTherm Versaline Metal Etcher
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Plasmatherm Versaline Metal Etcher

Mechanical clamp

Electrode Temp 10C-60 C

ICP Source: 2.5 KHz, 2.5KW

RF Bias: 13.56 MHZ, 300 W

Heated chamber liners

Laser endpoint system

Optical endpoint detection system

Gases: Cl2, BCI3, 02, SF6, Ar, CF4, CH4, N2
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Parameter Recent Monitor (6”
wafer)

Al Etch Rate 6208 A/min (10.7%)
Oxide Etch 964 A/min (6.85%)
rate

Photoresist 4727 A/min (11.9%)

Etch Rate

Al:Pr 1.31
Selectivity

Al:Oxide 6.44
Selecivity
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PlasmaTherm Versaline Oxide Etcher

- Mechanical clamp Parameter m

- Electrode Temp -40 C-40 C Etch Rate A/min >2500
- ICP Spurce: 2.5 KHz, 2.5KW Selectivity Oxide/PR >1:1

- RF Bias: 13.56 MHZ, 300 W

- Heated chamber liners Within Wfr <3%

- Laser endpoint system %Nonuniformity

- Optical endpoint detection system Wafer-to-wafer <3%

- Gases: C4F8, H2, Ar, CF4, 02, CHF3, He, N2 %Nonuniformity
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PlasmaTherm Versaline Oxide Etcher

| Parameter | Unit | Light | Etch |
s 5 54

m mTorr 5 5
sccm 40 40
w 600 600
w 50 20
C 10 10

Electrode
Temperature
Lid Temperature 90 90

C
Temperature
Temperature

SiO2 film etched using metal mask,
showing high fidelity pattern transfer
and good sidewall smoothness and
verticality. The etch rate was 110

HV spot HFW mag [ WD tilt 100 nm

nm/min’ and Se|ectivity to 500KV 3.0 | 317nm 400000x  52mm | 0° Stanford Nova NanoSEM
photoresist was about 3:1.
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Oxford PlasmaPro 100 Cobra

Materials: GaAs, I1-VI 2 MHz 3KW/600 W 13.56 MHz
Mechanical Clamp Laser interferometer
Electrode Temp =-150 C-400 C Gases: BCI3, SF6, CL2, 02, HBr, H2, Ar, N2, CH4

Raith 150 300 nm EHT = 5.00 kV Signal A = InLens Date :31 Oct 2012
Mag=17750 KX |——— WD=51mm User Name = JANP Time :13:24:54

Mag = 12.24 K X WD = 43 mm
InLens EHT =10.00 kV

e Wafer: GaAs substrate -> 1um AlGaAs sacrificial layer -> 164nm GaAs top membrane
e Lithography: pattern written in ZEP (~300nm thick) using JEOL e-beam writer
e Structures: photonic crystal cavities on suspended membranes
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Applied Materials AMT 8100

Materials: Si, SiO2, Ge, SiGe, PR

Gases: CHF3, SF6, NF3, Ar, O2

Electrode: Hexode, Ardel clamp, no He, 20 C
Load: 24 wafers

Cleanliness: Backend MOS

1982 vintage, workhorse, used by electronics
researchers
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Drytek 2/4

Materials: Poly Si, Si, SiN, PR Materials: Poly, Si, SiN, SiO2, W, Ti
Gases: ChCIF2, CF4, SF6, 02 Gases: CHF3, SF6, C2F6, C4F8, 02, N2, Ar
Electrode: 6 electrodes, no clamp, 20 C  Electrode: 1 electrode, 20 C

Load: 6 wafers Load: 1 wafer up to 6”

Cleanliness: 4 Frontend, 2 Flexible Cleanliness: Flexible

1982 vintage, workhorse, fast, easy Flexible, easy, no clamping
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Lam 9400

Materials: PolySi, Si, SiC

Gases: Cl2, HBr, SF6, Oe, He, CF4
Electrode: 4”, He clamping, 0C-90 C
(operates at 60 C)

Load: cassette to cassette
Cleanliness: Front End MOS

Vintage 1994, classic version
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MRC

Materials: Si, SiO2, Ge, SiGe, PR

Gases: CHF3, SF6, CF4, Ar, 02
Electrode: No Clamp, 7” electrode, 20 C
Load: 1 at a time

Cleanliness: Flexible

Low pressure system, most often used
for Ar sputtering
Easy, fast, flexible
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PQuest
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Materials: Anything goes, IlI-V

Gases: Ar, SF6, N2, H2, 02, CF4, He, BCI3, CI2
Electrode: He clamp, 0 C— 200 C

Load: single 4” wafer

Cleanliness: Flexible

ECR, circa 1980

Mostly used for IlI-V and other flexible
processes

Wet clean between “chlorine” and “fluorine”
etch weeks
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STS Multiplex Pro HRM

DRIE Trench Etch Test
stsetch2, Jun 28 2012

Mask Layout Size
1.5um 1.2um
eI

1.0um

1.45um

0.7um I-955 PR
Expose 130mJ

Egcgh ;”gle' PS000 etch 1655

' ) 0.8um oxide hardmask (~60nm leftover)
Aspect Ratio: Recipe: SOI_HAR VeryNarrowGap
T70:1 400 cycles ~ 35min, O, plasma strip
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Materials: Si

Gases: Bosch

Electrode: 4”, He Clamp, ~40C
Load: Single wafer
Cleanliness: Backend MOS

Resist burns easily, prototype
system



STS ASE

Materials: Si

Gases: Bosch

Electrode: 4”, He Clamp, ~35C
Load: Single wafer
Cleanliness: Backend MOS

Slow etch (2 um/min), custom
wafer holder.
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Future for SNF Etch Tools

Near term:

- Migrate towards common repairable spares wherever possible
(pumps, chillers, MFC’s, baratrons)

- Develop backup strategy for vulnerable hard drives

- Address process gas cylinder management

Mid-term:

- Expand “cleanliness” definitions beyond the traditional three
classes

- Upgrade process gas cabinets

Long term:

- Migrate to 6”/8” compatible tools (removing aging tools)
- Migrate towards common tools
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Cleanliness/Contamination in Dry Etching

Exception:
Substrates w/out Litho Tools, some
" metals or other

non-standard onolyhcol tools

Stanford
SNF Nanofabrication
Facility



Cleanliness/Contamination in Dry Etching

Motivation:

Electronics is last century (last millenium?)
More demand for non-traditional materials
- New materials of electronics
- Optics demands

New materials constraints
- Electronics needs — voltage shift concerns
- Detector needs — Lifetime concerns
- Question: How to quantify?

Concerns for etchers
- Mechanism of contamination transfer
- How to set up barriers to transfer
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Cleanliness/Contamination in Dry Etching
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