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ﬂad locked, turbo pumped unit \
e System pressures below 240 mTorr

e Substrate temps up to 500C

» Configured for 6 metal-organic precursors

= 8 gas lines configured for 6 reactive gases
plus Ar (bubbling/purge) and water
* Reactive gases: 02, N2, H2, NH3, and O3

* |n-situ monitoring of ALD process with
Woollam Spectroscopic Ellipsometer

= |CP Remote Plasma source (up to 600W)

= Ozone Generator and Controller recently
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_J S Films Grown/ Precursors Used @ UCSB b X+ vy

Standard “already developed” Processes

= Al203 growth
e Thermal: TMA + H20
e Plasma: TMA + O2

= HfO2 growth
e Thermal: TEMAH + H20
e Plasma: TEMAH + O2

» ZrO2 growth
e Plasma: ZrEMA + O2

= SiO2 growth
* Plasma: 3DMAS + O2

= SiNx growth
e Plasma: 3DMAS + H2/N2

* TiO2 growth
e Thermal: TTIP + H20
* TiN growth
* Plasma: TDMAT + H2/N2

New “under development’’ Processes

= SiO2 growth
e Thermal: BDEAS + O3

= TiN growth
* Thermal: TDMAT + NH3

* Rumetal film growth
* Thermal: Ru(Cp)2 + 02
e Thermal: Ru(Cp)2 + O3
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Presenter
Presentation Notes
TMA = tri methyl aluminum, TEMAH = tetrakis (ethylmethylAmino) Hafnium, ZrEMA = tetrakis (ethylmethylAmino) Hafnium, 3DMAS = tris (dimethylAmino) Silane, TTIP = titanium isopropoxide, TDMAT = tetrakis (dimethylAmino) Titanium, BDEAS = bis (diethylAmino) Silane, Ru(Cp)2 = bis (cyclopentadienyl) Ruthenium
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ULSE P rtive?? - Nanofabrication
v 222 Ozone for “Active” Thermal Oxidation ety

INUSA MiniODS Ozone Source + Sci-L Controller

. Clgsed Igop feedback. control of O3 concentration i OZONE SOURCE E atmosphere
using built-in O3 monitor. | divert !
1
= 02 gas flows up to 1000 sccm, O3 concentration up E 1] T '\
to 22 wt?. ! PN P
. : : ! bpr Lo
= \c/i\(hen Igenerac’jor is on, O?'IS aII\;va.lys.ﬂonll:g =>needa : generator | : ~ ALD unit
ivert line and a process line (built-in with source) ! processi Cas Pod
* Divert line must be pumped since the generator O .
runs @ 30 psig (maintained by BPR) and the ALD
unit is low pressure.
* Process line connects to reactive gas pod of the
ALD unit => can use standard ALD valves already
in place (small modification of the FlexAL control e -
software was required) Owpgen Flow: 250 %] scem
. Dzone Concentration: |19.0 "'Z+ k.
* We use a small script to control the ozone source
(gas flow, O3 concentration, On/Off) directly from e —— 18950 %t
the desktop of the ALD control PC Precoue BRI
emperature B
Starting ozone generation...
Sett!ng oxpgen flow. . )
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Presenter
Presentation Notes
Feedback control => stable O3 concentration output to ALD; BPR maintains gnerator at 30psig => if divert at atmosphere, then switch to ALD unit will cause initial overpressure alarm; adding process line to gas pod => utilize existing hardware already in place, Small mod -> add ozone line to software and output on/off signal to process/divert valve of ALD unit to switch flow when flow is set in software
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Deposition conditions Annealing conditions (resistivity stability tests)
= Substrate temp =300C, * 60 min @ 400C in Forming Gas
* TDMAT cycle: 1sec @ 15mT , Ar draw @ 50sccm;
Ar purge 4s @ 15mT; source @ 60C
* H2/N2 plasma dosing: flow, pressure, ICP power,
time are variable

12 1400
1 P 1200
_ — - A —+—H2/N2 30/10 400W
08 ?- £ 1000 \ ~20nm
<%° F2/N2 400W S 3010 400W ~20
X 0.4 —8—<5mT, 30/10 35 600 nm
o H2/N2 400W 2 400 —8—H2/N2 10/30 250W
0.2 ——2.5mT, 10/30 200 ~10nm
0 . . ; ; ) H2/N2. 250w 0 : . . : , —@—Post Anneal H2/N2
0 10 20 30 40 50 0O 10 20 30 40 50 18/30 250W ~
H2/N2 Plasma Time (s) Plasma Time (s) nm

For annealing conditions tested:

» Resistivity is not stable below 15s plasma time
(resistivity values order of >100’sK uOhm-cm)

= Resistivity less sensitive to plasma time @
lower ICP Power and/or H2-N2 ratio
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For growth conditions tested:

* GRindependent of H2/N2 pressure, flow ratio
* GRindependent of ICP Power

* GR does not saturate with plasma dose
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Presentation Notes
Metals are <1 uOhm-cm


JCSB Application: MIS devices on IlI-V - ucsnl o
—_ semiconductors Facility

* |n-situ As decapping in FlexAL ALD

- Grow amorphous As-cap on InGaAs at the end of MBE growth => surface is protected from
environment (ideal surface => minimal Dit?).

« As- cap removed by exposure to low power H* plasma (2W) as AsH3. Cycle (2W H* plasma for
55)/(SE measurement for 4s) until interface reached.

- Immediate oxide growth on clean InGaAs interface (interface is never exposed to air!)
- Initial results promising
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Presentation Notes
Mention that preservation of the interface via As caps has been investigated (not an easy option for the standard Gate Last process used at UCSB however).  Desorb As cap using low power (~5W) H* plasma to produce AsH3.  Monitor surface using SE – dramatic change in refractive index at 5eV when As removed and clean InGaAs surface appears.  Then proceed with insulator growth on a surface that has never been exposed to air.
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[JCSB Application: SiOx ALD Growth using et
i “SAM.24” and Ozone Facility

. S@mcﬁﬁﬂ@@m&ﬁhﬂa%ﬂ%@ﬂ#&@@ﬁé@@qﬂﬁéﬂhﬁﬁ@@ﬂ%ﬁ%mmxcH 3),N N(CH3),
E@@mtsth&t@@m&’bﬂmmamgmiemed(by glmsarption from molecularly adsorbed state\Sl/
b ihind Sma@gﬂ}mrgﬂlﬂﬁdk( jedarisisieysaiud
. Depmfmﬂ%mmtsﬂwaﬁgre -
Bb%A%@B%ycg%mOV&MQ i Pris 09 iR ARG TR IS S VLRI, pump 35
§ongpc?rat| ons'cncn% B2 flow t% O3 conc @ 50 or 290*mT@ﬁ(g&r purge (@ 50sccm/2s; pump 3s

H / \N(CH3)2
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Presentation Notes
BDEAS @ 100% vapor flow to isolate pressure effects if any!
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High performance N-Polar GaN-HEMTs using
5nm AI203 Gate Oxide— Denninghoff et. al. ] ] -
. Dit reduction of ALD-AI203 on Ga-faced GaN using
H_jLH — . .
Lugngo =, 2200 | L, - 80 rm, W, - 1x25 ym water pre-saturation of surface — X Liu et. al.
éf—hﬁl i . Vi from 0 1o -6V In -1V steps -~ 10" . . . = 10
/ "I\ E . 1.5%mn = "-'.';33” Ohim mrm. by, =0 § (\F 1021 \ No H20 ] N% 1021 H\ H20 treated ]
P | E e, J "'\.."
/_ - I § 10" T, £ 10"} e ,
. " : z = 0 ) . K a1
F; E R 0.5 1 15 2 e 0.5 1 15 2
0 Gw:-mmr ‘E 0.8 E_Ec (eV) E_El.': (eV)
e ° 0.0l — Near Midgap Dit States dropped by an order of magnitude (5e11cm2eV
S o1 2z 3 4 05 to 4e10 cm?2eV") when pre-treating surface with H20 before ALD growth
BT st ae Drain Valtage V. (V)
1.4 A/mm, Good Turn-off, 270GHz fmax.

ALD-AI203 for SiO2 membrane pore size shrinking and ion-current leakage suppression for CMOS-
compatible Biosensing devices — A. Uddin, etl al.
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before and after ALD coating.
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