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ABSTRACT

I

This special project proposes to grow the aluminum nitride (AIN) piezoelectric thin films

with c-axis crystal orientation on polyethylene terephthalate (PET) plastic substrates. The AIN

thin films are grown by the laboratory-made reactive RF magnetron sputtering system using an Al

target. In this study, we investigate the effects of nitrogen concentration and purity of the Al

targets on the crystal structure of AIN thin films. The N, concentration of 20%, 40%, 60%, 80%

and 100% are used for deposition and balanced with Ar to a total flow rate of 20 scem. The purity

of Al targets are 99.99% and 99.8%. The morphology and structure of the films are studied by

SEM, X-ray diffraction, and UV-Vis transmission spectroscopy. Our experiments shows the

optimal N, concentration is 40% with the purity of Al target 99.99%. The optimal (002) oriented

AIN film have the strongest XRD intensity, the smallest full width at half maximum value

(0.327°), the largest grain size (26.68 nm) and the highest percentage of transmission (73.4% ).

Keywords: Aluminum nitride thin films, Reactive RF magnetron sputtering, Swanepole method,

Piezoelectric thin films
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CABLE COLORS
4-20 mA 0-5VDC
output output PIN #
Green Green 1
- White 2
Violet Violet 3
Gray Gray ¢4
Orange Orange 2
Red Red 7
Brown Brown 8
Blue - ]
- Black 10
- = 11
Yellow Yellow 12
- - 13
White = 14
Shield Shield 5

Note:Pins 1,3,5,9 and 10 are all tied together internally. However it is highly recommended that

4-20 mA (COMMON) —

SIGNAL COMMON
+5VDC REFERENCE

VALVE OFF —
+24VDC (15VDC) SUPPLY ——
4-20 mA QUTPLT -~

CHASSIS GROUND

FUNCTION
Signal Common

0-5 VDC Flow Signal*
0-10 VDC Optional
Valve Return

Purge

Power Common

Valve Monitor

+24VDC (15VDC) Supply
Setpoint Input

4-20mA (Common)
Signal Common

+5VDC Reference

Valve Off

+24VDC (15VDC) Supply
4-20mA Output

Chassis Ground

(

-

=

\
/

SIGNAL COMMON
- 0-5VDC FLOW SIGNAL

—— VALVE RETURN

PURGE

|—— POWER COMMON
— VALVE VOUTAGE

+24VDC (15VDC) SUPPLY

— SETPOINT INPUT

at least one "signal common", one "power common” and the " valve return” pins be connected

to the power supply common via seperate wires, so that no ground loops are introduced, (especially

on cables longer than ten feet)
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TXgreeno BEG25P (BE1113)

Integrated Plasma Driver

Introduction

Operation Manual

The?E;EGZSP P'owerr Generator is a solid state, fully integrated power
sou’rq"e designed .t0 handle a wide variety of plasma etching applications.

It will provide a maximum power output of 625W into a 50 ohm impedance.
The model you have selected has been customized to your frequency and

interface requirements.
Specifications
Hated  Power Output

Mismatched Protection

i-'requen_cy!Stability
Hlarmonics
Spurious Level

Power Control Input

g}

Power Setpoint Stability
& Repeatability

Power Cantrol Range

AC Power
Cooling

Size and Weight

Overcurrent Pro!ec}ion

625W into 50 ohms

Protected for VSWR > 2:1 by folding back the forward
power when the reflected power exceeds 100W.

13.56MHz + .005%
> 40dBc &
> 50dBc into any condition of mismatch.

0-5VDC into 10KQ

.Internally limited to 625W

+ 5% over 12.5W-625W power control range

17dB  (12.5W-625W)

110 - 220VAC * 10% single phase at 11A max.
Power factor corrected to .98

Water flow rate of 1.5gpm at inlet temperature of
30°C max. Max. ambient temperature of 35°C

5" X 9" X 12", approx. 18 Ibs. (8 kg)

Hic-cup current limiting for current exceeding the
normal maximum current by 25%. Will not activate
under any normal operating conditions including
mismatched loads. Indicates a need for service.



L]

@ _ ;o . 'Front Panel

i~ MODEL NO.

FREQUENCY

Brounley
—-z Engneerng

7331 114 N 50‘.410
Largo,

SERIAL NO.

S ADE N UsA ]

|

12

25 pin submin. D connector Function
1 +15V limited to 25mA max. RL = 600W min.
-2 REFL. PWR. Voltage level depends on VSWR: Vr+1/1- Y V,
3 FWD. PWR. 0-5V Load Impedance = 10KQ min.
4  D.C.P.S. ENABLE +5V "on", OV "off" into 10KQ
i POWER CONTROL 0-5V RL =10KQ
6 GROUND
7 SPARE
8 SPARE
9 SPARE
10  SPARE
11 SPARE
GROLND

\ RF OUT

| __—— WATER,CONNECTIONS

INTERFACE CONNECTOR

AC TERMINAL

HANDLES

Load Impedance = 10KQ min.



Safety |
The BEB25P should never be operated in a manner inconsistent with the .
procedures and specifications documented in this manual. Improper
operation may cause personal injury or damage to the unit and will void
the, 'warranty. Brounley Associates assumes no responsibility for any unit
operated |mpr0perly or repaired/modified by personnel not authorized by
Brounley to service the BE625P.

The unit is designed to be laid on any side or rack mounted. If the unit
must be mounted or operated with the front panel facing upwards, special
care should be used to ensure a proper water connection is made with no
leakage. Failure to do so may result in damage to the unit.

4

Instaliation

Initial Inspection

If damage to the shipping carton is evident, request the carrier's agent be
present when the unit is unpacked. Check the unit visually for damage.
Retain the shipping carton and packing material should a return become
necessary.

NOTE: If the unit shows signs of damage or fails to meet any of the
specifications found in this manual, please contact Brounley Associates
immediately. If you are returning a unit to us, use the original shtppmg
carton and packing materials if possible.

Placement —
Lay the unit on one of its sides or place it in a rack mounting cabinet
(rack-mount models only). :



Connecting the Water Chiller \
The BE625P requires two 1/4" NPT male water connections. The chiller
must be set to 30°C at a flow rate of 1.5 gpm. Secure fittmgs to the
generator using Teflon pipe tape or plpe dope and check for leaks before
proceedmg

rl
Distiled water should be used to eliminate possible build-up of corrosion
or scale inside the heatsink tubing,. thereby restricting water flow. If tap
water with a high mineral content must be used, it may be necessary to
periodically flush the unit by pumping a commercial lime or scale
removing agent through the unit.

Connectmg the Interface

Connect your system interface to the BE625P mterface using a standard
25 pin Sub D connector- cable (male/female). The individual pin functions
can be found in the "Specifications" section at the beginning of this
manual as well as in the RF Control schematic. A remote contro! unit is
available - from Brounley Associates if you wish to operate the unit outside
of your system.

Connecting the RF Output ‘

Connect the upit to your load. The BE625P generator requires a type "N"
male 50 ohm Coaxial cable connector for connection to the load. Use a
Teflon RG393A/U cable or equivalent. ‘

Connecting the AC Line

The 110/220V AC line is connected to the three feedthru terminal blocks
on the front panel of the BE625P generator. The center terminal block is .
connected to ground. The other two terminals are interchangeable. Be sure
no bare wire is exposed and connections are secure and use only a well
insulated cable rated for use at 110/220V, 15A.

]
J



Operating the Generator

Turn on Pr,ocedure

,1)

2)
3)

4)

Turn on the water. Ensure that proper flow.has been established
before proceedlng

Plug in AC line power cable.
Turn on the +5V to enable the DC Power Supply.

Adjust the output power to the desired level by applying the correct
voltage to the Power Control input. Use the Power output vs.
DC Control voltage data provided in this manual.

The Forward Power Monitor voltage (Vf) gives the same voltage reading

as the DC Control voltage and can therefore be used to monitor the
power output of the unit. It will vary into a VSWR however as dictated
by the foldback protection when the VSWR exceeds 2:1.

Shut Down Procedure

1)
2)

3)

Turn off the unit by returning the DC Power Supply enable to 0V.

Disconnect the AC line if the unit lS to be left off for an extended
period of time.

Turn off the water.

NOTE: Do not leave the water on for extended periods of time with the RF disabled.’
This can cause a build up of condensation inside the unit housing.



BE625 Block Diagram
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CAL-BENCH SERIAL NUMBER Asset No 0126, REV 8.00.06 CALIBRATION DATA

Sierra Instruments, Inc.
5 Harris Court, Bldg. L

Monterey, CA

File Name

Test Date: 1/14/2010

Due Date:

Device Under Test

93940
c:\records\RC130023\130023~

Print Date: 1/14/2010

1/14/2011

Ambient Conditions

Customer Code: 113308 Gas Temperature: 21.1 Degrees C
Model#: 810C-NR-2-V1-51 Room Temperature: 21'.7 Degrees C
Serial No.: 130023 Ambient Pressure: 763.26 mm Hg
Bccuracy: 1.5% FBS Back Pressure: 1.064 In H20
Bypass: LFE Relative Humidity: 46.18 Percent
Orifice: .010
Master STP
Serial Number: None v, Temperature: 21.71 Degrees C
Hull Scale Flow: 50 peeiEM Pressure: 760.00 mm Hg
2 RAS hATH - Fre
% Density N Cp Name
100.00 1.2800 é= 00 QPO E4AR Nitrogen, N2
Test Gas: Nitrogen, N2
Calculated K Factor is: 1.000
————— DATA —----
Full Scale Flow: 50 SCCM
Voltage Indicated Flow Actual Flow Error Error
vDC SCCM SCCM % Full Scale % Readin
- 0.000 0.000 0.000 0.0 0.0
t.24B5 12.646 12.659 -0.0 -0.1
i 2.520 25.795 25.176 0.0 B
i 3.760 37.598 37 .387 0.4 &5
. 5.010 50.098 49,985 05:2 02
|
————— Device Information -----
Vacuum Test: N/A x 107- 9 Atm cc/sec (He)
Fittings: 1/4" COMP 3

Outlet Pressure: -30" HG G

BAR G

Inlet Pressure: 1




|
Meter O-Rings: VITON Valve Seat material: VITON
Serial Number: 130023 Test Date: 1/14/2010
————— Test Equipment -----
Cal Bench Asset No.: 0126 Barometer Asset No.: 0698

$RH Meter Asset No.: 0736 Thermometer Asset No.: 0736
DVM(s) Asset No.: 0054

0-5 VDC OUTPUT/COMMAND SIGNAL
(24 VDC INPUT POWER

Calibration Technician: {ﬁ)vr\ Date: :T%;J 1Y -

DON BISHOP
Verified By: [//7&”/(”\ Date: Jﬂm /J; Zo/0

This Cal=Bench was calibrated with NIST-traceable equipment and in conformanc:
with the provisions of ANSI/NCSL 7540 and ISO/IEC Guide 25. Applicable NIST
traceable numbers are available upon request.

@The accuracy of this equipment is 0.2% of reading.

Suggested recalibration due dates for the following critical items are:
The Cal=Bench System: 12/31/2011 D/A and A/D converters: 12/31/2010
Glass Tube Diameters: 12/31/2011 System Clock: 12/31/2010




CAL-BENCH SERIAL NUMBER Asset

No 0126, REV 8.00.06 CALTIBRATION DATA

Sierra Instruments, Inc.
5 Harris Court, Bldg. L
Monterey, CA 93940
File Name : .c:\records\RC130022\130022v
‘est Date: 1/14/2010 Print Date: 1/14/2010
Due Date: 1/14/2011
N Device Under Test Ambient Conditions
(ustomer Code: 113308 Gas Temperature: 21.3 Degrees C
Nodel#: 810C-NR-2-V1-81 Room Temperature: 21.7 Degrees C
ferial No.: 130022 Ambient Pressure: 762.16 mm Hg
lecuracy: 1.5% FS Bagk/ /Pregsure: %083 In H20
Fypass: LFE ~Relative Humidity: 46.18 Percent
frificer 014
Master sl
ferial Number: None 4 Temperature: 21.1 Degrees C
Full Scale Flow: 100 sccMm Pragsure : 760.00 mm Hg
e« 11 = dsOorcs ) -2/~ GAS-DATH —-9<
% Density N Cp Name
100.00 1.782 1.040 0.124 Argon, Ar
Test Gas: Argon, Ar
Calculated K Factor is: 1.000
————— DATA T —<--
Full Scale Flow: 100 sccMm
Voltage Indicated Flow Actual Flow Error Error
VDC SCCM SCCM % Full Scale % Readin
0.000 0.000 0.000 0.0 0.0
1259 25, 175 25.006 QL2 6
2,512 50.244 50.084 8 0.3
3.764 15.283 715.105 4 O 2
5017 100.334 100 =119 1 - 2
————— Device Information -----
Vacuum Test: N/A x 10°- 9 Atm cc/sec (Hé)
Fittings: 1/4" COMP -

Inlet Pressure: 1 BAR G

Outlet Pressure: -30" HG G




-1’ o
¥eter*O-Rings: VITON . Valve Seat material: VITON
cgrigl Number: 130022 Test Date: 1/14/2010

————— Test Equipment -----
cal Bench Asset No.: 0126 Barometer Asset No.: 0698

2sRH Meter Asset No.: 0736 Thermometer Asset No.: 0736
DVM(s) Asset No.: 0054

(-5 VDC OUTPUT/COMMAND SIGNAL

z4 VDC INPUT POWER

. .
Calibration Techniciaf; dJDOjn lgxﬁdéﬂQ Date: jiﬁh’)?

AW, -
DON BISHOP

verified By: K;fj/€25£4ﬂ—— Date: ‘jgb?? /7 4

This Cal=Bench was calibrated with NIST-traceable equipment and in conformanc
with the provisions of ANSI/NCSL Z540 and ISO/IEC Guide 25. Applicable NIST
traceable numbers are available upon request.

'The accuracy of this equipment is 0.2% of reading.

guggested recaldibration -due dates for the following ecritical items are:
The Cal=Bench System: 12/31/2011 D/A and A/D converters: 12/31/2010
Glass Tube Diameters: 12/31/2011 System Clock: 12/31/2010




%@%}lﬂ Control Voltage VS. Power Output

y = 0.0093x" - 0.2825x” + 3.168x" ~ 16.204x> + 57.793x% - 8.9767x + 8.7847

vty ( Funslwdludloa aeuh 6 )

Fogannnay foyannisAwInuauLwIlly
DC Control Power Output Control Power
Voltage (V) (W) Voltage Output

0.00 9.375 0.00 8.7847
.55 Q.80 0.20 9.1764
0.50 18.750 0.40 13,4821
O i o 23185 0.60 21,0831
1.00 46.875 0.80 31.5019
1.50 81.250 1.00 44,2918
2.00 BT 380 () 59.1281
.20 190.625 1.40 75.7487
3.00 237D 1.6€1 | 193.2561
3.50 337.500 4%.804 j13.6089
. 1,00 116.625 200 134.6145
4.50 &1 3o 2.200 J1b6.9216
5.00 625.000 3.4eL] J #80.5137

2.60 | 205.4025

280§ 231.6222

S.Q84 259.2238

Hp| 288.2703

3.40] 318.8318

3.60 1 350.98156

3.80| 384.7917

4.00 | 420.3307

4.20 | 457.6597

4,40 | 496.8304

4.60| 537.8828

4.80| 580.8440

5001 B20.7abe




v

{aya GAS FLOW (Argon) {038 GAS FLOW (Nitrogen)

Noltage scem
(sccm=0.0501*Voltage) (s¢Cr=0.1003* Yoltage)
SCCM | Voltage SCCM | VOLTAGE
0 0 0 0.000
21 0.100 2 0.201
41 0.200 4 | 0.401
6| 0.301 6 0.602
3| 0.401 3 0.802| ° e = 050 et
101 0.501 10 1.003
12| 0.601| 12 1.204
14| 0.701 14 1.404
16| .0.802 16 1.605
18| 0.902 18 1.805
20| /4002 20 2.006
22/ nT03 22 2.207
24 I I 12208 24 2407
26| 1.303 26 2.608
28| 1.403 28 2.808
30| 1.503 30 3.009
32| 1.603 32 3.210
34| 1.703 34 3.410
36| 1.804 - 36 3.611
38 1.904 38 3.811
40| 2.004 40 4.012
421 2.104 42 4.213
44| 2.204 44 4.413
46| 2.305 16 1.614
48| 2.405 48 4.814
50| 2.505 50 5.015
52| 2.605
54| 2.705
56| 2.805
58| 2.906
60| 3.006




POWER OUTPUT (W)
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