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M:. David L. Purdy
~RD#2 Box 121A
Marion Center, PA 15759-9003

Dear Mr. Purdy:

I hope you, Peg and the rest of your family had a lovely hollday season filled with
moments that will someday be fond memories, _

1 am happy to provide you with the enclosed report prepared by Dr. Dennis Whitson,
professor of physics, detailing the use and impact of the gift you and Mrs. Purdy made to
Indiana University of Pennsylvania in 1995.

I hope this report will demonstrate the impact your generosity has had in strengthening
the learning environment and research capabilities of our students and faculty. Thanks to
you, today’s students are learning the skills needed to become tomorrow’s scientists and
researchers,

If you have any questions concerning the enclosed report, I am certain Dr. Whitson
would be happy to discuss them with you. Also, please do not hesitate to call upon me if
I can be of further assistance. :

Ongce again, I thank you for your continuing friendship and interest in the University and
for your leadership efforts with the Foundation for IUP.

ok et b

Shati Trinkley
Director, Major & Planned lemg

ce: Dr. Joan M. Fisher, Vice President for Institutional Advancement -
Ms. Barbara A. Ender, Executive Director, Foundation for ITUP
Dr. Dennis W. Whitson, Professor, Department of Physics
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' Development. of a Schottky Barrier Infra-Red Detector
: in Conjunction with Biocontrol Technology
Submitted by: Dr. Dennis Whitson, Professor of Physics, Physics Department,
%;“m h Indiana University of Pennsylvania (IUP) .

Other Personnel:  Dr. Kathy Meehan
Mr. Layi Fapohunda
Mr. David Ramsey
Mr. John Ball -

Background :

_This is a joint project with Biocontrol Technology, Inc. of Indiana, Pennsylvania which

was funded by a generous gift of Biocontrol Technology stock from David and Margaret
Purdy. The stock was sold for $87,062 and the money was used to purchase and
refurbish an used sputtering machine. ‘An accounting of how the money was spent is
given in the spread sheets that accompany this report.

Biocontrol personnel have developed a non-invasive blood giucbse monitor for use by
diabetics. The technique used to predict the blood glucose level is based on the analysis
of the reflected and re-emitted spectrum of the skin obtained by illuminating the patient’s

- arm with infrared radiation. A key component in the system is the infrared photodetector.

Biocontrol Technology is interested in working with the Physics Department at TUP to
evaluate possible alternatives to the photodetector currently used in its monitor. We are
attempting to decrease the component cost and to increase the detector stability.

The research effort at IUP is based on Schottky barrier diodes on silicon wafers. The
wavelength of the infrared radiation that can be detected is determined by the metal used -
for the formation of the Schottky barrier. No one has developed this type of
photodetector for use over the wavelength range required for Biocontrol’s application.
The goal for this project is to detect electromagnetic radiation over much of the infrared
spectral range cheaply and efficiently. As silicon is used in most semiconductor
components and Schottky barriers are commonly used in the fabrication of these
components, the photodetector technology developed at IUP can be readily transferred to
large-scale manufacturing. The sputtering machine will play a crucial role in this
research since it is extremely versatile and can be used to deposit many different
materials on many different substrates. : - .

Refurbishing the Sputtering Machine _ . _ _

The sputtering machine was purchased as an used machine and it had been sitting in a
warehouse for a few years before we purchased it. Because of this, many parts had
deteriorated and many parts were missing. The following is a partial list of the repairs *°
and purchases that had to be made in order to make the sputtering machine operational.
It should be kept in mind that most of these repairs and purchases could not be done in
parallel since we had to fix one problem before we would find out about the next
problem. : - '

1. The backing pump that came with the unit had water and other contaminates in
the oil and the price of sending it back to the manufacturer to be cleaned and
refurbished wasn’t much less than the purchase of a new pump and the future
reliability of the repaired unit could not be warranted. Therefore we purchased a

. new pump. ' '

2. The cryogenic absorbing array for the cryogehic p_ump had to be replaced.

1



.

12/23/98

3. The vacuum and gas valves are actuated by air pressure and the vacuum
chamber cover is lifted by a piston that is actuated by air pressure. We had to
purchase an air compressor and then we had to replace all of the air lines in the unit
since they had deterlorated and were leakmg .

4. We were mlssmg many of the manuals for the machine and we had to find out .
who had these manuals and purchase them. ‘

5. In order to hook up the water chiller we had to purchase parts for it.
6. We had to purchase and replace some vacuum gauges. -

7. Inthe planetary system, there are ceramic sleeves that isolate the sample holder
from electrical ground. Only a few of these ceramic sleeves came with the system.
We had to have new sleeves custom produced and when we received the sleeves
we found out that the inner diameter was too smal! and had to be reamed out. A
method had to be developed in order to enlarge the inner diameter without breaking
the fragile ceramic sleeves.

8. Some of the bearings in the planetary system were bad and had to be replaced.
The problem here is that they had to be oil free since they are in a high vacuum
during the deposition process. :

9. Air lines, gas (Argon and Nitrogen) lines, and regulators had to be installed.

10. The RF power supply had to be sent back to the manufacturer in order to be
fixed. This caused a few months delay.

11. The RF wave guide was missing and the drawings that we had were not very
clear about its shape and size. Using a cut and try method we were able to produce
one that worked.

12. The quartz lamps that are used to heat the vacuum chamber were not operable
so we had to find someone (Yeagle Technology) that could construct a new lamp
for us.

13. The sputtering machine only came with one sputter gun, but with three
positions for sputter guns. All three guns were needed to implement the
photodetector as originally conceived, thus we needed to purchase two more sputter
guns. - As with the quartz lamps, these can not be purchased on the open market so
we had to find someone (Yeagle Technology again) that would construct them for
us. '

14. With the three sputter guns in place, it was obvious that the shutters used to
regulate the deposition of the target materials were not working correctly. We had
to redesign the shutters and the plstons used to rotate the shutters in and out of
place. _

15. All the water hoses used for coolin'g the sputter guns had to be put in.

15. The motor that drives the planetary system is outside of the vacuum chamber

* (it would contaminate the vacuum chamber if it was inside). The Ferrofludics

feedthrough that translates the motion into the vacuum chamber had to be replaced.

2 .
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Fabrication of Schottky Barrler Dlodes _ '
- In order to have a Schottky Barrier Diode one must have an Ohmic contact and a barrier

(or rectifying) contact. The ohmic contact is usually made by depositing Al on the silicon
and the barrier contact is made by depositing a metal such as Ni, Pt, Ti, Co, or W-on the -
silicon. In order to know the thickness of Ni deposited on the silicon we had to cahbrate
the crystal monitors for Ni and we will have to cahbrate for each metal.

We fabricated a number of Schottky barrier diodes, some of which produced good I v
(current-voltage) characteristics. Some of the better results are shown in the
accompanying graphs. However, many of them would break down after a short time and
would no longer rectify the signal. There are two possible reasons for this problem: (1)
dust and dirt being incorporated in the device and (2) samples being exposed to oxygen
during the annealing process. The first problem should be alleviated with our new clean
room which is about ready to go on lineé. The second problem would be alleviated by the
purchase of an annealing oven (approximately $5000).

|

A series of diodes were fabricated with dlfferent annealing temperatures using Ni as the
barrier metal (see the attachment “Independent Study Report by Layi Fapohunda”). The
barrier height and therefore the range of sensitivity to the infrared radiation should
depend on the annealing temperature. The approximate barrier height can be found from
the I-V curve. Unfortunately the results were inconclusive. It is felt that the problems

- mentioned above along with a problem with the shadow mask caused these results. The

shadow mask is attached to the wafer and then deposition of one of the contacts is made.
The mask is moved over and the second contact is deposited. The problem is that there is
no way to accurately locate the second placement of the shadow mask with respect to the
first placement. We are in the process of designing a new shadow mask where the dots
will be a chosen distance apart. :

A series of diodes were sputter etched before deposition to see if the etching would
inprove the I-V response. The conclusion was that all the materials with high etch power
showed poor contact, i.e. the I-V response was poor.

Photo-response of the Schottky Barrier Diodes '

In order to measure the photo-response of the Schottky Barrier Diodes we purchased the
following equipment: (a) Monochrometer, (b) Computer, (¢c) Wavelength Drive, and (d)
Infrared source. This equipment was tuned up and calibrated using Ge detectors (see -
attachment). However, no response was discernible using the equipment to measure the
Schottky Barrier diodes. It is felt that a lock-in detector and light chopper are needed to
measure this response. The light chopper has been purchased and money (other than
Biotechnology Institute money) has been found to purchase the lock-m detector. It will
be ordered shortly. .

Down Time -

The sputtering machine has been out of commission since May of 1998 because of the
construction of a class 1000 clean room in Room 2 of Weyandt Hall. The money for this
project came from the National Science Foundation (NSF) funding a grant proposal
submitted by Dr. W. Larry Freeman and Dr. Dennis Whitson. IUP matched the funds
from the NSF. It is felt that the probability of success in the fabrication of the Schottky -
barrier diodes will be greatly increased with the addition of this clean room. We should
be able to move into the new facility the week of January [ 1th, 1999. :

Future Work
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Besides the items mentioned above (new clean room, new shadow mask, new lock-in
detector, and new annealing oven) there are some other initiatives that will be explored.
(1) Using a “finger” geometry for the contacts will increase the current flow of the diodes
and make them more sensitive to the infrared radiation. In order to do this we need a
mask aligner. We have an used one which was donated to us from the University of
Pittsburgh and we are going to see if we can make it operational.  (2) Using anti-
reflective coatings on the diodes. We will probably have to go.to an outside source for
thls coatmg ' .

One other plece of equlpment that may need to be replaced is the water chilier ($7000).
We will again attempt to fix the current water chiller, but it has been repaired about four
times and it continues to be unrehable -



_ BIOTECH/Foundation -

Foundation
8429 Original Income $87,062.00
8429 Spent $87,062.00
TAmount Left in 8429 $0.00
R Vendor Amount Date Sent | Date Recv'd
X |Commission for sale of stock $1,411.14 5/31/95 -
X IFoundation Fee $2,325.00 8/30/95
XjLeybold Vacuum Products, Inc. $5,404.20 7/11/95 7/20/95
X|Bosch Sputtering Unit $14,217.00 6/24/95 7/6/95
1 XlLayi's Salary Transfered to 521216 $1,587.02 7/14/95 X
X|Ramsey's Salary transferred to 521216 $3,512.95 7/14/95 X
X|Crvogenic Absorbing Array $463.27 7/14/85 8/22/95
X|Air Compressor (CT) / Farm & Country $356.12 - 7/14/85 7/14/95
X|Petty Cash-Dave Ramsey-Supplies $18.20 '7/18/95 X
X|Innotec / Manual for Sputtering Machine $229.76 7/25/95 8/17/95
X|Petty Cash - Dave Ramsey-Air Compres. - $12.50 7/25/95 X
X|Lesker Co. / Instrument Manual MMPC $85.00 7/21/95 7/31/95
X|Shank Spec. / Water Chiller Parts $196.20 - 7/31/95 7/31/95
X IMcMaster-Carr / Air Comp. Supplies $278.60 7/21/95 . 7/31/95
X]AEC / Pressure Gauge / Manual $88.00 7/31/95 8/15/95
X|Leybold Inficon / Manual 1C8000 ° $67.99 8/2/95 8/10/95
XJU.S. Tech Ceramics / Ceramic Sleeves $700.00 9/2/95 8/22/95
X|Technotrade Inter / Vacuum gauge $425.00 9/5/95 9/21/95
X]Allied Electronics / Ceramic Sleeve $27.50 9/8/95 9/21/95
X J|CTI-Cryogenics / Manifold & Hose $513.00 9/11/95 10/2/95
XllLeybold Vacuum / trap, flange $680.80 9/18/95 10/13/95
XlBearings, Inc. / Bearings for planetary Sys. $785.71 9/19/95 9/28/95
X [Erie Bearings Col. $33.18 9/28/95 10/5/95
X [McMaster Carr / PVC Vacuum Tube $141.26 9/26/95 10/5/95
XIMcMaster Carr / Air hose parts $255.67 9/27/95 10/5/95
X[McMaster Carr / lapping material $57.25 9/28/95 10/8/95
XIVWR / Gas regulators $535.77 10/3/95 10/12/95
XiMcMaster Carr / Fitings Gas Manifold $219.16 10/10/95 | 10/19/95
X|McMaster Carr / Tubing Cutter -~ $36.28 10/10/95 10/19/95
X jMcMaster Carr / Garolite Sheet _ $11.80 10/12/95 10/19/95
XIC & J Sales / Gas Regulator (Dave Ramsey) $40.04 10/13/95 10/19/95
XAllied Seals / O rings ' $152.84 10/13/95 10/19/95
X |McMaster Carr / Nylon Tubing $27.52 10/16/95 10/19/95
X|Consultant's Fee / John Ball $240.00 10/17/95 10/19/95
X{McMaster Carr / Compressor Air Regulator $45.51 10/20/95 11/2/95
X{Transfer to 521216 $46,000.00 10/17/95 X
X]Teledyne / Vacuum Gauges $83.62 10/25/85 | 11/2/85
X|Transfer to 521216 $5,797.19 6/6/97 X
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Transfer/ From Foundation $5,099.97

Transfer/ From Foundation $46,000.00

Transfer / From Pres. Pettit $4,111,00

Transfer / From Foundation $5,797.19

Transfer Total $61,008.16

Total DPR's 4002 (Initial) $55,221.51

Total DPR Difference ‘ ($541.81)

Total Printout Difference . _ ($423.18)

Total DPR's 4002 {Adjust.) $54,798.33

Money Left $6,200.83 :

_ _ _ Printout Budget Purch
" Order Vendor / Description Initial DPR Difference | Approval | - Order Date

P{R| Number : Price Difference | (Adjust.) Number | Number | Ordered
X1 X ‘ Salary Layi Fapohunda $1,413.10
XiX Salary Dave Ramsey $3,512.66 _ |
XiX 1-4200 VWR Scientific/Inert gas reguiator $168.00 2018 2775 |10/18/95
X]X 2-4200 Pitt Valve & Fitting Co. / Swage-Lok $591.20 2243 3180 |10/27/95
XX 3-6350 RF Power Products/RF Generator $500.00 $12.60 _ 4486 11/8/95
X| X 5130 UPS $31.11 : e .
X[X} 11-8300 |Kurt J. Lesker Co. / Rotary-threaded $740.00 - : 5922 8033 | 4/22/96
X| X '4-6350 Yeagle Tech / Heater Assembly $650.00 $5.25 $5.25 5958 8027 5/1/96
XX 5-4200 Granville-Philips/lonization Gauge $110.00 $5.00 $5.00 7776 10863 | 8/21/96
XiX 6-4200 Glo-Quariz Electric/Quartz Lamps $200.00 $3.38 7777 10862 | 8/21/96
XX 7-4200 Stock Drive: Designatroics: / Belt & Pul $22.08 54.70 7778 10861 | 8/23/96
XX 1096-1 _<_>._.._.-.<>O Tech / Al target $595.00 $5.00 $10.00 8845 12287 | 10/9/96
X[ X 1096-2 Research and Pvd Material / Ti target $700.00 $10.00 $10.00 8846 12288 | 10/9/96
XX 1096-3 innotec / Static Shield $425.00 $4.63 87009 12159 | 10/9/96
X X 1096-4 Williams Adv. Mater / Au, Pd targets $7,049.93 | ($435.70)| ($435.70)| 8847 13031 | 10/3/96
X X 1096-6 Pure Tech / Ni, Cu, Constantan targets $1,210.00 $4.00 8850 12190 | 10/3/96
XiX 1096-7 Pure Tech / §i02, Si Targeis $1,035.00 8860 12188 | 10/17/96
X[ X 1096-8 Research and Pvd Material / Ge Target $1,275.00 13121 ?
XX 1196-1 The Office Qutlet / Safe for Targets $5083.56 9420 12843 [11/13/96
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XX 1196-2 Yeagle Technology / Sputter Guns $11,000.00 | ($300.00)] ($300.00)] 9538 13282 |{11/18/96
XiX| 12/11-8300 |Yeagle Technology / Target Holders $1,825.00 $6.95 9890 13428 112/11/96
X]X| 12-18-8300 |CERAC Inc./ InSnO target $1,587.00 $3.186 9902 13429 |12/18/96
XXt 1/20/97 |Allied Electronic / Relay-Cryo pump $25.90 $10.00 $10.00 10280 13947 | 1/20/97
X|X| 1-24-97A |Stock Drive Products / Timing belis $50.00 $4.39 $4.39 | 10258 13976 | 1/24/97
XIX] 1-24-97B |Kurt Lesker / Ferroftudics Feed-Thru $740.00 $7.50 $8.25 | 10397 14305 | 1/24/97
X1X| 1-24-97C |Leybold inficon / 6 MHz Crystals $58.90 $3.10 $3.10 | 10257 13975 | 1/24/97
X|{X| 2-13-97-1 |Frank T. Donnelly Co / Valves & Shutter $25.00 ($3.35) {$0.52); 10800 14548 | 2/13/97
X|X] 2-13-97-2 |Leybold-Inficon / Xtal Monitor Paris $781.00 ($95.00)| ($91.98){ 10799 14547 | 2/19/97
X|X{ 2/19/97 |Capovani Bro. / Oscillir pkg. & sensor $525.00 | $5.12 10801 | 14549 | 2/19/97
XIX| 3/12/97 |Leybold Inficon / Oscillators $205.00 $2.83 [ 11345 156372 | 3/12/97
XiX| 3/18/87 |[Pgh. Valve and Fitting / Swage-Lok $226.54 _ 11365 15322 | 3/18/97
x| x| 3/18/97-2 |Frank T. Donnelly Co. / Pistons $57.40 $4.00 $2.70 11346 | 15274 | 4/18/97
X| X| 4/18/97-1 |Frank T. Donnelly / Hose & fittings $55.30 $5.40 11917 15971 | 4/18/97
X|X| 4/18/87-2 |J.J. Port / pneumatic valves $118.80 $4.64 11916 15973 | 4/18/97
XiX| 4/18/97-3 |Wille Co. / pneumatic valves $363.20 $4.25 11918 15970 | 4/18/97
X|{ x| 4/18/97-4 Pgh. Valve & Fitting / Pneu. Actuator $173.10 11919 15972 | 4/18/97
XiX 1/5/97 {VWR-Sargent Welch / Film $298.95 _ . 12297 16424 | 5/6/97
X | X 1/5/28 Granville-Philips / lonization Gauge $220.00 $7.00 $4.19 | 12662 16857 | 5/28/97
XX 6/5/97 Frank T. Donnelly / X-Coupling Clipp. $14.40 $4.00 $4.09 12927 17087 6/5/97
X|X| 6/18/01 |Matheson Gas / Gas Purifier $198.00 $10.00 $8.81 13368 17599 | 6/18/97
XX Student Payroll/ Layi / 5-9-97 $225.22 _ -
XX Student Payroll/ Layi / 5-23-97 $486.97 S
XX 7/2/01 Oriel Corp. / Monochrometer $2,252.00 $14.58 13796 18120 7/3/97
X| X Student Payroll/ Layi / 6-6-97 $486.97

X[ X Student Payroll/ Layi / 6-20-97 $486.97 o e
x| x| 8/7/97 |Computers & More / DELL Computer $1,585.00 ($6.00) 14516 | 19472 | 8/7/97
X|X] 8/21/97-1 {ORIEL Corp. / Wavelength Drive $1,897.00 $214.00 $214.00 14792 19398 | 8/21/97
XX Student Payroll/ Layi / 6-30-97 $243.48

XiX| 9/11/97 |Interlight / bulb for monochrometer $42.78 $9.00 $9.00 | 15135 | 19702 | 9/11/97
X| X Student Payroll/ Layi / 7-4-97 $182.61

XX Student Payroll/ Layi / 7-18-97 $486.97

Xl X Student Payroll/ Layi / 8-1-97 $486.97
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_ Student Payroll/ Layi / 8-15-97 $486.97 :
9/18/97 |Ge Power Devices / Ge detector $168.00 $5.00 15304 20043 | 9/18/97
10/21/97 |Oriel Instruments / Mono Jlluminator $4,886.00 16008 _ 10/21/97
Student Payroll/ Layi / 8-15-97 $486.97
11/5/97 }National Instrument / DAC-ADC Board $9240.50 $25.00 11/5/97
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Investigation of Electrical and Ohﬁao& Properties _
of m@:ﬁﬂ Uo@oﬁ@a Ni-Si and Ni mESao,m_
ooamoa

| o Emowobmoa mga% W@@oﬂ
SR __ waomgﬁ@a g\

hmﬁ mm%owcbam

December 16, 1997.




PROJECT OBJECTIVES

‘Commissioning of m@cnoasm System
Uo<&o~u§m§ of Operating techniques
- Sputter/Etch Optimization

B Deposition Rate and Propertics as'a Function of DC/RF woéow and Gas |
~ Pressure

V Etch Rate as a w unction of woéﬁ. and Gas wwmmmﬁo

Hgogomm Monitor Calibration

.U@@Omﬁos and Formation of OEEO Ooamﬂm )
: U@@Omﬁos and Formation of Ni-Si and Ni Silicide- mEoow Oowﬁmoﬂm

+ Silicide Formation (200, 400, 750°C)

Electrical Characterization (I-V)
Optical Characterization




MOTIVATION

Possible achievement of cut-off wavelengths ooﬁ,@mwosaEm to near-
and mid- infrared region of the EM spectrum
> 1.3-1.55um range needed for optic fiber transmission
> Pt-Si, Pt-Au moroﬁwu\ a_oaom have vmms Qw_ﬁommﬁ.mﬂoa as Eum for this Hmsmo ES
~ Yiuet am B
» Cut-off Smﬁ_msmﬂw is ~0. w:B for GaAs, ~1.1um for mEoos

Potential high- -speed optical detection of concentration of go_o%o&

- constituents in human tissue. Use of an array of different silicides

~will give the sensitivity over E@ entire émﬁ_gma@ range of Eﬁﬁdm#
-~ (1.1-2.5 pm) |

> Biocontrol u,oorbowom%u Fo is mwé_o@Em non-invasive blood glucose
monitors using sensors operating in the same wavelength range. This project
was initiated by a former Biocontrol Technology, Inc. Engineer
Capability for large scale mtegration and application
> Military (Laser range finding, near infrared image processing)
> near-infrared spectroscopy (water vapor, CO,, Hydrocarbon gas detection)

Use of highly advanced Si technology will allow integration of

‘read-out electronics on same chip on same chip




| __ i+ The Ooo_Em Water unit: water oE:Q msa ?E%
o " The Chamber Top Works: o_ooﬁom_ and BwormEo&

- Oﬁmoo Emﬁm

MECHANICAL PARTS
_ | HW@. WOC@EWMM wcﬁm.ﬁl. Rotary type | |

‘The High Vacuum Pump and OoB_oBmm_oH Cs:
~ Cryogenic type

- control links __
- The Vacuum Valves: Woﬁm?bmu m& <mo m‘oy.@:b@

 Other Valves: Qmm ooqu Gas _moﬂmﬁob OrmBU@H cover

‘The Sputter Gun: 3 Magnetron type for RF or DC _,uoéﬂ. |
operation




o T Chamber Cover/Topwork
| _Planetary System

_  HiVac Valve
_ _ O&moo Plate

| _ Cryopump |

Chamber

Helium m;@w_%\_ |

. | I.._.Ju_
Matching | R
Network | ._____
| ”H_.A.Qmm . -1 : . “_.
Valve Vent M.. _m..IU\
1., Al
| _ Roughing - LIyopump
L1 Argon Tank _ Compressor

Pump
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- Vacuum Control System —

B « Jonization and TC gauges
- ||* Manual Controller

. _Eoé switch

||+ DC Power Supply
|+ RF Controller And Impedance Zm;o?sm Zﬁéoam |
~ |l GasFlow And Pressure Controller

_ R £ Capacitive pressure gauge

« Thickness Monitor
« Cover Hoist Control
« Temperature Controller




'CONTACT FORMATION

Substrate cleaning (etch) Substrate doping _Qi. 1017
Ohmic Contact Uowom::os and >ss@m:bm
- — Masking
= mwcﬁwﬂbm Al at zquO orvaoH 85@0388 Q‘E& mﬁowbomm
‘between 500 and 1000A).

— Annealing at 450°C for 30mins.
Z_ Schottky a_oao oo:\&oﬁ Uo@om\_:o:

— Masking

_1mwcﬁ_oﬁsm Z_ mﬁz,\moo ormgcﬂ. 83@0888 Q,E& %@Bo%
between 300 and 1000A) | |

. .>m-a@@omnoa IV Characterization

+ Silicide formation (Annealing)

— Annealing at 200 or 400°C to form ZHNwH msa NiS1 me@oﬁ:\@q

— For NiSi, formed at 750°C, the Silicide is formed before the
Ohmic contact 1S %%Om:ma and annealed |




OE,<@ Tracer

N Gives m@?oﬁama [-V curve for moroEQ diode

+ The supply voltage can be varied for desired range
‘Current and Voltage per division adjustments

- onmHoHa picture of screen taken for record

<m§m§w Voltage Source/MPLI DAQ m%m\ﬁ.@B

._ - <o:mm@ Source: Keithley 236 5:9 range up t to 5 to ESUO

Resolution of 0.01VDC used

__ — U>O Unit: &mﬁmw_oﬁ@a 9803\ on oonsﬁQ moaoob msm Qmﬁm

I Uw&y&b&%ma

~stored in table |
Raw data are supply <o:mmo and <o:mmo %ow across EWD Smioﬂ

_ MS Easyplot used for arithmetic operation mﬁa data Eoﬁ
— Determination of Leakage Current and Dark Current
— Determination of Turn-on and Break-down Voltages




O AI(@85Aech 75W, 2min; anneal 450°C, 30 mi)

Ni (560A etch; 75W, 2 min, anneal 750°C, 30 min.)
Al (4504, etch 75W, 2 min, no anneal) 1004A/200mV

- Ni(610A, 2&. ,aé MHEE no anneal @8:%855

AT (53 Ketoh N T ammeal T o)
* Ni (3184, etch; 75W, 2min; no anneal (200pA/200mV)




_ _ﬁow mmw<>doz AND wmmcim ww

I

Sl 200,.A/200mV

0 T | AressA, no etch)
IR T O N Ni (613A, no etch,
o - o mﬁbwm_ moooO woBv
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| Test Circuit Connection

—1

~ Voltage Source |

Al

- 1Si Substrate |

-+

MPLI

Voltage
~ Source




O@aom; O?&.moﬁoiNmmos _

Oosmsdoﬁg and testing of optical testbed smEm Qo PD
— >:ms5m3 of light source for optimum 585:%

~ — Measurement of light Haosm:% wrt wavelength

Z@mmE,oB@R of response in :m:oaoa 2?8 :mﬁ: m;

o <mﬁo:m gmm <o:mmom cw<umv

-.ZommEoE@E of response as a ?soﬁos om émé_@sm\& mﬁ

<mzosm w<u

zommﬁﬂﬁwa of the aUm&A OE.BE: /S\H w< S
Determination of Signal-to-noise ratio
(response + Dark current) |




O@E@Ph TEST OOHWOGEJ

OOZZmOHHOZ

o Opaque Box S
~OpaqueBox. X

| | | .T'I_HU - | _ NN Xy\ﬂ \\mH Substrate ]
R ' Voltage Source N —— L Test | :
_ o : Platform

= B -~ |l Optic Fiber Bunch . 4_ __4

Monochrometer
— Filter

?mﬁ AOV
Source ©




'OBSERVATION AND RESULTS

- MSM were mm@ﬁom:@a on n-type mi 11) carrier
_concentration ~1017

__Zo mwmﬁmo attention was paid to the finger m@mﬁsm
- The area of contact deposited were 7.85x10°pum?

___<m5m:ow in the dark-current densities from mm-mowoﬂﬁa _
"Ni/Si to Ni,Si/Si Schottky barriers observed from -

- ~6x103 to ~103

to lack of high intensity light source Am:om&\ ordered)

All Bmﬁoﬂm_m with high etch @oé@. showed poor ooEmQ |
Optical characterization of diodes was not successful due

‘Use of chopped light and lock-in amplifier did not help




