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ABSTRA CT

THE ^ECOND QUARTER OF THIS PROGRAM IS CONCERNED WITH

THE DETERMINATION OF THE FIRING CYCLE IN A HORIZONTAL

TUBE FURNACE FOR MOO 3 : SIN INK COMPOSITION APPLIED BY

SILK SCREENING PROCESS ON P ON N STRUCTURED SOLAR CELLS.

IN COMPARISON WITH THE STRIP HEATER USED IN TIIE FIRST

QUARTER TO DETERMINE THE REACTION MECFIANISM,, THE REDVC-

TION OF 11YOO3 IN THE TUBE FURNACE PROGRESSES AT A MUCH

FASTER RATE AND THE SN:IYO ALLOY FORMS AT A MUCH LOWER

TEMPERATURE,

THE DEVICE CHARACTERISTICS DETERMINED BY THE V—I CURPE

SHOWED A HIGH RESISTANCE (APPROX. 10 OHMS) AT PEAK

TEMPERATURES BETWEEN 600'C AND 8000C.

THE HIGH SERIES RESISTANCE. CAN BE ATTRIBUTED TO THE

LACK OF FORMATION OF MOS12 WITHIN THE USED TEMPERA—

TURF RANGE AS POINTED OUT IN REFERENCES TO THEORETICAL

AND EXUERIMENTAL WORK CONCF.RNF,D WITH THE FORMATION OF

METAL SILICIDES,

ACCORDING TO THESE REFERENCES THIS TEMPERATURE RANGE

IS RIGHT FOR THE FORMATION OF SILICIDE OF TITANIUM

WHICH, BESIDES HAVING A LOWER RESISTANCE VALUEo FOR"fS

IN THE PRESENCE OF AN OXIDIZED .SILICON SURFACE.

1



THEREFOR THE BASIC t1003 INK COMPOSITION WAS MODIFIED

BY AN ADDITION OF TITANIUM RESINATE CORRESPONDING TO

A TITANIUM CONCENTRATION OF I-15000 BASED ON TEE

SOLIDS IN THE MIXTURE,

THE ADDITION OF TITANIUM DECREASED INDEED THE SERIES

RESISTANCE TO THF. LEVEL OF I OHM OR BETTER AND THE

DEVICE CHARACTERISTICS WERE COMPARABLE WITH THE

DEVICES METALLIZED BY ELECTROLESS NICKEL AND SILK

SCRElaNED SILVER.

4
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1.	 IN'PRODUCTIGN

OHMIC CONTACT TO SILICON PHOTOVOLTAIC CTLLS

FORMED BY IIO:SN SYSTEM WAS EVALUATED FOR MECHANICAL

AND ELECTRICAL QUALITY AFTER FIRING IN A HORIZONTAL

TUBE FURNACE AT VARIOUS TEMPS'P,ATURES,

THIS STEP WAS CHOSEN TO SIMILATE FIRING CONDITIONS

IN A CONVEYOR BRLT FURNACE.

THE INK PREPARED FROM 1YO03:SN MIXTURE S DISPF.'RSED IN

AN ORGANIC BINDER AND SOLVENT.S O WAS APPLIF!l THROUGH

SILK SCREENS ON BOTH SIDES OF THE CELL AND, AFTER

BURN— OFF OF THE ORGANIC MATERIALp THE FIRING WAS

DONE IN A FORMING GAS ATMOSrHERE,

THE METALLIZATION WAS EVALUATED BY SOLDER TESTS AND

V—I CHARACTERISTICS OF THE SOLAR CELL.

THE INK WAS MODIFIED BY ADDITION OF 'TITANIUM TO LOWER

THF, Sc'RIES RESISTANCE.

3
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II.	 ACCOMr LIS'HMEl1TS.

II.1 FORMULATION OF A SCREENABLE INK FROM

Mo03 :SN MIXTURE

MATERIALS USED:

TIN POWDER ('CoKINCO ck ROIC) 325 MESH-99.999%

PURITY.

TRICHLORO ETHY6RNE LOS ANGELES CHEMICAL 00.)

ETHYL CELLULOSE DOW CHEMICAL CO.)

CARBITOL SOL PENT AND

CARBITOL AC.FTA!rg 	(ORANGE COUNTY CHEMICAL CO.)

MOLYBDENUM TRIOXIDE (MALLINCKRODT)

M003 AND SN WERE MIXED IN A RATIO OF 78% SN AND

22% Mo03.

10 GRAMS OF THE MIXTURE WERE USED FOR THE. FORMU-

LATION OF THE INITIAL INK COMPOSITION.
X

2.2 GRAMS OF M003 AND 7.8 GRAMS OF SN WERE DRY

MIXED IN A QUARTZ MORTAR.

THE vk.,HICLE FOR THE INK CONSISTED OE 75% TRI-

'

	

	
CHLORO ETHYLENE i 15% ETHYL CELSULOSE, 8%

CARBITOL SOLVENT AND 2% CARBITOL ACETATE ] ALL

AMOUNTS ARE IV WEIGHT "JERCENTAGNS.

ZO GRAMS OF THE, M003 :SN MIX WERE BLF.NDE.D WITH

5 GRAMS OF THE VEHICLE. AND HOMOGENIZED ON A

GLASS PLATE WITH A SPATULA.

4

/..1...	 rclrif.+	 ^	 ^y..-. ^`13:I^.M'.ILY '^	 .e	 `..... r-v,1:Y•a3 .G^^^{'D^. .:.[iY^u..+.w-.,..i^r...^	 ...	 —



Y

lk-^

1

THE SCREENING TEST WAS DONE USING A 200 MESH	 +a

SCREEN.	 s

11.2 SET—UP AND CALIBRATION OF THE TUBE FURNACE FOR

INK FIRING„

A HEAVY DUTY 3—ZONE DIFFUSION FURNACE WITH

3" I.D. QUARTZ TUBE WAS USED FOR THIS PURPOSE.

THE INITIAL PEAK TEMPERATURE WAS SET AT 8000C.

THE PROFILE OF THE FURNACE WAS MEASURE) BY A

4HROMF —ALUMEL THERMOCOUPLE. IN ORDER TO ESTABLISH

THE TEMPERATURE ZONES CRITICAL FOR FIRING THE

M003:SN MIXTURES.

N£TROGEN AND FORMING GAS (600-40%H) WERE CONNEC -

TED THROUGH A COMMON FLOWMETER TO ONE END OF THE

TUBE.

THE EXPERIMENTS WERE DONE WITH N— TYPE PZLICON

.5 TO 1.5 OHMICM RESISTIVITY WITH ONE SIDE

POLISHED AND THE. OTHER SIDE ETCHED.

AFTER APLLYING THE INK ON BOTH SIDES OF THE WAFER

Y

TMr SAMPLES WERE AIR —DRIED AND ORGANIC MATERIALS

r ' BURNF,D OUT IN A Sh'e^LL CERAMIC MUFFLE KILN

(21 CM X 16CM X 23cM) ON A QUARTZ BOAT.
m
t	 THE AIM OF THE FIRST RUNS WAS TO DUPLICATE THE

CYCLE PREVIOUSLY ESTABLISHED ON THE GRAPHITE

STR£ pHEATER IN THE EXPERIMENTAL STATIO.N.

5
",.}'4.^r.....^^H•.-..x>^,a-Jf4^ .. .u,.,.. ^	 L ., ...	 .	

—:^.r."..a;1 ^i.^:4^kb'k:tu..:,..,...:.._.^LL»...	 -^^	 ^u



1Q

IT HAS BEEN FOUND THAT IN Adel, CASES Tn'E REDUCTION

OF MOOS TO BLUE MOO2 TOOK PLACE WITHIN THE DETER — 	 4j

'a
MINED TEMPERATURE RANGE, I.E. ALrTWEEIY 550°0 AND	 F

650 0 0 TEMPERATURE RANGE, PUT IN CONTRAST WITH

THE REACTION OBSERVED ON THE STRIPHEATER, WHERE

THE METALLIC TIN FORMED AT 800 1 0, THE TIN FORMA -

TIOPI IN THE TUBE FURNACE TOOK PLACE SNORTLY AFTER

THE CONVERSION OF X003 INTO X002.

THIS WAS CONFIRMED BY A RUN OF X003 COATING

ALONE, DURING WHICH CONDUCTIVE MO FILM f 3AS OBTAINED

BETWEEN 550 0 0 AND 6500 Ci IA* 5 MINUTES.

THE I'IO: SN LIr`_'ER FORMED AT LOWER TEMPERATURES HAD

A GOOD SOLDERABILITY AND IN SOME CASES A GOOD

BOND,

IT REMAINED TO BE DETERMINED WNETHZR IT WAS

IMPORTANT TO CONDUCT THE HEATING CYCLE IN SUCH A

WAY TO ESTABLISH IF THE TOTAL CONVERSION OF

X003 INTO XO WAS NECESSARY BEFORE TNF, TEMPERATURE

WAS RAISED TO 80000.

11. 15	 EVALUATION OF XO:SN CONTACT.

THE CONTACT FORMF,D FROM A SCREF.NABLE MIXTURE OF

78% SN 22/o M003 WAS EVALUATED FOR MECHANICAL AS

WELL AS ELECT:4ICAL CHARACTERISTICS.

TXE PATTERN WAS SCREENED THROUGH 200 MESH SILK

♦ Y.' ,",3.xJrwk, Ŷ.,	 nY.AT,Y.^JV.., i '.l4aax>.. ,,....n. . ._..	 _ __	
^^
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S,	 SCREENS ON DIFFUSED P ON Ir' SILICON SOLAR CELL

STRUCTURF,S,

AFTER SCREENING, THE TEST SAMPLES WERE DRIED AND

ORGANIC MATERIAL BURNED OFF IN A CERAMIC MUFFLE

FURNACE,

THE FIRST EXPERIMvNTS WERE DONE WITH A PRE-HEAT

AT 5600 C FOR 5 MZ"TUTES AND A ;SOAK AT 800 0 Ci PEAK

FOR 1 MINUTE.

TILE ATMOSPHERE WAS 60,% NITROGEN AND 401'0 HYDROGEN,

(FORMING GAS, PURCHASED FROM AMWELD INC.)

THE CONTACT HAD A GOOD ADHERF,NCE, TESTED BY THE

%-FACTO KNIFE AND HAD A GOOD SOLDERABILITY.

THE VOLTAGE-CURRENT CHARACTERISTICS D=TFRMI'NED

ON A X-Y PLOTTER SHORED A STRAIGHT LINE. BETWEEN

THE VOC AND ISC VALUES.

THERE WAS NO DEGRADATION IN SHORT CIRCUIT CURRENT NOR

IN OPEN CIRCUIT V06TAG-3' VALUES, INDICATING THAT

THE CONTACT WAS OHMIC, BUT WITH A HIGH RESISTANCE

(ABOVE 10 OHMS) .

IN ORDER TO ESTABLISH T]!E EFFECT OF THE PEAK TEMPE-

RATURE ON THIS HIGH SERIES RESISTANCE VALUE, OTHER

SAMPLES WERE RUN WITH THE SAME PRE-HEAT CYCLE OF

560 00, BUT WITH PEAK TEMPERATURES OF 700 0 0 AND

900 0 Ci RESPECTIVF•LY.

7
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THF RESULTS SNOWED THAT THE SAMPLES FIRED AT 7000C

HAD TH8 SAME SLOPE AS THE SAMPLES AT 800 0 C, WHILE.

THE SAMPLE FIRED AT 9000C WAS DEGRADED IN OPEN

CIRCUIT VOLTAGE.(FI Gc1)•

IN ORDER TO DETERMINE WHETHER THIS DEGRADATION WAS

CAUSED BY THF. ACTION OF THE METALLIC CONTACT OR

BY THE TEMPERATURF. ALONF.., NON-METALLTZED CELLS

WERE SVB3ECTED TO THE SAME CYCLE,

THE RESULTS OF THIS TEST SHOWED ALSO DEGRADATION

IN OPEN CIRCUIT VOLTAGE, SUGGESTING THAT THE

DEGRADATION WAS CAUSED BY THE HEAT CYCLE ALONE.

11.4 IMPROVEMENT OF THE CONTACT SERIES RESISTANCE.

IN ORDER TO EXPLAIN THE REASON FOR THE HIGH

SERIES RESISTANCE MOISN-Sr CONTACTS REFERENCES

WF,RE SEARCHED RELATING TO STUDIES OF MO-SI INTF•P.FACE

AND NATURE OF THE CONTACT,

AN ARTICLF, PUBLISHED BY R.C. HOOPER, J.A. CUNNINGHAM

AND J. G. HARPER IN SOLID STATE ELECTRONICS, '/OL.8,

PP 831-833 (1965), LISTS CONTACT RESISTANCE VALUES

OF NO AJD OTHER METALS EVAPORATED ON SI OF VARIOUS

RESISTIVIPIES0

ACCORDING TO THIS STUDY THE CONTACT RESISTANCE OF

1'IO TO P-TYPE Si WITH RESISTI YITIES OF 0.002 AND

0.1 OHM1CM IS ¢.4 X 10-6 OHMlCM2 AND 1.1 X 10-1
OHMICM2 RESPECTI D:FLY.

8
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THE CONTACT RESISTANCE OF MO TO 0.5 OHM/CM P-TYPE

SI Is 9.4 x 10-2 OMM/cM?.

FOR V-TYPE SI OF 0.005 OHM/CM THE CONTACT RESISTANCE

Is 7.8 x 10 -5 OHM/CM2, FOR 0.01 O:Y/cM 6.1 x 10-1

OHMICM2, MDR 0.05 OHM/CM 2.0 OHM1CM2 AND FOR

0.5 oHM/cM 26 oHM1cM2.

SINCE THE STARTING SILICON CRYSTAL USED IN OUR

SOLAR CELL STRUCTURE IS N-TYPE OF A RESISTIVITY

RANGE BETWEEN 0.3 - 0.7 OHM1CM, THE HIGH RESISTANCE

OF THE MO CONTACT COULD BE EXPLAINED BY THE BE-

FXRENCED DATA,

ANOTHER ARTICLE PUBLISHED BY R.W. BOWER AND

J.W. MAYER IN APPL. PHYS. LETT., VOL.20 - NO.9

(MAY 1972) PP. 359-361, IS CONCERNED WITH THE

FORMATION OF METAL SILICIDES, SPECIFICALLY PD, TI,

CR AN.'J MO.

ACCORDING TO THE AUTHORS, THE GROWTH RATE OF PD2SI

AND TISI2 VARIES LINEARLY AND AT THE SQUARE ROOT

OF TIME, WHILE CRS12 AND 110S1 2 GROW LINEARLY

WITH TIME.

THE FIRST CASE SUGGESTED DIFFUSION LIMITED RATE

GROWTH MECHANISM, WHILE THE SECOND CASE CORRESPON-

DED TO REACTION-LIMITED RATE GROWTH,

THE FORMATION DEPTH OF PD,TI SILICIDES IS THERE-

10
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FORE EASIER TO CCNTROL THAN THE DEPTH OF CR AND

NO SILICIDES.

WHILE THE PRESENCE OF AN OXIDE FILM ON SI SURFACE

INHIBITS THE FORMATION OF PD, CA AND SO SILICIDES,

IT HAS NO DETECTABLE EFFECT FOR THE SI—TI SYS-

SEX AND SHE TISI2 FORMS AT RELA7I9'ELY LOW rEMPER-

A TUBE ( 600GC).

BASED ON THESE REFRRENCES, , EXPERIMENTS WERE PER-

FORMED TO DETERMINE THE SIGNIFICANCE AND THE EF-

FaCr Ol TITANIUM SILICIDES ON'rHE VALVE OF CON-

TACT RESISTANCE.

AS THE SOURCE OF TITANIUM, TITANIUM RESINATE WAS

USED, PRODUCED BY ENGELHARD, INDUST RIES DIT.,

NEWARK, N. J.

THIS ORGANO METALLIC COMPOUND CONTAINS 4.3% SOLIDS

AS TITANIUM AND IS IN A ROLUrXON FORM WHICH IS

	

I.	 COMPATIBLE WITH THE SOL TENTS PRESENT IN THE INK,

ONE ZrZDROP OF THE RESINATE SOLUTION CORRESPONDING

TO APPROX. 0.0013 G OF rITAPXU,'a WAS ADDED TO

30 0 OF INK.

THE RATIO OF ADDED TITANIUM TO THIS MIXTURE CORRES-

PONDED THEN TO APPROX.1 PART OF TI TO 15000- 16000

	

r'	 PARTS OF N0031SY SOLID MIXTURE.

THE EXPERIMENTS OF THE INK t+'IRING DESCRIBED FOR THE

	

^s	 11
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STANDARD IYO:SN MIXTURE WERE DUPLICATED WITH THE ZNJr

MODIFIED BY THE TITANIUM.

Tar RESULTS SNOWED A VERY DISTINCT EFFE"CT ON Y-I

CHARACTERISTICS.

THE SERIES RESISTANCE HAD A VALUE OF APPROX. 1 OHM

AT A CYCLE CONSISTING OF A PREHEAT AT 560 0 C FOR

3 MINUTES, 620 0 C FOR 3 MINUTES AND A SOAK AT 8000C

FOR 1 MINUTE.

uZ)fXLAR VALUES OF THE SERIES RESISTANCE WERE ALSO

OBTAINED BY HEATING AT 560 0C FOR 9 MINUTES.(FIG.A0.1)

THE BONDS OFi SAMPLES FIRED AT 560 0C WERE WEAKER THAN

THE BONDS OBTAINED AT 80000.

12



I1.5	 OPTIMIZING THE P'IP.IN(; CYCLE FOR TH.E JYO:SN INK

ItODI FI FD --Y TI.

THE OBJECTIVE OF TYIS TASK WAS TO DETERMINE THE

EFFECT OF VARIOUS FIRING CYCLES ON THE COMBINED

QUALITY OF MECHANICAL ADHESION. SOLDERABILITY AND

ELECTRICAL PERFORMANCE OF SOLAR CELLS METALLIZED

WITH MO:SN INK MODIFIED BY TI.

THREE EIIRIIIG CYCLES wzRi7 EN.PLOYED FOR EVALUATION

A) 5600 C - 20 MINUTES AND QUENCH

B) 5600 C - 3 MINUTES, 6200 0 - 3 MINUTES, 800 0 0 -

1 MINUTE AND QUENCH

C) 5600 0 - 10 MINUTES ,, 7000 0 - 1 MINUTE AND

QUENCH.

ALL CYCLES WERE DONE IN A FORMING GAS ATMOSPHERE

CONSISTING OF Eno lV AND 40% H AT A FLOW RATE OF

6`	 3L/Mr. N.

THE ADHESION WAS DETERMINED BY SCRATCH TESTS

(X-ACTO) AND PULL TESTS WITH SOLDERED LEADS,

THE LEAD ATTACHMENT WAS ALSO A MEASURE OF

SOLDERABILITY.
x

THE ELECTRICAL CHARACTERISTXVS WXAS EVALUATED

BY THE SHAPE OF V-I CURVES.

THE QUALITY OF MECHANICAL PROPEP.TIES ( ADHESION

13



..	 ..	 .. .: _.	 ...p.	 n...	 .: ,^..,.

^^	
13

f

AND SOLDERABILITY CONFIRMED RESULTS OF TESTS

PREVIOUSLY PERFORMED WITH ilfo:SN INK WITHOUT

TI ADDED I.E. THE BOND WAS WEAKER WITH THE 	 q

FIRING CYCLE AT 5600 0 THAN AT CYCLES WITH 70000

AND 800 00 PPAK TEMPERATURES.

THE SOLDERABILITY WAS ALSO BETTER FOR LAYERS

FORMED AT HIGHER TEMPERATURES,

EZZCTRICAL CHARACTERISTICS OF SOLAR CELLS

METALLIZED AT THE STATED FIRING CYCLES WERE ON

THE OTHER HAND SIGNIFICANTLY BETTER AT THE

LOW 4EXPERATURE FIRING CYCLE

IN OR>r:R TO ESTABLISH WHETHER THIS CHARACTE-

RISTIC WAS A RESULT OF THE PXAK TEMPERATURE,

OF' p`HE FIRING CYCLE ONLY OR OF ADDITIONAL

REAG'TIONS TAKING PLACE DURING LOW TEMPERATURE

AXYRALING PROCESS .0 THE CELLS METALLIZED AT

H^'GHER TEMPERATURES WERE HEAT TREATED AT LOW

TEMPERATURE' AFTERWARDS.

THE RESULT OBTAINED FROM THIS TEST ESTABLISHED

THAT THE Y—I CHARACTERISTICS IMPROVED TO THR

QUALITY OF THE CELLS METALLIZED A.1' LOW TEM-

PERATURE ONLY. C FIG. 3r

FROM THESE RESULTS OTHER SETS OF EXPERSMENTS

WERE PLANNED TO DETERMINE WHFTHER THIS HEAT

""I
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TREATMENT CAN BE DONE AS A PART OF THE FIRING

CYCLE OR MUST BE PERFORMED AS A POST NEAT TRrAT-

MENT STEP. ALSO IT WAS NECESSARY TO DETERMINE

WHETHER 5504C IS THE OPTIMUM NEAT TREATMENT

TEMPERATURE OR WNETWER THE 2'A.TATMZNT HAD ANOTHER

PEAK,

TNF. RESULTS OBTAINED FROM THESE TESTS POINTED

OUT THAT THE NEAT TREATMENT CAN BE INCORPORA-

TED IN THE FIRING CYCLE AND THE OPTIMUM EFFECT

LIED AT 4500 C FOR 15 MINUTES. ( FIG. III)

11.6	 COMPARISON OF ffo:SN CONTACT WITH NICKEL PLATED AND

SILVER PLATED CONTACT,

NICKEL PLATED CELLS USED FOR THE COMPARA TIvE TESTS

WERE PRODUCTS OF THREE MANUFACTURERS.

THE SCREENED SILVER CELLS WERE, FROM ANOTHER SOURCE.

THE MECHANICAL CONTACT OF THE IYO :SN CELLS WAS

EQUAL TO THE BEST NICKEL PLATED CONTACT AND

SUPERIOR TO THE SCREENED SILVER CONTACT,

ACTUALLY THE SILVER SCREENED CONTACT WAS IN-

FERIOR SINCE THE PATTERN AS WLrLL AS THE BACK

METALLIZATION COULD BE PEELED OFF WITHOUT ANY

EFFORT.

16
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ELECTRICAL CHARACTERISTICS DISPLAYED BY THE

F-I CVR7ES IS SHOW7I IN t'IG. IYZ:

IT WAS COMPARABLE WITH THE CHARACTERISTICS OF

OTHER METALLIZATIOhI,, ONLY IN CASES WHEN N E

TEST SAMPLES WERE SCRIBED TO SIZEt THE SHUNT

RESISTANCE AND SERIES A SISrANCE SHOWED SOME

DEGRADATION CAUSED BY THE MECHANICAL DAMAGE,

GENERALLY THE SERIES RESISTANCE OF ALL CELLS

TESTED WAS 1 -a IN AVERA GE.

its
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Iil. CONCLUSION

EXPERIMENTAL WORK COMPLETED I.N THE SECOND QUARTER

RESULTED IN THE FOLLOWING CONCLUSIONS:

I. IYETALLIC COATINGS FROM IYOO,3:SN SCREENABL.E INK

ARE OBTAINED IN A HORIZONTAL TUBE FURNACE AT

56000, IN FORMING GAS ATMOSPHERE (6O% N- 40% H)

IN Jr' MINUTES.

2. THE CONTACTS OF THE Mo :SN SYSTEM TO P ON N STRUC-

TURED SOLAR CELLS ARE OHMIC ] BUT HAVE A HIGH SERIES

RESISTANCE( APPROX. 10 OHMS.

THIS HIGH SERIES RESISTANCE IS I MPRO FED BY AN

ADDITION OF TITANIUM RF.SINATE TO THE BASIC INK

COMPOSITIONS WHICH CAN BE ATTRIBUTED TO A FORMA-

TION OF TIS2 OF HIGH CONDUCTIVITY VALUE AT THE

SI METAL INTERFACE.
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IV. PROJECTED WORK FOR THE NEXT QUARTER.

THE WORK TO 9E PERFORMED IN THE NEX QUARTER WILL

BE CONCERNED WITH THE FOLLOWING TASKS.

1. APPLXCATXON AND EVALUATION OF TFlE CONTACT

APPLXED ON N ON P STRUCTURED SOLAR CELLS PRO-

VIDED B y JPL.

2. EVALUATION OF THE NEW METALLX7ATI0f3 PROCESS BY

ENVIRONMENTAL TESTS,

3. FTNAbI7ING- Tiff PROCESS XN A WRITI-MV REPORT

XMCLUDINl PROCESS SPECIFICATIONS.

21
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'V.	 t9EW TF,CNNOLOCY

NEW PROCF,SSRS NAVE NOT BEEN SUFFICIENTLY DRVELOPVD

TO BE REPORTED AS NEW TECHNOLOGY. ALL NEW DEVELOPMENTS

WILL BE SPECIFIED AT COMPLETION OF THE CONTRACT.

r.
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