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The Under Secretary (FDIII),
University Grants Commission,
Bahadur Shah Zafar Marg,
New Delhi-110002.

Sub.:- Release of Grants-in-aid to University of Jammu, Baba Saheb Ambedkar Road, Jammu-180006 J&K (INDIA) for
the year 2015-16 under Plan in respect of Major Research Project entitled "Cu(Inl-xAlx)Se2 Thin Films...........
Photovoltaic Applications " awarded to Prof. Naresh Padha (Material Science) , Department of Physics & Electronics
Tenure of project for 3 year(s) w.e.f 01/07/2015 .

$—~Madam,

I am directed to convey the approval sanction of the University Grants Commision for payment of grant of Rs. 9,65,000/- (Rupees: NINE
LAKHS SIXTY FIVE THOUSAND ONLY ) as Ist instalment for the years 2015-16 towards Major Research Project to the
REGISTRAR , University of Jammu, Baba Saheb Ambedkar Road, Jammu-180006 J&K (INDIA) for the Plan expenditure to be
incurred during 2015-16 . f

S. |Items Head of Amount Grant being Grant Total Grant(Rs.)
No. Account Approved(Rs.) Released as 1st Already
Installment(Rs.) Released(Rs.)
A. [Non-Recurring
1. |Books & Journals (A0 35 Rs. 0/- Rs. 0/- - Rs. 0/-
2. |Equipment Rs. 5,00,000/- Rs. 5,00,000/- - Rs. 5,00,000/-
B. |Recurring
1. |Honorium to Retd. Teacher @
Rs. 18,000/- p.m. Rs. 0/- Rs. 0/- - Rs. 0/-
27— |a. Project Fellow (Non-Gate/Non
NET) @ Rs. 14,000/- p.m.
b. Project Fellow
(Gate/NET/GPAT) @ Rs. Rs. 6,00,000/- Rs. 3,00,000/- - Rs. 3,00,000/-
16,000/- p.m.
Tenure - 3 year(s)
3. |Chemical/Glassware/Consumable ;
(Raw Material & Packaging AaAa)al Rs. 1,00,000/- Rs. 50,000/~ Rs. 50,000/~
Material etc.)
4. 1Contingency Rs. 30,000/- Rs. 15,000/- - Rs. 15,000/-
5. {Hiring Services Rs. 20,000/- Rs. 10,000/- - Rs. 10,000/~
6. |Travel / Field Work Rs. 30,000/- Rs. 15,000/- - Rs. 15,000/-
7. |Any Other Rs. 0/- Rs. 0/- Rs. 0/-
8. {Overhead Charges 10% of
approved recurring Grant (Except Rs. 75,000/- Rs. 75,000/- } Rs. 75,000/-
Travel & Field Work)
Total (A + B) Rs. 13,55,000/- Rs. 9,65,000/- Rs. 9,65,000/-

#



The sanctioned amount is debitable to the Major Head 3(A).49(a).31 Rs. 4,65,000/- & Head 3(A).49(a).35 Rs.
5,00,000/- and is valid for payment during financial year 2015-16 .

The amount of the Grant shall be drawn by the Under Secretary (Drawing and Distributing Officer), University
Grants Commission on the Grants-in-aid Bill and shall be disbursed to and credited to the REGISTRAR ,
University of Jammu, Baba Saheb Ambedkar Road, Jammu-180006 J&K (INDIA) through Electronic
mode as per the following details.

Payment Details

The Jammu & Kashmir Bank Ltd., J & k

() [BankName & Address of Branch Bank, New University Campus, Jammu-180006

(b) |Account No. 0345010100000001
(¢)  |Type of Account (SB/Current/Cash Credit) CURRENT

(d) {IFSC Code JAKAOCANAAL
(e) |MICR Code of Branch 180051018

P

(f)  |Whether Bank Branch is RTGS or NEFT enabled? : |Yes (RTGS/NEFT/Both)

The Registrar, University of Jammu, Jammu-
180006

(g) |Name & Address of Account Holder

The Grant is subject to the adjustment of the basis of Utilization Certificate in the prescribed performa submitted
by the University/Colleges/Institution.

The University/College/Institution shall maintain proper accounts of the expenditure out of the grants which
shall be utilized only on approved items of expenditure.

The University/Institution may follow the General Financial Rules, 2005 and take Urgent necessary action to
amend their manuals of financial procedures to bring them in conformity with GFRs, 2005 and those don't have
their own approved manuals on financial procedures may adopt the provisions of GFR's 2005 and
instructions/guideline there under from time to time.

The Utilization Certificate to the effect that the grant has been utilized for the purpose for which it has been
sanctioned shall be furnished to the University Grants Commission as early as possible after the close of the
current financial year.

The assets acquired wholly or substantially out of University Grant Commission's grant shall not be disposed or
encumbered of utilized for the purposes other than those for which the grant was given, without proper
sanctioned of the University Grants Commission and should, at any time the College/University cease/—m
function such assets shall revert to the University Grants Commission.

A register of assets acquired wholly or substantially out of the grant shall be maintained by the
University/College in the prescribed proforma

The grantee institution shall ensure the utilization of grant-in-aid for which it is being sanction/paid. In case
non-utilization/part utilization, thereof simple interest @ 10% per annum as amended from time to time on
unutilized amount from the date of drawl to the date of refund as per provisions contained in General Financial
Rules of Govt. of India will be charged.

The University/College/Institute shall follow strictly the Government of India / University Grants Commission
guidelines regarding implementation of the reservation policy [both vertical (for SC, ST & OBC) and
horizontal (for persons with disability etc.)] in teaching and non-teaching posts.

The University/College shall fully implement the Official Language Policy of Union Govt. and comply with the
Official Language Act, 1963 and Official Languages (Use for Official purposes of the Union) Rules, 1976 etc
The sanction is issued in exercise of the delegation of powers vide University Grants Commission Office Order
No. 69/2014 I'.No.10-11/12 (Admn. IA & B) dated 26/03/2014 .

The University/Institution shall strictly follow the University Grants Commission Regulations on curbing the
menace of Ragging in Higher Educational Institutions, 2009.

The University/Institution shall take immediate action for its accreditation by National Assessment &
Accreditation Council (NAAC).

The accounts of the University/Institution will be open for audit by the Comptroller & Auditor General of India
in accordance with the provisions of General Financial Rules, 2005.

The annual accounts i.e. balance sheet, income and expenditure statement and statement of receipts and
payments are to be prepared strictly in accordance with the Uniform Format of Accounting prescribed by



19.
20.

Government.

It is certified from the B.C.R. that the funds are available under the scheme. Entered in BCR at S No983P. No.
49 .

The funds to the extent of Rs. Crores are available under the scheme or BE/RE of the year

2015-16.

This issue with the concurrence of IFD Vide No. Diary No. 10946 Dated, 10.03.2015 .

This issue with the approval of the Chairman, (UGC) Vide Diary No. 28731 Dated 30.04.2015 .

Yours faithfully,

/’

(G.S. AULAK)
Under Secretary
Copy forwarded for information and necessary action to :- E_ﬁ.‘—;'g;——z
1. TheREGISTRAR ,-4_—
2. Office of the Director General of Audit, Central Revenues, A.G.C.R. Building, I.P. Estate, New Delhi.

3 Accountant General, Govt. of State, Jammu and Kashmir .
J/( B%. Prof. Naresh Padha (Material Science) , Principal Investigator, Department of Physics & Electronics ,
University of Jammu, Baba Saheb Ambedkar Road, Jammu-180006 J&K (INDIA) .
5. The Prineipal, University of Jammu, Baba Saheb Ambedkar Road, Jammu-180006 J&K (INDIA)

Reqstr
p

KUMAR SINHA)
SECTION OFFICER



F .N0.43-398/2014(SR)

FD Diary No. 6592
Dated : 17.11.2017

UNIVERSITY GRANTS COMMISSION

BAHADUR SHAH ZAFAR MARG -

NEW DELHI 110002 POEC 20m
(GENERAL)

Dated: Nov, 2017

The Under Secretary (FD-III)
University Grants Commission
Bahadur Shah Zafar Marg
New Delhi - 110002

Sub:

grant of Rs. @,48,
Six Oniy) as 2™

Release of Grant-in aid to University of Jammu, Jammu for the year 2017-18 under
revenue in respect of Major Research Project entitled
“Cu(IN1-XAIX).cieerennrnnn <eeeeeeneapplications” awarded to Prof. Naresh Padha, Dept. of
Material Science tenure of the project from 01.07.2015 to 30.06.2018. (3 years)

I am directed—te-convey the sanction of the University Grants Commissioh for payment of
726/- {Rupees One Lakh Forty Eight Thousand Seven Hundred Twenly
installment for the year 2017-18 towards Major Research Project to The

Registrar, University of Jammu, Jammu for the revenue expenditure to be incurred during

2017-18.

Name of the Item Amount Head of Account Grant now Grant Total Grant
Allocated Being already
Sanctioned Released
Books & Journals | e sreneninmes | @ semmealse )] ssscwemsies
3.A (65)(a). 35
Equipment 5,00,000/-| | seesesess 5,00,000/- 5,00,000,
Project Fellow 4,18,581/- 76,726/~ 3,00,000/- 3,76,726,
,g Rs. 14,000/-p.m for 2 years
=, 16,000 p.m for 3" year 3.A (65)(a). 31
e/ e —— e IR
Contingency 30,000/- 12,000/- 15,000/~ 27,000
Chemical 1,00,000/- 40,000/~ 50,000/~ 90,000
Hiring Services . 20,000/- 8,000/~ 10,000/~ 18,000
Travel/ Field Work 30,000/- 12,000/~ 15,000/~ 27,000
Overhead Charges 75,000/~ B 75,000/- 75,000
Total ' 11,73,581/- 1,48,726/- 9,65,000/- 11.:13,726




F .N0.43-398/2014(SR)

FD Diary No. 6592
Dated : 17.11.2017

sir-fagrr Rgaad

UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG oA
NEW DELHI 110002 ¢ UEC 2017
(GENERAL)
Dated: Nov, 2017

The Under Secretary (FD-III)
University Grants Commission
Bahadur Shah Zafar Marg
New Delhi — 110002

Sub:

Release of Grant-in aid to University of Jammu, Jammu for the year 2017-18 under
revenue in respect of Major Research Project entitled
“CU(IN1-XAIX) iiiremeasnnnnans applications” awarded to Prof. Naresh Padha, Dept. of
Material Science tenure of the project from 01.07.2015 to 30.06.2018. (3 years)

Sir,
I am directe€
grant of Rs. @,48,7
Six Oniy) as 2™

Registrar, Universit

2017-18.

te-convey the sanction of the University Grants Commission for payment of
26/- {Rupees One Lakh Forty Eight Thousand Seven Hundired Twenly
installment for the year 2017-18 towards Major Research Project to The
y of Jammu, Jammu for the revenue expenditure to be incurred during

Name of the Item Amount Head of Account Grant now Grant Total Grant
Allocated Being already
Sanctioned Released
Books & Journals | e | saeaeas —— [N—— (- <
3.A (65)(a). 35
Equipment 5,00,000/- e 5,00,000/- 5,00,000,
Project Fellow 4,18,581/- 76,726 /- 3,00,000/- 3,76,726,
,Q Rs. 14,000/-p.m for 2 years
>, 16,000 p.m for 3" year 3.A (65)(a). 31
s o Ru— GaninesensiaaE | weeevesseessy | 000 swGEyESERe
Contingency 30,000/- 12,000/~ 15,000/~ 27,000
Chemical 1,00,000/- 40,000/~ 50,000/~ 90,000
Hiring Services e 20,000/- 8,000/~ 10,000/~ 18,000
Travel/ Field Work 30,000/- 12,000/~ 15,000/~ 27,000
Overhead Charges 75,000/~ sisvadReR e 75,000/~ 75,000
Total 11,73,581/- 1,48,726/- | 9,65,000/- 11,13,726




10.

11

12.

13,

14,

15.

. The sanctioned ' amount is debitable to Major Research Project head

3.A (65) (a) 31 and is valid for payment during the financial year 2017-18 only.

The amount of the Grant shall be drawn by the Under Secretary (Drawing and
Disbursing Officer) UGC on the Grants-in-aid bill and shall be disbursed to and
credited to The Registrar, University of Jammu, Jammu through Electronic
mode as per the following details: -

(a) | Bank Name & Address of Branch The Jammu & Kashmir Bank Ltd., J & K Bank, new
University Campus, Jammu-180006 |
(b) | Account no. 0345040160000001
(c) | Type of Account : SB /Current /Cash | Cuurent
Credit
(d) | IFSC Code JAKAOCANAAL
(e) | MICR Code 180051018
(f) | Whether Bank Branch is RTGS or Yes

NEFT enabled : RTGS / NEFT /Both

(9) | Name & Address of Account Holder The Principal, University of Jammu, Jammu

The Grant is Subject to the adjustment on the basis of Utilization Certificate in the
prescribed proforma submitted by the University / Institution.

The University / Institution shall maintain proper accounts of the expenditure out of
the Grants which shall be utilized only on the approved items of expenditure.

The University / Institution may follow the General Financial Rules, 2005 and take
urgent necessary action to amend their manuals of financial procedures to bring
them in conformity with GFRs, 2005 and those dont have their own approved
manuals on financial procedures may adopt the provisions of GFRs, 2005 and
instructions / guidelines there under from time to time.

The Utilization Certificate to the effect that the grant has been utilized for the
purpose for which it has been sanctioned shall be furnished to UGC as early as
possible after the close of current financial year.

. The assets acquired wholly for substantially out of University Grants Commission’s

Grant shall not be disposed or encumbered or utilized for the purposes other than
those for which the grants was given without proper sanction of the UGC and should
at any time the University ceased to function, such .assets shall revert to the
University Grants Commission.

A Register of Assets acquired wholly or substantially out of the grant shall be
maintained by the University in the prescribed proforma.

The grantee institution shall ensure the utilization of grants-in-aid for which it is
being sanctioned / paid. In case of non-utilization / part utilization thereof, simple
interest @ 10% per annum, as amended from time to time on the unutilized amount
from the date of drawal to the date of refund as per provisions contained in General
Financial Rules of Govt. of India, will be charged.

The University / Institutions shall follow strictly the Government of India / UGS's
guidelines regarding implementation of the reservation policy [both vertical (for
SC,ST & OBC) and horizontal (for persons with disability etc.)] in teaching and non-
teaching posts.

.The University / Institution shall fully implement the Official Language Policy of

Union Government and comply with the Official Language Act, 1963 and Official
Languages (Use for Official Purposes of the Union) Rules, 1976 etc.

The sanction is issued in exercise of the delegation of powers vide UGC Order No.
69/2014 [F.N0.10-11/12 (Admn. IA & B)] dated 26/3/2014.

The University / Institution shall strictly follow the UGC Regulations on curbing the
menace of Ragging in Higher Education Institutions, 2009.

The University / Institution shall take immediate action for its accreditation by
National Assessment & Accreditation Council (NAAC).

The accounts of the University / Institution will be open for audit by the Comptroller
& Auditor General of India in accordance with the provisions of General Financial
Rules, 2005.



1€.The annual accounts i.e. balance sheet, income and expenditure statement and

[ statement of receipts and payments are to be prepared strictly in accordance with
[ the Uniform Format of Accounting prescribed by Government.

17. The grantee institution shall remit the amount of grants in aid and / or interest through e-mode
(RTGS/NEFT) directly to UGC account as per following bank details:-

Account Hoider | Secretary, UGC, New Delhi-110 002

Name of Bank & Address . Canara Bank, UGC Office, New Dalhi-1 10002
A/C No. 7___”__;”__8__6_27101002122

Type of AIC _Savings o
IFSC Code .. CNRBO0O008627

MICR Code 110015170

18.An amount of Rs. 9,16,739/- out the grant of Rs. 9,65,000/- sanctioned vide
letter No.F.43-398/2014(SR) dated 18.09.2015 has been utilized by
University/College/Institution for the purpose for which it was sanctioned.
Utilization Certificate for Rs. ....... has already been entered at 5. No. ...... Now we
may enter Utilization Certificate for Rs. ©,16,739/- S.No.€l4. and in the .,
Registrar at page No.24...

19. Funds to the extent of Rs...... are available under the scheme or BE / RE of the year.

20.This issues with the concurrence of IFD vide Diary No. 3168 (IFD) dated
18.10.2017.

21.This issues with the approval of Joint Secretary (MRP) vide Diary No. 49322 dated
01.11.2017.

Yours faithfully,

.

(Suresh Rani)
Under Secretary

Copy forwarded for information and necessary action for :-

1. The Registrar, University of Jammu, Jammu .
2. Office.of the Director General of Audit, Central Revenues, AGCR Building, 1.P.
Estate, New Delhi.
3. Accountant General, State Govt. of Srinagar, Kashmir :
_4Prof. Naresh Padha, Dept. of Material Science, University of Jammu, Jammu
5. Guard file.

Arun Kumar Sinha)
Section Officer



MANDATE - FORM

ELECTRONIC CLEARING SERVICE (CREDIT CLEARING)/REAL TIME GROSS

SETTLEMENT (RTGS) FACILITY FOR RECEIVING PAYMENTS

A. DETAIL OF ACCOUNT HOLDER

NAME OF THE ACCOUNT HOLDER

The Registrar, University of Jammu, Jammu.

COMPLETE CONTACT ADDRESS

1t Floor, New Administration Block,
Babasaheb Ambedkar Road, New University
Campus, Jammu Tawi, Jammu 180 006

TELEPHONE NUMBER/FAX/EMAIL

0191 - 2431365/ 2430935
manojkdhar@redifmail.com

B. BANK ACCOUNT DETAIL

_ [BANKNAME

The Jammu & Kashmir Bank Ltd

BRANCH NAME WITH COMPLETE ADDRESS

TELEPHONE NUMBER AND EMAIL

J & K Bank, New University Campus,
Jammu - 180 006.
0191 - 2458663/ canal@jkbmail.com

WHETHER THE BRANCH IS COMPUTERISED?

YES

{

WHETHER THE BRANCH IS RTGS ENABLED? IF YES, | YES

| THEN WHAT IS THE BRANCH.’S IFCS CODE IFCS Code: JAKAGCANAAL

IS THE BRANCH ALSO NEFT ENABLED? YES .
TYPE OF BANK ACCOUNT (SB/CURRENT/CASH CURRENT

CREDIT)

COMPLETE BANK ACCOUNT NUMBR (LATEST) 0345010100000001

| MICR CODE OF BANK - 180051018 - )
BRANCH CODE 0345

I hereby declare that the particulars given above are correct and complete. If the transaction is delayed or not effected
to all for reason of incomplete or incorrect information I would not hold the user Institution responsible. I have read
the option inviting letter and agree to discharge responsibility expected of me as a participant un

Date:
Certified that the

(Bank’s Stau{'p)
o)s V617

1. Please attach a photoco

theg-hjm e.

T

<«

Y . ﬁ 0 /
% of cheque along with the verification obtained from the bank

In case your bank branch is presently not RTGS enabled,” then upon its up-gradation to “RTGS Enabled”
branch, please submit the information again in the above proforma to the Department at earliest.

- )
jty of Jammu a

Uniy,
o =
¢ rtuulars furnished above are correct as per our records. o

10



UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG
NEW DELHI - 110 002

Annexure - III

STATEMENT OF EXPENDITURE IN RESPECT OF MAJOR RESEARCH PROJECT

1. Name of Principal Investigator : Prof. Naresh Padha

University: University of Jammu, Jammu, J&K, India

. Deptt. of Principal Investigator: Department of Physics & Electronics

. UGC approval Letter No. and Date: F.No. -43-398/2014(SR) Dated 18" Sep. 2015

4. Title of the Research Project: Cu(In1-xAlx)Se2 Thin Films optimization, Device Fabrication and
their use in Photovoltaic Applications.

5. Effective date of starting the project : 01/07/2015
6. a. Period of Expenditure: From 16/08/2017 to 30/06/2018

b. Details of Expenditure

S.No. Item Amount Amount Balance of| Total | Expenditure| Balance
Approved| Released as Ist Amount| Incurred (Rs.)
(Rs.) 2nd Instalment| (Rs.) (Rs.)
Instalment (Rs)
(Rs.)
i Books & Journals [Nil Nil INil INil INIL INil
ii. Equipment 5,00,000/- |Nil Nil INil INil Nil
iii. Contingency 30,000/- 12,000/- 13/- 12,013/- |11,203/- 810/-
iv. Field Work/Travel [30,000/- 12,000/~ 1,821/- 13,821/- NIL 13,821/-
(Give details in the
proforma
at Annexure-
V).
Vs Hiring Services 20,000 8,000/- Nil 8,000/~ 8,000/- INil
Chemicals & 10,000/- INil 40,000/-  [39,963/- 37/-
Vi. Glassware 1,00,000
vii. Overhead 75,000 Nil R33/- 233/- Nil 233/-
Any other items
viii. (Please
specify) b == — - -
Total - 7,55,000/- [72,000/- 2,067/- 74,067/- 59,166/- 14,901/-
A

11



e Order has beer] placed and equi

Lt e

c. Staff T

Wi
Date of Appointment: 27.0

W~

pment been despatch by the company.
Lemmd W (b Ang]

Amount .
Amount | Released Ba:alr:t:e Total Expendit -
S.No Items From To Approved | As 2™ 9 Amount | . Yr® canco
(Rs.) installine Inst(aln';e (Rs.) |n(¢;ﬂ;9d (Rs.)
nt nt (Rs E S.

Honorarium to PI

1 | (Retired Teachers) @ Nil Nil Nil Nil Nil :
Rs. 18,000/-p.m. il
Project fellow:
i) NET/GATE qualified-
Rs. 16,000/~ p.m. for
initial 2 years and Rs.
18,000/- p.m. for the
third year.

L2

ii) Non-GATE/Non- 5
N)ET- Rs. 14,000/-p.m. 01.08.2017| 30.06.2018 | 6,00,000/- | 76,726/- 46,194/- 1,22,920/- | 1.22.920/- Nil
for initial 2 years and
Rs. 16,000/-p.m. for the
third year

1. It is certified that the appointment(s) have been made in accordance with the terms and
conditions laid down by the Commission.

2. If as a result of check or audit objection some irregularly is noticed at later date, action will
be taken to refund, adjust or regularize the objected amounts.

3. Payment @ revised rates shall be made with arrears on the availability of additional funds.

4. It is certified that the grant of Rs. 01,48,726/- (Rupees One Lakh forty eight thousand
seven hundred twenty six only) received from the University Grants Commission under the
scheme of support for Major Research Project entitled “Cu(in1-xAlx)Se2 Thin Films optimization,
Device Fabrication and their use in Photovoltaic Applications. vide UGC letter No. F.No. -43-
398/2014(SR) Dated 18" Sep. 2015 and F.No. -43-398/2014(SR) Dated 8" Dec 2017 as 2™ instalment
with an amount of Rs. 48,261/~ was carry forwarded and has been utilized for the purpose
for which it was sanctioned and in accordance with the terms and conditions laid down by the
University Grants Commission with an unspent balance of Rs. 14,901/- .

, W/Qj%

SIGNATURE OF PRINCIP

INVESTIGATOR

®Prof Naresh Padha

Principal Investigator,

UGC-MR
Dep

Uniy

aImmu

t of Physics & Electronics

a

STRAR/

it

FﬂNCIPAL

(Seal)

12



Annexure - IV

UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG
NEW DELHI - 110 002

STATEMENT OF EXPENDITURE INCURRED ON FIELD WORK

Name of the Principal Investigator: Prof. Naresh Padha

Name of the Duration of the Visit Mode of Expenditure

Place visited Journey Incurred (Rs.)

From To

Nil

Certified that the above expenditure is in accordance with the UGC norms for Major Research
Projects.

SIGNATURE OF PRINCIPAKINVESTIGATOR

Prof Naresh Padha
Principal Investigator,
UGC-MRP,

Department of Physics & Electronics S ————
University of Jammu
Jammu-180006

ISTR/ R/_F\RiNCIPAL

Nty

(Seal)

NA

SIGNATURE OF THE CO-INVESTIGATOR




UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG

NEW DELHI - 110 002

Annexure - IV

STATEMENT OF EXPENDITURE INCURRED ON FIELD WORK

Name of the Principal Investigator: Prof. Naresh Padha

Name of the Duration of the Visit Mode of Expenditure
Place visited Journey Incurred (Rs.)
From To
SSPL, DRDO New
Delhi 07.02.2017  02.03.2017 Air 13,179/-

Certified that the above expenditure is in accordance with the UGC norms for Major Research

Projects.

&
N

SIGNATURE OF PRINC/PAL INVESTIGATOR
@rof Naresh Padha

Principal Investigator,

- P, '
ggp():amsen of Physics & Electronics

University of Jammu
Jammu-180006

14



Annexure -V

UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG
NEW DELHI - 110 002

Utilization certificate

Certified that the grant of Rs. 01, 48, 726/- (Rupees One Lakh
forty eight thousand seven hundred twenty six only) received from the University
Grants Commission under the scheme of support for Major Research Project entitled
Cu(In1-xAlx)Se2 Thin_Films optimization, Device Fabrication and their use in
Photovoltaic Applications vide UGC letter No. F.No. -43-398/2014(SR) Dated 18™ Sep.
2015 and F.No. -43-398/2014(SR) Dated 8" Dec 2017 with an amount of Rs. 48,261/-
was carry forwarded, from a total amount of Rs. 1, 96, 987/- an amount of Rs. 01, 82,
086/- has been utilized for the purpose for which it was sanctioned and in accordance with
the terms and conditions laid down by the University Grants Commission and a balance
grant of Rs. 14,901/-has remained unspent.

J)%

SIGNATURE Of TH REGISTRAR/PRINCIPAL STATUTORY AUDITOR
PRINCIPAL INVESTIGATOR \ \ B

, (Seal) (Seal)

Prof Naresh Padha \'\\B\\

Principal Investigator,

UGC-MRP,

Department of Physics & Elactronics

NA

SIGNATURE OF THE CO-INVESTIGATOR

15



Annexure VI

PERFORMA FOR SUPPLYING THE INFORMATION IN RESPECT OF
THE STAFF APPOINTED UNDER THE SCHEME OF MAJOR
RESEARCH PROJECT

UGC FILE No. F.No. -43-398/2014(SR) Dated 18" Sep. 2015
Year of Commencement: 2015

TITLE OF THE PROJECT: Cu(In1-xAlx)Se2 Thin Films optimization, Device
Fabrication and their use in Photovoltaic Applications

1. |Name of the Principal Prof. Naresh Padha
[nvestigator:

2. |Name of The University University of Jammu

3. Name of the Research Personal/Arun Banotra

appointed
4. |Academic qualification S.No.QualificationsYear Marks %oage
1. |M.Sc. 20131884/240078.50
5. Date of Joining 28/01/2016
6. [Date of Birth of Research 10/07/1990
Personal

7. Amount of HRA, if Drawn Nil
8. Number of Candidates applied 06
for the post

CERTIFICATE
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Objectives :

1) The exploration of new material compositions, their constituent ratio, processing skills and
device gemetry to recommend future strategies for Schottky barrier arteprojunction
device applications. (Identification of metals which show ideal ohmic as wektlasttky
contacts on to CIAS semiconductor, which can be plesdp detailed analysis of barrier
properties).

i) The identification and control of defects or dislocations as well anstvaiich influence the
electrical antbr optical properties of the film&fforts shall be made to improve the quality of
deposited films by optimizing prosse and conditions for deposition.

iii) Given that devices of CulRAIxSe are good candidates for space solar cells and other related
optoelectronic applicatian Attempts shall also be made to realize the Schottky basieell
as he#rojunction diodes by tailoring their bandgaps and asaty their temperature
dependence response.

iv) The opimization of CIAS solar cedlin terms of their absorption coefficient, filfactor and
efficiency will be undertaketo have better quality CIAS soleells.
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BAHADUR SHAH ZAFAR MARG
NEW DELHI T 110002
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1.
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Project Report No. : FINAL

UGC Reference No.

F.No0.-43-398/2014(SR)1L8" Sep. 2015
( Material Science)

Period of report: From01/07/2015 to 306/2018

Title of the research project Cu(Im4Alx)Se Thin Films optimization,

Device Fabrication and their use in
Photovoltaic Applications.

(a) Name of the Principal Investigator: Prof. NaresiPadha

(b) Deptt. Physics& Electronics

(c) University/Cellegewhere work has progressed

University of Jammu, JammlB80006

Effective date ofstarting of the project: 01-07-2015

Grant approved and expenditure incurred during the period of the report:

a.
b. Total Amount Reeived Rs. : 11,13,726/

c. Total Expenditure incurred Rs. :10,98,825/

d.

e. Work done d the Project. : (separate fieetattached)

Total Amount Approved Rs. : 13,55,000/

Amount RefundedRs. 1 14,9014

Brief objective of the project:

1 The exploration of new material compositiook Cu,In,Al, and Se
precursurs their constituent ratio, processing skills and device
geametry to ecommend future strategies fahsttky barrier and pn
hetrojunction device applications.
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9 The identification and cdrol of defects or dislations as well as
strains. The efforts shall be to improve the quality of deposited films
by optimizing processes and conditions for degimsi

1 Given that of Cuh;AlSe materals are good candidates for solar
cells. Attempts shall also be made dptimise the layers quality
bandgap and absorption coefficient. The phenomenon of tailoring the
bandgaps and analyze their temperature dependence will be
undertaken.

9 Thrust will be given to realize the schottky barrier as well as
hetrojunction diodes andugly their charactestics. The optimization
of CdSCIAS heterojunctionsolar cels in terms of theiffill T factor
and efficiency will be udertaken

li.  Work done sofar and results achieved and publication, if any, resulting
from the work (Give details of the papers and names of the journals in
which it has been published or accepted for publication)

1. Introduction

CuAlxnixSe (CIAS) chalcopyrite material attracted the research community due to the
successfusubstitutionof GAldinto the CIS tetragonalattice at dndsites providing their better
usein photovoltaic (PV) cefl. The recent results have exhibiteddar cellefficiency (d yalue
of 23.35 = 0.5 % for a Gftee CIGS cell througloptimization ofthe CIS absorbealer, which
is better thanmulti-crystalline Si celld1]. It is an alternate toC1 GS6s scarce and
gallium (Ga) The bandgap value of CIAS is contatde between 1.0 eV (Culngeto 2.7 eV
(CuAlSe) by Albs u b st i t u sitesd2h The terrestrialR\Vbapplications accept an ideal
bandgap okemiconductors a&.37 e\[3]. Therefore,more attentionis givento identifying an
alternate absorber materihlat can offera direct bandgapHg) ~ 1.4 eVwith a high absorption
coefficient value ) ~1C° cm'*. Besidesthis, the materialshould beradiationresistantand
possess consideral@ minority carrier diffusion lengtto gethigh-efficiency solar cell$4]. The
mass productionf CulnAlSe andits launching into the market for use and abllity feedback
is possible with lowcost, ecefriendly, easily scalabl@roduction.Various method$iave been
reportedfor the growth of CIAS thin films, iz. thermal evaporation, flash evaporation; co
evaporation of precursors, radi@quency magnetron sputterinC magnetron sputtering,

molecular beam deposition (MBDghemical bath deposition (CBD), mu#ource elemental
24



evaporation method (MSED), spray pyrolysedectredeposition, andoulsed laser deposin
(PLD), etc[5-16]. The main problem ingrowing quaternary (CIAS) material thin films is the
differences in constituentd physical parameter/]. Most of the research repsidre based on
other methodsvhich show the coexistence of secondphases of Culng, CweSe, CuSe, Setc,
or hare weak reflections of chalcopyrite CulnSand CuAlSe [16]. The SELD technique
providesbettercontrol overthe elemental fluxeduring thefilm deposition. Moreoverit is one
of the most appropriateechnique for developindargearea thin films[17]. Mary researchers
haveattemptedo remove thébinary selenide and native oxighasesrom CIS and CIAS thin
layersthat appearedon the selersation of Culn and CuAl precursos in Ar, Se, and KHSe
environmentg$9,1. However,excessive use atlenium,toxic H.Se and contaminationaused
by using separatehambes for selensationare vital issuesin the growth of chalcopyrite thin
films [19].

In the present research, Cu, Kl, and Se elemental layers were groamthe corning
glass substratesing the SELD techniqueto achieve theCuAlxInixSe from the Cu/In/Al/Se
stack In the undertakerwork, the structural, optical, morphological, and compositiataties
of CulmxAlxSe are reported Furthermore, ie FTO/p-CulnAlSe/n-CdS/In heterojunction
diodes were studied for rectifying behavioun addition, he structureof the photovoltaiccell

usinganancpolycrystallinep-CIAS absorber lgerwastested

2. Experimental Section/Methods

The @pper,indium, auminum, andseleniummaterials having aurity range 0f99.9%-
99.999 aredepositedsequentially with thicknesses values of 90, 190, 13, and 430 nm,
respectively to achieve the desired stoichiometry fo€CulrngezAlosSe (Fig. 1). The layer
depositions are obtainesh corning glass substrates at room temperatugevacuum coating
unit 12A4DM (HindiVac, India) undervacuum ~ 2x16 mbar. The praleposition cleaning of
glass substrates carried outby dipping the substratemto hydrogen peroxide @#D.) solution
for ten minutesandits further processing irtrichloroethylene, acetonand methanol (TAM) for
ten minuteseach in a hot ultrasonic bath. The rotary motor attadbetthe substrate holder
rotatesthe substrate during tlepositionof the elemental laysto getthe homogeneouayers
The evaporation rate of elemental Cu, In, @hd Secorresponds td-2 A/s, 23 A/s, 13 A/s,
and 34 A/s, respectively. The thicknessiofsitu grown éemental layes is monitored with the
help of thickness motor DTM-101 ( HindiVac, India) usinga quartz crystakensomattached to
the vacuum coating unitThe posideposition annealing & performedin VCU at 523K for 1
hour(h) under vacuum -1x10° mbar. Theannealing haslso beercarried outin a muffle
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tubular furnace aavacuum ~ 18 mbarfrom 523to 623 K for 2h at eachtemperatureDekTak
150 (Veeco) profilometr is used forthe thicknessmeasurement of the layerXderf
(PANalytica) PowderX-ray diffractometemwas used to record the diffractioiataof the layers
in line modeat a canspeed of 0.0 s i n 2 d °%70PaTihe diffracidmeteiistequipped
with HD Bragg Brentano incident geometmilizing filtered Cukyir adi at 1.5406 ) ( o =
The scanning electromicroscope SUPRAS (Zeis9 at an acceleration voltagef 5 kV was
usedto determine the surfacenorphology The average graisize and surface areavere
measuredfrom SEM micrographs using ImageJ softwaifdHI & LOCI, University of
Wisconsin, USA. The elementalcomposition of theconstituents in thélms was established
usingthe K-emission line (copgr and alumiom) and Lemission line gelenium and indium)
usingenergy dispersive Xay analysis attachmedEOL JSM7426 (Oxford Instruments)The
transmission spectnaere recordedrom UV-Vis-NIR spectrophotometer U600 (Shimadz
at room temperature with a slit width of 2 nm in the-3800 nm wavelength rargThe Raman
spectraareobtained using a laser excitation source of 532 nm in the wavenumbemfak@@
300 cm! from aLabRamHR Evolution spectrometefHORIBA). The heterojunction diods
currentvoltage (V) characteristics areecordedusing source mete2400 ( Keithley), probe
station (Miller Design Corp) and opensource |-V software developed by Michael D.
Kelzenberg The opercircuit voltage (W) of the FO/p-CIAS/n-CdS/In heterojunction
photacell is calculated using digital multimeterVC-203 (Victor) Theexperimental data were
analyed usingOriginLab 8.5 (MicroCal) software.

Se (57.41%)

Al (1.91%) Eom EIELEEIATS:

(523K)

In (27.06%)

Corning Glass Substrate

Fig. I The schematic diagram of the stack obtained by sequentially evaporated layered
deposition (SELD) and Culno.63Alo.37Sex thin layers obtained on annealing at 523 K.

26



3. Results and Discussion
3.1. Structural Characterisation

The postdeposition thermal treatment of teequentially evaporated layered deposition
(SELD) stack was undertaken to understand the mai&riphase transformatido obtain CIAS
thin layers
3.1.1Effect of high vacuum annealing

Thin films of CIAS re-grownat 523 K on annealingexhibit threeintensepeaksalong
(112), (220), and (312)/(11@yientationsand provides getragonaktructurehaving space group
142d(122)(Fig. 2). As no standard JCPDS card is available for CIAS; consequently, the JCPDS
cards of CulnSe (CIS) ( JCPDS 401478 and CuAlSe (CAS) ( JCPD5: 441269 are
consdered to deternme the CIAS phaseAn emergence of (101) and (103) planeaswlso
observed on substitution ofAl6at dndsites in thechalcopyrite (tetragonal) structuat 523 K
[9]. Several researchers have already reporteddifierent concentratioa of GAlI6 in Culmn.-
xAlxSe [7-9].

The unit cell parameter@=b, c)of the tetragonal structure we evaluatedusing the relation

given inEq. 1[20].

1 h2+k2 12

- = tTa (1)

Whereh, k, | areMiller indices d is the itemplarar se@ration between lattice planemnd ab,

andc areunit cell paramedrs.
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Fig 2: (a) The XRD plot of CulgezAlo.z/Sethin films of 700 nm annealed at 523 K for 1h in a
vacuum coating unit ~ 1xImbar, (b) magnified view of the (112) peak.

The grownCIAS films possess a tetragonal crystal system hauimgcell parameters
ab; 5.7815) A, ¢; 11.593(7) A, and cell volume&/j=387.523(4) & Thegr own | ayer s 6
crystallite size (D)s calculatedusingthe Debye Scherreepresentein Eq. 2 [20].

092
- BCos6 (2)

Wherearepresents thevavelengthof X-rays,b (radians)s the full width at half

maximum (FWHM), andl is the Bragg@s angle.

The averageparticlesize of the CIAS corresponding téhe most prominent peaSP)
along (220) plans is 25.66(1) nm Table 1). The shift in2 do the higher valueof 26.66(1)
from CIS in the (112) plarsavas observeB]. At the same timethe unit cell volume of CIA$
387.523(4) A} is smaller than the unit cell volume of CK890.12(3) A%} (Table 2). The
reduction in the cell volume of CIAS to that of CIS confirms the substitution of smaller atomic
radii (125 pm) of GAl6to higher radii ofdn6 (155 pm) [21], which exhibits compressive stress in
CIAS unit cells

Tablel. The(hkl), 2 dpeak intensityFWHM, andthe crystallite size athin films of ~ 700 nm
of Culni.xAlxSe obtainedon annealing at 52823 Kfor 1h and 2h

Sample plane 2 d Intensity FWHM Crystallite  Dislocation ~ Microstrain
details (Degrees) (degrees)  size (nm) densit ( @03
(x10%)
(lines/n¥)

523 K@1h (112) 26.660 360=100% 0.37643) 23.67(5) 1.784(7) 1.464(4)

(220)  44.270 188=51%  0.43271) 25.66(1)  1.518(8) 1.350(9)

(312) 52.436 87=24 % 0.51586)  25.25(3) 1.5699) 1.3731)
523 K@2h  (112) 26.679 605 0.37476  23.78(7) 1.768(4)  1.457(6)
(220) 44.258 337 0.41081  27.02(1)  1.369(5) 1.282(8)
(312) 52.395 165 0.45127  28.83(3)  1.2038) 1.2022)
573 K@2h  (112) 26.662 1119 0.38131 2337(7)  1.831(3) 1.483(3)
(220) 42.235 552 0.39201  27.40(1) 1.332(1)  1.265(1)
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(312) 44.383 252 0.44915  24.77(2) 1.6302) 1.3995)

623 K@2h  (112) 26.653 1276 0.36059  24.71(6) 1.637(9)  1.402(8)
(220)  44.220 642 0.38073  29.14(6) 1.177(8)  1.189(6)
(312) 52.369 279 0.43843 29.66(4) 1.1347) 1.1686)

Table2. Th e -@pating, ldttice constant (a, c), tetragonal lattice distortion and unit cell

volume of~ 700 nm thin films ofCulnxAlxSe obtainedon anneahg at 523623 Kfor 1h and
2h.

v) v)

) o ) )

o I o g

— o — @ ] o
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g s g s &g e o8 52 S
o 8 2 s 2 8 B8 _ S c Z
g S 8 s S § -~ € 5 o

T A ) T A o o = 3 = X
& o 205 ~ O 05 o @ ¢ L5 5 <
523 K@1lh 26.661 3.3408 52.436 1.7436 5.781(5) 11.593(7) 1.336(6) 387.523(4)

523 K@2h 26.680 3.3386 52.395 1.7449 5788)8) 11.540(3) 1.331(3) 386.711(9)
573 K@2h 26.662 3.3408 52.383 1.7452 5.789(1) 11.562(1) 1.333(1) 387.479(2)

623 K@2h 26.653 3.3419 52.369 1.7457 5.790(2) 11.568(6) 1.333(3) 387.864(6)

26.600 3.3484 52435 1.7436 5.776(8) 11.692(3) 1.345(1) 390.182(3)

CIS-JCPDS
(40-1487)

3.1.2 Impactof annealing temperatureariation

Cu/In/Al/Se stack Annealings carried outfrom 523 to 623 K for 2 hoursf) at each
temperatureThe XRD peaks intensitwas found to increasewith the increase ima (Fig. 3).
The appearancef low-intensepeaks viz. (101), (103), (211), and wedkolved doublet peaks
(220/204) and (312/116&)ave alreadybeenreportedconfirming the CIAS chalcopyrite phase
[9]. Moreover, he crystallite size increaséom 28.83(3)to 29.66(4) nmby anincreasdn Ta
(Table 1). The tetragonal lattice distortion in CIAS films also increases witil thigom 5231
623 K; the valueis small compared to that of CkSnce GAl6atoms ardesserthandndin size
[9]. CIAS unit cell volumeshowssome incease withTa (Table 2). Better growth in terms of
crystallinity was observeat higher Ta. Further, CIAS provides higher peak intensities and
larger grainsizes of (112) and (220) oriented planes, as showrFig. 4 These variations are

attributedto the higher reactivity anth e r ma | c o nd u 8dme vepottsymemtiban 6 A |

29



increase in intensitgs the outcome d@hlbéincorporationin CIS[7]. Thus, the present procedure

for obtaining chalcopyrite from stacked elemental lay&more convenient.

2 g

= NS

© . S
623K

Intensity(a.u)

L

o I@-CIS (JCPDS 40-1487) | o15—s! CAS—=
1 I | _ 26.600; 27.732 1
10 20 30 40 50 60 70 26 27 28
2 0(Degree) 2 0(Degree)

1 1
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Fig. 3: The XRD plots ofCulm.xAlxSe thin films of 700 nm obtained o of 523623K
for 2h irsidea tubular furnace at the vacuum efx10° mbar.

The Culnps3Al0.37Se layersgrown on annealing for 1h at 5239¥ow largermicrostrain
( Uvalues In contrastthe Culm.xAlxSe layers on annealinffom 523to 623 K for 2h show
larger grain sizelower microstrain ( Uahd dislocation density tvplues As reported in the
literature, the increased grain size of crystgeslesser grain boundaries and causes a reduction
in strain (U0) an d2.dn thé ahershandalmAldSe filsis groyn op i )
annealing have ordered crystal structundten ther defects and disorders are reducéte
lower strain values are due tesser lattice imperfections in the annealed films. Thigher

temperature and longer time annedikds show a relaxed narmolycrystalline phase2].
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Fig. 4: The variations inpeak intensity and grain size ofuln.AlSe thin films grown on
annealingundervacuum ~ 16 mbar for 2h inside a tubular furnacerresponding to (a)
(112) and (b) (2209riented planes fronb23to 623 K.

3.2. Raman Analysis

The Raman spectfar the 523 K annealed ClA&yersof 700 nmwere obtained using
the exitation wavelength of532 nm(Fig. 5). The A1, B1, B>, and Eoptical modes are Raman
activeg and A2 modesareinactivein chalcopyritesThe most substantiabh1 modeis generally
observed in B" C,' chalcopyrite compounddhe most intense linis in the rangel72 186
cmt which isof A1 mode.The A1 modephonon frequency indicates a significant sfifim 172
cm' 1 (CIS phase) to 186 crh(CASphase)pccording tdhe increasén Al/(In+Al) content[9]. In
the present case,Anode was observed at 180.72(7) ¢rwhich is in good agreement withe

CIAS phaseas already reported by othégsl].
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Fig. 5: The typical Raman spectra of CulgsAlo.37:Se grownon annealingor 1h at 523 Kin a
vacuum coating unit ( ~ 1xT0mbar)

The prominent peak observed in 523 K fehdur annealed CIAS thin films was at
174.74(4) crt, with another peak having low intensity at 215.65(6)'cnBoth peaks
represented th&: mode of the spectra. Thha mode was also observed at 573 K and 673 K; the
corresponding peaks were at 174.24(1)'and 177.36(6) crh In addition, the FWHM values
increasedvith Ta (Fig. 6). Thus,the detected peak values 8f mode greewith the reported
values otthe CIAS phase.

32



