EVZikélni uStaV sinlowva & \P/é/ﬁ,l/F

Akademie véd €R, v. v.i.

Purchase Contract

(hereafter the “Contract”)

1. CONTRACTUAL PARTIES

1.1 Fyzikalni Gstav AV CR, v. v. i.,

with offices: Na Slovance 1999/2, 182 21 Praha 8,

represented by: Prof. Jan Ridky, DrSc. — Director,

Registered in the register of public research institutions of the Ministry of Education, Youth and Sports
of the Czech Republic.

Bank: UniCredit Bank Czech Republic and Slovakia, a.s.
Account No.: 2106535627/2700

ID No.: 68378271

Tax D No.: CZ68378271

(hereinafter the "Buyer")
and
1.2 OptiXs, s.r.o.,
with seat: Kfivoklatska 37/3, 199 00 Praha 9,
represented by: Ing. Ale3 Jandik, CEO,
registered at the Municipal court in Prague, No. C212818.
Bank: Ceskoslovenska obchodni banka, a.s.
Account No.: 269060882/0300
ID No.: 02016770
Tax ID No.: CZ02016770

(hereinafter the "Seller"),

(the Buyer and the Seller are hereinafter jointly referred to as the “Parties” and each of them
individually as a “Party”).
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FUNDAMENTAL PROVISIONS

The Buyer is a public research institution whose primary activity is scientific research in the area of
physics, especially elementary particles physics, condensed systems, plasma and optics.

The Buyer wishes to acquire the subject of performance hereof (Universal cryogenic apparatus for
measuring of physical properties in the magnetic fields) in order to measure basic physical properties
of solids, in particular fast and accurate characterization of magnetic, thermal and electrical properties
over a wide range of conditions, namely temperature and magnetic field.

The Seller was selected as the winner of a public procurement procedure announced by the Buyer in
accordance with Act No. 137/2006 Coll., on Public Procurement, as amended (hereinafter the “Act”),
for the public contract called “Universal cryogenic apparatus for measuring of physical properties in
the magnetic fields” (hereinafter the “Procurement Procedure”).

The documentation necessary for the execution of the subject of performance hereof consist of
24.1 Technical specifications of the subject of performance hereof attached as Annex No. 1 hereto.

24.2 The Seller’s bid submitted within the Procurement Procedure in its parts which describe the
subject of performance in technical detail (hereinafter the “Sellers’s Bid”); the Sellers’s Bid
forms form Annex No. 2 to this Contract and an integral part hereof.

In the event of a conflict between the Contract’s Annexes the technical specification / requirement
of the higher level / quality shall prevail.

The Seller declares that it has all the professional prerequisites required for the supply of the subject
of performance under this Contract, is authorised to supply the subject of performance and there exist
no obstacles on the part of the Seller that would prevent the Seller from supplying the subject of this
Contract to the Buyer.

The Seller acknowledges that the Buyer considers the Seller’s participation in the Procedure, provided
that the Seller complies with all qualification requirements, as the confirmation of the fact that the
Seller is capable, within the meaning of Sec 5(1) of the Act No. 89/2012 Coll., the Civil Code, as
amended (hereinafter the “Civil Code”) of providing performance under the Contract with such
knowledge, diligence and care that is associated and expected of the Seller’s profession, and that the
Seller’s potential performance lacking such professional care would give rise to corresponding liability
on the Seller’s part. The Seller is prohibited from misusing its qualities as the expert or its economic
position in order to create or exploit dependency of the weaker Party or to establish an unjustified
imbalance in the mutual rights and obligation of the Parties.

The Seller acknowledges that the Buyer is not in connection to the subject of this Contract, an
entrepreneur, and also that the subject of this contract is not related to any business activities of the
Buyer.

The Seller acknowledges that the production and delivery of the subject of performance within the
specified time and of the specified quality, as shown in Annexes No. 1 and 2 of this Contract (including
the handover and invoicing) is essential for the Buyer. If the Seller fails to meet contractual
requirements, it may incur damage of the Buyer.

The Seller declares that he accepts the “risk of changed circumstances” within the meaning of Sec
1765(2) of the Civil Code.
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2.10 The Contractual Parties declare that they shall maintain confidentiality with respect to all facts and

information, which they learn in connection herewith and / or during performance hereunder, and
whose disclosure could cause damage to either Party. Confidentiality provisions do not prejudice
obligations on the part of the Buyer arising from valid legislation.

3. SUBJECT-MATTER OF THE CONTRACT

3.1 The subject of this Contract is the obligation on the part of the Seller to handover and transfer into the
Buyer’s ownership:
the Universal cryogenic apparatus for measuring of physical properties in the magnetic fields
(hereafter the “Equipment”)
and the Buyer undertakes to take delivery of the Equipment and to pay to the Seller the agreed upon
price.

3.2 The following activities form an integral part of the performance to be provided by the Seller:

321 Transport of the Equipment incl. all accessories specified in Annexes 1 and 2 of the Contract
to the site, un-packaging and control thereof,

3.2.2 Installation of the Equipment including connection to installation infrastructure at the site,

3.2.3 Verification of the Equipment’s proper functionality and adjustment at the site,

3.24 Delivery of instructions and operating and repair manuals Equipment in Czech or English
language to the Buyer, in electronic and hardcopy (printed) versions,

3.2.5 Training of operators at the site,

3.2.6 Free-of-charge warranty service including service inspections,

3.2.7 Provision of technical support in the form of consultations.

3.3  The subject of performance (Equipment) is specified in detail in Annexes No. 1 and No. 2 hereto.

3.4 The Seller shall be liable for the Equipment and related services to be in full compliance with this
Contract, its Annexes, the submitted bid and all valid legal regulation, technical and quality standards
and that the Buyer will be able to use the Equipment for the defined purpose. In case of any conflict
between applicable standards it is understood that the more strict standard or its part shall always
apply.

3.5 The delivered Equipment and all its parts, accessories must be brand new and unused.

4. PERFORMANCE PERIOD

4.1 The Seller undertakes to handover the Equipment properly after the initial installation, demonstrating
its functionality and operator training within 8 months of the conclusion hereof, but no later than 30.
11. 2016.

4.2  The Seller shall notify the Buyer about the term of the delivery and installation of the Equipment min.
10 working days in advance.

4.3 The Buyer acknowledges that the Seller shall pay the price from public financial support with the
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possibility of drawing bill by the end of 2016; for this reason, the Buyer is not interested in performance
of a later date than laid down in Section 4.1 hereof.

The performance period shall be extended for a period during which the Seller could not perform due
to obstacles on the part of the Buyer.

PREPAREDNESS OF THE PLACE OF HANDOVER

The Seller undertakes to perform a visit of the place of handover (installation) of the Equipment and
verify that the site meets all the requirements necessary for installation (room dimensions,
requirements for electrical outlet, room temperature, vibration, etc.) within 30 days of the conclusion
hereof. The conditions required by the Seller shall not deviate from usual terms for installation of
similar scientific equipment.

PURCHASE PRICE, INVOICING, PAYMENTS

The purchase price is based on the Seller’s submitted bid and amount to 19.507.000,- CZK (in words:
nineteen million five hundred and seven thousand CZK) excluding VAT (hereinafter the “Price”). VAT
shall be paid by the Buyer and settled in accordance with the valid Czech regulation.

The Price represents the maximum binding offer by the Seller and includes any and all performance
provided by the Seller in connection with meeting the Buyer’s requirements for the proper and
complete delivery of the Equipment hereunder, as well as all costs that the Seller may incur in
connection with the delivery, installation and handover, and including all other costs of expenses that
may arise in connection with creation of an intellectual property creation and its protection.

The Parties agreed that the Seller shall be entitled to invoice the Price as follows:

6.3.1 The advance payment corresponding to 30 % of the total Price in the amount of 5.852.100, -
CZK excl. VAT after the conclusion hereof.

6.3.2 The Price will be invoiced after the handover protocol in accordance with Section 10.5 will
have been signed between the Parties. The Handover protocol shall be attached to this
invoice. This invoice shall be issued and delivered to the Buyer on the day of signing of the
Handover protocol.

6.3.3 In case the Buyer accepted the Equipment with any minor defect or unfinished work, the
Seller shall be entitled to invoice up to 85 % of the total Price in the amount of 16.580.950,-
CZK excl. VAT after handover protocol in accordance with Section 10.5 will have been signed
between the Parties. The remainder of the Price shall the Seller be entitled to invoice after
removal / remedy of minor defects or unfinished work. The Handover protocol or the Buyer's
confirmation of removal of minor defects or unfinished work shall be attached to these
invoices.

Invoices issued by the Seller hereunder shall contain all the requirements stipulated by Act no.
235/2004 Coll., on Value Added Tax, as amended, and the Contract number.

The Buyer prefers electronic invoicing, with the invoices being delivered to efaktury@fzu.cz. All issued
invoices shall comply with any international treaties prohibiting double taxation, if applicable.

Invoices shall be payable within thirty (30) days of the date of their delivery to the Buyer (hereinafter
the "Maturity Period"). Payment of the invoiced amount means the date of its remittance to the
Seller’s account.
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6.7 Ifaninvoice is not issued in conformity with the payment terms stipulated by the Contract or if it does
not comply with the requirements stipulated by law, the Buyer shall be entitled to return the invoice
to the Seller as incomplete, or incorrectly issued, for correction or issue of a new invoice, as
appropriate, within five (5) business days of the date of its delivery to the Buyer. In such a case, the
Buyer shall not be in delay with the payment of the Price or part thereof and the Seller shall issue a
corrected invoice with a new and identical Maturity Period commencing on the date of delivery of the
corrected or newly issued invoice to the Buyer.

6.8 The Buyer shall be entitled to unilaterally set off against any receivables claimed by the Seller any of its
payment due to:

6.8.1 damages caused by the Seller,
6.8.2 contractual penalties and other sanctions.

6.9 The Seller shall not be entitled to set off any of its receivables against any part of the Buyer’s receivable
hereunder.

7. OWNERSHIP TITLE

7.1 The ownership right to the Equipment shall pass to the Buyer by handover. Handover shall be
understood as delivery and acceptance of the Equipment duly confirmed by Parties on the handover
protocol.

8. PLACE OF DELIVERY AND HANDOVER OF THE EQUIPMENT

8.1 The place of delivery and handover of the Equipment shall be the premises of the Department 24 of
the Fyzikalni Gstav AV CR, v.v.i. at Cukrovarnicka 112/10, Praha 6, Building A, room No. A33/1.

9. COOPERATION OF THE PARTIES

9.1 The Seller undertakes to notify the Buyer of any obstacles on its part, which may negatively influence
proper and timely delivery and handover of the Equipment.

9.2 The Buyer undertakes to ensure such conditions that in the period between the delivery of the
Equipment and begin of the installation no damage will incur to the Equipment.

9.3 The Seller shall notify the Buyer of improper preparedness of the place of handover (installation) within
14 days of execution of the visit pursuant to Section 5.1 hereof.

9.4 The Parties wish to deviate from provisions of Section 2126 of the Civil Code and agree that the Seller
shall not be authorized to use institutes established therein.

10. DELIVERY, INSTALLATION, HANDOVER AND ACCEPTANCE

10.1 The Seller shall transport the Equipment at its own cost to the place of handover. If the shipment is
intact, the Buyer shall issue delivery note for the Seller.

10.2 The Seller shall begin with the installation of the Equipment within 14 calendar days from the date of
delivery.

10.3 The Seller shall perform and document the installation of the Equipment and launch experimental test
in order to verify whether the Equipment is functional and meets the technical requirements of
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Annexes No. 1 and 2 hereof.

Handover procedure includes handover of any and all technical documentation pertaining to the
Equipment, user manuals and certificate of compliance of the Equipment and all its parts and
accessories with approved standards.

The handover procedure shall be completed by handover of the Equipment confirmed by the handover
protocol containing specifications of all performed tests (hereinafter the “Handover protocol“). The
Handover protocol shall contain the following mandatory information:

10.5.1 Information about the Seller, the Buyer and any subcontractors,

10.5.2  Description of the Equipment including description of all components and serial numbers,
10.5.3  Description of performed tests including achieved parameters,

10.5.4  Confirmation of conducted training of operators,

10.5.5  List of technical documentation including the manuals,

10.5.6  Eventually reservation of the Buyer regarding minor defects and unfinished work including
the manner and deadline for their removal,

10.5.7 Date of signature of the Equipment Handover protocol.

Handover of the Equipment does not release the Seller from liability for damage caused by product
defects.

The Buyer shall not be obliged to accept the Equipment, which would show defects or unfinished work
and which would otherwise not form a barrier, on their own or in connection with other defects, to
using the Equipment. In this case, the Buyer shall issue a record containing the reason for its refusal to
accept the Equipment.

Should the Buyer not exercise its right not to accept the Equipment with defects or unfinished work,
the Seller and the Buyer shall list these defects or unfinished work in the Handover protocol, including
the manner and deadline for their removal. Should the Parties not be able to agree in the Handover
protocol on the deadline for removal of the defects, it shall be understood that any defects shall be
removed / rectified within 48 hours from the handover and acceptance of the Equipment.

11. TECHNICAL ASSISTANCE - CONSULTATIONS

11.1 The Seller shall be obliged to provide to the Buyer free-of-charge consultations and technical assistance
relating to the subject of performance hereof during the entire term of the warranty period. The Seller
undertakes to provide to the Buyer consultations and technical assistance relating to the subject of
performance hereof also after the warranty period expires.

12. REPRESENTATIVES, NOTICES:

12.1 The Seller authorized the following representatives to communicate with the Buyer in all matters
relating to the Equipment delivery:
Ing. Ale$ Jandik
e-mail: jandik@optixs.cz
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141

tel. (+420) 607 014 292
The Buyer authorized the following representatives to communicate with the Seller:

RNDr. Jifi Kastil, Ph.D.

kastil@fzu.cz
tel. (+420) 220 318 521

All notifications to be made between the Parties hereunder must be made out in writing and delivered
to the other Party by hand (with confirmed receipt) or by registered post (to the Buyer’s or Seller’s
address), or in some other form of registered post or electronic delivery incorporating electronic
signature (qualified certificate) to epodatelna@fzu.cz in case of the Buyer and to info@optixs.cz in case
of the Seller.

In all technical and expert matters (discussions on the Equipment testing and demonstration,
notification of the need to provide warranty or post-warranty service etc.) electronic communication
between technical representatives of the Parties will be acceptable using e-mail addresses defined in
Sections 12.1 and 12.2.

TERMINATION

This Contract may be terminated early by agreement of the Parties or withdrawal from the Contract on
the grounds stipulated by law or in the Contract.

The Buyer is entitled to withdraw from the Contract without any penalty from Seller in any of the
following events:

13.2.1  The Seller fails to meet the deadline pursuant to Section 4.1 hereof.

13.2.2  Technical parameters or other conditions required in the technical specification defined in
Annex No. 1 and 2 hereto and in the relevant valid technical standards will not be achieved
by the Equipment at handover,

13.2.3  Facts emerge bearing evidence that the Seller will not be able to deliver and handover the
Equipment.

13.2.4  The Seller will not meet the qualification criteria within the Procurement Procedure.

The Seller is entitled to withdraw from the Contract in the event of the Buyer being in default with the
payment for more than 2 months with the exception of the cases when the Buyer refused invoice due
to defect on the delivered Equipment or due to breach of the Contract by the Seller.

Withdrawal from the Contract becomes effective on the day the written notification to that effect is
delivered to the other Party. The Party which had received performance from the other Party prior to
such withdrawal shall duly return such performance.

INSURANCE

The Seller undertakes to insure the Equipment against all risks, in the amount of the Price of the
Equipment for the entire period commencing when transport of the Equipment starts until duly handed
over to the Buyer. In case of breach of this obligation, the Seller shall be liable to the Buyer for any
damage that may arise.
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16.2

16.3

WARRANTY TERMS

The Seller shall provide warranty for the quality of the Equipment for a period of 12 months. The
warranty term shall commence on the day following the date of signing of the confirmation of removal
of minor defects or unfinished work or on the day following the date of signing of the Handover
Protocol pursuant to Section 10.5 hereof in case the Equipment was handed over without any minor
defects or unfinished work. The warranty does not cover consumable things.

The Seller undertakes to provide free-of-charge service and regular service inspections in the extent
defined by the manufacturer for the entire warranty term hereunder including repairs, supply of spare
parts and transport and costs associated with employing a service technician.

Should the Buyer discover a defect, he shall notify the Seller to rectify such defect using the email
address servis@optixs.cz. The Seller shall be obliged to respond to the notice of defect within 24 hours
from notification and to send a technician for its remedy within 5 working days from notification.

The Seller shall be obliged to rectify any claimed defects on-site within 14 working days from receipt of
the Buyer’s notification. In cases of unusual defects, the Seller shall be obliged to rectify the defect in
the period corresponding to the nature of the defect and to define the deadline for the handover of
the rectified Equipment.

Any and all costs associated with defect rectification / repair including transport and travel expenses
shall be always borne by the Seller.

The repaired Equipment shall be handed over by the Seller to the Buyer on the basis of a protocol
confirming removal of the defect (hereinafter the “Repair Protocol”) containing confirmations of both
Parties that the Equipment was duly repaired and is defect-free.

The repaired portion of the Equipment shall be subject to a new warranty term in accordance with
Section 15.1, which commences to run on the day following the date when the Repair Protocol was
executed.

Should the Equipment suffer from defects which make it demonstrably unusable for a period exceeding
40 days (defect period) during any six (or less) consecutive months during the warranty term, the Seller
shall be obliged to rectify such defect by delivering new defect-free Equipment in accordance with
Section 2106(1)(a) of the Civil Code within 8 months from the date the Seller was called upon to deliver
the new Equipment. The Equipment is demonstrably unusable, when the technical parameters or other
conditions required in the technical specification defined in Annex No. 1 and 2 hereto and in the
relevant valid technical standards are not met.

CONTRACTUAL PENALTIES

The Buyer shall be entitled to claim a contractual penalty against the Seller in the amount of 30 % of
the Price, in case he will subsequently take advantage of the opportunity to withdraw from the Contract
pursuant to Section 13.2.1 and 13.2.2.

The Buyer shall have the right to a penalty in the amount of 15.000,- CZK for each day when the
Equipment was inoperational due to defect that was subject to warranty repairs, starting on the 15t
day from notification of the defect. In cases of unusual defects, the penalty of 15.000,- CZK will be
applied for each commenced day following the date of deadline for the handover of the rectified
Equipment, specified in Section 15.4 hereof.

The Buyer shall have the right to a penalty in the amount of 10.000,- CZK for each commenced day of
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delay with beginning the installation of the Equipment pursuant to Section 10.2 hereof.

In case the Seller delivers the duly issued invoice pursuant to Section 6.3.2 hereof after 5. 12. 2016, the
Buyer shall have the right to a penalty in the amount of 100.000,- CZK.

In case of default in payment of any due receivables (monetary debt) under the Contract, the defaulting
Buyer or Seller (the debtor) shall be obliged to pay a contractual penalty in the amount of 0.01 % of
the owed amount for each commenced day of delay with the payment of the Price.

Contractual penalties are payable within 30 days of notification demanding payment thereof.

Payment of the contractual penalty does not prejudice the rights of the Parties to claim damages; The
Parties exclude use of Sec 2050 of the Civil Code.

DISPUTES

Any and all disputes arising out of this Contract or the legal relationships connected with the Contract
shall be resolved by the Parties by mutual negotiations. In the event that any dispute cannot be
resolved by negotiations within sixty (60) days, the dispute shall be resolved by the competent court in
the Czech Republic based on application of any of the Parties; the court having jurisdiction will be the
court where the seat of the Buyer is located.

FINAL PROVISIONS

After delivery and handover of the Equipment hereunder the Seller shall provide to the Buyer a list of
any subcontractors who received more than 10% of the Price for their performance hereunder
pursuant to Section 147a of the Act.

This Contract represents the entire agreement between the Buyer and the Seller. The relationships
between the Parties not regulated in this Contract shall be governed by the Civil Code.

In the event that any of the provisions of this Contract shall later be shown or determined to be invalid,
ineffective or unenforceable, then such invalidity, ineffectiveness or unenforceability shall not cause
invalidity, ineffectiveness or unenforceability of the Contract as a whole. In such event the Parties
undertake without undue delay to subsequently clarify any such provision or replace after mutual
agreement such invalid, ineffective or unenforceable provision of the Contract by a new provision, that
in the extent permitted by the laws and regulations of the Czech Republic, relates as closely as possible
to the intentions of the Parties to the Contract at the time of creation hereof.

This Contract becomes valid and effective as of the day of its conclusion by the authorised persons of
both Parties.

This Contract may be changed or supplemented solely by means of numbered amendments in writing,
furnished with the details of time and place and signed by duly authorised representatives of the
Parties. The Parties expressly reject, within the bounds of Sec 564 of the Civil Code, modifications to
the Contract in any other manner.

This Contract is drawn up in three (3) counterparts, each of which is deemed to be the original. The
Seller shall receive two (2) counterparts, the Buyer shall receive one (1) counterpart.

The following Annexes form an integral part of the Contract:

Annex No. 1: Buyer’s technical specification of the Equipment
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Annex No. 2: Seller’s technical specification
a) Technical specification on the subject of performance
b) Seller’s bid in respect of part which technically describes the device

Annex No. 3: List of subcontractors who will receive more than 10% of the Price

18.8 The Parties, manifesting their consent with the entire contents of this Contract, attach their signature

hereunder.
In Prague on 13 0z. 2016 In Prague on 17.2.2016
For the Buyer: FyzikdIni Gstav AV CR, v. v. . For the Seller: OptiXs, s.r.o.
” A 7,/ d e AQQ
£
prof. Jaﬁ Ridky, DrSc. ling. Ales Jandik
Director

Fyzikalni ustay AV CR ®, p'i'IXS -

vefejna vyzkumné Instltuce

182 21 Praha 8, Na Slovance 2 KFivoklatska 37,199 08 Praha
“1- IE: 02016778 BIC: €202016770
www.optixs.cz
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Annex No. 1 — Buyer’s technical specification of the Equipment

The purpose of the contract is the purchase of modular laboratory measuring apparatus enabling fast
and accurate measurements of physical properties of solid substances in a wide range of temperatures
(minimum and essential range of temperatures is from 350 K down to 2 K + extension to low temperature of
0.4 K for selected measurements) and magnetic fields {minimum range of magnetic fields is from 0 to 14
Teslas) The important is the temperature stability (better than 0.25% at maximum field) and magnetic field
homogeneity at the sample position (supposed better than 0.25% / cm in all field ranges).

The apparatus must allow measurements, in particular, of heat capacity, electrical resistance and
electric DC voltage on the sample powered by the electric current (possibly an AC method, too) in the
temperature range from 0.4 K to 350 K and the external mg. field from 0 to 14 T. In addition this universal
measuring device must enable accurate measurement of the magnetic response material in the form of: (i)
alternating magnetic susceptibility in the acoustic frequency range (in the temperature range 2 K- 350 K with
a frequency range of an alternating magnetic field tuneable at least by 3 orders of magnitude) and (ii) DC
magnetization in the temperature range 2 K-350 K and an external field from O to 14 T. The heat transport
properties of the samples - thermal conductivity and thermoelectric coefficient (also sometimes referred to
as the Seebeck effect) - must be measurable in the temperature range of at least from 2 K up to 350 K and
the magnetic field from 0 to 14 T.

The design of the instrument should be sufficiently flexible in the sense that it allows both easy and
rapid replacement of the sample and the implementation of other experimental characterization in a given
range of temperatures and magnetic fields that are not explicitly listed above. The requirement of realization
of custom designed experimental characterization methods is linked with the requirement of connecting of
own measuring instruments and their programming via bus communication devices; namely the software of
the device must provide the ability to connect additional measuring instruments via GPIB interface (or
equivalent). Modular measuring instrument should allow a maximum degree of automation.

Due to the nature of the instrument one assumes the use of liquid helium (He) for cooling and
generating a magnetic field. It is therefore necessary, in the context of maximizing economy of operation, to
optimize the thermal shield of the cryostat, whilst simultaneously ensuring the possibility of recovery of
evaporated He, therefore, the possibility of connecting the measuring device to an existing system of He
recuperation in the Institute of Physics. Evaporation of liquid He should be minimized via sufficient thermal
insulation and the use of a liquid nitrogen shield. The measuring equipment should allow the installation and
operation in a standard laboratory (meaning temperature and humidity) using existing power lines that meet
applicable standards.

Detailed specifications given in Annex No. 2 a).
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Annex No. 2 a) — Technical specification on the subject of performance

Tab. 1: Description and specifications of the offered Equipment:

The subject of performance in accordance with Sec 46(4) of the Act includes the following components and

meets the technical requirements:

Na Slovance 1999/2, 182 21 Praha 8
www.fzu.cz secretary@fzu.cz

Description and minimum specification of the | Description and specification of the Complies
Goods as defined by the Buyer Equipment offered by the Seller YES/NO |
Measuring of AC magnetic susceptibility AC magnetic susceptibility option
Temperature range 2-350 K Part number: QD-P505A
Sensitivity 10”7 emu, frequency range tuneable | Temperature range: 1.9 to 400 K YES
at least of 3 orders within the frequency range | Sensitivity: 1 x 10 emu at 10 kHz
10'1-10* Hz Frequency range: 10 — 10* Hz (3
- orders, tuneable)
Measuring of DC magnetization VSM option
Temperature range 2-350 K Part number: QD-P525
Sensitivity at least 10°° emu, Applied magnetic | Temperature range: 1.9 to 400 K YES
field between 0-14 T Sensitivity: 1 x 10® emu or 0.5%
Applied magnetic field: Oto +14 T
Measuring of specific heat Heat capacity option, Helium-3 option
Temperature range at least 0.4 — 350 K Part number: QD-P650C, QD-P825C,
Applied magnetic field between 0-14 T QD-P826A
Sensitivity at least 20 nJ/K at temperatures Temperature range with Helium-3: <0.4
below liquid He, Possibility of individual to 350 K
programming of heating power and individual | Temperature range without Helium-3:
evaluation of acquired raw data. 1.9 to 400 K
Applied magnetic field: 0Oto +14 T YES
Sensitivity: 10 nJ/K at 2 K
Individual evaluation of acquired raw
data is possible.
Individual programming of the heating
pulse is possible (“long pulse feature”
- Setting a temperature rise in percent
- or Kelvin ). -
Measuring of electrical resistivity and electric | ETO and DC option
voltage Temperature range at least 0.4 — 350 Part number: QD-P605B, QD-P400A
K, Temperature range with Helium3: <0.4
Applied magnetic field between 0-14 T to 350 K
Range of measurable resistivity: 1 mQ-1 M, | Temperature range without Helium3:
Minimum sensitivity of electric voltage 1.9 to 400 K
detection: ~50 nV Applied magnetic field: 0to +14 T VES

Resistivity range (DC option): 10 mW to
1MW

Resistivity range (ETO 4-wire): ~1 mW
to 10 MW

Resistivity range (ETO 2-wire): ~1 MW
to 5 GW

Sensitivity of voltage detection: 20 nV

B +420266053 111
FAX +420 286 890 527



Page 13 (of 44)

Measuring of thermal conductivity A
Temperature range at least 2 — 350K,
Applied magnetic field between 0-14 T
Absolute range of measurement at ambient
temperature within roughly 10°-10* Wm?K*
for “standard” sample size corresponding to
10x2 x 2 mm,

Dynamic range at least 20 in all temperature
range,

Measurement error better than 10%
considering the dynamic factor, temperature
detection sensitivity and radiation, i.e.
reflecting the difficulties associated with
measurement of extremely insulating and
conducting materials (for A at ambient

1), respectively.

temperature < 0.25 Wm™Kor A = 250 WmK

TTO option

Part number: QD-P670B
Temperature range: 1.9 to 390 K
Applied magnetic field: 0 to +14 T
Estimated range of measurement at
ambient temperature:

101 -2.5x10°W m1K? for samples L
x (A) 2.5x (5x5) mm?3

2x10°-5x10* W m* K for samples L
X (A) 8x(2x2) mm3

101 - 2.5 x10* W m't K for samples L x
(A) 10x (1 x1) mm?

Dynamic range at least 20 in all
temperature range, estimated dynamic
range for all temperatures: ~25 or
better {up to 1000).

Measurement error better than 10%

YES

Measuring of thermoelectric power S
Temperature range at least 2 — 350K,

Applied magnetic field between 0-14 T
Sensitivity of thermoelectric voltage detection
significantly better than 5 nv,

Range of the measured thermoelectric
voltages from ~ 10° uV up to ~ 10° pv
Measurement error better than 10 % in all
temperature range for absolute value S within
the range 10'-10% uVK™* (For small absolute
values of |S|< 10uVK™ is the error of
thermoelectric power measurement
associated with sensitivity of the thermo-
voltage detection and the criterion of
maximum error below 10% is not valid)

TTO option

Part number: QD-P670B

Temperature range: 1.9 to 390 K
Applied magnetic field: 0 to £14 T
Sensitivity of voltage detection: £2 mV
Measurement range: ~10° mV to ~10°
mV

Measurement error better than 10% in
all temperature range for absolute
value S within the range 10 10°* mv K

YES

Tab. 2

Table of the evaluation sub-criterion , Technical merit of the performance offered”

Description

Value

Homogeneity of the magnetic field within 5 cm around the sample

centre

+0.1% (over 5.5 cm
x 1 cm diameter
cylindrical volume)

Residual field strength of the magnet at the position of the sample

110 G (typical)

Na Slovance 1999/2, 182 21 Praha 8
www.fzu.cz secretary@fzu.cz

B +420266 053 111
FAX +420 286 890 527



Page 14 (of 44)

Annex No. 2 b) - The Seller’s bid in the extent it describes technical parameters of the Equipment
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Nabidka vydana

Cogavatel

OptiXs, s.r.o.
Kfivoklatska 37/9
19900 Praha

Cesk4 republika
1€: 02016770, DIC: CZ02016770,

OptiXs

Qdberatet - sidio

Fyzikalni Ostav AV ER, v. v. i.
MNa Slovance 1000/2

18200 Praha

Ceska republika

A SR80 QU C26AN200T)

Paftovn| adresy

NAV0036£1617

Fyzikalni astav AV CR, v.v.i.
Na Slovance 1999/2

18200 Praha
Teigfon Cesk4 republika
fFax
Mob:l +420 607 0514 276
E-mad -nfo@optins ¢
WWW: WWW QPTG C2
Misto urceni Fyzikalni astav AV CR. v. v. i.
Cukrovarmicka
Cukrovarnickd 16/112
Forma Ghrady: 16200 Praha 6 |
y Ceska republka {
Zplsob dopravy.
Cisto poptavky =
Termin
. Jystaveno. 10 62 2016
|
Oznateni dodavky Mnolstvi MJ Sieva [%|  Cena za MJ Sazba DPH Zaklad [Ke) Celkem [KE)
14T PPMS system in configurat:on 1,00 16 507 €00.00 21,00 19 507 000.00 23 603 470,00
PPMS with 14 Tesla Longrudinal Mageet
1.00 0.00 21.00 0,00 0,00
QO-PPMS-14
PPMS AC Susceptibibity Measurement CAN-based -
1.00 0.0 2100 0.00 0.00
QD-P505A
Vibrating Sampie Magnetometer System (VSM) incl CAN tower (Mode! 1000)
1.00 0.00 21.00 0,00 0.00
QD-P525
HC, Heat Capacity CAN based measurement option wci. cryopump {P640)
1,00 0,00 21.00 0,0 0.0¢
QD-P6S0C -
CAN based Hehum-3 Refrigerator System with harizantal sampie stage
”_ 1.00 0.00 21.00 0,00 0,0
w-PB825C
Heli:m-3/ Heat Capacity compatibiity kit
L 00 0.00 21.00 0.00 .00~
QD-P826A
Resistriity Option 1.0¢ 0.00 21.00 0,00 2.00
QD-P400A
Electrical Transport Option (ETQ) 1.00 a0 21.00 0.00 0,00
QO-P60S8
Sample Winng Test Staton 1.0C ¢.60 21.00 0.00 0.00
QD-P150 o
CAN TTO aption, Thermal Transport System
1.00 0.0¢ 21.00 0,00 0.00
QOD-PETOB —
installat:on, traimng and warranty support
1,00 0.00 21.00 0.00 0.00
QDS-INSTALLATION
Termin doddni o 8 mésicl od podpisu kupai SMiOLvy
Platnost nabidky 120 dni od konce :nity pro podan nabidek
S

Vyusteno systemem ABRA FiexsSee

Vytisk! Katefina Binkova

Steanka 1

Na Slovance 1999/2, 182 21 Praha 8
www.fzu.cz secretary@fzu.cz

® +420266 053 111
FAX +420 286 890 527
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Nabidka vydana NAV0036£1617

Rekapitulace DPH v K¢

Zikiag 0% 0,00 DPH 0% 0.00
Zikad 10% 0.00|DPE 10% B 0
: L0 9 i 0.00 Zaklad [Kej 507 000,00
Zikiad 15% 0.00|DPH 15% 0.00 — 19
PLLETR, . 19 507 000.00|OPH 21% 4 0% ar000]  Looeem IKel 23 603 470,00
Colkam 19 507 000,00/ 4 096 470,00 X
OptiXs..
mﬂ 1ﬂ r e
%M.
- s 0 e [ et

Registrovano u Méstsky soud v Praze pod Cisiem C 212818

Na Slovance 1999/2, 182 21 Praha 8
www.fzu.cz secretary@fzu.cz

Vytisténo systémem ABRA FlexiBee

Razitko a padpis

A
Vytiski Katetina Binkova
Stranka 2

® +420266 053 111
FAX +420 286 890 527
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Annex No. 2 b) - The Seller’s bid in the extent it describes technical parameters of the Equipment

PPMS (Physical Property Mesuring System) in configuration:

1) QD-PPMS-14 - PPMS with 14 Tesla Longitudinal Magnet
e Probe with Sample Chamber and Puck Contact
e Electronic Cabinet with

e PPMS Controller

« High Current Power Supply

s Vacuum Pump

Computer, Monitor

MultiVu Software

Special High Capacity N2-jacketed Dewar

HTS Magnet leads

2) QD-P505A - PPMS AC Susceptibility Measurement CAN-based.

3) QD-PS25 - Vibrating Sample Magnetometer System (VSM) incl. CAN tower (Model 1000)

4) QD-P68OC - HC, Heat Capacity CAN based measurement option
Includes: cryopump (QD-PE40), pucks

5) QD-P825C - CAN based Hellum-3 Refrigerator System with horizontal sample stage

&) QD-P826A - Hellum-3/ Heat Capacity compatibility kit (is required for use of heat capacity with
helium-3 option)

7) QD-P400A - Resistivity Option
Includes 1 universal puck and 2 DC resistivity pucks
8) QD-P60SB - Electrical Transport Option (ETO) for PPMS
9) QD-P1%50 - Sample Wiring Test Station
10) QD-P670B - CAN TTO option, Thermal Transport System

-5 11) QDS-lastalistion - Installation, training and warranty support

Detailed description is in attached datasheetes

)
ke
=

Na Slovance 1999/2, 182 21 Praha 8 =2
B o +420 266 053 111
ww ry@fzu.cz FAX +420 286 890 527
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PPMS® Physical Property Measurement System

Our most versatile low temperature instrument
System features

The Quantum Design Physical Property Measurement
System (PPMS) represents a unique concept in scien-
tific loboratory equipment. It is an open-architecture,
variable-temperature field system optimized to perform
a variety of automated measurements.

Use the PPMS with our specially designed measurement
options. it offers the widest range of magnetic, thermal
and electrical measurement capabilities. At the same
lime, users may easily adapt the system to their own
experiments and use it as automated platform to conirol
the somple environmant, which gives fime to focus on
the experiment. The sample environment ollows fields
of up to +16 tesla and standard temperature ranges of
1.9 -400 K.

Automation and ease of use

At Quantum Dasign we know your time is voluable,

so we brought laboratory automation to o new level
While the PPMS automatically runs your measurements,
you can analyze data from previous measurements,
plan your next experiment, or synthesize and prepare
new materials and samples.

Thanks to the medular design, each PPMS is speciall
configured to suit the parficular research needs of diz
ferant measurements. In the laboratory it is usvally only
o matter of minutes to change from one measurement
application to another. To start the measurement you
just need to insert the sample in the PPMS and create or
open o sequence. The system will automatically perform
the measurement and star to collect significant data.
With remote access fo the software from your office
computer you can observe the system and measure-
ment status. Furthermore, the PPMS is designed to run
24 hours a day on 7 days a weak.

QuaniumBienign

@ .

R

MultiVu software

PPMS MultiVu is o powerful software for the perfor-
mance of complex measurements with @ maximum

of automatization. It allows both the measurement
and evaluation of comprehensive data sefs. Complex
measurement sequences can be created by simply us-
ing click-and-drop. Data can be viewed in a graphic,
labular, or raw dato format. The row data may either
be processed directly by MultiVu or exported os an
ASCI file to be processed by the user.

Third party instruments (e.g. external current sources)
may easily be controlled via MuliVu. This allows the
user 1o crecte customized setups without losing the
autemation of the measurements runs.

pror—————
G ample Hokbes Coardinates Ion Conter Poshon
] !Eﬁ 1m
L

| -

1

e 20 -

g
'l | | L Sty

i. : 1 9 % -_;_.:k.:— ] ST v

l Bk [ [
Softwore sxomple IACMS Il option)

Open architecture

The tremendous flexibility of the PPMS lets you create
your own experiments and eosily interface your own
third-party instruments fo the PPMS hardware. The
PPMS MultiVu sofrwars supparts linking copabilities,
so you can wrife your own programs in Delphi, C++,
or Visual Basic o synchranize PPMS functions with the
activity of other instruments 1o perform your custom ex-
periment. The model 6000 PPMS controller houses and
controls all the imporfant components of the instrument
1o provide direct communication with the application
electronics for rapid data acquisition,

-

Much of the ve
PPMS probe. The P
, and the sample puck connector.

of the PPMS is based on the design of the
iacarporutes the magnet, the

P

Emall mogneticproparieyBiotgd com

LOT-QuantumbDasign Evrape

Quemimmice: -

For your local contact chick o www.lot-gd. com

Na Slovance 1999/2, 182 21 Praha 8
www.fzu.cz secretary@fzu.cz

® +420266 053 111
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PPMS® Physical Property Measurement System

Our most versatile low temperature instrument

Sample mounting _

The PPMS sample-mounting system is an inferesting
and unique feature of this instrument. At the bottom of
the sample chamber is a 12-pin connector wired 1o the
system electronics. This connector allows you to plug
in o removable sample insert or sample “puck” and
offers convenient access fo electrical leads for applica-
tion hardware and eleciranics. Most pucks include o
thermometer in close proximity to your sample, some of
the measurement pucks also include a heater. You can
use this puck technology for integration of own experi-

mental ideas.

¥ o ¢
\ w .ﬁ%?
y - =
g

Speciolized pucks, 2.4 m in diameter, are used for different

control
To contral the temperature, o helium gas is drawn info
the annular region where heaters warm the gos fo
the correct lemperature. This design reduces thermal
gradients and increases system flexibility by making
the sample chamber a controllable environment. For
exomple, the sealed sample chamber may held a high
vacuum without the need for additional inserts. This
is significant for options like heat capacity and the
Helium-3 refrigerator.

The temperature control system offers the following

features:

® Temperature sweep capability allows measurements
to be taken while sweeping the temperature ot a
user-defined rate.

= Conftinvous LowTemperature Control (CLTC) ensures

ise temperature contrel, unlimited operation be-

ﬁ: 4.2 K, and smooth transifions through the 4.2 K
helium boiling point.

® Temperature range of 1.9 — 400 K accommodates
many different types of measurements.

® Optional copabilities can be used to extend the tem-
perature range. A helium-3 or a dilution refrigerator
are available to reach lower temperatures. The YSM

Configurable Ih-rmﬂrl

The UserTemp feature makes it extremely sasy for you
fo incorporate your own calibrated thermometer info
the hordware so that your thermemeter can control
the system temparature. UserTemp not only reads the
thermometer but also controls the helium gas flow and
heaters to minimize the fime required to stabilize at
each selected temperature. Many of tha PPMS options
utilize this feature fo monitor the temparature close to
the somple.

Field control

The PPMS can be configured with a @ T, 14 Tor 16T
longitudinal magnet or a 7 T iransverse magnet. The
low noise, bi-polar power supply allows continuous
charging through zero field with current compensation
and overvoltage protection.

7 The sall ined He Refngerator lowen the minimum sampls
opfion can run up to 1.000 K with an oven. temperature fo <0.4 K
ik Deniyy
Q) i
2 — — Emall magnetc properiesiorgd com L B

LOT-GuoatumDenign Europs. For your local contoct click ot wwwilohqd.com Bsnsiontivniss
ey
v

Na Slovance 1999/2, 182 21 Praha 8
www.fzu.cz secretary@fzu.cz
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PPMS® Physical Property Measurement System

Thermal measurements

measurement options for the PPMS.

The measurement of the heat capacity of solids can
provide considerable information about the lattice,
elecironic, and even magnetic properfies of moterials.

The heat capacily measurement system parforms fully
outomated relaxation heat capacity measurements.
Each measurement is analyzed using a sophisticated
two-tay model™ to accurotely simulate the effect of the
heat fiow between the microcalorimeter platform and
the somple (tau2) as well as the heat flow between the
platform and puck stage (tou1). The heat capacity mea-
surement syslem includes a highwvacuum system.

® Advanced heat capacity algerithms caleulate the
actual thermal coupling of the sample to the micro-
calorimeter platform, curve fit the dato, and then
compensate for this coupling when determining the
heat capacity of the sample.

= ® A builtin data subtraction feature automatically re-

moves the background heat capacity of the sample
plotform and adhesive.

® All caleuloted fitting parameters and raw data, in-
cluding a x* quality value, are saved in the data file.

& Application software automatically acquires, ana-

lyzes, and displays dota.

Specifications

Temperoture range 1.9 - 400K

Temperature extension with low temperature stoges

b = [He3,DR)

Somplesize ~ 1-500mg

Resoluion 10n/Kat2K

Pressore - High vacuum (<104 torr}

Optional " Puck with verficol somple
_a|igri\’\enl

Quantumbasigs

@ .

LOT-QuantyinDasign Europe

" For yout local contoct click of wwebot-gd. com

Thermol transport option {TTO}

s

The thermal transport option (TTO) enables measure-
ments of thermal properties, including thermal conduc-
tivity x and Seebeck coefficient (thermopower) u. The
system measures fully automated the thermal conductivity
by monitoring o femperature drop as a known amount
of heat passes through the sample. For the thermoelec-
tric Seebeck effect the system measures the voltage
drop across the sample as a heat pulse is applied. The
temperature drop and the voltage drop are measured
simultaneously and in combination with a four-probe re-
sistivity measurement the so<alled “thermoelectric figure
of merit” (ZT = 57T/[px) ) is recsived, which is of main
interest for the investigation of thermoelectric materials.

& Specially designed heater and thermometer shoes,

which can be used for different sample shapes

and which can be used in fourprobe or two-probe

configuration

Small and highly accurate thermometers feosible for

the measurement of small temperature differences

a Ideal enviranment due to ’niEh vacuum in the sample

chamber {TTO requires the high vacuum option)

® Sophisticaled software which uses o dynamical
model of the heat flow

® A continuous measurement while sweeping the tem-
perature is possible os well as doing the measure-
ment al o certain constant temperature

Specfications

Measurement Thermal conductivity x

capabilities Seebeck coefficient S
Electrical resistivity p
AC resistivity p

___ Thermoeleciric figure of merit ZT
Tomperarerange  19-390K
High vacuum [<10* torr)

fels

wasiumileiiy

Pressure

E-mail: mognafic-prapertes@iolad com

Na Slovance 1999/2, 182 21 Praha 8
www.fzu.cz secretary@fzu.cz
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PPMS® Physical Property Measurement System

Magnetometry

in the PPMS. The result is a powerful magnetic
workstation for a broad range of magnetic sample
characterizations.

- T R SR E——— = T T——

Vibrating sample magnetometer VSM
The vibrating sample magnetomater (VSM) is a power-
ful measurement system to be used for magnetic sample
characterization. The VSM option transforms your
PPMS into o sensitive DC magnetometer for fost dota
acquisition. The movement of the sample is done by
o special sample transport, which has a linear chor-

- acteristic and thus is very precise and flexible. Further
options extend the capability of the VSM.

® Rapid and completely automated centering opero-
tion of the sample.

& Sensitive DC mognetic moment measurement up fo
the maximum field of the magnet

m VSM measurement system is bosed on the CAN
natwork protocol and includes the model 1000
CAN tower

® Sweeping of the magnetic field or of the tempero-
ture while doing the measurement is possible

|
| ! |
§f | [ '
- 'E &t i
o | i
- — - R |
20 aa o ] 0
| wwm l
Specifications
RMSsensitivity  10%emuor 0.5%
Typical samplemass ~ <lg
Oscillation amplitude [typical) 2 mm
Frequency 40 Hz
Coilsetbore 63 mm
Sample emperature  1.9-400K —
Typicol data rate i3

gusstnmiisaiys

Q I

LOT-G\MMM Euvrope

Several options are available to exiend the PPMS-VSM

selup:

® VSM oven for temperatures above room tempera-
ture

a lorge bore coikset for measurements of larger
samples {e. g. thin films)

® Uliredow field setting using an active cancelation
of the residual magnetic flux in the superconductive
PPMS magnet

® Fiber opfic sample holder (FOSH) for photo mog-
netic measurements

® Monochromatic light source based on a Xenon
lamp for VSMFOSH

Coilset bore 12 mm

RMS sensitivity [typical) | <15 x 10¢ emu/V Hz 1
VSM oven specifications |
ronge:

RMS sensitivity (typical) | <1 x 10* emu

Temperalure pracision 05K '
Temperalure occuracy | 2% |

VSM ULF specifications |
Residual field <0,1 Qe at any poinl
Residual field uniformity ﬁ"’: 3‘;":&9@:’" atthe |!
Fluxgate sensor for field 1
I 5
l'dl‘dﬂd pﬂ)ﬁlfﬂa
FMR specirometer
o Cp ; ' ‘ 'y
e e
CryoFMR .

Ferromagnetic resonance (FMR) is o spectroscopic
fechnique fo measure the magnelization of ferromag-
netic material.

e R ——
Temperalure range 4-400K
Frequency range 2-17GHz

f-moil mogneticprope:ties@lotad.com
For yout kocal conract click ot werw.lot-gd.com
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PPMS® Physical Property Measurement System

Magnetometry
AC susceplibility option (ACMS-H)

-

R

i )
s
a

The AC measurement system (ACMS-I) provides you
with the capability to perform both AC susceptibility
and extraction DC magnetization measurements with-
out changing the hardware. The ACMS- is the newaest
version and has improved hordware and software.

ACMS-Il coilset and CAN module

® A single cutomated measurement sequence can
perform both AC susceptibility and DC mognetizo-
tion measurements

8 High:speed digital filtering: By using a DSP the
ACMSHI impraves the signakio-noise ratio over o
wide frequency range

@ A trim coil reduces environmental noise in AC sus-
ceptibility measurements

ACMS-II

Specifications - il
 Temperoture ronge 1.9-400K
_AC frequency ronge 10Hz-10kHz

AC field omplitude
range pl - _SmOe-IS_Oe
i DC magnatization 5 x 10* emu
[mecsutements | .

AC susceptibility
‘measurements 1 x 104 emu at 10 kHz

Temperature stobility moy be reduced 01 IJw hmpefumres
due fo somple movament.

gl-niu- Besige

QI

il

Torque magnetometry® (Tq-Mag)

"

deripwﬁhmmdmm

The PPMS model PS50 torque magnetometer option
{Ta-Mag) incorporafes a torque-lever chip mounted

on o PPMS horizontal or verfical rotator platform for
performing fully automated, angular-dependent mag-
nefic moment measurements at a wide range of fields
and temperatures. Specifically designed for measuring
small, anisotropic samples (e.g., single crystals, thin
film samples, efc.), this highly sensitive forquemeter uti-
lizes o piezoresistive technique to measure the forsion
of the lever created by the applied magnetic field on
the sample moment Ta-Mag provides excellent sensitiv-
ity in high magnetic fields normally not accessible in
other measurement techniques. This torque delection
system offers substantial immunity to gravity effects and
minimal temperature dependenca, which is accounted
for in an outomated calibration of the torque lever.

This option includes:

= Torque magnetometer chips

® Special rofator platform sample boards with chip
holder

a Software madule that integrates into the PPMS oper-

ating system

Tq-Mog may be used in both the longitudinal and
iransverse magnet configurations. The required rotator
oids in locating the angle of the sample that gives the
largest signal when measuring torque versus ield.

Specifications _ -

Samplesize  Uplo2xZmm

RMS Torque noise level 1 x 10° Nm for 40 sec.
_sampling fime

s Design developad the lorque mog —

Mhmwﬁbh&h.lmmw.undﬁe
MW&MMJW,M.

E-manl mqgm_h;-prupmm.lm-qd com

LCT:GuaniumDesign Europe

For your lncal contec click ot e tot-qd_com

Na Slovance 1999/2, 182 21 Praha 8
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PPMS® Physical Property Measurement System

Electro transport

Eleciro-ronsport option (ET0)
510
AR L
g - -
o m
llu“)k-“""- - 8Os =
3 3o} ﬁddf : ".' ’}- !
- K I |
2107+ S g e
. " ' i . _' el
» 7 ' f g LTS
"3 ey i r £ -
e _" & / g s S l
. P F i * ' - -
o sk IR ‘ !
PR WIS N N T - | L i1 L
0.05 010 0.15 020 [
Temperature (K] i
Electrical transport opfion on dilution refrigeralor:
| vs. lemperature on somple of Ir, Ru,
The electro-transport option (ETO) enables users to

make several ditferent types of eleciric ransport
measurements over a wide range of resistance values
and sample types. It includes the measurement of AC
differential resistance and FV curves.

® Somple contact in two or four-prabe configuration

8 Two differant channels for the simulianeous measure-
ment of up 1o two samples

® Each channel consist of a high precision current
source and a vollage preamplifier coupled fo a
digital signal processor.

Specifications
100 nA to 100 mA in

(Cumertrange _coninuousoperation

Lt A
~1 ufdto approx. 10 MQ
|4-wire mode)

o ot et s S

| Typical resistivity range = "\ 0 5.Ga

. _(2:wire high resistance mode)

QI

LOT-QuornmDosgn Europe

" For your locol contact clich ot wereslot-gd.com

The DC rasistivity option
adds resistance bridge
capability to the model 5000
PPMS controller. This bridge
provides four independent
channels that you can use for
van der Pauw and four-wire
resistance measuraments (up
to three samples in a single

sequence]. Puck for slecinic measurement
l. .__ i - e e

Cumentronge  10nAw3SmA
Sensitvily _20nVfypical)
Typical cesistivity range 10l TMQ
The breakout box can be used B

for direct access to the sample b

chamber puck connector. It e ...
enhances the flexibility of trans- e e

port measurements or can be LT

just used for o direct access to oo ve
sample signals. .... LY

Sample test box

wvith this box one can easily check sample mounting
on a puck without plocing the puck info the sample
chamber.

E-mail: magnenc-propernes@lorgd com

Na Slovance 1999/2, 182 21 Praha 8
www.fru.cz secretary@fzu.cz

® +420266053 111
FAX +420 286 890 527
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PPMS® Physical Property Measurement System

Electro transport
Horizontal rotator

AR ¥
Q’Qo

Horizontal rotator with vorious 5 ting plath

v e

You may take advantage of the horizontal rofator to ob-
tain information about angular dependence. Samples
are mounted on removable platforms, A thermometer,
in direct contact with the platform, accurately deter-
mines the sample temperature, The rofator is available
with standard or high-resolution motors.

o s 1 i —

- A ——————r
__10°10370° y
0.0523° for siandard resolution;
2 et 0.0045" for high resolution
= DC resistivity option
Compatibla with Elsciro-ransport option (ETO)
- __ Torque magretometry option

_Range

Angular step size

glllllml.ltu._n_

®

Multi-function probe

The multi-function probe option extends measurement
capabilities of the PPMS by allowing you to easily odd
hardware such as fiber optics, microwave guides, and
external electricol leads to customize your experiment.
This probe incarporates the PPMS sample spoce electri-
cal connections and can ulilize the electro-transport
accessories.

Pressure cell

For electric measurements under pressure a PPMS
pressure cell is offered. The cell has a sample space of
4 mm diometer, 6 mm height ond it fits into the puck
connector. The HPC-33 pressure cell is compatible with
the DC resisitivity option and the Electre-transport op-
tion [ETO).

For VSM measurements under pressure we offer the
HMD-13 PPMS pressure cell. It requires the large bore
upgrade for the VSM option and has a sample space
of 2.2 mm diameter and 7 mm height. It provides a
VSM adapter.

Pressure cell HRC-33 for electricol measurements

Specifications . _HRC33 HMD-13
Maximum pressure 1.0 GPa 1.3 GPe
{load) | T 1
x::u"',:"g“;?“ 2.4 GPa 1.0 GPo
Samplespocs  4mmxgmm 22 mmx7mm
Compatible with ETO, DC VEM

E-mail magnetic-proparties@olgd com

1T GuanumDesign Euvrope

For yuur locol contact click ot wrerwiot-gd.com
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www.fzu.cz secrétary@fzu.cz

® +420266 053111
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Surface physics [P
Confocal microscopy (CFM] and Raman
WWPMSM#NSPMMGGQOMMW Confocal micrascopy is the method of choice for
possibilities. You just use the easy way of i obtaining clear images with high spatial resolution (dif-
the magnetic field and the temperature for surfoce fraction limi). The CFM setup is suitable for detection
investigation. The PPMS-SPM insert is manufactured modes like reflection, luminescencs, fluorescence and

inveshigation. "
by attocube systems and it offers atomic force,

ic force, confocal microscopy or scanning holl
mw

® Suilable for o femperature range from 1.9 K to 300 K
® Suitable for magnetic fields up to 16 T

@ Easily interchangeable SPM heads

@ large scan range (15 x 15 ym*at 4 K}

B Minimum drift in variable field/temperature

The PPMS-AFM is the perfect choice if it comes 1o de-
manding imaging applications such as high-resolution
scanning of topographic or magnetic information of o
sample under variable magnetic field or temperature.

® High spatial resolution imaging
s Alignementfree cantilever holder
® Fast sample and cantilever exchange

Specifications

Cantilever based, interfaromelric
AfMiype deflection detection
Imaging i Contacl made, noncontact

“Measured RMS znoise 0,05 nm [expacted]
<0.15 nm [guaranteed for PPMS
go:‘m Q4K ime | With liquid helium dewar or for
s pixe” oQ(TON ™™ reliquefier/ EverCool off

Quamiumbissigs
e

QI

LOT-GuonumDesign Evrops

the optics can even be upgraded o make micro-Raman
spectrescopy. High resolution confocal imaging

& Various detection modes such as reflection, lumines-
cence, fluorescence, .

® Interferometric deflection detection

® Lorge range, patented coarse posifioning system

free beom with an external aplical head and low
femperalure objective. Optical setup with highest
fexibility. Vary broad range of application and
_high sensitivity = =
Single mode fiber optic and low temparature
CFMIl  objeclive. Designed for highest sability
Modular design with up to three optical channels
Raman  Llow lemperalure objective with ~550 nm confocal
___resolution. 20 Roman images .

CFMm I

Applications

Nanostructure surface
® Surfoce plasmon waves
# Phase seporation

8 Grophene speciroscopy :
& Quontum dots
@ Diamond films and defects

Scanning Hall probe microscope (SHPM)
The SHPM is an ultra-compact seanning Hall probe
microscope, designed for the operation at low tempera-
tures and high magnetic fields. The heart of the SHPM
is o GaAs/ AlGaAs sensor grown by molecular beam
epitaxy. This Holl sensor can measure local magnetic
fields with an unrevealed sensitivity and has the advan-
tage in the ability to non-invasively obtain quantitative
values. The Hall sensor is available as high resolution
and ultra-high resolution version.

Specifications e _
sansr i s
imaging mode ___ Constant height

. 400 nm (high resolution),
oo 250 nm {ulira-high resolution)

- Eenal magnetcpropertissiiorgd com
For your locol contact dick o, wwwclot-gd.com

Na Slovance 1999/2, 182 21 Praha 8

wwwizu.cz secretary@fzu.cz ® +420266 053111

FAX +420 286 890 527
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PPMS® Physical Property Measurement System

Low temperature stages

To reach temperaiures below 1.9 K two optional
q mmdable,

Helium-3 system
To reach temperatures below 1.9 K, an optional *He
refrigerator is available. This probe provides a mini-
mum temperature of less than 0.4 K. A new concept

in refrigeration design, this self<ontained Helium-3
refrigerator operates by confinuously circulating He in
o closed<cycle, sealed system, eliminating the need for
low-temperature seals and manual valves. The Helium-3
system provides fully automated control of the pumps
to support measurement capability up to 350 K. This
option is specifically designed to provide lower temper-
atures for heat capacity and electratransport
measurements. Cooldown time from 300 K 1o
0.5 K ia less than thres hours.

® No need for manually operafion of any
valve

® Eosy ﬁle’ugwin of the probe in the sample
cham

- S\Q!um is completely mounted on a move-
able cart

s Horizontal or vertical oriented sample stage

Helium-3 probe

Specifications B
Temperatureronge <04 K10 350K

Cookdown time Thorl
from300KOSK "

DC resistivity
Compalible with Elecio transport option (ETO}
1 _ Heat capacity option

Quaniumbuerign
b Al Al

®

Diltion el
The dilution refrigeroror systam
con be used for heat capoe-
ity and electrotransport option
(ETO).

@ Fully cutomated operation

® Easy plugin of the probe in
the sample chamber

® System is completely mounted
on a moveable cart

Dilution refrigerator
Specificaions -
Temperawrerange S0 mKto 4K
Cooldown time 8 b o lass

from 300 Kto 100 mK e
2 mW at mixing chamber,

0,25 mW at- somple chomber
Eleciro transpart option [ETO)

Heat capacity option
User experiment

Cooling power

Compatible with

Adiabatic demagnetization refrigerator (ADR)
With the ADR insert, you con de-

crease the PPMS sample temperature
range down te 100 mK.

The option is destined to be used

for DC resistivity measurement for

up fo two simultaneously measured
samples. This option is provided by
our partner QD-Japan and has been
designed in cooperation with Tohoku

University.

Temperotrerange 300K 10 100 mK
Cooldown time (rom 300K) 3h
Compotible with DC resistivity

Eamail: mognelic-propertiasilosgd com

LOTGuantumDesign Europe

For yout Jocal comcu; dick gt weerwlar-gd. com

Na Slovance 1999/2, 182 21 Praha 8
www.fzu.cz secretary@fzu.cz

® +420266 053111
FAX +420 286 890 527
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Dewar and liquid helium saving options

The PPMS can be configured with different types of
dewar with a vacuum shield fo close-cycle systems
the user independent from regulor supply of liquid

frse

Standard dewar
The standard dewar has a hold time of up fo 6 days.

Specifications

liquid hehm capaciy 301
Stotic boiboff with Probe <5 1/d

Hiah ity LN, -jacketed d
This dewar upgrade reduce the consumption of liquid
helium by approx. 40% ond extends the time between
a refill of liquid helium.

Specifications B
lquid hefium copacity 8L
_Stotic boiloff with probe <3 1/d

liguid nitrogen capacity 481
Static boiloff with probe <2 1/d

Liquid helium dewar
with ATL helium
The Advanced Technalogy helium liquefier [ATL) is an

easy-to-use laboratory sized helium liquefier. It can
liquefy helium gas from a gas cylinder or the evapo-
rated helium gas from a cryostat. In combination with o
PPMS system the helium gos could be directly recov-
ered and fransferred when needed. Please contact us
for more questions or consult the ATL brochure.

AN s i o
Few vibrations [No effect on He? refrigerator, litle effect on SPM)
PPMS remains fully functional when the reliquefier is remaved fe.g.
for maintenance) and has its full helium capacity .

Upgrade can be done in the PPMS laboratory

gunnlumunl!n

@ 10

| -_ EverCoot B

 Capoble 1o cool down from helium gas only

The reliquetier is the perfect add on for o high-capacity
nitrogen-jacketed dewar. The vaporized helium is
returned to a pulsedube cooler, which is mounted over
the PPMS dewar. After condensing the helium the liquid
drips back into the PPMS dewar. As soon as your sys
tem is cold, there is no need for a refill of liquid helium.
Any helium losses like flushing the sample chamber are
compensated from & gas cylinder.

Specificaions
Liquefoction role
Compressor type

_ 0Wdey

EverCool-ll dewar
The EverCooll
dewar makes your
PPMS cryogen-free.
You just start from |
helium gas at room 1
temperature and a
high-efficiency cold
head is cooling
down to 4 K and
starts liquiefication,
Even it is o cryo-
ganfroo ll?‘rs}t'om, the
dewar still has some :
liquid helium, which '\—Jg
offers the flexibility

of turning-off the

cold-head for a certain time.

_SPec"fiwﬁm .
Cooldawn time
liguefactian rate
_Compressor type

 Litlle space mquirmnn_

Full automation

E-manl. mogneticpropeniss@orgd com

lm&uy‘ Europe

Far your local contad click ot wwoeiler-gd.com

Na Slovance 1999/2, 182 21 Praha 8
www.fzu.cz secretarv@fzu.cz

® +420266053 111
FAX +420 286 890 527
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. RS
Base system specification —
Mognetopfions Tomperoturecontrol ===
Longitudinal 19T, 21472167 Temperature range 1.9-400K
Transverse +7 T split coil (%1% zero fo full field
“Field uniformity SR i (RN I
z{liUE.MS_jlcm x 1 em Slewrae __M_i“ s
$ T longitudinal diameter cylindrical volume ' No overshoot
iy Conirol modes fast settie
_H T lon&_mdmul T T i01%overS5cm - lemperciRe YWBP
6Tiongnudingl _ #0.1%over 1 emDSV.__ Stability | £0.2% for T <10K fyp]
T 7T transverse +0 1% over 1 em DSV — = £0.02% for T >10K [typ.)
B)—pdﬂr power supply - _Sg_m_gl_g I —
9T lor ionglmdlnul 50 A Stzs. o __._:.2‘_5_:.'"1_"‘""“"
R Siew role = _.L 19 /s ("IP ) Electric contacts i Bam‘“b" vzRstare
14 Tbnglhrdmol _100A ) e— — = =5
Si.w rate - _0_8 - 13 mT/s I[Y_P-}_ B
b T Iongrmdmnt ~120A
T Slewrow  \-22ml/sfyp)
FThonsverse  S0A -
Slewrafe 03-5ml/s.typ)
Persistent ond dnm_m_gdﬂ
Linear
Control modes —
Oxcillating ] 0
—_— —— —— |
. S ——— ?
l‘«‘?Tlongmdiml 002mT 1T 1 %
A eSS OZmTho'?T 3
™ 14T bagitadinel 003mTto'i§T {
e 03mTi0 14T 1 +
0 03 mliol 37T |
: 1_6T—!om|wdif1al e T 16 'r 8 5
' o T0.02mT10075T .
77 ransvense KL Lt s 1
S 02mTw7T [ .
[ t 1 I
Maximum currentload 7A 2 -
b | L
Q_L i
RAREL
ERR
PPMS utility inserts

Quantambunign

@ 1

— e
\OT-GuantumDesign Europe

Eamall mngmi&c‘whnlw com

" For yaur ¢ Tocal contoct ehick ar wwew.iat-qd.com

Na Slovance 1999/2, 182 21 Praha 8
www.fzu.cz secretary@fzu.cz
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PPMS® Physical Property Measurement System —
=
Infegrated measurement applications p——
Chartof options = === - SR =
Model | PPMSO  PMSO  PMSIA  PRMSIS  PAMSTems ”m&fz
Magnat No magm— Lo gih :"—!_:: dinal | Longitudinal ~ Transverse Longitudinal
Field eT 147 161 7 T splibcoil o |
Heotcopacty P30 . f — e - AN
To P70 i — | B .
VEM. [oggs'T "I 1. : |1 -
VSMoven P27 x F @ T S _ -
VSMlarge bore  P529 " | ) - =t C
VSMFOSH 1|0 | s v 1 -
- VSMUF P70 g 1 v | = | ®
ACMS Il P505 x | i |
Torque P550 I T =10 - 2
DC resisiivity P400 v S ey R |
i st FMR x . e | & Lk _
_ETO | Peos | [ R | i -
| Horizontol rotalor P310 ’ X o | x 1 N
MR P450 _1iF I R -
| Sample testbox i P150 ' P | Teime - - -
Breakout bax P.Bax T | __1 .
Pressure I:." HP-C_‘ T - o & )
PPMS.SPM N _ — | W
‘Helumd  pe2s I NS e e Iy
| Dilution refrigerator P8BS0 ] B
L. SR N ST T N > ] | -
-~ lorge dewar e . ) S 5 x x
Reliquefier  P960 - I S ST AN . _ Ll
Helium liquefier ATL | S i X
_ Description . N . e — | "= ==
v Available . S —
Not compatible or not a recommended combination - il .
S Included in the base system o . = }

PPMS Mull function probe (MFP) ‘ ‘ﬂ’{’
/
P

g--u!--ll..:‘._..

@ 12

E-mail: maghaticpropactias@lotgd com

I.OTéunnmbnlp quu

For your ool comact click at: wwwi.lat-gqelsoem

Geisiealic.
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PPMS Vibrating Sample Magnetometer
Application Note

il

—

’1 The sensifivity of the VSM detection coils is not signifi-
{ cantly affected by large magnetic fields, so the PPMS

{ “ VSM can perform sensitive measurements up 1o the
| ‘B maximum field available from your PPMS magnet. The
l : VSM detection coil is inserted into the PPMS sample
- ' chamber by using the standard PPMS sample interface

design. This procedure will make it acsy to reconfig:
ure the VSM option with aliernate pickup coil designs
in the future. You will find that you can change the
pickup coil configuration as easily as you can change
o somple puck.

s

You will find it easy to activate and de- activate the

VSM option on your PPMS, just like the other PPMS

opticns. The modularity of the design enables you o

| perform successive fypes of measurement with litle od-
ditional effort. For example, you could follow state-of-

\ the-art VSM measurements with heat capacity meas

urements by inserting a different sample puck or probe.

mo-nnlnnv Breign

The PPMS VSM uses the nex! generation electronics

Long-Threw Linear Mator Sample Drive and architecture based on the CAN open networking profo-
Control Area Network (CAN) I col. The VSM option includes the Mode! 1000 modular

control system, which is the heart of the new archifec-
In its confinuing effort to offer advonced measurement wure. Plugin modules, including the Model CM-A VSM
capabilities for the Physical Property Measurement motor module and the Model CMB VSM detection
System (PPMS), Guantum Design designed the P525 module, provide option-specific functionality. This new
PPMS Vibrating Sample Magnetometer (VSM) appli- modular architecture offers very high reliobility as well
cation. The addifion of the VSM to the current list of as the obility 1o be expanded when you add opfiens in
automated PPMS measurement applications makes this the future,

exceptionally versatile moterial characterization system
even more power

= Medd?i!ﬁ:mm&mpbw

The Mode! P525 Vibrating Sample Magnetometer
(VSM) measurement sysfem for the Physical Property
Measuremen! System (PPMS) is @ fast, sensitive and

fully automoted DC magnetometer.

Benefits of the VSM System Design:

The VSM linear motor transport uses o unigquely
designed linear motor 1o vibrate the sample. Unlike
other vibrating sample magnetometers that use a shork
throw resonant voice-coil design, you will find that the
PPMS VSM linear motor is designed to operate ot 40
Hz, with rapid slewing possible over about 6.5 em of
wravel. The large range of motion enables the PPMS
VSM system to perform rapid, completely automated
centering operations - you will not need to perform
manual adjustments to center the sample.

QuantumDerigo
QU B

@ e —— __Emall. magnewomery@iotqd o kOT

LOT CuonumDasign Europe For&?ivgut;:;;wd:h ar Mc;;a wamiemiieciy

Na Slovance 1999/2, 182 21 Praha 8
www.fzu.cz secretary@fzu.cz
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PPMS Vibrating Sample Magnetometer

Application Note

The Measurement:

The basic measurement is accomplished by oscillating
the sample near o detection (pickup) coil and syn-
chronously defecting the voltage induced. By using o
compact gradiometer pickup coil configuration, o rela-
tively large oscillation amplitude (1-3 mm peak) and o
frequency of 40 Hz, the sysiem is able to resolve mog-
netization changes of less than 104 emu ot ¢ data rate
of 1 Hz. The V5M optian for the PPMS consists primar-
ity of a VSM linear motor transport (head) for vibrating
the sample, a coilset puck for mﬁon. electronics for
driving the linear motor transport and detecting the re-
sponse from the pickup coils, and a copy of the Multivu
software application for automation and control.

The sample Is attached lo the end of o sample rod that
is driven sinusoidally, The center of oscillation is posi-
tioned at the verfical center of o gradiometer pickup
coil. The precise position and amplitude of oscillation is
conlrollu.ﬁmm the VSM motor module using an optical
linear encoder signal readback from the VSM linear
motor rt. The voltage induced in the pickup coil
is amp;rimfud lock-in detected in the VSM detection
module. The VSM detection module uses the position
encoder signal as o reference for the synchronous de-
tection. This encoder signal is obtained from the VSM
motor module, which interprets the raw encoder signals
from the VSM linear motor transport. The VSM detec-
fion module detects the in-phase and quadraturephase
signals from the encoder and from the amplified volf-
age from the pickup coil. These signals are averaged
and senf over the CAN bus to the VSM application
running on the PC,

The system is designed 1o be user-installable and
compatible with existing PPMS systems. Upgrading
your current system will thersfore be o simple process.
Like the other PPMS applications, the VSM is used only
when required, leaving the PPMS to run other applico-
fions os needed. Since the VSM system is o completely
self-contained measurement application, other than one
of the PPMS Base Systems, there are no ather PPMS
applications or options required for its use.

System Requirements:

The P525 VSM requires a PPMS computer system run-
ning Microsoft WindowsXP software. If upgrading an
installed PPMS, it may be necessary fo upgrade the
computer to WindowsXP.

PPMS systems with serial numbers below P-087 may
need to replace their Kepco magnet power supply with
the new Quantum Design 50 Amp Bipolar Magnet
Power Supply.

gnuluul.lonlc

il

Systems with VSM require a minimum clearance height
of 3m (10 Hj for somple exchange. Systems that have
shielded dewars require o clearance height of 3.2m
(10.5 f)

System Spaecifications/Features

® Temperature ronge: 1.9 K - 400 K.

8 Magnetic field: up 1016 tesla.

® Magnefic field romp rote: determined by mognet
and power supply.

8 Temperature and magnefic field may be ramped
during the measurement.

Geomeiry:

® longitudinal configuration: magnetic field, VSM
vibration and moment detection all along vertical
axis.

8 Coilset bore: 6.3 mm

® Sample holders provided;
Brass half tube: inner diameter = 3.3 mm;
outer diameter = 3.6 mm
Fused quartz paddle: diometer = 4 mm

& Coilset boseline: $ mm

8 Sample Mass <1 gram

VSM measurement parometers:

8 VSM oscillation frequency (calibrated):
40 Hz

@ V5M oscillotion amplitude (typical):
2 mm peak - Range of 0.5 mm - S5mm

s Dafo rate and averaging window (typical)
1 sec - Range of 0.5 to 750 sec

Sensitivity using the above tvmical sors and

| rms sensitivity: <10* emu or 0.5 %
B Relative Noise, Standard VSM:
Larger of (6 x 107 emu + 3 x 107 emu/tesla)/VHz
or 0.5%/VHz
B Relative Noise, EverCool VSM, with coldhead ON:
Larger of (6 x 107 emu + 1 x 10® emu/tesla)/VHz
or 0.5%/vHz
B Accuracy:
0.5 %, using 2.8mm diameter x 4mm high cylinder
(shape of Pd standard) or
Better than 2% or 6 x 10%emu, whichever is greater
® largest measurable moment: M
[emu] = 40/(Peak Amplitude [mm])

[Note that when EverCool coldhead is OFF, the
specification is the same as standard VSM)

Q)

I-OTQuomeouin E;mpm

Of

wambmm b iy
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Application Note e—
Model P529 Model P527
Large Bore Coilset Vibrating Sample Magnetomater QOven
Geometry: To increase the ufility of the P525 PPMS Vibrating

s Longitudinal configuration: magnetic field, VSM
vibration and moment detection all along vertical

axis.
a Coilset bore: 12.0 mm
s Sample holders provided:
Brass half fube: inner diameter = 4.8 mm,
outer diometer = 5.1 mm
Fused quariz poddle: diometer = 4.0 mm
s Coilset baseline: 12.2 mm
s Somple Moss < 2 grams
- VSM measurement paramefers:
s VSM oscillation frequency [calibrated): 40 Hz
= VSM oscillation amplitude [typical):
2 mm peak - Range of 0.5 mm —5mm

s Doto rate and overaging window (typical):
1 sec - Range of 0.5 1o 750 sec

m rms sensitivity: < 1.5 x 10° emu/VHz
s Relative Noise, Standard VSM:

Larger of (1.5 x 104 emu + 3 x 107 emu/
tesla)/Hz or 0.5%/Hz

s Relative Noise, EverCool VSM, with coldhead ON:

(TBD)

# Accurocy:

0.5 %, using 2.8Bmm diameter x Amm high cylinder

(shape of Pd stondard) or

Better than 2% or 6 x 10%emu, whichever is greater

p lorgest measurable moment: M__
[emu] = 75/(Peck Amplitude {mm)

—

Novel Long-throw
Uneor

O GuanimDesign Europe

Sample Magnefometer (VSM), Quantum Design has
developed an oven opfion that will give users the
copobility to make mognetic measuraments from room
temperature up 1o 1000 K.

This oven uses a heater and thermocouple integrated
into the vibrating sample rod. A standord VSM detec-
tion coilset is used, while the PPMS sample chamber is
maintained ot 300 Kin @ high vacuum state (<10 forr
required) during oven operafion. A modular design
allows the heater/thermometer sample holder fo be
easily removed from the sample rod for sample chang-
ing. The special sample rod has wire feedthroughs for
the heater, thermacouple and a thermistor. The latter is
used for correction of the thermocouple cold join! tem-
perature. The heated region, including the sample, is
wrapped in low emissivity copper foil to minimize heat
lek from the hot region to the surrounding coilsel.

Features/Benefits:

= Stable temperature control from 300 to 1000 K

a Durable construction of the sample rod {carbon
fiber) and sample holder (zirconia)

a Convenient, easy and sirong sample mounting

a Minimized radiation heat leaks

System Requirements:
@ P525 Vibrating Sample Magnetometer (VSM)

System
a P640 High Vocuum System required for thermal
isolafion

|

Range of Temperature: 300 - 1000 K
RMS Sensitivity: <10 emu or 0.5%
Noise Floor: <109 emu rms (H = Q)
Accuracy: <1 x 10* emu/ tesla
Temperature Precision: 0.5K
Temperature Accuracy: 2%

Specifications subject to change without notice.

Email mognetomatry@lorad com
[ 0 ety e
For yout local contact click at e bogd.com

Na Slovance 1999/2, 182 21 Praha 8
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Application Note
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| nickel (99.999%)
| 3z - - - - T
| | .
L ——— e
! -
| ; CAE o 4
L —zm ;
g o -
He1000e
| MBI TMe ; 13 minutes
L any = Lasve prare
RN
lonmevmmpl-md:Mmphhd&[hwv L
imoge}, which plugs into the aluminum lower wash pling ag0 L PR YT
] e "o 00 o oo o . L)
Chim TRMpEEature (K1
-
The temparaturs range of a p YPe oven is o aind
using a Mi standard. The Curie temperature of pure Ni is 627 K.
I
ferromagnetic thin fim sample, PRMS vSM
AER I - + u T T T
2 sacond average l
" eMsroums<2xic Ceme | J 1 |
L
*
] 2 SHT b : :
| E oan / |
hdﬂmwﬂmwwdmmmk E
lock and end in & S-pin connector, which plugs inte o special FIrey t I J
medhwdhm-wm. | S
l R S
| 1510 * -
| 200 186 100 4 a L] 100 "e s
i Magnetic Fiaid e}

The sensitivity of the VSM is demonstrated an a thin film
for gnet ple provided by profe Y.\, idzerda of

QuaniumbDesign
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Advanced heat capacity with helium-3 for PPMS

Application note

The PPMS is the anly system of its kind to offer automat-
ed measurement copability for the difficult field of heat
capacity. By itself, the helium-3 refrigeration system
provides o ramarkable level of automation. Combined
into one system, these two capabilities blend state-
of-the-art instrumentation, hardware, and intelligent
software with convenient sample mounting.

Unprecedented ease of use is the first feature of the
PPMS heat capacify system (P650) that you will enjoy.
Following o simple sample-mounting procedure, the
sample mount is inserted into the PPMS somple cham-
ber, measurement parameters are entered into the
userdriendly software packoge ond the measurement
is initiated. The system automaticolly performs all the
necessary temperature, field, and vocuum settings; the
data acquisition and analysis; and the dato plofting.
The option uses o hybrid adiabatic relaxation method
that combines the best measurement accuracy with
rabust error analysis.

The PPMS heat capacity option uses the basic PPMS
to control environmental variables, such as the tem-
perature and magnefic field, while specialized com-
ponents perform the heat capacity measurement. The
heat capacity option includes hardware ond software
that allow fully automated high-sensitivity heat capac-
ity measurements o be routinaly performed between
1.9 K and 400K (< 0.4 K'to 350 K with the helium-3
system) in magnetic fieldsupto 14 T.

Quantum Desigr
Ql

lOT-GwMD_ta_im Europe

www.fzu.cz secretary@fzu.cz
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The heat capacity system includes the following:

s Specialized heat capacify pucks (2) and sample
frame (1)

& Precision electronics to control the measurement and
gather the raw dato

a P6AQ Highwvacuum system fo thermally isolote the
sample

® A sampledoading station that allows convenient
sample preparation

B Associoted Windows™-bosed software that au-
lomatically perfarms sophisticated data onalysis,
addenda subtraction, thermometry calibration, and
provides full automation vig measurement sequenc:
es

Principle of operation

The heat capacity puck utilizes the standard PPMS
12-pin format for electrical connections, and it provides
o small microcalorimeter platform for mounting the sam-
ple. Samples are mounted to this platform by a stan-
dard cryogenic grease or adhesive such as Apiezon

N or H grease. The sample platform is suspended by
eight thin wires that serve as fhe electrical leads for

an embedded heater and thermometer. The wires also
provide g well-defined thermal connection between the
somple platform and the puck. An additional thermom-
ater embadded in the puck provides o highly accurate
determination of the puck temperature, and a thermal
shield aids in maintaining stable sample tempera-

ture and uniformity. To ensure that heat is not lost via
exchange gos, the heat capacity option includes the
PPMS high-vacuum system [P640), which maintains

the sample chomber pressure near 0.01 pbar and is
automatically controlled by the software

Email moghatometry@lorgd.cam p l
B ocss B _siretimaed e - 3

’n_rycg Ioca;\ contect click at werwlol-gd.com _::-:.é_u‘_

B +420266053 111
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Advanced heat capacity with helium-3 for PPMS

Application note
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Heat capacity dialog box prompts you 1o input required mea-
suremment porametars

The heat capacity mounting station helps pratect the
sample platform and its suspending leads when mount-
ing and removing a sample. A builtin vacuum line
securely holds the platform in place so that samples
may be mounted or removed without generating stress
on the supperting wires,

A single heat capacity measurement consists of sevaral
disfinct stages. First, the sample platform and puck
temperatures are stabilized at some initial temperature.
Power is then applied to the sample platform heater
for a predefermined length of fime, causing the sample
platform temperaiure to rise. When the power is termi-
nated, the temperature of the sample platform reloxes
toward the puck temperature. The sample platform
:noremmc is monitored throughout both heating and

ing, praviding {with the heater power data) the
row data of the heat capacity calculation.

Two separate algorithms fully automate the analysis

of the raw data. The most general analysis method
invokes the fworau model™* which assumes that the
sample is not in goad thermal contact with the sample
platform. The values of the heat capacity and other
physical parameters are datermined by optimizing the
agreement between the measured data and the two-
tau model. In the two-tau model, the first time-constant
{tau 1) represents the relaxation time between the
sample platform and the puck, and the sacond fime
constant (tau 2) represents the relaxation time betwaen
the sample platform and the sample itself. A second
analysis is also performed using a simpler model that
assumes perfect thermal coupling between the sample
and the sample platform. The heat capacity software
defermines which model best fits the measured data
and automatically saves the values of the somple heat
capacily, addenda heat capacity, thermal coupling
between the sample and the platform, thermal time-
constants, and other infarmation to the data file.

gnanl.-n-n!.
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Additional features

® Advonced heat capacity algorithms caleulate the
actual thermal coupling of the sample to the micro-
calorimeter platform, curve fit the data, and then
compensate for this coupling when defermining the
heal capacity of the sample.

8 A builkin data subtraction feature automatically
corrects for the background heat capacity of the
sample plotform and adhesive.

8 All caleulated fitting parameters and raw data,
including a #* quality value, are saved in the dato
file.

® The duration of a measurement is specified in terms
of thermal time-constants rather than seconds. This
implementation makes efficient use of the measure-
ment time, bacause thermal fime-constants may
range from 100 ms at low temperatures to over
100 s ot elevated temperatures.

® The PPMS verifies the electrical lead continuity and
thermometry accuracy when the puck is installed.
This verifies that the correct thermometer calibro-
tion file is used and that any unexpecied electronic
shorts or open circuits are detected bafore siarling
the measurement.

® Several heat capacity measurements may be auto-
matically averaged.

® The units of a heat capacity maasurement can be
expressed as one of a variely of unifs, including
specific heat,

® Debye temperature can be automatically calculated
and written fo the daio file ot every measurement
point.

* A detailed axplanation of the twodau model is described os the
“curve fitting™ in "M of Heat Capacity By Fiting the
Whale Temperature Response of o HeatPulse Calorimeter” by Jih
Shang Hwang, Kai Lin, and Cheng Tien, Rev. Sci. Instrum. Vil 48
(1), onuary 1997, p. 94

E Enad mognetometry@orqd com
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11

Na Slovance 1999/2, 182 21 Praha 8

www.fzu.cz secretary@fau.cz ® +420 266053 111
FAX +420 286 890 527



Page 36 (of 44)

.
=TT

Advanced heat capacity with helium-3 for PPMS S—
Application note =
The PPMS heat capacity option optimizes both the quently, leak testing is nol necessary after mounting
measurement accuracy and efficiency you have come your sample, saving valuable hours each fime o sample
1o expect from Quantum Design products. Sophisticated is introduced 1o the system.
andlysis routines and integrated addenda subtraction
automatically compensate for common experimental Most importantly, the PPMS helium-3 system provides
arfifacts. unprecedented ease of use. Working seamlessly with

the PPMS, heat capacity and Iransport property sys
tems, measurements mﬁ be performed without a need

(Soedt — for the user to build additional hardware. The PPMS
Specifications (with zero fleld) - hoat ' MuliiVy software provides sequencing capabilities for

Temperature range 1.9-400K e automating all measurements. The software, without fur-
rs:nph size | 1500 mg (20 mg. byP ther input from the user, controls all ‘cumps and system
[ Resolution [owKe2k | mnch:ar:;mm Foir mmpr, to sgd n; sysm:hio 5K,
i 3 i 3 | u 1o only insert the probe o enter the target
[ Moo <% 2: 300K Lo :o?mpefuture. Furthermore, with the helium-3 system
. installed, your measurements aré not limited to lower
temperatures. Without any user infervention, other then
Helium-3 system (P823) sefting o sequence 1o higher lemperatures, the system
will perform measurements up to 350 K. You do no
The helium-3 system, expands the temperature range need to remave the probe o manually turn any valves
of the PPMS‘u“I;olow i’n;':t:ndnrd 1.9 K temperature 1o sweep temperature from 0.4 16350 K.
limit. This automated, closedcycle *He probe
installs easily into the sample space of the PPMS to principle of operation
extend the minimum experimental lemperature 1o The base of the *He-refrigerator probe pl‘ﬁs into the
below 0.4 K. This option is compatible with the heat 12-pin conneclor, which provides electrical access to
capocity, Resistivity, and AC Transport measurement the measurement hardware a the bottom of the PPMS
capabilities. Incorporating oll of its components into @ sample chamber, Thermal anchoring baffles clong the
cart, the helium-3 system can be rolled out of the way probe assist in cooling and maintaining the probe at a
for sale storage when not in use. Only electrical cable base temperature of 1.9 K. Two goshandling lines run
connections are required to make the system aclive through the length of the probe: the pump line and the
This revolutionary system design has return lina. THe gos flows down the return line and cor-
eliminated the need o manua ly operate denses info the reservoir
any valves. The accompanying re in the base of the probe.
provides fully automated control of the A turbo pump mounted
- pumping system and temperature. at the top of the inser!
. pumps on the liquid He
Design features vio Ig: pump Ii:e, thus
One of the benefits of the GQuantum reducing the temperature.

Design helium-J system is that it is @
continuously circulating system. Un-
like tradifional “oneshot” designs, this
system implements o return line that al-

This reservoir is thermolly |'
linked to the sample

stage that houses o ther-
mometer, heater, and the

lows *He fo continuously flow back into interface for the sample-
the reservair. Therefore, regeneration mounting platforms.
fime is not required to maintain uninter: Samples are mounted

rupted operation at low temperatures.
However, for measurements that require
temperatures below 0.5 K, the system
can enter o oneshot mode by gutomoti-
cally activating o shutoff valve in the
return line. Additionally, by utilizing the
vacuum secled sample chamber of the

PPMS, no low temperature seals are

helium: with probe,
required to use the 1He probe. Conse-  halium-3 probe mn m‘;'d‘f:n

on measurementspecific
sample mounts that plug
into the sample stage.
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Advanced heat capacity with helium-3 for PPMS

Application note

Temperature control is achieved by a combination of
varying the speed of a specially designed turbo pump
system and using a sample stage heater. Varying the
speed of the turbo pump accommodates changes in the
*He vapor pressura in the pumping lines and allows for
different cooling powers. The sample stage heater rap-
idly ramps the temperature from the lowest lemperature
to 4 K, while the standard PPMS temperoture control is
invoked above 4 K.

Alter a sample is mounted 1o the sample stage and the
refrigerator is subsequently inserted into the sample
chamber, the PPMS cools the sample chamber to

1.9 K. Once the sample chamber is cold, the *He
refrigerator is automatically activated and begins to
condense *He. Since *He is constantly recycling, there
is no limitation on how long the refrigerator will stay
cold. This, however, does require the PPMS tem-
peroture conlrel to hold the sample chamber at 1.9 K
continuously, which requires the PBOO Continuous Low-
Temperature Control (CLTC) option.

Sample mounting

Sample mounting has been simplified by the use of
plug-in sample mounts. Samples are mounted on these
easy-to-handle platforms which plug info the stage
that is connected fo the cold finger of the refrigerator
Sample mounts may be swapped in o motter of min-
utes, minimizing the time required to change samples.
The helium- 3 systam ships with two heat capacity and
three resistivity sample platfarms.

gulalnalnn!u
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PPMS system requirements

B P400 resistivity option

& P800 confinuous low-lemperature contral (CLTC)

8 P&40 highvacuum system (an integra component of
the P650 heat capacity measurement system)

| Specifications — helium-3

Continuous mode < 0.5 K
Oneshot < 0.4 K

Minimum temperaiure

| Measurement tem-
| perature range when
| helium-3 installed |

1
| Cooling down time

"<o.4|<.350|<

300 ta < 0.5 K in undar
[3h(2hyp)

Quantum Design’s expertise is blending a reliable ond
robust system design with companents that allow o
high degree of experimental access and functionality.
Our trademark has always been to provide users with
systems that maximize performance and automation.

For your local contoct dick ot wwwiet-ge.com

® +420266 053111
FAX +420 286 890 527
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Eectrical Transport Option (ETO) e —
The P405 Electical Transport Option represents the Noise - , o
next generation elecirical characterization option for HGA 1 v/ -z @ 100 Hz (typical}
the PPMS family of instruments [PPMS, Versolab, and — _§ m=e [ 2nV/mHe (maximum)
DzlnaCooll. The primary cnptarcaﬁm;:;~ énode of this 2-chan- oA BE av/aelypied)
nel meosurement system uses an current excitation Volioae i sVarlx
and digital lock-in voltage detection to perform 4-wire Voboge opu NS — 2SYS w:'m
measurements of electrical resistance or Hall effect in Currentinput ronge 2250 nA using Ihe TIE2
samples of resistance up 10 several mega-Ohm. Howev- _mma-@yn____.@gaﬂm
er, there are 3 major new capabilities which ETO adds Current soures spacifications -
1o our electrical characterization suite: o A—— = 1 10nA K100 = s
\When using either the PBSQ Dilution
# High impedance mode: the stimulus-response circuit Rekrigerotor System of the P23
con operate as an AC voltage source and a nanc- H;‘é":::?""" the curcent is limited 1o
ammeter, thus allowing for 2-wire measurements of - , QOmAroproecamenyTT)
sample resistance up 1o 5 giga-Ohm. Froquancy ronge DC,and 0.1Hz 10 200H2 AC
= ACDq-gi source: rhe|curron1 wuga con :upn;:rnpose Resistance specifications
a ias current I, on on A signal, making it ~Abschie & T s o
== possible fo use the lock-in to study differential resis i {typical for R <200 kOhm)
tance dV/d! versus k- In high impedance mode, B 02%(max forR <200 kOhm)
the excifation is an 2 .DC voltoge and the result Relotve sensitviy £10 nOhm AMS (ypieal) -
:;vg gr::r:: .:: $da:tod o the meosurement becomes ikl 100 ‘;’.5: ,,L? Ohm in d-wire mode
» Two sources a meters: |’ne_u are two distinct sourc- 2 MOhm 1o 5 GOhm in "
es and detection circuits which allows the 2 chan- ' leypicall
nels to operate truly independently. This is critical e o8 CA s
for applications such os measurements of resistance yshom requireme P: :’3:,% it roquires S
in the PB5O Dilution Refrigerator where excitations of sither a Versolab ar, for the PPMS,
should not be cycled on and off. the Modsl 1000 Modulor Conrol
System, wh.:l:.: included with the P525
The measurément modes provided by ETO are as fol- o | YoM ar are separciely _ —
lows: System incompatibiliies  The £605 ETO is not designed  be
| e e e A0
. i requires
® resistance (2- or 4-wire): in A-wire mode the Hall ACT =
resistance can also be measured < HZA = High 7 Impe Amplifier

@ IV curve frocing (2- or 4-wire] “HZA =High Lmpe  ———
@ differential resistance dv/di vs. |, {4-wire)
and di/dV vs. Vo (2-wire)

Qu-n--llul!-
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Electrical Transport Option (ETO) and DC Resistivity

Accurate results combined with easy sample mounting,
whether on remavable Pucks or platforms, is the theme

- of the PPMS Electro-Transpart System.
DC Resistivity
The model P400, DC Resistivity, provides four chan-
nels that you can use for 4-wire resistivity (up to three
samples in a single sequence) and van der Pauw
measurements,
Drive lype DC 7.5/8.3 Hz squars wave |
Current renge 5nA o 5mA
Current sap size 1% of range or 10 nA
0.1% over 6 haurs
Coment dihilly from 295 K 10 297 K
Seneisivity 20V (iyp.)
— Conglisacavolinge | 95 mV
Mexismnam resisionce 4 MQ
Precision 0.01% ot 2 readings per s
Petrsion dRiy;. from 295 K ko 297 K r
Quantumiblaize

!.! Eemail: magnetomeny@otqd com @ _l_
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PPMS® Thermal Transport Option (TTO) pe—
Model P670 =
considerable i about the electronic as well os
the ionic latfice structure of that spacims.
The P670 Thermal Transport System {TTO) measures While the measurements taken with the TTO system
thermal conductivity, or the ability of o material to con- are quite elementary in principle, they have eluded
duct heat, by monitoring the temperature drop along commercialization because the data was typically
the sample as a known amount of heat passes through very error prone, lime consuming, and labarious, due,
the sample. The TTO measures the thermoeleciric See- for example, to problems in controlling heat flow and
- beck effect as an electrical voltage drop that accom- accurately measuring small lemperature differentiols
panies o temperature drop across certain materials. in @ convenient manner. The TTO system hos solved or
The TTO system can perform these two measurements greally reduced many of these experimental complico-
simulianeously by menitoring bath the temperature Tions. The TTO uses convenient sample mounting, small
and voltage drop across @ somple as a heat pulse and highly accurate Cernox chip thermomaters, and
is applied to one end. The system can also measure sophisticated software that dynamically models an
electrical resistivity p by using the standard four-prabe AC heat flow through the sample and carrecis for any
resistivity provided by the Model P600 AC Transport heat losses that occur. The PPMS with the High-Vacuum
Measurement System (ACT). All three measurement option (Model P640) provides an ideol environment for
pes are essentiol in order to assess the socalled the specially designed TTO sample puck, and the ACT
“hermoelectric figure of merit,” ZT = a2T/xp, which option (Model P600) powers the sample heater and

is the g:onriw of main interest if you are investigating takes resistivity measurements.
thermoelectric materials.
I ThoﬂOsyMisMuplomnhur

thermal transport properties:
s Thermal conductivity
s Seebeck coefficient
@ Electrical resistivity
s Thermoelectric figure of merit

gn-lunbnnp
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PPMS® Thermal Transport Option (TTO) ——
R
Model P670 ——
wmxismmuwdbynpplying heat Benefits of the design of the TTO system
Ftomﬁiahmshoelnmdwfocmhouw-spociﬁed include the following:
temperature differential between the two thermometer
shoes. The TTO system dynamically models the thermal & Four-terminal geomeiry minimizes the effects of ther-

response of the sample to the low frequency, square-
wave heat pulse, thus expediting date acquisition. TTO
can then calculate thermal conductivity directly from
the applied heater power, resulting AT, and sample
geomelry.

Seebeck coefficient (also called the thermopower] « is
determined by creating o specified temperature drop
between the two thermometer shoes—just as it does fo
measure thermal conductivity, However, for Seebeck
coefficient the vollage drop created between the ther-
mometer shoes is also monitored. The additional voltag-
esense leads on these thermameter shoes are connected

mal and electrical resistance of the leads.
Continuous measurements while slewing in tempera-
ture provide high density of data,

Novel Adaptive Analysis technology simplifies mea-
surements of unknown materials.

Careful attention to the removal of effects of tlemper-
ature drift, thermal radiation, and other systematic
arrors.

Robust, sasytowse, fully outomated measurements.

System Requirements for the Thermal
Transport System®

to the ultradow-naise preamplifier of the ACT system. Component | Femetion [
Electrical resistivity p is measured by using a precision MM’N?4%1M | :r::l ::d:h. hu‘r:obnﬂ;amdu. hmrdr :
DSP current source and phase-sensitive voltage detec- shoes.
tion. The specifications for this AC resistivity measure- I vt ==
ment are essentially identical 1o those for the P600 AC ;E::m Sysem | somple :::{:':,:ﬂ?u 'mn
Transport Measurement System (ACT) option, because [Model P&00) " d,,.;gﬂ =
p : |
mrﬂg and ACT use the same high-performance HighVocuum Option | Provides # L isoloionfor
: {Model P640)] Cryopump or
; ; i — Turbo Pump version may be used,
The dimensionless thermoelectric figure of merit 7T s g T 3
determined here simply as the algebraic combination  MultiVu Software Provides single user interface for
ZT = a2T/xp of the three measured quantities— ther- {Version | 1.6 or Later | PPMS and PPMS options.
mal conduclivity, Seebeck coefficient, and electrical * In addition 1o the requirements in 'ﬂg&‘é;- the ”?"5
istivity —di bova, Continuous Low-Temperature Control opfion (Model
T iacuinda PBO0) is highly recommended. CLIC provides extended

low-emperature control,

Separate measurement profocols are provided for each :
of measurements because these individual quanti-

fies maybe more accurately measured by using excio- The Thermal Transport System is comprised of
fion currents and temperature differentials optimized for the fellowing

each situation. Limits for the porameters defining each

measurement may be specified pricr fo running the ® One TTO Sumple Puck, which plugs into the PPMS

measurement.

@
Each measured thermal transport property may be
determined in either of the two measurement modes
[continuous or single) supported by the TTO system,
You select a measurement mode, and then you select
the thermal properties to measure in that mode.

Quantum Denign

&

sample chamber connector,

One set of calibrated plug-in thermometer (2] and
heater (1) shoes (probes).

One se! of uncalibrated plug-in thermometer (2) and
heater (1] shoes (probes).

An Isothermal Radiation Shield which screws onto
the TTO Puck.

A saftware module which installs into MultiVi.

A nickel calibration sample for demonstrating and
verifying proper operation

A user’s kit with tools and accessories for sample
maunﬁng

sMail- magnetic-properties@lorgd com
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PPMS® Thermal Transport Option (TTO) ——
)

Model P670

Product Specifications/ Features: "1 [Thermoelecrric figure of Merit 21 = 521/px] |

ﬁhmwl conductance (k) _} lTy-picd Accuracy | 15 % (When Scebocl: oca“i‘c.ienl. and |

| Typicol Accuracy lgi % or 22 pW/K, whichever is ‘ l ‘ ':;;";T‘ conductivity 5% specifications

{ greater, for T <15K |

‘ ' speed of acquisition |

i l:s%ar=20 pW/K, whichevar is
gremer.hrlSK«T<200K

+ 0.5 K/min, T> 20K

[ Typically

. : temperature slew | 2 0.2 K/min, T< 20K
[ﬁ%mﬁ%‘fﬁ"f‘:‘;ﬁa’f"’ e | 14 hour run from 390 10 1.9 K
| £5 % or 1 mW /K, whichever is | | System parameters
_ greater, for T>300 K [_Tcrnpomrum 19-390K
Estimated Ty 25 wW/Kfor highT=400K | | Mogneiic Field | 0-16 tesla”
dynamic range iToo PW/K- 100 mW/K for | [_pr,,,m High Vacuum (<104 torr) i
- lrmmm' T= 20K — *Note: If you require use of significant magnefic fields
| 110 pW/K- 1 mW/Kforlow T=19K | ,[H>0.‘IT]mmmpsrummbdawT~20K,il::yh
e . | necessary fo correct for the magnetoresisiance the TTO
Thermal conductivity « = KIL/A thermometers using the QD Magnetoresistance Calibration
L = sample length [mm] Wizord. |
A = somple X-section [mm]
Estimated dynamic range, T = 300 K,
for given sample geometries: L x A]
{|2.5x%(5x5) mm x: 0.1 -2.5 W/mK
8x(2x2) mm |x:2-50W/mK
10x (1 x 1} mm’ | x: 10-250 W/mK
Seebeck coefficient 5) |
Typical Accuracy | Error in S: #5 % or, [
Error in S: 20.5 pV/K or, |
| Ervor in V: 22 pV, whichevar is greater |
Approximate | 1 pY/K-1V/K |
rangs | - Hacir
Resistivity (P) | .
- AC Transport specifications for resistivity measurements | ' "
apply in zero field. 8 sanpla
Maximum current [ 200 mA | ot
Noiseinfisld |z m2 H=9T : '
due fo induction |23 mQ, H=14T
offects, 1 Hz |
measurement |
frequency | Thermal Transport sample puck with radiation shisld
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PPMS® Thermal Transport Option (TTO)
Model P670

Nickel 201 alloy
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Annex No. 3 - list of subcontractors who will receive

more than 10% of the Price

Registered office Darmstadt, Local Court
Darmstadt, HRB 6538

DE284734472

Managing Director: Ralph Kéhler & Dr.
Jiirgen Schliitter

Name, seat, ID/Tax ID, tel./fax, e-mail, Definition of that part % share on
§ : s which the Seller shall
No. Commercial Registry registration details, . the
authorized person provide via the performance
subcontractor
LOT-QuantumDesign GmbH Subcontractor is the 100
Im Tiefen See 58 manufacturer of the
64293 Darmstadt Equipment.
Germany
Phone: +49 6151 8806-0
Fax: +49 6151 8806920
1 | E-mail: info@lot-ad.de

Na Slovanice 1999/2, 18221 Praha 8
www.fzu.cz secretary@fzu.cz

® +420266053 111
FAX +420 286 890 527



