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Date: Wed, 5 Jun 2002 16:51:43 -0700 (PDT)

From: Vivien Zapf <vzapf@hysics. ucsd. edu>
X-Sender: vzapf@physics

[o: Michael Hall <mhall@ligo.caltech. edu>
Subject: Re: Crvostat Heat Capacity Measurements
X-MailScanner: Clean

11 Michael,

Yes we do have a PPMS which are setting up to measure specitic heat

We are using all external instruments for the heater and thermometer. We
have a voltmeter and current source for the heater (Keithley, [ think),
and a Linear Research hridge to measure the thermometer. [ originally
tried using Quantum Design’s user bridge to measure the resistance of the
thermometer, but I got a huge amount of noise, even with the maximum
current setting. I measured a temperature of 300K plus or minus 100K
which is obviously ridiculous. Now I don’ t know if our user bridge was
defective or broken, or if this is how it usually operates. In general, [
get the impression that resistance bridges aren’ t quantum design’s forte,
so T try to use external bridges wherever possible.

[ would be very careful in choosing the current source for your heater,
since this is a very important parameter in your specific heat

measurement. Make sure that this constant current coming out of ACT is
really constant. I[f you have a different current source lying around your .
lab somewhere, I would recommend using that.

Let’s see, the only other advice I can think of is to be sure to use the
carbon sorb {(that long metal rod with bits of activated charcoal at the
end). I wasted many weeks before I realized that I need to use it. Now all
my data below 15 K is junk and T need to retake it...

[ hope this helps somewhat. Let me know if you have any more questions!

Vivien

Vivien Zapf

Tel: (838)
Fax: (858)

534-2493
234-1241

University of California at San Diego
Dept of Physics

9500 Gilman Drive 0350

La Jolla, CA 92093-0350
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On Wed, 5 Jun 2002, Michael Hall wrote:
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Vivian,

Hi, my name is Michael Hall and I'm an undergraduate at Caltech working on
the LIGO project. We purchased the Quantum Design PPMS last October with
the high vacuum (cryopump), AC Transport, Resistivity, and thermal
transport options. Now we are interested in making a heat capacity
measurement. We talked to Neil Dilly from Quantum Design, and he mentioned
that you guys at UCSD had made a similar experimental setup so he gave us
vour email address

I was hoping that you could give us an idea ot what kind of setup vou
decided to use and how successful it has been since its completion. [ see
there may be a few ways to go about doing this. What [ am thinking right
now is as follows:

[t looks like [ can use the user bridge board to measure both the
temperature of the puck and the temperature of the sample. (We are going
to use Quantum Designs Heat Capacity puck, but not their other
hardware.) I need to feed a current into the heater as well as monitor the
voltage across the heater, and the AC Transport hardware (Model 7100) seems
to be ideally suited for this. The problem is that the AC Transport
software doesn’ t seem to be designed to provide a steady current over
extended periods of time. The ACT software, instead, is designed to ramp
the current up and down to take [V measurements, etc.

However, the thermal transport option comes with a DSP that forces the
Model 7100 to feed a steady current through the heater (which is exactly
what we need!). So, I was thinking of using the TTO software to make my
measurements. The only problem then, looks like the TTO cable, which is
wired for the TTO puck and not for the heat capacity puck. Making a new
cable is not very difficult, however

It seems like this route is feasible, but before [ get into the
development of this experiment, | was hoping that you might be able to
provide some insight. Especially useful would be information regarding
what setup vou decided to use, how successful it was, and if there are any
pitfalls that [ may be able to avoid along the way.

Thanks in advance for any information or guidance you might be able to
provide

Michael Hall

California Institution of Technology
(626)~395-2063

mhall@ligo. caltech. edu
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1.2.1  Advantage of Four-Wire Resistance Measurements

Using four wires to attach a sample to a sample puck greatly
reduces the contribution of the leads and joints to the resistance
measurement. In a four-wire resistance measurement, current is
passed through a sample via two current leads, and two separate
voltage leads measure the potential difference across the sample
(figure 1-2). The voltmeter has a very high impedance, so the

voltage leads draw very little current. In theory, a perfect voltmeter Figure 1-2. Example of four-
draws no current whatsoever. Therefore, by using the four-wire wire resistance measure- i
method, it is possible to know, to a high degree of certainty, both ment with sample mounted . : :

on standard PPMS sample

the current and the voltage drop across the sample and thus .
puck.

calculate the resistance with Ohm’s law.




2
WOIABYSIA MMM

00-AeN-0L UoIsIASY
100SE Jaquiny Juawnsoq

80URIB|0} OOUBISISO) % 'L T = %p'E - X DoG'0 F = 04Y
BOURIDI0) BOUBISISAI %Z'Z T = %t b - X D.5°0 T = G2y
B0UBIB0) BOUBISIS! %GGZ F = %L'S - X 0G0 F = 0
002 +0)

0,0 J0 3bBues sy 19A0 9oURIBI0} BINjRIBdWA} D,6'0 F
B UM JOJSILLLIBY) L BAIND B 10} 0.0/ + PUE D.GT +

1} 18 S90UEIBI0} SOUB)SISDI D) DIe JBYp, aidwexy

‘ainesadwe)

uanb ay; e DN 8y Aq 8ourie)o) ainjesadwa)
pawads ayy Aidiinw Aduys “yuiod ainjeladwa)
uaAIb Aue Je 8oueIBI0) SOUBISISB) BY) BUILLISIAP O |

WB'E = DuEY + © VSZLY - VoG + O VUBIEY X
Dobtr W cgﬁv 0oL

&Dobb + 1B 10)JSIUIBY] | SAIND
€40 (5Zy) Wyo 000°01 40 DLN U St ey ojduwexg

0oL — 2o
oo v

B1qe) 1-H Dol

e Buisn yuiod aumeladiusy Aue je pajenojen aq Aew
01N 8y} ‘1anrsmoy ‘sjusiusioul saibap usy ul 1esysg
uopeayoedsg sjeq AeusIA By} O UBAIB aJe SO 1IN
's90uRIS(0} Bunjeladws) Bulkposds Ut jngasn st DI N
‘sbueyo sijesedutay | e 0} juajeainbs Ajgjewixoidde
s1 8Bueyo souelsisal 9| N BU0 3oulg D) sa16ap

15d 8bueyo soue)sisal 9, ul passaidxa s O IN

'UOHBISPISUDD OU|
usye} s (Jusioyeoo amersdutsy aayebau) DN tesui
-~UoU ay) ssajun JaW 84 ||Im Aoeindoe wayshs paiinbal

ayj jey) asjuesenb Ajessaoau Jou fim abues e sano
uonesyoads 9oURISI0} BDUB)SISSI B 9SNEDDq S SIY |
"90UEI3|0) BOURYSISAI € JO N8yl U] 30UEeLa|0}) Binjesadwe)
e Ajpads o} jeanoeid siow s it ‘ebuer ainjesadws)

B JBA0 S AOBINOOR Juswalnsesi ainjesadws) paiinbal
sy j| -ebuer aimessdwa) e sano 10 julod sinjereduis)
9|Buls B 18Y}S B 80UEIB|0} BOUR)SISAI B JO 90URIS|0}
aimesadwa) e Jsyie Yim palynads aq Aew SIOISIUIBY |

'000°Z F 0} AoBINODE JUBaINSEaW

aINsuUl jIm ‘Waishs 0,01 F B Ulim pajdnod

SOISIIBY D0’} F Y "Siusauoduwlion |je jo Aorinooe
JUBWBINSBAW [[BIBA0 8U) JBPISU0D 0} Juepodui

S1H WarsAs e Buubisen usypy (0.0'1L F @) suun
aunjesadwasl ul AoeInade J1o suoneyl iisy) sseidxa
suogeaydde |0U02 Jo JusWSINsEAW aInjeIada) JSOpy
asussR|o) g

aeqg Aeysia

“UONBISPISUOD
JX8U BY} S| SOURISIO} UBY) ‘WS}SAS JuBWBINSESW

3U} 4O AARISUSS PUB SOUEISIS3) WNWIXEW ‘BOUR)SISS)
(UILL paulIBYap-a1d BY) 188w anfeA G2y pue
BAINO |- POJODISS BY) § "ONEI GZM/1-Y UBNIB sy Ag
Gz¥ pajoales ayy bulAldiinw Aq simesadws) wnwuw
SY} 1B 90UEISISA) WINWIXBW 8] S1BINOIED "anjeA
ajetuixoidde ay) 03 15800 S! Jey} anfeA GzZy plepuels
B103]9S Uy ‘pauiusiep sl aand | -y aelidordde
ue [Un JBYIOUE JO8[ES 'SAIND [ -¥ U0 Ul S[qeeAe

ou st eniea Sz syt ('6Z - g1 sebed uo papnioul

Bl SJUBWAIOU O, Ul S8|Ge) ONj.S {-Y ‘J1ON)

‘anjeA Gz s1ewixosdde ue sulwis)ep 03 S8AIND

1Y 2y} Jo Aue 0 auo wou ones GZu/1-Y USAIB e Aq
BN|eA 80UE}SISS) SILYY 3PIAIP ‘pauiLLISIep Si ainjelsaduwsy
WINWIXew a4} 1e 8aue)siSal WNWIUIL a4} 90U

'SBAIND |-y (|8 Ul S|qejieAR ale (GZY)

SoNjeA aduelsisai e Jou ‘azis W Aytwiopun Bujuiejuiew
40 Auiqensap auy pue sieusiew 1-Y Walayp

BU} JO SANIAISISAI JUSIBYIP BU} UMD Dljsusloeleyd
1-¥ WBIBHIp € sey [eusjew yoeq sjeq ABYsiA

W0y} S|gelIBAR 8J S3AIND | -¥ UASIS Jussald 1y
uondsdjag aAINY L-Y ‘v

*I0L3 1B3Y-)|8S

s|qemojje pue Juejsuod uonedissip syl Aq pauiwsisp
S€ JUSLND INdu! WNWIXBW a1} UONEeI3PISUod

oju Buey ‘sBuel aius sy; 19A0 waysAs Buinsesw
3yt 40 IndiNO 8y} SIZIUIXEW SSNJBA DOUBISISS! YOIYM
PaUILLIBISP Bq ISh Uy} )| “uondslas siy Ju AljeaidAy
SaNjeA 85UBISISOI 3|QEMO}E WNWIXBW PUE Wnuu
8y} ‘Allensn "anjeA acue)sisal }9a1103 SU) JO UORIS|aS
8y} Ul Uotelspisuod juepodw ue st ose AAISUSS
“10JSILLIBLY BUO YIM Jol

84 J0UUEBD SBNBA 8OUR}SISS) WNUIXEWAMNLIUIW

9U} 41 PaJBPISUOD 8q pINOYS $3q0Id BI0W JO OM] Ylim
Butyoums abuey ‘Induy Jnosd JusWaINSESW

8y} Jo3 ybiy oo} aq jou 3snw jutod siMeladws)
wnuituiw ay} Je soUgjsisal Wnuwixew ay) ‘A|9sIaauc)

‘abuel simetsdwa) ay} jo pus YblY oy} 18 Wyo
0001} - WYO 00S ISES] & DABY 0) PAPUBWILOIB] S )
‘asealou| Bunesy-§jas pue aoue)sisal
‘9DUEISISDY JOBJUOD O] 8NP SIOMS ‘MO 00} §1
|8oue)sISal 8y} | INoND Buunsesw sy} Jo sjusWalinbal
indut ayy 198t 0} MO| 00} 8q JOU }SNWI wiod
amjesadwa) WNWIXeW ay) je 90UBISISaS WNWIUIW ay |

“abuer ainjesadusay

Bunesado ay) jo sswanxa oy} je saNjEA BoUEB)SISAl
Wwinixew pue wWnWwiuiw sy 1opIsuo o}

uepodwi A1enba 1 3 UBABMOH 5,62 + O} paouaIsal
10/pue paysds ole sIoIsIWIBY D LN ‘ANeotdA |

anjep aouelsIsaY JO Uono9eg g

A

sJojsiwiayy DIN bunoejeg

AVHSIA

00-Ae-04 UotsiAsy
LOOEE JaquInN Jusumnseq

9
worABYSIA MMM

‘wnipaw Bunesado 8y} ut A|Glasse J0SUBS JOJS|ULIBY)
JLANOISIUIBYY JLN 8} J0 JUBISUOD Wil 8yl st
aoueleq 0} abpuq uoisidaud sy 1oy pasinbas swl 8k |

-@Bpuq uostoaid auyy 0} payoums

Al@jeIpawiw usy) sidojsiunsy; sy ainjeiadwey
Jaddn sy} 0} J0JSILIBY) DY) JEBY-Y(aS ||M ‘JO0BYS Ul YDIYM
‘aBpug ey) eoueleq 0} paisnipe s abpuq Aelxne oy
‘8Bpuq Aelixne ay) 0) pajosuuod §I pue aimeladws)
18MmO| 8y} 18 wnipaw Buesado ay) ul pacerd
s1JojstiWIBY) 8y souelsisal aunjesadwsay Jaybiy sy}
104 185 s1 abejion ebpuq Asefiixne uy 10118 leay-jlas
8y} #onpoud o} Jou se os 1as Alddns abeyjoa 8Bpuq sy
unm souesisal ainesadwsy s|ppiu ay) 1o} 105 s1 abpug
uosioaid v "8UO 19mo| 9Y) pue auo Jeddn ay) usemiaq
aouaIBYIp 8U} Jo %z €9 Bureq juiod Bippiw sy, ‘sjutod
aimetadwa) 991y 18 10JSILLIBY) By} JO BOUBISISD.

8y} Buunsesw Aq psuiwiolap st JUBISUCD BwIl} BY |

‘Juepodu)

S1°0°L 41 #ing 8 pinoys adAjojoid e ‘(038 ‘Yibus

pes| ‘Bununows ‘uonensdesus “a') "D'Q Se si0j0ey
awes sy} Aq psuluLSlap s1 °D' | SJ0ISILIBYL DN

8y} 80UIS "SUOHIPUOO Jomod-019Z 1apun ainjesadway
u1 aBueyd deis e 03 papoalgns usym ‘seunjesadwe)
Apoq |eul) pUE (eI S} UBBMIB] BOUBIBYIP

8Y1 40 %z €9 ybnoiyy abueys o} JojsiwIoYy} B} Jo}
painbai spuooss Ul S SUY) S JUBISUOD Bum a1y}
('01) ueysuog ewyy 'z

| X 3 = 4 ‘met s,wyo Buisn

Aq pajejnojes siJlemod ‘sainjeladuwis) paInsesw omy
2y} UsBMIBq BOUBIBYIP ainjesadwa) ay) Ag Jolsiwlay)
O1N 8y} ut pajedissip Jemod au) Bupiap Aq pareinoles
usy} s1'D'@ aul (esugsIsal = ¥ JUBLND = |

'S)WOA = 3) o = | + 3 meT swyQ Buisn Aq paulwisiep

sI 81y aumeladwsa) tsddn syj je eouelsisal painsesy
2y} 0} {enba souejsisal B sjesput i ybnoayy Jusuno sy
pue JOJSIULIBY} 8L} SSOIR 36EIOA BU) [un POsEaIdUl
Alenpesb usyy sy Aiddns 1amod ay  JoIsIULBY)

B} $S0408 PSJOSUUOD S IBIIWIHOA BOUEBISISSS

-ybly v - Aeme-uni, o} 10is1uaY) au) Buimolie pue
1IN0 ay) yBnoayy Buimoyy Juanng yonw 0o} Waassd o)
10)s1sa1 ybnous sbie| Apusioyns e pue ‘1918w JuBLIND B
‘Aiddns abeyjon sjqeueA B YiiM SaLes Uy paoe(d usy) S|
Joisiunay) 8yl yede 0.5z 01 D,.0) Siuiod aineradwe)
OM] 1B JOISIIBY) D 1N 8Uj} JO aoue)sisal 1amod-0laz
8y} Buunseaw 1si1} AQ paujwiialap 8q ues A|qussse
Joysiwsaly JINMoIsiuLsY) DIN UB 0 '0'd 8y

MUWSE'0 = %0G X Dol "0 X DofMWE
181 SIY} 10} BINWLIOY DY |

‘Aorinooe Juawalnsesw

BY} JO $$3} 10 %05 O} J01o8) Jeay-j(as ay) doay o] st siy L
"MWS L0 st uaung Buunsesw sy Aq Joisiuiey)

sy} w1 padojaaap aq PINOYS Jey) Jamod wnwixews

oY} ‘D.L°0 F jo Aoeinooe ainjeladuwia) 8}njosqe ue o)
yleq jto oy} ainseaur o} palisap sem )i pue (paimsesw
34 0} WNIPSW BLy) YIBQ {10 PBLIAS B Ul Oo/MWE Se
pauIBiap Uesq pey AjquUSSSE JOISIIBYL € Jo D'
8y} §t ‘ejdwexs 104 -apew 5g PiNOD SOUEMOJE 19SHO
ue pue pajedissip Jamod wnuixew ay; Buiuunisiep

104 UolBIapISUOD B 8q AlUO pinom 0] aU} ‘wesAs

0} WR}SAS WIOJ) JUBISUOD SBM pUR PaXy ag Pinod
suoipuod Bunesado lenjoe sepun ssoj jeaY JO ajes By )|

‘Rayisuas wia)sAs aziwixew

0} s|qissod se abie| se aq pjnoys JuaLINd By ‘sum
awes ay) )y ‘aunjeradws) Buyosuoo 1o Bulnsesw
winwiIxew auy} 18 Joistuuay) auy) Ui Joua Bunesy-yes
8jqiBiiBau sonpoid oy ybnous |fews aq 1SN Jojsilred)
8y} ybnoayy Jusing oy LN Indul a|gemole
winwixXew ay} suiwglap o) suompuod Bupesado

{enioe Jspun pajsa) aq pinoys adAojoid e ey
papusWLIosal SI I G 1994B 18U} SSIGBUEA U} USAID

‘Alquiasse Josuas 10)siwlaty)

OLN/0}SIWIBY) D N UE JO JuBlsuod uonedissip

8y} suiuiBlap Ajjeraual sio)oe) 18ujo pue (‘918 ‘i
‘1e)em ‘e |1as ‘seb Bumoyy) Juswuonaus Buipunouns
By} JO Wnipaw ay) ‘Alquiasse/iolsiuuIsyy DN

ay} jo Bugunow sy (938 ‘sqosd opsejdounay; ‘aqosd
|931s ssa|utels ‘zain( ‘Axoda) jeusiew Bunensdesus jo
adAy sy; ‘pea) jo adA) pue yibua; pesy syl aimeseduis)
Buisearour yum ApyBys seseasout (arnjeiadwsy
jusiquIe 8A0QE O, J0)SILLIBY) Y} 1B8Y-|8S O} pasinbal
sHemifiiu ut t1amod sy se pessaidxa) Jueysuod siy |

*I0)SIULIBY
2y} jo aunesaduwsy ey uy obueyD Jue)NSaL By} 0}
Jojsiuieyy ayy ul pajedissip samod a3 o (ainjeiadwoy
jusique paydads e Je) ones ay) Se pauyep Ajesids}

S! A|qUIaSSe JOSUBS JOJSIWLIBYY O | N/IOISIULIBYY 1 N 4O
JUBISUOD UOHRAISSIP 8U [ "JUSWUOIAUS S} SAOGE 0,1
JIe IS Ul Spes| your oml sy Ag papuadsns 10jsiuLay)
Ul 1e8Y-J|19s 0} pasinbas (spemijiiw Ul passaldxs)
Jamod 10 Junowe ay} sI juelsuod uonedissip ay |
(:0°q) suegsuog vonedissiq -4

HOLSINAIHL DLN NY 12373S OL MOH

9leq ABUSIA

sio)sjuiayl DN buiosjeg




Selecting NTC Thermistors

Vishay Dale

It may now be clear why a single resistance tolerance
over a temperature range may not be practical for a
particular temperature measurement application.

If a single temperature point is the only design
specification, NTC and Manufacturing Tolerances are
useful in determining temperature tolerances at other
temperature points. Manufacturing Tolerance is given
on the Vishay Dale Specification Sheetina+ %
resistance tolerance. Point-matched specifications
must have the difference in deviation between the
specified temperature point and any other temperature
point of interest added to the resistance tolerance at
the specified temperature.

Example: What are the resistance tolerances at
0°C and + 50°C for a standard 1M1002?

RO =+ 10% ++ 1.1% = + 11.1% resistance tolerance.
R25=1%10% + £ 0.0% = + 10% resistance tolerance.
R50 =+ 10% + £ 1.1% = £ 11.1% resistance tolerance.

To determine the temperature tolerance at any
temperature point, divide the resistance tolerance by
the NTC at that point.

Example: What is the temperature folerance at 0°C
fora 1M1002?

+11.1% + - 5.1% = + 2.2°C temperature tolerances.

it should be noted that the Manufacturing Tolerances
listed on the Vishay Dale Specification Sheet are all
referenced at + 25°C. If the thermistor is referenced
at a temperature other than + 25°C, then the total
difference in deviation between the two points, if the
+25°C is between them, is the sum of the maximum
deviations listed at each point.

Example: What is the maximum resistance tolerance
of a Curve 1 thermistor at 0°C if the specified tolerance
is £ 5% at + 70°C?

{+ 5% resistance tolerance at + 70°C) + (MT £ 1.8%

at +70°C) + (MT + 1.1% at 0°C) = + 7.9% resistance
tolerance at 0°C.

6. Tolerance Availability vs R-T Curve

Not all temperature/resistance tolerances are

available in all R-T curves. If a temperature tolerance
over an extended temperature range is required, then
at present, Curves 1, 2, 4, 8 or 9 may be selected. All
other curves may be specified to a resistance or
temperature tolerance at a single temperature point.
Curves 12 and 13 may only have + 5% or + 10%
resistance tolerances specified. Contact the factory for
further information.

7. Tolerance Availability vs Configuration
Not all temperature/resistance tolerances are available
in all configurations. Basically, Hybrids, uncoated NTC
thermistors without leads and uncoated NTC

thermistors with leads are only available in + 5% or
+ 10% point-matched resistance tolerances.

8. Measurement Accuracy

Thermistor resistance measurements must be made
at precisely controlled temperature while applying
essentially zero-power to assure measurement
accuracy.

RESISTANCE-TEMPERATURE RELATIONSHIP
Many empirical equations have been developed over
the years in an attempt to accurately describe the
non-linear resistance-temperature dependence of NTC
thermistors.

An early equation called the “Beta” formula proved to
be useful over narrow temperature ranges for broad
folerances. The Beta formula may be written using a
single material dependent constant B as:

R (T) = R (To) exp[ B (1T—T15—)]

where R (T) is the resistance at the temperature T in
Kelvin and R (To) is a reference point at temperature
To. The Beta formula requires a two-point
calibration, but under the best of conditions is not
accurate to + 1°C over the range of 0°C to + 100°C
and typically not to = 5°C over our published
temperature ranges.

The best empirical expression published to date is
the Steinhart-Hart equation written explicitly in
temperature T as:

T N e st

+ =A+B(NR)+C(nRP |

where In R is the natural logarithm of the resistance

R at temperature T and the A, B and C’s are derived
coefficients from actual measurement. This form of the
Steinhart-Hart equation requires a minimum of three
calibration points to determine the derived coefficients.
Typical accuracies would be less than + 0.15°C over
the range of - 50°C to + 150°C.

If the temperature points selected from the R-T

tables to calculate A, B and C lie within a + 100°C
range, the accuracy is better than + 0.01°C,

assuming measurement accuracy to at least four
significant figures and preferably five.

The Steinhart-Hart equation is an approximation. If

a tighter tolerance than guaranteed is desired, then
each thermistor must be individually calibrated.

www.vishay.com
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PTC Thermistors

C

PTC (Positive Temp Th
sensltive resistors made of po\ycryslalllne caramic matsrials. Thsy
b

are

change in a

s S S

YAGEO

are char
NTC Th rm' t S small temperaiure span All PTC veslstancas +30% 8t 25°C.
e Is or Toterance on transilion temperature ls £7°C.
NTC (Negailve Temp Coetficient) Th ~ ] me | Trn T oim ,
D increases. Tt range from 20%/‘(: to —S%I'C , - . . .
@ 25°C. Maximum operating temp : 150°C. T  £20% 100-50:£10% Oper. | 25°C | sition A DigkKéy*.
1K-100KQ, volt. | () - | Temp. I D.Ct | (mm) PartNo, . "
12 1 120°C | 140 | 1524 KC012P-ND
DighRey. -~ - . PriceEach 12 2 120°C | 140 | 15.24 KCO13P-ND "%
Part No. 1 ‘10 . 100 * 250 12 10 | 11e°c | 70 889 | ' KCO14P-ND
3 y 276 248 186 1.55 12 25 10°c | 7.0 .89 KCO18P-ND.
. ! 219 197 1.55  1.73 y
! } “KCO1iNNDs -0 219 197 185 123 25 | 50 | 30°C ¢ 70 | 762 ) KCOOIP-NOW
1 g KCO2IN-NDS. - 224 202 150 126 25 50 40°c 1 7.0 7.62 | KCO02P-ND*
. X KCO24N-ND+ 240 2.18 171 135 25 so §0°C | 7.0 7.62 KC003P-ND*
X X KCO03N-ND& 272 245 193 153 25 50 80°C | 7.0 7.62 KCO04P-ND*
X ! ) ﬁgg(;g::g o gﬁ 245 193 1.53 25 50 70°C_| 7.0 782 KCOOSP-ND*
300 685 | 65 559 | - -ND& ) 1.93 152 121 . NDF
200 685 | 65 | 589 | KCOSANNDR., 214 193 152 121 2% | S0 BCC L 70 162 KGOO7P-ND* - -
100 685 | 65 | 559 214 193 152 121 3 1750 4 90°C 70 | 762 . KCOOBRIND:. -,
50 885 | 75 9.40 | 'KCO22N-ND ~**+ 219 198 156 124 25 50 | 100°C | 7.0 7.62 KCOO8P:ND* ",
10K 960 | 25 279 | KCO25N-ND# 272 245 193 153 % 50 110°C | 7.0 7.62 KGO10P-ND*
5K 910 | 25 279 |* KCOOSN-ND& 272 245 193 153 25 50 120°C | 7.0 7.62 KC011P-ND*
3K 9.10 25 2.79 ‘KCOO4N-ND# =~ 272 245 1.93 1.53 50 5 85°C 14.0 15.24 KCO18P:ND
2K 910 | 65 5.59 2.4 193 152 121 50 10 110°C | 100 | 1143 ~KCO17P-ND
1K 9.10 | 65 5.59 2;4 1.93 152 121 o e 110G | 120 | 1143 | KGO1BP-ND
300 9.10 | 9.0 | 1092 36 213 168 133 . : - : .
25K 1141 | 28 | 279 288 260 205 162 50 | 200 | 110°C | 9.0 [ 1016 |- KOOI8P-ND _
10K 141 | 72 5.59 244 220 173 138 120 10 120°C | 200 | 2032 |., KCO20P-ND
100K 12.90 2.7 279 |+:KCOOBN-ND# ', 2.88 2.60 2.05 162 120 20 120°C | 18.0 16.51 KCO21P-ND
50K 1290 | 25 279 |:IKCOOBN-ND . 288 260 205 162 120 |25 60°C | 150 | 1524 |7 KCOZZP-ND
25K 1290 | 65 559 235 2142 167 -+ 1.33 h ND-
200k | 1362 | 25 | 279 288 260 205 162 120 | 50 ) 120°C | 120 | ta70 | KCOZ3P.ND
100K 1382 | 85 5.59 235 212 187 133 240 gg 1615(1 g ::g ::;“ zggggs:g
— 240 ! : X
1 D.C. — Dissipation Constant (MWF°C) 240 | 50 | 110°C | 180 | 16.51 | iKGD2EP-ND "
+1 Resigtance Ratio -— ratio of zero power resistance @ 0°C to zero power resistance @ 50°C: AWG. 240 100 120°C 18.0 !6‘51 KC027P-ND
+ KCNTC-KIT-ND  Digi-Key® NTC Thermistors Kit 2 each of 15 values denoled (30 total placas). 240 | 1500 | 100°C | 120 .89 ' KC028P:ND
Notabook slyle slorage case and bin atorage guide included $39. - .
460 | 1000 | 100°C | 18.0 | 19.05 | -KCO2OP-ND' «;:.;
480 | 2000 | 100°C | 150 | 1387 “KCO30P-ND
480 | 5000 | 100°C | 120 8.89 13 KCO31P-ND._ -

1 D.C. - Disslpation Constant (MW/°C)

* KCPTC1-KIT-ND  Digl-Key® PTC Thermistors Kits 2 each of all values denoted (20 tole! pleces).

Notebook style storage case and bin storage gulde Included. ........

5% Carbon Film Resistors
Available In 1/8, 1/4 and 1/2 Watt

33 .
T8 .
38"
4.3
4.7 K
8.1 >0K, B00K:, SIOK 910K'W 6!
isti
, Temperature Molsture hort-Tin ' Voitage ' Solvents
Terminal Strength Change Vibration Aeslutance - Load Lifs Strength Resistanca Ovaerload Costficient Rasistance
0.8mm load 10N 25 230°C 0.5% % hr. @ -55°C, 1.5mm displacement A Rmax. =3% | A Bmax. =25% 1000 hrs.: 70°C: 500Vrma appl. Room lemp., disslpa- 5 ppm No damage
{1kg): 108 & Amax. activated flux 4hi. @ +155°C @ 1010 500 Hz; Pom or Vinax. for 1 min.: flon 8.25x Pnom. 10
0.25% » 0.050 A Amax. 0.25% § cycles: 3 Amax. A Amax. A Rmax. No breakdown cycles,; 5 g8c. on, 45
+ 0.250 0.25% + 0.250 0.25% + 0.0502 1% + 0.050 sec¢. off; A Amax.
0.25% +0.0502
CFR H General Spacifications
Series Type Dimensions Max. Max, Rated B
>3 4 (Power {mm) Working Overload Ambiant Temp.
vﬂl‘:}: s Rating} L a d Voltaga Voltage Cycling Range . Tolerance
j 1/8 Watt © 33:04 _ 18£03 052005 200V 400V 70°C ~55°C to +155°C 1.00 (0 10 M 5%
L o
28x1 L 2Bx1 1/4 Watt 63205 23x03 06x0.05 250V 500V 70°C —55°C to +155°C 1.00 to 10MO *5%
1/2 Watt 30205 32+05 0620.05 350V 700V 70°C ~55°C fo +155°C 1.002 to 10M0 +5% S

ndustiy’s lowast cosll o ' " B
L available in 1/8, 1/4, 1/2 wall; packaged  [—rserBXON

1/8 Watt, 5% Carben Fﬂm Raﬂs!m {* Power mlng awwe i

Bulk Package

“Digl-Key:
Part.No.

Pricing !
At BN

12.22/

11,2008 10.3404 - |

1 L
0 20 40 60 B0 100120140160°C “E" = Eighth Watt; *Q” = Quarter Wa

inbulk or tape/rasl (except 1/2 walt) =1 Bulk Pa
PExcaeds carbon comp MIL-R-11 1/8 Watt, 5% Carbon Flim Reslstors — Tape and Resl
pariormance (* Power rating at 70°C = 1/6W) (5,000 pcs./reel —
b Slandard toterance: 65% Qrder in multiples 0f5,000). .....oveypeereneeiizeniieieeens — o — 14.95/'M 18480/M 11.04M
- Excaptional long-term stability 174 Watt, 5% Carbon Fiim Resistors . Av -
Bulk PACkage. ;. oitoeirer it 389 82 827/M TEUM ___624M

7 Deraling Curve 1/4 Watt, 5% Carbon Fiim Heslslors — Tape and Reel : ’
= 100 (5.000 pcs./real —

3 8 Order in multiples 0f§.000). ....o.veeveeeieiiin sz - = 8.94M 8,25/M 6.60M
140 1/2 Watt, 5% Carban Fiim Resistors - : ’ }

H 2 27 3.96° 1287 11.80M 10.89M4 -950M

]

T

Digi-Key® 1/8 Watt Resistor Assortment

:__ §#sE200-ND 200 each of all sid. values 5% 1/8 watt carbon film resistors
e saries 1.0 - 10 megohms (33.800 total pes.)............... $409.00

AS112-ND Sel of 5 each of 73 standard 5% 1/8 walt carbon film

total pieces) $16.96
212-ND Set of 5 sach of the 72 standard 5% 1/8 watt carbon film
esistors in the series 1.1, 1.3, 1.6, 2.0, 2.4, etc., (hrough 910 kilohm
10181 PIBCASY ..o vvirariie it $16.99

istors in the series 1.0, 1.2, 1.5, 1.8, 2.2, elc., through 1.0 megohm -

Digi-Key® 1/4 Watt Resistor Assortment
RSQ200-ND 200 each of ail std. values 5% 1/4 watt carbon tilm resist-
ors in the series 1.0 - 10 megohms (33,800 lotai pcs.) ......... $239.00

RS125-ND Set of 5 each of 73 standard 5% 1/4 watt carbon film
2.2, etc., through 1.0

resistors in the series 1.0, 1.2, 1.5, 1.8,
megohm (365 tolal pieces)................eee

$14.95

RS225-ND Set of 5 each of tha 72 slandard 5% 1/4 watt carbon film
.6, 2.0, 2.4,

resistors in the series 1.1, 1.3, 1.6,
. (360 totat pieces). .

stc., through 910 kitohm

Digi-Key® 1/2 Watt Resistor Assortment

RSH200-ND 200 each of all sid. values 5% 1/2 wat carbon film rasis-
tors in the series 1.0 - 10 megohms (33,800 total [<N PRSP $335.00
RS150-ND Set of 5 each of 73 standard §% 1/2 watt carbon fiim
rasistors in the series 1.0, 1.2, 1.5, 1.8, 2.2, etc., through 1.0 magonm
{365 total pieces). $16.
RS250-ND Set of 5 each of the 72 standard 5% 1/2 watt carbon mm
resistors in the series 1.1, 1.3, 1.6, 2.0, 2.

{360 total pieces .

alc., through 910 kilohm
$16.95

More Product Available Online: www.digikey.com
Tall-Free: 1-800-344-4539 + Phone: 218-681-6674 < Fﬁx: 218-681-3380

(fozz) 637




: Tabie 2-1. Sample Connections with User Bridge Cable Connected

Sampie Puck

(BOTTOM VIEW)

SAMPLE
PUCK

SAMPLE
CONNECTOR

GRAY LEMO
CONNECTOR

USER BRIDGE BOARD
FUNCTION

Cur Driver 1+ (unused)

Gray Lemo Connector

Cur Driver 1- (unused)

Cur Driver 2+ (unused)

Cur Driver 2— (unused)

Channel 1 I+

W

Channel 1 I-

Channel t V+

Channel | V-

i Channel 2 I+

Channel 2 -

Channel 2 V+

o|lvlw| 9| an]lwnl & w

< Rl -] ~3 (=2} w

Channel 2 V-

11

Channel 3 I+

Channel 3 I-

13

* Channel 3 V+

14

Channel 3 V-

" Channel 4 I+

-+ Channel 4 I-

. Channel 4 V+

| Channe! 4 V—

Shield
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; -~ vesistance. oasur ements resistomes  Miaswre menks

G 1 \‘kumwefﬂm. | f f2§+‘¥\wmgmo+e,y5

ITEM DEFINITION

Comment System status and TTO software comments.

; : ‘ : : . | | i | | | Time Stamp Time of measurement data point, expresse& in

- : ok ! ; : S : . ‘ : minutes or seconds, and as an absolute time or

: : : : ! : ir{ % e 5/\' IR : : relative to the start time of the data file. -] 777
o | : i ”

THot (K) . Temperature of sample hot thermometer, - F

"»«9 1N e -Cold (K) Temperature of sample cold thermometer. > . 1

T-Sys (K) Temperature of PPMS system thermometye'r;”

! ; *‘ a P M/Ww Delta T (K) Temperature drop across sample thennomgieﬂrs". o

Model Delta T (K) Curve fit of AT to software thermal model. O

- ’ Seebeck (uV) Raw Seebeck voltage. ;
o g . ‘ Model Seebeck (uV) Curve fit of Seebeck to software thermal model.
\3 : ‘ Res. Excit. (mA) Excitation current from resistivity measurement.
- ‘ Res. Signal (mV) Signal voltage from resistivity measurement. S
: !




ITEM

DEFINITION

Time Stamp

Time of measurement data point, expressed in minutes or
seconds, and as.an absolute time or relative 1o the start time
of the data file. .

Status (code)

PPMS system status. [dentical to General Status in table 3-1.

Error (code)

TTO error code. Appendix B describes how to interpret the
code.

Magnetic Field (Oe)

Magnetic field.

Sample Temp. (K)

Average sample temperature during measurement.

Conductivity (W/K-m)

Sample thermal conductivity.

Cond. Std. Dev.

Error (standard deviation) in thermal conductivity
measurement.

Seebeck Coef. (uV/K)

Sample Seebeck coefficient in units of pV/K.

Seebeck Std. Dev.

Error in Seebeck coefficient measurement.

Resistivity (Ohm-m)

Sample resistivity.

Resist. Std. Dev.

Error in resistivity measurement.

Figure of Merit [ZT]

Dimensionless thermoelectric figure of merit ZT.

Merit Std. Dev.

Error in ZT measurement.

Delta Temp. (K}

Extrapolated (asymptotic) temperature drop AT across heated
sample.

Conductance (W/K)

Net thermal conductance of sample. See section 1.5.5.°

Raw Conductance (W/K)

Raw thermal conductance, that is,
(Heater Power)/(Delta Temp.).

Seebeck Voit. (uV)

Extrapolated (asymptotic) Seebeck AV across heated sample.

Resistance (Ohm)

Sample resistance.

ITEM

DEFINITION

Min. Temp. (K)

Minimum temperature at either hot or cold thermometer
during measurement.

Max. Temp. (K}

Maximum temperature at either hot or cold thermometer
during measurement.

Temp. Rise (K)

Rise in temperature of the hot thermometer due to the applied
heat pulse. Should be close to user-requested value set in
Thermal tab.

Req. Htr. Power (W)

Requested heater power, in watts.

Heater Power (W)

Actual heater power.

Rad. Loss (W)

Estimated power loss due only to radiation from sample. See
section 1.5.5.

Cond. Pwr. (W)

Estimated net power conducted through sample.

Heater Current {mA)

Current through heater.

Res. Drive (mA)

Current drive used for resistivity measurement.

Res. Freq. (Hz)

Frequency used for resistivity measurement.

Period (sec.)

Period for heater on/off square-wave puise.

Period Ratio

Ratio of period/taul.

taul (sec.) Long thermal time-constant of sample and shoes.
tau2 (sec.) Short thermal time-constant of sample and shoes.
Seebeck Gain Total gain (preamp and DSP) for Seebeck data point.
Resist. Gain Total gain (preamp and DSP) for resistivity.

System Temp. (K)

PPMS block system temperature.

Sample Position (deg.)

Used with rotator probes; not used in TTO*.

Brg Ch 1-4 Resistance

Resistance of selected user bridge channel.

Brg Ch 1-4 Excitation

Excitation current of selected user bridge channel.

Sig Ch {2 Input Voltage

Input voltage for selected signal channel.

Digital Inputs (code)

Eight-bit status of selected inputs.

Dr Ch 1-2 Current

Current delivered by selected driver output channel.

Dr Ch [-2 Power

Power delivered by selected driver output channel.

Pressure

Sample chamber pressure, in torr.

Map 20-29
Map 21-22

User-designated data items.
Reserved for hot and cold sample thermometers.
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P1-USER BRIDGE USER BRIDGE BOARD
“D” CONNECTOR FUNCTION
1 Cur Driver 1+ (unused)
14 Cur Driver 1~ (unused) :
2 Cur Driver 2+ (unused)
15 Cur Driver 2~ (unused) ;'
5 Channel 1 [+
18 Channel | I-
6 Channel | V+
19 Channel I V-
 —— 7 Channel 2 I+
‘ 20 Channel 2 I-
8 Channel 2 V+
21 Channel 2 V- ;
9 Channel 3 I+ -
2 Chanrel 3 I~ ;
10 Channel 3 V+
23 Channel 3 V-
11 Channel 4 [+
24 Channel 4 [-
12 Channel 4 V+
AAAAA 25 Channel 4 V-
13 Shield
" Limits and Resolution
The user bridge board automatically adjusts the Table 2-2. Current, Power, and Voltage Limits :
excitation current of its active channels, but you S
can specify the maximum allowable current, PARAMETER VALUES
. power. and voltage for each channel (see table Current Limit £0.01-5000 pA

2-2). The excitation current is limited by the
specified maximum current, voltage, or power— Power Limit 0.001-1000 pW RN
¢ whichever parameter setting limits the excitation
__current to a lower value.

Voltage Limit 1-95 mV

The nominal resolution of the user bridge board is determined by the resolution of the A/D converter
and by the maximum appficable current. Accordingly, nominal resolution on the most sengitive range -
is 3.81 nV/5.00 mA = 0.762 Q. In practice, environmental and internal noise sources usually limit
measurement precision to around 20 nV, or 4 uQ with a S-mA excitation. Measurement resolution
also depends on the internal gain setting and the excitation current, which can be affected by the
resistance being measured and by the specified limits for current, power, and voltage.

The maximum measurable resistance is computed from the maximum potential drop that can be
measured and from the minimum useful excitation current, which is determined by the user bridge’s
DAC resolution. The nominal maximum measurable resistance is thus 95 mV/2.44 nA = 38.9 MQ.
However, such a measurement would require an excitation current very near the DAC resolution. B
In practice, user bridge board error increases drastically above approximately 4 MQ. Errors in excess .
. of 1% can be anticipated when measuring resistances greater than 4 MQ. The expected error increases -
to-5-10% around 9 MQ. ~




f L 1222  Internal Excitation Current Range Selection

B

The excitation current range selection for the user bridge board Table 2-3. Current Ranges
is performed internally. However, it is useful to understand
the range selection process. Table 2-3 lists the four excitation MAXIMUM STEP ¢ ;
current ranges and the corresponding step sizes. CURRENT SIZE A

e The bridge board uses the range resulting in the smallest step 5.0 mA 244 pA
‘ size while still providing the necessary current. For display 5

1 L g X 244.00 nA
N \wﬂgj; 1 Y L % R 05 mA -

purposes, the excitation current is rounded to the nearest step
va\:‘i JAW .

value. 50.0 uA 24.40 nA

Step size is calculated by 5.0 pA 2.44 nA ‘‘‘‘‘‘‘‘‘ —

Max Current

Step Size = —T— /A‘

because the excitation DAC is 11 bits (bit 12 designates the current’s sign).
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G //Wéfﬁm
%MWLEMO ks

FGG Stranght plug, key (G) or keys (A...M),
cable collet and nut for fitting a bend relief —

Dimensions (mm)

L M | 81} 82

275185 55| 5
350|250, 80| 7
42.0133.0/10.0| 9
48.0[36.0/13.0] 12
56.5)41.5|15.0] 15
71.0]53.0/21.0] 20

Note: 1) the surface design of the 00 series is different.
The bend relief must be ordered separately

H

GMB Strain relief

@ Cable | Dim. | Nutforfiting the |
min A |strain relief part nb
2.5 2.5 FFM.00.130.LN

28| 28 |FFM.00.130.LN
32| 32 |FFM.00.13Q.LN

Not
for use with all crimp models and nut for fitting a strain relief v

b the last letter of the part number “G” specifies the colour :
grey. Refer to the table to the left to define another colour
and replace the letter “G" by the one corresponding to the
colour required.

® Material: Polyurethan (Desmopan 786)
@ Operating temperature: -40°C + 80°C
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PPMS Log Data File
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PPMS Log Data File

52
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~~~~~~~~~~~~~~~~~~~~~
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1
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ce {ohm
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46

Bridge 1 Resistan:

44

42

495 77 79 21 23 25 27 29

Time Stamp (minutes,relative)
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Bridge 1 Resistance (ohms)

Drive 1 fout {mA)

o3 3 36 6 40 42 4 46 48 50

Time Stamp (minutes,relative)
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| | | | | v | | A : T : : :

Sequence File: HOwl. g

1. LogData Start New 2.00 622839 2094079 7 "C:\WINDOWS\Desktop\LogPpmsSeq.da
t" "Heat Capacity Sequence V1.0" "First Test of Mock Puck w/ Orange Cable

"
Wait For Delay 30 secs, No Action P\c\n en § (0/7-6/02
Scan Time 0.0 secs in 5 steps

Driver Output Channel 1, 6.0mA, 0.1W

Wait For Delay 180 secs, No Action

Driver OQutput Channel 1, 0.0mA, 0.1W

Wait For Delay 180 secs, No Action : !
End Scan !
LogData Stop "First Test of Mock Puck w/ Orange Cable" .

WO U WD

Heat Capacity Sequence V1.0

Bridge 1 Resistance (ohms)

ms)
SN
N
(o]

e (oh
s
o
3}

5
o
o

2 Resistanc

E
o
3]

dge

Bri
BN
o
o

DOrive 1 lout {(mMA)

? & 5 70 15 20 35 30

Time Stamp (minutes,relative)
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Sequence File: HCvl.1l |

LogData Start New 2.00 622839 2094079 7 "C:\cryolab\06-21-2002\HCvl.1l Log
PPMS.dat" "Heat Capacity Sequence V1.1l" "First Test of Mock Puck w/ Orang

e Cable"

Chamber Vent then Seal R
un [a18]
bf2ifoL.

Wait For Chamber, Delay 0 secs, No Action
Chamber Purge then Seal

Wait For Chamber, Delay 0 secs,
Chamber High Vacuum

Wait For Chamber, Delay 3600 secs,
Wait For Delay 30 secs, No Action
Scan Time 0.0 secs in 5 steps

Driver Output Channel 1,

No Action

No Action

6.0mA, 0.1W

End Scan

Wait For Delay 180 secs,
Driver Output Channel 1,
Wait For Delay 180 secs,

No Action
0.0maA, 0.1W
No Action

LogData Stop "First Test of Mock Puck w/ Orange Cable" S TR S -
0& RERECA
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Heat Capacity Sequence V1.1
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Sequence File: RealHCPuckTestl

1: LogData Start New 0.25 1073741823 2094079 7 "C:\cryolab\07-24-2002\RealHC :
PuckTest (Cryo) LogPPMS.dat" "Heat Capacity Sequence V1.5" "Second Test of {
Mock Puck w/ Orange Cable"
Scan Time 0.0 secs in 5 steps
Driver Output Channel 1, 0.5mA, 0.1W
Wait For Delay : lao?sézgwwﬁgﬁActlon 50 Torseds
Driver Output Chapmel 1, 0.0mA, W e sesd
Wait For Delay ;

0} secs, No Actlon

@IV W

End Scan
LogData Stop "First Test of Mock Puck w/ Orange Cable"
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Sequence Flle RealHCPucKTestl

. 1: LogData Start New 0.25 1073741823 2094079 7 "C:\cryolab\07- 24-2002\RealHC
| PuckTest (Cryo) LogPPMS.dat" “"Heat Capacity Sequence Vv1l.5" "Second Test of
- Mock Puck w/ Orange Cable"

Scan Time 0.0 secsgin 5 steps ﬁb\ﬂ ¢n /7'%/(/ pA

Driver Output Channel 1, 0.5mA, 0.1W

Wait For Delay 180 secs, No Action

Driver Output Channel 1, 0.0mA, 0.1W

Wait For Delay 180 secs, No Action

End Scan
LogData Stop "First Test of Mock Puck w/ Orange Cable"
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Mark Seebach ,dinesh.martien@gqdusa.com,neil.dilly@qgdusa.com, 10:42 AM 9/5/02 -0700, Disconi

" Mark Seebach ,dinesh.martien@qdusa.com,neil.dilly@gdusa.com, 10:42 AM 9/5/02'\-0700, Disconi

To: Mark Seebach
<mark.seebach@qdusalcom>,dinesh.martien@qdusa.com,neil.dilly@qdusa.com
From: Michael Hall <mhall@ligo.caltech.edu>

Subject: Discontinuities in the Temperature

Cc: desalvo_r@ligo.caltech.edu,hareem <htarig@ligo.caltech.edu>

Bee:

Attached: C:\WINDOWS\Desktop\QD-Temperature xIs;

To whom it may concern:

| am writing to you in reference to a problem that was recently discovered at Caltech in the
data taken by the Cryostat. Although this problem exists in your system, we do not at this time
befieve it to be a problem with your software. We see similar problems in other experimental
setups and suspect that the problem lies within the National Instruments data acquisition board.

If this is true, we are interested in discussing the problem further with National Instruments.
Because National Instruments data acquisition boards are such a crucial part of your products,
we think that it may be beneficial to discuss this idea with you before making contact with
National instruments. | will describe the problem briefly:

On at least three different Nationa! Instruments data acquisition boards {Two PCI-6031E
boards and your PCI-GPIB board), we are experiencing random fluctuations in voltage which
correspond to discontinuities in the measured parameters (such as displacements or
temiperatures) that are unphysical in nature. For example, these fluctuations occur every 60
seconds in the Cryostat on the following channels:

System Temperature
Platform Temperature
Neck Temperature

And it appears as though they may also occur on the following channels:

Biock Heater

Block Heater Power
Block Heater Current
Neck Heater Current
Neck Heater Power

Attached to this e-mail is a Microsoft Excel workbook which details some of these gaps. In
the case of temperature, the voltage fluctuations make it appear that the temperature has left
equilibrium and so the Cryostat attempts to re-attain equilibrium, but because the temperature
fluctuations are often times the resuit of a voltage fluctuation of the data acquisition board, the
Cryostat is using a noisy signal as a feedback source. As the attatched plots show, as the
Cryostat attempts to bring the system back info equifibrium, it is instead causing much greater
fluctuations in temperature, which can be transferred into more important thermometers that are
used for TTO or Heat Capacity measurements.

We are interested to know if you have discovered this problem in the past and if you can find

Printed for Michael Hall <mhali@ligo.caltech.edu>

any similar errors with the data you have collected. We think it may be beneficial to discuss this
problem together with the possbility of discussing it further with National Instruments in the
coming weeks. Please let us know what kind of information you have availabie.

if possible (and if the problem requires further discussion and analysis) we would be
interested in mesting with you the week of September 16.

Regards,
Michael Hall

(626)-395-2063
mhali@ligo.caltech.edu
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" Mark.

" Mark Seebach, 10:49 AM 9/11/02 -0700, Re: ATTN: Mark Seebach Page 1 of 1

" From: Mark Seebach <mark. seebach@qdusa. com>
~- To: Michael Hall <mhall@ligo.caltech. edu>

Date: Wed, 11 Sep 2002 10:49:23 -0700
Subject: Re: ATTN: Mark Seebach

 Priority: normal
~ X-mailer: Pegasus Mail for Windows (v2.54)

Michael, The new shoes shipped out yesterday, they should be there,
~ let me know if not. Regarding coming down and meeting, i’m on
“vacation 9-16 to 9-20 but if the 17th works, you could meet with
. Dinesh and Neil, I'm sure they can help.

However, in discussing the 60 sec. jump, we were looking at the data

and the measurements you show are being taken with our bridge board
not the NI card. The maximum jump is about 0.01%. Most of the jumps

' are 0.005% The jumps occur every 60 sec. because the bridge card

calibrates itself on internal resistors once/60 sec. The accuracy of

" these calibrations is limited to 0.01% so a jump will be observed ea.
- time a calib. occurs.

This is typical system performance and about the only suggestion

‘might be to replicate your studies here (what sample, sequence &
~ settings) and see if we observe similar results. The only (and
. it’s a shot in the dark) improvement may be to try different bridge
boards to see if it improves. We will try to do this prior to Sept.
~17.  With the above info. if you and Rico still want to come down, no
~ problem, I just don’t want you to make a special trip to find out,

“that’s as good as the system can do”. I will send your data over
to Steve Lauridsen our PPMS application scientist to see if he can

 get system time to begin the tests. Can you send me the sequence,
© settings and info. on the sample you were measuring when the jumps
- occured?

" Thanks.




Sequence File: ThermometerCalibration

ol LogData Start New 0. 25 1073741823 1073741823 1073741823 "C \cryolab\o7 25
- -2002\Thermometer Calibration For HC Puck\secondattemptatcalibration.dat"
"Thermometer Calibration For Real Heat Capacity Puck" "At 15 minute stab : : :
ility times..." e ! =
Set Temperature 400.00K at 20.00K/min. Fast Settle ; :
Wait For Temperature, Delay 300 secs, No Action : i
Scan Temp from 400.0K to 20.0K at 20.0K/min, in 77 steps, Uniform, Fast o : {
Wait For Temperature, Delay 900 secs, No Action | o
End Scan F— :
Scan Temp from 20.0K to 2.0K at 20.0K/min, in 19 steps, Uniform, Fast : i
Wait For Temperature, Delay 300 secs, No Action !
End Scan ;
Set Temperature 300.00K at 20.00K/min. Fast Settle E—
LogData Stop "At 15 minute stability times..." :
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Thermometer Calibration For Real Heat Capacity Puck
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Thermometer 2 @ 190K -- Resistance Histogram -- Multiple Peaks
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