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ABSTHRACT

Meeeuﬁemente of electric“Field dependence of conductivity
of semiconductor thin films are very important in under-
stendlng the electrlcal characteristics of these materlals.
in these measurements it is necessery to use a chamber
whose temperaturevcen be kept constant for a desired period

of time.

In tHis thesis, design end'construction oF an environmen-
tal chamber enabling electrical and electro—cptlc measure-
' ments are considered, and epec1al emphaSlS is glven on
platlnum PESlStanCE thermometry and temperature control.
Power dissipation type tempebature;centrel_is employed,
and Fully:electronic temperature control is eccomplish—
-ed in two'etages;iTempehethe excursions ere_qg5 °c at

the meetlin:the temperature~rehge_oF ;lSD,OC'toISDD “c.
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Yariiletken ince Film tébékalarlnln‘elektriksel Szel-
liklerini belirlémek‘aglslndan‘bu maddelerin elektrik
alan bajimliliklarinin ve Fotoiletkenliinin gesitli
sicakllklarda Blgﬁlmesi Snem taglmaktadlr.fBu Glgimle-
rin yapilmasi sirasinda sicakligin istenilen bir kade-
S mede sabit tutulmas;nl saglayan bir dUzenekté bihndenek

tutucusu gerekmektedir.

.BQ tez gall§ma51hda,'elektbik ve elektro-optik 8lglim-
~ler'yap11ma51na_olahak saglayan bir dlzenegin tasaraim:
ve yapiml ele.allnmlgtlh. gallghanln bliytik bir kismai
platin direng ile sicaklik Blglimli ve sicaklik deneti-

mine ayrilmigtir.

Sicaklik, glg harcama'denetimi ydntemiyle, timl elek-
tronik olan bir devreyle iki kademede denetlehmekte-
dir. Sicaklik denetim alani -190 °c ile 600 °c olup,

istenilen 51cak11ktan sapma En'gok 0.5 90 dir.
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INTRODUCGCTTION

In the Physics Department research on amorphous silicon
is conducted to Formulate the den51ty of localized states
in the Forbldden band as a Functlon of energy, and to
eliminate these states by varlous methods in order to

- obtain an'electronlc conFlguratlon 51mllar to that of an
intrinsic semiconductor. In short, the aim is to obtain
amorphous silicon films thaﬁvcah be doped and can have

technological applications.

The two widely used methods to determine the density of

localized states in amorphous silicon samples are,

~1/4

assumption that the dominant contribution to the dc

l1- The applicatioh-oF Mott's T theory based on the
conductivity below room tempéhature‘is due to the

hopping of carriers between the localized states.

2- The measurement oF the contribution to ac conduc-
tivity of the den51ty of locallzed states in an

velectrlc field of variable Frequency.

The reliability and the results of these methods are
still controvertial. However in this research a different
method using the 'phase-shiFt’in the moduiated photo-
current! will be applied. (1]
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According to Mott's varlable range hopping conductance

thecry, the ccnduct1v1ty is glven by

o= o~ exp [ ;T‘/T*Jl/4' ; - ‘
© e .

whére ; :
Vv'Tc = N(ésogi l<. ~
S T FT ’
: .
ahd
——Qe NF\‘2
and . '
N::N[EFj : density’cF lccalized states around
the Fermi level
T\:ltemperature in Ok
:e_f elementary charge
: k‘:vBcltzmann =) ccnstant
y :cphcncn Frequency
cz1:‘time constant c% the localized
wave Functich

’H.E rédial distance.

‘o~ can be calculated Frcm the Apsley- Hughes model which
relates varlable range hcpplng ccnductlon tc the applied

electric field as

_ g2
N 29 24o<3 1/4 - 240C.1/4 B
o (T, p)= :@ o) expl-lg) T (- 50D

for small electric fields,

Fe
2xXkT

|
where -F: ;
/

and F is the applied electric field.
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Under these conditions lno- vs F° is a stfaight'line at -
a constant temperature T and unaer'a~suitéble’electric
FieldF.IF the slopes of lho— vs T-l/4:and lno— vs FE are
solved simultanéﬁusly;o(fl and NCEF] can be obtainéd'_
independehtly. Tpfacdompiish this, ohe should be able to
keep the tempebature of the’Sample'Cbnstant; for a
desired-heriod'QF time; while electric and-electro-optic

measurements are made on this sample.

In this thesis thé design and construction of a chahber
comprising a sample holder, whose temperature can be
regulated electronically, is considered. ‘

. In the first chapter, the parts of the chémbEh are dér
scribed. o

Temperature sensorsvapplicable_in the température range
of -190 °c to 800 °C are introduced in the second chapter
and the calibration of platinum'resiétanbe_temperature
'detéctors‘are discussed.: | |

In the third chapter, the electronic temperature measure-
‘ment‘and control circuitry éhe'describedu‘ |

The Fourth chapter, which is the user's manual, explains
how the chamber and the measurement and control units .
are used. ‘ , '

The last chapter discusses briefly what has been done in

~this study and suggests topics for further research,
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CHAPTER 1

THE ENVIRONMENTAL -CHAMBER

" 1.1. PROPERTIES OF THE CHAMBER
The chamber designed and constructed possesses'thé capa-
‘bility of keeping the temperature of a sample within the
chamber constant, while electrical and electro-optic

measurements are performed on this sample.

The>temperature of the sample can be kept constant within
: a'temperatuﬁe range of ~-190 to 600 DC, with maximum tem-
perature excursions of 0.5 °C, for a desired period of

time.

The chamber is so chStructgd that it can be”eVacuated;
primarily to eliminate the condensation of watér vapor
on the sample at low. temperatures and the Dxidizing
effect of the atmosbhere.ét High temperatures, and to
reduce heat transfer From the chamber to its surroundings

and vice versa.
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1.2. DESCRIPTION OF THE PARTS OF THE CHAMBER

Thevschemetic of the chamber constructed is shown in

FIGURE 1.1. The main parts of the chamber are:

- the base

" The base of the chember is mede of iron. it‘has Eeen
hlckel plated after the nltrogen tank and the ' pump out'
pipes were brazed on. Also 'Feed throughs' have been

fdrllled beFore the platlng. Copper conductors are embedded

 1n epdxy 1n these holes to. provide for electrlcal connhec—

tion between the 1n51de and the out51de oF the chember.

.'—dfhe nitrogen tank : ]
" The nitrogen tank is made of copper, and a pair of
stainless steel pipes provide nitrogen flow, while

another pair acts as support..

- fhe main heater ‘

‘The main heater, placed on the nitrogen tank, is
formed of a solid:cylinder;oF copper. The surface of
“the cylindeb is covered with porcelain end a nickel-
chromiumbtape'is sandwiched between this layer and
another layer dF’pdrcelein; The nickel;chrohium tape
is 2.4 metersvlong and has a resistance of 8.31 ohms
per meter at Eoom_temperature. Thus the heater can
supply power of aboufvSOD wetts; which is approxi-

‘mately equel to 144 caloriee,per'second.

- the thermocouple unit
A chromel-alumel thermocouple embedded in a copper
disk with porcelain insulation forms the thermocduple
unit which is situated on the main heater. The thermo-
couple unit and the main heeter'Cdnstitute the prepar-

atory stage.
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- the platinum unit _
Above the thermocouple unlt is the platlnum unit that
contains the platinum W1re the secondary heater and,

the base oF the sample hdlder.

The platinum wire of 70 pm diameter and of 0.57 m length

- is moumted on a cpppeh disk having grooves l mm deep

and 1 mm wide (FIGURE 1.2). The grooves have been first

- partly insulated with enamel, and:theeplatinum wihe was
sandwiched between this enamel layer and s layer of
pprcelaln. Although the platlnum resistance is sub ject
to etralns in thle type of mounting, thermal lag is
smaller with respect to the alternatlve method »

" where the-platinum resistance is mounted as
strain Free as pDSSlble and hermetlcally aealed.v
The aecondary heater is a 120 watts nickel- chromlum

: wire embedded in the groovea on a copper dlek between
a layer of ehamel and a layer of porcelaln.f
The base of the_sample holder, the disk contalnlng
the platinum wire, and the secondary heater were’ fas-
tened together with two screws and then annealed at
about 700 DC;Fort45;mihutea before calibhatidn. (1If
For any heason the unit‘is disassembled; dpoh reas-
sembling, the platinum resistance must be’anhealed

i

within the unit and calibrated again).

- the sample holder
The sample holder (FIGURE 1. 3] is mounted on the pla-
‘tinum unit with the aid of four screws hdldlng a ce-
ramic plate which carries the pressure contacts.
Between the screw heads and the ceramic plate are four
springs that push the plate down and cause the contacts
to press upon the sanmple. '
An inverted cup like cover acts as a heat shield around
~the sample holder. The cover has a hole at the top to

enable optical experiments.
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. 'FIGURE l.2

MOUNTING OF THE PLATINUM WIRE.
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'FIGURE. 1.3

SCHEMATIC DIAGRAM OF THE SAMPLE HOLDER.

- the heat shield
A stalnless steel plate was shaped 1nto a cyllnder
around the copper units to function as a heat shleld.

The shleld stands on porcelain thermal insulators.

- the Final enclosure
A pyrex cylinder and a top cover constitute the Final
enclosure. The pyrex cylindeF ¢an'withstand pressures
in excess of omne atmosphere. The top cover is a nickel
plated iron disk on which a saphire *window' cah be

mounted.



"CHAPTER 2

TEMPERATURE SENSING

2.1, INTRODUCTION TO - TEMPERATURE = SENSORS

The choice of =a temperature'tﬁénsducer for a particular
application is dependent upon many factors, including
the absolute temperature to be ﬁeasured, the temperature
span required, the desired accuracy and sensitivity, the
speed of PESPDHSE‘EEqUiPEd, the space available for the
. transducer, pressure and corrosive conditions at the
point of measurement, and whether the element whose

temperature is to be measured is stationary or in motion.

2.1.1. Resistance Thermometers

Resistance thermometers provide absolute temperatures in
the sense that no réFerence junctions are involved, and
no special extension wires are needed to connect the
sensor to the measuring instruﬁent. The basic character-
istics of resistance thermometers are:

- simplicity of Circuits,

-~ sensitivity of measurements,

- stability of sensors.



The sensors can be divided conveniently into two basic
”;groﬁpszrresistahce temberatuhe déteétqrs [HTDS] and
“thermistors., .

RTDs are electhical'éircuit'elements formed of solid
cohductprs (usually in wire'Formj that are characterized
by a ppSitive.coeFFicient_oF resistivity. The PTDs of
general usage are of . platinum, nickel, and copper.

- Platinum,being a noble metal; is used»exblusively for
. precision hesistance thérmomefers.;ﬁlatinum is stable
(i.e., it is relétively;indiFFeﬁent to its enQironment,
it:hesiSts corrosion and chemical attack, and it is not
readily oxidized), has a high melting point (i.e., it
shqﬁs little voiatization.below 1000 °c), and can be
obtained to a high dégheeboF purity (i.e., it has re-
producable electrical and chemical characteristics]).

In the text of IPTS—lSSé, platinum resistance thermom-
eters are deFined'as~Staﬁdahd interpolation instruments
for realizing the scale From -259.34 to 630.74 °C.
Nickel and'copper sensors are much cheaper than the
platinum sensors. Howéver nickel-is‘appreciably nonlin-
‘ear and has an upper température'limif‘oF,anut 315 °c.
Copper is quite linear, but is limited to about 120 °c,
-and has such a low resistance that very accurate meas-

urements are required. (2),0(3)

-Thermistcfs (thermally sensitiye resistors) are electri-
cal circuit elements formed of 'solid semiconducting ma-
terials that are characterized by a high negative coef-
ficient of resistivity. - )

At any temperature, a thermistor acts as any ohmic con-
ductor. If its tempéréture is permitted to change, how--
ever, either as a result of a change in ambient condi-
vtioné or because of a dissipation of electrical power in

it, the resistance of the thermistor is a definite,
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reproducible Functidn of temperature.AThe practical range

for which thermistors are useFul is from the ice point to
about 315 °C. (4] o

2.1.2. Thermocouples

The thermoelectrlc circuit in which an emF lS produced by , 
subJectlng the junctions of d1551mllar metalllc comblna— '
tions to d;FFerent temperatures-ls,exten51vely used in
both scientific and industrial thermométry. In circum-
‘stances where measurement accuracy iS“about 0.5 DC, a
thermocouple may even be the preFerréd temperature-sens-
ing elemént. There are several reasons for this. A ther-
mocouple is easily made, is small, and can be mounted
relatively simply in remote and fairly inaccessible loca-
tions; it requires .only :standard or industrial measuring

instruments; and is inexpensive.(4)

2.2. - Platinum Resistance as a Temperature Sensor

The variation of electrical resistance With temperature .
.provides a very conVenient,vaccurate and préctical method
for temperature measurement. This method is enhanced when
the material from which the theﬁmometer'is @ade has a

‘stable and easily~reproducible composition.

In the International Practical Temperature Scale of 1968
[IPTS-BSj the resistance-temperature (R-T) relation of
the platinum thermometer is determined from interpolating
formulas and resistance measurements at defining fixed
points. The eleven defining fixed points are established

by realizing specified equilibrium states between phases
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of pure substances. Below o °c the R- T relatlon of the
thermometer is Found from a reFerence function and spec-
ified dev1atlon polynomlals. From 0 °C to 630.74 °C a
quadratic‘interpblétion formula plus a correction func-

tioniprovidé»ﬁhe R-T relatioh.-(aj,[41

In the IPTS-48 (1860 text revision of ITS-48) the inter-
olatlng equatlons For the platlnum resistance thermom-

eters are,
the Callendar formula for the range O °C to 630.5 OG,

T T B |
Tog ~ ¢ : - 2.

_ T o
T=( J100 + S[‘ Tog

and the Callendar-VanDusen equation for the range
-182.97 °c to 0 °c,

| R -A SR
T=(—JT © I L T _ _1yT_ 43
T A 3100 . 8lls 100 104553 + BPlvgg -13(—+155 )
00 "o , _
2.2

T : temperature in °C,

HT : platinum resistance at temperature T,
- : measured resistance at the triple point of HED’
HlDD measured resistance at the normal boiling point
of HED; | _
€ : Callendar constant, determined from the data at
the mormal boiling point of sulphur, -
P : VanDusen bonsiant, determined From the data at

the mormal boiling point of oxygen.
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A pléfian resistance therhﬁmefer'calibrated in acbor—
dance with the IPTS—EB will have a best reprodu01bll—
ity of 1074 DC and anfaccuracy of 10~ -4 DC,.but the re-
quirements of the IPTS-68 are not within our limits.

Thus the IPTS-48 constituted the base of the platinum

resistance thermometer constructed.

One can rewrite Equation 2.1 and Equétion 2.2 so that
the r351stance of the platlnum wire is a Functlon of
-temperature as: -

RIT) = R_+ AT + BT . 2.3

for the 0 °c to 630.5 ?C range

and
R(T) = P, + AT + BT + c(T-100]T 2.4
' — o o .
for the -185.97 "C to 0O C range
where )
T : temperature in OC,
R(T) : platinum resistance at temperature T,
Hd : measured resistance at the ice pointg

A,B,C : constants determined from constant temperature

baths._

TABLE 2.1 shows the constant temperature baths performed
and the corresponding absolute resistances of the plati-
num unit obtaimed using the experimental set up shown in_
‘ FIGUHE 2. l With these values, thé\constants of Equation

2. 3 and Equatlon 2.4 were determlned to be.



Throughout the experiment
voltage across the platinum
resistance unit was kept
‘constant at 0.125 V. : 3 : I

‘ oc o N
VOLTMETER

GALVANOMETER

_— . - - “iT P . . . ‘ . -

| IR | N o : : - v -
'pLATINOM ! R : o — =
1 RESISTANCE | | I ‘ ~

| UNIT o | E

e

p

4D
adiE

== = = = 1 pousLe enit
CONSTANT — | _DOUBLE BRIDGE

TEMPERATURE .
BATH :

nc
AMMETER

FIGURE 2.1

EXPERIMENTAL SETUP USED FOR THE MEASUHEMENT OF PLATINUM RESISTANCE.
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A = 6.36407 x 10°° 1/°% .
. B= 3.53323 x 10°° 1/(°C)°
=-4.02754 x 10710 17¢°c1®
~ " TABLE 2.1

Bath type T (°c) H,[astL]”l
boiling point of N, - -195.8 '4.40773
ice point 0.0 17.6274
boiling point of H.O 100.0 24 .0268
‘paraffin 185.0 29.5219

The absolute resistance of the platinum resistance unit
versus tempeﬁature is shown in FIBURE 2.2 according to

Equation 2.3 and Equation 2.4 with the above vélues of

13

A,B,C and'Ho==l7.6274Jx. APPENDIX A includes a table of

‘HCTJ versus T with 2 °C increments.

FIGURE 2.3 is = comparison of the platinum unit and =a
standard platirum resistance thermometer (SPFT]. To be
suitable as an SPPT the resistor must be made of plat-

inum of sufficient purity that the finished thermometer

will have a value of H[lDD]/H[OJ.nDt less than 1.3925. (2]

In our case this value is 1.3630,

to the impurities in the platinum wire and non-strain-

Free mounting.

which is probably due
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2.3. THERMOCOUPLE TEMPEBATUHg SENSOR

. FIBURE 2.4 shows a thermoelectric circuit im which. an
emf (V__) is produced by subjecting the junctions of dis- .
similar metallic combinations (material A, material B)

- to different témperatures (Tl ’~T23'

MATERIAL A |

|
O
-9
g |
. 1 Vv i
T MATERIAL B 1| O
e —e
DR
N 1
. ‘ le
FIGURE 2.4 '
Vtc can be expressed as
o= X :
vtc A,B o7
T1
where T2>'Tl - N
and (o4 is the Seebeck coefficient for the combi-

A,B
nation of materials A and B at a temper-

ature T.

For standard thermocouples, thermoelectric voltage versus

temperature tables or the coefficients of power series
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ekpaaaicn for the tharmoalectria Voltaga:can readily be
Found'ih most handbqoks.»CAPPENDIX'B comprisas the table
" for Type K thermdcpuplés.l, ' k

IF tamparature differences of lD%'are tolerable, one can
'accomplish this by aaing ganaral“caiibration tables. If
one needs D.Ul'DC preaisibn;-or battar, it Will’ba nec-
essary to do eXtremely'caraFul in;placa calibration a--
‘gainst a calibrated thermometer such as a platinum or

germanium resistance thermometer. (5]

In the constructian.dF the,chambar‘a Type K tChromelfv

Alumel,‘Ni-lDCrvva.Ni—th—EAl—lSi] thermocouple is emp-
loyed to maasqra’teﬁperatura at tHa preparative stage.
FIGURE 2.5 shows tha configuration of the thermocouple

up to the amplifier stage of the electronic circuitry.

¢

. measuring . : reference
junction - //junction
ALUMEL KN,, Cu o—KN T KP o 'Cg e
."<::i L - N Vo
TE — - & -@

CHROMEL KP Cu  KP Cu

FIGURE 2.5



CHAPTER 3

- TEMPEFATURE MEASUREMENT AND CONTROL.

3.1. TEMPEHATUHE CDNTHDL BY POWEH DISSIPATIDN
CDNTHDL

Power dissipation contfol ie employed when the value of
thermal resistance between the controlled mess and its
heat sink is constant. The amount of power dissipated at
the controlled mass and its heat sink is regulated by

the set—peint to the measured‘tempebature diFFerence.

Elements of a power dleelpetlon type temperature control
loop are shown 1n FIGURE 3.1. Any difference between the
set-polnt 51gnal ‘and the temperature detector 51gnal is
introduced into the contrel system as an error signal.
The output of the coﬁtrol system is effective in regu-
lating the final control element in a manner that cor-
rects for disturbances which may be‘introduced to the
process. The measurement of the controlled variable, as
detected by the temperature sensor, is fed back ?DP
comparison with the set-point, thus completing the feed-
back loop. [(6),(7) | |

18



19

*-JOHLNOD NOILVJISSIO HAMOd A8 -JOHLINOD JHNLVHIWIL

[

© H371104.LNOD

1°€ 3HN9I4
IUNLYYIAWIL
INIOJ-L13S
40103130
FHNLYHIINIL
SSVW
Halvan 037104.LNOD




CONTROLLED : : N _ \ POWER
MASS - HEATEH , -~ RELAY W TTCH
i
!
|
 J
2221%?%%051 o . ' - COMPARATOR
| DIFFERENCE DIFFERENCE VOLTAGE TO_
» BRIDGE AMPLIFIER [~ AMPLIFIER P eE DURATION
BRIDGE o SET-POINT
| REFERENCE
\ CEMENCE - TEMPERATURE

FIGURE 3.2
BLOCK DIAGRAM OF THE PLATINUM,F‘\ESISTANCE TEMPERATURE MEASUREMENT AND CONTROL UNIT.
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3.2, PLATINUM 'RESISTANCE . TEMPEHATUHE MEASUPEMENT»
AND CDNTHDL TUNIT

3.2.1. Platihum Resistance Temperature Measurement

- The circﬁit used to measure e'temperaﬁuré errof [resis£+ o
ance change in the platinum wire]*ié.the Wheatstone

bridge. When the resistance element is connected to the
rest of the circuit of the brldge with lead wires whose

resistances are 51gn1F1cant compared to the r351stance‘

change of the - element (FIGURE 3.3]), the output Vrtd is
related to the input’Vb by the equation
AR+2R, : | -
r 4R+2AR+4R e - o

L

where'HL is the resistance of one of the lead wires.(8)

(See APPENDIX C. for the values of B .and HL.J

FIGURE 3.3

WHEATSTONE BRIDGE WITH PLATINUM RESISTANCE CONNECTED TO
BRIDGE WITH SIGNIFICANT RESISTANCE IN LEAD WIRES.



-The 1nput to the brldge 01rcu1t Vb is accompllshed by the'v
circuit shown in FIGUHE 3. 4 The voltage divider network
k“comprLSLng HE’Ha’H4 and the Zener dlode Dl prov1de the
»'reFerence voltage for the op—amp voltage regulator (9]
"Hd is a 20. turn trlmmer potentlometer mounted on the» _
‘ panel to prov1de the exact. adJustment DF \ Each turn- DF

b
'the potentlometer corresponds to 1 mV of adJustment. o

=

~

- DP-AMP VOLTAGE REGULATOR FOR BHIDGEVHEFEHENCE.

FIGURE 3.4

Types and values of éomponehtg are given in APPENDIX F.

s
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3.2.2. »’AmpliFicatiDH, Error éenefation'and Control

,Vrtd" the output of the bniﬁge cihcuit,”is;Fed to a pre-
- cision instrumentation amplifier (FIGURE 3.5). (The amp-
‘liFier has practically coﬁstaht Clbsedvloop gain of 400
‘ utilizing.ihternal resistors.) B
The output V; of the instrumentation ampliFieb‘is_com—.
pared with the s;t—goint température voltage Vpr'ahd‘
amplified to drive the 'voltage to pulse duration con-
verter' stage. The output VpEvdF this difference ampli-

fier stage can be written as: (10)

v =.B4y _ _RE.__ 'R3+ R4
pe — R3 p R5 + Ab R3 pPr.

~or,with H3= H5 and B4= HS |
) R4 . , . . i
vpe_ = C.vpr - vp)_

As well an input to the 'voltage to pulse duration con-
verter', Vpe is also an input torén op-amp employed as

a comparator. At this stage, V i.e., the amplified

difference between the set—poigs temperature voltage and
the voltage coEresponding to the actual’temperature‘is
compared with O V. '

The output of the comparator is fed to the base of the
transistor T3 via RB turning on or off the transistor

and consequently the relay RYl. (See FIGURE 3.8.)"

* vp and temperathe relations are given in APPENDIX F.
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FIGURE 3.5

COMPLETE CIRCUIT DIAGRAM OF THE PLATINUM HESISTANCE TEMFEHATUHE
MEASUREMENT., ERROR GENERATION AND COMPAHATOH STAGES.

e
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The fvoltage‘fo puléé duration converter' (FIGURE 3.Bj~
consists of 2 timers, one opéraﬁing in the oscillatory
mode. The périod of oscilléﬁions ?F the Firét fimeﬁ out-
put is determined by a'fimihg capacitor Cl and resistors
Rl and R2 as. . '

T= t/l-f- t

2
where _tl[output'highj==0.s7 Rl C1
and -+t loutput low }=0.67 R2 cl

Admitting this as ah'input{ the second-timer generateé
an output having the same periéd T but an incﬁease in
the duty cycle in accordance with the control Voltage>‘
Vpe (FIGURE 3.7}. Thus the photo diode in the opto-

coupler is driven.pﬁopohtional to the error voltage Vpe'

. 2 . |
RL | G : ;Ra
8 4 v 4 B
7 3 2 7
R2 - i
¥D2 IC1 _ IC2
: =L o—1 5 ' 6
D1 2 1 _ 3 1
pe/y i
te l
:%3 Cl - Vpo/vto :ﬁ; c2

" 'lll

FIGURE 3.6
'COMPLETE CIRCUIT DIAGRAM OF THE VOLTAGE TO
PULSE DURATION CONVEARTOR.

| | - . \
BQGA‘L'\QLE\NNERS'\TES\ \aummmes
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R L
0 2 4

FIBUHE 3.7

(a) DUTPUT WAVEFORMS OF THE VOLTAGE TO PULSE
DURATION CDNVEHTEH.

: AP el /0! - il '
‘Fbj THE GRAFH OF tl/(tl tEJFDF Vpo vs,Vpe.
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3.2.3. 'quer Switching

The photo—trens1stor eonducts when suFFlclent current
passes through the LED in the opto—coupler [see FIGUHE
3. 8] Thls,_ln turn,’ causes the Darllngton pelr (T1,T2)
to turn off so. that very little current Flows through
the brldge c1rcu1t. In effect, the bridge circuit no
longer forms a 'short’' between points A and B, so that
the voltsge between these points rises above the 'Zener!
‘veltege'determined by D5 and DB. Dependihgrch'the phase
of the mains vcitege, one:oFethese'diodes is forward L
biased and the other.is.reverse biesed,_Independeht o%
fhe phase, the voltage across_the_two.diodes is justh
over 6 V. Thus the triac receives gate current and
switches the load on.‘IF the LED is not'driveh, the
bphoto translstor turns off. As the voltege between
points A and B rises after a zero crosslng of the mains,
T1,T2 turn on. This limits the voltage to a level not
enough to cause the Zener diodes to conduct, sofno-gete
current flows to the thiec, switching the load off.
[Thé'HC‘netWDrk; connected across the triec, preVents
the triac turning on at the wrong moment or even being
damaged) . (11]} » e |
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“1llo v Aac.

COMPLETE CIRCUIT DIAGRAM OF THE TRIAC POWER SWITCH.

—025 V

Vto/vpo A
R1 'éﬂa HE‘ATEH '
T1 . a I
T2 | S‘l
IClli |
- (
" RY1
TR
) _v +
VT N L
VRl/VHE T3
FIGURE 3.8

g2



CONTROLLED |- weaTER RELAY e POWER
MASS " | SWITCH
H
1
1
| 4
THERMOCOUPLE COMPARATOR
DIFFERENCE | ,| DIFFERENcE | | ¥OLTAGE 1O -«
AMPLIFIER . AMPLIFIER CONVERTER .
| : SET-POINT
'~ | TEMPERATURE
FIGURE 3.9 -

BLOCK DIAGRAM OF THE THERMOCOUPLE TEMPERATURE MEASUREMENT AND CONTROL UNIT.

==
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3.3. THEHMOCDUPLE TEMPEHATUHE MEASUHEMENT AND
CDNTHDL UNIT

At the First'stagevoF the Chahber, températuFe errors of

Few degrees centlgrade are tolerable since it is a pre-

,paratlve stage. Accordingly a Chromel- Alumel [Type K]

: thermocouple.ls utlllzed for temperature 1ndlcatlon. 

The 51gnal (V ] generated by. the thermocouple 15

vampllFled by a 51mple difference ampllFler ICl in FIGUHE

3.10, whose odtput V 15 given as‘

A3

when S Bl =Re

and ' R3=R4.
Similahly
R7 o
te~ RS CYtr - Vt)‘
as - R5=R7 )
and R6E =HR8

The comparator and the control stages function exactly
in the same marnner of the platinum temperature measure-

ment and control unit.



FIGURE 3.10 o c , o

COMPLETE CIRCUIT DIAGRAM DF THE THERMOCOUPLE TEMPERATURE
MEASUREMENT, ERROR GENERATION AND COMPARATOR STAGES.

1€



CHAPTER 4

USER 'S M ANUAL

" ADJUSTMENTS

a] Short the inputs of the thermccouple unlt._\
(Termlnals C and D. ) ,
b) Insert the V ADJUST p.c.b.
: : oos
~c] Release switches Sl and S2.
d) Set MAINS switch 'ON'.
~ Wait for a few minutes. 'fv \ E N
e)vADJUST so that Vp’ Vpe’ Vs Yte are less»thah‘0.5;mv,

f] ADJUST Vb to 250 mV.

DPEHATIUN

a) InsertbthE’required RANGE p.c;b.

b) Set V and Vpﬁ as requlred !

from the tables in APPENDIX E and APPENDIX F.

- c) Set-switches Hl and H2 to 'AUTO" .

d) DEPRESS switches Sl and S2.

e) RED indicator 1ights will turn on when the desired
 temperature is reached. tlndependently for each

stage.) » : -
‘eJ The heaters may be operated MANUALLY,>but close

attention is required not to exceed the desired

lipit.

" 32



CHAPTER 5

CONCLU®SIONS

Deeign and censtructionvoF.an,enVirenmental chamber
comprieihg a sample holdeﬁ‘whoee tempereture is regu—
lated by.a'Fully-electronie temperetuEe measurement
and control unit which utilizes a pIatian resistance
as the final temperature detecting element is discuss-

ed in this etudy

Platinum, because. of its superior physical and chemical
chaﬁecteristice;_ie used exclusively in precisien ther-
mometry. In this application the platinum wire is mount-
ed so that thermel‘lag is minimized witH the possibili-
ties in hand. ‘

Power dissipation control is employed, as the value of
the thermal reelstance between the controlled mass and
its heat sink - is constant. The power dleelpeted at the
controlled mass and its heat sink is proportlonal to
the difference between the set-point temperature and
the measured temperature. At this point, integral action

may be introduced to reduce temperature excursions.

Temperature control is accomplished in two stages. The
first stage being a preparatory stage that reguletes

the heat sink temperature of. the final stage. The neces-
sity of the preparatory stage is obvious when the. span
of the temperature to be controlled is in the range
-180 °c to 600 °C.

33



Temperature measurement‘accuﬁacy may,be imphoved by
calibreting-the plaﬁinum wire in accordance with the
IPTS-68 requirements, and by using platinum of higher
purity, and bykproviding a strain free moUnting} In
'Athe latter case one should consider the increase in

thermal }ag which may easily'exceed‘lﬂ seconds.

Precision may be improved by eiimihatingv'heman
Fectore'.’Thiebmay be aeeompliEhed in several ways,
two of which aﬁe: 
1- The addition of = Fuhcﬁion generator that will
provide direct setting and direct reading of ‘
temperature,  thus eliminatihg the necessity of 3
'look—upf'tables. - , :
2- A microprocessor that will teke over temperature

control as well as the ebove Functlon.

34 -



“(a, ovT oz:om< SI 39vis >m0k<m<mmmm aHL 40 mm:k<mmmzmku
,;;;.,... ‘05 07602 LV 13s LINA z:sz<4m IHL 40 AONVWD04H3d
H L 1°S 3EN9Id

- — s e 4° 802
-~ 8°'802

N 6°80e

0'602

~ T1*60e

- 2°'602

(95 L




_92 .8
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FIGURE 5.2 .
PERFORMANCE OF THE PLATINUM UNIT SET AT -93.0 . C.
(TEMPEPATUHE DF THE PHEPAHATDPY STAGE 1S APOUND -100 C]



APPENDTIX A

VALUES OF R(T) OF THE PLATINUM UNIT ACCDHDING TO.
EQUATION 2 3 AND EQUATION 2.4 WITH

A= 6.35407 x 1072 1/°C

B= 3.53323 x.10°°  1/(°c)°

G= -4.02754 x 10710 _l/(DCJS
AND _ |
- R_=17.6274 9
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APPENDIY 3 ’
YALURS OF R(T) OF THE PLATINUM UMLT

ACCORDING TO RQUATION
(T 18 1M °C,

=200

~-199

=196
—104
- =192
-~190
-128%
~184
-1]4
-112
=180
....179

=176

. =174
=172
-170
-168

L =156

~164
=162
=160
=-15%
=156

-154°

=152
=150

R(T)

4,5495

4,7062
4.8621

5.0171
5.1712

5.32464
L %.4771

5.6289
5.7798

5.9301

$6.0725
5.2293
£.3753

4.5237°

R.57023
6.2164
6.9617
7.1064
7.2505
7.3940
7.5360

7.6792

7.9210

A, 0740
4.,2334°
. 4,3219

/43

']"I. .

-148
~146

-i44

=142

-1490
-13r

-136
" -134
-132

~130
-128
~126
=124

-122

~-120

~-118

=116

o=114
=112

-110
-10%

-106

-104
-102
-100

AND “OUKT]ON
R(T) 1IN AQ"JL.)

R(T)

7.8210
7.9622
3.102R%
R.24390

L3826

3.6604
8.7995
R.93672

'9.0735 .

9.2103

9.3467
9.4827.

9.6183

©9,7535
9.8283

10.0227
10.1568

©10.2905

10.4240
10.5571

- 10.6899

i0.8224

310,954/

‘l 0865
218Y

.a.- Apren

T

=100

~Qq8
-96
-0A
-32
~90

-38.

-6
-4
-32
-30
-78
-75

-74
- =72
=70
-68

[

. =h5

~-64
~-52
~~0
=59
-56

-54.

-52
=50

~

bt }.;n [
.4}‘4 |

R(T) .

11.2181

11.3495,
w4806

L6115

ll 8725

12,0022
12.132%

12,2626

12.3922-
12.521h.
" 12.6509

12.7800
12.9099

13.0377
13.1564

13,2949

13.4233
13.5516
13.6797

13.8078

13.9357

. -14.0535%

14,1913

14,3190

14,4465

1.7421

CR(T)

‘14,4456
14,5742

14.7017
14.8291

14.9565

15.083®

+ 15,2111
1543384

15,4656
1545928

15,7199
15.8471
15.9742

16.1014

16.2295.
16.3556

16.4R27
16.6099

16.7370
16,8641

16.9913

17.1185
172457

1743729

© 17.5001

17.6274

=18



APPENDIX: A

(CONTINUFD)

-VALUES OF F(T) OF THE PLATINUM UNIT,

(T 18 IN °C
T R (T)
0 . 17.6274
2 17.7547
4 17.8820
6 - 18,0004
© 8 19.1368%
10 1r.2642
12 17,3914
14 18.5191
16 18,A 466
1R 12,7741
20 1R.9014
22 10.0292
24 '_‘_ «15A/8%
26 19, 2844
29 10,4121
30 19,5398
32 19.6675
34 19,7953
35 19,9230
38 20,0508
40 20,1787
472 20.3065
44 20,4344
16 20,5423
4Q 20.6903

20.8183

1IN

ARS )

tnan
o O

56 .
59
60
62
fa
56

&8
70
72
74
,79
80
82
34
’6
88
a0
92
94
a6
98

100

R(T)

20.8183

2049463

21.0743
21.2024 .

21.3304
21,4535

21.5R67
21.7149

21.8431

21.9713

22.0004
22.2279

2243552
1 22,4845
22.6129
22,7413

22.8697
22.99R1
23.1266
23.2551
23.3837
23.5122
23.54909

2347595

23.8931

24.0269

. ! ' -
ACCORDING TO EQUATION 2.3 AND FOUATION 2.4.
R(T)

[} I!

- 100

102
104
106
108

110

112
114

116
113
120

122

124
126

128
130
132
134

134
138

140

142
144
146
148"
150

CR(TY.

24,0268

24,1555
24,2842
4.4130

24.54108
24,6706

24,7995

24,9284

25.0573
25.1852

2543152

25.4442
25.5732
25.7022
25,8313

25,9604
' 26.0395

26.2187
26.3479
26,4771
26.6063
26.7356
26,8649
26.9943
27.1236

27.2530 .

150
152

154

- 156
153"

150
162
l64

166

168

170

172

174
176 .
178
180
182
184

igs

188

190
192

194

196

128
1200

R(T)

27.2530
27.3824
'27.5119-
27.6413
27.7708
27.9004 -

28.0299
28.1595
28,2891
2R.4188

28.5484
28.6781
28,3070

28.9376

29,0674
29,1972
29.3270

2944569
29.586¢8

29.7167
29,8467
29.9767 .

30.1067

30.23567
30.3668

30.4959

£



APPENDIX A (CONTINUED)

VALUES OF P(T) OF .TfB PLATINUM UNIT,
ACCORNING TN ROUATION 2.3 AND EQUATION 2,4,

(T 1S IN °C, R(T) 1M BARS.O.)

T

\200
202
204
206
208
210
212
214
- 216
218
229
222
224
226
228
239
232

234

236
2389
240
242
244
246
2489
250

R(T)

30,4969

30.6270

,30.7571

30.9973
31.0175
31,1478
31.2780
31.4083
31.5326
31,6690
31,7994
31.9298
32.0602
32.1307
22.3212
32,4517

32.5822;

32.71283

32.8434

32.9740
33.1047
33.2354
33, 36A1
33.4953
33.6275

33.7584

T

250

252

254
256
259

260
262

264
2566
268
270
272
274
276
278
280
222
284
284

288 -

290
292
204
2946

ASES

300

R(T)

33,7534
33.8892
34,0201

34.1510.
34,2319
34,4123

34.54383

 34.6743,

34.8053
34,9369

35,0530
3571991

35.3302
35.4614

35.5925

35.7238

35,8551
35,0853
36,1175
36,2490

36.3203

36.5117

36.64232

36,7746
36,9061

37.0375

o
300
302

- 304
306
308

31Q
312

314

316
318

320

322
324
325

328

330
332
334
335

338
340 .

3472
344
346
348

350

R(T)

37.0376

©37.1691
137.3007
37.4323

37.5639

©37.6956
0 37.8272

37.9589
3R.0907
38.2224

38,3542
' 3R.4850

3R.6179

38,7498

39.0136

39,1456
39,2775

39.409¢6
39.5414

3%.6737

39.8058

32,9379
40,0701 .
40.2023
'40.3345

-

S

350

352
354

356

- 358

360

362 °

364

366

368

370
372

374
376
378

~ 380
382
384

- 386
-.398 .

39D

392 .

304

398

400

R(T)

40.3345
40,4657

40,5990
40,7313

40.8536

40.9960

41,1283

41.2608

41,3932

41.5257

41.5582
41.7907
41,9232
42.0558

42.1884
42.3211

. 42,4537

42.5864
42.7191
42,8519
42,9847

43,1175
43,2503
43.3832

- 43,5161

43,5490

8&



APPENDIX A

VALUES

ACCORNING TO ROUATION
(" IS 1IN °cC,

T

400 -

402
404
405

408
410
412
414
ALG
418
420
422
424
424

428

430
432
A34
435
43R
440
442
An4
4445
443
450

R(T)

43,5490

43.7819

43,9149

44,0479
44,3140

44,4471

44,5802

44,7134
44,3466

44,2708

45,1130

45,2462

45,3795

45,5129
45,6462
45,7796
45,9130
46,0464
A6.1799
45,3133
46,4469

46,5804

46,7140

. 46,2476

46,9912

.P(T)

(uONTINUPﬁ)
OF R(T) OF THE PLATINUM. UNIT,
2.3 AND EQUATION 2.4.
1IN ARS._.) ,

T

450
452
454

454
458

460 .

462

469
470
472
474

AT6

A78
480
422
494
4R8%
AR
190

492

494

A0G .

493
500

A4
AGA -

R(T) "

46,9812

47.1143
47.2485
47.3822-

47.5150
47,6499

47.7935

4749174
3.0512
49,1851

42,3190

42.4530

4R.586Q

48,7209
18.8549
48.2890

49,1231

9.2572
49,3913

40,5255

49,6597
49,7939
40,9231
50.0624
50.1967

50,3311

T .

500

502

504
505
598
519

512

514
515
5183
520
522
524
526
528

530

532

534

536
538
540
542
544
546
548
559

R(T)

50.3311
50.4654
50.5998
50.7342

150.8697.
51.0032
‘ :54.4*377 i

51.2722
51.4057
51.5413

51.6759 °

51.8106
51.9453

52,0800

52.2147
52.3495
52.4942
52.5191

52.7539

52.8R88
53.0237

53.1586

53.2936

53,4285

5345635

53.6986

550
552
554

556 -
© 553"
560

562

564

566

568
570 .

572
574
576
578
580

582
584

586

588
590

592

594
506
598

A00

R(T)

53.6086
53.3337
53.9638

. 54,1039

54,2390
54,3742

54.5094

54.5447
54,7739
54.9152

55.0505

55.1859
55.3213
55,4567

55.5921
5547276
55.8631"

55.9995
56.1341

56.2697
56.4053

56.5410
56.5766
56.8123
56,9480

57.0838

BE



"APPENDIX B

REFERENCE TABLE FOR TYPE K THERMOCOUPLES

ASTM Standard-E 230-72 in the Annual Book of ASTM
Standards speciFiés thét tHe‘standérd limits 6F eﬁror
for Type k commercialrthermocouples be 2.2 “C between
0 and 277 °C and * 3/4 per cent between 277 and 1260 °C.
Limits of error. are not specified for Type K thermo-
couples below O “c. Also upper temperature limit of

1260 °c decreases accordingly with wire diameter.

-40



TEMPERATURES IN

"DEG C

T 200
300
400

. 500
600
700
800

900

1»000

1+100
19200
19300

DEG C

0

-5.891
=3.553

. Ne0INO

0.000
4,095
84137
12,207
16395

204640
244902
29.128
33,277

376325

414269
450108
484828

524398

TYPE K
NICKEL CHROMIUM ALLOY VS NICKEL-ALUMINUM-SILICON ALLOY THERMOCQUPLES
DEGREES € (IPTS 196814 . ' ' REFERENCE JUNCTION AT O DEGREES Ce
1n 20 an 40 50 60 - 70 80 90 100 DEG €

THERMOFLECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS

~6e035 =6e158 =64262 =64364 =6,4048 =6e44l -B.asa . ’ : -200

~3e852 44138 44410 =44669 ~44912 =~5.141 =5¢354 -=5.550 ~=5.730 =-5.891 -100
=0e292 ~=NeTT7 =14156 =14627 <1.8R0 =24243 ~2,586 =-24920 =-3,242 =3,4553 -0
0397 Ne798 1.203 1e611 24022 24436 24850 34266 34681 44095 - + 0
44508 44919 54327 5.733 6,137 64539 6¢939 7¢338. T.737 84137 . 100
84537 8.938 9.341 9745 1ne151 10560 - 104969 11381, 11793 124207 200
124623 134039 13.456 134874 144292 144712 154132 15552 154974 164395 300
16818 174241 17.664 18¢0B8 184513 18938 194363 19.788 204214 204640 400
214066 214493 214919 22.346 22772 234198 ~ 23,624 24,050 244476. 244902 500
254327 254751 264176. 264599 274022 274445 274867 28.288 2B8.709 29.128 - 600
294547 294965 304383 306799 314214 314629 32,042 324455 324866 334277 700
33,686 345095 34,502 34,909 35,314 35718 366121 36524 364925 374325 800’
37e724 3B4122 384519 384915 294210 39703 40096 400488  40.879 41.269 900

414657 424065 62:432 424817 630202 634585 643,968 444349 444729 450108 1,000
45.486 45863 464238 46612 464985 674356 47726 484095 4B.462 484828 1,100
494192 496555 494916 50276 50633 504990 514344 516697 52,049 524398 159200
524747 530093 53,439 534782 544125 54,466 v54;807 o ) 14300

10 - 20 an . a0 80 . 60 70 80 90 100 DEG C-
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"APPENDIX C _

THE TYPE AND.VALUES OF COMPONENTS USED IN CONSTRUCTION -

C.l.., Valu351oF:H and HL of the Platinum Unitl_

In FIGURE 3.3 the platinum wire and its leads constitute>
the resistance of onefleg'oF the bridge circuit. Three
identical’resiétors'complete the'bridge. These resistors
are 20 turn trimmer potentiometérs'which are mounted. on
a printed circuit board, preqisiDn adjuéﬁed and sealed.
The values_oFbthese resistors and the borresponding

temperature ranges are given in TABLE C.l.

TABLE C.1

TEMPERATURE RANGE (°C) A, (2) R {each resistor
‘ ' ' " on the p.c.b.])(a)

-180 to -140 0.027 5.6389

-140 to -80 ' . 0.027 8.5217

80 te .0  ° 0.027  12.5216

0 to 140 " Dp.o27 ©17.8274

140 to 340 ' 0.027 . 26.60673

340 to 600 0.027 '39.6737
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C.2. Types and Values of Circuit Elements of FIGURE 3.4

CICl : 1/2 LM 747

Tl : .BC 141

Dl:E?VZENEFi

Rl : 46508, 1/4 W.

" R2 : 24009, 1/4 W R | ,
R3 : 2400, 1/4 W S ' - 0
R4 : 200, 20 TURN ‘TRIMMER PDTENTIDMETEH |

RS : 2 x 1000, 1/4 W

A6 : 10 ko, 1/4 W

C.3. Types and Values of Circuit Elements of FIGURE 3.5

ICl : LH 0038 PRECISION INSTHUMENTATIDN AMPLIF IER
Ice , Ic3': 1/2 M 747

D1 : 12 V ZENER

sl , S2 : DPDT (B- MJ SWITCH

Rl , R7 : 5 kA, 20 TUAN TRIMMER PUTENTIDMETEH
A3 , R4 : 10 kA, 1/4 W

RS , R6 : 720 k&, 1/4 W

AB : 1005, 1/4 W

RS : 20 ke, 10 TURN POTENTIOMETER

R1O , R1l : 18 kA, 1/4 W

Rl2 : 5.6 ka, 1/4 W

R13 : 1 ko, 1/4 W

Cl, C3 : 10 pF, ELECTROLYTIC

C2, C4 : 0.0l pF, CERAMIC DISK

c5, ©6, C7, C8 : D.1 pF CERAMIC DISK
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C.4. Types and Values of Circuit Elements of FIGURE 3.6

ICl , Ic2 : 555 TIMEé
Dl , D2 : 1IN 4001
THermccoUple stage

Rl : 610 k&, 1/4 W

A2 : 10 k&, 1/4 W

'R3 : 120 ka, 1/4 W

Cl : 10 pF , ELECTROLYTIC
C2 : 2 pF , ELECTROLYTIC

Platinum stage

Rl : 660 ka, 1/4 W

R2 : 4.7 ko, 1/4 W

A3 : 120 ke, 1/4 W

Cl : 10 pF , ELECTROLYTIC
C2 : 2 pF , ELECTROLYTIC

C.5. Types and Values DF;Circuit Elements of FIGURE 3.8

ICl : CNY 24

TRIAC : Q 4008 L4A

Tl , Te , T3 : BC 107
Dl , D2 , D3 , D4 : 'IN 4001
D5 , D6 : 5.6 V ZENER
D7 : LED

AYl : SPDT (B-M) RELAY
Sl : SPDT SWITCH

Rl : 10 k&, 1/4 W

R2 : 18 ka, 1/4 W

R3 : 1 ka, 1 W.

R4 : 1 kf, 1/4 W
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F5 : 470, I W
RE : 3300, 1W
R7 : 2.2 k&, 1/2 W
A8 : 5.6 kA, 1/4 W
Cl : D.5 pF ; 400 V
C2 : 0.1 pF , 400 V N
C3 : 50 pF , “ELECTROLYTIC

C.6. . Types and Values of Circuit Elements of FIGURE 3.10

icl , Ic2 , IC3: 1/2 LM747

D1 : 12 V ZENER , -

S1 , S2 : DPDT (B-M) SWITCH

Rl , R2 : 100.0.L., 1/4 W

B3 , R4 : 33000, 1/4 W

RS , A6 : 10 k., 1/4 W.

R7 , FB : 1.2 MSL, 1/4 W

"R9 : 1008, 1/4 W |

R10 : 50 kSL, 10 TURN POTENTIOMETER

R1l , R12 : 47 k&, 1/4 W |

R13 : 18 kA, 1/4 W

Rl4 : 1 ko, 1/4 W | B
cL,c2,C3,C4,C5, C6: 0.1 F , CERAMIC DISK



APPENDTIX D

- DC POWER SUPPLY

A positive voltage regulator (LM 340T15) is connected
with a negative voltage regulafor {LM 320T15) to Form

a non-tracking dual powéh_suppiy_as shown. in the figure
below; ._:V : | |

Each regulator exibits line and load'regulation éonsiétf

ent with their specifications as individual devices.

+ REG. \ o vt [+15
:d;: ' ::2
4700 FF - B0 FF
-1- o GND
e ds 7
4700 pF 50 pF
— REG oV (-15

T is a ilD—ExlB V transformer.

46
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"APPENDTIX E

SET-POINT VOLTAGES FDHVTHE'THEHMDCDUPLE UNIT

-,
Vt—vt

Cv

oos

thermocouple'diFFeheﬁce amplifier )

T

0
10
20
30
40
50
60
70
80
a0

100
‘110
120
130
140
150
160
170
180
190
200

(T is in

+ VDDS

, , ,
- VtCambientJ

is the Dutput-oFFset_voltage of the

14

Vi

0.000
0.132
0.265
0.400

- 0,536"

'0.673
0.810
- 0.948

~1.086

l.224

1.499
- 1.636

1.772
1.807
2.041
2.175
2.308

2.441
2.573

2.706

(] /
c, V.

T

200
210
220
230

240

250
260

270

280
290
300

310

320
330

340

350
360
370
380
390

400 -

in volts.])

~ -

‘2.708
2.839

- 2.973

3.107

3.241
'3.376
3.512

3.648
3.785
3.922
4.060

4.198
4,337

4.475
4,614
4.754

4,893
'5.033

5.173

. 5.313
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5,453

400
410

420

430 .

440

450
480

470
480
4390
500

510

520
530

540

580
'éBD
570
580
SBD
600

5.453

5.594

5.734
5.875
6.016
6.157
6.299

-6.440

6.581
6.723
6.865
7 .007

7.148

7 .290

7.432

7.574
7.716
7.857

'7.999

8.141
B.282



APPENDTIX F_

SET POINT VOLTAGES FOR THE PLATINUM UNIT

The FolloWing is the computer listing of Vp versus
temperature. The computer program was devised to provide
the user with the 'set-point voltages! for the platinum
unit. It is possible to calculate these values by hand,
using EQUATIONS 2.3, 2.4 and 3.1, but if is time consum-

ing.

48



49

APPENDIX F

\ . .
T .S R(T)Y .V
= -180° . 5,6289 ©0.230 )
=179 5.7045 , 0.569
-178 5.779% © . 0.8¢%4
-177 .- - 5.85R0 T 3,214
- -176 5.9301 1.529
L ~175 . 6.0049  1.84G
=174 6.07095. 1 2.145 )
-173 - $.1540 C2.446
=172 6.2283 . 2.723
-171 r T 6.3024 13,035
-170 6.3763 3.323 -
-ieg © 6.4501 - 3.607 ‘
-168 . 6.5237° 3.886
-167 6.597% 4,162
-166 . - 6.6703 4,438
~-165 6.7434 . 4.702- .
) -164 6.8164 - 4.966
=163 . - 6.8R91 5.227
~162 €.9617 + - . 5,484
=161 - 7.0341 5.737
-160 - - 7.1064 , 5,988 N
-159 i. 7.1785 6.234
158 7.2505 - 6.47S
-157 7.3223 . 6.718 )
-156 7.3%40 6.956 ..
-185. 7.4655 . . . 7.190
~154 7.5369 7.421 o
-153 - 7.6081 7 7.649
-152 7.6792 7.874
~151 . 7.7502 - £.0097
-150 7.8210- - 8,317
-149 . 7.8916 ' 8.5234
- -148 7.9622 - B.748
=147  R.0326 R.960
~-146 R.1028 9,169
~145 8.1730 9.375
- -344 . £.2430 9.580
-143- 8.3128 9.781 :
~142 w3826 9,931 .
-14% B.4522 10.178

;o ~140- . 8.5217 . 10.373
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' APPENDIX F [CONTINUED) =

Lel

-140

-139

—138

-137 .

=135
=134
-133
=132
-131
=130

-129°

- =128

L =127

=126

- =125
- =124
-123

-122

=121

=120
-119
~-118
=117
=116
-115
-114
-113

~112

=111
-110
-109
-108
-107
- ~106

-105

. =104
. =103

~-102

=101
~100

9. 9556
10.0227

ino.08¢08
10.15682 -

10.2238
10.2906

10,3573

10.4240

10.4906

10.5571

-~ 10.6235

10.6290

10,7562

10.8224

'10.8885

10.9546
11.0206
11.0865
11.1523

11.2181

v

0.158

0.359
0.55¢9
0.75%
0.952

01,146
1.338

1.522
1.716
1.903
2.088
2.271
2.452
2.632
2.810

3.162

3.335
3.507
3.678
3.847

4,014

£4.181
4,345
4.599
4.670
4.831
4.990
5.148
5.305

5.460
5,614
5.767

Q1 Q

5. ot S

6.06¢

64219

Ge 367
€.514
6. 652

6.804"
6,028

~50



=100

-0o

-ag

2

-27

-0F
~or,
-q4
-3
-22
-93
-9
-£9
~-08

=97
-06
- R
_pz
-8
-R2
"'8:1
-0

APPENDIX F ([CONTINUED)

11,218
ii.283
331,349
ii.415
11,480
1i.54¢€
11,631
11,4876
11,742
1i.807
11.90726
11,9377
io.onne
12.0678
12,1329
12.31977
12,2626
12.3272
12,2802
I2.4560
12,5216

P N R R R RS I

R R T e R T B Tt Te.s TG R PN (O
. L)

o

(2]

» a
A,

« 2 s s
|3
S

.
~!
e}
<O

~er

sl



APPENDIX F [CONTINUED) -

<
\..5
T3
o
‘.j
e
-~
<

_ng

DMt Y D W TH D

RoluR o BEN IS L N

12.3214 NJiC
-70 12.3RA3 (.23
-78 . 32,6500 0.36
-77 12,7155 0.49
-75 i2.7°00 - 0.61
-75 ip.ta48 0.7
~74 i2.a099 C.R€
-73" I2.0734 0. 000
-72 i3.0277 1,33
-71 iz ig2i 3,23
-70 i3,1A64 1.35
-40 12,2207 i.47
-G8 i3,72¢40 l.50
-67 32,2803 1,713
-5¢ 13,4222 1,038
-£5 33,4074 i, 686
-G i3, 5814 2.074
-63 13,6186 70122
-2 13,6707 2,208
, =R1 13,7227 0 7 828
‘ -6G 13,7070 T2.J540
~5¢ 13,0717 2. A5G
-Ee 13,9357 2.76¢
- iz, 6094 2.R02
-56 14,0527 2,005
-85 14,1278 2,107
-S54 12,3013 2,220
-53 14,2582 2,123
-F i2,.3300 2,447
-531 14,3990 2,552
-50G 14,484 3.AFD
40 34,3104 2,771
28 14,5742 3,800
-27 14,6379 3.9008
—-ar I4,7237 4,00"%
- 2" je, 7688 £.202
—-a2 Ja,s00d 4,300
T-23 ia,002¢0 4,232
-47 34, 88F5 AL520
43 15,0202 4,625
-40 15,0023 2,720
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39" 35,1478 £.033

D Qe et b O WO ST RO (WD IO

—-38 v 15,2131 . . -4.,03
-37 18,2747 . 5.040
-34 15,3304 5.314
~35 15.402¢0 5.244
-34 - 15.4R5A 5,344
-33 15.5202 S.447
-32 15,5928 T 5.5R47
-31 15,6564 5.647
-30 is5.73i09 5.747
-20 15.783% 5.R46
- 24 15.5471 Devad
-27 I5,0307 5,043
- 26 is,e742 A.143
-25 15,0378 f.230
~-24 16,1014 £, 234
-22 i£,1600 £,822
-22 16,2285 £,52%
~21 16,2023 6.62

=20 __16.3KR56 6,71
-19 16,2192 6,01
-iR 16,4827 €.90
-17 16.5453 7.00
~-16 16,6099 © 7.009
-35 16,6732 7.19
~14 16.7370 7.28.
-13 16.8C06 7.37
-12 16.PRAL 7,46
-3i1 . 16,9277 7.55
-10 16,9913 7.65

-0 ' 17.054¢9 7.74

-9 17,1185, 7.3

-7 ' 17.1821 7.€2

-6 17.2457 2,01

. -5 17.30093 £,10

- -4 17.3729 R,18
. -3 17.4358 8,278
-2 17.5001 8,366

-1 17.563¢ a,452
£.542

0 . 17.€27¢




APPENDIX F (CONTINUED)

s

3 bt bt bt het ot bt bt fed ot ot

NN Db
W

2
24
27
28
20
30
© 31

32

"33
34
35
35

37
39
20

NN ' .
QU D AMABWRN OO DTN B W O -

| R(T)

'17.6274

17.6210
17.7547

S 17.8104
17,0820
17.9457

18,0004

T ir.0731
10,1368
i8.2005 .

1IR.2642
if.327¢
if,.3916
iR.4553

if,5101

18.5828
18, 646G
17,7103

iR,7741 .
iR.8378
18,9016

18.9654
19.0292

19,0030

1e.1568

-19.2204

19.2844
19.3483
1%.4121

©19.4760
‘19.53¢9¢f
19,6037

10,6675
19.731¢
1€.7653
19,8592
19.0230
19.9669
20.050¢%

- 20.114°
20.1787

\Y

C.076
0.166 -

0.256
0. 345

. 0.432
" 0.522

0.611

0.7%96
0.874

0.961
- 1..04¢g
1,134

1.220
1.306
1.392

1.477

"1.562

1. 627

1.731

1.815

1.899

i.933
2.066
2.14¢
2.232
2.314
2.3907
2.478
2.560

2.723
2.803
2.884
2.964
3.044

3.124

3.204
2.293
3.362

3,441
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4

40

41-

42
43
4.4

45

46
47
’48
49
50

51

52

54

55
56

57
- 58

5@

60. . -

61
62

63

62
65
66

67
68

6%
70

71

72
73
74

75

76
77
78
79

80
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20.1787
20.2426

- 20.3065

20.370%
20,4344
20,4084

20,5623

20,6263

2046203
©20.7543
20,0183

20.8823
20.94¢€3
21.0%i03

 21.0743
21.1383

21,2024
21,2664
23.3304
21,3025

- 21.458¢6
21.5226

21.5867

21,6508

21.7149
21.7790
21,8231
21,9072

21,9713

22.0354
22,0004
22.1637
22,2278
22.2920
22,3562
22,4203
22,4945
22,5487
22.6122
22.6771

22,7413

3.441
3.519

3.597
- 3.675
3.753

3.831

2,908
'3.985
4,061
4,138

4,214
4.28¢C
4.366

4,517

4,592
A, GRE
S 4,72)
4,815

4,889
4.963

- 5.037
- 5.310

5.183
£.256
5.32¢

5.40%

5.474
5.54¢6
5.€17
5.680

5.831%1
5.902
5.973
6.043

- 6.114

6,184
6.253
6.323

6.392
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el 23.0055
e2 22.8607
83 22,9339
fa S 22.9981 o
. 85, S 23.0624
. 8F 23.1266
87 23.1909
- 88 - 23.2551
89 23.3194
c0 23,3837
o1 22,4480
92 23.5122
93 23.5765.
924 23,6408
95 23.7052
96 *22, 7695
e7 - 23.833%
ag 23.8001
ee 23.9R25
i00 - 24,0268
101 24,0012
102 - 24.1555
163 24,2100
104 24,2842
105 24,3486
ios 24,4120
107 2L 4774
Slos — 24,5418
109 24 ,A0R2
111 24,7351
112 . 24,7085
113 - 24,9630
1ia 24,6284
118 24,9028
1i6 T 25,0573
117 25.1217
1319 .« 25.2507
1 25.3152 -

120

(CONTINUED)

G.461
€.530
€.599

6 L.GRR

fL.T736
£,804
6. P72
6,940
7007
7.07¢
7.342
7.208

7.342
7,408
7.472
7.540
7.606
Te 671
7.736
7.801
7. 0866
7.931

7- 994 i

£.060
R.124
gL 1Rp
R.252
8.315
8.379
R.042
£.505
£.569
£.631
8.623
8.755
£.81

£.87¢
£.941

9,003
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121
122

123

o - 124

125
126
127
- 128

129

SV oTa30

131

132

o 133
’ 134

., 13~%

i3a

137

13e

- 139

140

25,3707

25.4442

25,5087

25,5732

25.€377
0 25.7022

25.7668
25.R8313

-25.8958

25.°2604
26.0250

"26.08C5

26,1541
26.2187

26,2233
26.347¢2

2€¢.4125

26,4771
26.5417
26.6063
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ta

140

1431

142
143
144
145
146
147
i4e
149
150
151
152
153

154 -

155
156
157
158

- 159

160
161

162

163

164

165

166

167

168

169

170

: 171
. 172
' 173
174

175

176
177
178
i79

-~ 180

“

-!

CR(T)

26,6063

26,6710

26.7356

26,8003

1 26,9043

2G.8649
26.9296

27.0580
27.123¢
27.1883

27.2530
27.3177
27.3824
27,4471

27.511¢
27.5766
27.6413
27.7061

27,7708

27.8256

27.92004

27.9651
28.0299

28.0047

28,1585
28,2243
28.28901

. 28.3539

28,4188

28.4836
28,5404
28.6133

28,6781

28.7430
28.807¢
2848727
28,9376
28.0025
29.0674
29.1323

'29.1972

v

0.051
0.111

00172

0.232

0.292

0.352

0.412

0.472
0.531

-0.591

0.650

‘0. 709
0.768.
0.827

0.886
0.9244
1.003
1.061
l.11¢
1.177
1.235
1,293
1.381
1.408
1.466
1.523
1.580
1.637
1.694
1.751
1.808

o 1.864

l.921
1.977

2.033.

2.089
24145
2.201

2,257

2.312

2.367
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31.0175
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R4

221
222
223
224

225

22A
227
228

1229

230
231
232
233
234
235
236
237
238
530

-

C . 240

241"

242

243

244
245

~ s
L2 O

247

248
¢ 249
250

251

252
253
254

255

256
257
258
259

260

31,0646
3i.¢208
31.9950

32,0602

32.1254

32.1907

32.2559
32.3212
32.386A2
32.4517

32.516¢2 .

32.5822

- 32.6475
32,7128

32.7781
32.8434
32.e027

- 32.9740

33.0393
33,1047
33.1700
33,2354
33.3007
33.3661

©33.4315

33.89¢8
33,5622
33.6276
33.6930
33,7584
23.8238
33,8092

33.9547
34.0201

34,0855
34,1510
34.21€4

34,2819
34,3474

34.4128

4,538
4,589
4,640
4,690
4,740

- 4,790

4,240
4,800
4,940

4,990
5,040

5.089
5.13¢
5.188
5.237
5.288
5.335

: 5. 394

5.433
5,482
5. 530
5.579
5.627
5. 676
5.724
5.772
5.820
5.5868
5.916
5,263

£.031

6.059
6.105
6.153
5.201
6.248
6.285

6a342

6.389
€.435
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23,1945
41.2¢€08
23,3270
41,3932
41,4594
41,5257

41,5919

43,6582

41,7244
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442
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45.€462
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- 47.2485
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47,4437 .
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47,0174
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28,3190
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48,4530
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49,1901

40,3242
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53.6311
53. 6886
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