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Abstract

Thermal design of power electronics systems is more: significant
importance to know the junction temperature, there are two methods to
know the junction temperature dircet and indirect, the method we

intraduce is the indirect which depends on TESP,

We have introduced the methods of measuring the junction
temperature and thermal resistance concept. The project shows a test that
defines the thermal characteristic ol a power diode which makes junction
temperature of a specific device is known through forward voltage across
the diode under constant low current. sufficient to make forward bias o

the diode.

The first step in this method is calibration of the power diode to
define the relation between the temperawre of junction and the forward
valtage:; we present the calibration operation and the design of a hardware

used in the calibration.

Other part of project is application of this test, wing the power
diode as sensor, because it's accurate, low cost, may used in high
temperature measurements, which don't need an interfacing circuit like
other sensors. and it's practical in some application than others. The other

application to determining the junction temperature itself when it operatcs

in its normal operation, to prevent it from failure,
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Chapter One

Introduction




l. Introduction

This chapter shows a general overview aboul the preject and heat ceet on power
jevices especially diodes. Tt overview describes problem  defimition, objectives,

methodology, previous study, budget and layout of the projcet

1.1 Overview

When designing a svstom, many factors affect which parts to chooss. The goal 15
1 select the parts that offer the highest reliability wnder the set of conditions m which
ey will operate. The conditions to be considercd imclude stress. environmental effects,
and load factors as well as the temperatures under which the system and its components

operale

Knowmg the junction temperature 1; for differcnt operating conditions and
packages enables us 1o calcululs thermal pamuneters such as thermal resistance for
different package types and designs. This is important when vou design a particular
sperating condition to ensure the maximum lifetime of the dovice, because thermal

- #c1s are maijor contnbutors to carly deviee falure.

With the increase in power density resulting from advancements in semiconductor

—ackaging technologics comes the 1ssue of heat dissipation. Heat is gencrated as a result




of electrical énergy bemy convered thermal encrgy during circuit activilies. The
senction temperature of a chip directly affccts the performance of the gircuiis and the
s hizhility of packages. Itis very importani (herefore that the junction temperature of cach
sackage be known as avcuratcly as possible through direct measurement. it 15 further
sportant that such measurcment 1o be repeatable, and comparable to measurcments
=ade on other packages since it constitutes a measure of performance. Lastly. it 18
smportant that the technigue of measurcment (o be nniversally applied to the industry in

arder to achivve meaningful and unbiased comparison of sunilar packages

Thermal design is indispensable when using the semiconductor for high power
soplication or using it under high operating lemperaiure Semiconductor devices
sommally operate as long as the temperature does nol gxceed an upper limit (specificd as
the ambient temperature and the temperlure of the junctions inside the semiconductor).
When this upper limit is exceeded, the semiconducter stops operating normally and
secomes damaged. Therefore, it is necessary to successfully dissipate the gonerated heat

s a5 (0 keep the empemture within specified le vel

The increased power dissipation of today's mtograted circuits has mad¢
kmowledpe of thermal resistance important o those who manufacture and usc these
devices Thermal resistance is a dovice parameter (1. semiconductor chip mounted in a
package) that is used to calculate juniction temperature if the device powcr dissipation 15
ksown or can be ¢stimated. This pammeler is 3 measurne of heat flow from the chip

jenction to some defined point under specific cnvironmental conditions. The

weasurement oFthermal resistance is simplistic in concept bul difficult in practice




1.2 Problem Definition and Methodology

T'he power clectrunics, especially power diode consisis of one PN-junction or
more. which is considered the major part of the power clectronics, Placed on copper plate
or ceramic substrate and connected by aluminum bond wires to the ping of the whole
diode

PN-unction consists of minonly and majenty curiers thal conduct when
applying enough forward veltage Their behaviors as the pneumatic valves, when

applving reverse voltage, block the veltage and ils current approach to zero.

When power diode operates, this result self heating duc to the load current and
switching losses, so if the diode operales under constant temperaturs, it will not be
damaged. That means; the change in the temperatury is the main reason of the damagsing
of the power electronics. So that the tempemture of the powerdevices must be monitored

to cosure that il 1s within narmal limit

On other hand, the life time of the power diode is measured by determiming the
sumber of the power ¢veles in which the diode aperates. The power ¢vele muans the
number of rising and falling of the junction temperature betweon two specific limited

lemperatures in power cyveling tost. The diode strossed with load current and the coaled to

the ambisnl temperature thopsands time o cnsurc the life time of the diode.




The datasheet of specific diode or poOWEr devices gives the maximum of the
pnclion tfempemie it self for thig, reason the junchion lomperaire must be known,

which differs from the case lemparalue

In general thero ac two methods of measuring the PN- junction.
Direct method: There are mamly two approusches emp javed for duectly measuremant of
T, Firstly: by infrarcd camera wh ich absarh and thermally evaluate the infrarcd radiation
emission from the measured devices. Secondly, by liquid crystal imaging where the
devices to be measured are coated with liquid crystal which begins to reflect visihle hyht
with varving wavelength defincd by the ebject icmperalure The direct methods allow
capturing the whole temporature map but they exhibit some disadvantages which limit

their applications i many thermal syalnation processes. Some of these disadvantagys are:

« Devicas to be measurcd must be opencd and unobstructed which results into changing,
of the circuit cooling conditions

« Devices to be measurcd must be coaled with suitable surface of umlorm and known

smissivily.

Indirect method; This method uscs the junction itselfas temperature sensorand
. widely uged in measuning of Ty It is based on moniorng of Temperature Sensitive
Flectrical Parameter (TSEP), bke the forward voltage. Threshold voltage Voes o
MOSEETs and IGH T can be used wo. The TSEP method utilizes an intrinsic property of
emiconductor, meanly the limear relationship belween temperature and forward

—emduction voltage at small constant sense current. This method allows accurate and non

sestructive measuring of Tiin static and dynamic conditions.




The devices lo be measured must be heated to known temperatures and the
forward voltage at sense current is sensed at each lemperature. Then a calibration curve
af TSEP is acstablizshed, and the temperature can be caleulated by curnve fitting, The
temperature calibration fanction up to specific wmperature is penerally expressed as

Ellows:

T=mV Ty Eq l.l

The slope m (K/mV) is always negative and its reciprocal is designated as the 'K
factor. The temperature intercept Tp 1s always posibive and 1s theoretically the junction
wemperature at which the forwanl voltage becomes zero. So the genesal temporature
calibration function of a power diode 18 depicied in Figure | 1. where the slope diffors

Bom device to othors:

e — LI R

Votage

Ty = ambien T I Tn
Junelion lemperalure

This graph depicts the linearity of junctian
temperature versus forward voitage drop.

Figure 1.1: Tj-V, characteristic of power device.




The calibration of Vi versus Ty 1s accomplished by monitonng volimeler lor the

required value of current svurce at low constant current as the cnvironmental

wemperature, and is varied by cxtemal heating. The magnitude of current source shall be

choscn so that Vi is a lincarly decreasing function over the nomal T; range of the device,

Current source value must be lanze cnough to ensure that the divde junction is tumed on

but not larpe enough to cause significamt sclf-beating. An example of the measurement

method and resulting calibration curve is shown on Figure |1, Figure 1.2,
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Figure 1.2, Echematic of calibration

When the diode under is normal operation as in rechificrs, mverter and other

so-bications use dicdes as swilching devices in the dynamic behavior. Iy impotant (o

Leow the junction temperature it's self since the datasheet gives the maximum rating of

S junction temperawre and not the overall package of the diede; so if we can use

mother sensors like thermocouples, thermistors offer us the package temperature




Sewever it will not be gnough accuraie, and nkes extra hurdware Lo the system: so the

TV, calibration will be suitable Lo knowing the temperaturc ot the junction itself

The diode used n the reetificrs o7 other applications must be calibrated w define
4« wmperature from the forward voltage al low constant current. Then, diode will
saloaded of the operation lead current hecause the load current doesn't give a linear
seisnon of the Ty Vi corrslation and causes an exira heating lor the system. Then the
wetected current source must be applied to the diode after waiting enough e (recovery
w=c) 10 let the diode to regain its natural conduction properties, then applying the
gbmted curve to the diode and taking the forward voltage to get the junction

emperaturc value [3,6].

1.3 Objectives:

| Swudy temperature effects on power diodes.

! Toexamine concept of thermal resistance of the diode and heat sink.

an

Stady the methods of detcrmining the Ph-junction temperature and 11s advantages.
4 Mezsum the PMjunction temperature uging indircet method

£ Calibrale power diode Lo get the PN-junction temperature related to forwand veltage,
& Desien a regulated heat plale with accurate Temperature values from 25 to 110°C, in
e=fer to use it in calibration process.

7 Design controlled current source from 24 to 120mA.

§ Design tempemtur¢ sensor using power diodc and curment source

4 Determine the junction temperature of the power diode in normal operation, such as

moizhers and invoriers

0 Describes the lifs time of power diode




I .4 Preyvious studies

1.4.1 Use Forward Voltage Drop To Measure Junction Temperature
Jason Chonko, 2005

According this study, employing the junction ilself as a temperatre sensor. With
most matcnals, there's a strong comelation between the forward voltage drop of a
junction and the temperature of that junction. The point at which a junction becomes
nonlincar with respect to junction lemporalure depends on the matenial of the junction, as
well as its design. It's safe to assume lineanty for most matenals in normal apcrating
environments up to 80° w 100°C. Nonlincarity can be determined expenmmentally by
measuning the vollage at higher and higher ambient temperatures until there are a

deviation from lineanty. This relationzhip 1= nearly linear for most devices |10,

1 4.2 Power cycling capability of advanced packaging and interconnection

technologics at high tem perature swinps, Dr. Raed Amro, 2006

This study uwses of the measuring temperature of the junction as a parl of

determining the thermal measurements and analyvsis of the power clectronics, the failure

mechanism of power electronics, and the methods of measuring the junction wmperature
direct and indirect methods, temperature sensitive eleetrical parameter (TSEP) tast for

meazsunng Tj [5],




1.4.3 Pn-Junction as Temperature Sensor, Tony R Kuphaldt, FEEE

According to the study there a PN-junction {i.¢. a diode) can be used as a simplc

snd casy to use temperature sensor. According to the diode equation

(v M)

In=Istle -1 Eql2

Where

Ip ... diede currenlt

I, . saturation cumrent

c.... Fuler's constant (2.71828...)

q.. Charge of electron (1.6 ° 10 As)

V.... Volluge across the diode

N . "™Non-ideality" cocfficicnt {tvpically between 1 and 2)
k .. Bolzmann's constant (1 38 107™)

T .. Junction temperaturs in Kelvin

The current through the diode depends on the Voltage Vpapplied to the diode and
i temperature, If vou keep the current through (he diode constant, the voltage decreases

with increasing temperature. Assuming a current of 10 mA through the diode we can




st all known valugs into the diode equation and caleulate the change of the voltage if
e temperature changes by 1K [11].

{ 4.4 Method and 2 measuring eireuit for determining temperature from a PN

junction temperature sensor, and a temperature sensing circuit com prising the

measuring circuit and a PN junction, Evalde M. Miranda, John A. Cleary and
Elizabeth A. Lillis

According to the study there is provided a method for detgrmining temperaturs of
s device which ¢xhibits an exponential relationship between temperature and voltags in
sesponsc 1o an excitalion cumrent, comprising the acts of: sequen tally applyving at least
See excitation currents of different values to the device along 2 current path 1n a
predetzrmined current sequencs for sequentially exciting the device lor developing
saccessive voltage valucs across the device in response (o the excitation CuUITCnls, SCOSING
smccessive voltapes developed across two sensing nodes in the current path on opposile
sides of the device in response Lo the excitation currents, and combining thy diffcrences
of the successive sensed voltages for determining a valtage indicstive of the temperaturc
of the device. wherein. the proderermined current sequence is selected so that as the
éi¥=rences of the =uccessive sensed voltazces developed across the two sensing nodes
e current path are being combined, the cumulative effect. m the scnsed voltages, of
voltage components resulting from senes resistance in the current path between the two
sensing nodes through the device is minmuzed. and the number of times the device is
subjecled to excitation by the excitation cuments during the predetermined cument
sequence 1s sclected so that the eiftet ofthe voltaze components resultng from the senes
sesistancé in the current path between the two sensing nodes n the determined voltage

wdicative ofthe temperature of the device is substantially climinated [12]
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1.7 Project Layoul:

CQrur project composed of seven chapters and here a peneral descnption of the

contents of each chapter,

Chapter ane: 12 the introduction to the project, including a peneral descniption of
the problem, methodology, mam objectives of pmject, time table, budget and previous

studics.
Chapter two: 1s the theorctical backgronnd, includes packaging, thermal
characterisiic of the dinde, effect of the temperature on the semiconductors, sense the

janciion temperature without calibration and [emperature sensors.

Chapter threg; s the hardware design includes: regulated heat plate design and

fumenl source.

Chapter four. is Measuring stralepy, presents Calibration process, Calibration
grocedures and expected error of calibration.

Chapter five: Measurcments; include calihration results of tested power diodes.

znd datermining junction temperamrs of a power diode al specific load current

Chapter six: Applications; presents diode as mperature sensor, diode demo
el Juncton temperature while m operation and Dircct-readimg thermometer,

Chapter seven: Conclusions and future work; which presents project conclusions.
recommendations and future woik,

12




Chapter Two

Theoretical Background




2. Theoretical background

This chapter presents some concepts about the cfftcts of temperaturs on
Semiconductor dovice. Themmal Resistance. Diode and 1ts Themmal Characteristics and
Themmal response of diode junction. The chaptar also presents Packaging, Sense junction

semperamures without calibration and Tempemture sansor.

2.1 Packaging

Electronic packaging is generally defined as the combination of engineering and
manufacturing technologies required to convert an ¢leetronic eircuil into manufactured
sssembly. In Packaging of power eloctronie devices theme is an addinonal consideration
=t a power semiconductor chip can be much larger and dissipates much higher power

level than a chip ola signal 1IC.

The mle of packaging is to: connect a die to the extemal circuit, provide a way o
memove the heat pencrated by the deviee; proteet the dic from the extemal environment

tmoisture, dust).

Many of the mliability issues of power device are erther rlated to excessive
wemperalure of fatigoe due to themmal cycling. Research is currently carnied out on the

Sllowing topies: improve the cooling performanee, improve the resistance to thermal

13




cyveling by closely matching the Cocflicient of themmal expansion of Lhe packaging to that

afthe silicon and increase the maximum operating temperatore of the packaging matenial.

Rescarchs is also pngomg on clectrical 1ssnes such as reducing the pamsitic

mductance of packaging This inductance limits the operating frequency as it generates

losses in the devices during commutation

Low-voltage MOSFETs are alse limitcd by the parasitic resistance of the

packages, as their intringic on-state resistance can be as low as onc or two milhohms,

There ars mamly three packaging concepts in power electronies: Discrete devices,
Power modules and Dise cells (or Hockey pack) figure 2 1, the most impartant cntena o

sclecting the packaging type power class of the deviee.

figure 2.1 :Packaging types




Discrele devices are the primary packaging form in power electronics and were
presented at the begm of the sixtizs of the last century = The most important
representative of the discrete devices is the TO-family members (TO22ZD, TO247 cte )
which are widely used in low and middle power applications like DC/DC and AC/DU

CONVETICrs.

Chip is mounted on a melal lead frame (mostly made of copper allay) which
sresents the eleeirical contact of the bottom side of the chip: Top side connection 18
established by alumimum bond wires. For mechamical and elvctneal protechion,
cubassembly, excepting the lead frame, is transfer melded by a plastic molding

compound, (se¢ Figure 2.2).

(lassic TO cases exhibit serew holes for screwing the devices 0 the heat sk,
where a thermal pad between the botom side of the device and the heat sink provides the
necessary clectrical isolation and represents the thermal coupling. However: an advanced
version abandons the serew hole und spring clips are used, which allows {he integration

of larger chips without changing the meochanical dimensions ol the case.

13




TO247

oo ~Clirp

Figure 2.2 To-cases structure

1.2 The effect of tem perature on semiconductor device nnd therm al resistance

The power consumed by semiconducior devices is converled into heat: this
generated heat causes a nse in temperature of semiconductor devices, Semiconductor
devices will operate normally as long as the temperature does not exceed an upper limit

which on this temperature the device swps operating nommally and becomes damaged,

Thermal cfeets are indispensable when using the semiconductor for high power
application or using it under the high operating temperature. The concept of thermal
resistance is usetl when considermg heat dissipation.

16




Thermal resistance 15 an imporntant figure of ment for how well a dwode package
2nd heat-sink combination is sble to dissipate heat and thus to what power level rhe
device may safzly be mun. Data sheets for commeicial packaged pants give typical values
for the general case. However, from the design engineer's point of view, the thermal
sesisiance of the device, as used 1n the designed circuit, is required. One option is to
calculate an estimate, based on the data sheel value and data for the heal sink used the
ssemmal paste and 50 on. A more straghtforward approach 15 to directly measure it
sithough such o messuromenl has previously required a means ol measunng junetion
tempemture, which in tum has required an additional sampling diode and a calibration
procedure using some means of uniformly elevating the deviee's temperature to a known

vaine

The first step in thermal resistance measurements requires careful consideration of
Sow the junction temperawre will be determmed, While there are several methods
ssmlahle: infra-red, liquid erystal, electnical parameler only the Electneal Test Mcethod
(£ TM) 15 truly practical for most device manufacturers and users as described in chapter
gme. This method melics un the fact that a tempemame sensitive cloctnecal parameter can
de found for the deviee that provides a direct cormrelation to the dewvice junction
wmperature, Unlike other methods, the ETM does not require any special modification to

%< device and can be performed om the device i its linal fonn by making electrical

semmection to its leads, The simplest and most common parameter used for Wwmperature

sen=ing within a device 1s the junction valtage across a diode forward-biased with a low
sawe of current. This voltage will usuvally vary lincarly with temperatune over a ranpe

ssstable for making thermal resistance measurements and is very repeatable.




In power devices thermal resistance belween junction and a reference point (Ry,
o} 15 usnally given and can be calculated according lo Equation 2.1. The selection of a

usable reference tempemature depends an the puckuging concept of the device.

Eq. (2.1)

Where: Tr= junction temperature; To= Temperature at reference pomnt; Po= heat
fow mate between point junction and the reference point However there arc unportant
considerations that have to be aware when using Bm gow) fo specify the maximum

operating conditions of a svstem:

2) Equation 2 1 docs not consider the non-linearity in the thermal sysiems especially the

nonlinear dvpendency of thermal pammeters of the different layers on tomperature

Therefore, the measured Ry depends on junction lemperature and thus indirectly on the

dissipated power Pd and load current.

%) The calculated power Pain equation 2.1 is not the real power dissipated within the
chip. Despite these limitations, thermal resistance 1s still considered as an mmporiant
measurable parameter of the capability vla device to dissipate the heat energy generatzd
within the chip and has been developed over the years s an aid to the manufacturer and

wser for calonlating the junction Wmpemture of the operating device [3)




2.3 Diode and its Thermal Characteristics:

The main reason semiconductor materials arc so useful is that the behavior of a
comiconductors can be casily manipulatcd by the addition of impuritics, known as
doping. Semiconductor conductivity can be conlrolled by introduction ofan clectric field,
by exposure o light, and cven pressure and heat, thus, semiconductors can make
excellent sensors, Current eonduction in a semiconductor occurs vin mobile or "free”
slectrons and holes {collzctively known as charge cariers). Doping a semiconductor such
45 silicon with a small ameunt of impurity atoms, such as phosphorus or boron, greatly
increascs the number of free electrons or heles within the semiconductor When a doped
semiconductor contains cxeess holes it is called "p-type", and when it coplalng excoss
fiec electrons il i known as "n-type”. The semiconductor material used in devices is
doped undor highly controiled conditions in a fabrication facility, to preciscly control the
lacation and concentralivn of p- and n-type doping reions. The junctions which farm

where n-type and p-iype semiconductors join together arc called p-n junctions.

The p-n junction diode is a device made from a p-n junction. At the junclion ofa
p-type and an n-type semiconductor there forms a region called the depletion region
which blocks current conduction from the n-type region to the p-lype region, but allows
current to conduct from the p-ype region to the n-iype egion. Thus when the device is
forward biased , with the p-side at higher electric potential. the diode conducts current

castly: but the current is very small when the dipde 1s reverse biased.




213.1 Thermal response of diode junction:

When diode is in operation. heat generted within its junction. The mte of heat
generation is a functon of power (P). Heat is transmutted from the junction to the case.
case to heat sink, and then heat sink to ambicnl, or if no heat sink, heat dissipated from
$e case o ambienl, The junction temperatire (Tj) will rize until equilibrium 1 reached
when the rale of heal generation is equal to the rate ofheat diszipation. How fastand how
Suzh T) nses depending on the vonducting medium

Generally, the characteristics of the conducting medium are defined in terms of
termal resistance (Rth) using an electrical analogy where the temperature is cquivalent
= the voltage, power to eurrent. and Rith W resistance, the junction temperature rises AT]
slstive to the case would be the product of the power (P) and thermal resistance junction

& the case ;

There are times when a diode would fail dunng operation ¢ven through its Tj 1s

seemingly below the maximum rating based on the DC or average power dissipation. It's

werv possible that some time during operation when transient surge occurs, the oxeegs

Seat associated with the suree may not dissipate fast cnough from the junction to the case,




Sus causing T) to rise beyand the crtical limit. Another passible scenario would be if the

Swode curment is in the form of repetitive pulses.

The Shockley idcal diode cquation is the -V chamctenstic af an ideal diode in
cither forward or reverse bias (or no bias). It is derived with the assumption that the only
processes giving rise to cwment in the diode are drift (due to eleetrical ficld), diffusion,
and thermal recombination-gencration. Italse assuines that the recombination-generation
(B-G) current in the deplelion region is insignificant. This means that the Shockley
squation doesn't account for the processes involved in reverse breakdown and photon-
ssistod R-G. Addibonally, it doesn't descnbe the "leveling oft” of the -V curve at high
Sorward bias due to internal resistance. nor does it explain the practical deviation from the

sdeal at very low forward bias due to R-G current in the depletion region.

Vy=EKT Eg (2.3)

Where: e is the magnitude of chanee on an clectron, k is Boltzmann's constant. T is the

absolute twmperslure vf the p-n juncton [7].
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1.4 Sense junction temperatures withoul calibration

Diodes can be used as low-cost temperature sensors. Sensing lemperature with a silicon
sunction often exploits the fact that the forwarnd voltage drop has a temperature coefficient
of =22 mV{C The problem with this method 13 that the actual junction voliage at a
siven lemperature is subjcet to wide vanation, requinng a calihration whenever different
devices are used. Manual calibration can be tedious and also involves aceuracy-degrading
potentiometers.

Scnsing junction temperature without calibration relies on the predictability of
Junction voltage vanation al bwo currenls over temperature, desenbed by the familiar

V= KT In{l1/12) Eq{24)

)

Rearmnging to yield T, assuming a 10:1 ratio for 11/12, and assuming § 7248 * for
¥ /g. this simplifies 1o a good approximation for most common diodes.

e N e & N
(K/q)ln(11/12) 0.0002




This result is in degrees Kelvin; simply subtract 273 to convert the result o
dezrees Celsius. As an idea of the amplitudes involved, a 10:] current ratio will vield a
54 6-mV difference between the junction drop at high current and low current, at 25°C,
with a temperature coefficienl of +200 pV/~C.

You can stimulate a junction to yield this information by toggling it between two
currents, as the circuits descrbed here do. Then vou simply measure the dV between the
s o current values and use the above equation to descrbe the temperature of the junction.
This small signal represents a slight challenge when amplitving, since vou are trying to
sbscrve o tiny signal (the tempea) contained mn a larger signal (the dV/1), riding on tap of
2 big impmrecise diode drop with a comparatively huge tempeo (04 0 0.7 WV, 23
=V/°C) These constmints favor a means of stimulalion that allows ac coupling the dV/1
soltage to an amplifiving circuit. These vanations, available supply voltage. and the
dvnamic tange of the deviee (ADC) thar this cireuit will feed dictate the maximum
allowable gain of the amplificr.

The basic approach for juncuon temperature sensing with hardware monitor IC
soch as the LMB0. The general purpose outpul of the LMBO0 is used as a control line fora
cirewit which continuously supplies 10 pA of current to the measurcment junction when

the control ling 15 law.

To make a measurement. the control line is momentarily taken high, supplving an
additional 90 mA to the junction for a total of 100 mA_ The amplifier/conditioner circuil
= designed to extract and amplift the difference between the low-cument and high-
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cument junclion voltages. This voltage then is scosed by one of the analog inpuis of the

LMXD

Ihe National LM%0 Personal Computer Hardware Monitor IC. The LMEQ 15
samply an analog-to-digital converter, converting the voltage o digital form. Once ina
computer, the actual temperature is simply a matlor ol'software calculation. The LM&0
srovides @ U-to 2.56-V full-scale range with 10-mV L3B (lcast significant bit} |4]

15 Temperature sensors

Thers are several ready-made lemperature-to-vollage sensors avalable, which
provide all three steps in one very small package. All that needs to be done is lo vonnecta
power source (like a 9-volt battery) and a veltmeter (like a Digital Multimeter, also
Leown as 2 DMM or DVM). They generate 0.01 volts (10 mV) for cvery degree F
JLM34) ordegree C (LM33). so a temperature of 75 degrees would read 0.73 volls on the
weter The sensor itsa!f can be mounted in @ nigd twbe and sealed to protect it from
Lquids, forming a lempemature probe, or ean be left at the end of the wires. allowing

8- wible sensor placement. Sensors such as the LM34 or LM33 are top choices for this

Lmd of application.

The main problem with the LM34/35 is that the most accuraiz vyrsions are also
®e mosl cxpensive (up to $30 for the "A" grade). Luss-aconrate grades arc available
seasonably priced, but they can be off by as much as four degrees Fahrenheit ("D" grade).
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Hawever, for gencral-purpose use, they are excellent and verv simple to use devices We
use the semivonductor temperature sensor which converts the tempemature to voltage
which will be the negative feedback of the sysiom to the comparator; LM33 integrted

circurt will uscd because it has more reliability then the other sensors.
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3. Required Hardware Design

Thes chapter proscats practical system for control and power circuits for regulated heat

slase. also practical circuat of current source

3.1 Heat Plate

This part of the chapter present the design of the regulated heat plate, with high
sccuracy and reliability, which is nse o gel different values of the temperaturne Lo set the
sower diode temperature Lo desired value for the calibration, figures 3.1, 3.2 show the

sontral and the heater circuits,

L

Figure 3.1 Heater control circuit
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Fipure 3 2: Regulated heat plate

The seneral block diagram of the closed loop control svstem for the heater used in
the regulated heat plate shown in the figure 3.3 where this system contams the following

componcnis:

| Vref this block consist of two pans. regulated power supply fram -15 to +15
valts DC, that is butlt using center tap transformer, bridge reetificr positive and negative
voltage repulators (LM7815, LM7915). The sceend part is the potentiometer to control
the reference voltage. Figure 3 4 shows the complete circuit of the power supply.




Figure 3.3, overall heater block diagmm

2. Comparator (LM741), to compare the reference voltage with the feedback

signal from the tempemture s¢nsor

3. Controllcr (LM74 1): As P-contreller to amplify the comparator signal with giun
equal to 10.




o, =L

ol % 4
coe T ::'jT'l':'Hf

TR Rl
THIA S

Figure 3 4 Power supply circuil

4. Firing circuit; using the timer NE3S5 to generate pulses ta drive the opt coupler

MOC4031 which fire the triac and isolate the control and the power cireuits. [3].

5. AC voltage controller: with phase control using a twac (BT13%). contral with

the input vollage of the heater which control cutput tempsrature of the heater.

6 Heatsr An clectrical heater (ST220V70W7-1) that gives the heat to the
aluminum plate which the diode placed on: acconding the mput voltage the amount of
Bheal chunges and gives the desired temperature value. The heater system isolated from

the ambient by thormal isolator, to reserve the sct valuc ol temperature.




7. Temperature sensor: (LM35) used to provide the actual value of feedback
signal from heater (o the input of the comparator,

EHE
Voul TENT]
— 1

Figure 3.5: AC voltage controller with linng circuit.

Also rockwool matcrial is used as small room arcund the heal plate; to make

cxcellent and reliable insulator for the system and to reduce the error. See Appendix .C.

This mcthed is more offective than other methods for the diodes breakdown
voltage of less than 5.6 V, the compensating diode is usually not required because the
Sreakdewn mechanism is not as tempemature dependent as it 1s in breakdown dindes
above this valtage [7].
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7. Temperature sensor; (LM35) used to provide the actual value of feedback

signal from heater to the nput of the comparatar,

:‘ 1af

Figurc 3.5 AC voltage contioller with firing circwmil.

Also rockwoo! material is used as small room around the heat plate; lo make

eellont and reliable insulator for the system and to reduce the srror. Scc Appendix .C.

This method is more effcclive than other methods for the diodes bruakdown
voltage of less than 5.6 V, the compensating diode 15 usually nol required because the
wreabdown mechanism is not as temperature dependent as it is in breakdown diodes

above this vollage [7].
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3.2 Currenl Source

Active cumrent sources have many impurtant applications in clectronic circuits,
Current sources are often uscd in place of resistors in analog imtegrated circuits to
goncrate a current without causing allenuation at a point in the signal path to which the
curreni source is attached. The collector of a bipolar transistor, the dram of a field effect
tmnsistor, or the plale of a vacuum tube naturally behave as curront sources (or sinks)
when properly connected to an extemal sonrce of energy (such as a power supply)
because the oulput impedance of these devices 1s naturally high when used in the current

source configuration.

A JTET can be made to act as a current source by lving ils gate to its source, The

current then flowing iy the Ings of the FET. These can be purchascd with this connection

already made and in this casc the devices are called current regulator diodes. An

enhancement mode N channel MOSFET can be used in the circuils listed below.

The circuit of current source that we will use is as the following figure 3.6,

Figure 3.6; Current source circuit,
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Figure 3 7° Simulation result for the current source circuit

This eirenit including a standard diode I (of the same semiconductor material as
e mansistor) in series with the zener diode as shown in Figure(5.6) The diode drop (Fp)

Sacks the Vg changes due to tempemture and thus supprosses temperature dependence
withe CCS.

Besstance #; is now caleulated as
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Rl1=Vs Vp-Vy
Klg+1I

— 15065546
1.2#400uA

=182 K0

Where: Iz is very small (ignore).

la= !‘l:l'rBI-'-. .
= d40mA [ 100
=400 pa
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4. Messuring strategy

Thig chapter presents how the Vi - 1; relationship for the power diode can be
shtained, which called the calibration operation. And we show the otherhardware that we
sse in the calibration operation and in the project. Such as cument source and regulated
Scat plate and its design.

4.1 Cabbration

Means, how to abtain the relation of junction temperature with related to the
forward voltage across the power diode: which used to determine the junction
temperature by measunny the Hrward voltage that varied within the temperature. §

This step is necessary to derive the lincarequation which describes the relation T)
2s function of V;at low sensy current: the calibration will be done to the device one time
ar mare times to gel the speeilic relation Ty = fiVy) of this device at low senge corrent. By
defining a specific value of Vrils easy to know the junction (emperature dirsctly from the
curve or the egquation. We can make calibration for other power devices at the same
method.




‘I'he importance of selectny the small sense cumrent:

| Toprevent an ¢xtra heating from the load current.

2. This current must be enough to make the diode forward brased.

3. To reduce the consumed power in the application of using a diode as sensor.

4 Tao have linear characteristics between forward voltage and junction temperature.

The hardware used in calibration was: device under testing: in our project we

select a power diode for the simpheity.

Current source; we use an adjustable curfent source from 20 ta 120 mA provide
11000 of the rated current of the power device (power diode).
We must note that the constant current through the sensor diode, genemting a valtage
which chanpes only with temperture.

Regulated heat plate it's an adjustable tempemtun isolated healer used 10 provide

many lemperature values to the diode, for calibration operation see chapter 3.

Other devices will be the measuring devices:
* Sensitive Multimeter to measure the adjustable sense current to the desired value and
the forward vollage of the diode.
» Thermometer to measuring the wmperature of the heat plate or the diode junction.




4.2 Calibration procedures

The first step; in the calibration process ix to select the value of the Sense current.
i must be lurge: enough to ostablish conduction in the body of the junction. At the same
sme, it mast be low enough to allow the neglecting of the generated selfheating In this
work, sense currents amounted 1/1000 of the nominal load current of the scnsed device
The next swep: is the gradually adiabatic heating of the device till thermal equilibrium at
=ach step is reached. Subscquently voltage versus temperatire data pairs at fixed sense
cument is measured. The waiting period till a thermal equilibrium is established depends
on the thermal capacity of the devices and the thermal resistance betwoeen the device and
the cavironmental medium However, these two parameters arc usually unknown prior
calibration, therefore reaching of the themmal ¢quilibrium 15 determined when no more
changes of the sensitive parameter for sufficient long bme was detected.

Actually two calibration points are sufficient to cstablich a slraight linc as shown
m figure 1.1. However. extengion of the number of the data pairs and the range of the
calibmtion tempermture at which the deviee will be later stressed increases the accuracy,
Also averagmy of the sensed TSEP of dillorent samples of the same tvpe decreases the
sndom error related Lo the manulacluring distribution. The calibration processcs in this
work are excouled by wsing of lemperature regulated heat plate where devices arc
mounted and gradually heated (see Figure 4.1). The first calibration dala pair i5 usually
obtained at mom temperature where the last pait is vbtained at the nominal ‘T, max that
will be reached in the eveling tests.




ANAANANAN

Figure 4_1: Calibration process

Te avoid the inclosion of the voltage dropped at the current leading wires, it 1s
important to measure the voltage across the device at the points where the current

actually cnlers and leaves the dic (Kelvin method).

The calibration which already donc 18 practical for determining the junction

t=mperature for a specific power device In the case al the junchon s I opershon state
Tha! immediately aller the device that contains the P-N junction diode should be tumed
off the calibration should applied to the speeific P-N junclion power dicde. Then to
measure the P-N junction tem perature that relate the forward voliage,

Also calibration can he used to measure the temperature of many different
spplications hal affvcled with heat, in other wond as temperature sensor, That the
tempemiure of P-N junction is equal to the emporature of the application somewhese.




An important consideration in the calibration operation is: the initial point is
commonly measured at 25 °C, and then the device under test (DUT) is allowed 1o reach
thermal cquilibrium. A dwell time can be determined expenmentally. But for most
packages, a soak of 10 minutes should be sufficient lo get the thermal squilibrium.

The pomt at which a junction becomes nonlincar with respect to junction
temperature depends on the material of the junclion, as well as iis design, It's safe to
assume linearity for most matenials in normal operating environments up lo $0° to 100%C
Nonlinearity can be determined experimentally by measuring the voltage at higher and
highcr ambient temperatures until there are a deviation fiom linearity. This rclationship is
ncarly linear for most devices. It can be expressed mathematicallv as mentioned in

chapter | [4.5.6].

4.3 Eapected Error of Calibration

One vitally important aspoel of device calibration i1s the determination ofaceu racy

and the typical error bounds for the tempemature measurement. These crrors branch from

three spurces:

I. Random errurs associated with TSEP measurcment: These random errors an:
those agsocialed with making the clectrival measurcment. Proper shielding and
grounding, instrument calibration. and an adequately sensitive TSEP will reduce

these erroms.




Svstematic errors in device calibration procedures: Device calibration data is
compnsed of the TSP voliage and the corrcsponding temperature of the
semiconductor. This semiconductor lemperature 1 tvpically measurcd with an
exlemal contact sensor on the outside surface ofa packaged scmiconductor device
figure 3.2. Depending on the time-temperature history of the device, the outside
surface temperatuire may not be equal to the intemal tsmperature of the
semiconductor, Thig situation introduces a systematic ermor into the device
calibration data

. Accuracy of data represemtation: These crmums are associaled wath  the
formulation of the calibrating equation acs a representation of the TSEP data. A
calibmbion based on two data points will not réveal a non-linear TSEP
charactenstic. or provide the accuricy enhancement of dala averaging over a
range of temperature data. [9],
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5. Forward Voltage and Temperature Measurements l

amples of power diodes two diodes (MBR4045) with rated curreat 40 amperes 45 volts and
"wo diodes (SBD3040) with rated current 30 amperss, 40 volls, the data will be junction
wmperature with respeet to the forward voltage at different values for cach diode . The reason of

=ing two diodes of the same tvpe and specifications is to obtainmg mon accurate curve

£1 Calibration measurements

In this chapter the laken data will be recorded and analvzed. This dats is taken for four ‘ 1
The practical calibration as mentioned in chapter 4 applied on any power diode. done |

'
* applying forward constant current source with 1/1000 of the nominal curment of the power
Sode, changing the junction tem perature using the regulated heat plate and taking the forward

saltages by digilal voltmeter for different temperarure values

Figure 5.1 Practical calibation measurements.
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.1 Power dinde MBR404% calibration:

As mention, lwo samples of MBR404S pawer diode arc taken to calibrate and
weciude to junction lemperature relate to forward voltage curve and its cquation. Where sensy
semreat applied to the diod is equal to 40mA_ See Appendix B

A) Fust sample. Table 5.1 shows the first sample of MBR4045 power diode
calibration results. The eurve and equation of the linear line can be oblained using excgl
program. see figure 52,

Table 5 1: first sample of MBRA045 T, Vymeasurements,

Ty("C) VdmV)

217

40.5

65 4

90 4
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Figur 5 2. First sample o' MBR4045 calibration curve.

The curve equation®
T=-0.4824 = Ve+ 21329
Where: Tjn Celsius,

YeinmV

Supposa that if this diode m operation, then directly applyving the sense cument of
SUmA only, and taking the forward voltage (as cxample Vi= 250mV). From equation 5.1.

T=92.69°C.




B} Sccond samplc. This sample is taken Lo ensure the measurements and calibrated

snve sults of the same type of MBR4U43PT power divde. Where table 5 2 shows data

sstuned, and calibrated curve as seen in figure 5.3

Table 3.2; Sccond sample of MBR4045 T, Ve measurements,

T,(C) Vi(mV)
A TSR 1A Gkt U,
Ridoe B F i e .
69 4 285 il
, 90.4 244

=200

W)

Figure 5 3° Second sample of MBR4045 calibration curve

The curve equation:

Ti=-05088 = Vi+ 214 5

Cg(3 2)

[f the forward voltage is equal to 250mV then Tj = 87.3°C.




2 Power diode SBD3040 calibration:

S50 lwo samples of another power diode with 30A, 40V (SBD3040P) placed on the sama

smdition of calibration. except scase curmont is equal to 30mA. To cnsure that CVETY power
Sade have calibraled linear curve difforent from another one

A) First sample. Table 5.3 and ligure 5.4 illustrates calibrated data (junction temperature

W5 respect o forward voltage of pawer diode) and the linear lins of that results data,

Table 5.3: First samplc of SBD3040 T, Vimeasurements

| T C) ‘-"r[m V:I

222 3l

2659
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Figure 3.4 First sample of SB03040 calibration curve.

The curve equation 15

T;=-0.5242 = Vy + 186,66 Eqis.3)

¥ the forward voltage isequal o 250mV then

T;=3561C




B) Second samplc. Table 5 4, and figure 5.5 shows data and lincar curve obiaincd
from the calibration of the second sample of SBD3040P power diode. :

‘Table 5.4: Second samplc of SBD3040 Ty, Ve moasurements

T,(C) VdmV)
| 25.4 299
453 261
79.7 195
992 158 ol
120 . - ol C A i
100 I =
80 | __\..
S o0l =
=
40— e
. | s
Q : - {
C S H 100 150 200 250 300 380
Viimv)

Figure 5.5° Second sample of SBD3040 calibration curve.




The curve equation 1s:

Ti=-0.523 » Vie+ 181.78 Eq(5 4)

So if'the forward voltage moasured (V) equal to 250mV Then

T,=51.03.

5.2 Junction temperature at specilic load current,

This cxperiment as one of practical applicaton of this project that show the
lunction temperature by two methods: using the calibration curve and by thermal resistance

concept.

The circuit figure 54 shows the practical conncction of this cxperiment, where g

tepresents the load current (stressing source) and Isy 15 the scnse current same as the
calibration current, MBR4045 (he ealibrated power diode, digital veltmeter as forward
veltage indicaror and the oscilloscope to indicale the transicnt.
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Figure 5 6: junction temperature at specific load currenl.

The two currénts will be applied to the diode at the same time, that Le; heat effect is
acglected, alter enough time of applving Ly to nsc the junction lemperature o specific
valug, then 51 will opened and the forward voltage taken, ar this time store vseilloscope
must stopped to note the transicnt changes while 51 opened: the oscilloscope will show the
sulput will be as figure 5.7,

Part one: Determining the junction temperature using the ealibration cyuation:

Mcazured forward voltage: V= 300mV

Calculated junction temperature using equation 5.1.
I;=04324 300+ 21329

=G857T'C.
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Figure 5.7: typical swilching progess and the comespondent voltage levels observed

during thormal measurements of s power diode

Part tow: using thermal resistance concepts, junction

equation 5.5,

lemperatre can be obtained as

Ringi + Rpen + Bihnin =

Eq(53)

1,=-Ty
PI.'

Where: Ry - thermal resistance batween junction and case.

Kinen: thermal resistance between case and heatsink,

Rotamp! thermal resistance between heatsink o ampicnt
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Pd=Vexly  Egisa)

== L.76= [5.64W

1.2 +0.2 +0.85 = ¥3.=30

Then Ti= 6564 °C

Sotheerroriscqual — 6857 -6564 = 4%

63 64
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Applications




6, Applications

This chapter describes two main spphcatgons: uvsing power diode as temperature
s=sor and define power diode tempemure when it is in operation Besides that it presents

sectronic thermometer description and diode demo circuit

&1 Dvarview

Scmiconductor junctions have many venty applications from the millions of
wmsistors used in ICs lo the large-arca compound junctions that make high-bnghtness LEDs
pessible power electunics 50 we must know the failure reasons: thev have a in imporance of
Sslure due to an increasing in heal can all suffer carly failure due ta inercased heat. This
secomes an ¢ven larecr issus when feature size shrinks and cunval requirements expand. Even
semmal operation can ereate heat buildup, raising the junction temperature. Such elevated
S=pemiuies may increase the amounl of defects within the junction. deereasing perfomance

= shortening lifespan

ssother method s to place a wmperature synsor very close to the sumiconductor junction and
®easure the sensor outpul signal As the heat flows to the outside area, it would raise the
=mperalure of the arca and the sensor Although a straightforward process, there are physical
smitalions due to the finitc size of the senzor. In many cases, the sensor itself wou id be larger
®an the junction o be measured. Tt would add a large thermal mass to the system. as well as

s=ditional orror to the measurement. thus degrading measurement accuracy. So this technigue

sarily helps most applications [4].




6.2.1 Diode as temperature sensor:

In this part of chapler we will show the usage of power diode calibration curve ang
cquation to measure the emperatore.

After making the calibration for a specific powsr diode. we can usc the calibration
curve produced to identify the forward voltage across the diode corresponding temperature of
many practical applications, cspecially when the diode has botter efforts in this side like:

| When the other sensors is not practical (o measure it

(¥

- Using the diede will be more acourate than other temperature sensor
3. Low cost

4. Excellent long term stability.

3. High sensitivity over limiled temperature range (-55C to 130C)

& Low power consumplion.

7 The measunng circuit is simple.

A betler solution is to employ the junction itself as o tem peralure sensor. With most
matenals, there's a strong comrelation between the forward vollage drop of a junction and the
temperature of that junction. Voltage differences on the orderof 1 ta 2 mV commonly mdicate
3 1°C change in junction temperature. This measured volage is the Yy at T {25'°C).




The disadvantages of using a diode as temporature sensor
Every device needs calibration process.

® The produced curve actually not completely linear and we consider it as lincar relation; 8o

St causes & small error in measuring

* In this apphcation we need an amplifier or sensitive measunng device to know the small

smanges in the forward vollage.

‘lemperatare monitering and control 1s a fundamental necessity of brewing. Ther
2= many kinds of thermomelters available in practical measunng of the temperature: Each has
sdvantapes and disadvantages in their use. Mercury or alcohol thermometers can be very
sccutate but are prone to breakage if mishandled and usually must be read from the side, which
=ake them impractical for checking temperaturcs deep inside a container. Dial thermometers
offer good performance and accumcy, bul ofien the dial scales arc small and hard to read.

Larger dial thermometers can be expensive and harder to find.

Clectronic thermometers offer a direct numencal meadout and use a remote sensing
seobe like diode, which allows one to easily read temperatures in difficult-to-reach oreas. They
=an be home-buill at low eost and nval or exceed the best dial thermometers in accuracy
Perhaps their best feature is thal they provade a "front end” for electronic temperalure

sontrollers and other devices.




%22 Electronic temperature sensors overview

There ame many wavs (o sense temperature using clectronic components.
Thermistors ate resistors whose resistance changes with temperaturw. They are relanvely
wexpensive and an: useful in certain control applications. but they don't have a "lingar"
wiponse to temperature. so accurale conversion of a thermostats resistance 10 dirset
wmperature readout 15 difficult for the hobbyist carcuit builder. Thermocouples are hittle
slectrical “generators” whose voltage changes predictably with temperature, although again.

ey require special processing of their outpul o determine temperature.

Perhaps the best electronic sensor for our applications 1s a picce of silivon available
= the form of a diode. A diede is an inexpensive electronie component designed to allow
sarrent to flow through it in one dircetion, but which blacks current attempting to fow in the
spposite diroction. Picture a diede as an ¢lectronie like m hydeaulic science "check valve”
allowing electrons (instead of flud) to flow in one direction only. As cumrent flows in the diede,
2 voltage builds across it For e given diode. this vollage depends on two things: the amount of
current flowing through il, and the diode's temperature If we can establish a fixed and known
summent, we can assume that any changes in the diode voltage are due only to changes in

Smpeiature,

The change in the dinde’s voltage in response to temperature changes is very linear.
s we've solved a big problem there, There are a couple of other problems though that will
sequire addressing hefore we can use a divde in a dircet-reading thermometer. First most of the
soltage cross the diode must be "subtmcted” to loave only the part which changes
seoportionally to the temperature units we are interested in (nomally degrees F or ©), Thus
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“offser" voltage 1s mushly 15 1o 0.7 volts, NexL the voltage change in response to lemperaturc
thange 15 very small; about 1 22 thousandiths of a valt (1.22 mV) per degree Fahrenheit (or 2.2
= V/deg C). Finally, the voltage drops as lemperature rises, and rises as temperature drops. So

= order to use a diode i a direct-reading theanometer, we must:

1) Subtract the amount of voltage requircd to “leave” only the part that changes with
smpoerature,

=) Amplify or "seale” the remaining voliage change to maich the desired readout in degroes.

) "Invent" or "wverse" the direction of change so that the vollage rises with nsing
wmperature and vice-versa. Nomally we would do these three things so that 10 millivolts of
woltage equals one degree of temperature. This relationship allows dircet temperature readout

o a digital voltmeter while keeping the voltage levels reasonable,

523 Diode Demo Circuit

The simplest diode thermometer cireuir is shown below While not very practical, it
So¢s demonstrate the diode's accurate response to temperature Actually, it can be used along
wuh a sheewof graph paper, so you can measur the voltage and lovk up the remperature on the
“=ar. Label your graph paper from 0C (o 100C on the iemporature scate, and 0400 volls to
* 700 volts on the vollage scalc,

In order to have the diode voltage respond only to temperature, we must fix the
~ement at a constant unchanging level, The selected current a constant currenl, the exact valuc

W e current is nol almost important it better to be 171000 of the nominal valuc of diode

wwmmeat, and only the fact that it doesn't changs.




Astute readers may wonder how we ¢an maintain & constant currenl through the
“ode this way, when the diode voltage is changmng with temperature. However, the shght
shange in current due Lo the change in diode voltage translates to a very small additional change

@ the diode voltage, so the error is neglgible

After you've wired the cirouit, prepare a glass of iwce water and a coffee mue with
sear-boiling water. Also get out your favorite, most accurate thermometer as a reference. Tie
B¢ sensor to the reference thermometer with a twisty and dutk them into the ice water. Allow
Sem fo serle for a fow minutes to equilibrate with the surounding temperature. With the
Bermometar and sensor still immersed. rcad the Wwmperature from the reference thermometer
#d the voltage from the DVM. Write these numbers down Now repeal using the hot water
You now have two data points. Mark them on the graph paper and carcfully draw a straight line
sstween them. Now you can simply read the vollage from the DVM, check the chart, and
sstermumne the temperature with great accuracy.

-

Figurc {61} diode demo circuit




You can build a thermometer circuil using simple pars like a diode. small current
source and measuring device, ln addition, if's easy to add on o these circuits to create
complete temperaturc-control application in addition to & simple thermometsr A little skill in

soldering is all that's needed

Building a Probe: Let’s start by building a temperature sensor probe using a diode.
In actuality, we'll use a power diode. in TO- package which has the lzads all coming oul from
one side. so the "body™ can be fully exposed to liguid on one end while the leads are protected
and out of the way at the other ¢nd. Just be sure that the leads arc fully protected from contact

with liquid but leave the body exposed for fastest response o lemperature

Anocther thing to keep i mund is thal ¢very individual diode has its own particular
voltage-versus-temperature charactenstic. This means that if you should ever replace a probe,
vou must recalibrate your thermometer to "match® it to the new sensor. Bul as long as you
aiways vse the same sensor with the same circuit, vou shouldn need Lo Tecalibrare. although

penodic checks are a good idea:

624 Direct-Reading Thermometer

Ta be truly practical, it would be nice to have the DVM read our dircetly in degrees
mther than having to carry a chart around! However, if we equated one volt with one degree,
Soiling waler al 212 degrees would require us to generate 212 volis. which would be difficult as
=l as dangerous! If we equate one degree to a more reasonable ane hupdredth of a volt (10
= V), the "digits” will be right; wa'll just have o "ignore” the decimal pemnl. A temperature of

43 degress would then read 145 volts; 34 deprees would read 0.34V. This "scalc factor” (10

=V perdeprec) is the industry standard for tomperaiume sensors.
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In order to do this. we must salve the three "problems” discussed earlier we must
suhtract a larpe fixed voltage, invent the direction of change of the remaining veltage, and scale
s rate of change. The thermometer will maintain 1ts aceuracy as lang as the diode current
doesnt change The vohage regulator will maintain a constant output voltage as long as the

sounrce voltage is above aboul soven volts [#].

4.3 PN- junction temperature while in operation

The important consideration 1 systems design is the temperature of the pn-junction
of the devices of dindes when the needs of design or manitor a normally opersation of the diode
like rectificrs, verters which self heating due to the load current or the arvund cnvironment,
hecause the diode temperature has upper limit that when it reaches (o causes diode failure duc
w0 disconnecting of the bond weirs which connect the pn-junction and he pues the value ofthe
temperature may used as a feedback to the control system to remove the cauge of the

smpermture — the load- automatically.

An accurle lemperature-measurgment method for semiconductor devices iz needed
to prevent eritically high temperatures. One technique 15 a simple junction-temperature
= easurement that can be parformed using the calibrated curve. Resulis of this moasurement can
S¢ used to monitor operating conditions for a given device. The ideal way o measure Junction
semperature is to monitor the device temperature as close as possible to the heat source. Current

Sowing through a semiconductor junctivn produces heat, which then Nows through the junction

matenal to the outside world,




Another impuriance of ineasuring the emperature of the junction that the datasheets
gives the maximum absolute wmperature of the junction itself, so knowing the lemperature of
e junction vory useful as teedback (o the control circuit @ resenve nomally operation

conditions to the real ime application like rectifiers.

Onee the junction reaches thermal equilibnum, a shont-duration current (1/1000 of
rower diode rated current) is soureed into the device under test DUT. Afier tam offthe deviee
which has the power diod¢ and that delivening a larger amount of power that may skew the

results by heating the junction

Many times, the junction-under-test isa silicon orcompound diodc. Forthese deviee
APce. a good starting point for experimentation is 1 ms of sourced eurrent at a few milliamps of
anve cument, If you're unsure, the self-heating of the junction also can be determined
sxpenmentally by using a source capable of very short pulses (l¢ss than 1 ms). You can then
expenment by varying pulse widths and camparing the voltages of each pulse duration. Voltage
differences on the orderof 1 1o 2 mV commonly indicate a 1 °C change in junction temperature,

This measured vollage 15 the Vi at Ty, 23570,

When the diode uscd as switching device in nomal operation. it will heated due to
¢ Joad current or the surround g cnvironment this case fatlure. so we must monitor the

junction wmperature continuously lo get an overview of its thermal behavior The mast

sgnificant method is to use the junction itselfto dete amning its temperatung,




The block diagram of this application shown in fizure (6.7)

In=tant Calibrated Temp.
Drinde Linlosd cuire | TEmYeT inploy
Chpmeralicn — -

Clarment

Eolme

Figurc (6 2) Block diagram of In Opcration diode to determine 13

Instant unload;

Tum off the heat cause -load- of the diode to applving the current source and satisfy
the calibration condiliun, which the specific diode calibrated to gt the torwand voltage relawd
o the temperature of the junction, then specifying the junction temporaure.

Current Souree

First we must wait a littlic tim¢ o cnsure that the diode restore its natural conduction

properties sec scc{3.2), then applvine the constant curment source with small and constant
calibrated current value to get forwand vuliage that compatible to calibration curve




Cahibrated carve

The resulting of calibrating curve rom the calibration process which gives the hincar
relation between the forward voltage and junction temperature which has a speeific and defined
valug of the measured forward voltage, this voltage will measured under the same cahbration
carve. by defining a specific forwanl voltage; the wmperature can be determined hyv the
calibration curve or the calibmation aquation or by taking a reference temperature related o
known value of forward voltage hy let every | C temperature related to 2mV forward voltage.
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7. Conclusions and Future waork

This chapter presents the project conclusions, it alsg practcal application of the

results as will as presents suggestions and future work and.

7.1 Conclusions

There are iwo peneral methods to measure the junction temperature there are
direet (infrared camera, liquid ervstal) and indirect (Cmperature scnsitive electrical
parameler) methods, and the direcy methods have disadvantage gver thun indirvet that the
device must be opened or coated with suitable surface that resulis o destruct the deviee:

30 Indineet method the js Mo practical | accurate and nondestrucive

The PN junciion temperature ofthe power diode has Imearinversely propertional
to its forwand vollage under low constant scnse current. Ihe current must be small
cnough to canses the power diode 0 conducl and to avoid iy self heating. If the sense

currcnt has large valyes. the calibration curve will be nat linear,

Every 2ZmV forward voltage of power diode approximately has 1°C junciion
lemperatur: in calibrated curve oblaincd. That means there is a 2mV differcnce between

specific temperature powml (T} and (T [ M temperature.




When a specifie temperature of a heater

heats power diode: we MUSE wait for

about 20 minutes before measure the forward valtage in order 1o

the equilibrium
condition that cace tempemture is equal to the junction empematung.

Every power diade devige have calibrated line

voltage and temperamee) differ from another one. Sam

same type of  power diade

ar line ¢urve (beoweon forward
avbe some crror happencd in the

dug 10 manutacturing “ompany, doping process

and
calibration aperation,

Using power diode as a sensor 15 betier than vther temperature

EENSOrE; since it is
mare accurate, high sensitivity and low pawer consumption

T2 Recommendatinns and Future work:

Culibration process can be done for any power divde such as MBR4U4SPT power

diade to abtain the linsar line curve and calibrared eurve between forward voltage and

junction temperature where Cvery power diode have different eupyy from the other

Also calibration can be dong for any

power deviee - IGPT, MOSFET -to have
iW's a specific calibrajed

Curve, cxcept that most power devices necd 1o stmple tnggering
cirouit.
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The hifctime of the power device measured by the number of the eycles which the
device live, that the number of eycles determined using the power ovele lest Power

cycling wst ean he obtamed by designing a system; heating and couling between two

imited temperatures. Where heatng done by loading current, and cooling done by
cooling system as fan. This process done thousands timoes which needs a complete
automalic heating-cooling system to determine the numher of cyeles which give the

device life timg

The mam mason of monitonng the emperature of power devies i to protect it
from the higher temperatures. to achieve this pratection & feedback syetem can he built to
retum the forward voltage after unloading the device and applying a constant curment
source o a control gircuit that removes the heat reason on the power device or drive &

cooling system Lo retum the temperature into its normal limit.
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Appendix. A:

Symbols and Constant

Al Symbals:

AC: Altematine Currenl,

ADC: Analog ro Digital Converter

C88: Current Contmoller Source.

DC: Dhrecl current

DMM: Digital Multimeter

DVM  Digital Voltmeter

DUT: Device Under Test.

ETM. Electrical Test Method

IC: Integrated Carcuit

Ls: Diode current.

L: Diode saturation current.

LED: Light Emitting Digde.

LSB: Least Significant Bit

P, Heat flow raite between pomt junction and refercnce point
Rin: Thermal resistance.

R - thermal resistance between the junction and the case.
Ruyen' thermal resistance between the case and the heat sink.
Bip tawt thermal resistance between the heat 2k and the ambient.
To Temperature at roference poInt.

I's: PN-junction temperature.

TSEP: Temperature Scasitive Elcelrical Parameter

Vi Forward voltage.

Vioaa! gate emitter threshold voltage

(=1




Veer: Reference voltage.
Vi Thermal voltage

Vz: Zener volage .

A2 Constants:

e’ Eules'y constant (2.71823 )
K: Boltzmann's constant (1 .38 10
N: Non-dentity constant between | and 2

Q: electrons charge (1 6x107% Asg).
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Appendix .B

Features

- Inverters,

Packaging

1 ¥ 3
TO-3PITO-247AD

Datasheet

B.1 MBR4035PT - MBR4060PT

- Low power loss, high ctliciency.

- High surpe cap aciLy,

- Foruse in low voltage, high frequency

free wheeling, and polarity protection applications.
- Metal silicon junection, majority carrier conduction.

=High curn:nt capacity, low forward vollage drop,

- Guard ring for gver vultage protection.

PINT O

Ll . S — SR
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Absolute Maximum Ratings

Symbol Parameter \han | uns
ADISPET | aSPFT IUEE_'PT AOGR0FT
Vian W . Pasaatitve Reveise VOLI08 32 45 L | -5 W
[ Eearagn Rerifec Towand Gurerd an A
376 7 hemd = ~
I
le = Bzga Furwald Zuage Lurem 430 A
5.2 s Eeigle Hat-SimVeve
T Soiagy Tamperalar Pange 810 *170 "G
i CapErEarg Junitan © ASaTELE 5t +150 g
Thermal Characteristics
Symbol Paramelar Value Uniis
B, Pows Cissgangn kB [}
=7 Therrd Beeiante, Juntton m Lead 14 LN
Eleetrical Characteristics -, -z wmeasmesunrsi
Symbol Paramater Dwvies | units
AasrT | A045PT | S08UPT AOBOPT
.
Ve Erwasd Vobagh o 20 & Ta= 280 LY B T
= 20 A To= 129G o3 e
= A0 A Te=26°G 2. .
40 s T_m 125 2 = v
& Rayerne CUmim £ rated Ve Ta=20"C 13 e
i i =
g Tacs Fepertyd FEve=e Suge Cumei - 10 A
2.0 s Pybes Wickh f= L0 R == =




B.2 SBD3040P

Descriplion;

YIRRM)(Y) Rep.Pk. Rev Voltage:

I{(RM) Max.(A) Reverse Carrent:

V(R) (VNTest Candition):

I{RM) Max.{A) Pk. Rev. Current:

Temp. (°C) (Test Condition):

L(FSM) Max.(A) Pk Fwd.Sur.Cur:

VI(FM) Max.(V) Forward Voltage:

I{FM) (A) (Test Condition):
I{O) Max.(A) Output Current:
Temp {°C) (Test Condition) :
Semiconductor Material :
Puckage Body Material:

Package :

Center-Tapped Schottky Doubler,
40,
I hm
40
100m.
10,
300
550m.
15
30,
LOD,
silicon
Plaghe.

TO-247,
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B.3 M35 (Precision Centigrade Temperature Sensors)

General Description

The L.M35 serics are precision itegrated<circuit Icmperature sensors, whaose
outpul voltage 15 linearly proportional to the Celsius (Centigrade) tempurature. The LM35
thus has an advantage over lincar temperature sensors calibrated in © Kelvin, asthe useris
not required to subtract a large constant voltage from its oulput to obtain convenient
Centigrade scaling. The LM35 does not require any external calibration or trimming to
provide typical accuracies of = 14°C 1t room lemperature and £34°C over a full - 55 to
+1530°C tempemture range. Low cost s assured by tnimming and calibration al the wafer
level The LM357s law output impedance, lincar output, and precise inherent calibration
make interiacing to readout or control cirenitry especially sasy, It can be used with singlc
power supplies, or with plus and minys supplies. As it draws only 60 uA from ite supply,
ithas very low self-hcating, less than 0.1°C in still gir The LM33 is rated 1o aperale over
a =35% 1o +150°C wmperatuze range, while the LM35C is rated for a - 40° to +110°C
fange (—10° with improved aceuracy). The LM335 scries is available packaged in hermelic
TO-46 transistor packages, while the LM35C, LM35CA, and LM235D are also available
in the plastic TO-92 tmnsistor package. The LM35D is also available inan 8-lead surfacy
mount gmall outling package and a plastic TO-220 package,

Features

- Calibrated directly in ° Celsius (Centigrade).
- Linear+ 10.0 mV/°C scale fictor

= 0.5°C accuracy guarantes able (at +25°C),

- Rated for full -55° 10 +150°C range.

- Suitable for remote applications,

- Low cost due 1o wafer-level trmming.
- Operates from 4 to 30 vols.
- Less than 80 A current drain.




- Low self-heating, 0.08°C m stull air.

= Nonlinearity only £ 14°C typical.

- Low impedance oulpul, 0.1 W for | mA load

Typicul Applications

+R
oD 2
|
=T
— D - 190 5,°C
1l -
~ (-1 BB

Baric Centigiate Temperature Sannse
2 o 160505

Connection Diagrams

TO-45
Mewal Con Fanisage”

TC-52
Plastic Pankage

ke I'IIHT_'

L Y

e R

= T e ]
st SO 2 al o UBGND

Full-Range Centigrads Temperatrs S4nBor

S50-4

= 430 M BRI G
= =50 W MASRT

Emall Qutline Molded Package

Viaiir =1
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e
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-
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Absolute Maximum Ratings

If Military/Aerospace specificd devices are required. please contact the National
semiconduclor Sales Office/ Distributors for availability and specifications

Supply Voltage +35V to 0.2V
Cutput Voltage AV 1o —1.0V
Qutput Current 10 mA

Storage Temp ;

TO-46 Package, =0607C to +1807°C

T0-92 Package, ~60°C to 150°C

S0-8 Package, —E57C o L EMITE

TO-220 Package, —657C to +150°L

Electrical Characteristics
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Applications

Fhe LM3S can be applicd casily in the same wav as other integrated-cironit
femperature seasors, It can be plued or cemented to a surface and its temperature will be

within about 0.01°C of the surface temperature. This prosumes that the ambient ajr

lemperature 1s almost the same as the surface lemperature; i the air lwmpetature werg
much higher or lower than the surface temperature, the actual temperature of the 1.M35

dic would be at an nlermedialy temperature between the surface lemperature and the air

temperature. This is especially true for the T0-92 plastic package, whers the copper leads
are the principal thermal path 1o carry heat into the device, so jts wmperature might be

closer to the air temperature than to the surface temperature. To minimize this problem, be

sure that the wiring to the LM35, us it loaves the devics, is held a the same temperature

as the surface of interest, The casiest wayv to'do this isto coverup these wires with a bead

of epoxy which will insure that the leads and wires are all at the same lcmperatun: as the

surface, and that the LM35 die’s lemperature will not be affectod by the air temperaturg,

The TO-46 metal package can also be soldered to g metal surface or pipe without
damage. Of course, in thar case the V-

metal Alternatively, the LM3

ierminal of the cirenit will be grounded o that
3 can be mounted inside a sealed-end metal tube. and can
then be dipped into a buth ar screwed mto a threaded hole in a tank. As with any IC, the
LM35 and aceompanying wiring and circuits must be kept insulated and dry, to avoud

leakage and comosion. This s espectally truc of the circuit may operate at cold

temperatures where condensation can oceur Printed-cireunt coatings and vamishes such
as Humiseal and cpoxy paints or dips arc ofien used to msure that
corrode the LM335 or its conncetivns. The

maishire cannol
se devices are sometimes solde red to a small

light-weight heat fin, o decrcase the thermal time constant and speed up the response in

slowlv-muving air. On the other hand, a small thermal mass may be added 1o the sengur,

to give the steadiest reading despite small deviations in the ar temperature.




B4 LM741 (Single Operational Amplifier)

Features

* Short circuit protection

* Excellent lemperature stability

* Intemal frequency compensation
* High Input voltage mngc

= Null of offset

Description

The LM741 serigs are general pu
range of analog applications. The high

superior performance  in intergrator, summing amplifier. and gencral  feedback

apphication.

rpose operational amplificrs It is intended for g

gan and wide range of operating voltage provide

8 e

EB0P
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Internal Block Disgram
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Schematic Diagram
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Absolute Maximum Ratings (TA = 25°C)

Parameter Symbol Vialue Wil
Suppiy Volzge Voo 318 v
Cifferential Input Voitage ViDEE 3a ¥
Inpit Voitage ¥ +15 !
| Owrtput Shert Cireult Dwration Inefefinie -
Power Cissipafion Pn A5 mh
Oparatig Fermperatung Range | ]
LMTa1C Torr G=—=+70 G
LAM741 A0 = +85 !
Stofage |emperature Range Tern 85~ + 180 "

B.5 Timer (NE/SA/SESSS/SES550)

DESCRIPTION

The 355 monclithic timing cireuit is a highly stable contraller capable of
producing accurate tme delays, or oseillation. In the time delay mode of cperatian. the
time is preciscly controlled by one extemal resistor and eapacitor, For a stable apcration
as an oscillator, the free munning froquency and the duty cvele are both accurately
controlled with two extemal resistors and onc capacitor. The circuit may be trigpered and

reset on falling waveforms, and the output structure can source or sink up to 200 mA

FEATURES

- Tum-off time less than 2 T

- Mux. Operating frequency greater than 300 kHz
= Timmng from microseconds to hours

- Operates in both a stable and mona stable modes

- High output current.

i



- Adjustahle duty cycle.
- TTL compatible
- Temperture stability of 0.005% per [1C

APPLICATIONS

- Precision timing

- Pulse penration

- Sequential liming

- limg delay gene ration

- Pulse width modulation

PIN CONFIGURATTON

0 and N Paokages

ean[T] |:f ‘ez
T™MEZER| | T [ mzecoame

DT

1%




EQUIVALENT SCHEM A TIC
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B.6 LM78XX (Series Voltage Regulators)

General Description

The LM78XX series of three terminal regulators 1s available with sevoral fixed
output voltages makme them useful in a wide ringe of applications. One of thesc is local
an card regulation, eliminating the distribution problems associated with single point
regulation. The voltages available allow these regulalors to be used in logic systems,
lnstrumentation, and other solid state clectronic equipment, Although designed primanly
as fixed voltage regulators these devices can be used with external companents 1o cheain
adjustable voltages and currents. The LM78XX suncs 1s avadable in an aluminum 1'0-3
package which will allow over | 0A load current if adequate heat sinking 15 provided.
Currcnt limiting is mcluded to limit the peak output cutrent to a safe value. Safe areq
protechion for the outpul transistor is provided to limit internal power dissipation. If
intemal power dissipation becoines too high fior the heat sinking provided, the thermal
shutdown circuit takes over preventing the IC from overheating. Considerable offart was
expanded to make the LM 78XX scrics of regulators casy to vse and minimize the number
of extemal components. It is not necessary Lo bypass the output. although this does
IMprove lransient response, tnput bypassing is ncoded only if the regulatoris loeated far
from the filter capacitor of the power supply. For output voliage other than SV, 12V and

15V the LM117 series provides an output vollage range rom [ 2V ta 37V

Features

- Dutput curent in cxcess of LA

- Inlcmal thermal overoad protection
- No extemal componenis required,

- Dnitpul ransistor safi; area protection.
= Internal short cucuit current limit.

- Available in the aluminum TO-3 package
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Vollage Ranpe

LMT780sC 5V
LM7812C 12y
LM7815C 15V

Connection Di fngrams

Plastis Pagkage
Ta-229 ™)

BT ==
i

5

RS
Top View
Chvddwr Humber LMTBASCT,
LMra1zcT or LMTRisCT
Ses W3 Package Mumbsr TR

Schem atic

Bl



Absolute M aximum Ratings

It Military/Acrospace specified devices are required, please contacl the National

Semicomtuctor Sales Office/ Distributors for avai lability and speeifications,

Input Vollage (VO=5V, 12V and I5V).
Intemal Power Dissipation Inlemally Limited.
Operaimg Temperature Range (TA): 0°C to +T0°C

Maximum Junclion Temperature: 150°C

Storage Temperature Rangg; “65°C 1o +150°C

B.7 LMTIXX Series (3-Terminal Negative Regulators)

General Description

The LM7YXX series of 3-tetminal regulators 1s available with fixed outpul
voltages of - 5V, —12V_ and —15V. These devices need only one cxtemnal component  a
compensation capacilor at the output, The LM79XX serics is packaged in the TO-220
power package and is capable of supplying 1 5A of utput current. These repulalors
employ intemal current limiting safe arca protection and thermal shutdown fior protection
against virtually all ovedoad conditions Low ground pin current of the LM79XX series
allows output voltage to be easilv boosted above the preset value with a resistor divider,

The low guiescent current drain of these devices with a specifivd maximum change with




line and load ensures good regulation in

applicaliane reg uiring other voltages, sec LM 137 d

Features

- Thermal, short circuit apgd safe arca protection,

- High nipple rejection.

- 1.5A output current

- 4% tolerance on preset oy tput valtage.

Connection Dia grams

Typical Applications

TO-230 Pank agw

the voltage boosted mode. For

atazhest.

A
T
DHrTPYT
O _—— e
O S s
Fimed Regulasar
J_. —E[l' -1— =
] 12w
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Required if regulator is scparated from filicr capacitor b more than 3" For value
given, capacitor must be solid tantalum. 25uF aluminum electiolvtic may be substituted
Required for stability For value given, capacttor must be solid tantalum, 25uF alummum
clectrolvtic may be substituted. Values given may be mereased without limit. For output
capacitance in excess of 100pF, a high current diode from input to vutput (I N4001, ere )

will protect the regulator from momentary input shorts

Fiectrical Charactleristics
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Electrical Characteristics comuec;
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B.8 413/421/423 SERIES HEATSINK (Low-Height Double-Surface Hent Sinks for
TO Case Styles and DHodes)

Nominal Dimensions and specifications

Sanded  Widm Length Helght "A" Semiconduek el Performance at TypiealLoad
N 1. mm) in. {me) . Mot Hole Paitery Ratural Conmetion  Forcad Commeciion Ibs. (graoms)

13 VST WD 1850 (1) T03 ECESN 0BT e S0 opan {8577
ki P T 757/ F 1 Wis 020 8 Dakde 7208 GECW 30 LA 05308 m
KA ABIAN  HOMD % A5 Hye e US'OWeBIIM 04 (28817
74 ARONAT  MMG62 2556 (1703 SOOI OTUNE2OUM 06300 BT
&1 ATNAA 0082 247566k 1 0200 B0k e 3'0 @ S0 APCWEZOLM  oss0 s )
KA A%0j WIS ZAEET) Mo TCAIN  OreMes0LM 060 1T
L] LEIAT  SA0Z 266D (1 T3 MIULE! S TE T VR (33071}
e T S 1 T I bh7) Mg ATOESW  DITMe BRI 110 {330,710

Space-saving double surdace 413, 421, and 423 Series ulilize finned surface grea
on hoth sides of the power semiconductor mounting surface to provide maximum heai
dissipation in 2 com pact profile. Ready to install on popuiar POWCT components in natral
and forced convection applicattons. Apply Wak:field Type 126 silicone-frep thamagl
compound or Wakeficld Delta Pad™ interfave matcrials for maximum performance
Materul: Aluminum Alloy, Black Anodized.
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Appendix .C

Mineral woo]

Mincral wool, means fibres made from mingrals or metyl oxides, be they synthetje
or natmal In industry yse, MMM l_‘mmrmad:—mmtra!-ﬁhms] generally refir 1o
synthetic materials, This ineludes fibreplass, ceramic fibres and alsg rockwool. also
koown #s stone wool, and rock wag]. Mineral woal iz a0 INorganic substance used for
Insulation and filtering. A common mistake 1S W beliove that fibreglass and caramic
fibres are NOT minem| woals, but they gre by virtue of their consisting of minerals or

metal oxides

. Manufacture of stone wool

Stone wool is g fumace product of molten stofie, at a temperature of about 1601
°C, through which je blown a siream of air or steam  More high tech preduction
technigues are based On spinning malten rock (fava) on high speed spinning wheels
(compare with candy Hoss) The final Product is a mass of fine, intortwined fibres with &
tvpreal diametor ofé (o 10 micrometrys. Minemal wool ay contam a binder. ottes phenal

formaldehyds resin, and an ol o reduce dusting angd making 1t water repellent
(hydrophobic),

B6




2. Usage

The fibres themselves are oxcellent conduciors of heat, but theyv package air so well,
that when pressed into rolls and sheets, rockwool makes for an excollent and rchable
msulalor Batts, sheets and 1oll made of rock wosl are & poor conductor ol heat and sound.
Fire resistive properties for minerl wools is ziven here in ascending order, from lowost

to highest

I. fibreglase

(2]

sione wool.

3. ecramic fibres,

No eonventional building materials, mcluding mineral wool are immune to the cficts
of fire of sufficicnt duration or nfensity. However, cach of the aforementioned three
wools make common componcnts in pagsive fire protection svstems. such us in spray
fireproofing, stud cavities in drywall assemblies requircd to have a fire-resistance mling,

packing materials in firestops and more

Mineral wools are unatimctive 1o rodeats but will provide a stricture for bacterial
growth if allowed to become wet, Other uses are in resin honded panels. growth medium
in hydroponics. filler in compounds [or gaskets, brake pads, in plastics in the automotive

industrv and as a filtering medium

3. Use in hydroponics

Miaeral wool is uscd for its ability to hold large quantitics of water and at the
SAME tune maintain a high pereentage of air as well This ads root growth and nutrent

uptake. The fibrous nature of mincral waol also provides a good mechanical struclure to
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hold the plang stable. Mineml waal hae a high pH, which s unsuitable to plant Browth.

This requires carmeting or conditioning, Conditioned minera] wool has 4 long. staple
pIT

4. Safety of material

Precautions need to be taken when handling a fibre Product as it can be absorbed
Into the body by inhalation It can also iritare the eves skin and TCSPITRIOrY tract,
Prolonged exposure could lead to long term cftects and ji js considered a possible
Carcinogen to humans This effect may depend upen the fibre diameter and Tongth.

chemical compositian and persistence within the body

High bio soluble fibres (HT-fibres) arg produced that do nof cause damage Lo the
human c¢ll TARC {the International Agenoy for Rescarch on Cancer) has revicwed the
carcinogenicity of man made mingral fibres in October 2002 These newer biosoluble
materials have been testad ibr:arujnnguninit_-.r and mostare found o he fon-carcinogeni.
Or 1o cause tumours in Sspenimenial animals vnly uader very restrcted vonditons of

Cxposure. The LARC Monographs working group concluded (har only the more

high<temperature Covironmenls sych as blast fiimaces, and certan special-purpyse £lass

wuols not used ag insulating materiale. [ vonirast, the monre Commonly used vitreans
fibre wouls mcludi_ug msulation glazs wool jock (stong) waopl and siag wool age

constdered not classifiable as lo carcmogenicity 1o himanse (Group 3),

BH



The EU risk and safety phrses associated with this matcrial in general are:

* R38 - Imitating (o the skin
* R39 - Dange: of verv serious irrsyersible effects
*  R40 - Possible rigk ofireversible effects

* S36/37 - Wear suitable protcctive elothing and ploves

All Enropean produced rock (stone)wool and glass wool iy bia soluble and R39 ang
R40 do not apply. For these products only the nsk phrase R33 remains This imitation to
the skin however is nat a chemical irmtation but onl ¥ a temporal mechanical mrritalion,

compamable with vaposure of the skin (o straw, arass or hay.

Conlroversy exists aver these rulings, as the majonty of test rasulis upan which
they are based have typically been provided by the industry that makes the fibres. Test
tfesults that contravene such resulls were deemed madmissible to JARC as submission by
whistleblowers am not sancticned by the party paving for the tests, Still by following
common sense and indugtrial guidclines 1o preventbreathing ofthe fibres it ie pussible 1p
reduce the likehhoad of pathology
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