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| Abstract

15 project, a power cyveling test set-up hes been desipned. The power cyeling test s

ss=d for life time prediction of power devices.
Main parts of the set-up are heating and cooling systems: heating operation is done hy
means of a current source 1o give a forward current 1o 4 puwer diode I s current raisce
e Junclion temperature W maximum, then heating is switched off and the couling

peralion starts using an electrical fan to decrease junction temperature to minimem. in

“s way the power cyeling 1est cantinues,

The junction temperature of devices under test is cveled between twn extrames (1§ " 1
1. 30 1he devices are heated by siressin g them through a furward current until T, 4 is

=

=ached. then conling system is activaled to cool the devices until T i 18 reached again,

S0 S0 0.
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1.1 Overview

This chapter shows a general overview about the project and heal elfect on
power devices especially diodes, This overview describes problem definition,

objectives. methodology, previous study. budget and contents of the project

When designing a system, many fuctors affeer which parts to cheose. The goal is to
select the parts that offer the highest reliability under the set of conditions in which
they will operate, The condilions o be considered include stress. environmenral
cllects. load factors as well as the wmperatures under which the svstem and its

componenls operale and prediction life fime of component.

Knowing the junction temperature T| for different operating conditions and packazes
enables us to calculate thermal parameters such as thermal resistance for different
package types and designs. And knowing the change in temperature At enables us to
defermine and prediction (ke muximum lifetime of the device. because thermal

eflects are major contributors to early device Failure.

Wilh the increase in power density resulting from advancements in semicenductor
packaging lechnologies comes the is=ue of heat dissipation. Heat is gencruled as a
result of electrical energy being converted to thermal energy during cirenit activitics.
The junction temperature and change in junction temperature ol & chip directly
affects the performance of the circuits and the reliubility of packages It is very
uriporlant therefore that the prediction the maximum lifctime of the device of each

package be known as accurale us possible W responsibility of this device from the

mnuiacturing companies.




Recently. it is important that the technique of tests to be uriversally applicd o the
industry in order lo achieve meamnginl and unbiased comparison of similer

packages.

We can reliability prediction in power electronics cspecially Tife time prediction
using accelerated aging tests that conluins wmperatire eyeling lests and power
cycling tests. the power cycling tests is more aceurately because in this way we
incrzase the temperature by power stress (cument stress) Lhul is natural way to
increasing the temperature, otherwise by wsing the lemperatuse eyeling st
mereasing the temperature using lan or something like thiz, here in our project we

will building of power cyeling test set-up.

1.1 Problem Definition and Methodology

Knowing reliability of power devices (life time) is very importanl e know
wihien the device is Failure. That affecls direetly in all technology applications such as
elevator, machines and so o So when the virtual 1ifs time is long (device stand high
tumbers of power cycling) this means hizh efficicney and less price {maintenance)

or cusiomears,

There for everv company manutacture power devices effort (o increpse life time of

devices throw research to get the optimul way of packaging.

~

When power dicde operates, this result self heating due to the load current and
switching losses. so if the diode operates under constant temperaturs, it will not be
damaged. That means: the change in the tempersture i the min resson of the

damaging of the power electronies. So that the temperature of the power devices

must be monitorad to ensure Lhar it is within pormal limits,




Power device chip speeially consist of more than one laver, cach laver contains
different muterinl, each marerial has different phiysical characteristic from other like

extended (cxpanded ) coefficient.

The power devices chip (lor example silicon tvpe) containg silicon material
(junction} and copper material {couneeler) cach material expanded and shrink with

different coeflicienL this cases split between the layers,

As the same way the welding material (used to twins between silicon and conductor)
has own temperature coelfivient different than silicon and eopper that means the

difference in temperature devige is the major problem.

basic

matarial
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wsldire matanal
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z::'f/ L conductor malerial
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Figure 1.1: Structure of kind of pawer diade,




Figure 1.2: Kind of failure mechanism of device.

There are many techniques for packaging the devices, it will be belier as the

teehnology is developed.

O the other hand, the life time of the power diode is measured by derers ing the
aumber of the power eyeles between two limits of temperature in which the ciode
opcrates. The power cycle means the pumber of rising and falling of the junction
wemperaiure between two specific limited lemperatures in power eycling test, Ihe
diode stressed with load current and the cenled to the ambient temperuiure thousands

time 1o ensure the lifs time ot the diode.

-




1.3 Objectives

1. Study lemperature ellects on power diodes.
2. Life time prediction for power devices.
1. To study power eyveling importance in packamng technology of power electronic.

4. To design power cyeling test set-up:

1.4 Previous studies

1.41 Power cveling capability of advanced packaging and interconnection

technologies at high temperature swings, Dr. Raed Amro. 20006

This study uses of the meusuring lemperature of the juncton as a part of
determining the thermal measurcments and analysis of the power electronics, the
failure mechanism atf power electronics, reliability prediction i power electronies
(Lifetime prediciion using accelerated aging tests) and the methods of medsuring the

juncripn remperature. temperature sensitive electrical parameter (ISEP) test lor

i measunng 1.




1.4.2 New Approach for Measuring the Temperature of P-N Junction, Ali

Melhem and Husam Tamimi, 2007

Accordine lo the study there is & PN-junction (G.e. a diode) that can be used as a

simple and casy used temperature sensor.

According to the diode equation:

Whape,

lpdiodecurrent.

| :saturationcurrent.

¢:Euler sconstant(2.71828).

q:Charpeolelectron{ 1.6 1077 A%),
V:Voltageacrossthediodc.
N:"Wonadeahity"coefficient(typical lvbetweenland2 ).
k:Boltzmunn'sconstant(1.38 * 107,

1 Juneuon temperature in Kelvin,

The currenl through the diode depends on Lhe Voltage Vi applied to the diode and s
temperature. If you keep the current throuph the diede constant. the voltaze
decreases wilth increasing temperature. Assuming 2 eurrent of 10 mA through tha

diode we can insert all known values into the diede cquation and caleulate the

change of the voltage if the temperature changes by 1 Kelvin.




1.5 Budget

Tabhle 1.1: Budger.

| Task Cost (NIS)
Inlermet 300

Primting 300

T-nn?:pumtmn | 200

| Llectronic devices 335

| Diodes 60

E Step down Lransiommer 400
Vauriac 00
Fan (2) B 73

i Temperature  controller  (2)sensar and | 1350

| conlaclons

| relavs 130)
Counter _ 200
Switches and wires 230
Multimieters 200
Mechanieal strueture | 960
Total 5140

-
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1.6 Project contents

Char praject cotposes six chaplers and here is a general description of the contents of

cach chapter.

Chapler one: Introduction to the project. including a general description of the

problem, methodelogy, main objectives of praject, budset and previous studies.

Chapter two! Theoretical hackground, includes unportance of knowing reliability
(life tme) ol power device, structure of power devices and failure mechanism in the

power devices.

Chapier three: Reliabiliy prediction in power electronics (hal include temperature

eveling rest and focus in power eveling lest,
Chapter four: Required Hardware Design for power cycling test set-up.

Chapter five: Results and conelusions.

Chaprer six: Recommends and future work.




2.1 Structure of power devices

Electronic packaging is the combination of technologies required to convert
an electromic circuit into manufactured assembly, with additional consideration that a
power semiconductor chip can be much larger and dissipates much higher power
level than a chip of a signal IC.

i
i Thyristar i
- e e e e e e &
10000 4 -—————- e P

Violtuee ] V]
=
=
i
:
|
f
- St
:
i
:
|
|
i
i
i
i
i
|
i
i

. — - = SN
NOSFET |~ ;
i : !
: N : |
; ™ I
I i b ¥
i i I !
100 -+ . — 4 . B e e b
10 100 1000 il B T
. ﬂ = Cumreuf A
=% -» — 2
Dizerste Modnls Hockey Puck

Fig. 2.1: Voltage and current levels for packaging concepts.

A package of power electronic must be achieving specific functions such as removal
the heal dissipated within the chip and protection of the sssembly against the
environment. The packaging concepts in the power electronic applications are
divided into two major type discrete devices and power modules, When selection of
convenient packaging architecture must take considerations the voltage and current

levels and mainly the thermal stress generated. Figure 2.1 shows packaging concepts

and applications in power devices,




2.1.1 Discrete devices

Driscrete devices are the primary packaging [orm in power elacironics | The
mest important packaging forms of diserste devices are TO-family and DUB based.

Hockev puck.

2.1.1.1 TO-fumily

. Usages: in low and middle pewer applicarions

. Examples of uses: chopper and rectitier.

Ennd Wirss

2 eealid

(i |
Figare 2.2: Intermal structure of TO cases.
. Internal structare: Chip is mounted on a metal lead frame (mostly made of

2

opper alloy) which presents the electrical contact of the bottom side of the

chip: lop side connection s established by aluminom hond wires, Tor
mechanical and electrical protection, subassembly, excepting the lead Fame,
1s transfer molded by 4 plastic molding compound. Figure2.2 shows the

internal structure of TO cases,




Ta247

Figure 2.3; Forms of T family.

= The most lamous members of the TO fumily are the standardized TOZ220

and TO247 shown in Figure2 3

2.1.1.2 DCB based

In this technology, the boltom side ol the pewer chip is not soldered onto
copper lead-frame. but on the upper copper layer of DCB (Direct Copper Bonded)
substrate, s lopside s wire bonded lWowards DCB patlemns and ping. The package

can he attached to heat sink via spring clips directly without external isolator.

2.1.1.3 Hockey puck packages

. Hockey puck or disc calls are the member of the discrete devices.,

. Llses: in the high power application.




° Interna! structore; the bond wires are climinated hecause it ic based on the
pressure contact principle and. The active power chip is embedded berween
twa malybdenum disks which present al the same timz the contacts for load

current,

| Coptre  Press dise Catch plate
Powerchip ole  (cathode side) "

Ceramac cese  Npolvhdinum S e

(B E (annde side)

Figure 2.4: Internul struclure of Hockey puck or disc cell.
The intermal structure of | lockey puck or dise el is shown in Figure 2.4, Dus o the
large area of current contacts and the ability of double-sided cooling, disk cells allow

the integration of power devices which can handle currents up 1o 8000 A and reverse

volages upra 12 kV.

2.1.2 Power modules

. Power modules are used lor power electronics applications above TkW.
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Figure 2.5: Arrangement of layers in internal structure of power module.

Internal soueture: Chips are muoun

ted on an eleetrical isolating substrate.

mestly DCB. which allows the integration of several chips to build a defined

function block, Tup side eonnections of chips are estublished by aluminuns
P | 5

bond wires. For mechanzcal protection a silicon gel over lay is obtained and a

plastic case is udhered to the base plate, Figue 2.5 shown the arrangement of

layers in internal structure of power module.

2.1.5 Rond wires

Bond wires conneetion power silicon chip to the substrate, pins or other

chips. The thickness of hond wires up 10 750 wm  and made of pure aluminum

hardened by adding of alloying elements like silicon and nickel for corrosion control
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Figure 2.6: Steps for making ultrasonic wire bond between chip-hond pad and

package.

The wires are adhered o the bond pad on the metallization of the chip or the
substrate by an ultrasonie bonding process. where the metal is soflened by ultrasonic

energy. and subsequently a clamping force deforms the softencd wire against

cauivalently sofiened bond pad. Steps of this process are shown in Figure 2.6.
I'he most important bond process parameters

. Clamping firce.

Ulirasonic energy,

Frequency and duration of weld me.




2.2 Failure mechanisms

A power device 18 composed of many lavers | all layer made of
material differ to another |, this means that cach material has thermal expansion
coctficient {CTE) dilTerent from to  another material . Table 2.1 summuarizes

(CTE) for materials utilized in power devices.

Table 2.1: (C1L} for materials utilized in power devices.

Masenzal | [CTEILGE K)
m 3

Solder{SnAgtE) s iy

A0y -Subzirare £.3
AN Subgaie agd
Ci iTA

In the following, forms of failure mechanizms:

. Failure mechanisms of bond wires,

. solder-joints degradation.

. Electromigrarion

. Reconstruction of the Al metallization.

. Eleetrical and mechanical agng of DCB.
. Dig fracture.




2.2.1 Failure mechanisms of hond wires

The effect of power cyeling fests on bond wire wear-oul mechanisms mosily

arz2 Bond wire lifi-off and Bond wire hael crack.

Figure 2.7: Lifi-o pattern as result of power eyeling of the device

Flgure 2.7 Shown the lifi-off Pattern ol power cycling of the devices.

2.2.1.1 Bend wire lilt-off

We notiee in Table 6.1that the thermal expansion cocelfeient of alumilnivm
the very largest in comparison with  thermal cxpansion coefficient of silicon This
causes  the greatest thermo mechunical  stress  during power cyeling where the
deviee is usually heated up and cooled down. is ohserved at the conneclivn rone

between bond wice and the upper side of the silicon chip,




There are two aspects associated with bond wire lift-o(T:

o Leaves large sized aluminum grains at the outer bond repion and small sized

ones i the center and this is related 10 the bond process itszll.

J

2 The wire terminations where the wire is onabie 1o flex and this iz related 1o

the region of the maximal thermo mechanical stress namely.

When wire Lift-oft necurs. the current density in the surviving wires increased
significantly leading finslly Lo their melting. Figurel.2 shows a lifted-off bond wire

as resull of power cycling of the devices.

2.2.1.2 Bond wire heel crack

sirevird we

el P sk ol w e
L Ao sl
4:::‘-"'-'! .E?:“‘:
.

wilie dbsplasdard=r 0 S0 i
BETY

Heel
wrack

Figure 2.8: The hond wire heel crack as a result of power cveling.
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. Heel crack is initiation slay often in the bonding process and infrequent
obsetved bond wire weak out. Figure 2 8 shown the bond wire heel crack as
result of power eyeling,

* Bonding machine vibration during or after the bonding taol lifts-up from the
lirst bond; or the rapid tool movement alier making the first bond can open

up a crack.

A !
. The amplitude of the wire strain ="/ can be caleulated according to the

lullowing equation:

ey 2| el Y saar ) .-
i A2 l'".;

rJ

Ag: difference in the C'LL of chip and wire.
*: wire radius.

pih mitial corvature of the wire.

wii- angle between wire and chip.

Heel crack can be calenlated. According the on law of power hused Equation

fallowing:

N, =A4q) (22

Whera,

AT Number of eycles till heel erack oceur due 1o hending stress.

A: Material dependent constant.

#: Material dependent constant.




1.1.2 Solder-joints degradation

Solder layers represent a critical interface in power assemblies especially in
the packaging type of power modules with copper hase plate.

Degradation of solder joints can be divided into:

1) before power oyl biafte: many thowand tme of pawer oyeles

Figure 2.9: Shown the solder joints degradation as resulted to voids formation.

. Vaids formation: A void is an empty volume in the solder layer and can be
formed already during the joining process Figure 2.9 shown the solder juints
degradation as resulted to void formation.

. Solder fatipue: The solder alloys contain usually a combination of several
materials like silver, tin or lead which enhance the electrical, thermal and
flow characteristic of the final allov, The bond between the soldered partners

18 mainly provided by the formation of one or more imter-metallic phase.

19




3.1 Introduction

Power devices have to exhibit the ability to perform the required electrieal
function under very harsh conditions over the whole lifetime which can reach up to
30 years. Hence the developing tme of power devices 1s wide shorter than their
lifetimes, standardized time-honouring aging 12815 ars performed to evaluate the
rehiability of a given packaging and interconnection concepl. In this chapler the

the

principles of the most performed relinbility tests are presented with focusing on
power cycling tests. Finally the {ailure analysis technigues which alse were used in

this work are presented.

The mostly applied methods are tests based on thermal stressing of the devices where
the thermal aging is accelerared by cyeling of the devices back and forth betwesn

Two temperature extremes.

Tests are usually stopped either afier standardized failure erileriz are reached or a

required number of cyeles are fulfilled. The main approaches of thermal aging tests

are temperature and power eveling.




3.2 Temperature cycling tests

In temperature cyeling tests the lemperature of the devices under tesl (DTIT)
is changed by variation of the ambient temperature and withoul electrical stressing
where the temiperature extremes wre defined by the maximal and minimal allowed
storage lemperature. Lemperature cyeling tests are usnally slow because of firstly the
required dwelling time at cach temperature extreme to edsure the thermal
cquilibration and sccondly to allaw solder joints 1o creep 10 the fullest possible
extent, The automorive electronic council (ALC) stipulates  minimal 1000
iemperature: cyeles between 55 °C and 130°C for diserete devices where power
modules have to withstand at least 100 cvcles between  20°C and 125 “C. A typical
course of the juncton temperature during temperature eyeling test s depicied in

Figure 3.1,

Temperature

Figure 3.1: 1y pical hehavior of the temperature of DUT during temperatire eveling.




3.3 Power eveling tests

The principle difference between wemperature cyching and power evcling rasts
15 that in the latter devices are heated by the power dissipated as result ol eleetrical

stressing of the chip.

Users of semiconductor packuess are not only interested in the component-level
reliability, but also the bonrd-lovel {or solder joint) reliahility of tha packapes
designed into their systems. Thermal cveling (TC) in air 1s the industty standard for

ussessing the solder joint reliability.

When compared 1 thermal distriburions in an aclual application, TC is not
completely representative in that the package, joints. and board are at close 10 the
Same lemperature (ie. isothermal) ar any point in time and only negligible thermal

gracients exist within the mounted package

Iherefore, power eycling  generates sung  temperalure  eradients  and
mnhomogencous temperature distribution in the assembly. When the upper junction
temperature (Tiyp,.) is reacked, DUT are stbsequently cooled down till the lower
lunetion temperature (Tyme) is teached again (sec Figure 3.2). The temperature
SWIRZ: Timay- T ( ATj) is a characleristic parameter of the power cvcling test and the

mest important factor milueneing the number of cyeles ta fatlure (Np of DUT.

the load current should he adjusted in the range af the rated cmrent. Aller the

maximum junetion temperalure is reached, the load curtent is tumed off and the chip




R i bl b b il e bl i

1= the last decads, power cyching tesis were pecformed mainly 1o ev aluate the first

b=ed connections of ,Erclwf'r devices, muuﬂii- bond wires a.nd metallization, and to




cools down fast due to its small thermal mass until it reaches the heat sink
temperature and then continues to cool with a characteristic determined by the heat
sink time constant. The duration of the cooling phase depends on the efficiency of
the emploved cooling system

A ARY

Time

Figure 3.2: Typical behavior of temperature of DUT during power cycling.

In the last decade, power cycling tests were performed mainly to evaluate the first
level connections of power devices, meanly bond wires and metallization, and to
understand the rclating failure mechanisms. However, with increasing demand to
alternative reliable solders, power cyeling tests with the scope of evaluation of whole
critical components of the power assembly including solder layers are increasingly
performed.




The most observed failures ocours as result of nower cveling tests are: firstly the
degradation of the bonding area between the aluminum bonding wires and seeondly
degradation affecting the solder layers belween chip and substrate and in case of
power modules with base plate, solder laver between substrate and the copper huse
plate. The forward voltage (Ve Ve ) and the thermal resistanice belween fimetion
und 8 reference point (Rue) of the DUT are indicators for these [uilures
respectively. Therefore these two parameters must be observed and registered during
the test. DL | reach their end-of-life if specific limit of VF at specific current and of
Ryt 15 reached. The critical increase of the forward voltage depends on the raied

current of the DUT. The fallowing general rule can be applied.

AVE[2%] — 150041 rared|A] (3.1)

In this work, the maximal allowed increase un Vs (or Vs ) for power moadules wag

2 and for diserele devices the trom the manufaciurer susgested limit of 20%, The

bmit of the increase of Ry amounted 2044,




4.1 Introduction

This chapter presents practical System of control and power cireuits for
designing power cvcling test set-up. In this project there are two techniques for
controlling the operations of heating and cooling. with twa Power circuils, one for

the cumrent source and the other is for the fan. Henee: each one of the previous

techniques of control ars capable of switching ON or OFF both clreuit (current

source & fan),

4.1 Block diagram

The peneral Block dingram of thye closed loom control aystem describes

sequence of work of the cioling system {(fan) and the beating svstem (current source |
Sgure 4.1
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Figure 4.1: Block diagram,
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4.3 Control system

There are two methods © control the operation of cooling and heating
systems, the first one which is the main control circuit that is used in the natural

gondilion.

Bul when any problem occurred, there should ke another techrigue for swapping
with another cireuil which is called a Stand-By circuil. Converhng priocess betwaen

the bwa circuits is done manually by means of a selector switch.

4.3.1 Main control circuit

The main control eircuit is to organize the operation of heating and cooling
dsing a lemperature sensor (LM33), comparators. Schmitt triggers, lopic gates and
flip flops. also using potentiometers to adjust the range of wemperature between two

lirnits,

4.3.1.1 Power supply for control circuit

This circuit consists of a step down lransformer, bridse. capacitors and

regulators (LM7812, LM7803). to convert from 220 volt AC 1o +12 and +5 volt DC,

thiz is ¢lear enouzh in fizure 4.2,
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Figure 4.2: Power supply gireutl,

I'ne transtormer is 1o give 12 volt AC 15 entered to bridge rectilier Lo convert from
AC to DC then make liltration the wavelorm ta get pure DC then entered this DC
wavetorm to the positive voltage regulators (LM7812, LM7803) 1o get onlv 12 volt

DC and make another Bliration to get pure 12 volt and 3 volt DC.

4.3 1.2 Analog eircuit

The following figure represents the analog circuit used for the compurison

between two referenes voltaves, which arc {or Tan and T
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Figure 4.3: Analog circuir,

Temperature sensor: (LM33) is an integrated circuit sensor thai can be used

a4

o measure femperature with an electrical output proportional 1o the
temperuture in siliceous degree. this sensor has & sensinivity of (10 mV /] C°),
used to provide the actual value of teedback signal from device ro the input of
the comparator it indicate the heat sink temperature that can be translating to
junction wemperature by make calibration using the (V.T) characteristic with
law current.

- Comparator (TM324): (0 eompare the refersnce veltage which adjusted by

potentiometer with the feedback signal from the tem PeralLre Sensor,

a

Zener diode: to regulate the voltage and give S voll,




4.3.1.2 Dvigital circuit

The circuit in figure 4.4 takes the signals from the analog cireuit previously
mentioned and manipulares them by means ol logic gates to determine which

operation is to be set.

Currart souurpe

22 ]

s dgia H HER
L1

Figure 4.4: Digital circuit.

L. MOR Gate: The NOR gale 15 a digital logic sate whose lunction is the inverse
of the (OR) gate. The two-inpul version implements logical equality.

behaving according 1o the truth rable 4.1, A HIGH output (1) results if

both of the inpuls e the gate arz zeros only,




Table 4.1: Truth table oI NOR.

INPUT [ OUTPUT

v | ANOR B
Do |
0 ['1 |0
1 o |0
1 [T o
Ji=

2 AND Gate: The AND gate is a digiral logic pate. The two-inpul version
implements logical equality, behaving according to the truth table 42 A

TTTGH output (1) results if both of the inputs 1o the gate are ones onl ¥,

Table 4.2: Truth table of AND.

[INPUT [ OUTPUT
A B AAND B

0 [0 [0
ENI
1o Ju

1|t [3

dehmitt trigger is an integrated cireuit work as inverier. but hecause of U
Sehmitt action, it has different input threshold levels for positive or negative

signals and gives rwo outputs zero volt ar 3 valt

il




4. K Thp flop: The JK lip-flop augments the behavior of the SR flip-flop by
mterpreting the 8 = R = 1 condition as a "flip" or tgzle command.
Specifically, the combination J = 1. K = 0 is g command to sct the flip-flop:

the combination J =0, K = 1 is a command (o reset the Mip-flop: and the

combination J = K = | is a command to toggle the flip-flap, ie., change its
auiput 1o the logical complement ol irs current value, Seiting J= K = (i does
NOT result in a D flip-flop, but rather. will hold the current stale. To
synthesize a D flip-flop, simply sel K equal 1o the complement of J. The JK
Nip-flop i3 therefire a univiessal flin-flop, hecause it can be conflgured 1o

work as an SR flip-flop. a D flip-Mop ora T Mp-ilop.

Table 4.3: Truth tables of 1K 1 p tlop.

J K Comment
0 0 hold state
U 1 resel
.I_ 0 set 1
| 1 touyle
e

4.3.1.4 Complete main control cireuit
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Figure 4,5: Show completz main control cireuil.

Used Schmift trigger to canceling the range between U and 5 volt and the valus was

t0 get in to relays to switching on a suitable operation

=,
i |
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Counter: Used 1o count number of evcles we will add it (o 1ake signal from relay that

detec! maximum mit.

4.3.2 Stand by control circuit

Contral cirenit using temperature controller. this is 2 stand by control errenit
tsed il wny fault in main control circuit. the component of this circuit i shown below

in the table:

Table 4.4: Componenl and Operation.

Component Symbol Operation
| l‘fmcr;__-unuy switch 501 - S0 is pressed. the circuit turn-off |
il"any danger
| Selector switeh 51 51 1s activated the cireuit is turneon
lemperature  seasor [E is activated when temperature
| controller achicve set point value
-_Cr.-ntact-m,l K1 K1 is netivated the heating svslem
19 o
' Contactor? K2 K2 is activated the cooling system |
15 0n
Power supply A Heating
Tfan Cooling

L

.
A



.'l: .

[ _?IM"SIJH:
S0 e e
(
54 e = h‘;! .\' 4 \) ks
L‘ (T3 4
|

LS L

——

i

o E )
e T T

Figure 4.6: Stand-by control circuit.

The voltage source used in this eireuit is 220V/S0H..

Seleetor swilches o switching on the control cireuit using lemperature
controller.

Temperature controller; it 15 an on-of) contraller that is one form of
temperature control devices. The outpur frem the device is sither on or off.
with no middle state. An on-off controller will switch the outpul only when
the temperature crosses the sctpoint. For heating control, the outpul 1% on
when the .emperature is below the setpoint, and off above setpoint,

Two contactors; which is an electrically controlled swirch (relavy used for
switching a power cirenit,

Temperature sensor (PT100): Platinum  resistance  thermometers  offer
cxeellent aceuracy over a wide lemperature mange (lrom -200 to -850 ),

this iz available from many manulacturers  with  various dCCUTacy

specilications and numerous packzging options o suit most applications he




principle of operation is to measure the rasistance of 4 piatinum slement. This

sensor has a resistanice of 100 olns at 0 C° and 1384 ohms at 100 €=,

4.4 Power systems

To perform the power cyeling fest T; should be raised Up 10 Tiuu using

i |

poswer supply that gives a constant cusrent. and then T, should be lowered 10 Ty

using fans.

+.4.1 Mower supply

It 15 wsed 1w supply the power device with a rated current 10 stress it and

raises the temnperature to masimum degree allowahle.

4.4.1.1 Variac transformer

Variac transformer is a variable transformer (hat has many indusirial and

aboratory applications as a busic component for controlling voltages. currents,

power, heal, speed, light and electromechanical foree,
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Figure 4.7: A cross seetion of a Variac transformer.

A basic variable transformer consists of a single laver, maznetic wire, winding on a

torordal eore of laminated silicon steel.

A carbon brush conneeted to an output lead is rotated vver a precision sround. plated
commutator rack 1o tapp off voltage at any tumn from zero to the maximum output
voltage of the windings. Fipure 4.8 deseribes the Ouiside conrral platform of a

Variae transiormer.
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Figure 4.8: Outside control platform of a Variac transformer.

4.3.1.2 Step down transformer

A transformer in general is a device that is used for voltage and current
conversion, and when it is used for lowering the output voltage than the nput
terminal voliage, it is known as a step down transformer. Figure 4.9 describes
Qutside construction of step down transformer

37




S=V*1 - 12 * 50 =600 VA

Number of turns (primary) N1 — 220 * 1.532 = 337 wrns.
[=8V=600220=272 A

Crass section arca (primary) A, = /S = 2.72/3 = 0.9 mm”
Diameter of conductor (primary) di = Y(A/0.785) = 0.99 mm
Diameter of primary = US = 2.72/3 = 1.07 mm

Number of turns (secondary) N; = 12 # 1.613 = 19,356 = 20 turns.
Cross section area (secondary) = US = 50/3 = 16.6 mm’

Diameter of secondary dx = N (16.6/0.785) =4 59 mm

Figure 4.9: Ouwside construction of step down transtarmer.




4.4.1.3 Combination between the two transformers

First, Varac should be calibrated until the device's rated current is reached,
and in this project, it has been used a diode with a rated current of 30 A, then; a low
power current source and & voltmeter are connected on parallel with the diode in a
way that when the maximum temperature is reached, the power supply is turned off
automatically, but the current source should stay in operation. The whole process is
appeared in figure 4.10.

SOLBE CUITI
il
X
i step dowin
b crancformar (’i-:“
7"-,'.L ”'I emperanms regulnied heat plare
¥ / A
= (A e devias
AROV glng'—ﬁ | J wndes Test
.-'! _g E———
U—s 20

Figure 4.10: Combmation between Lthe two transformers.

By means of the voltmeter align with the calibration curve the forward voltage across

the diode can be determined, and then the junction temperature can be also realized.

4.4.2 Cooling system (fan)

Driven by motor; used to decrease the temperature of device.
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4.5 Problems encountered during the project

The main problem that had been encountered during the project is the way of
attain a current source, the searching process lasted for about six months, during that
period of time. all companies interested in the field of educational electrical
cquipments were contacred whole over the region, but unlbriunaiely the efforts being

exerted were uscless,

From this point, it had been concluded that there should be another technigue to
achieve Lhe target of using the current source, and with the help of God, the required

technique was accomplished.

Anothet problem was a dilTiculty of the combination between the process of heating
and coolimg of power deviees, that is: in one of the operational stapes of the sysicm.
it had been noticed that heating and cooling operates twgether, und that for sure is
wrong, hecanse the main target of the project is that only one of them should be in

the on state and never operate them at the same instanl ol ime,

T appear this problem clearly, the following table illustrates what the prohlem was

cxactly.
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Table 4.5: Sequence of stages for svstem.

Misimum Temp. Timin | Maximum Temp. Timax i Operation |

0 0 Currenl source

| {0 Current source

| 1 - Fan |

I I 0 Fan
0 {3 | Current source |

In the process, it had been noled that when 1jmin is reached and Tjmax not yer, the

current sourcee 1s in operation. The second case. the temperature was less than Timax
and higher than Tjmin, the fan is m operation also. to solve that problem, a storaging
device 1s 0 be used {or keeping the provious value. as appeared in the control circuit

diagram.

The third preblem was in the input voliage range ta the digital cirevit, which was
between 1.6 and 2.6 V, theoretically when circuil maker simulation was used,
evervihing was okay. but from the practical point of view. its wrong. Practically it is

required to have only twe values (0 or 5 V), and this problem was avercame using a

Schimtt trigger, which is basically an inverter.




4.6 Mechanical construction

The general mechanical construction contain three parts, part 1 include device under
test, sensors, heat sink and fans for cooling. part 2 include control circuits,
multimeters, switches and counter, part 3 include current power supply figure

4 11{A), figure 4.11(B) shows the right and front view

FPartl

Fart?

Fart 3

Figure 4.11(A): mechanical construclion
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Figure 4.11(B): mechanical construction.

Afler designing the mechanical construction, figure 4 12 shows the actual
mechanical construetion.
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Figure 4.12: Actual mechanical construction
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Results and Coneluvions

. To make a power cyeling test for a certain device, first of all. the operational
nature of that deviee should be studied carefully, specially the thermal
behavior. that is what maximum and minimun temperare values applied on
the power device during a certain period of time, meanwhile: how many
times the deviee heats up or cooled down in a specific period. The test is 1o be
done depending on the two temperature limits as previously siated.

. The PN junction of & power device can be known from the [orward vohage
botween the diode terminals afier applying small current, and that can he
atmained referring o the characteristic curve which was mentioned in a

previous project to the same diode.

TS
n
o

o T

1] 0 103 180 200 a5 20K S50
VimY)

Figure 6.1: SED3040 calibration curve sfter applying 30mA.




. After the calibration process, it has been concluded that if the heal sink
temperature is 40 C°, the PN junction temperature will be other value can be
known from the forward voltage between the diode terminals after applying
small current, and if it is 80 C°, the junction temperature will be known from
the same process. |

. When the practical side was accomplished, a hehavioral characteristic curve |

was derived, which relates between time and the switching states of the
power device, whether ON or OFF. The curve is as follows.
&
|
HT,_,,,
L
123 C
‘_; .
;.;-‘ Tﬁ.ml
80 C
Thmio
— a0 C
'-
i 5.14 T Time [ min ]
< 6.40 »

Figure 6.2: Practical behavior of temperature of DUT during power cyeling.
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rrom the above curve it is concluded that the power eycling test between
FOCY and 80 C° lasred for Gminutes and 40 seconds, whereas hesting timie
was about 5 minutes and 14 seconds and cooling time was about 1 minute

gnd 26 seconds,

Times was measured according to the voltage drop across the diode afier
applving a low power current source which was aboul 120 mV. Refarring to

figure 6.1; Tomg was about 125 €7,

This eyele aperates for thousands of times, and within a certain period of time

(two or three days lor example) the failure mechanism is (o be checked. This

process should repeat vntil the power device is considered failure, of cne ol

the failuwe mechunisms discussed in the previous chapters.

o




Hecommendations and Fatare work

- Power cyveling duration can be decrsased by inceasing the heating and
cooling power, either by means of a full-rectified DC current sowce or an air
condition system

. The measuring svstem (measuring of VERTh) can be computerized.

. Lstablishment of a research unit exclusively for power deviees according o
life ume. protection and thermal behaviors,

. Encouraging the students to handle such projects that trear with this field of

seience as it is considered very important fer technological development,
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Appendix. A:

Symbels and Constant

A.1 Symbals:

AC Allernating Current.

DC: direet Current,

CTE: Cosfficient of Thermal Expansion
DCR: Direct Copper Bonded

DUT: Device Under Test.

LESIT: Leistungselekironik Svstemtechnik und Inforipag onstechnolopie
IC: Inteprated Cliscuit.

LETY: Light Emirting Diode,

Ria: Thermal resistance.

Ty PN-junction remperature.

Vi Forward veltage,

Ve Relerence voltage,

PTT00: Platinum resistance (hermometers
A.2 Constants:
¢: Fuler's constant (2. 71828 ).

K: Boltzmann's constant (1.238#107,

N:i Non-identity constant berween | and 2.

q: Flectrons charge (1,6%1077 As).
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Appendix B

Datasheet

LM335 (Precision Centigrade Temperature Sensors)

General Descriprion

The LM335 series are precision integrated-cirenit temperature seasors, whose output
valtage is Linearly proportivmal to the Celsius (Centicrade) temperature. The LM35
thus has an advantage over lincar temperature sensars calibrated in © Kelvin, as the
user 15 not required o subiract a large constant voltave from its autput to obiain
convenient Centigrade sealing. ‘The LM35 does rot require any extemnal ealibration
or frimming 10 provide typical aecuracies of +14°C &l room ramperature and - 24°C
aver a full 35 to =1 50°C temperalure range. Low cost is assured by trimming and
calibration at (he wafer level. The LM35's low output impedance, lincar oulpul. and
precise inharent calibration make interfacing 1o readout or control circuitry especially
casy. Il can be used with single power supplies, or with plus and minus supplies. A5
it draws only 60 gA from s supply. it has very low self-beating, less than 0.1°C in
still air. The LM35 is mated to uperzie over a —35° to +150°C temperalure range,
while e LM33C is maled for a —40° to +110°C raage ( 10° with improved
accuracy). The LM35 series is anailable packeged in hermistic TO-46 tramsistor
pacizages; while the LM35C, TM35CA, and LM35D arc also available in the plastic

LO-92 Irunsistor package. The LM33D is also available in @n 8-lead surface mount

small outline package and 2 plastic TO-220 packave,




Features

- Calibrated dircetly in ® Celsius (Centigrade),
- Linear — L0 mV/~C scale factor,

- 0,5°C aceuracy muarantee able (at +25°C).

- Rated for full =55° to =150°C range.

- Sultable for remote applications,

- Low eost due w wafer-level trimuming.

= Opezates from 4 10 30 volts,

- Less than 60 pA current drain.

- Low self-heating, 0.08°C in still 2ir,

- Nanlincarity only =14°C typical.

- Low impedance output, 0.1 W for | mA load.

Typical Applications

pese L BTN
z oY s 00 ekt

(= 1 B S

Easic Cemigrds Tomperatime Senssr
el R T )

~ =2l i

Ful-Range Centlarads Tengrarstice= Sensar




Connection Diagrams
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To-32

Plastic Packags

Ahsolute Maximum Ratings

II Militaryv/Aerospace specified doviees ure required, please contact the National

Semiconductor Sales Office/ Distdbutors for availability and specifications.

Supply Voltage +35V 1002V
Crutput Vollage -6V 10 - 1.0V
Culput Corrent 0y

Storage Temp.;
TO-2E Packace. =60°C 1o =1 80°C
1092 Package, =60"C 1o +130°C




50-8 [Mackage. =63°0 to +150°C
T0-220 Package, =HE (015070

Electrical Characteristics
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Applicatinns

he LM33 ean be gpplicd easily in the same way as other intemrated-cirenit
tecnperature sensors, 1l can be glued or cemented Lo a surface and its temperature will

be within zbout 0.01"C of the surface temperature. This presumes that the ambieat

air temperaturs is almost the same as the surface temperature: if the air temperature




were much higher or lower than the surface remperatre. the actuzl lemperature of
the LM3% die would be al an imlermediale temperature between the surface
temperature anc the air temperature. This is especially wue for the T0O-92 plasrie
packase, where the copper leads are the principal thermal path to camry heat into the
device, so its temperature might be closer 1o the air lemperature than to the surface
temperature. | o minimiza this problem, be sure that the wiring to the LMSS, as it
leaves the device. is held at the same temiperature

as the surface of inferest, The snsiest way to do this is to cover up these wires with a
bead of epoxy which will insure that the leads and wires are all at the same
temperarire 25 the surface, and thar the LM33 die’s temperature will not be aflected
by the air temperature.

The TO-46 metal package can also be aeldered 1o a2 metal surfase or pipe without
damage. OFf course. i that case the V- lerminal of the circuit will he groundad 1o
that metal. Altemarively, the TM325 can be mounted ingide a scaled-end metal tube,
and <an then be dipped into 4 hath or screwed inta a threaded hole 0 a tank. As with
any 1C. the TAM33 and accompanying wiring and circuits must be kept insulated and
dry, 10 avoad leakage 2nd corrosion. This is especially true if the circuit may opetate
ar enld temperatures where condensation can occur. Urinted-circuil coatings and
varnishes such

as Humiscal and cpoxy paints or dips are ofien used (o insure that moisture cannot
corrode the LM33 or its connections. These devices are sometimes soldered o a
small

light-weight heat fin. ¥o decrease the thermal time constant and spead np the response

i slowly-moving wir. On the other hand. a small thermal mass may he added 1o the

sensor, to give the sieadicst reading despite small deviations inthe air lemperature.




[L.MTSXX (Series Vollage Regulators)

General Deceription

The LM7EXX series of three terminal regulators is availuble with several fixed
output voltages making them useful in a wide ranpe of applications. One of these is
loeal on card regulation, eliminating the distribulion prohlems aseociared with single
point regulation. The voltages available allow these regulalors to be used in logic
svstems, instrumentation, and other sulid stze electronic equipment. Although
designed primarily as fixed voltage reoulators these devices can be used with
externil components to obtaln adjustable voltages and currents. The LM78XX saries
ts available inun alumirum T0-3 package which will allow over 1.0A load curren: if
adeguate heat sinking is provided. Current limiting is meluded to limit the peak
oulpul current to a safe valpe. Safe area protection {or the outpul transistor is
provided fo limit intemzl power dissipation. It internal power dissipation becomes
loa high for the heat sinking provided, the thermul shutdown circuit takes over
preventing the IC from overheating, Considerakle effort was expanded 1o make the
LM7EXX serizs of regulators easy to us¢ and minimize the number of external
components. It is not necessary Lo bypass the cutpur. althongh this does improve
ransient response. Input bypassing iz necded only if the regulator is located far from
the fler capacitar of the power supply, Far oupur valiage other than 5V, 12V and

15V the LM117 seties provides an outpul voltage range from 1.2V 1o 37V,

Features

- Qutpul current in excess of | A,

- Internal thermal overload protection.
- Mo external components required.

- Cutput transistor safe grea proteetion,

- Internal short clreuit current limil.




- Availeble in the aluminum TO-3 packase.

Voltage Range

EMTRO5C N
LM7812C 12%
LM7R15C I3V

Connection Diagrams
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Schematic
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Absolute Maximum Ralings

If Military/Aczospace specified devices are raquired, please comtact the National

Semiconductor Szles Office! Distributors for availability and saecifications,

Input Voltage: (VO =35V. 12V and 13V).
Internal Power Dissipation: Internally Limitad.
Operating lemperature Range (TA): 0%C to +70°C.

Maximum Junction Tempearature: FA7C.

Storage Temperature Runge; —05°C to +130°C.
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