OULUN AMMATTIKORKEAKOULU

Janne Nurminen

THERMAL SIMULATIONOF THE COMPONENT REWORK
PROFILE TEMPERATURE



THERMAL SIMULATIONOF THE COMPONENT REWORK
PROFILE TEMPERATURE

Janne Nurminen

Master’s thesis

Spring 2015

Information Technology

Oulu university of Applied Sciences



ABSTRACT

Oulu University of Applied Science

Information Technology

Author: Janne Nurminen

Title of thesis: Thermal Simulation of The Component Rework Profile Simulation
Supervisor: Kari Jyrkka

Term and year of completion: Spring 2015. Number of pages: 41

The aim of this study was to clarify the possibilities and feasibility of the thermal
simulation for the modeling of the rework process.

The rework process modeling could enable an easy and fast access to the com-
ponent and PWB level thermally critical effects like over and under heating of the
component during the rework process. The modeling could also be used as a
help of the real rework profile definition at an early phase of the electrical device
development.

The work includes a thermal modeling of the rework station, a rework profile, a
test board and the test component. This leads to the millimeter scale forced con-
vection integration to the transient simulations. Finally, the simulation results were
verified against to the real measurements of the rework process. This will ensure
the feasibility of the simulations for the rework process and the correctness of
modeling methods.

As a result ofthe study the millimeter scale forced convection model of the rework
station was created and verified against to the measurement results. The results
show a good correlation with the measurement and the simulated results. This
also indicates the feasibility of the selected modeling method for the rework sim-
ulations. The most suitable simulation parameters for the rework simulation pro-
file control were also defined.

Keywords:

Thermal simulation, Rework, Rework profile, Transient simulation.



CONTENTS

N = 3 1 2 ¥ o S 3
TABLE OF CONTENTS ..ottt eens 4
N | I 15 1 O I (@ N 5
2 SOLDERING OF THE COMPONENT ....ocoiiiiiisieice et 7
2.1  RefloW SOIAEING .....ooveiiiiiieiee e 7

2.2 ReWOIK SOIAEING ..c.eeiiieiiie ettt et s 8

2.3  Temperature Profile ... 10

3 TEMPERATURE MEASUREMENT ....cooiiiiiseee e 12
3.1 Thermocouple MeaSUrEMENT .........cccoveveieeee e 12

3.2  Diode MEASUIEIMENL ....c.eieiiiieieeiie sttt sre e 15

4  THERMAL SIMULATION MODEL....cccotiiiieireseinese e 16
4.1 Component simulation MOdel..........cccevieiiieiiii e 16

4.2  PWB simulation MOdel .........ccoiririiieiiiesesereee e e 17

4.3 Rework station MOel ..........ooeoiiiiiieeeeeeeee e 17

5 REFERENCE TEMPERATURE MEASUREMENT ......ccccoviiiniineneenesesienns 19
6 SIMULATION RESULTS ...t stee st e st e e e sne e 21
6.1 Reference simulation reSUIS ... 21

6.2 Sensitivity analyze of the simulation parameters .........ccccoceveceveerienen. 24
6.2.1 Effect of the nozzle hot air flow temperature ............ccccoeeuenee. 24

6.2.2 Effect of the hot air flow vOlUME .........cccoeovriiieie e 26

6.2.3 Effect of the soldering phase time........c.cccccovoviiieviecceciieces 28

6.2.4 Effect of the N0zzIe SIZe ......cooveeieeceeeee e, 30

6.2.5 Effect of the nozzle height ..o, 32

6.3  Rework profile tUNING .......cooeeieiiiieree e 34

7 CONCLUSIONS......cootcice ettt st e snenne e 37
8  FUTURE WORK ..ottt sttt snenaeneas 39
REFERENCES. ...ttt ettt sttt ne s snenes 40
APPENDICES.......coo oottt ettt sttt e e renaens 42



1 INTRODUCTION

The most used temperature measurement method uses thermocouples to meas-
ure rework and reflow temperatures in electronics production. This method is well
known and widely used but the drawback of the method is the repeatability and
sensitivity of the thermocouple placement which are effecting to the measurement

results [2].

The newer temperature measurement method is based on a diode measurement,
where a diode’s forward biasing voltage is measured and converted to tempera-
ture readings. When the diode is integrated inside of a component package, the
temperature measurement is done in a systematic way and it will also take care

of the thermal mass effect of the used printed wiring board and the package type

[2].

The component and the profile temperatures can also be estimated with the help
of the thermal simulator software. This approach makes temperature estimations
possible without building the actual device. The advantages of the simulations
are that they cost less and save time during the product development. The ther-
mal simulation can also be used to clarify detailed temperature effects during the
heat up and cool down phases which can be difficult to measure from the real
device, like component internal temperature effects or the structural and material

analyses of the different design options.

With the thermal simulation of the rework profile it is possible to estimate the
temperature effects of the electrical component and the printed wire board during
the rework process. With the detailed model of the electrical component itis pos-
sible to see temperature differences of the package internal structures and ma-
terials which might affect the long time reliability issues of the electrical devices.
These reliability issues are many times related to maximum temperature specifi-

cations of the component die, thermal stress of the different materials caused by



the miss match of the different thermal expansion coefficients or solder joint tem-
peratures. With the thermal simulations, it is also possible to estimate the tem-
perature profiles of the adjacent component temperatures during the rework pro-
cess. The adjacent component temperature could be interesting in the case when
this adjacent component is thermally critical one, like a memory device, a crystal

oscillator or some other type of temperature critical mechanical part.

In this study, the thermal simulator was tested for electrical component rework
profile simulations. The transient simulation model of the electrical component
and printed wire board was built and also the millimeter scale forced convection
thermal simulation model of the rework station was created. Also, the rework tem-

perature profile was created for this purpose.

The simulation model of the rework station and the component level simulation
results were compared against to the real rework station measurement results
targeting to verify the usability and the modeling method of the thermal simulator

in rework purpose.



2 SOLDERING OF THE COMPONENT

The most typical component attachment method in electronics production is sol-
dering where components are first time soldered to the printed wired board (PWB)
with the help of a reflow oven. On the other hand, if the component needs to be
replaced because of the malfunction effect or other reason, the component is
typically replaced with the help of the rework station. The description and the

main principles of the reflow and rework processes are described below.

2.1 Reflow soldering

The typical reflow oven is divided into temperature zones where all zone temper-
atures can be controlled separately. The chain of the temperature zones are form-
ing the temperature profile of how the component and printed wiring board are
heated up. Typically, the temperature zones are formed by several hot air nozzles
which are blowing the heated air to the component and the PWB. The component
and the PWB are placed on the transportation belt, which is leading the PWB
through the different temperature zones and the oven. The PWB and the compo-
nent are heated up according to the pre-defined temperature profile so that the
entirely PWB and all components are heated to the solder temperature and then
cooled down in the controlled way [1]. The schematic view of the reflow oven is

described in the figure 1.

FIGURE 1. Schematic view of the reflow oven [1].
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During the way through the oven, the solder paste will melt to a liquid form and
finally the solder will cool down to a solid form again and it forms a solder joint

between the component and the PWB [1].

The reflow oven temperature profile is selected to match the component and
PWB manufacturer specifications to avoid over or under heating the components
and to make a reliable solder joint. The solder joint temperature is also related to

the used solder material and its specification [2].
2.2 Rework soldering

The rework soldering is usually used when a non-working component is replaced

with a new one or when only a single component is soldered to the PWB.

In the typical rework solder process, the single component, solder and the PWB
are heated up locally from the top side by an air nozzle and hot air and from the
bottom side by an infrared heater [2]. The main difference compared to the reflow
soldering is that only the replaced or soldered component is locally heated up to
the soldering temperature according to the pre-defined temperature profile. The

schematic of the rework process is described in figure 2.

Heater frame —— l
Heater coil

Hot air flow

Nozzle

Component

PWB l
IR heaN g — )
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FIGURE 2. Schematic view of the rework process [2].
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In the typical rework process the PWB is preheated by the help of the infrared
(IR) heater from the down side of the PWB. The whole PWB is evenly preheated
up well below of the solder melting point and with the good margin to the critical
temperatures of the all components. After the bottom side preheating phase, the
air starts to flow through the heater coil where the air temperature is heated up.
The hot air is locally spread over the component top side and side areas with the
help of the nozzle. Finally, the component and PWB are locally heated up accord-
ing to the selected temperature profile. The temperature profile can now be con-
trolled during the rework process by changing the IR power, hot air temperature
and the air flow rate [2]. The typical rework profile consists of several phases:
preheating, ramp-up, soldering, ramp-down and cooling phases [4]. The typical

temperature profile phases are presented in the section 2.3.

The most effecting parameters to the soldering temperature control in the case

of the rework are:

e Hot air temperature from the nozzle

e Hot air flow rate from the nozzle

e Infrared controlled bottom side temperature of the PWB
e Nozzle size and type

e PWB structure and the used materials

e Component structure and the used materials

The selection of the nozzle size and type is made according to the replaced com-
ponent physical size. The IR heater power selection is based on the PWB and
component structure and size [2]. For example, the bigger and thicker the PWB

is, the more IR power is needed for the preheating phase.

Typically, all repair station functions are integrated to one configuration like in

Martin Expert 10.6 repair station in figure 3.



FIGURE 3. Martin Expert 10.6 semi-automated rework station [3].

2.3 Temperature profile

The soldering temperature profile of the component and the PWB are defined by
the component and PWB manufacturers. The JEDEC standard JSTD020D-01
can be used as a guide line to define critical parameters of the temperature pro-

file. The typical soldering temperature profile is presented in the figure 4.
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FIGURE 4. Typical soldering temperature profile [4].
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The target of the solder profile definition is to avoid too high or low temperatures
of the PWB and the components. Typical component maximum temperatures are
approximately 250 °C depending on the component type. On the other hand, the
good soldering temperature requires the minimum soldering temperature above
the solder melting point (217 °C for SAC305 solder). Intel recommendation for

solder temperature is 230°C [5].

The wrong solder temperature profile can affect seriously to the component and

PWB reliability. The long time reliability decrease can be caused by:

e Overheating of the PWB or component

e Too low soldering temperature

e Thermal stress and mismatch in coefficient of thermal expansion (CTE)
e High temperature package warpage

e The vapor pressure of moisture inside a package -> delamination

11



3 TEMPERATURE MEASUREMENT

The accurate soldering profile temperature setting and fine tuning is the key to
the reliable component soldering. To make this happen, the accurate temperature

measurement methods are needed.
3.1 Thermocouple measurement

The mostly used temperature measurement method is the thermocouple (TC)
measurement, which is well known in the electronics industry because the TC is
small, durable and cheap to use. Also, the temperature range is very wide when
the TC type is correctly selected. Even the TC measurement system needs an
accurate voltage measurement device due to the voltage change of 60uVv/°C and
typically 1 mV signal level. There are a lot of commercial measurement devices

available to contribute the TC measurement method [2].

The measurement method is based on the two thin wires of different materials

which are coupled to each other on the other end (figure 5).

FIGURE 5. Thermocouple wires and the connection bead.
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The bead produces a small measurable thermoelectric voltage, corresponding to
a temperature, when the junction is heated up (Seebeck phenomenon). The

schematic picture of the thermocouple measurement is presented in the figure 6

[2].

2 Metal A 2T
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FIGURE 6. Schematic of the thermocouple measurement [2].

The typical TC attachment to the component is made by the tape or glue. The TC
is attached to the top of the component surface or signal pin as presented in the
figure 7. The other rather common TC attach method is a measurement thru the
PWB, where the TC is placed in a small drilled hole in the solder joint area (figure
7) [6].

Package Peak Temperature (PPT)
as measured at top of package surface  ppT2

|
- J
- SIT1 Solder Joint Temperature (SJT) SJT2

as measured in the solder joint

FIGURE 7. Typical thermocouple placement [6].

13



The advantage of the TC measurement method is that it is a simple, well known
and cheap method to measure temperatures. The drawback of the method is its
bad repeatability and sensitivity to the TC placement, which affect to the meas-
urement results and accuracy [2].

The TC measurement accuracy highly depends on the TC placement method as
shown in the measurement table 1. The thin TC wire pair is very sensitive to the
hot air flow due to the fact that it has a very small thermal mass. Even a small
error in the TC attachment causes a situation where the TC is measuring the hot

air flow temperature rather than the real component surface temperature [2].

TABLE 1. Thermocouple placement effect on the temperature [2].

TC attaching Max. temp Descriotion
method ["C] P
1. TC + tape 250 _'_

. + —
2. Free TC bead 265 g
tape —
3. Free TC bead 280 _'_
4.TC + paste 217 i
5.. Integrated 193-198
diode —C—
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3.2 Diode measurement

The other approach to measure the temperature is the use of a diode as a tem-
perature sensor. This basic method is also well known in electronics industry.
Typically, the diode sensor is a stand-alone diode component which is placed on

the PWB or on the end of the wires.

The newer approach of diode based temperature measurement is to integrate a
temperature sensor diode directly on the silicon die inside of the component pack-
age (figure 8). The die integrated sensor method measurement is typically used
in high power components like processors or other types of thermally sensitive
components, like memory components. For example, Intel is using internal tem-
perature sensors to reduce the processor core power dissipation by modulating
the duty cycle of a processor clock, thus reducing the operating frequency or re-

ducing the voltage of the processor according to the core temperature [7][8].

Diode sensor
Mold
Die —|

Glue
Hs: /Coppertrace
& Substrate

P

- =
0000000 03t

FIGURE 8. Integrated diode sensor inside of the component [2].

The advantage of the die integrated diode method is the easy repeatability and
accurate temperature measurement of the die. The method also takes automati-
cally care of the thermal mass effect of the component body as the sensor is
always located away from the direct hot air flow [2] (compare to the TC measure-

ment) as described inthe table 1.
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4 THERMAL SIMULATIONMODEL

The simulation model was created for the FIoTHERM V10 thermal simulation
software which is currently the most commonly used thermal simulation CFD tool

in the electronics engineering.

The simulation model development was started from the component, the PWB
and the hot air nozzle modeling and the corresponding environmental settings of

the true measurement situation.

4.1 Component simulation model

The first component simulation model information was based on the real compo-
nent structure, materials and dimensions which were delivered by the component
supplier. The supplier test component design of 10 mm * 10 mm TFBGA244 fol-
lows the JEDEC standard JESD51-4 [9] requirements. The simulation model was
a detailed level model including all solder balls, interposer layers like, top and
bottom copper layers, core and signal vias. Also, the die and die glue were mod-
eled with the covering epoxy mold. The cross section view of the component

model is presented in the figure 9.

| ! |

5 T Y O ' N N A I
+

FIGURE 9. Detailed cross section view of the thermal simulation model of the
TFBGA244 component.

For the transient reference simulation and parametrical simulation tests the de-
tailed component model was simplified. The model simplification was done by
averaging the solder ball and component substrate structures and the corre-
sponding thermal conductivity. The simplified component mode structure is pre-

sented in the figure 10.
16



FIGURE 10. Cross section view of the simplified thermal simulation model of the
TFBGA244 component.

4.2 PWB simulation model

The PWB simulation model was based on the real PWB structure, materials and
dimensions of the measurement board. The true measurement board and the
PWB model follows the JEDEC standard JESD51-9 [10] including the practical
changes of mobile device requirements where the thickness was changed from
the standard 1.6 mm to 1 mm and also the PWB build-up structure was changed
from standard 4 layer structure to 8 layers and the copper thickness from 70/53
um to 17 um. The FR-4 material was changed to correspond more mobile device

compatible.

The PWB model was simplified as a block model where the copper layers and
signal via insulation layers and core layer thermal parameters were averaged to
correspond to the actual PWB design and structure and thermal conductivity. The

cross section view of the PWB and component model is presented in the figure
11.

FIGURE 11. Cross section view of the thermal simulation model of the PWB and

the component.

4.3 Rework station model

The rework station model was developed from the steady state model of the

measurement system. The model consists of the open boundary conditions for

17



the free air convection set up, IR radiation for the PWB and the settings for the
forced convection hot air flow from the nozzle and the heater frame and coil me-
chanics. The simulation results of the steady state simulations were checked to

ensure the rough correctness and the gridding of the model.

The transient simulation was carried out based on the steady state simulations.
The transient simulation parameters for the all model details were checked ac-
cording to the supplier material information, calculations and best guess estima-
tions. This was done for the component, PWB, rework station mechanics and
environment settings. The schematic view of the thermal simulation model is pre-

sented inthe figure 12.

Hot air inlet /
Heater frame/

S

Hot air flow
Nozzle

Hot air outlet

Component
- PWB \\;

Lﬁheater\ | ‘

FIGURE 12. Thermal simulation model of the rework station.
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5 REFERENCE TEMPERATURE MEASUREMENT

The profile temperature measurement was done by the integrated diode method
and the result was used as a reference for the thermal simulation. The rework

profiler was Martin Expert rework station [3].

The test board was designed according to the JEDEC standard JESD51-9 [10]
as described in chapter 4.2. The used test component was 10 mm * 10 mm

TFBGAZ244 thermal test component with the integrated diode sensor (figure 13).

THERMAL TEST PWB TFBGA 244 51/06
VIA 1-8

12345678 91011121314

A
B
c
D
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F
6
H
J
K
L
K
N

vEZErfrXLCTIOMTMOOED >

123 4567891011121314

. miams Sevw
-3

sees ~ g
sass 0w+ 1 B 6
& & & & o <

FIGURE 13. Test board and the TFBGA244 component.

The integrated diode sensor was used to measure the temperature profile which
was created with the Martin rework station. Also, the TC measurement result was
recorded from the component top side and from the bottom side of the test boards

for the guiding purpose. The hot air temperature was measured from inside of
19



the heater frame of the rework station. The results of the reference measurement

are presented in the figure 14 [2].

Hot air temperature
Component top case
Diode temperature
PWB temperature

FIGURE 14. Measurement results of the rework profile

As shown in the measurement results, the hot air temperature generated by the
Martin rework station was higher than that of the PWB and the component as
expected. The hot air temperature measurement position was inside the heater
frame and the TC sensor is measuring directly the hot air temperature. The com-
ponent top case temperature is measured by the glued TC as defined inthe table
1 and case 4. The diode temperature is measured by the use of the integrated
diode inside of the component and the PWB temperature is from the bottom side
of the PWB, measured by the TC. The most interesting temperatures from the

reference measurement are presented in the table 2.

TABLE 2. Reference measurement results.

Measurement point Soldering phase temperature [°C]

Hot air temperature 342 - 325

Component diode (junction temperature) | 220 - 219

20



6 SIMULATIONRESULTS

6.1 Reference simulation results

The reference measurement case was repeated with the simulator by using the

simulation model described inthe chapter 4.

The reference simulations were made with the same profile tuning parameters
that were used to create the measured reference rework profile (figure 14). The
matching of the fast ramp up rise of the component junction temperature was
defined by the use of the higher hot air peak temperature phase to ensure a
higher heat transfer from hot air to the component and the PWB. The other pos-
sibility to increase the heat transfer from the hot air to the component and the
PWB is the use of a higher hot air flow rate, but this version of the simulator did
not support the simultaneous change of the hot air temperature and air flow rate

in the same transient simulation run.

The simulation result gives a good enough correlation against the measured re-
sults even if the absolute results are lower than the measured values. The main
thermal effects can be seen from the simulation results (table 3). Asin a typical
simulation case, the absolute accuracy of the simulation is not the most interest-
ing part of the results. The best performance benefits of the simulations compared
to measurements can be achieved many times by looking the relative accuracy
in the case of material or structural analyses. In other words: what happens if

something is changed in the simulation model.

TABLE 3. Reference measurement results compared to simulation results.

Measurement point | Measured values [°C] Simulated values [°C]
Hot air temperature | 342 - 325 340 - 320
Component diode 220 - 219 200 - 213
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Even if the control of the temperature profile is easy to do and the relative accu-
racy is in the good level compared to the measured reference temperature, the
simulation model and set-up can be fixed at this point for the further parametrical
analyses.

In the figure 15 the blue graph presents a hot air temperature profile from the
nozzle and the black line is the component junction temperature profile, meas-
ured from the die surface inside of the component. This simulated profile picture
is corresponding to the measured profile temperatures presented earlier in the
figure 9.

350

Nozmle_air_temp

— T

325

3007

275

2507

2257

2007

176~

Temperature (degC)

1407

125+

1005

A

a0

25 T T T T T T T T
0 20 40 60 a0 100 120 140 160 180

FloTHERM Time (s)

FIGURE 15. Simulation results of the diode and the hot air temperatures.
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The temperature gradients of the reference simulation were captured to clarify
the temperature distribution over on open surface solution domain and the com-
ponent and the PWB. The temperature distribution of the PWB and the compo-
nent is presented in the figure 16. Detailed simulation results are presented in the

appendix 1.

y S U

FIGURE 16. Close up cross section view of the component temperature distribu-
tion.

The temperature distribution of the solution domain, the PWB and the component

cross section is presented inthe figure 17.

Temperature (degC)

y.. |

FIGURE 17. Overall solution domain temperature distribution.
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6.2 Sensitivity analyze of the simulation parameters

6.2.1 Effect of the nozzle hot air flow temperature

The first parametrical simulation study was made with the nozzle hot air param-
eter. The target of the simulation was to clarify the effect of the response of the
inlet rework hot air flow from the nozzle temperature change on the component
die temperature (Tj) and to compare the simulated results with the corresponding

measured values of the Martin rework station.

The profile parametrical study was done by changing the reference rework air
temperature from 320 °C to 330 °C and 340 °C (soldering phase temperature).
The simulated nozzle hot air temperature of 330 °C profile and the simulated

component die temperature profile are presented in the figure 18.
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FIGURE 18. Simulation results of the 330 °C nozzle hot air and the component
die temperatures.
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The average simulation response of the component die temperature was 3.93 °C
when the nozzle hot air temperature was increased by 10 °C. The corresponding
measured value from the Martin rework station was 4.6 °C [2]. The measured
value and the simulated value of the die temperature change are presented in
the table 4.

TABLE 4. 10 °C rework temperature change response of the measured results

compared to the simulation results.

Measurement point Measured change [°C] Simulated change [°C]
Component die 4.6 3.93

The temperature distribution in the highest point of the temperature profile was
also checked by the simulation. The average temperature difference between the
component top case (Tc) and the die (Tj) was 5.0 °C and the temperature differ-
ence between the die and solder joint (Ts) was 5.26 °C. The key temperatures of
the nozzle hot air simulations are listed in the table 5. Detailed results of the sim-

ulations are presented in the appendix 2 and 3.

TABLE 5. Component key temperatures of the nozzle hot air simulations.

Simulation case T [°C]| Ts[°C]| Tc[°C] Tj-Ts Tc-Tj
Reference 320 °C 212.25| 207.32| 216.92 4.93 4.67
330 °C 216.46 | 211.20| 221.45 5.26 4.99
340 °C 220.10 | 21449 | 225.43 5.61 5.34
Average change [°C/10 °C] 3.93 3.59 4.26 5.26 5.00

The relative simulation results are well in line with the measured values. This
gives a good confidence for the usage of the nozzle hot air as a profile tuning
parameter and this also supports the correctness of the selected modeling
method for the component, the PWB and the hot air nozzle modeling and the

corresponding environmental settings.
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6.2.2 Effect of the hot air flow volume

The second parametrical simulation study was made with the hot air flow volume
parameter. The target of the simulation was to clarify the effect of the response
of the rework hot air flow volume change from the nozzle to the component die
temperature (T]) and to compare the simulated results with the corresponding

measured values of the Martin rework station.

The profile parametrical study was simulated by changing the reference rework
airvolume from 10 I/min to 8 I/min and 13 I/min. The simulation result of the nozzle
hot air volume 8l/min is presented in the figure 19. The simulated component die
temperature Tj is presented in black color and the nozzle air temperature is pre-
sented in blue color.
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FIGURE 19. Simulation results of the nozzle hot air and the componentdie tem-
peratures in the case of air flow volume 8 I/min.
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The relative simulation response of the component die temperature was 2.69 °C
when the nozzle hot air flow volume was increased by 1 I/min. The corresponding
measured average value increase from the Martin rework station was 2.8 °C for
air flow increase of 1 I/min [2]. The measured temperature value and the simu-

lated value of the die temperature change are presented in the table 6.

TABLE 6. 1 I/minrework air flow volume response of the measured results com-

pared to simulation results.

Measurement point Measured change [°C] Simulated change [°C]

Component die 2.8 2.69

The temperature distribution in the highest point of the temperature profile was
also checked by the simulations. The average temperature difference between
the component top case (Tc) and the die (Tj) was 4.67 °C and the temperature
difference between the die and solder joint (Ts) was 4.92 °C. The key tempera-
tures of the air flow volume are listed in the table 7. Detailed results of the simu-

lations are presented in the appendix 4 and 5.

TABLE 7. Component key temperatures of the air flow volume simulations.

Simulation case T [°C]| Ts[°C] Tc [°C] Tj-Ts Tc-Tj
Reference 10l/min 212.25| 207.32| 216.92 4.93 4.67
8l/min 205.76| 200.92| 210.40 4.84 4.65
13l/min 219.20| 214.21| 223.90 4.99 4.70
Average change °Cl/l 2.69 2.66 2.70 4.92 4.67

The relative simulation results are well in line with the measured values. This
indicates a good suitability for the usage of the nozzle hot air volume as a profile

tuning parameter.
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6.2.3 Effect of the soldering phase time

The third parametrical simulation study was made with the soldering phase time.
The target of the simulation was to clarify the effect of the response of the solder-
ing phase time change to the component die temperature (Tj). The simulated

results are compared with the corresponding measured values of the Martin re-

work station.

The profile parametrical study was done by changing the reference soldering time
from 30 s to 40 s and 50 s. The simulation of 40 s solder phase time profile and

the simulated component die temperature profile are presented in the figure 20.
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FIGURE 20. Simulation results of the 40 s solder phase to the nozzle hot air and
the component die temperatures.
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The average simulation response of the component die temperature was 1.69 °C
when the soldering phase simulation time was increased by 10 s. The corre-
sponding measured value from the Martin rework station was 4.4 °C [2]. The
measured value and the simulated value of the die temperature change is pre-

sented in the table 8.

TABLE 8. Measured 10 s rework soldering phase time response compared to

simulation results.

Measurement point Measured change [°C] Simulated change [°C]
Component die 4.4 1.69

The temperature distribution in the highest point of the temperature profile was
checked by the simulation. The average temperature difference between the
component top case (Tc) and the die (T]) was 4.56 °C and the temperature dif-
ference between the die and solder joint (Ts) was 4.84 °C. The key temperatures
of the soldering phase simulations are listed in the table 9. The detailed results

of the simulation are presented in the appendix 6 and 7.

TABLE 9. Componentkey temperatures of the soldering phase time simulations.

Simulation case T [°C]| Ts[°C]| Tc|[°C] Tj-Ts Tc-Tj
Reference 30 s 212.25| 207.32| 216.92 4.93 4.67
40 s 213.73| 208.99| 218.17 4.75 4.44
50s 215.63| 210.80| 220.18 4.83 4.55
Average change [°C/10s] 1.69 1.74 1.63 4.84 4.56

The soldering phase time in the component die follows the simulation control
phase time as expected. The relative difference of the simulation results com-
pared to the measured results are differing over 61 %. The potential reason for
the different results are in the transient parameter definitions and modeling sim-
plifications of the used modeling method. This parameter can be used as a sec-
ondary parameter for the profile tuning because the difference seems to occur in

a systematic way.
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6.2.4 Effect of the nozzle size

The forth parametrical simulation study was made with the hot air nozzle size.
The target of the simulation was to clarify the effect of the response of the nozzle
size to the component die temperature (Tj). The simulated results are compared

with the corresponding measured values of the Martin rework station.

The profile parametrical study was done by changing the reference nozzle size
of 11 mm * 11 mm to 13 mm * 13 mm. The simulation profiles with the 13 mm *
13 mm nozzle are presented in the figure 21. The nozzle size results are made
with the different gridding set up because of the convergence problems of the
simulations. For that reason, the temperature values are not comparable with the

other parametrical simulation resullts.
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FIGURE 21. Simulation results of the 13 mm *13 mm nozzle size.
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The simulation response of the component die temperature was -3.52 °C when

the nozzle size was changed from 11 mm * 11 mm to 13 mm * 13 mm. The cor-

responding measured value from the Martin rework station was 4.3 °C [2]. The

measured value and the simulated value of the die temperature change is pre-

sented in the table 8.

TABLE 8. Nozzle size effect response compared to simulation results.

Measurement point

Measured change [°C]

Simulated change [°C]

Component die

4.3

-3.52

The key temperatures of the nozzle size simulations are listed in the table 9.

Detailed results of the simulation are presented in the appendix 8 and 9.

TABLE 9. Nozzle size simulations.

Simulation case Tj [°C] Ts [°C] Tc [°C] Tj-TS Tc-Tj
11*11 mm 219.59 214.14 224.78 5.45 5.19
13*13 mm 216.08 211.36 220.63 4.72 4.56
Difference [°C] -3.52 -2.79 -4.15 -0.73 -0.63

The parametrical study of the nozzle size does not give a good and comparable

results due to the convergence problems of the simulations. Even if the problem

was corrected by the new gridding of the project the relative temperature results

are not in line with the measurements.
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6.2.5 Effect of the nozzle height

The fifth parametrical simulation study was made with the nozzle height. The tar-
get of the simulation was to clarify the effect of the nozzle height response to the
component die temperature (Tj) and to compare the simulated results with the

corresponding measured values of the Martin rework station.

The profile parametrical study was simulated by changing the reference nozzle
distance from the component top side 1 mmto 0.5 mm and O mm. The simulation
result of the nozzle height 0.5 mm is presented in the figure 22. The simulated
component die temperature Tjis presented in black color and the nozzle air tem-

perature is presented in blue color.
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FIGURE 22. Simulation results of the nozzle height of 0.5 mm.
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The relative simulation response of the component die temperature was 1.38 °C
when the nozzle height was decreased by 0.5 mm. The corresponding measured
average value decrease from the Martin rework station was 1.25 °C [2]. The
measured temperature value and the simulated value of the die temperature

change are presented in the table 10.

TABLE 10. Temperature effect of the 0.5 mm change in nozzle height.

Measurement point Measured change [°C] Simulated change [°C]
Component die 1.25 1.38

The temperature distribution in the highest point of the temperature profile was
also checked by the simulations. The average temperature difference between
the component top case (Tc) and the die (Tj) was 4.71 °C and the temperature
difference between the die and solder joint (Ts) was 5.04 °C. The key tempera-
tures of the nozzle height changes are listed in the table 11. The detailed results

of the simulations are presented in the appendix 10 and 11.

TABLE 11. Component key temperatures of the nozzle height changes.

Simulation case T [°C]| Ts[°C]| Tc[°C] Tj-Ts Tc-Tj
Reference 1 mm 212.25| 207.32| 216.92 4.93 4.67
0.5 mm 213.26 | 208.34| 21791 4.92 4.64
0 mm 215.01 | 209.75| 219.82 5.26 481
Average change [°C/0.5 mm] 1.38 1.22 1.45 5.04 4.71

The relative simulation results are well in line with the measured values. The
modeling of the nozzle height is not sensitive for the nozzle height and the simu-
lation model building will be easier. Even if the simulation results are well in line
with the measured values, the use of the nozzle height is not recommended to

be used as a profile tuning parameter due to the small effect on temperatures.
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6.3 Rework profile tuning

The target of the rework profile tuning is to match the current reference profile to
the component manufacturer specifications. In this test case the component re-
work solder temperature target 230 °C was defined according to Intel's recom-
mendation for the leadless solders SAC305 and SAC405 [5].

The first simulation profile tuning round was done by the use of the relative nozzle
hot air information. The temperature gap of the reference simulation solder joint
temperature 207.3 °C compared to the Intel's recommendation of absolute tem-
perature 230 °C is 22.7°C. According to the nozzle hot air temperature simula-
tions the relative average solder joint temperature rise for the 10 °C air tempera-
ture rise was 5.26 °C. The computational solder joint temperature rise of 22.7 °C

should be achieved by increasing the absolute nozzle airtemperature by 43.2 °C.

The first profile tuning simulation was done by increasing the reference simulation
nozzle hot air temperature by 45 °C (365 °C). As a result, the simulated solder
joint temperature was 225.0 °C. The first tuning test profile results are presented
in the figure 23. In this picture the most interesting solder temperature profile is
presented in red color. The detailed information of this simulation is in the appen-
dix 12.
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FIGURE 23. Simulation results of the 365 °C nozzle air temperature.

The final profile tuning was done by further increasing the absolute nozzle hot air
temperature by 10 °C (375 °C) to achieve needed 5 °C gap to the targeted 230

°C solder joint temperature.

As a result, the final profile tuning simulated solder joint temperature was 229.03
°C which is close enough compared with the target 230 °C. The first tuning test
profile results are presented in the figure 24 and the detailed information isin the

appendix 13.
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All of the profile tuning simulation key results are presented in the figure 25. The
simulation results are well in line compared with the computational results. The
computational temperature rise of the solder temperature was 5.26 °C and the

simulated temperature rise average was 4.34 °C when the nozzle hot air temper-

ature was increased by 10 °C.

Simulation case T [°C]| Ts|[°C]| Tc[°C] Tj-Ts Tc-Tj
Target profile 230.00

Reference profile 212.25| 207.32| 216.92 493 4.67
Hot air 365 °C 231.15| 225.04| 237.64 6.11 6.49
Hot air 375 °C 235.87| 229.03| 242.37 6.84 6.50

FIGURE 25. Profile tuning results.
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7/ CONCLUSIONS

Typically the forced convection and transient simulations are made for the cooling
of the desk top, cabin or rack scale electrical systems or for simulations of reflow
oven soldering process. In this study the millimeter scale forced convection and
transient model of the rework process was created and locally heated component
rework profile simulation tuning parameters were tested and verified against to

the real measurement results.

The target of the feasibility study of the thermal simulation usage for rework pro-
cess simulations looks suitable also for the rework simulation purpose. According
to the parametrical simulation results, the simulations relative difference between
the measured and the simulated temperature values are well in line compared
with each other. In most of the parametrical simulation cases the relative differ-
ence of the component junction temperature effects are comparable to the meas-

ured ones.

The relative temperature difference between the component die and the solder
joint temperature are systematically atthe same level regardless ofthe simulation
cases or the used simulation parameters. Based on that information the junction
temperature can be used as a reference temperature for the solder joint temper-
ature estimations. This information can be used specially in the definition of the
solder joint temperature estimations when the junction temperature is measured
by the internal diode and the real solder joint temperature definition is based on

the junction temperature measurement.

Even if the simulated component top side temperature differences are systemat-
ically at the same level with the junction temperature and solder joint temperature,
the use of the top side temperature measurement is not recommended to the real
solder joint temperature estimations of the real rework process without special
attention been taken to the measurement method. In the simulator the measure-

ment point of top side can be defined quite well and the simulated results are
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systematic and repeatable. In the real rework profile measurements the top side
measurement is highly sensitive of the measurement sensor attachment method
to the component top surface, which can lead to a critical error in the solder joint
temperature definition. In the case of true thermocouple measurement, the ther-
mocouple positioning and attachment on the component top side surface is the

key issue of the measurement result correctness and the solder joint estimation.

To make the rework profile tuning to match the component supplier target tem-
perature values can easily be done by the information based on the parametrical
results. In this case the reference profile was tuned to correspond to the Intel’s
recommended absolute solder joint temperature. The tuning was made by the
use of the relative nozzle hot air temperature results. The parametrical simula-
tions are quite systematically depending on the nozzle air temperature and the
needed temperature change of the solder joint can easily be calculated based on

the function of the hot air temperature.
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8 FUTURE WORK

Even if the simulation results and the process for rework modeling were clarified
and verified, there are a lot of interesting further development possibilities which

have been noted during the thesis work.

One of the key issue of the simulation work in general is the simulation solving
time and how fast we are able to see the results of the simulation. The solving
time might be critical at some product development phases to enable the fast
product development cycles, like in this study the transient simulations are typi-
cally the most time and processor power consuming simulations. In this study the
typical simulation time was 6-10 hours meaning that the simulation needs to run
overnight to get the results available. The simulation time optimization without

reducing the simulation accuracy is the most interesting development direction.

In this study only one component type and size were tested for the feasibility of
the rework modeling. In the future it could be interesting to test other types and
sizes of the components to clarify the potential challenges of size and mass effect

of the different component and PWB combinations.

Because this study focused only on the single stand-alone component thermal
effects, there is a need to analyze the adjacent component effects near by the
reworked component. In real applications the PWB can include highly thermally
sensitive components which can be damaged in high temperatures caused by
the reworking of the adjacent components. By doing the studies for the adjacent
component effects, the risk zone around the reworked component can be defined
and the possible component damages can be minimized by taking safety zones

in use at an early product development phase.
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APPENDIX 1

REFERENCE SIMULATION RESULTS
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APPENDIX 2

NOZZLE AIR FLOW 330 °C SIMULATION RESULTS
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APPENDIX 3

NOZZLE AIR FLOW 340 °C SIMULATION RESULTS
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APPENDIX 4

NOZZLE AIR FLOW VOLUME 8L/MIN RESULTS
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APPENDIX 8

NOZZLE SIZE 11MM*11MM SIMULATION RESULTS
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APPENDIX 9

NOZZLE SIZE 13MM*13MM SIMULATION RESULTS
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APPENDIX 10

NOZZLE HEIGHT 0.5 MM SIMULATION RESULTS
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APPENDIX 12

PROFILE TUNING 365 °C SIMULATION RESULTS
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APPENDIX 13

PROFILE TUNING 375 °C SIMULATION RESULTS
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