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ABSTRACT

As Hardware Technology gets advanced day by dag mamber of sophisticated methods of fixing thepoorants
in the PCB & the way of compacting the electronistem by advance methods like VLSI etc.,. Thgsnié¢essary
that each and every component of an electronic cmepts is of high quality and standards. Each amdne
component is to be studied for reliability whileamafacturing and also while attaching it with tivating
components like PCB’s etc.,. The electronic coraptsare subjected to high temperature while ofpanaas well
as in the manufacturing cycle. In this processabeponent is attached with the PCB by plasting dinglprocess.
The objective is to study the stress levels intiglgsickage after cooling down from 175 to 25TC. So to study the
stresses induced in this process in study stateadso in transient thermal analysis. In the fistép a Transient
thermal analysis is carried out to study the tenapene distribution when 350W heat dissipated at opm depth
using the loading graph. In the second step Stsitiactural analysis carried out to find the stressgsing the
transient thermal analysis results as input.
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INTRODUCTION

There are different types of methods are theréxing the electronic components with the PCB circlihe latest
technology is to imbed the component with the tdamoulding process to get better reliability shgrioperating
conditions.

An overview of Component Mounting Techniques in PCB

Vision Assisted Component Placement

The vision system should include as a basis elemietite design, an ability to process (establisk/Xheta) the
component location on the pickup head and matcleahgponent to the respective component pads. Tiewaelhe
required placement accuracy, the following is neags

* Gray scale vision processing.

« Component placement algorithms.

* Fiducial (local and global) camera.

» Component pad/lead recognition camera.

Placement Speed

Although placement speed is typically quoted atragmately 0.1 second per placement, Flip Chip congmts can
take as long as 3.5 to 5.0 seconds per shot (pEugnComponent placement speed is dependent wobnfactors
as distance which the placement head must traveleleea component pick-up and placement location, thed
requirement to view the component leads/pads fopament-to-pad alignment prior to placement

e Min. 0. 09 sec. per component
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* Max. 0. 12 sec. Per component

Placement Accuracy

The accuracy to which the component is aligned @aded on the solder pads is contingent upon skfagtors,
such as use of local fiducial marks; datum poicatmon; size of printed circuit board; flatnesspointed circuit
board; etc.

* Min. £ 0.025 mm (using local fiducial marks)
* Max. £ 0.1 mm

Component Pick-Up Head Types

The most favored technique of component pick-ugiasthe vacuum nozzle due to the system’s abititgreate a
negative pressure instantly upon making contadt wié top surface of the component with the sdfbar nozzle
contact, and then reverse the process by prodacpasitive pressure to blow [2] the component lodf hozzle upon
placement. Mechanical chucks, although favoredsfone time, are expensive to maintain and do presane
mechanical difficulties in their operation.

* Vacuums Nozzles
* Mechanical Chucks

Component Placement Pressure Programmable placemessiure can be specified for each componeniliaga
placement of very delicate parts

Convection Reflow Furnace
Techniques of Solder
Interconnection

Solder interconnection of Through-Hole and Surffmrint components to printed circuit boards may lassified
as using the following two (2) categories:

Local Component Heating

Local heating can be divided into the following reds:
* Hot plates with solder paste or flux.

» Hand solder iron with solder and flux.

* Hot bar (pulsed heater) using solder paste ar flu

« Hot air gun using solder paste or flux.

« Directed laser energy using solder paste or flux.

Global Board Heating

Global heating is divided into the following metisod
* Solder submersion.

* Directed IR reflow using solder paste.

* Hot air furnace reflow using solder paste.

« Vapor phase reflow using solder paste.

« Convection furnace reflow using solder paste.

As is displayed by the various soldering technigabsve, solder paste is the dominant method otlattg
electrical components to printed circuit boardserfinal Processing (Reflow) System In a similar fashas in the
case of the component placement system, the spaaifns for thermal processing system will be depetl based
upon the anticipated reflow soldering requiremehtsughout the life of the oven. This statementrig for not
only the type and configuration of the componenigently being soldered, but also any adhesive whvould
require curing. Taken into consideration will beetlter the components of a surface mount desigfeaded or
leadless the physical size and robustness of tmepaoent to withstand reflow temperatures. Becausstm
components being designed into today’s productsofuge reduced mechanical configuration and locétedose
proximity to each other on smaller printed boattig, selection of the technology used within thdomefsystem
becomes even more critical. Following are only sarhthe more critical decisions which will be magtncerning
the more pertinent parameters of the thermal psicgsystem selection:

Techniques of Solder
Interconnection (Continued)
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Product Throughput Is the reflow oven sized fi@] the current and anticipated production requieats. This will
require not only a determination as to the numiiésoards the oven will process, but also how tharte will be
conveyed through the oven.

Thermal Uniformity and Accuracy

The reflow system should provide a uniform heamgfar from the heating source, distributing it dyesver the
product surfaces under process in an accurate maartbat all of the board surfaces receives amalggumperature
rise. The same criteria is required for cooling.

Nitrogen Consumption

The infusion of nitrogen immediately prior to andrihg the solder paste reflow operation is manddtedhe

process and materials being assembled. Specifidahe-copper circuit boards, and no-clean sgidstes benefit
from the inclusion of the nitrogen atmosphere. &ariNo-Clean solder paste with a metal alloy contdrgreater
than 98% will often require the use of Nitrogen dngxe the remaining 2% (by weight) or less will eimtan

insufficient amount of flux material available toepent oxidation of the soldered elements if reBdwn an air
environment. Should the process and materials bessgmbled require nitrogen, features within thenodesign
should be present which minimizes nitrogen consionpturing preheat, soak, reflow, and cool.

Infrared Radiation (I.R) Reflow Soldering

Radiant I.R. is a direct, focused heat source aasl the initial heating technique used by the ed@dts industry to
reflow solder paste. This technique, when not prgpadjusted in relation to the board distance, |dcailow
excessive amounts of directly focused heat to fieedted to the surface of the board producing aguaog effect to
the board and the components under reflow. Thimigee is no longer commercially viable.

Natural Convection Reflow Soldering

Natural convection of the heat required to refltne solder is normally obtained through the use pbr-focused
I.R. source, without the benefit of a forced aincalation. This design is often referred to as facused [2],with
the efficiency capability rated lower than the fedcconvection design due to the ability of largemponents to
shield smaller components from the available heatce.

Forced Convection Reflow Soldering

Heat require to reflow the solder paste is achidwedirecting I.R. energy towards a metal or cecasuirface and
utilizing the convected (radiated) energy from thmposite surface to produce the reflow. The heairmulated
within the reflow zones by strategically locatecdhda By use of a non-directed, convected heat aitedl! via
strategically located fans, hot spots on the boeaaispotentially be eliminated. It is an indigendusgention by the
engineers at Fixed Convection Reflow Soldering.&ixeonvection reflow soldering utilizes much of tkame
technology as Forced Convection with the excepioifie use of strategically located fans.

Heating Zones

The number of heating zones required will be defsech by current and anticipated product throughput
requirements, product size and physical mass, ptodidentation within the oven while on the conveyand
requirements dictated by the particular solderepesflow profile. Reflow ovens are typically offeren ranges from
four to 12 heating zones.

Active Cooling Zones
Active cooling zones should be positioned immediyaaeljacent to the heating zones and should bdlydeavided
to meet the reflow requirements specified by thidesopaste manufacturer. The amount of cooling irequmay
also be dictated by product handling or subseqassgmbly operations following reflow. Dependingtiog system
requirements and vendor capability, the numberooling zones which may be incorporated into théesysmay
range from one to 12.

PROBLEM DEFINITION

Un-averaged Von mises Stresses and Discontincessst across the Die-Soldering-Lead frame to dkysed and
validated. interface boundary due to the fact thathigh difference in material properties sucly@sg’s modulus
and thermal expansion to be found

EXECUTION PLAN

Problem description

* Mechanical reliability of a semiconductor componeftér cool-down from mold processing temperature.
» The component consists of a Si die, soldered pot@ CuZr leadframe.
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* The assembly is overmolded by a commercial eposidimg-compound (EMC) material.
* Overmolding is done at 175°C.
» Stress results are requested after cool-down16.25

Si

CuZr

Solder

Objective
The objective of the analysis is to study the Terapge distribution and stress levels in plasickage when the
power is dissipated at top 5 um of the die.

Plan

e The Analysis carried out in ANSYS 11.0 in two steps

* In the first step a Transient thermal analysisaigied out to study the temperature distributiorea300W heat
dissipated at top 5 um depth using the loadinglgrap

 In the second step Static structural analysis edrout to find the stresses using the transientrthleanalysis
results as input

The complete package is meshed with solid elenfétes & Penta)

The Contact between Die, Lead frame, Soldering &1Gwold is modeled as Bonded Contact

The Model statically determinate ( Sufficiently strained to avoid the rigid body motion)

Since the model is symmetric about its length, H slanmetry model is considered for the simulation

At the molding the package components are assumied stress free

Temperature distribution and Vonmises stressestegas output from 0 to 3.2e-5 sec

Assembly model

Bottom View

Cross sectional view
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Assembly Details

No of nodes = 88305
Noof elements = 82139
Max Warpage < 15°
Jacobian =05

Max. Quad angle < 150°
Min. Quad angle = 30°

Assembly

EMC Details
Noof nodes = 72996
No of elements = 66430

Starting node no= 30001 to 102996

Lead frame Details
Noof nodes = 9513
No of elements = 7584
Starting node no= 20001 to 29513

Lead frame

Die Details
No of nodes = 9248
No of elements = 7936
Starting node no =1 to 9248

Solder Details
No of nodes = 384
No of elements = 189
Starting node no= 10001 to 10384

EMC
Solder
Material Properties

CuZr 8890 367 385 17.0 129000 03

PbSn5Ag 11020 300 130 29.0 13800 0.4

25

Si 2300 124 794 25 112400 0.3

EMC 1000 10 900 12 15000 0.35

Unit converted for analysis
CuZr 8.89E-09 3 67TE+02 3.85E+08 1.70E-05 129000 03
PbSnAg2.5 1.10E-08 3 00E+02 1.30E+08 2 90E-05 13800 04
si 2.30E-09 1.24E+02 7.94E+08 2 50E-06 112400 0.3
EMC 1.00E-09 1.00E+01 9 00E+0D8 1.20E-05 15000 035
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» Natural convection applied on the boundaries using 10W/m2K as film co-efficient

298°%K as ambient temperature

» 300W heat is dissipated at top 5 um depth of Die using the loading graph(refer fig

*» Uniform temperature of 298°K applied globally

» The following boundary condition used to find the Stresses
1. Symmetric boundary condition about Y-Axis

2. A single node is constrained in Z and X — direction as shown in the Picture.

3. Reference temperature of 298°K applied globally

4. Transient thermal analysis results used as input for Stress analysis

ELEMENTS
MAT NN
Ux=uz=0
_ UY=ROTX=
& ROTZ=0

300 W dissipated at top 5 um depth
using the loading graph (fig.2)
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fig.2

interface region
(298~:322) = 24 degree

observed at 2e-5 sec

* Temperature distribution and Von mises Stress plots has been reported
+ Maximum Temperature and Stresses are observed in the Overmold-Die

» The maximum rise in temperature observed due to 300W heat is

* The maximum temperature and stresses for the assembly model are

Temperature

Time Distribution
(e K)
8e-6 321
2e-5 331
3.2e-5 322

—Seriesl

Temperature Vs Time

Temperature (K}

GOOE-00 S00E-06  LOOE-05 L5005 200605 250605 300EDS 350605

Time (Sec)

Note : Graph plotted for node number 46324
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Vonmiese Stress (Mpa)

Time (Sec) | 8.00E-06 | 2.00E-05 | 3.20E-05
Die 8.22 11 7.8
EMC 4.16 6.9 857
Lead Frame 0.48 i 1.47
Solder 0.19 0.49 0.59

Vonmises Stress Vs Time

4

Vonmises Stress (MPa)

0LDOE « 00 5.00E-06 1.00E-05 1 SOE-05 1.DOE-05 150€-05 3.DOE-05 3.50E-D5

Time [Sec)
Notes : Graph plotted for node number 30972
TEMPERATURE DISTRIBUTION PLOTS

(Maximum Temperature observed in the Mold and Die mterface region)
Results — Vonmises Stress for Assembly model

| At 8e-6sec, Temperature= 321° mJ | At 2e-5sec, Temperature= 331°

TV

o EE—— o — sy e —

Al 3.2e-5sec, Temperature= 322° Temperature Vs Time
N

Notes : Graph plotted for node number 46324
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STRESS PLOTS
(Maximum Stress observed in the Mold and Die intedce region)

TUw

| L e e I S [ ‘ At 2e-5sec , stress=11.02MPa

TUY

At 3.2e-5sec, Stress = 7.45MPa
oo Vonmises Stress Vs Time

-,
4 *e

-~ i 18
r g M

f

S

Notes : Graph plotted for node number 30972

Results — Vonmises Stress for EMC

At Be-6sec ,stress=4.16MPa At 2e-5sec ,stress=6.9MPa

At 2e-5sec stress=5.7MPa Vonmises Stress Vs Time

—
e e
A ‘“‘\.
» -

I}d’"

0 DDE- 80 5 O0F 00 1,006 -0% 150885 EOE0% 1.568 0% L O0E-05 3508 0%

Note : Graph plotted at node number 46995
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Results — Vonmises Stress for DIE

’ At 8e-6sec ,stress=8.22MPa N At 2e-5sec stress=11MPa

Vonmises Stress Vs Time

Viiiiiies Stress (MPa)

000068 S00006  14460%  1SO045  A00E0S 25604 BODEEY  LS0E0N

Time {5ex)

Note : Graph plotted at node number 30972

Results — Vonmises Stress for LEAD FRAME

At 8e-6sec ,stress=0.48MPa ~ At 2e-5sec ,stress=1.2MPa

Vonmises Stress Vs Time

Vonmises Stress [MPa)

D00 500600 L0804 LSE0% 200005 25008 L 0% 1500

Tirne {Sech

Note : Graph plotted at node number 20205
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Results — Vonmises Stress for SOLDER

At 8e-65ec stress=0.19MPa At 2e-55ec ,stress=0.49MPa

AN
AN
e
—— — =
. —
At 2e-5sec,stress=0.59MPa | Vonmises 5tress Vs Time
row =
o _4.4—*""_'_'
= -’r‘
= o4 /
5 o /,/
£ o I
i ._/}/
= B0 -00 500 Do 1.80E-0% 1508 -0% 2000-0% 2 50E0% 1 00E 0% 1 S0 -0%

Note : Graph plotted at node number 10100
CONCLUSION

Thus from the experiments conducted and literataferred it can be concluded that the new technimfueCB
mounting is thermally stable and suitable for ragalperation.
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