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Introduction

» Most products today need some knowledge of the
cooling solution, often before the device or system is
complete

Many times prior to having working silicon or complete
system information the thermal components must be
identified, procured and evaluated

Estimations based on experience, models, supplier input,
data sheets, etc. guide the design team to the most
cost-effective solution

With decreasing gate length and pitch, many more
functions can be placed in smaller regions, creating hot
spots and temperature gradients
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Device Scaling Trend
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How hot is it?

How hot will it get?
Is the cooling solution adequate?
How do | measure it?
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Thermal Toolbox > NOTES

simulation
estimation modeling
thermal
papers . data sheets

measurement experience
vendors

Measurement (live die)
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2.5mm and 1mm
unit cell
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Test Chip Study

» Thermal models are generated to illustrate an
application of an array of unit cells

» Meant to simulate a typical flip-chip attached
microprocessor or ASIC chip on a package

» Shows the capability to produce hot spots and
the versatility of a typical array

» Quarter symmetry

¥% Of Modeled Array

6¢ disCrete |oCations 400 discrete [oCations
256 sensors 400 sensors

<=

Full Assembly x4 Array TTC-1002  10%10 Array TTC-1001

www.cpmt.org/scv 5



IEEE Components, Packaging and Manufacturing
Technology Chapter, Santa Clara Valley

Table 1. Model components

Component

Geometry

Description

Chip array

20.32mm, square

8x8 (1002), 20x20 (1001)

Bump

24x165um bumps
per unit cell

100um standoff height,
underfill

TIM

20.32mm x 0.1mm

Between chip backside
and heat sink

Heat sink

27mm. 2.54mm
base, 5mm fin

Cu, 1mm pitch

Substrate

27mm x .5mm

BGA package

Table 2. Power Density (PD) T; <125°C

Parameter

2. 3mm

Imm

LUnit

0.89

0.55

7.5

10

5.9

3.0

0.018

0.00606

330

499
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s Table 3. Power Mapping (20mm square die size)

No. Pdf Pd/ No. Pd
Cell Size | Resistor | Cell | Hotspot* | Hotspot | Total

2.5mm 128 0.5 0 64
2.5mm 127 | 0.5 1] 685
2.5mm 127 | 0.5 2| 735
Imm 800 | 0.08 0 64
1
2

Imm 798 | 0.08 1.66 65.5
Imm 796 | 0.08 1.66 67

*Power density is equivalent for both chip sizes

Table 4. Power Calculations, smallest area in cell

Cell Cell R Area | Pd/ PD Cell R Dim
Size (cm?) R (W) | (Wiem?) (mm)

2.5mm 0.0182513 0.5 | 27.39525 | 1.986x .919
Imm 0.0060613 0.08 13.19845 | .678 x .447 (2)
2.5mm 0.0182513 5| 273.9525 | 1.986 x .919

Imm 0.0060613 | 1.660 | 273.8677 | .687 x 447 (2)
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Uniform Power Density

TTC-1002A TTC-1001 A

One Hot gpot

TTC-1001 A1
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TTC-1002 A2

TTC-1001 A2 ARRAY SURFACE

Table 5. Min, Max, Average Array Model Results

Timin

2.9mm

AT

Imm

uniform

03.75

04.36

1 hot spot

105.9

08.4

2 hot spot

119.7

102.6

Timax

2. 3mm

Imm

uniform

08.1

07.7

1 hot spot

135.8

114

2 hot spot

150

119.2

Tiave

2. 3mm

Imm

uniform

05.925

06.03

1 hot spot

120.85

106.2

2 hot spot

134.85

110.9
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Model Summary

» Shows versatility of test chip for evaluating thermal behavior
» Can create hot spots, sections with varied power dissipation
» Very high power density, allows simulation of extreme chips

» Can array into any size, up to ~100mm square

Why Use Test Chips?

» EASE OF USE

» ACCURACY

» ARRAYABLE — ADDRESSABLE - VERSATILE

» LOOK AHEAD

» STACKED, MCM, 2.5 or 3D packaging

» Reduces Time-to-Market

» COOLING SOLUTION AT THE RIGHT TIME, RIGHT COST

www.cpmt.org/scv
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THANK YOU!

WWW.PKGSCIENCE.COM WWW.THERMENGR.NET
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