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Who is Kyocera America?

Our San Diego facility is a major supplier of metallized ceramic packages for RF and
microwave wireless telecom devices. Kyocera America offers a complete line of multilayer
ceramic/organic packages for semiconductors in commercial and military markets. We also
offer in-house flip-chip and wire-bond packaging services.

Kyocera America, Inc.
Corporate Headquarters
San Diego, CA
www.kyocera.com/kai/
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What is a Wide Band Gap (WBG) semiconductor?

= The definition is not very well defined but since a direct comparison of Si seems logical. It is
usually taken as 2X the energy band gap of Silicon or approximately 2.0 eV.

= This includes Indium Nitride (InN) all the way up to diamond which is approximately 6.4 eV.

= GaAs is approx 1.4 eV and Siy.,Ge, is approximately .7~1.1 eV.

Some good online sources of info/data are:

@ k fq National Compound Site Search ONR Keyword

Semiconductor Roadmap

Office of Naval Rasearch 3

Public Acquisition Students & Teachers Military Media S&T Home  Site Map Resources Contact Us P IH'(IHE WS ¥
I R I R

MCER Home = Properties

Basic Materlal Propertles Purdue Wide Band Gap Research

* The new searchable Properties tool is almost complete, please take a look at what is available on (Updated .June 6, 2004)

the Materials pages and enter a recent measurement or calculation, The values shown here will still

be reviewed by the monitors (Eeywords: wide bandgap, silicen carbide, SiC)

+ If you find an out of date or incorrect number please contact us; we're always looking for the
"newer - truer' values. Please click on the wvalue to see the reference, if multiple values are Welcome to Purdue WBG, the home page for Purdus's Wide Band Gap Semiconductor Device Research Program. Use the clickable printed-circuit board to navigate our site
. ’

reported they are listed. Click on the material to be taken to that page for current additional back often for the latest results]
information. all values are intended to be for intrinsic room temperature material,

Sic | sic | Sic o '? Purdue ompater
Property Name 81 | Ge | 3C 4H 6H |AlAs|GaAs|InAs n%‘s‘ University Engineering
Bandgap (eV) 111[0.67] 2.36 | 3.23 | 3.0 |2.16[1.43|0.354
Breakdown Field (My/cm) 0.3 0.1 1 3-5 3-5 0.06 | 0.04
Electron Mobility (c:mzf’\f"s) 1350|3900 <800 | <900 [ <400 (180 (250040000
Hale Mohility (cm?/vs) 480 |1000| <320 | <120 | <00 400 | o0
Thermal Conductivity (W/cmK) 1.3|0.568) 3.6 | 3.7 4.9 0.55|0.27 i =
Lattice Constant (&) 5.43|5.66/4.3596/3.073 | 3.0806 |5.66(5.65 | 6.06 o \gécﬁifoanrgjgg? E
10.053[15. 1173 d Peprreyr -
(} L} 5
Property Name BN [ AlN Gan InN |AlP[GaP[Inp s ua
Bandgap (V) 47| 6.2 3.37 0.7 or |2.45)2.26)1.34 r—
Breakdown Field (MY/crm) 1-61.2-1.4 ~5 12 1 | 0.5
Electron Maohility (cmZAs) <200 300 | 1000 - | <3200 | 80 (250(5400)
1350

nls Rakilite e Agey . <ED.D 14 <200 <80 1501200 WWW.eCn.purdue.edu/WB G/
www.onr.navy.mil/sci_tech/31/312/ncst/
9/10/06
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WBG Motivation & Thermal Management

A large band gap translates to a high breakdown potential which allows the design of power

devices that can operate at higher voltages and temperatures (ie higher power density)

= Silicon is frequency limited around > 2.5 GHz. By definition of their excellent electrical
transport properties (small dielectric constant and high saturation velocity), WBG
semiconductors allow for much higher frequency during operation.

= WBG semiconductor devices would reduce the number of Si based amplifiers in the wireless

infrastructure world.

= WBG typically have better thermophysical properties also versus Si.

critical electric field
10% Siand GaAs

35
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0} KYOCERG _ _ o
hermophysical Material Characterization

= Recall this is a “transient” analysis discussion thus thermal energy transport is governed by
the materials thermal diffusivity. Measures the ability of a material to conduct thermal
energy relative to its ability to store.

where:
o = thermal diffusivity (thermophysical prop)
k k = thermal conductivity (transport property)

o =——- Cp = specific heat capacity @ constant
pressure (thermodynamic property)
C,*pP

p = density (thermodynamic property)
[ co p ] = volumetric heat capacity

= The performance of electronic systems degrade in proportion to the environment
temperature. This temp also determines the service life of the electronic component. An
industry rule-of-thumb at or near the design operating temperature states the Ngq is cut in
half for each 10C rise in temp. Excessive high temps can degrade the chemical/structural
integrity of various semiconductor devices. Large fluctuations of temp as well as spatial
variations of temp in equipment become responsible for most field failures.

The purpose of thermal design is to limit spatial
variations and maintain some nominal value.
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Thermophysical Material Characterization cont.

BeO, InP, and SiC thermal diffusivity is governed by typical nonconductor phonon
transport mechanism (e.g. lattice vibration) and decrease rapidly with inverse of

Temp (C)

325

temperature.
175 .
:**p> GaN, SiC operating range
o 190 .
i
£ 100 AN : OFHC Cu
a : 99.5% BeO
£ 7 : 85/15 WCu
ks : InP
S 5o i -
£ — : — AuSH
(<)) .
£ 25 -
0 I I I :‘ I I
25 75 125 175 225 275
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KAI Proprietary TC System used to validate thermal
material properties used in package design (1999).

9/10/06

Laser Flash System To Measure Thermal Diffusivity

Description: Custom apparatus measures
thru-plane thermal conductivity (TC) of a
material whose one side has been subjected
to a short duration laser pulse. The resultant
time vs. temp is monitored by a IR detector.
Material TC is resolved by fitting the shape of
this temperature rise curve to a 1-D heat row
model. Ty
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Closed-Form Solution vs. Simulation

Most thermal pkg design problems are 3D and irregular by nature which don’t lend
themselves to transient closed-form solutions. The finite element method (FEM) provides

us a robust numerical technique to solve these specialized cases.

31
:g KS0CERa Typical Global Model Results cont.

===« Validate even simple models! ======

15:20: 40
NODAL BOLUTION
STEP=1

aus =3 ThetalC Calculation

> [ETETTE

AR,

Revision Level 1.0 X (in) ¥ (in) Z (i) English Sl
5 M. Ehlen KALR&D | Die Size 0.083 0.057 0.0058 Al (Die area) 4720E03  3.045E-08
o Ref 5. Lee et af, Aavid Engineernig Inc. Flange Size] 0252 0.224 0.008 A2 (Flange Area) B JVEDZ  4.075E05
A3 (142 Perimeter) | 5.060E-01  1.285E-02

TV KoeTg S

K2 (Die Attach TC) 2 B0.0

ANSYS™

(WA |

d K3 (Flange TC) - 1588.0
steady state
Heat Spreader i T (Die Attach t) 00079 2.000E-04
thermal example . F (Flange 1) 00050 2.032E04
» o D (Die t) 00072 2.000E-04
Isothermal Surface or Free/Forced Convection |
Tnax = 26.36C Rge= 1568
Raa= 1095
. Steady Etate Thermal G king Rhe= 0.032
Rbe = 0.00 zero for isothermal bottom (A = ), eise R=1/h + m5)
BI30M06 Kyocers America, Inc. Cor Repread = 0.425 Foonvsrad = FVALUE! | wimZiC T-= ? C est
A. LFM= 100 051 £h= 04 oxidized Mi plated Cu
. A= 1445321 brorcea=| 445 Wi
™ Right hand Term = 0.286 Tocation JEDEC 2-Layes Tes! Board JEDEC 4-Layer Tesl Board
n {Isothermal) (1s0fiux)
. Cale, 8 = Chn oy Comevcion
. 100% Die Power = 0.0003 W « Topof PCB T =133 | —B= e 20351
- AT= 0.0009 c |
IiEEEEEEEEEEEEEEESR T ? C
Tj= #ALUEI C Free Convection
- Baotiom of PCB
soq.| —Ti=le =0 L S
rea aroa__ |
permen rimer
Forced Convection o
» All Honzontal Surfaces g = 5289 7
Radiati = = 7
AR Portzontes Sutacss | Pradaion = E pactageiermy "0 (T + T.) (T3 +T2)
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g TextPad - [C:\FEMY, W o o ] 1
Flle Edt Search Wiew Tools Macros Corfigure Window Help =1&l=l

NS BSRE e o=z

L |@v %#@|@Q¢Eﬁ| . e b |k?

1 finish -

z Jfelear

3 feoonfig,noeldbw, 1

4  Jfeconfig,nproc,2

5 Jconfig,nres, 10e3

& J/eolor,phak.off

* fe= 1 Design variables parameterized for easy

g J/fpren?

> /uele, | FE model changes.

10 funits, o1

11  Jgraphics, full

1z /plopt, logo, off

13 /TETRE,FILE,S8, 'kaiz', 'byfp', ' c:' fem)’

14  JLSYM,1.15,-.99,0,88,0.4,1

15 !

16 conv=i5.4 ! inch to mm

17 me=1e3 ! m to nen

15 ww=1e-3 ! um to

19 pitch=

20  offset=700%um

21  ©1=889%wum

22 xdie=

23 wdie= P 7
24  zdie= 7

25  zausn=.0005*conv 'confirm this will x-section P4

26 xsub=.6%conv ”

27 wsub=.4*%conv 7’

28 zsub=.04*%conv*.Z5
29 xsink=1*conv

30 wsink=.385%conv
31 zsink=.06%conv

32 zint=0.0 'le-3
33 hraze=,0008*conv
34  power=

35 eff=

J6 duty=.1

37 rise=le-12

358 ontime=Z00e-6&

39 period=ontime® (1/duty)

! pulse inf rise time
! pulse

| Ansys text based input file example ( *.in)

9/10/06
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\ Symmetry plane

ANSYS™ FE Model File Description Hierarchy

ettt
ettt
ettt

ANSYS input file calls 2D IGES geometry file.
Drawing areas are sub-divided for better mesh
control.

10
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‘g K3O0LERd WBG Example: Bipolar RF Ceramic Package

WBG Device

Die Attach

BeO Substrate

= - > AREAZ MIETS 100
T z0 2006
T 12:07:33

. r)
12 symm course mesh global solid model ~ “KJ0ERd -

Detailed view of ¥4 symmetric typical submodel solid model.
Thermal bc’s specified on all surfaces except top face. (¥ KYDCERA

KAl-RED - M. Eblen

9/10/06
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FE Submodel Technique for Increased T(t) Resolution

Submodel location

heat gen volume

Course mesh global model with 72 symmetric
submodel volume outline shown in green.

Detailed view of 4 symmetric submodel. Thermal bc’s specified
on all surfaces except top face and symmetric planes.

9/10/06



Y
] KYOCERd WBG Bipolar RF Ceramic Package Results

aszs 0.0 | Transient Analysis Conditions:

JUL 13 2006
13:39:00
HNODAT, 3OLUTI H (o)

noozr savors| 200us pulse width @ 10% duty cycle
TEMF

sMir =50 Bottom global model prescribed at 90C for this

SME =Z68.011

e.s| €Xample, typically an effective convection
12 50| coefficient is used ( W/mm?2K).

T, ..=268C

.
=
=
B 1o0.0s wrets 10,0
] Z08.e74 JUL 13 2006
L] 221.353 13:44:28
:l z48 .23z NODAE SOLUTICN
B es0u T - 283 C EE—-UZDZ
max = SHMN =109.414
aMx¥ =2B8Z.887
-
B 147 964
B 1s7.238
£ 186.513
= 205.788
1 225.062
L] 244,337
E 263,612
:]K':IUEERE 282,887
Global model temperature plot after ten KALRSD - M. Eblen
cycles with WCu heat sink
2%, KYDCERS
Submodel temperature plot after ten cycles KALRED M. Eblen

9/10/06
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WBG Bipolar RF Ceramic Package Results

Device is not operated in a continuos “on” state, a transient analysis must be conducted considering the time
varying power pulse [e.g. P(t) ].

290

265 j

Quasi-steady state sub-model max Tj=283C

240

215

190

165

Max BJT Temperature Rise (C)

140 +

AL

90

NSNS

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000

Time (us)
10% Duty Cycle Transient AT History.

Die Power Dissipation (W)

i

15 °C resolution due to
submodel technique

!

— Quasi-steady state global max T;=268C

We will define the "on-time" of the cycle to be when the output is
high, and the "off-time" when the output is low. Duty-cycle is
defined to be:

Duty-Cycle = -—-——————————————
On-Time + Off-Time

Temperg

290

265

240

215

190

140

115

> Pulse width
A
A
c
]
\\ =
-3
\ a
]
S
o
o
)
\ :
90 H—+—+ t t t t t t t t 0
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time (us)
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Detailed View of Initial Pulse. .
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WBG Bipolar RF Ceramic Package Results

244.337
[ 263.612
282.887

7] KYDCERR
KIRED . B

~

Image used to correlate with IR
measurement

9/10/06

~

Sharp “spike-like” thermal gradients can be
resolved with submodel technique

# dir (mmy)

120

0.2

y dir {mm)

1
120 160 1480 200 220 240 2e0

2 Symmetric Submodel 3D Temperature Plot.

15
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Key Concept: Most Temperature Rise in Device

270

250

130

110

90

N

AHSn Braze

554_ BeO ——»

zz I T

z-direction location (mm)

—a— Tmin, t=2.2e4 us (end of tenth pulse) —e— Tmax, t=2.02e4 us (start tenth pulse)

270

250

230

210

190

170

150

130

110

e 11H_#HiHm‘uﬁHHHiﬁﬁHlHH*90
22 2 18 16 14 12 1 08 06 04 02 O

Temp (C)
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ANSYS Model “Typical” Output

Key locations in FE global/submodel are tracked in the time domain

Bl globalmodel.out - WordPad

File  Edit

View Insert Format

Help

O] ||| SR ] & |w(@]o]

40.0
S0.0
1zo.
1e0.
200.
200,
380.
560.
740,
Sz0.

9/10/06

1100,
1280,
1460.
1640,
ig8z0.
Z000.
zooo.
2040,
2080,
z1z0.
Z1e0.
Zz00.
Zz00.
Z380.
2560,

time (u=)

1.0000000000000E-D6

ooooi00000
0000100000
oooooioooo
0ooo010000
oooooioooo
0ooo0z0000
0000018000
0oooo0i 000
0ooo014000
Doooo0izoo0o
oooool1o000
oooooosaon
ooooooann
oooo0o400
ooooooz00
alu]uiuinu]uiuls]
oooooiooo0
oooool1o000
ooooo1000
oooooiooo0
oooool1o000
oooooiooo0
Qooo0z000
oooooi1s00
0ooo01e00

tmax loc_a loc b loc o loc d loc e loc £

S0, 000 So0.0o0 Q0,000 Q0,000 Q0,000 S0, 000 So0.0o0

308.47 102.18 04,429 o1,816 o1.,.009 20,101 o0.042

374,27 S0.426 S0. 192

14,55 Global Model Nodal Results o01.095 a0, 505

440,92 b == T 01,945 01.01%

460.98 123.96 108.82 103 .20 93.110 91.715

460,98 123.98 108.82 103.20 03.110 01.71E

153 .06 4,06 109,46

125.03

115.85 Format  Help

111.z2 E, |n| |

i08.32 ﬂl 3’ ﬁ El

106.25

104 .65 tax lnc_a ch_b lnc_c lnc_d

103.34 1.0000000000000E-06 90.000 90.000 90.000 90.000

B D 40,00000100000 94,429 91.816 91.009
80.00000100000 101.31 95.142 93.112

101,3¢ 1B, 32 120, 0000010000 108,98 99,350 96.029

101.z6 101.23 160, 0000010000 116.63 105.99 95.463

325.02 11z.50 200. 0000010000 123.96 108.82 103 .20

392.22 125.76 200, 00000z0000 123.96 108.82 103.20

431.17 136,46 380 . 0000015000 149,27 136.37 123.61 114.06 109. 46

456.50 150.22 560, 0000016000 124,12 123,32 117.54 113. 46 110.36

475 . ag 160,90 740, 0000014000 115, 85 115,65 112 .73 111, 48 109.36

47590 160.90 920.0000012000 111. 18 111.18 109. 44 109.38 107. 86

r -y

18367 188 . 7 1460.000000600 104. 54 104. 62 SmeOdeI NOdaI ReSUItS
1640, 000000400 103,33 103.30 10Z. 7% 103, 15 10z.53
18§20.000000200 102 .22 102,19 101.71 102 .07 101. 54
2000 . 000000000 101.26 101.23 100.82 101,13 100, 68
2000 .000001000 101.26 101,23 100,82 101,13 100, 68
2040.000001000 381.58 11z.90 104.83 102. 62 101. 41
2080.000001000 446,39 125.76 111.30 105, 58 103.20
2120.000001000 451.06 138, 46 115,66 109, 45 105. 80
2160.000001000 505.31 150.22 126.09 113 .80 108.93
2200.000001000 524,34 160,90 133.25 1158.36 112,40
2200.000002000 524,34 160,90 133.25 118.36 112, 40
2380.000001800 160.20 146.35 132 .84 123.17 118.16

17



% KYOCERG

I¢4OCERE
KAL-R&D - M. Eblen

B/E - Transient Ther

ELEMENTS
MAT NUM

—
—
_— ..i.>

@z
B
=F

FER N nn
i POV S8

yeamay

FE Submodel Technique Also Used for GaAs FETs

ansient Thermal Global

Course mesh global model with 2 symmetric submodel
volume shaded. Note: constraint equations were used

to tie h/s course mesh with GaAs fine mesh.

18

Detailed view of Y2 symmetric submodel. Thermal
bc’s specified on all surfaces except top face.
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AuSn Solder Die Attach Transient Thermal FE Results

ANBYS 9.0

JUN 24 2005
13:06:26

NODAL SOLUTION

snae-ics Very little capacitive thermal coupling between P/A
e stages (e.g. thermal diffusivity of all materials is high)
EEVYv:;(D}r ph
EFACET:l
BMx T-‘:l e
||
m 1
—
= 72
/
[
=| G
=S 70
o
T o JERARARRARRRRRAAIRRN FH
o B AT
=3 : .t.:’l ............
Global Temp Plot During Pulse Off S 66-Fr: —;.5-~—‘:~.,— 1 ;_ TRERCLIRRRBREITREL
Conditions. < -:fir‘- 4 1
L ] 64 - '— = 3— = .—. —————————————————————— :I
| = Bie i ‘l FiE vy Pt r i
;J” 9 5 5 A
1 'I;I.l\ L Jkk %E- ] l ! L] -E- vkkr rktk r\l\
o0 =—- -__,,,.v'wvbv-\\hb‘nh\‘\\‘nh‘n‘!i\\‘u\
p-Cp 60*'"':I::::::::::::::I::::::::::::::I:::'
0 1000 2000 3000 4000 5000 6000 FOOD 8000
Time {jLs)
o = thermal diffusivity
|—-—Stage1 —— Staged Stage?|

k = thermal conductivity _ .
10% Duty Cycle Transient AT History for all P/A Stages.
pcp, = volumetric heat capacity
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What if Scenario: Epoxy Die Attach

Max Temp (C)

0 500 1000 1500 2000 2500 3000

Time (micro-sec)

3500 4000

Power Dissipation (W)

Eventual quasi-steady state temperature
achieved after = 8 sec

Monotonic sawtooth response due to
poor thermal diffusion (ie low epoxy
diffusivity)

9/10/06

Transient AT History
(4mil epoxy @ k=2.0 W/mK)

Max Temp (C)

|
|

] | '

500 1000 1500

Time (micro-sec)

Power Dissipation (W)
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Validation: KAI-R&D Internal 6,, Measurements
Scope:

Conduct steady-state internal 8;, measurements on laminate heat sink pkgs. The
control group shall be a conventional CuW pkg in the same outline.

— i
\ ; 4 T
b - 2 j \ A
h & — J i ; N | . Pangsﬂ"“
7 : : -

p=-\ {
—

| 3=
e

Fig. 1 (a) KAI-R&D infrared uthermal imaging system to measure package 6;.. (b) Detailed view of
package measurement setup showing sample coated with a fine layer of high emissivity paint for a
reliable IR scan ( Note: Si is translucent at 5um).

9/10/06
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0;c Measurement Setup Description

IR pthermal camera (notshown)
to measure test die junction
temp

DC Power to KC Thermal Test Die

Fig 4. (a) Test setup with description. (b) A1670 package with thermal
test die attached. (c) Kyocera 5 x 5 x .4mm 100W silicon thermal test
chip dwg, illustrating RTD temperature sensor pattern and heater resistive
pattern.

9/10/06

100W KC silicon thermal test die with
| resistive trace & bonds shown

2
=
<

|

|l 0.05Ret.
¥
‘_ AREA BSES : SENSOR
X

R = 40chm2 5% {With TRIMMING)
AREA 273 + HEATER
R = 40chmd5% (With TRIMMING)

22
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File Edit Configure Acquire Display Analyze Calculate  Help

mw Al LB 1.60 1.20 480 .40 8.00

Eyocera America Inc,

Steady State IR Measurement Results cont...

|CuW 14243

Average temperature for area
was taken as Tj, refer to
histogram bottom left.

Frames:
Averaged Frames:
Scan Averaged:
AutoScale:

Value at Cursor:
Cursor Location:
Stage Temp:
DatefTime:

Stage Seftle Time:
Active Lens:
Camera Ambient

Non-uniform heating of die
face clearly visible.

s - TR
& Koele 17 10510 11602 126.95 137.88 us.an pPavIr- w
Display o Analyze Caleulate P
Ro|iy| 2z | gn 81| CZREETER

Rad? DUT Emis Temp Scale Ovil  Stage Scale Avg  Hist Line Zoom Delta Emis 8

115.79 Degrees C.
) — 63 Pixels )

4.2 Degrees C. 148.8 ._,.—-Wmm
InfraScope™ GUI 130~ rEy

B L

160
140

wirebonds

40

80
60 20

3D temperature plot 0
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Conclusions

Thermal behavior of WBG devices can be effectively modeled using standard

FE tools. Careful understanding of boundary conditions is critical.

Must characterize thermophysical materials over temperature of interest.

Should include device transistor details in thermal model. Majority of

temperature rise is in top layers of device.

Validate thermal model assumptions via IR imaging in time domain (TBD).

Thermal design is one part of a integrated design approach.

Customer

Mechanical design

Final Product

Thermal Mechanical Electrical
| | |
Customer Customer Customer
| | |
Thermal J»| Mechanical |« Electrical
|
Design Refined
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Appendix
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Fundamental Concepts - Continued

The thermal interface resistance across a joint is a complex function of the
geometric and thermophysical properties of the contacting solids and of any
interstitial substance at the interface(ie air or thermal grease). The important
parameters are: surface texture, waviness, hardness, modulus of elasticity,

mechanical load, temperature levels, and material conductivity's.
( refs: Incropera & Dewitt, M. M. Yovanovich - MHTL Waterloo )

21
o

Mo
tn

20+ e -

15F s g

10F -

4 ]
05k —— Helium -
— Grease -

Joint Thermal Resistance (cm®-°C/W)

: 3 Tt i LI T ST ST WU A0 TR TAE AN WU WA S U NP AT OO (AT O PN AR TR LA LR CRN WA L O Y
5 0.00 005 010 015 020 025 030 035

Figure 3.4 Temperature drop due to thermal contact resistance. Contact Pressure (MPa)
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Cooling Strategy Will Be Critical!

Typical phased array radar conduction path,
note interface 2 and interface 3.

Source: Electronics Cooling Magazine - Jim Wilson Raytheon.

(FET)

| nterface #1, solder
Interface #2, epoxy

Gahs MMIC Interface &3, various:

Very localized heat CTE matched ] (metal-metal, wax foil, etc.)
generation under et L
gates Microwave

macdule

housing

(Mot to scals)

Example of liquid cooling of chip face

9/10/06
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