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Conventional versus Power LED
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Light Extraction

Absorbing substrate Transparent substrate

o
5
active layer -
GaN:22 absorbing substrate

AlGaAs=17"

From A.Zukauskas et al., MRS Bull. 26, 764, 2001.
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Lumileds AlGalnP LED
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Improved design of LEDs to increase

efficiency

The substrates are shown as shaded areas. Early LED= used
light-absarbing substrates {left); |ater, transparent substrates
were developed that permitted light to be emitted in additional
directions {center); subsequent shaping of the semiconducting
elements {right) has resulted in improved efficiency.

PYNTEK corvorsnon

v R R R R B

11



'__
Lumileds AlGalnP LED

; -
: -
From Lumileds

» Fig. 2. Four generations of AllnGaP LEDs: (a) Absorbing substrate (AS) LED. (b} Transparent substrate (T3}, {c) High-power LED with 5x TS flux. (d)
Trumection inwverted pyramid (TIP) LED with 1.5 = flux of high-power square chip.
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Truncated-inverted-pyramid LED

AlGalInP Active Layei Sfissia
(~2 nm)
A A A p_G aP ( 5 5 I.l.ln)

After M. R. Krames et al., Appl. Phys. Lett. 75, 2365, 1999. Cree TIP InGaN LED L

64°C
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Cree Standard and TIP LEDpYH 5 32

Standard ATON
Chip Chip
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Osram’s InGaN Chip

Standard ATON NOTA ThinGaN

ﬂ l SIC mirror
SiC i . contact
o CAIrrier
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AlGalnP LED

GB
Sapphire

GaAs substrate GaAs substrate ;
Sapphire
10 Im/w 15-20 Im/w 25-30 Iim/'w 40-50 Im/w
1994 1997 2001 2003

-

Si Substrate Si Substrate
20-25 Im/w 30 Im/w
2002 2003
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InGaN LED

Sapphire
High
Low cost '? luminous
intensity
T Flip Chip
Sapphire

Si Substrate

& T

‘;\J High operating current

Metal Bonding (MB)

Si or Metal
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Two Best High Power LED Chip
Structures

(1) Flip Chip (2) Metal Bonding

=i or Metal

Metal reflector

T— Solder —T
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Relative light output of LEDs as a function of the

junction temperature

160

F 120 -

=

% 100

o —rad
= | biue
2 —— white
@

&

o

1
0 | Tog | T T T i

-20 0 20 40 60 80 100 120

Junction temperature (*C)

Data based on literature fromm Lumileds

Data are normalized to 100% at a junction

corroramon TEIMAIpErature of 2520C,
A i



<

Qutput Power (W)

CET 259mW CW at 350mA, 3.27V
E 05 4 22.6% wallplug efficiency
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ED chip design

Flip Chip Design for Nitrides

Semi-Transparent Au-
Standard MNi Metal Contact

“Contact-on-top” Device: ; 1
- gr-elg

- - - J
Ag FlipChip Device: \ /

Ag Mirror

m Flip chip designs have lower
thermal resistance and lower

absorption and so favorable for
Integration
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Series chip

VIi@20mA= 9V T
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Array LED

VE@20mA=28V
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Increase in the extraction efficiency

_____

OSRAM AlGalnP Micro-mirror LED

Window laver e
Active layear

substrate

(a) Side view

w

(b) Side view

ndow layer,
" Active layer =

substrate

(c) Top view
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Nichia’s high power LED

Absorption !! , p-Electrode (igh Reflectance)

/ p—ElECtII‘DdE Meshed Pattern

b

‘ Patterned
Sapphire Substrate Sapphire Substrate

Conventional Type NEW Structure

Blue (460 nm) :18.8 mW( external QE:34.9%)
Near UV(400 nm):22 mW( external QE:35.5%)
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Increase in the extraction efficiency
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Nichia’s high power LED

P n-Electrode

1 n-AlGaN Layer
Layer !
T— P p-AlGaN Layer

_,Mmmmm NI %&oﬁf‘*ﬁ

p-Electrode N "~ solder
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InGaN Wafer bonding
Increase in the extraction efficiency

Au'Sn
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Appl. Phys. Lett., Vol. 84, No. 6, 9 February 2004
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Wafer bonding
Increase in the extraction efficiency

—— 10min-etching
- —8— 2min-etching
_ —&— flat surface

Power [a.u.]

0 10 20 30 40 50 60

Current [mA]

Appl. Phys. Lett., Vol. 84, No. 6, 9 February 2004
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Photonic Crystal LEDs

Flip-Chip LED

From Lumileds

Photonic Crystal LED
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Photonic Crystal LEDs

—— Photonic Crystal LED
- === (Conventional LED

250 nanometer holes etched Top-view of a Light intensity vs. angle.
into GaN. Photonic Crystal The Photonic Crystal LED’s
LED light emission 1s narrow.

see Wierer et. Al., Appl. Phys. Lett.,
% TYNTER coonere Vol. 84 (19), 3885 (2004). 30

LR R Uiy R



i

<
< 7 FLED R A2

m Wafer Bonding Process
m Chip Process
m Flip chip Process
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LED Wafer Bonding -
mirror substrates

» Metal with high reflectivity

Metal >90% for red and yellow wavelengths
» SI with excellent thermal conductivity
(Wem1K-1)
S1:1.68, GaAs:0.47, GaP:0.77

From VPEC
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v RS AR T



VPEC’s Wafer Bonding Process

(a)Wafer bonding Uniaxial Pressure
Voo

Mirror
Substrate

LED epi-layer

et
(c)GaAs substrate removal

metal

Bonding

=)

(b)After bonding

Mirror substrate

LED epi-layer

4+—

Bonding

Mirror substrate

=)

LED epi-layer

=)
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(d)patterned LED

Backside-Contact

VAP F I FTF I TSI I FI I TFIF I FFIFIFFFFIS

Mirror substrate

LED epi layer

%

N-Contact
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WB-LED - After bonding and
removing GaAs sub.

High Bonding Yield

From VPEC
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TS-Type LED by Lumileds (HP)

<+ GaP wafer bonding

> Need second growth
> Need to handle thin epi-layer

» High bonding temperature (700°C ~) and long bonding time

VPE regrowth

MOCVD GaP epi-layer | 40um GaP epi-layer
LED structure | 3;m  memp LED structure | 3,,m mmp | LED structure
Gaasslib = 350,m GaAs-Sub. | 350,m
AR R |
— [EDsmcur vt gy [ CE e
GaP-Sub. | 350um | GaP-Sub.
ttrr ettt |

’ TYHTEK“‘ _— From VPEC
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InGaN chip A A

TCL(Ni/Au)
P-GaN

InGaN

N-GaN

Sapphire
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Wafer bonding

1. Metal Deposition 2. Low-T bonding 3. Laser Lift-off 100 um
2007
: : a} interfacial GaN  b) thermal
decompaosilion datachment
{40°C)

p=contac
In Gay N S
LED
F
G i o
T y
Pd: 100 nm Ty
g il excimer laser
100 -
80 |
4, Final structure affer CAIBE elfch and .
n-contact defindtion <
£ 60
n—m{tanu-t "."E"
r— ' ] InGaN SQW (% = £455nm) £ 40
[ canis | 5
................... — ——GaN:Mg s
Si sub=irate
] 1 2 3 : 4 ] 5 6
back-contact Voltage (Volts)

FIG. 2. FEoom-temperature dc J—17 characteristics for a typical 250 ym
T'{HTEK CORPORATION >0 m TnlGa. N SOW TED on S

W - Appl. Phys. Lett., Vol. 77, No. 18, 30 October 2000
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After bonding and removing
Sapphire substrate

Fig. 13 (online colour at: www interscience wiley.com) Delaminated 3 pm thick 27 GaN film (not struc-
tured) wafer-bonded onto GaAs (left) and the corresponding GaN-free sapphire substrate (right). The
transferred GalN film is essentially defect free, except for some peeled-off areas at the wafer rim.
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Diagram of Flip chip

Light Silver reflector

) _ GaN
Wire bond Absorbing current- Sapphire
Light spreading layer PP

Metal reflector
Heat Wire bond Silicon submount
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Thermal conductivities of the materials

GaAs 44-58
Al -Gag - As 11
(Aly sGag gl sIng s F 6
Gag ;In, ;P S
GaP 75-79
Sapphire I 35-40 I
GaN I 2.130 b.170-180 I
Si I 125-150 I
SiC 283
Copper 398
Silver 427
Gold 315
Aluminum 237
Au-Sn (80-20) | 57.3 |
In 81.8-86
Aluminum Nitride I a.170-200 b.285 I
Si0O, 1.2

” [ Al, O, 20-27
N e (W% K)
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Models for Flip chip bonding

LED Flip chip#&l:

Connections by metal bonding L2
[ \ N &
A FER)
it 1mm )7
“JallEe D

C4 (solder-solder) ESC (gold-solder) Ultrasonic FC (gold-gold) .3-“ @
Connections by contact ?_. YL
[ 13&

ACF/ACP NCP SEB Ultrasonic Elip chip

'e TYNTEK comrorsron "R.Furukawa, Kyushu Matsushita Electric Co., Lid." 41
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Resistance of flip-chip bonding

1 ]+ 1o o J) MISSSURRSNINFNIS SUNSSMIINIIK NSNS, D

VQO | b

Solder-Solder Gold-Solder Gold-Gold

resistance [ m % /bump]
0

ESC i us § ACF, ACP| WNCE, NCP

=_E.==

Metal bonding Contact

OB TIHIIE -
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Process time of flip-chip bonding

15 |-
- ' . ! f
= 1.2sec/chip | |
" " 3
=
i) 5
=
3
T
2 '
= Without reflow :

c4 ‘ ESC | Us ACF, ACP|{ NCF, NCP
Metal bonding Contact
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Chip Side

Diesynge Process
A

Process

e N
DieSynge Washing
U V irradiation

O sticks a die Synge tape (UV tape). O Wafer Diesnge O wafer Washing

Substrate Side

Process

Flip Chip Bonder

BUMP BONDING

i v,
G

Submount
O Surface activation O Au-Bump Bonding O US Interconnection L Process
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Au-Sn phase diagram

1200

ey = Eutectic Point
\ AuSn(80/20):282°C

800 -

 m Eutectic Point
AuSn(10/90):217°C

Temperature Celsius
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US-POWER

Interconnection
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Z8#"/Hi pin count
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Metallization

N-type

SiOx

Q.W.

P-GaN

Ohmic layer

| Reflector
&% TINTER -
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Process Issues of Flip chip

Diffusion <~

—p Metallization

N+ N+

P-type

Metal

. TINTER conrorsron s
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Metallization (for Flip chip)

Sputter

-!-

) )

)
S

-
)

(1
L (.

—
T T
e

=-

R
A,
B

E-Gun
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Stud Bumps

From PFA 57




Stud Bumps from Polamar
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20 bunps
Bump Dia. Base Height| Height |Shear Force |Frachme Mod
ZMlicron) | Vildicrom) | (IWHcron) | (Wlicrom) | (Gram)

1 88,4 7.5 11.8 8.5 795 21a)

2 a4 .4 081 12.0 iR 707 2]

3 83.1 05 9 12.1 873 772 2]

4 gd.3 HE. 3 11.5 537 501 2]

5 gd.4 041 12.0 g4 6 By 3 =H
Dula B8, 2 081 12.8 873 8l0.1 -
LI 83.1 5341 11.8 8.5 Bo.3 -

E 5.1 4.0 1.0 f.8 10.7 -
aAVE 540 B4 12.1 a6 FER! ALl =B

<

TYNTER -
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bump dir.
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LED £ ESD submount &

3

WD B.Omm 20.0kV %350 100um : WD13.7mm 20.0kV %300 100um
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Underfill

The preferred filet on the left wicks up the side of the die and forms a slope down to
the flex. If the underfill undercuts the die edge, devices were found to fail earlier than expected

during thermal cycling.

Preferred
Fillet Undercut
1
(a) (b)
gk TYHTEKM AN 61
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Problems of Flip chip bonding

Observed good connecting results

The void

underfill

1
| | | |
8
g 8 Heat cycle test[-40°C/125°C]
B E ! After 1000cycle : OK ]
£2 5
= E "
E““ 3
z i
poor bonding ,;, i S
0 200 400 GO0 B0 1000 1200
Mumber of cyole
» T“TEEW““’”‘“‘:‘“ “R.Furukawa, Kyushu Matsushita Electric Co_, Ltd.” o2
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Stud bump Bonding

] f2 % dic:
m Temperature 27V #+ A&,
m Bump + ] > ji4,E &

mBump A,k 2> HER
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Flip chip Bonding
A A2

m Temperature > Vf, 7@@

m US-POWER =2 IR
m R NES SR,

, TYHTEK CORPORATION
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Damage from Flip chip Bonding
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Key of US Flip chip

m P-Pad & N-PAD# F & "e( B B, #43L-
B LA

B Rl

Qe %‘ @ ﬂ’”fgé} (7 Fe ez 5 A BR)
n 35% 1 e i&(ﬁ; RS g 4 )
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LED= ¥ B
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m 5T (A H)

m e R & (P-layer)

mE ()
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Hl[njZener Diode &
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=Jp|Zener Diode

- P-type -

Metal
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ESD Submount IV curve
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H » Zener
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ESD Testing

HBM
IR@5V<10 ¢ A

\%
%MQK

Bule chip without Ziner diode

11 2] 3| 4| 3| 6| 7| 8| @

10

Hig

blue chip with Ziner diode

3

4

5

100

X XX XX XXX

200

X X
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500

4K
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5K
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Lumileds LED

<

120

Relative Light Output
(¥a) -
) L = 20 =
= = = = =]

TYNTEK comronenon
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Lighting Rezearch Center - June 2003

4000 S000 12000 16000
Time (hrs)
¢ High-Power LED

A S5-mmm white LED

20000

== High-Powear LED

== 5-imiem while LED

Courtesy Lighting
Fesearch Center
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High Lifetime (14mil Flip chip)

140, 0%

130, C0%

1200, 200

110, 0% //M\\

e ———
100.00% ——

Q0,C0%
30.00%
T0.L0%
0 24 168 329 664 331 1008
—— Max —=— Ay Min
Test of 1008 hours
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Blue chip without Zener diode

105.00%

100 00% Wm\ﬁ

95 00% ._\.“.\.

Q0 .00% —— Max
.\.\.\\ —B— fwye

a5 00% .

———y Min
30.00% .
75.00%
70.00%
. HF-'- ‘.H. &. 'E-h. F_l' P_l' F_I F_I P_l' P_l'
S N S I - &
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Flip chip Thermal Stability

Chip
Filp chip

100mA testing

4,55

'4.5[] N

4,45

4,40

4.35
4.30 7\

Vi

25 N\

4l20 4 \

4:15 \

4,10 \

sos N\ I

4,00
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High current Testing (Chip & FC)

High current Testing

VI(V)
S =~
QXM aD
=3=-=2-F-3-3-3-1-

Time

—#— chip 100mA —=— F.C, 100mA F.C. 200mA
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t Chip level

1 Package level
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a typical indicator LED

Light Emitted Forward
LED Chip

Reflector Ty | P pas

% semitranspa

=% contact

Junction area ~ 0.06mm-

1| Anode Lead

Cathode Lead ~

& K- From Lumileds
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Power LED

Light Emitted Forward

LED chip s
- Plastic Lens Sub-mount __
Silicone
' Encapsulent Lens —
InGaN
Semiconductol
Flip Chip

xs-nlder Connection

Reflector Cup

Heatsink Slug
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Thermal Resistance Model

R@ _ ‘S‘Tﬁmfﬁaﬂ — Ambient
Junction — Ambient
Pﬂ'
Where:
AT (°C)

junct.-amb. T junction ~ Tambient

Fd =FPower Dissipated (W)
Pd =Forward Current(If}* Forward Voltaae (V)

e PYNTEK corrorsron From Lumileds
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Thermal ReS|stance

Junction to Case (slug)

®oa _2:1+®
Series Ouwa =i (B 6 i
O ota™ Ojct Ocrt Opaa O die attach
N © submount I —

D

D
>
= 0N TN TNV O

TINTER cooorore

e R o

o

i

romad I

Case to Board

——

© submount attach

© leadframe/slug

© solder

.-/\/\/“.-/\/\/‘—"/\/\/“"/\/\/‘"'/\/\/“'/\/\/_—'

Board to Ambient \

Tboard

Courtesy of Joe Mazzochette, Lamina Ceramics
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" JE
High Power LED Package
Structure

e Reflective surface

High power LED clup
/L/ Epoxy

n-electrode p-electrode Cu or Al Substrate

Epoxy Silver paste or solder

For Wafer Bonding product or Flip chip

R )
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High Flux Light Emitting Diode

Epoxy

LED chip

Solder

s Cover substrate
[ Adhesive layer
Base substrate

Metallic layer

Insulating 1‘egiﬂ'}?\\_

Metallic layer
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Low-Temperature Cofired Ceramics (LTCC)

Technical Data
Part # BL-21A0-0121 Symbaol Min i M LInit

a Typical ax
Wavelength A 613 618 623 nim
Violtage™ VE = 6.7 = v
Test Current I = 21 = A
Power* P = 13.6 =
Luminous Flux* D, - 270 - Im
Thermal Resistance Tr - 225 3 *CrW
*MNote 1. Optical and Electrical specifications are given for the specified drive
current at a 25°C junction temperature.

p >y

From Lamina ceramics
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Thermal Characteristics using Metal Cored Substrate Technology

Tiunction ta
C3ABE

T:‘.-JEE' L]
BLDElrate

TE-JIII to
heatsink

Tl'EE'.E- nK &0

amoienl

Thermal Characteristics using Anotherm™

-I__I.Jl'r:!IIl:-"I ta
=36E

TEE.E-E =G
nealslng
TrEE.'.E- nk ko
amilenl
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 Lumileds *Toshiba

s(Gentex *Nichia

e

g Optical Lens

72 (width)

11.2 (length)
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& Valua)
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[
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CCT (Momalizd To On

388588

~BOK CCT Range

'='|"I]EII{ 'EI:T H.E.I'IQB

.au.mman.m.u.au.m.mummmmsnmmmm
Thela [degresas)

i == DN EQROr-SIUTY mathod ~B= Confarmal coaling method

Phosphor layer

Free standing white “chip”
Smaller source size (éetendue)

s reduced dependence on

viewing angle

> higher lamp to lamp uniformity
Flexible secondary optics design
No reflector cup

- Alternate radiation pattern

. Compact lamp design

TYNTEK corroneron
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Cool white
Typical flux : >40Im (@330mA & T,25°C)
Maximum junction temperature: 135°C
CRI>70
Thermal resistance: 13°C /W
Conformal phosphor coating

+ Typical flux : >70 Lumen
(@700mA & Tj 25°C)

Maximum junction
temperature: 135°C

CRI>T0

Thermal resistance: 13°C /W
Conformal phosphor coating
SAE/ECE white color bins
>70 Im available today @700
mA

& T Lumileds Luxeon®Ill %




276lm @15.4W,18 Im/W

Lighting Research Center

From PIER
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14mil~24mil
20mA~100mA

Color LCD

Wihita-lght

conwersion LED
backlighting

12~14mil
5mA~20mA

LED Keaypad
Wihits-lght

. TINTER conrorsron
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LCD LED backlight

NEC 21'3 LED backlight Sony 12’1 backlight
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