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大綱大綱

大功率大功率LEDLED的發展的發展

大功率大功率LEDLED製程技術製程技術

大功率大功率LEDLED的可靠度的可靠度

應用與結論應用與結論
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LED 發展
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LED 發展
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GaNGaN發光效率發光效率

內部吸收及光取出效率低
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Conventional versus Power LED

From From LumiledsLumileds
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TYNTEK 40 mil Power chip 

L-I curve
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Snellius Law 全反射臨界角損失

n1 sin θ1 = n2 sin θ2

n1

n2

θ1

θ2

θc= Sin-1(θ2/ θ1)
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Light Extraction
Absorbing substrate Transparent substrate

GaN:22°

AlGaAs=17°
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Lumileds AlGaInP LED

增加光取出效率增加光取出效率
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Improved design of LEDs to increase 
efficiency
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Lumileds AlGaInP LED

From Lumileds
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Truncated-inverted-pyramid LED

Cree TIP Cree TIP InGaNInGaN LEDLED

64℃
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Cree Standard and TIP LED的出光表現
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Osram’s InGaN Chip
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AlGaInP LED
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InGaN LED
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Two Best High Power LED Chip 
Structures
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Relative light output of LEDs as a function of the 

junction temperature
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High power LED chip design

Flip chip designs have lower 
thermal resistance and lower 
absorption and so favorable for 
integration
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Series chip

Vf@20mA= 9V
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Array LED

Vf@20mA=28V
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Increase in the extraction efficiency
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Nichia’s high power LED
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Increase in the extraction efficiency
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Nichia’s high power LED
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InGaN Wafer bonding
Increase in the extraction efficiency

基板選擇
增加發光效率
散熱有效性

Sapphire去除
可靠度
生產良率



28

Wafer bonding
Increase in the extraction efficiency

光化學蝕刻
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Photonic Crystal LEDs

‧光的直向性

‧量產可行性
From From LumiledsLumileds
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Photonic Crystal LEDs

see Wierer et. Al., Appl. Phys. Lett., 
Vol. 84 (19), 3885 (2004).
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大功率大功率LEDLED製程技術製程技術

Wafer Bonding Process Wafer Bonding Process 
Chip ProcessChip Process
Flip chip ProcessFlip chip Process
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LED Wafer Bonding -
mirror substrates

Metal with high reflectivity

>90% for red and yellow wavelengths

Si with excellent thermal conductivity  
(Wcm-1K-1)

Si :1.68,   GaAs :0.47,   GaP : 0.77

Metal
Si Substrate

From VPEC
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VPEC’s Wafer Bonding Process
(a)Wafer bonding

(c)GaAs substrate removal

Mirror substrate
LED epi-layer

(b)After bonding

Mirror substrate
LED epi-layer
GaAs substrate

Bonding 
interface

Bonding

LED epi-layer
GaAs substrate

Si Substrate
metal

Mirror 
Substrate

Uniaxial Pressure

Low Temperature

(d)patterned LED

LED epi layer
Mirror substrate

N-Contact

Backside-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

GaAs-Sub.
LED structure 3µm

350µm

LED structure
GaP epi-layer

GaAs-Sub.
LED structure
GaP epi-layer 40µm

3µm
350µm

MOCVD
VPE regrowth

GaP-Sub.
LED structure

GaP-Sub.

LED structure

350µm

wafer bonding GaP epi-layerGaP epi-layer

From VPEC
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P-GaN

InGaN

N-GaN

Sapphire

InGaN chip InGaN chip 製製程流程程流程

Ni(3000A)
Hard MaskHard Mask
E-Gun蒸鍍

黃光開圖

蝕刻

RIE蝕刻Mesa(8000A)

TCL(Ni/Au)

TCLTCL製程製程
E-Gun蒸鍍

黃光開圖

蝕刻

Lift offLift off製程製程
E-Gun蒸鍍
Ti/Al/Pt/Au

保護層製程保護層製程

Lift off 製程

E-Gun蒸鍍Al2O3(2160A)

InGaNInGaN EpiEpi WaferWafer
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Wafer bonding

電阻較低
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After bonding and removing 
Sapphire substrate



39

Diagram of Flip chipDiagram of Flip chip

From Dr. R. Scott Kern  Lumileds Lighting
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Thermal conductivities of the materials

(W/m‧K)
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Models for Flip chip bonding
LED Flip chip考量:

••良率良率((對位精度對位精度))

••晶片晶片 1mm 1mm 以下以下

••腳數少腳數少

••溫度溫度

••污染污染

••速度速度

Ultrasonic Flip chipUltrasonic Flip chip
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Resistance of flip-chip bonding
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Process time of flip-chip bonding

1.2sec/chip
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Line composition of LEDLine composition of LED

Diesynge Process

⑦Fｌip Chip Bonder

Process

⑤ Dｒｙ cleaning
Process

① Wafermaunter ②DieSynge

Chip Side

Substrate Side

○ Au-Bump Bonding

○ sticks a die Synge tape (UV tape). ○ Wafer Diesnge

③Washing

○ Surface activation ○ US Interconnection

○ wafer Washing

④ＵＶ irradiation

⑥ BUMP BONDING

①～④

Submount
Process



45

ScriberScriber Laser or Diamond

Sapphire

Sapphire

Breaking
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鑽石切割與雷射切割
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共晶接合

大功率使用時的可靠度?

接合精度

溫度對LED影響

專利 Lumileds-1
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Au-Sn phase diagram

Eutectic Point 
AuSn(80/20):282℃

Eutectic Point 
AuSn(10/90):217℃
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專利 Lumileds-2超音波接合

構裝時的精準度?

誤差 < 10um
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專利 Lumileds-3

多重串聯互連發光結構
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Silicon

AlN

BeO

高導熱材料

專利 Lumileds-4
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覆晶元件的可靠度覆晶元件的可靠度

覆晶製程對覆晶製程對LEDLED的影響的影響

LEDLED的保護元件的保護元件

大功率大功率LEDLED封裝封裝
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USUS工法上各項能量的分配狀況工法上各項能量的分配狀況

US‐POWER

Temp Force

The conditions of Interconnection

Interconnection

優先考量下壓力能量優先考量下壓力能量
・・適用適用Hi pin countHi pin count
・・LSILSI面積較大者面積較大者

優先考量藉由溫度能量優先考量藉由溫度能量
・・增加擴散程度增加擴散程度 , , 使接合強度增加使接合強度增加

優先考量優先考量ＵＳＵＳ能量傳達效率能量傳達效率
・・適用小適用小chip / fine pin countchip / fine pin count
・・在意熱衝擊所帶來的負面影响在意熱衝擊所帶來的負面影响

PIONEER FA CORPORATION
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Metallization

Q.W.

P-GaN

Ohmic layer

Reflector

N-type

SiOxSiOx

P+
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Process Issues of Flip chip

P-type
MetalMetal

N+N+

DiffusionDiffusion

MetallizationMetallization
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Metallization (for Flip chip)

SputterSputter

EE--GunGun

ElectroplatingElectroplating
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Stud Bumps

From PFA
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Stud Bumps from Polamar
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Stud Bumps

From PFA
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LED 與 ESD submount 的構裝
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Underfill
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Problems of Flip chip bonding
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Stud bump BondingStud bump Bonding

製程參數:

Temperature 可靠度,

Bump大小 推力,壽命

Bump 形狀 精準度
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Flip chip BondingFlip chip Bonding

製程參數:
Temperature Vf,可靠度

US­POWER IR
最大下壓力 IR,偏移
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Damage from Flip chip Bonding
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Key of US Flip chip

P-Pad & N-PAD不同的薄膜(厚度,材料⋯)

避免漏電流

接合時晶粒的偏移

晶片背面的均勻性(不同的超音波傳遞)

接合材料的可靠度(擴散率的發生)

接合後光電性的改變

晶粒切割時造成晶粒不平整及汙染
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LEDLED的可靠度的可靠度

失效原因:

漏電流(缺陷)

增進亮度(P-layer)

熱(應力)

封裝失效(ESD防護;污染;打線失效)



68

單向Zener Diode保護

N-type

MetalMetal

P+
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雙向Zener Diode保護

P-type
MetalMetal

N+N+
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ESD ESD SubmountSubmount IV curveIV curve

-0.02

-0.02

-0.01

-0.01

0.00

0.00

0.01

0.01

0.02

-1.10 -0.10 0.90 1.90 2.90 3.90 4.90 5.90 6.90

單向Zener
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雙向Zener

SubmountSubmount IV curveIV curve 14mil F14mil Flip chip IV curvelip chip IV curve
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ZenerZener DiodeDiode打線示意圖打線示意圖
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ESD TestingESD Testing HBM

IR@5V<10μA
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LumiledsLumileds LEDLED
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High Lifetime (14mil Flip chip)High Lifetime (14mil Flip chip)

Test of 1008 hoursTest of 1008 hours
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Blue chip without Blue chip without ZenerZener diodediode



77

Flip chip Thermal Stability
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High current Testing (Chip & FC)
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大功率大功率LEDLED封裝封裝
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a typical indicator LED

From From LumiledsLumileds
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Power LED

From From LumiledsLumileds
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Thermal Resistance Model

From From LumiledsLumileds
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Thermal Resistance
Series i

n
itotal ΘΣ=Θ +1

TJunction

Θtotal= Θj-c+ Θc-b+ Θb-a

Θ chip

Θ submount

Θ submount attach

Θ leadframe/slug

Θ solder

Θ die attach
Tj

Junction  to Case (slug)Θj-c

Case to Board

Board to Ambient

Ts

Ti

Θc-b

Θb-a

TboardTa

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

For Wafer Bonding product or Flip chipFor Wafer Bonding product or Flip chip
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High Flux Light Emitting Diode

熱應力問題
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Low-Temperature Cofired Ceramics (LTCC)

From Lamina ceramicsFrom Lamina ceramics



87From welwyn-tt.co.uk
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90Lumileds Luxeon®III
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From NeoPac
276lm @15.4W,18 lm/W 

From PIER
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Power Chip Market
40mil~40mil~

350mA~350mA~

14mil~24mil14mil~24mil

20mA~100mA20mA~100mA

12~14mil12~14mil

5mA~20mA5mA~20mA
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LCD LED backlight

NEC 21’3 LED backlight Sony 12’1 backlight
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景觀燈
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Taipei Municipal Social Education Hall
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結論結論

效率效率
壽命壽命

售價售價

應用應用

封裝封裝

照明照明
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謝謝指教謝謝指教
鼎元光電股份有限公司鼎元光電股份有限公司

研發處研發處 黃國瑞黃國瑞

EE--mail: mail: ken@serv.tyntek.com.twken@serv.tyntek.com.tw

Tel: 035Tel: 035--781616781616--116 116 
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