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Packaging in a Post Moore’s 

World @ NMI 
 

 “DISCO solutions for thinning, dicing and packaging of thin devices made of 

Silicon, Sapphire and Compound materials like SiC and GaN”  

Gerald Klug, Aug. 2015 

Universal Technologies 

Kiru ・ Kezuru ・ Migaku 
Cutting    Grinding    Polishing 

Bringing faraway science to comfortable living  
through advanced Kiru, Kezuru, Migaku technologies 

One strand of hair cut into 35 sections 
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Customer Needs 

Business Model: Total Solutions Provider 

Kiru 
Kezuru 
Migaku 

Application 
Engineering 

Equipment 

Consumables 

Feedback to improve, 
providing research seeds 
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Contents 

1. Conventional Process 

2. DBG (Dicing Before Grinding) 

3. TAIKO  

4. Laser Dicing (Ablation & Stealth) 

5. Fully Automatic Die Separation 

6. TSV (Through Silicon Via) 

Processes 

7. Dicing Grinding Service 

Established in mass production since >25 years 

Established in mass production since  10 years 

Established in mass production since 5 years 

Started in mass production app. 10 years ago 

Started in mass production app. 2 years ago 

Combination of above; Not fully established yet 
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1) Conventional Process with Stress Relief and DAF 

Tape Laminator  Dicing Saw  

DFD6361  

Frame or  

Pre-Cut-DAF 

Mounting 
BG Tape 

Peeling 

Rough  

grinding 

Fine- or   

Poligrinding 

Drypolish or 

Ultra Poligrind or 

CMP 

Inline System Grinder/Polisher DGP8761 + Mounter/Peeler DFM2800 

 to safely produce thin wafers in large quantities 
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Frame grinding: Handling of difficult to process work pieces 

Tape frame 

Wafer tape 

Grinding 

Porous vacuum absorption 

Workpiece 

Stable processing of workpieces with a tape frame 

Clamps the tape frame and secure it. 

Measures the thickness of the workpiece and the chuck table 

with the 2-probe height gauge and control them with a high 

degree of thickness accuracy in real time. 

Efficiently eliminating processing heat and handling high load 

processing 

SiC chuck table with high thermal conduction 

Supply the coolant water to the inner part of the chuck table 

Diagram of securing the tape frame 

SiC chuck table Coolant water supply 

Processing heat ablation 

Height gauge 

*Height of the 

chuck table 

Workpiece thickness 

Difficult workpiece examples 

Sapphire 

SiC 

Al2O3TiC (Altic) 

*The inner and outer circumference heights of the chuck 

table are aligned by self-grinding, therefore the outer 

circumference of the chuck table will be the chuck table  

height. 
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Ultrasonic Wave Dicing 

High-speed oscillation of the blade improves self-sharpening and flow of cutting water. 

Higher throughput  

Higher feed speed 

Less dressing frequency 

Higher processing quality 

Less loading and glazing 

Substantial reduction of blade breakage and wavy cutting  

Processing point Mechanism 

Vibration direction 

Abrasive grain 

Workpiece feeding direction 

U09 blade 

Non-contact power feeding unit 

Ultrasonic wave oscillator 
Normal spindle 

Dedicated mount 

Large      Oscillating motion         

Small 
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2) DBG (Dicing Before Grinding) 

Advantages of DBG Process 
1) No wafer warpage after grinding, because dies are separated by grinder  

2) No wafer breakage 

3) No backside chipping => In certain case no stress relief required after grinding due to high die-strength   

4) No chipping residue on the dicing tape => Less problems during pick and place because 

5) Double throughput of dicing saw due to half cut dicing with double feed rate (or even higher) 

6) Equal expansion of mounting tape during pick and place due to no cut lines in the tape 

7) Mounting tape can be optimized for pick and place without consideration of dicing quality => No compromise required 

8) Longer blade life because no tape cut, no clogging by adhesive, no chip fly during half cut 

 

Tape Laminator  
Dicing Saw  

DFD6361 HC/FC  
Grinder DFG8560 or  

Grind/Polisher DGP8761  
Mounter/Peeler  

Add stress relief if 

necessary 
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 DBG (Dicing before Grinding) 

5 µm thickness   

75 µm chip by DBG-single cut 

3DICE 2stack 

B2F 
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What is the TAIKO Process? 

TAIKO is  aJapanese word for the 

“drum”.   

A TAIKO wafer is a wafer with the 

strong rim. 

Thinning process for POWER DEVICES by grinding only 

the inner area and keeping the wafer edge 

Outer support ring 

8 inch×50 µm 

Wafer Wheel 
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Advantages and target devices 

 Easier thin wafer handling 

Wafer support by the outer rim 

Decreased wafer warpage 

Improved strength 

 

 High temp. process for thin wafer 

No support and no adhesion 

Easy wafer handling in the post processes 

No temp. limit without adhesive 

No outgas 

TAIKO wafer Conventional wafer 

Less warpage and higher wafer strength 

Unloading to the standard cassette 
8 inch x 50 µm 

300 mm x 50 µm 

Discrete devices 

Next generation 3D devices 
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TAIKO Process Flow 

TAIKO Grinding 

Direct Dicing 

Laminating 

Detaping 
Exhaust gas 

HF+HNO3 

Wafer 

Si Wafer 
BG Tape 

Wheel 

Wafer Mounting 

Dicing Tape 

Ring removal 

Circle cut 

Full-cut dicing 

Ring removal 

Pre-Grinding 

BG Tape 
Stress Relief 

Fluorine gas 

Wafer Plasma 

Dry Etching Wet Etching 

Back Side 

Metalizing 

Ion Implantation 

Annealing 

Wafer Testing Tape Laminating 

Ring Grinding 
Wafer Mounting 

Dicing Tape 

Ring Frame 
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Disco’s laser processing 

Technology Ablation 
Stealth Dicing 

(Internal processing) 

Method 

 

Sublimation by irradiating short 
pulse laser  

Creating SD (modified) layer by 
focusing laser inside 

Process 

Grooving 

Scribing 

Full cut 

DAF cut 

Chip separation by  

SD layer creation + 
Breaking/Expand 

Collecting lens  

Workpiece 

Short pulse laser 

Workpiece 

Collecting lens  

Short pulse laser 
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Target applications of laser process 

Material Device 

Laser grooving 

+ 

Blade full cut 

Laser 

full cut 

Laser scribe 

+ 

Break 

Low-k 

Silicon 

Germanium, Metal Substrate 

SiC 

GaAs 

DAF 

Sapphire 

Alumina Ceramics 

LED 

Sensors 

Solar Cells/Memory 

LED 

Power Device 

RF Device 

NAND Flash 

CPU/Logic 

Stealth dicing 
Silicon 

Sapphire 

SiC 

MEMS/RFID/Linear Sensor 

LED 

Power Device 

Process 

Via Hole LitaO3, LiNb SAW Device 
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Ablation laser processing 
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Ablation examples  

DAF cut A 

Sapphire Scribing 

Full cut 
(Si, SiC) 

Main application 

 
 

Picture 
description 

F 

D 

Type 

Tape 
DAF 

Special full cut 
(GaAs, Ge, etc.) G 

Fx Low-k Grooving 

Wide range of ablation processes depending on customer application 
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DAF cut application 

Device Trend 

Thinner wafer thickness 

Increasing Die Attach Film (DAF) applications 

Issues 

DAF burr (whisker) with blade dicing 

Pick up difficulty with blade dicing (anchor effect) 

Advantages of laser cutting 

Excellent cutting quality of DAF  

 
 

Blade DAF cut 

DAF burr 

Laser DAF cut 

No DAF burr 

1st Step  

Si  cut 

2nd Step 

DAF cut 

Si 
DAF 

tape 

Si 

Si 
DAF 

tape 

http://www.toshiba.co.jp 
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Ablation examples  

Silicon Full Cut   

100 um thick Silicon 

50 um thick Silicon 
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GaAs t150um 

GaAs t250um + Au t17um 

Ablation examples 

100mm 50mm 100mm 

Top side Backside Cross section 

GaAs Full Cut   

Top side Backside Cross section 
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Ablation examples: 

Sapphire / SiC scribe and break 

Sapphire t90um  

Coating* 
Mounting 

on tape 
Laser Cleaning Breaking Expand 

Tape 

transfer 
Pick up 

Photo 1 

Photo 2 

Cross Section 

Sapphire 

SPV-224 

Protective film 

Pedestals 

Impulse bar 

120 mm/s, 1 pass 

Topside  (x 200) 

Photo 1 

Cross section (x 100) 

Photo 2 

*Chip size is 0.3 x 0.3 mm 

Groove  depth : 20 um 

 width : 10 um 
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SiC t300um 

For scribing 50 mm/s, 1 pass, depth 110um (current method) 

Topside Cross section 

Ablation examples:  

Sapphire / SiC scribe and break 

1-pass (290 um) 2- passes 

SiC: t375um 

Under development 

Release target 2009 Summer 
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Stealth Laser Dicing 
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What is Stealth Dicing?  

Stealth Dicing （SD） 
An SD layer is formed below the surface of a 

workpiece by focusing a laser beam. Die 

separate by expanding the dicing tape. 

The SD process is a dry process and applies 

no force to the wafer.  

Short pulse laser 

Focusing lens 

Workpiece 

SD layer 

Stealth Dicing process flow 

Stealth Dicing  Breaking or Cool Expanding 

Form an SD layer 

Dicing tape 

Si 

DFL7340 DFL7360 DDS2300 

Die separation 

Dicing tape 

Si 
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Advantages of the SD process 

Completely dry process 
Suitable for devices that are vulnerable to contamination and particles   

 (e.g. MEMS). 

No mechanical load applied to the wafer 
Suitable for devices  that are vulnerable to physical loads   

 (e.g. Ultra-thin wafer / MEMS ). 

 

 

 

 

 

 

Wafer with narrow streets 

MEMS 

Vulnerable to the water 

Silicon devices 

Thin wafer with DAF 

 SEM photograph 
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HASEN cutting by SD 

Dicing of multiple die sizes 

Able to cut many different types of die on one wafer 

 

 

 

 

Offset die cutting 
 

The number of die can be increased for a more efficient use of 

the wafer real estate 

Lengthy die such as drivers 

High value large 

 The numbers of die 

increased 
1 2 

3 4 

5 6 

1 2 

6 7 

3 4 5 
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HASEN cutting by SD 

Processing of non rectangular die 

By combining linear cuts polygons can be cut 

 

 

 

 

 
 

 

 

 

 

Application of HASEN cutting 

Many different shapes of die can be processed, as long as it is a 

combination of the straight lines 

Polygon die 
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Features of the  Disco Die Separator DDS2300 

Cool expanding 
Separate DAF cleanly at a temperature of 0℃  

Heat shrink 
Pulls the tape taut after expanding maintaining the space between the die 

Standard dicing frame can be used => No need to change frames for subsequent processes 

Only the outer circumference of the tape is heated so the die are not effected 

 

 

 

 
 

 

 

 

 

Spin cleaning unit 

UV irradiation 
 

Heat shrink Cool 

expanding 

Tape is re-tensioned 

Before After  

Movie DDS2300
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DAF 

100 mm 100 mm 
100x 100x 

100 mm 
100x 

100 mm 
100x 

Separation 

defect 

Separation 

defect 

Intersection Line 

Line 

20℃ 

0℃ 

DDS2300 (DISCO Die/DAF Separator) 

Intersection 

SD cut 

Cool expand 0° 

DAF 

tape 

MEMS-wafer 

DAF 

tape 
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TAIKO and Plasma Etching for TSV 

1. Cu TSV wafer 

5. Planarization & exposure 

2. TAIKO 

Grinding into Cu post 

4. Under-fill spin coat 

6. Complete 

3. Plasma etching 

Exposing Cu post 

Under Development 
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Challenges relating to post exposure 

Control exposed amount of metal posts 

 

Exposing by CMP 

When height of metal posts (TSV) varies…. 

Height variation of metal 

post is rather big. 

CMP 

Under Development 

 

Exposing by Grinding + Plasma 

Both Si and metal post 

are ground to be flat. 

Height variation of 

metal post is very small. 

Grinding Plasma 



DISCO CORPORATION   All rights reserved DISCO CONFIDENTIAL 

Edge trimming 

Edge trimming is process which cut the periphery of wafer for preventing 

a sharp edge after thin grinding.  

Grind down 

Sharp edge 

flip 

Without edge trimming 

Grind wheel 

Wafer 

Square edge 

finished 

thickness + n 

BG tape 

flip 

With edge trimming 
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Non-Contact-Gauge for grinding of top wafer 

Si 

Device 

Tape 

Glue 

Base 

10um～ 

～15um 

15～50um 

120～
180um 

A 

a 

The measurement of wafer surface is done 

by a contact gauge. Total thickness of 

“Wafer＋Tape “is measured. 

IPG 

Reflection 

on Si 

surface 

Reflection 

on 

Si interface 

 

NCG 

Using two reflection lights, only Si 

thickness is measured 

Chuck table 
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Dicing/Grinding Service (DGS) 

DISCO HI-TEC EUROPE provides you with following 

services, which is suitable for production and R&D.  

Dicing (Blade, Waterjet) 

Laser cutting (Multi Project Wafers) 

Grinding 

Stress relief (Dry Polish, Dry Etching)  

400 m2 clean room (Class 10,000) 

Website will be ready soon. http://www.dicing-grinding.com/ 

 

http://www.dicing-grinding.com/
http://www.dicing-grinding.com/
http://www.dicing-grinding.com/
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SUMMARY: 

Several technologies can be combined to achieve 

easy-to-handle and cost effective solutions with 

thin dies on 3D-packaging and TSV. 

 

 

THANK YOU VERY MUCH! 

 

 

    http://www.disco.co.jp/ 

 

http://www.disco.co.jp/eg/

