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Fig. 2. In-feed grinding type with ELID 
 
4. EXPERIMENTAL PROCEDURES 
 
 Each wheel was trued by a #325 bronze bond diamond 
wheel, and was pre-dressed electrolytically. Total depth of cut 
by each wheel was set at 20 microns. The wheel grit sizes and 
the ELID-grinding conditions are summarized in Table 1. The 
subsurface damage was detected and evaluated through X-ray 
topography and angle-polish respectively. The X-ray 
topographies of the silicon wafers of 152.4 mm in diameter 
which were ground by #2000, #4000, #6000 and #8000 wheels 
was evaluated and compared. The surface of each of the ELID-
ground silicon wafers produced by #2000, #4000, #6000 and 
#8000 wheels was polished with an angle and treated with a 
chemical etching, and the depth of cracks in the subsurface 
damage was evaluated and compared. Step-etching was applied 
to evaluate the depth of the damaged subsurface layer on silicon 
wafers produced by an ultrafine grit wheel. Chemical processes 
combined with chemical-mechanical polishing, chemical-
etching and heat treatments were all applied to bring the 
damage out in relief. #120000 and #3000000 wheels were tried 
under constant depth of cut and constant pressure grinding, and 
the surface quality produced was compared. For constant 
pressure grinding, a conventional lapping machine equipped 
with an ELID-system and a #120000 metallic bond wheel was 
used. Surface accuracy was also evaluated in an ultrafine 
grinding. Accuracy of a flat surface was inspected by a laser 
interferometer. This surface was produced by ELID-grinding 
using #8000 and #40000   CIB-D wheels and an ultraprecision 
rotary surface grinder. 
 Table 2 shows the surface finish of silicon wafers using 
ELID-grinding with different grit sizes. The results show that 
the ground surface finish could be improved proportionally to 
the grit size, and the surface finish of 18 nm in Rmax, 2.8 nm in 
Ra was obtained by use of #40000 CIB-D wheels. 
  
 
Grinding 
conditions 

Mesh [#] 
400 2000 4000 6000 8000 40000 120000 

Grit size [μm] 
30 7 4 3 2 0.4 0.13 

Wheel 
rotation 

2500 rpm 1500 rpm 

Work 
rotation 

500 rpm 150 rpm 

In-feed 
speed 

1 μm/min 0.5 μm/min 

Open 
voltage 

60 V 90 V 

Peak 
current 

10 A 10 A 

On, 
off-time 

2 μs 2 μs 

Pulse 
wave 

square rippled 

Tab. 1. Grit sizes and ELID-grinding conditions 
 

 
Grinding 
conditions 

Mesh [#] 
400 2000 4000 6000 8000 40000 120000 

Grit size [μm] 
30 7 4 3 2 0.4 0.13 

Rmax 
[nm] 

340 110 64 55 35 18 22 

Ra 
[nm] 

34 16 7.7 6.7 5.3 2.8 3 

Tab. 2. Surface finish due to wheel grit size 
 
5. CONCLUSION 
 
 Surface finish due to wheel grit size, and mirror surface of 
silicon wafers generation by ultrafine grits was investigated. 
Smooth surface of 2.8 nm in Ra, 18 nm in Rmax was obtained 
by a #40000 wheel. 
 Subsurface damage in ground silicon wafers was inspected 
though X-ray and angle-polish. The cracked layer could be 
reduced by using a finer grit size, and the depth of the cracked 
layer was evaluated as 1.3, 1.1, 1.0, 0.4 microns, produced by 
using #2000, #4000, #6000 and #8000 wheels respectively. 
Both surface finish and quality could be improved at the same 
time by using fine grit wheels, and a #8000 wheel generated 
cracks lower than 1 micron. All of the damaged layer was 
completely removed after an etching of 1 micron in depth on an 
ELID-ground wafer produced by a #40000 wheel; therefore the 
damaged layer was proved to be less than 1 micron in total. 
 Difference in surface generation due to material was 
investigated. The advantage of employing constant pressure 
grinding for ultrafine wheels such as #120000 and #3000000 
was proven through surface analysis, and ground surface of 
around 3.3 angstroms in Ra, 23.5 angstroms in Rmax were 
successfully achieved. Better surface finish was easily achieved 
by the employment of constant pressure grinding than by 
constant depth of cut.  
 Surface accuracy of silicon wafers produced by ELID-
ground using ultrafine grinding wheels was inspected by a laser 
interferometer. High surface accuracy of 158.2 nm was also 
achieved through grinding with ultrafine metallic bond wheels 
and ELID for silicon wafers of 60 mm in diameter. 
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