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Example: E§E & Si
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113 pm

28 CO molecules alligned on a platinum metal
surface using STM to form “Carbon Monoxide
Molecule Man™.
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The Kanji characters for "atom" formed with
iron atoms on a copper metal surface using
STM. The radius of an iron atom is 126 pm.
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Drexler's Assembler
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5y K. Eric Drexler (1955-)

® Massachusetts Institute of
Technology, Cambridge, MA
Ph.D., Molecular
Nanotechnology, September
1991
Dissertation: Molecular
Machinery and Manufacturing
with Applications to Computation
Supervisor: Marvin Minsky

® Massachusetts Institute of
Technology, Cambridge, MA
1SgMg, Engineering, September
79.

® Massachusetts Institute of
Technology, Cambridge, MA
S.B., Interdisciplinary Science,
June 1977
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® Example: Steel (S45C)
m E=210GPa, G=80GPa
u ry=O.GGPa,rf=1 3GPa
m y,=0.625%, y,=3.45%

® Specific removal energy

(=Specific share stress)

Stress [MPa]

.
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TN 7. m Theoretically 6=1.0GPa
/// % m Practically w=4.7GPa

&
P,

|

& rz
J REKXF Prof. Zhou Libo 2015/2/17  (16)
aral niversity




o High speed machining

® C.Solomon (German) first
proposed in1931

m Temperature goes high
together with cutting speed
in the low speed region,
meets its maximum and then
comes down as cutting
speed keeps increasing.

Solomon’s
valley

Temperature

m Undiscovered Solomon’s Cutting speed

valley
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¥4 Solomon’s valley~DiF&

® In 1950s, by Von Karman

B Experiments based on theory of critical impact
speed

® In 1960s, by Lockheed and Tanaka
m Use of rifle to get higher speed

®|n 1980s, By Eda
B Use of rocket to boost up the cutting speed
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Strength MPa
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Strain rate mm/mm-sec
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p : density of material

Material v, m/s
o . Stress

¢ : plastic strain Al alloy (5056) 300

 Rich in plasticity

_ Pure Al (1199) 200
* Relatively low v,
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Type Aerostatic bearing
Diameter 50 mm
Spindle Rotational speed 5,000~50,000 rpm
Rotational accuracy (at 50,000 rpm)
axial 0.2um
radial 0.2um
Stroke (X-axis) 60 mm
(Z-axis) 150 mm
Motion error
Tabl Yawing (X-axis) 0.1um/60 mm
apie Pitching (X-axis) 0.1um/60 mm
Yawing (Z-axis) 0.1um/150 mm
Pitching (Z-axis) 0.1um/150 mm
Feed rate 1~1260 um/min
Resolution 10 nm/step
E’/ﬁ__w e jq: Prof. Zhou Libo 2015/2/17  (23)
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Grinding wheel SD140N100M60 3.0
Work piece Al alloy A5056 (v,.=300m/s)
Pure Al (99.99%) A1199 (v, =200m/s)
Workpiece diameter 150 mm
Wheel diameter 200 mm
Depth of cut 0.5, 1 um/step (or 21.7 nm/rev)
Speed ratio V. /v, 1
Speed ratio (V +v,, )/v, 10, 60, 80, 90, 100, 110, 140%
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X Zoom up view (by SEM)
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Roughness variation
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ﬁ Hardness variation
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¥4 Interatomic force & Movements

Inter-atomic force given by potential

dg(r)
dr
Interaction between particle i and |

f(r)

f(r)=

J

inj =

ij
yi_yj

1

Fyij = f (r)

Force acting on the particle i

{inzsz” d’r(t)

Fy, = Z Fy;i dt 2
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Simulation parameters

Abrasive grain

Workpiece

Model

Inter-atomic potential
Integral calculation
Initial temperature T
Diameter of abrasive D
Grinding speed V
Work speed v

Depth of cut d

Grinding distance |

Rigid diamond C (111)

Al (111) (fcc metal) (plasticity
propagation speed v, = 200~300m/s)
2-D Plane strain

Morse (Al-Al, Al-C)

Leap frog
300 K

10.4 nm

50 - 2000m/s
0

2 nm (8 atom layers)
67 Nnm
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ETraveling distance at V=100m/s
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ﬂraveling distance at V=1000m/s
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Grinding Force Ratio
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Material removal mechanism beyond plastic wave propagation rate

Libo Zhou®, Jun Shinuzu, Akihito Muroya, Hiroshi Eda
Dupartment of System: Engineering, Jbaraki Untversify, Nakanarusawa 4-12-1, 316-8511 Hisachi-shi, Japan

') Precision nano-fabrication and evaluation of a large area sinusoidal
grid surface for a surface encoder

2) Nanotechnology and nanostructured materials: Trends in carbon

m Received 14 June 2001 ; recerved m revised form 4 Masch 2002 ; accepted 28 March 2002
) Material removal mechanism beyond plastic wave propagation rate
Abstract

Dhscussed i this report are the matenal removal mechanisms below and beyond its stanc plastic wave propagation rate. The ductile
matenials are expected to behave elastcally throughout most of its strength range, and apparenily become “britile” as cuiting speed
exceeds its static propagation rate. This behavior leads to a significant reduction in plastic flow/deformation and work hardening during
the machning process, so as possibly to improve the total surface mtegrity. In order to achieve such high speed machining. a super high
speed grinding machine has been newly developed by using the latest technologies, which is able to attain 600 m's peripheral speed and
10 nmstep p g accuracy. This study p larly gates the cutting speed effect on the rypical ductile metals of pure alumumum
(A1199) and aluminum alloy (AS056), and reveals that stabic propagation rate 15 a breaking posnt from where the removal mechamism is
different
© 2002 Elsevier Science Inc. All nghts reserved.
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Fuzzy approach to the theory of measurement inexactness

- - . . . = Eaywords® 54 1l it Stress- dhay ; Elastic defe Plmstic fiow; Ductile; Battle
2) Measurement models: Application of intelligent methods B e e T Ty A N e e "

m

1. Introduction the brttle matenals, before they are shared off The total
energy Ex necessary for matenal removal 1s simplified as

the sum of the elastic strain energy and the plastic stramn

i) Unsteady flow generator for gases using an isothermal chamber

The matenial removal takes place at three different regimes

T [1.2]: elastic regume, plastic/ductile regime or brittle regime, eneTgy.
Back to top I dependmg on the c llable removal unt. From
the viewpomt of the stress—stram dhagram of the matenal il g - "' n
these regumes are respectively comrespondent to the elastic Ex= E"J' +Eaby—x)+ k__. £ids 0

deformation, plastic flow. and fracture imtiation. For most of

‘hard-bnttle matenials like glasses and ceranucs, the ultimate where K is a constant associated to the material property,

1 Rimmarhanicral anshicie Af tha affart Af rhanaina natiant_handlinAa
< | m | 3

- (fracture) strength oy 15 approximately equal to the yield

strength oy The cracks are mitiated as soon as the stress goes
beyond the yield stress. Sull, there 15 a very lumuted room

vy the ulnmate deformation. and x, 15 the elastc defor-
maton. The plastic energy (2nd and 3rd term) stands out
most sigmificantly mn the Ea. (1). and contributes more than

Fra re
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Elastic Mode Ductile Mode Brittle Mod
Atomic Plastic; ]
: . o l : rack
G Elastic deformation (polishing) flow :  Cracks
b Y oo oo SlllT
? _ . >
2 Elastic machining 2
@ 3
2
g
o
0
Strain ¢ &y
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e
a
)
o :
10-5 104 10— 1072 107! 10° 10t 102
Atomic potential Energy of Si Removal rate (mm?/mm-sec)
’ (15.9x10-18 J/atom or 8x10° J/cm?)
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¢ ObJeCtlve 2 Surface barrier
m to generate a 5 potential energy
perfect (defect free) 2 Proper /"l\
surface by fixed [ reaction T {
. c .:..' talEn i
abrasive process 2 W
o
® Methodology |
) ] Lattice Bonding energy
® Dby introducing spacing 1.59x10-17J/atom
chemical reaction _ _ _
into grinding Expected Abrasive (CeO,,Si0,) < Si
process chemical Additives (Na,CO;) < Si

reaction Coolant (KOH) & Si
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CMG wheel

CEROX 1650 Awv. Size: 2=+=1um, purity: 70%

e vy
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1)

Lattice fringe with spacing 0.58 nm

Average particle size : 1.5um

e Y
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Experimental conditions

Machine tool Horizontal type precision grinder
Wheel SD800J75DK100 |CMG3000
Workpiece $»300mm Si wafer [100]

Work revolution [1500 rpm 500 rpm
Wheel revolution |50 rpm 50 rpm

Feed rate

30, 20,10 um/min

0.1 [kgf/lcm?]

Coolant

10 [4min]

Dry, (10 [4/min])

Prof. Zhou Libo
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Finished surface roughness

Polished ] 92610]0)0, CVIG

--------- oo

0.000 0.000 mm 0.283

Ra=0.76nm, Ry=5.2nm Ra=0.81nm, Ry=5.8nm Ra=0.79nm, Ry=5.4nm
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Ra =0.32 nm
Rrms=0.46 nm

Ra=0.15nm
Rrms=0.18 nm )

(a) CMP T (b) CMG o
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mection Analysis
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m {100} plan @ Oa position

J2/2a=3.84 A
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TEM observation

(b) CMG
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TEM observation

(b) SD3000
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¥4 CMG Wheel element analysis
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ﬁ CMG wheel composition analysis
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E Grinding waste element analysis
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Si Ce La Na P
wt%| 82.6 10.3 6.0 0.6 0.4
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Amorphous O: CeO,

" O
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Chemical reaction at CMG

2(Ce0,) +2e” <> 2(Ce0,) <> Ce,0,+30,

Si+0, — (Si0)* +2e” — SiO,

ﬂ-

(Si0)* +2(Ce0,)” — Ce,0, -SiO,
(Amorphous)

Prof. Zhou Libo 2015/2/17
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Process simplification

/
i

Wafer Single crystal Silicon (100), t=850=>» 100 um
Process CMP (commercialized) CMG
1st stage Lapping (or grinding) Grinding by SD800
(detail unknown) V = 2000min-",
v = 500min-1,
f =20mm/min
2nd stage Polishing Grinding by CMG3000,
(detail unknown) V = 500min-",
v = 50mint,
P=0.01MPa
3rd stage Polishing
(detail unknown)
4 stage CMP
SR A

Ibaraki University

Prof. Zhou Libo 2015/2/17  (58)




CMG 0)"'&:‘4 ]
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® Back-grinding: extremely thin wafer
m Power device (IGBT) (Automotive, etc.)
m Mobile device (Electronics)

® Replacement of free slurry

m Bare wafer processing (Semiconductor
material)

m Planarization (IC manufacturer)

® Other electronic and photonic substrate
m Crystallized glass (Electronics and optics)
m  Compound semiconductor (LT, Sapphire)
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Recent results

-0.28948
AT
¥ mm
£ 0.00
e 141
T T Intensity Hap 4
| -

Ra: 0.7 nm

Extremely-thin ground Surface roughness of CMG
Si wafer wafer
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Please contact
Ibzhou@mx.ibaraki.ac.jp
for question, suggestion or comment.
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