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Surface Performance Analysis of
Ultra-precision Turning Single Crystal Germanium
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(School of Mechanical and Electrical Engineering Changchun University of Science and Technology, Changchun 103322, China)

Abstract: Single-crystal germanium is a typical infrared optical crystal material. The evaluation methods of
the processed surface are mostly focus on the surface accuracy, but the performance of single-crystal
germanium can be affected by the dislocations generated in the processing and variation of the crystal plane
spacing. In order to comprehensively evaluate the processed surface properties of single-crystal germanium,
surface roughness and X-ray inspection of ultra-precision turned single-crystal planes and curved surfaces
were carried out by means of a surface roughness measuring instrument, X-ray diffractometer, etc.
Performance evaluation method for combining the surface roughness and dislocation density of
single-crystal germanium plane and that for combining surface roughness and percentage change incrystal
plane spacing of single-crystal germanium curved surface are obtained. Related research is of great
significance for the processing of single-crystal germanium in infrared optics and other fields.
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Cutting feed direction
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(a) Partition turning test method

(b) ZEHIEHIFEMMESE  (b) Surface topography after turning
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Fig.1 Ultra-precision turning of single crystal germanium (111)
crystal plane test
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F1 INISH%k$F Tablel Processing parameter selection

Processing area
2 3
Feed rate/(um/r) 6 8 10
Cutting depth/um 10 10 10
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Cutting amount

Surface Stats:
Ea 3610 am
Ry 67.57 nem

Ei:d 52 um

Dleasur ernenl Tnfio
Magmification: 512
Messurement Mode: VEI
Zmmplng 1.64 um
Array Size: 736X 480

(@) WMetEZEIIX  (a) Brittle deformation zone

Surface Stats:
Ba: 26.84 nm
Ry 32760m

F1 29751 nm

Ndeasuer emnenl Tnfis:
Magnification: 5.12
Meamuremern) L Bdede: VET
Samplmng: 1.44 um
Array Sipe: 7360480

(b) #MEASILIX  (b) Plastic deformation zone
2 3 X AR A R I

Fig.2 Surface roughness measurement in Zone 3
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Surface Stats:

B 21 22 nm
Ry 33.500m

Fi 2 20 um

Tl asureanen I Tl
Meingnification: 5.12
Messurement Mede: VEL
Snamplmg: 1.64 um
Ay Sioe 36450 (R

(@) WatEAZIX () Brittle deformation zone

Surfoce Stats:
Ra: 1970 nm
Ry 2465 mm

Rt 234 33 o

Rleasuremnent Tnfo:
Mapgnification: 512
Messurement Mede: VEI
Sampling 1.64um
Array Size: 736 X 480

(b) ¥BIEAREZIX  (b) Plastic deformation zone
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Fig.3 Surface roughness measurement in zone 2
Surface Stals:
Fa: 1852 nm
Ry 23.090m

Rt 43318 fm

Rleasureinent Tilo

Mngnification 512
Mezsurement Mode: VEL
Sampling 1.64 um
HAurray Size: 73620480

(@) WatEAZIX  (a) Brittle deformation zone

Surface Stats:

Ra 1920 am
Ry 24,34 e

B 190 97 rim

Tleasur eanent Tufo:
Magnification 512
Memirenent Mode VEI
Samplimg 1.64 um
Array Size: 736 X 400

(b) ¥BHEARFZIX  (b) Plastic deformation zone
K4 1 XK
Fig.4 Area 1 surface roughness measurement
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(b) HAILX (b) Plastic deformation zone
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Fig.5 (a) is rocking curves detection results of the white are, and
(b) is rocking curves detection results of the black area in
the first group
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(b) HHEAFTEX (b) Plastic deformation zone
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Fig.6 (a)is rocking curves detection results of the white area, and
(b)is rocking curves detection results of the black area in

the second group
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Processed single crystal Single crystal germanium

germanium surface (111) crystal face
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Fig.7 Single crystal germanium surface with a diameter of 25
mm obtained by ultra-precision turning
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F2 AN ERINES R
Table 2 Measurement results of four sets of measurements

Name Group 0° 18.43° 26.57° 33.21° 39.23¢ 45° average value
1# 4.265%  3.886%  4.265%  3.646%  4.557%  5.009%  4.271%
2# 6.064%  7.115%  6.695%  7.151%  6.105%  6.313%  6.573%
Percent change in interplanar spacing

3# 7.149%  7.149%  7.261%  7.178%  6.641%  7.438%  7.136%
4 10.904% 12.191% 10.904% 10.679% 11.366% 11.197% 11.206%

Surface Stats: Surface Stats:

Rs 19333 nm Ra 192.13nm

Ry 296981 Rq 26095 nm

R 379 um Rt: 4.70um

Tleasureqent Tufo:
Mdngrufrcation: 512
Dlemmrament Mede: VI
Sampling 164 um
Array Size: T34 X480

Surface Stats: Surface Stats:

Ra: 161.69nm Ra: 161.69 nm

Rq: 21613 nm Rq 21613 nm

Rt 644 um Et 644 um
Measurernent Info: Measurement Info:

Magnification: 5,12
Measurement Mode: VSI
Sarnpling: 1.64 um
Array Size: 736 X 480
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