ULTRASOUND GROUP

DDDDDDDDDDDDDDDDDDD

Laser-based
ultrasonic characterisation
of Ge membranes

O. Trushkevych, V.A. Shah, M. Myronov, J.E. Halpin, S.D.
Rhead, M.J. Prest, D.R. Leadley, and R.S. Edwards

Department of Physics, University of Warwick, UK

e:rc E:;Zz:s THE UNIVERSITY OF E PS RC
'::'3: Council WA ]KW/I C ](
st - o




. 13 69|14 280915 3097
Germanium Allsi| P
. Aluminurm Silicon Phosphorus
Ge on Si: 31 en2[3p  2se33 749
* Sensors Ga | Ge | As
* avalanche diode detectors Sl Seruemni, | SRR
e photonic modulators 4gl o 50311&59 Sg
ol n | Sn
e solar cells _ _

 heterojunction bipolar transistors

T T e
Ge membranes - more rapid and higher sensitivity response
0.7um thick, 965pum x 965um single crystal Ge membrane on Si

Interested in: St
vibrational frequencies, quality factor Q

residual stress or Young’s modulus

robustness to shock
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Experimental setup, >100 kHz

interferometer laser beam

and the reflected
signal
X
laser beam Z
sample
S spacer \ X

-

W

transducer

two-wave mixer laser interferometer I0S AIR-1550-TWM
calibrated to give the absolute out-of-plane deflection amplitude
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Modes, theory

Frequency of vibrating membrane
(internal tensile stress is significant)
in vacuum

LE Kinsler, AR Frey, Physical Acoustics
in the Solid Phase, NY, 1962
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a) 1:2 b)1:2 + 2:1 (50/50%) c)1:2 + 2:1 (70/30%)
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o — stress; p —density
a — side length

d - thickness

n, m— mode number

)

Correcting for atmospheric damping
Karnezos, JVacSciTechB, 4, 226, 1986
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\/1 i 1,34“’}’1—3”" Calculated mode profiles for modes and their mixing
The red circle represents interferometer laser spot (200um)
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Frequency spectra,

atmospheric pressu
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What does this tell us:

Can see the
fundamental and
several other modes

Q factor (for
atmospheric pressure)

Tensile stress in the
membrane
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Position scans, atm pressure
scans along A, . a
——— X scans along diagonal 1
121 368kHz; & ", & b 1 LL T T
Lol S T 368 kHz [ S |
S ] 1.0+ ' s
S ~ |
S 08} {0 322 kHz
~ | { ) [ I ] .8 S
S 06| 312kHz | e G -\%K'
s Y xRy (I S D TR
= T & o | Do
204 i g Y | S oa
<, mﬁg@@w o % x1/2_- g 4 225 kHz
142 m x 1/4) 0.2 145 ks
0-0 T — T T T T T T T I '
0 500 1000 1500 2000 0.0 ‘
Position (um)
'scans along av, _ _ .
e — —5 1:3 + 3:1 (50/50%)
il A A / [ 36BKHZ | e e 94/
L0r LOF s ﬁg/ 1 What does this tell us:
E o8l | E osl A % g \ e -
= I F 4. | ldentification of
T 0. T 0.6 ;
= |2 - e || modes
EJ- . EJ- 0.4 e i
< 0.2 42 kH o nital /2 _- < o2k p Yy L)L)LLA _ MOde Splitting iS
. z . - ) X 1 A 9 . .
ool """'"""""F | ﬁ"".""'-“"""" I Wy | w i | indicative of
' 0 500 1000 1500 2000 ' 0 500 1000 1500 2000 | gnisotropy (not
Position (um) Position (um) presen t)
THE UNIVERSITY OF European
EPS RC Research ULTRASOUND\ GROUP
Council CERASEMR N ereE

W KW_/I ]< Engineering and Physical Sciences

Research Council



Spectra evolution in vacuum
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Less damping in vacuum, hence
* Better defined modes
e Upshift in frequency
* Increase in Q factors
but
Downshift in frequency at <10 mbar - heating
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Stress and Q factors

Mode in air (1000 mbar) at 10 mbar in vacuum (5e-4 mbar)
nm | fo2P(+ 1 kHz) | Q| f2n0-30P el feop (£ 0.5 kHz )| Q | 20229l feer(+ 0.1 kHz)| Q | fo -200re
1:1 142 kHz 47| 142.0 kHz 149 kHz 252| 149.0 kHz 143.5 34601  143.8
2:1 225 kHz |27 224.5 kHz 235.5 kHz 5481 235.5 kHz 2274 228 2274
3:1 | 312/322 kHz |59 317.4 kHz 334 kHz 202 333.1 kHz 322.8 201 321.5
3:2 368 kHz  |63] 361.9 kHz 381.5 kHz 2811 379.8 kHz 370.5 600 366.6

Stress expected from growth conditions - 0.18 GPa

Stress calculated from experimental frequencies using modes up to 3:2 -
0.2-0.28 GPa

Q-factors of 1:1 mode :

47 at atmospheric pressure,
3460 at 5-10“*mbar

Experimental vs calculated membrane frequencies at several pressures,

stress in the calculation is chosen for the best match with the experimentally
observed frequencies;
the table also shows experimental Q factors
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Conclusions

e The method is fast and non destructive

e Allows to calculate Young’s modulus if sample behaves as a vibrating plate (no
stress)

e Allows to calculate tensile stress if sample behaves as a membrane
(in this work o =0.22 GPa)

e Quick assessment of Q factors (47 at 103mbar and 3460 at 5:10“*mbar)
e Allows to evaluate anisotropy (in this work membrane was isotropic)

* Robustness to shock of membranes can be implied from vibrational
frequencies and Q factors

e Suitable for life testing
e |tisimportant to control heating which becomes significant in vacuum

More detail in  STAM 15 (2), p 025004 (2014)

Future:
* Looking at more complex structures such as beams and spider web structures
e Entirely different but related to optics: liquid crystals for ultrasound sensing
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