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Strain-resistant properties of GaAs whiskers and ribbons of p- and n-type conductivity with various
length (0.3-7 mm) and diameter (10-40 pm) have been investigated in a wide range of
temperatures. Strain gages based on heavily doped p-type conductivity GaAs whiskers have linear
deformation characteristics and a weak temperature dependence of strain sensitivity in the
temperature range from —20 to +3500 °C. The temperature coefficient of resistance (TCR) of not
fixed strain gages is about +(0.12-0.16) % x grad=*. The temperature coefficient of strain sensitivity
is —0.03 % x deg™ in the temperature range —120+800 °C. Strain gages based on n-type GaAs
ribbons are characterized by high flexibility and high strain sensitivity. They are capable up to
+4000 °C and can be used to measure deformations on curved surfaces at high temperatures. TCR
of not fixed strain gages is —0.01 +0.03 % x grad. The temperature coefficient of strain sensitivity
is —0.16 % x deg™ in the temperature range —120 ... +4000 °C.

Key words: whiskers; ribbons; GaAs; strain gages; temperature coefficient of strain sensitivity;
temperature coefficient of resistance.

1. Introduction

Whiskers and ribbons of gallium arsenide are usually grown by various methods [1-4], in particular
by chemical gas transport reactions in the GaAs-Br system. GaAs whiskers grow in the form of regular
triangular or hexagonal prisms elongated in the crystallographic direction [111]. GaAs ribbons have a
rectangular cross section and are elongated along the axis [211], they are twins in their structure. GaAs
crystals, which are grown without special doping, have an electronic type of conductivity. Hole
conductivity in these crystals is created during their doping with zinc during a growth. GaAs crystals
grown in this way have a high mechanical value. Thus, GaAs whiskers with a diameter of 10 um can
withstand mechanical stresses of ~240 kg/mm?, which corresponds to a deformation of ¢ ~ 1.7 %, for
ribbons with a cross section of (0.016x0.34) mm? — 55 kg/cm?. In addition, due to their shape, ribbons are
very flexible — they can be bent in a radius of 4-6 mm.

The authors of [5-8] investigated the strain-resistant properties of GaAs crystals. The anomalous
piezoelectric effect in GaAs nanowires was detected with the piezoelectric strain coefficient that is 12
times larger than the theoretically estimated value [7], which was explained by the dominant content of the
phase with the wurtzite-type crystal structure and increased pressing forces from the contact layer. Thus,
the investigation of the whisker and ribbons are very promising for comparison.
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The present paper deals with studies of GaAs whisker and ribbon strain properties in a wide
temperature range 0...300 °C and deformations £(1x10-°... 1x1073 rel. units). The GaAs whiskers have a
thickness of 20-40 um, a length of 4-7 mm, and ribbons with a width of 0.3-0.6 mm, a thickness of
10-15 pum, and a length of 3—6 mm. Contacts to such crystals were created by welding with gold microwire
with a diameter of 20-30 pum.

2. Experimental results and their analysis

The dependences of the relative change in the resistance of GaAs whiskers with different resistivity
on tensile deformation are showed in Fig. 1. The maximum value of the strain sensitivity for p-type GaAs
whiskers is K = +60 + +64. It is worthy to note that n-type GaAs whiskers have a low value of strain
sensitivity (K=~10). The obtained values of the longitudinal strain sensitivity coefficient K [11] for GaAs
whiskers agree well with the value of the elastoresistance coefficient m [111], calculated through the
piezoelectric coefficients for bulk GaAs crystals of p-type [9] and n-type [10-12] conductivity. It should be
noted that for heavily doped p-type GaAs whiskers (p = 0.001-0.004 Ohmxcm) a linear dependence of the
relative change in resistance on deformation occurs (see Fig. 1).
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Fig. 1. Dependence of relative change of resistance for GaAs whiskers
with different resistivity on tensile deformation: p-type:
1-p=0.10hmxcm; K=62; 2-p =0.003 Ohmxcm; K =39; 3-p =0.0016 Ohm xcm;
K =26.7; 4—p=0.001 Ohmxcm;
K =21.7; n-type: 5 - p = 0.004 Ohm xcm;
K=-9;6-p=0.020hmxcm; K=-11

During the study of strain gauge characteristics of gallium arsenide ribbons interesting results
were obtained. If the values of the longitudinal strain sensitivity coefficient for p-type GaAs ribbons
(K = 33+42) coincide with the calculated values of the strain-sensitivity coefficient in the [211]
direction, then there is no such agreement for n-type ribbons. The strain sensitivity of such crystals
turned out to be higher than for p-type ribbons and even higher than the strain sensitivity of p-type
conductivity GaAs whiskers. The strain sensitivity coefficient of the n-type conductivity GaAs ribbons
with a resistivity p = 0.005-0.12 Ohmxcm is =60 + —-107 (Fig. 2). The high values of the strain
sensitivity are difficult to explain on the basis of the structure of the conduction band of gallium
arsenide for n-type GaAs ribbons. This may be due to the uneven distribution of impurities in the
volume of such crystals during their growth.
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Fig. 2. Dependence of relative change in resistance
of n-type GaAs ribbons (p = 0,008 Ohmxcm) on deformation

Tenzometric characteristics of GaAs crystals were studied in a wide temperature range —120 + +350 °C.
For free (unfixed) p-type conductivity GaAs whiskers with a resistivity of 0.001-0.003 Ohmxcm there is
almost a linear dependence of resistance on temperature, for such crystals TCR is +(0.10+0.16) % x grad™.
Repeated cycles of heating-cooling from +20 to +350 °C do not lead to significant changes in the
resistance and temperature dependence of the resistance of these crystals, the change in resistance of the
crystals does not exceed 1 %. The change in resistance of p-type GaAs whiskers at long isothermal
exposure (4-5 hours), at fixed temperatures +100 °C, +200 °C and +300 °C does not exceed 0.4 %. Since
the coefficient of strain sensitivity of high-alloy p-type conductivity GaAs whiskers is small, after fixing
on a steel beam, the resistance and temperature coefficient of the resistance of these crystals changes
slightly. Temperature dependences of the strain sensitivity coefficient for p-type conductivity GaAs
whiskers with different resistivity are shown in Fig. 3. As can be seen from the figure, the strain sensitivity
for heavily doped crystals is very weakly depended on temperature over a wide temperature range. Thus,
for p-type GaAs whiskers with a resistivity of 0.001-0.002 Ohmxcm temperature sensitivity coefficient is —
(0.02+0.03)) % x grad™ in the temperature range from —120 to +350 °C. For these crystals, the linear
dependence of the relative change in the resistance on deformation (at € = + 1x1072 relative units) is
maintained over the entire temperature range from —120 to +250 °C.
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Fig. 3. Temperature dependence of the strain sensitivity coefficient of p-type conductivity of GaAs whiskers
with different resistivity: a — fixed on steel with BC-10T glue (1 — 0.005 Ohm xcm; 2 — 0.003 Ohm xcm;
3 -0.002 Ohmxcm); b— fixed on steel with BH-15T cement (1 — 0.1 Ohmxcm; 2 — 0.003 Ohm xcm;
3-10.002 Ohmxcm; 4 — 0.001 Ohmxcm)
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The temperature dependences of the relative change in the resistance of n-type conductivity GaAs
ribbons attached to a steel beam are shown in Fig. 4. There is a certain correlation between the value of the
strain sensitivity and TCR: crystals with higher resistivity have higher strain sensitivity and a more
pronounced temperature dependence of the resistance. At a temperature of + 300 °C, the strain sensitivity
of these crystals is ~ 50 % of its value at +20 °C. With increasing temperature, the decrease in the strain
sensitivity slows down, and in the temperature range +250 + +450 °C temperature dependence of the strain
sensitivity for these crystals does not exceed —0.07 %xgrad. Reusable thermocycles in the temperature
range +20 + +400 °C do not make significant changes in the value of resistance and its temperature
dependence. The reproducibility of resistance for free ribbons in this temperature range is not worse than 1
%; the strain sensitivity of these crystals also does not change its value.
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Fig. 4. Temperature dependence of the relative change in the resistance
of the n-type conductivity GaAs ribbons with various resistivity, fixed
on the steel with cement BH-157: 1 — 0.08 Ohmxcm;

2 —-0.10 Ohmxcm; 3 —0.12 Ohmxcm

Therefore, strain gages based on heavily doped p-type conductivity GaAs whiskers are capable in
a wide temperature range from —-120 to + 350 °C, have linear deformation characteristics and a weak
temperature dependence of strain sensitivity. Strain gages based on n-type GaAs ribbons are characterized
by high flexibility and high strain sensitivity. They are capable of up to + 400 °C and can be used to
measure deformations on curved surfaces at high temperatures. The main parameters of the developed
strain gages are given in table.

Parameters of strain gages based on gallium arsenide whiskers

Strain gages based on p-type | Strain gages based on n-type GaAs
Parameter GaAs whiskers whiskers
Deformation range, relative units +(1x1075... 1x1079) +(1x1075... 1x1079)
Specific resistance, Ohmxcm 0.002-0.003 0.07-0.10
Resistance at 200 °C, Ohm 20-100 200-600
Coefficient of strain sensitivity at 200 °C +30 ... +40 -75...-90
TCR of not fixed strain gages, +(0.12 - -0.16) -0.01... +0.03
% x grad ! in the range —60 ... +1800 °C in the range +20 ... +2000 °C
Temperature coefficient of -0.03 -0.16
strain sensitivity,% x grad in the range —120 ... +800 °C in the range +20 ... +3000 °C
Operating temperature range, °C -120 ... +350 +20 ... +400
Maximum temperature, °C +350 +450
Dimensions, mm (0.02-0.04)x(0.02-0.04)x(4-6) (0.3-0.5)x(0.005-0.015)x(3-6)
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3. Conclusions

Tenzometric characteristics of GaAs whiskers and ribbons were studied in a wide temperature
range —120 + +350 °C. For free (unfixed) p-type conductivity GaAs whiskers with a resistivity of
0.001-0.003 Ohmxcm there is almost a linear dependence of resistance on temperature, for such
crystals TCR is +(0.10+0.16) % x grad. Repeated cycles of heating-cooling from +20 to +350 °C
do not lead to significant changes in the resistance and temperature dependence of the resistance of
these crystals, the change in resistance of the crystals does not exceed 1 %. The change in resistance
of p-type GaAs whiskers at long isothermal exposure (4-5 hours), at fixed temperatures +100 °C,
+200 °C and +300 °C does not exceed 0.4 %. For p-type GaAs whiskers with a resistivity of 0.001-
0.002 Ohmxcm temperature sensitivity coefficient is —(0.02+0.03)) % x grad™ in the temperature
range from =120 to +350 °C. For these crystals, the linear dependence of the change in resistance on
deformation (at ¢ = £1x1072 relative units) is maintained over the entire temperature range from —
120 to +250 °C.

At a temperature of +300 °C, the strain sensitivity of n-type conductivity GaAs ribbons is ~50 % of
its value at +200 °C. With increasing temperature, the decrease in the strain sensitivity slows down, and in
the temperature range +250 +~ +450 °C temperature coefficient of strain sensitivity for these crystals does
not exceed —0.07 % x grad-. Reusable thermocycles in the temperature range +20 - +400 "C do not make
significant changes in the value of resistance and its temperature dependence. The reproducibility of
resistance for free ribbons in this temperature range is not worse than 1 %; the strain sensitivity of these
crystals also does not change its value.
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TEH3O0PE3UCTOPHU HA OCHOBI HUTKOITIOAIBHUX
KPUCTAJIIB APCEHIAY T'AJJITIO

A. Ipy:xxunin, O. Kyrpakos, I. OcrpoBcbkuii, H. JIax-Karyii, /{. Yemepuc
Hayionanvuuii ynieepcumem *“Jlvsiscoka nonimexuixa’, eyn. C. banoepu, 12, Jlveis, 719013, Vkpaina

Jocnimkeno aedopMaliiiiHi BIaCTHBOCTI HUTKONOAIOHMX 1 cTpiukoBux Kpuctaiie GaAs p- ta n-
THUIIB MPOBIAHOCTI 13 pizHO0 aoBkuHOKW (0,3—-7 MMm) i miametpom (10-40 MKM) y mIHpOKOMY
iHTEepBaIi TemmepaTyp. TeH30pe3ucTOPH HAa OCHOBI CHJIBHOJICTOBAHUX HHUTKOTOAIOHMX KPHCTAIIB
GaAs p-Tury HpoBiJHOCTI MalOTh JIiHIHHI JedopMaliiiHi XapaKTEePUCTHKH 1 cllabKy TeMIeparypHy
3aJIeKHICTh TEH304YYTJIUBOCTI B iHTepBaii Temmeparyp Binm —120 mo +350 °C. TemmnepaTypHuii
xoediuient onopy (TKO) Heszakpinnennx tensopesuctopis gocsarae +(0,12-0,16)%xrpaxt, a
TeMIIepaTypHU KoeilieHT TeH3049yTIUBOCTI B iHTepBaii temmepatyp —120 +80 °C craHoBHTH
-0,03 % x rpax . TeH30pe3UCTOPU HAa OCHOBI CTPiYKOBUX KpucTaldiB GaAS N-TUIY ITPOBiAHOCTI
BiJIPI3HSFOTHCS BEIMKOIO THYYKICTIO 1 BHCOKOIO TCH30UYYTJIMBICTIO. BoHM mie3maTHi 10 TeMmepaTyp
+400 °C i MOXyThb BUKOPHUCTOBYBATHChH IJIsI BUMIpIOBaHHS Aedopmanii Ha KPUBOIIHIHHUX
MOBEPXHSX 3a BUCOKHX Temmnepatyp. TKO Takux He3akpilIeHUX TEH30PE3UCTOPiB CTAHOBHUTH
-0,01 +0,03 %xrpan, a TemmepaTypHuii KOeQil[icHT TEH304yTIMBOCTI B iHTEPBAN TEMIEPaTyp
-120 ... +400 °C gocsarae —0,16 % x rpag™.

Kuaro4oBi ciaoBa: Humkonodioni xpucmanu; cmpiukogi kpucmanu; GaAs, menzopesucmopu;
memnepamypHuil KoeQiyicHm meH304ymauoCmi; memnepamypruil Koeiyicum onopy.
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