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OPTICAL RECTIEICATION AND PHOTON DRAG IN P~TYPE Cals
. ; ;‘ AT 10.6um AND 1. 06um

" J.M:°DOVIAK ‘and §; ! KOTHARI

Department of Physlcs, Unlver51ty of Essex,
Wivenhoe Park, Colchester,
Essex, England.

Photoelectric effects occurring in p-type GaAs under
illumination by laser radiation are discussed. These
effects fall into two distinct types, optical recti-
fication and photon drag, which can be distinguished
by detalled examlnatlon of thelr tensor propettleso

INTRODUCTION \ v

Neglecting terms linear in electric field, higher order photoelectric
ffects can be written as a series of terms which are combinations of powers
f the light electric field,‘g, qu&,thé‘ﬁnit'prépagatiﬂn vector, 4. Taking
is expansion te first order in § and second order in ﬁ, we can write the
n-linear part of tﬁe phctoelectric fields as:

=1 R..

NL
Eg ijk p pk I T"‘

ji1 9 X w
here pj is the component of the unit polarisation vector in the j direction
nd I the light intensity. The first term on the right hand side of the
xpression ls opt1cal rect1f1c3t10n° the second texrm, 11near in photon
mentum, is the photcu-drag effect.
Optical rectification has been reported in Te [1] and KDP and K*pp [2].
t arises when electronic high frequency nonlinearities result in a net d.c.
hift. Photon drag, which appears in Ge [3,4], is the result of the moment-
of the photon being-distributed unequally in k-space amongst the excited -
arriers, with a collective shift in the equilibrium distribution fumection
ading to the appearance of a net current., Since the classification of this
ect, detectors have appeared for use with high power 002 lasers,
An extention of the photon-drag effect to the visible region of the
pectrum should be possible; however, Ge would not be very suitable because
nterband tramsitions lead to a very high absorption coefficient. :For this
sason, Gads h&a been investigated, with particular attention paid to the
egion around lym. In this paper we report the observation of optical
ectification and photon-drag at 10,6um and 1.06um.
BACRGROUND .

.1, OPTICAL RECTIFICAIIOS

The electric field generated by optical vectification ie given by the

irst term im Eq.l,

Gaks iz 2 III-V semiconductor possessing 43m symmetrys
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this symmetry reduces the mumber of 1ndependent ‘terms in the remsor R'jk teo
one, the only non—zero terms being 3123 32 731 Ryig ® 321 312,
Carrying out the 1mplied summntxon in Bq. 1« and setting D= 3123, the follow~
ing expression for the photceleatrzc field 1s obt&zned.

E. =2ID Pie1 Py 2 ‘
Representing by E(r.q)the field measuted in the r directzon when the light
propagates in the 4 dxrectxou, we can summar1seﬁhe electric fleld palat;sa~
tion direction dependence for a number of or;en:at1ons. In Fzg 1. is shown
the convention used; q, a, and ﬁ form an orthogonal set af uait vectota with

the light polarisation lying in the &B plane.

Pig. 1. Convention used to-describe polmriaatlon
- unit vector p in terms-of crystal axes

a and b; the propagation dirvection unit

vector, q, compla:es the orthogonal set.

e =[010] b =[o01]
& =[o1] b =[iT0]
asﬁm]buﬂﬁ]

E{100, 100) = 1D sin26 B{0OL, 100) =0
E(110,110) = O E(170,110) =-I D sin26
E(111,111) = - 2 E1T,111) =22 cos20
73 ; e :
The opzxcal rectx 1cat1cn tensor R jk can be traﬁaformpd 1nto a non~
iinear suaceptxbllxty tensor d, jkg uexmg the frgqueney and subacrxpt perau-
tation rules in [5], this d, jk is directly related to the limear electro-
optic tensor I, L szblnlng zhasa results nges, ST
Rijk n Eo Sm% ; ' (2)
(€~z ) {ed
We will use this relationship later in comparing the value of Rijkwmeaaure&
with that obtained using Eq.2. and the accepted value fornrjkie
2.2,  PHOTON DRAG -~ ! W4
In [6] is set out the temsor nature of photon drag in a discussion of the

results for Ge. The tensor for &Im matetiais_wili,differ from that.for Ge

because of the lack of imversien symmIetry. ‘Ehis fact leads to the appeavance

of & single ‘new term Q“asﬁaciatéﬁ»withféhe anti-symnetric part of Tijkl”

With the definitions of -8 and P the same as given im [6], the electric £ield

arising from the photon-drag effect can be written as:
B = L(Sq, + (B-5) a4;p;” * 200, (Byyyie; ~ Pragiier))

Using the same snnvention'given in Fig.l., we can swsmarise a few photon-

drag fields. k
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ﬁiiog.igq) = 18 . E(001,100) = 0 -
 E(110,110) = I{§ + $2§§3easze}3(11o 110) n«l Q cosze o
CEQIL I = 1 e E(117,113) = I{—;« cosza4v51J4

3/2 ¥6
effectiof the Q'term'is to'add a térm in quadrature with the

1 photon drag-as:can be evidenced in E(117,111).

ce the

“In general this will
ult in a"field of “the form A cos(20+¢) where $ “is -a measure of the

The 10.6y, measurements were done thh a g~switched CO2 1aser” operatlng

200 pulses per second and capable of giving 100kW peak
£ width pulses,

power ‘in 150nsec
-The'‘output power of the:laser was continuously monitored
ng a Ge photon-drag monitor. Signals from the Gads were amplified with

ewlett Packard pulse amplifier type HP 462A and displayed on en oscillo= -

pe. For the 1.06um measurements,  a q-switchad Nd+3.¥AG laser was used
ing 3kW peak power: in 150nsec pulses at a'l kHz repetition rate.

The Gahs material was Cd doped with carrier concentration pﬂ3x1016/cm
a mobility of 225 cm /V—sec.' Electrodes were alloyed onto polished
les by heat treatment of In:3% Zn contacts.
; correctly, -

If the electrodes did not

then large photoelectric effects would appear if the light
re directed onto the contact region,

These voltages.were alwvays more -
ident at 1.06um than at 10,6um:: :

In Pig.2. shown combined are results for measurements at 10; ;Gum and 1.06um

sample whose ‘axes are § = [110],°8 = [o01], 6 = [1T0]. Combining the
1tsof séction 2:1 and 2,2 ve sse that the form of the field should: bes

(110 110) = - T(Dein26 + Qcoé 8)

tly, ‘the result show n@ cosze depemdence, and the term Q for Gahs iz

ch smaller than D. In a 31m118r w&y, other 0r1entatxens give relatxansths

een the varxeus terms. The teaul:s of the measurements at 10, 6um and

Oﬁum sre included in the table below, with corrections for reflection and
rption 1nc1udeda ' P o

ig.2. Plot of expetlmentai optical oy
| reetification versus angle,
Dgbgwm ¢ 1. 06um° 65 Zw: 10.6um.
The curve is & plot of Asin2e
where 3 °A' = 13,6 for 1. Obum
points; 4 = 9.4 for 10, , Gum palnts
Unite ate 10“ Viem

Wen?

§
Yiem
Wherm®
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Table 1. Value of the ‘ o] s | ®|le-s|] lal
tensor coefficients at I ¢ - - -
300°K for GCahs at 1.06um __ . - 1.06 vm! ';4 wlfb 2'? Q.8 <0.6
and 10.6ym (units are 10 mm/A)' 10.6m | 15| - | = | 8.8 | <0.6
4. DISCUSSION ' Bo .
¥rom the table: above. it will be poticed that § and P could not be

determined at 10.6um.  An experimental difficulty was encountered in
obtaining uniform electric field orientation in longitudinal samples.
Coupled together with high sbsorption due to intervalence band transitions,
this inevitably led to mixtures of transverse plus longitudinal field being
measureds ’ » v

The results of the measurements were all consxstenc with the photo= -
electric effect.being described by a Censor of third rank plus. a tensor of
fourth rank. ~In section 2.1 it was pointed out that the optical rectifi-
cation coefficient, D, is proportional to the 11near electro-optic co=-
efficient rjk = R, The value of R is 1. 6x10 /V [7} Using Eq.2. and
the valme for |D| at 1.06um given in the above table, R is computed to be
0.5x10 m/Vs which is in good agreement with the directly measured value.

In [3] an expression for the photon-drag field using a classical treat-
ment 1s given, Writing ENLBTI, this expression reduces to T=apufc where o,
p and y are the absorption coefficient, resistivity and mobility respective-
ly. Using the parameters.for- the GaAs under investigationm, T-delOflOmIA°
1f we compare this value with any of the values for S,P or P-S above, we see
that- the results-at 10.6um are in better sgreement than those at 1.06um.
This difference in the photon drag resulte might best be explained by ref-
erence to the valence band structure of Cads. The lym transitionm.will pro-
ceed from the split off to the heavy hole band and w111 occur at larger
values of k than the laght to heavy hole txans1t10m at 10um. The photon
drag current is dependent not only on the scattering times of the excited

3£k}

carrlers, but also on the derivative of the dxstrlbution functlon e

The dlstzlbutlon funct1on will be tallxng off fot the 1ym transition amd as
a consequence the drag current will be aupprassed

Ge as & detectot at 10.6um has been used extensively and has been fab~
ricated ae a monitor in the form of an ﬂptlcal bridge for determining pulse
lengths [8] Typical sensitivity for a 1cm2 croﬁanﬁectlon, Jem long bar is
100u¥/kW. Using a  sample of P-type Gahs with p= 10=-cm, 90u thxck oriented
in a [110],riib] [001} configuration, the peak sensitivity would similarly
be 100uV/kW. Used in the form of an optical bridge, the sample resolving

cime would be approximately lpsec. Coupled together with some thin film

voa~linesr a
resulting in
5. - CONCLUSTL
It has be
a photselect:
ed. The tem
optical rect
serve as a
photodiodes
optical brid
The austho
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6. REFERENC|
[1] ®.H. B

i

[i1j53 Bas!
[3] fAEe i";j
:[@]j 4.M. D
"‘{%?é]iqﬁm A
1

[8] 4.c. w

[7] &, Yax:
8} a.7. @



1261

n~linear absorber, very high resolution should be attainable at low cost,

ey
ie-s| | lql
0.8 | <0.6

:esultlng in a useful tool for use thh hxgh power mode~locked Na” *+3 lasers,
8.8 | <0.6 5. - CONCLUSION
o T1e has been shown that zn a III-V semlconduc:or possessing 53m symmetxyg

d - not-be

a photoelectric ‘effect posseSSLng “third and fourth rank characters is expeet-
‘ered in gy ‘ed. The terms in this temsor have been measured for p-type Gads. The
samples. ,optlcal rect1f1cat10n effect (3xd rank tensor) is of suf£1cxent magnxtude to

Wd transitions, serve as a fast detector at 1.06um, - Clearly it will never replace existing

al f;eld bEi“E;,3;. photodiodes 1n sen31t1v1ty, but properly fsbrxcated they can be used in an

optical brxdge for measuring pulse length,

the photo= The authors wish to thank Professor AF, beson for msny useful discuss—

1s-a tensor of jions throughout the period during which this work was undertaken.
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