Available online at www.sciencedirect.com

S(:IENCE(dDIFIECT° A%%ﬂ%"otgas
¥ 5 G A
PHYSICAL
ELSEVIER Sensors and Actuators A 121 (2005) 576-583

www.elsevier.com/locate/sna

Fabrication of pyroelectric laser-energy meters and their
characterization using Nd:YAG laser of variable pulse-width

S. Satapath§*, V.K. Wadhawar

@ L aser Materials Division, Centre for Advanced Technology, Indore 452 013, India
b Solid State Physics Division, Bhabha Atomic Research Centre, Mumbai 400 085, India

Received 8 November 2004; received in revised form 7 February 2005; accepted 4 April 2005
Available online 30 April 2005

Abstract

This paper reports the fabrication and performance-testing of two types of laser-energy meter based on the pyroelectric effect in a cryste
(triglycine sulphate, TGS), namely metal-coated TGS and black-coated TGS. A comparison is made between these two types of sensors
terms of response time and sensitivity. Variation of the output response of the energy meter with laser pulse-width is analysed and verified
When the pulse-width of the laser is greater than the response time of the energy meter, the output signal is found to depend on the inp
capacitance of the circuit. Experiments done with different laser pulse-widths confirm the mathematical formulation given in this paper.
The basic parameters for designing a laser-energy meter are described, and the results are validated against experimental data obtainec
measurements with an Nd:YAG laser of variable pulse-width.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Lasers are high-intensity coherent sources of photons.
To measure the output energy of lasers, different kinds of
Detection of radiation is of importance in many branches photodetectors are used. These are commonly called laser-
of science and technology. Since electromagnetic radiationenergy meters or power meters. There are three different
encompasses a wide spectrum, the detection devices andtinds of them, depending on the type of sensing material
techniques depend on the wavelengths and energies involvedused: (i) photodiodes (semiconductor-junction based); (ii)
Detection of radiation involves measurement of its specific thermal absorbers (thermopile based); (iii) thermal absorbers
characteristics. These may be classified as: (a) spectrumpyroelectric-effect based). For photodiodes the signal is
and spectral width; (b) intensity distribution in terms of proportional to the number of incident photons. They can be
Watt/Hz/cn? or photons/cri¥s; (c) spectral or angular dis-  used to measure both the power of a continuous laser source,
tribution; (d) temporal variation of intensity and spectrum; as well as the energy of the repetitive pulses. Thermopiles
(e) phase information in the case of coherent radiation; respond to the power of incident radiation. Pyroelectrics
() noise intensity and distributiofil]. Different types of produce a signal related to the amount of incident radiation
photodetectors may have widely differing characteristics energy. Pyroelectric detectors are used to measure the energy
as far as these features are concerned. Their performancef the repetitive pulses of a lasgy.
is determined by the basic principle of operation, material ~ Different models of pyroelectric energy meters are avail-
properties, geometry, operating temperature, as well as postable commercially. There are three ways in which a pyroelec-

detection signal handling. tric detector may be used: (a) to detect a signal modulated at a
constant frequency; (b) by combining a detector operating in
* Corresponding author. Tel.: +91 731488662; fax: +91 731488650.  this mode with a frequency-equalizing amplifier, a detector
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produced (such a configuration is suitable for observing tran-  Ifthe polar faces of the crystal are connected to an external
sient signals such as laser pulses); (c) the pyroelectric elementircuit, then, for continuity:
may be used to store and measure the total charge liberated by E SE
atransient signgB]. The working principle of alaser-energy  AJ + §C, — + — =0, (3)
meter is based on the third of these modes of operation. d R
whereC andR_ are the load capacitance and resistance,
respectively and\ ands are the electrode area and electrode
2. Voltage generation in pyroelectric crystals separation, respectively. Combining E(¢B—(3) we get

Out of the 32 crystal classes, only 10 are polar. Only these A (aE + sd—E + pdT) + SCLd—E + 8£ =0,
classes can exhibit the pyroelectric eff¢4}. Pyroelectric dt o dr R
crystals are spontaneously polarized. In such crystals one obOr
serves a changa P? in the spontaneous polarization when dv 1 1 dr
the temperature is changed BT (this is the pyroelectric (Cx + CL)E + (R + R) V= —APE 4)
effect, described by the equatiahP?=p; AT, wherep; is X L
a component of the pyroelectric tensor of the crystal). Fer- Here external voltag¥ = ES, crystal capacitanc€x = eA/S,
roelectric crystals are a subset of pyroelectric crystals: they and resistanc®x = é/cA. This equation can be rewritten as
have the additional property that the spontaneous part of theirfollows:
polarization can be reversed by a sufficiently strong applied 4, dr
electric field[4,5]. C aTR= —Ap ( ) ,
At equilibrium the depolarization field due to the polar-
ization discontinuities at the surface of a pyroelectric crystal where R and C are the parallel crystal-load parameters
is neutralized by free charges. When the crystal temperature(C=Cy + C_ andR= (1/R_ + 1/Rx)™1).
is changed, the spontaneous polarization changes, so that an Multiplying and dividing byc’s, wherec’ the volume spe-
excess of free charge appears on the polar faces of the crystakific heat, and introducing a functid#(t) defined below, Eq.
This gives rise to a flow of current in the crystal and external (5) can be further recast as follows:
circuit [6,7].
Fig. 1showsthe equivalentcircuit for a pyroelectric energy av + v - _ <Ap) <1> F(1), (6)
meter. For most of the pyroelectric measurements, the crystal &~ CR ) \C
is supported in a manner which allows it to expand freely, so \yith
that for a slow and uniform change of temperature, there is
no constraining stresgtX; = 0. Then the total change inthe  p(r) = ¢'s <dT> )

4 (®)

electric displacement vector due to changes in temperature dr
and applied electric field E is We interpretT as the space-averaged rise in the temper-
T Ex ature of the crystal when the laser pulse is incident on it:
AD; = &)y AE; + p{ ¥ AT, @) s
7 _ Lo 0]
wheres" are permittivity-tensor components at constant s
stress and temperature. whered(x) is the rise in temperature at a distaxdeside the
The current density in the crystal is given by ferroelectric slab of thickness Similarly, F(t) is the space-
averaged energy flux per unit area absorbed by the detector.
J=oE+ (LD’ @) We assume that, at frequencies much lower than the lowest
dt resonant frequency, the term due to thermal stresses is zero.

The change in capacitance with respect to time is neglected
because, at room temperature, the change in dielectric con-
stant with temperature is sm#d].

For the boundary conditio¥y =0 att=0, the solution of
Eq. (6) can be written as

gll‘ _LC_L‘ g Vo= (?p) <1> exp(_t> /Ot exp(f) F(r)dr, (7)

C Te e

whereo is the conductivity of the crystal along the polar axis.

_
Ip __._
wherete = RC, the electrical time constant of the circuit.
The working principle of a pyroelectric energy meter is a
special case of E¢7). Consider a pulse of radiation absorbed

Fig. 1. Schematic circuit diagram of pyroelectric energy meter. near the surface of a relatively thick plate of the pyroelectric
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