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A met alli c Ùlm bolomete r w it h heat capacit y C i s in contact with ther -

mal bath and with crystalline specimen and is biased by a constant current
I b . T he thermal contact of the bolometer is characteri zed by the thermal
conductance G . T he b olometer operates in the linear regime of dependence

of resistance on temp erature characterized by a constant ˜ . Exp eriments
w hich allow one to measure ˜ ; C , and G are prop osed. The characteristic
time § = C =G and characteristic current I m =

p
G=˜ a˜ect the e˜ecti ve

relaxation rate Ê of the bolometer resistance R b ( t ) . T he know ledge of the
p ower W ( t ) absorb ed by detector allow s one to calculate R b ( t ) . The inverse
problem of calcula tion of W ( t ) f rom know n R b ( t ) is also solved. T he suitable
algorithms are prop osed. Deconvoluted absorb ed power is obtained for ex-

p eriments performed on GaA s and compared w ith phono conducti vi ty signal
of two- dimensional electron gas structure as w ell as w ith results of Monte
C arlo computer experiments.

PAC S numb ers: 07.57.K p, 02.30.Hq, 66.70.+ f

1. I n t rod uct io n

Heat pul ses becom e the standard to ol used f or studyi ng pro perti es of crys-
ta l l ine dielectri cs, semiconducto rs, and sup erconducto rs. Pul se lengths used are
short enough to al low to resolve di ˜erent ki nds of phonons and propagati on di -
recti ons in m ill imeter sized sam ples. Edwa rds and col laborato rs discussed the
use of superconduc ti ng bolom eters for detecti ng phonon pul ses in the regime in

(325)
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whi ch thei r lengths are shorter tha n the bolometer response ti m e [1]. On the other
hand, we studi ed the dependence of the form of phonon pul ses on the di recti on of
pro pagati on and on the dim ensions of the source as wel l as on the detecto r area
[2]. The response of superconducti ng bolometer to electro magneti c radiati on was
considered by Fuson [3]. Som e autho rs used meta l lic Ùlm bolometers in norm al,
non-superconducti ng state (cf . Ref. [4]). Our descripti on is val id for both ki nds of
m etal l ic thi n Ùlm bolometers.

Usual ly l inear changes of the signal vo l tage of thi n-m etal lic Ùlm supercon-
ducti ng bolometers (TFS B) due to absorpti on of phonon pul sesunder condi ti on of
constancy of the biasing current are consi dered (cf . [1, 3]). In parti cular in a series
of papers, using the Lapl ace tra nsform techni que, Sherlock and W yatt studi ed thi s
l inear regime in a very deta i led way (ref erences to thei r papers can be found in
R ef. [5]). W e also here restri ct ourselves to the l inear appro xi m ati on.

W yatt and collaborato rs (cf . [5]) were m ainly interested in heat pul ses prop-
agati ng in superÛuid hel ium . Here we describe exp eriments wi th the use of quasi-
parti cl es-phonons propagati ng in crysta l l ine sol ids in the form of pul ses, carryi ng
energy and quasim omentum . A m etal l ic Ùlm is the m easuri ng devi ce. The energy
im parted to the specimen is known and contro l led. An experim enter is interested
in the ti m e resolved bolometer signal . As a rul e the to tal am ount of energy fal l ing
onto detecto r is not m easured (i n the ti m e-of-Ûight experim ents, wi th whi ch we
deal , only rati os of pul ses heights are im porta nt). In the described exp eriments
the value of proporti onal i ty constant ˜ , relati ng changes of resistance and tem -
perature, shoul d be m oderate. The detai led descripti on of the ti m e-of-Ûight and
im aging techni ques is given by Northro p and Wol fe [6] and W olfe [7].

There exists a di ˜erent class of experim ents wi th the use of superconduc t-
ing m etal l ic Ùlm s, nam ely experim ents on the calorim etri c detecti on of elementa ry
parti cl es and radiati on (cf . [8] and [9]). In these experim ents a superconducti ng
edge sensor is an acti ve element of the m easuri ng devi ce | a m icrocalorim eter.
Such sensor operates in the condi ti on of consta nt bias vol ta ge. The electro- therm al
feedback m akes possible to keep tem perature of the sensor constant. The output
of micro calori meter is the ti m e integ ra l of the absorb ed energy. In exp eriments
wi th m icrocalori meters values of param eter ˜ are rather large. One m ay say tha t
in experim ents describi ng by us the ti me resoluti on is opti m ized, whereas in ex-
perim ents on detecti on of elementary parti cles the energy resoluti on should be
opti mal .

In thi s paper we derive basic l inear di ˜erenti al equati on for the resistance
m etal l ic Ùlm bolom eters i rra diated by phonon Ûuxes under assumpti on of con-
stancy of the bi asing current. The general soluti on of thi s equati on is obta ined.
W e also discuss i ts appl icati on for deconvo lutio n of the output bolom eter signal to
give the inci dent phonon Ûuxes. The inverse pro blem | for a given ti me dependent
energy Ûux to Ùnd the bolometer signal | is also solved.
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2. D i ˜ er ent ial equ at ion f or bol om et er r esist an ce

2.1. General considerat ions

Let us consider the bolom eter and the specimen in conta ct wi th therm al
bath of tem perature T s . The therm al capaci ty of the bolometer at the ambient
tem perature is C = C ( T s) . Thi s therm al conta ct is characteri zed by the heat leak
constant G . The source of phonons is placed in the ori gin of the Cartesi an coordi -
nate system . The z -axi s of thi s coordi nate system is di rected to wards the detecto r.
Thus, onl y phonons wi th positi ve z -com ponents of veloci ti es reach the bolom eter.
The radi us vecto r r of the center of detecto r has the length r and the di recti on

r̂ deÙned by two angles ( ˚ r ; ¢ r ) . The surface area of the detecto r is Â S d , whi le

n̂ d i s the vector norm al to i t. W hen vi ewed f rom the source the detecto r subtends
the body angle Â ¨ d = Â S d [ n̂ d r̂ ] = r 2 . The absorpti on of phonon Ûux of the power
W rr ( t ) fal l ing upon the bolom eter receivi ng surf ace causes the change in the tem -
perature of the bolometer and, consequentl y, the change Â R b in i ts resistance R b .
Let the assumpti ons be made tha t the bolom eter receivi ng surf ace is smal l enough
for the energy Ûux to fal l uni form ly, tha t there are no appreci abl e tem perature
gradi ents in the bolometer, no radiati on losses,no conducti on losses thro ugh the
leadwi res. The instanta neous temperature T ( t ) of the bolom eter obeys an ordi nary
nonauto nom ous di ˜erenti al equati on, whi ch general ly is nonl inear in T (t ) . In the
case when the polari zing current is contro l led and in the l inear appro xi mati on thi s
equati on has the form (cf . [1, 3]) :

C
d ( t )

d t
À W J ( t ) + G [ T (t ) À T s] = W rr ( t ) : (1)

The Joule heati ng term W J ( t ) shoul d be wri tten in term s of vari ables related
to experim enta l condi ti ons. In the case of experim ents in whi ch the polarizing
current I b is contro l led and the resistance R b ( t ) i s the m easured quanti ty

W J ( t ) = I 2
b R b( t ) : (2)

In experim ents in whi ch the vo l tage V i s contro l led and the m easured quan-
ti ty is the insta nta neous current thro ugh the bolometer I ( t ) [8, 9]:

W J ( t ) = I ( t ) V :

2.2. Exper iments in whi ch the resi stance is measured

In our recent experim ents the bi asing current is Ùxed and the measured
quanti ty is the resistance of the bolom eter [10]. A D C bias current is suppl ied by a
coaxi al cabl e. The sam ecable is also used for the tra nsmission of bolometer signals.
These signals are separated by T- juncti on and vi a a blocki ng capacito r C they are
passed to the broad-band am pl iÙer. The circui t diagram for the superconducti ng
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Fig. 1. T he diagram of the electric circuit used in our experiments on the bolometer

resp onse.

bolom eter used in the exp erim ents presented here is depicted in Fi g. 1. The same
m etho d was used in our previ ous exp eriments [11]. It al lowed us to achieve the
ti m e response of the bolom eter in the range of 25 ns.

The bi as current is I b = V =[ R 0 + R b ( Ts )] . As a rul e R 0 ƒ R b ( Ts ) . Let
us supp ose tha t the bolom eter absorb ed the phonon Ûux and, in consequence,
changed i ts resistance from R b (T s ) to R b ( t ) = R b ( T s ) + Â R b [ T ( t )] . Hence, also
I b has to change by Â I b :

j Â I b j =

Ù
Ù
Ù
ÙI b À

V

R 0 + R b ( T s ) + Â R b [ T ( t )]

Ù
Ù
Ù
Ù

¿= I b

Â R b

R
: (3)

For superconduc ti ng bolom eter and strong phonon Ûuxes Â R b 1 1 0 ¨ ,
wherea s R 1 0 1 0 ¨ , and R b ( T s ) 5 0 ¨ , so

Â I b

I b
1 0 1 0 ;

and

Â R b

R b ( T s)
2 1 0 2 1 0 :

Thi s m eans tha t the second term of Eq. (1) can be appro xi mated

I ( t ) R b [ T ( t )] = I 2
b R b( T s )

£

1 +
Â R b [ T ( t )]

R b

¥

;

where I ( t ) i s the instanta neous current and R b ( t ) i s the instanta neous bolometer
resistance.

The resistance R b is the functi on of biasing current and tem perature R b =

R b ( I b ; T ) . Inverti ng thi s relati on we can Ùnd I [ T ( t ) ; R ( t )] . Our estim ates show
tha t the current vari atio ns are smal l (cf . also R ef. [6]). Theref ore one m ay assume
tha t I [ T ( t ) ; R (t )] = const. Hence,

˚
@I b

@T

Ç
@T

@t
+

˚
@I b

@R

Ç
@R

@t
= 0 :
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Thi s al lows to express the ti me deri vati ve of temperature by ti m e derivati ve of the
resistance

@T

@t
= À

À
@I b

@R

Â
TÀ

@I b

@T

Â
R

@R

@t
:

Using identi ti es val id for Jacobi ans the coe£ cient m ul tipl ying the ti m e deri vati ve
of the resistance can be wri tten in a simpl er form

À

À
@I b

@R

Â
TÀ

@I b

@T

Â
R

= À

@( I b ; T )

@ R; T

@ I ; R

@ T ; R

=

@ I ; T

@ T ;R

@ I ;R

@ T ;R

=
@(I ; T )

@( I ; R )
=

˚
@T

@R

Ç

I

=

" ˚
@R

@T

Ç

I

#

:

The derivati ve of resistance is calcul ated f or T = T . Now the Ùrst term of Eq. (1)
ta kes the form

dT ( t )

dt
=

1
À

@R
@T

Â
I

dR (t )

dt
:

2.2. 1. Superconduct ing bolometers

An exampl eof R I characteri sti cs f or the granul ar alum inum superconduc t-
ing bolometer and for various temperatures is plotted in R ef. [1]. As a rul e the
superconduct ing bolom eter is stabi l ized at the tra nsiti on where the resistance is
m ost sensiti ve to tem perature, whi ch m eans tha t

( dR =dT ) T T ˜ ; (4)

where ˜ i s a constant | the bolom eter sensiti vi ty param eter. W e shal l denote
thi s coe£ cient for superconducto rs by ˜ . As a rul e ˜ = 1 0 ¨ / K, however
˜ = 1 0 ¨ / K was reported [7]. Let us intro duce a characteri sti c ti m e [1, 3] §

and a characteri sti c current [3] I :

§ =
C

G
; I =

r
G

˜
: (5)

No w we m ay tra nsform Eq. (1) to the di ˜erenti al equati on for the resistance
R ( t ) :

dR ( t )

dt
Ê R ( t ) =

R ( t )

§
+

1

I §

˚
I

I

Ç

W ( t ) ; (6)

where

Ê = § = [ 1 ( I = I ) ] (7)

is the characteri sti c rel axati on ti me whi ch depends on both the characteri sti c ti m e
§ and the bi as current I [3]. Thi s ti m e is positi ve when I > I . Thus, the bias
current canno t exceed the cri ti cal m axi mum value I (5). The second term on
ri ght hand side (rhs) of Eq. (6) has the proper dim ension. Nam ely, we can wri te
i t in the form
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ç
W rr ( t )

I 2
m £

£

§

Ñ

=

h
£

§

i
;

where £ i s an arbi tra ry quanti ty wi th the di mension of resistance. W e shal l un-
derl ine tha t the ti m e constant of the electri c circui t is of the order of 5 ns, i .e. is
m uch shorter tha n both § and Ê .

3 . D et er m in at io n of d i ˜ er en ti al equ at ion p ar am et er s

Since the thi n meta ll ic Ùlm s used as the bolometers are nonuni form and
general ly non- ideal , the basic parameters characteri zing them , namely ˜ ; C V ,
and G cannot be calcul ated. Theref ore, we bri eÛy describe several experim ents in
whi ch they can be m easured. In f act, the di ˜erenti al equati on for resistance R b ( t )

(6) depends only on two quanti ti es characteri zing the response of the bolom eter,
nam ely on I m (Eq. (5)) and on Ê (Eq. (7)).

3.1. Stationar y state in the absence of t he source of external power

Let us consider a stati onary state in the absence of pho non Ûux, so the
bolom eter is heated to a tem perature T > T s onl y by the bias current. From
Eq. (6) we get

R
( st at )

b =
R b ( T s )

1 À

±
I b

I m

² 2
: (8)

The resistance R
( sta t
b shoul d fal l inside the range of consta nt dR ( T ) =dT , the

range wi thi n whi ch thi s developm ent is val id. Thi s m eans tha t the bias current
should be smal l enough. Equati on (8) can be wri tten as

R
sta t

b
= 1 = [ 1 ( I b = I m ) ] R b ( T s ) =

Ê

§
R b ( Ts ) :

If I b = I m 1, then for smal l bi as currents the change Â R
sta t

b R
sta t

b R b (T s )

i s pro porti onal to the rati o ( I b = I m ) 2 :

Â R
sta t

b = R b ( T s )

˚
I b

I m

Ç

:

Usi ng Eq. (8) wi th the help of the pl ot of the dependence of resistance against
current for a given ambient temperature T s and the given bi as current I b , we may
Ùnd the coe£ cient I m =

p
G =˜ . Since the coe£ ci ent ˜ can be determ ined f rom

the l inear part of the temperature { resistance characteri sti cs of the thi n m etal Ùlm
used as the bolom eter, one can deduce the value of G .
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3.2. General solut ion of the di ˜erent i al equation for resi stance

Using the deÙniti on of R
( sta t )

b
(Eq. (8)) we may wri te Eq. (6) in a simpl e

form

d£ R b ( t )

dt
+

1

Ê
£ R b ( t ) =

1

I 2
b §

˚
I b

I m

Ç 2

W rr ( t ) ; (9)

where £ R b ( t ) ² R b( t ) À R
( sta t )

b
. Let us multi ply both sides of Eq. (9) by exp( t= Ê ) ,

then i t can be wri tten in a useful form

d
dt

h
et = Ê £R b ( t )

i
= et =Ê

1

I 2
b §

˚
I b

I m

Ç2

W ( t ) :

One can Ùnd the soluti on of thi s equati on wi th the ini ti al condi ti on £ R b( t = 0 ) =

£ R
0

b :

£ R b ( t )= e t =Ê £ R b + R W ( ; t ) ; (10)

where

R W ( ; t ) =
1

I 2
b §

˚
I b

I m

Ç Z
t

d t e t t =Ê W ( t ) : (11)

3.3. Pul sed radi ant power

Let us assume tha t the consta nt Ûux W i s insta nta neously turned in at
t = 0 , i .e. W

i n f st ep
( t ) = W ˚ ( t ). Then, the soluti on of Eq. (9) reads

R
inf ste p

b ( t ) = R
0

b e
t =Ê

+

˚

R
sta t

b +
W

I 2
m I 2

b

Ç ±
1 e t =Ê

²
; (12)

where R
0

b = R b ( t = 0 ) . The system di sturb ed in thi s way relaxes to a new

stati onary state [ R
sta t

b + W =( I 2
m I 2

b )] deÙned by l im t R
inf ste p

b ( t ).
Next, let us supp ose tha t the di sturba nce W ( t ) i s abruptl y turned on at t

and then it is abruptl y turned o˜ at t ( t > t ), i .e.

W Ùn ste p = W [ ˚ ( t t ) ˚ ( t t )] :

In thi s case the soluti on of di ˜erenti al equati on for R b ( t ) reads

R
Ùn ste p

b ( t ) = R
sta t

b +

h
R

0
b R

sta t
b

i
e t =Ê

+
W

I 2
m I 2

b

h
e t t =Ê e

t t =Ê
i

: (13)

Let us noti ce tha t in both consi dered casesthe resistance relaxes wi th characteri stic
ti m e Ê , whi ch for I m > I b i s longer tha n § . Onl y for weak bias currents (I b I m )
the relati on Ê = § i s f ulÙlled. W i th growi ng I b the characteri sti c ti m e Ê enlarges.
If we al ready determ ined I m and G , as a resul t of observati on of the decay of
R

inf ste p

b
and R

Ùn ste p

b
we are able to determ ine the characteri sti c ti m e Ê , and

thus, also the characteri sti c ti me § . Kno wi ng the consta nt G in thi s way we can
determ ine the heat capacity C of the Ùlm used as the detecto r of phonons.
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4 . Al gor i t hms of num er ical cal cu lat i ons

Let us consi der £R b ( t + £t ) , accordi ng to Eqs. (10) and (11):

£ R b ( t + £ t ) = exp [À ( t + £ t ) =Ê ]

"

£ R
( 0 )

b
+

1

§ I 2
m

Z t + £t

0

dt exp ( t 0 =Ê ) W rr ( t 0 )

#

= £ R b ( t ) e £ t =Ê +
1

§ I 2
m

exp [ ( t + £t ) =Ê ]

Z
t £ t

t

d t exp( t =Ê ) W ( t ) :

For smal l £ t we can appro xi mate the integ ra l term usi ng the tra pezoidal rul e

£ R b ( t + £ t ) = £R b ( t ) e £ t =Ê +
£ t

2 § I 2
m

[W ( t + £t ) exp( £ t= Ê ) W ( t )] : (14)

In Sec. 5 we described the metho d of calcul ati ng W (t ) . Thi s quanti ty can
be also obta ined as a result of com puter exp eriments (cf . Ref. [12]). Equa ti on (14)
al lows us to establ ish the expl ici t dependence of £ R b on ti m e. Equa ti on (14) yi elds
the recurrence form ula for W :

W ( t + £t ) = exp( £ t= Ê ) W ( t ) +
2 § I 2

m

£t
[ £ R b ( t + d t ) £R b ( t ) exp( £ t= Ê )] : (15)

One m ay exp ect tha t the form ula (15) can be used for the purp ose of de-
convo luti on of W ( t ) (we shal l cal l the d e co n v o l u t ion also the di rect probl em).
Unf ortuna tel y, i t is num erical ly unsta bl e, so rather the di ˜erenti al Eq. (9) should
be used for thi s purp ose. Measurem ents pro vi de us wi th values of £ R b for vari ous
instants of ti m e. Hence, usi ng Eq. (9) we can establ ish how W ( t ) depends on
ti m e.

The inverse probl em also can be solved. Let us supp ose tha t one kno ws the
phonon Ûux W (t ) , say as the resul t of com puter experim ents (cf . R ef. [12]), or
calculate i t num erical ly (cf . Sec. 6). Then, using Eq. (15) one can Ùx the ti m e
dependence of £R b and compare i t wi th exp erimenta l Ùndi ngs. W e shal l cal l thi s
pro cedure the conv ol u tion . From Eq. (9) i t is seen tha t to obta in the expl icit
ti m e dependence of phonon Ûux W (t ) one should calcul ate the ti me deri vati ve
d£ R b ( t )=d t of quanti ti es whi ch are determ ined in real or com puter experim ents.
Theref ore, as a rul e the £ R b ( t ) curve is qui te noisy. Thus, the Ùrst term of Eq. (9)
is even m ore noisy. The noise of £R b ( t ) can be reduced in the way used in the
computer graphics. Let us suppose tha t the set of numb ers £ R

i

b
= £ R b ( t i )

( i = 1 ; . . . ; n ) is given. No w let us deÙne the rounded set £ R
i

b of £ R b ( t i ) :

£ R
i

b =
1

4
£ R

i

b +
1

2
R

i

b +
1

4
£ R

i

b ; i = 2 ; . . . ; n 1 ;

£ R
1

b = £ R
3

b ( £ R
3

b £ R
2

b )
t 3 t 1

t 3 t 2

;

£ R
n

b = £ R
n

b ( £ R
n

b £ R
n

b )
t n t n

t n t n

:
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D epending on the level of no ise thi s roundi ng pro cedure should be repeated unti l
a smooth £ R b ( t ) curve is obta ined. Di ˜erentl y tha n pro cedure used in Ref. [1] the
described m etho d of reducti on of noise accounts f or the level of noise.

5. R esu l ts of cal cu l at io ns

5.1. Exampl e of deconvol uti on procedure

W e perform ed the deconvo luti on of the pho non signal obta ined in exper-
im ents perf orm ed by D ani lchenko and collaborato rs [10] (Fi g. 2). In these ex-
perim ents long wa velength acousti c phonons were generated in GaAs specim en
by 1 È 1 mm 2 Au Ùlm heated by electri c pul ses each of 75 ns dura ti on. Beam s
of phonons propagated in the (001) di recti on. The thi ckness of substra te was
3.4 m m, thi s al lowed to resolve longitudi na l acousti c (LA) and tra nsversal acous-
ti c (T A) phonon m odes. Fi rst, the phonoconducti vi ty of two -dim ensional electron
gas (2D EG ) was measured. The 2D EG structure of area 2 È 0 : 2 m m2 wa s form ed
by 7 layers of the del ta -doped GaAs. The carri er concentra ti on in each layer was
5 È 1 0 1 1 cm À 2 [10]. For thi s m etho d of registra ti on of phonon pul ses the response
ti m e is smal ler tha n 5 ns. Then, by the di rect evaporati on of indi um Ùlm on the
2D EG mesostructure, the bolom eter of sensiti ve area 2 È 0 : 2 m m 2 was f abri cated.
Pho nons were detected by thi s sup erconduc ti ng detecto r. Thus, we had an uni que
opp ortuni ty to com pare the deconvo luted bolometer signal wi th signals obta ined in
exp eriments of qui te di ˜erent typ es. The 2DEG structure and the bolometer have
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Fig. 3. Resp onse of superconducti ng bolometer (1) and of 2DEG (2) to the same

phonon Ûux. Phonons propagate in the ( 00 1) direction of GaA s. Maxima of both curves

are normaliz ed to unity .

comm on conta ct area. However, the large resistance of 2D EG ( ¤ 5 0 0 ¨ ) prevents
the short circui t o f the bolom eter (i ts resistance is ¤ 2 0 ¨ ). W e should underl ine
tha t in these two d i f f er ent ki nds of exp eriments the phonons were generated by
the s a me source. Addi ti onal ly the geometri cal factors in these experim ents were
identi cal (cf . Fi g. 2). The curve wi th several sharp peaks seen in Fi g. 3 represents
resul ts of two above-mentio ned experim ents. The curve wi th narro w maxi ma rep-
resents ti m e dependent phonoconducti vi ty , whi le the bro ader ones corresp ond to
the bolometer response R b ( t ) . D ue to phonon focusing one seesthe weak signal re-
lated to longi tudi nal phonons and stro ng signals pro duced by tra nsverse phonons.
The wi dth of signal of the bolom eter is related to the heat inerti a. In compari son
wi th the bolom eter signal the large maxi mum for the phonoconducti vi ty is nar-
row. As a result of the frequency cut m echani sms (cha racteri stic of intera cti on of
2D carri ers wi th bul k acousti c phonons) the phonoconducti vi ty is bui l t onl y by
bal l istic phonons [13]. The inerti a of the response of 2DEG is rel ated m ainly to
the ti me constant of the electri c circui t, being in our experim ents of the order of
5 ns. In contra st slow and scattered pho nons give ri se to the ta i l of the bolometer
signal .

In Fi g. 4 we present the com pari son of results of the procedure of deconvo -
luti on, described in previ ous section, wi th the results of Mo nte Carl o sim ulatio ns
perform ed on the specimen, source, and detecto rs used in real experim ents. W e
assumed tha t the source of phonons is Pl ancki an wi th tem perature 10 K, and
we accounted for the Ùnite dura ti on of current pul ses 75 ns, as well as for the
focusing e˜ects, elastic scatteri ng on isoto pes and anharm oni c down- conversion
pro cesses [12].
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Fig. 4. Comparison of the experimentally obtained bolometer signal (1) w ith the

d ec on v o l ut e d phonon Ûux (2), and w ith the results of Monte Carlo simulations (3).

Maxima of all curves are normaliz ed to unity .

Fig. 5. C omparison of the de c o nv ol ut ed phonon Ûux (1) w ith the experimentally ob-

tained phono conducti vi ty (2). Maxima of both curves are normalized to unity .

In Fi g. 5 we com pare the ti me response of 2DEG structure wi th deconvo luted
phonon Ûux. For the deconvo luted phonon Ûux the best Ùt was obta ined for Ê =

0 : 2 5 ñ s (Eq. (7)). The insp ection of Fi gs. 4, 5 shows tha t the leadi ng fronts and the
arri val ti m es of m axi ma of curves obta ined by these three independent metho ds
agree qui te well . Let us noti ce, however, tha t our m etho d does not reproduce the
decayi ng part o f phonon Ûux equal ly well . In parti cul ar the peak is to o bro ad. W e
exp ect tha t accounti ng f or nonl ineari ty related to heat exchange should im pro ve
resul ts of deconvo luti on.
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5.2. Exampl e of solut ion of the i nver se problem

W e also solved the inv erse pro blem. Na mely, using our Mo nte Carl o resul ts
obta ined for phonon energy Ûux wi th the help of Eq. (11) we cal cu l ated the corre-
spondi ng signal of bolom eter. The m axi mum of thi s calcul ated signal is norm al ized
to uni ty and depends only on Ê . Results are shown in Fi g. 6, a sati sfactory agree-
m ent was obta ined for Ê = 0 : 2 5 ñ s.

Fig. 6. C omparison of results of the c o nv o l ut io n pro cedure (1) applied to the Monte

C arlo results (2) w ith the bolometer signal measured in our exp eriments (3). Maxima

of all curves are normalized to unity .

6. Co n cl usion s

W e developed the e˜ecti ve pro cedure of deconvo lutio n of the phonon Ûux.
Thi s procedure gives the phonon Ûuxes i f signals of metal Ùlm s bolom eters (su-
perconducti ng as wel l as in norm al state) are measured. The suita bl e algori thm is
based on the l inear di ˜erenti al equati on for the resistivi ty R b ( t ) of the bolom eter.
The inverse pro blem of obta ini ng the bolom eter resistance using resul ts of num er-
ical calculati ons, described in Sec. 5, or Mo nte Ca rlo computer exp eriments [12] is
also solved.

The obta ined resul ts are consistent: the ti mes characteri zing phonoconduc-
ti vi ty signal and phonon Ûuxes | obta ined as a resul t of Mo nte Carl o exp eriments
and deconvo luted, are of the order of several nanoseconds. The signals of bolome-
ter obta ined in real experim ents and calcul ated by pro cedure of deconvo lutio n, are
characteri zed by the sam e ti me scales | thei r fronts by nanoseconds, thei r ta i ls
by 1 0 À 1 ñ s.

The basic constants C ; G characteri zi ng the parti cular bolometers are not
accessible di rectl y and are qui te di£ cult to calcul ate. The analysis of soluti ons of
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the basic Eq. (6) perform ed in Sec. 4 suggests experim ents in whi ch these con-
stants can be deduced. In accordance wi th Fuson' s resul ts [3] we noti ced tha t the
e˜ecti ve resistance relaxati on rate depends on the rati o of the bias current I b and
the characteri stic current I m . Thi s characteri stic current depends on the therm al
characteri sti cs of the parti cul ar bolometer. Our deconvoluti on m etho d al lows to
Ùnd the crucial param eters Ê and I m .

Fi ts of these param eters can be impro ved i f one compares the deconvo luti on
resul ts wi th the Mo nte Carl o results or other independent m easurements. The ef-
fecti veness of our deconvoluti on pro cedure is demonstra ted. In a consistent way we
compared resul ts of deconvolutio n wi th resul ts of Mo nte Carl o sim ulati ons (p er-
form ed for models close to real systems) and m easurem ents of phonoconducti vi ty .
Mea surements of phonoconducti vi ty al lows to study the response of 2D electron
gas | a subsystem whi ch is not a˜ected by the consta nts ˜ , C , G characteri zing
the bolom eter.
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