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(54) FILM CIRCUIT FOR. INTRODUCING A LARGE TIME 
CONSTANT 

(71) . We, PHILIPS ELECTRONIC AND 
ASSOCIATED INDUSTRIES LIMITBD of 
Abacus House •. 33 Gutter Lane. London, 
E.C.2 .• a Bri~h Company. do hereby de-

s clare the inventiOn., for which we pray that 
a patent may be granted to ·us. and the 
method by which it is to be performed. 
to be particularly described in and by the 
following statement: 

10 
· The invention relates to a film circuit 

which provides a large time constant. 
A film circuit consists of a substrate of 

an insulating material. for. example glass or 
15 ceramic. on which conductor tracks· are 

disposed using . . appropriate techniques. 
which tracks interconnect the. various ele­
ments of. a circuit. Said elements are in­
tegrated clrCuits and elements which for 

20 technical or economic reasons cannot be 
incorporated in the· integrated circuits. A 
number . of said elements which cannot be 
incorporatecl in the integrated circuits can 
be mounted on the substrate using the 

. 2S appropriate techniques. Resistors. induc­
tances and capacitors can be realized with­
in certain limits by means . of. said tech­
niques. For capacitors the. practical upper 
limit may be assumed to be approx. • 10,000 

30 pF. . . 
· Film circuits may be divided into two 

groups, viz. the so~ca:ned thin-film circuits 
and the thick-film circuits. The difference 
between the two said types is ·mainly the 

35 manner in which. the various structures and 
conduct<>r tracks are deposited on the sub­
strate. · In . the case of thin~film circuits 
this is .. effected inter alia by evaporati<>n or 
sputter techniques. whilst in · the case of 

40 thick-film circuits the. structures and con­
ductor tracks are applied int~r alia by means 
of various pastes. after the substrate has 
been• partly covered m a suitable ·manner. 
. If a circuit m which a: large time. colistant 

45 is to be realized is manufactured With• co:n-
::= .. ,_:,·· 

·. ·.·· 

ventional techniques. the circuit Will mainly 
consist of one or more integrated circuits 
which. as the case may be, together with 
non-integrated elements made by film-tech­
niques. arid a capacitor for obtaining a large 50 
time constant are disposed on a substrate 
which is ·provided · with conductor tracks. 
The spatial dimensions of the necessary 

·capacitor may be such that these amply 
exceed the dimensions of the other circuit SS 
components at least in one dimension. so 
that a significant advantage ·of the inte­
grated circuit which is used. is eliminatCd. 
For example. if such a capacitor is moun­
ted on the substrate of · a film circuit. the 60 
thickness dimension of the substrate and. 
capacitor together · · will · be substantially 
greater than that· of the substrate alone. . 

It is an object of the invention to realize 
a large RC time ~tant in a film circuit 65 
without the use of such capacitors. 

According to the mvention there is pro­
vided a. film circuit which provides a large 
time constant between a change in an input 
voltage on an input terminal and a resulting 70 
corresponding change in an output voltage 
on an output terminal of the cii'cuit by em­
ploying. the heat capacity of at least one 
·resistance layer, through which resistance 
layer a heating current flows. which circuit 75 
includes ·at least one temperature-sensitive 
resistance layer which is in · direct thermal 
contact with the heating resistance layer 
and which determines by its resistance 
values the output voltage of the circuit •. and 80 
means for determining. m use; the difference 
between the input and output voltages of 
the circuit and for providing said heating 
current as a function of ·said difference. 
such function ·being such that the polarity gs 
of said resulting corresponding change . in 
output voltage corresponds to the polarity 
of said difference, with the proviso, that the 
heating current in the .. event that the output 
voltage equals the input voltage just suffices 90 
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to compensate for the los~ of heat of the sistor T1 is connected. to an input terminal 
heating resistance layer, so that by analogy 1 and the base of the transistor Ts is conv 
with an RC circuit at a cf tant input vol- nected Jo an output terminal 2. The col-
tage output voltage su tantially equal lector of Ti is connected to a positive supply 

5 thereto is obtained, whils the output vol- terminal 12, whilst the collectors of Ts is 70 
tage does not follow rapi voltage :O.uctua- connected ·to the positive supply terminal 
tions of the input signal. I The means for 12 via a heating resistance layer 11. The 1, 

determining the diffcrew:e ~- the in· ~ layer 11 ~ in thermal _contact ~ 
put and o:utp~t vol~es . y. for C?xample . a resIStance 10 havmg a negative tempera.-· 

10 be a trans1stonsed diffe~ · amplifier. ture coefficient, called NTC hereinafter, in 75 
It is obvious that the res, tance layers re- such a way that said NTC resistor 10 is 

quired for t1:J.e circuit · rding to the in- at the same temperature as the resistance 
vention can Simply be d osited on the layer 11. The NTC ~istor 10 connects 
substrate by film techniqu . · the base of Ta to the negative supply ter-

15 Although ·the use of the delaying proper- minal 13. whilst said base via the resistance 80 
ties of heated temperatun>- ensitive resistors 9 is conn~ted to the positive supply ter-
is known per. se, the use cording to the lnina1. so that the resistance 9 and the NTC 
invention is to be regard · as novel. · The resistor 10 constitute a temperature-depen­
known cirCuits are mainly ":vided into two dent voltage divider between the supply 

20 categories, viz.: on the e hand circuits terminals 12 and 13; 85 
in which a heating curren: is fed through Fig. la shows the basic arrangement of 
the temperature-sensitive . resistance, in the circuit of Fig. 1 on a substrate and by 
which in contradistinction the invention no means represents a realized embodiment 
the a.c. components of heating cim"ent to scale. The block 16 is the· schematic 

25 causes an· alternating vol instead of a representation of all elements of the cir- 90 
direct 'voltage t.o dewlop across the tem• cuit of Fig, 1 except for. the NTC resistor 
perature-sensitive element. . d on the other 10 and the resistance layer 11. Said block 
hand cireuits in which· us is made -of an may include an integrated circuit of which 
indirectly heated tempera sensitive re- the circuit· of Fig. 1 forms part and may 

30 sistance, the delaying p~ · ·es being de- consist of sepatate elements which are dis- 95 
rived from the delaying. "on of a heat· p0sed on the substrate 17 and which are 
conducting medium betw . . the heating not shoWn. in detail. The resistance layer 
element and the tempera sensitive ele- 11, which is disposed on th~ substrate 17, 
ment. which heat-t:onduc · element elec- is connected to· the positive supply terminal 

35 trically behaves as a long 12 and to the collector of the transistor Ts 100 
The invention is based ·the insight that (not further· shown) in block 16 via the 

a heat capacity as ail . ·valent for an oonductor tracb 18 and 19 ~pectively. 
electrical capacitanee can · · ply be used NTC resistor 10 is disposed on the resis-
to realise an 'RC' time tant in a film tance layer 11, is isolated therefrom. by an 

40 cirCliit. · el~cally insulating layer 20, and is con- 105 
Embodiments of the inv tion will now nected by the conductor tracks 21 and 22 

be desCribed, ·by Wa.y of e ample. with re- to the negative supply ~rminal 13 arid to 
ference to the accompany·, drawings. in the base of the tta.IisistK>r Ta. not shown, 
which:- · · · respectively. 

45 Fig. 1 shows a cllcuit diagram of an Fig. lb shows the cross-s~tion at the 110 
arrangement according to invention, line. A-A: of Fig. la." · · 

Fig. la being a basic lay ut of the circuit .. The insulating layer _20 is so thin that it 
of Fig. 1 in ·a :film.-techiliq e embodiment. constittites a neglible ·. heat resistance, so 
and · that the resistance layer 11 and the NTC 

SO Fig. lb being ·a cross-_s . resistor 10 may. be· assumed to be at sub:. 115 
figuration of Fig. la. . ·. . stantially the same tempera~ · 
· Fig. 2 shows f:b:e step sponse o~ ·the The_ behaViom of the circuit ·of Fig 1. will 
cirCuit of Fig. l .• · ·1 . now be discussed with reference to Fig. 2. 

· Fig. 3 shows a. cirCuit~' d~gram . of ~ When at a· given instant ti a ~tive vol-
55 arrangement according to e invention, m tage transient app~ · at the input,· the 120 

which the ch&.rge and the diScharge time base-emitter voltage of Ti Will decrease, so 
constant are the same, and.· thai the eniitter cutrent of T1 and thus the 

Figs .. 4, 5 and 6 are_ so e applications voltage drop aeross the. re8isfior 8 will de-
of the arrangement accord· · to the inven- crease. As ·a result. the base-emitter vol-

60 tioa · · ·· · · tage of Ts at the instant t~ will exhibit a 125 
Fig. 1 shows .a first tt ·stor Ti and a positive transient. so that the collecor cur­

second transistor T2, both f . the npn-type rent. of Ta increases. The temperature of 
with a common-emitter ·. ·t, which via the ~istance layer 11 in the collector cir­
a resistor 8 is connected to a negative cuit Ts gradually increases owing to the 

65 supply terminal 13. The b e of the tran- heat capacity and at the same time the tem- 130 
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perature · of NTC resist0r 10 aiso incieases. 
(_,, If. Said NTC resistor I(} · 1s to.· follow the 

. teinperatlii'e. of the heating . resistan<ie layer 
directly. the heat capacity of said NTC 

S resistor 10 should be small relative to ·the 
heat· capacity of· the heatfug resistance layer 

: --·,;,._11 and. as stated previously. the electrical 
';,_...<:insulation between the resistance layer l1 

- ··'and the NTC resistor 10 shouid have a low 
10 heat resistance. · 

· The resistance of the NTC resistor 10 
decreases . with increasing ·temperature and 
owing to the '\ll()ltage divider consisting of 

. the NTC 10 lind the resistor 9. the base 
is p(>tenµal of the tra.nSistor Ta decreases, as 

a. result of which the base-emitter voltage 
of Ta decieases and thus ·the collector cur­
rent of Ta the resistance layer 11 is heated 
less rapidly. · Said process continues until 

20 the output voltage Vu has reached such a 
value that ·the collector current of T2 pro­
vides just sufficient· power to ·the resistance 
layer 10 to compensate for the loss of heat 
of said resistance as a result of cooling. 

25 The circuit should be designed so ·that this 
equilibrium is attained when V,,, substan­
tially equals input voltage Vi. which is also 
determined by the values of the resistors 

. and the supply voltage.. By analogy with 
30 the time Const.ant ()f an :RC circuit, the 

time· T1 · which elapses· between the instant 
ti and the instant at which the output vol­
tage Vu has performed a· part {1-1/e) of 
the total variation of the input voltage V1 

35 is referred to as the time constant of the 
circuit .when ft is the base· of Naperien 
lOgarithms. ·· . 
· The said time constant determines ·the 
frequency of that input signal whose am-

40 plitude can just be followed by the output 
sigrutl. If a non-negligible heat resistance 
we.re present. between 'the heating resistance 
layer 11 and the NTC resistor 10. the ~-

. . perature variation8 of the NTC resistor 10 
45 would · 1ag the temperature variations of the 

heating resistance layer· 11. In the case . of 
an input signal with' a,· frequ~cy which is 
substantially lower than the said frequency' 

. the temperature of tbe hea,ting resistance 
SO layer 11 will follow said input signal, whilst 

the signal at the ·output tepninal, and thus 
at. the. base of the .. ~tor ·T20 will follow 
the tempera.ill~ of the NTC resistor to. so 
tJiat im uildesired phase shift ·existS between 

· 
155 the . ·. input .. signal · ;arid the output signal. 

Said · phase ·shift may becOJ.ile. so great for 
certain :fu,quencies ;tfuit. instabilities may re­
sult. . This is becatise a he.8.t resistance elec­
trically behaves as · a la,:ig ·line which,; in 

. 65 contradistinction to an R'.C; network, ~uses 
a continually .increaSing. phase Shift ·between 
input signal and QUtput signal. . . 
. At· the· instant· ta' a. positive· voltage tr~­

. .. sient ap~s at the fuput, $<>·that said ¢<>· 
'60 cess takeS'place in the :reverse: sequence; ex-

cept that the decrease of the temi>erature 
oJ. the resistance layer 11: is· caused by loss 
of heat tO the. environment. As a result 
of this the time C011$tant Ta of the positive 
voltage-transient response is not the same 70 
as the time constant r 1 of the negative vol­
tage-transient response. The thermal in­
sulation of the resistance layer may be 
selected so that T1=1'• If the two time 
constants must be equal with a high 75 
accuracy. the circuit of Fig. I is not satis­
factory, because the cooling of the resis­
tance layer cannot readily be predicted· and 
controlled. The circuit of F'ig. 3 does not 
have said drawbacks. 80 
· Iil the circuit of Fig. 3 the resistor 9 in 
the circuit of Fig. 1 has been replaced by 
an NTC resistor 14, which is heated by a 
resistance layer 15 and which connects the 
collector circuit of ~tor T, to the posi- 85 
tive supply terminal 12. 

When a positive vqltage transient occurs 
at terminal !, the base-emitter voltage of T1 

increases and the base-emitter voltage of T11 
decreases. Accordingly, the collector cur- 90 
rent qf T1 increases and the collector cur-
rent of Ta decreases, so that the temperature 
of the resistance layer 15 rises and the tem­
perature of th~ resistance layer 11 decreases. 
The resistance· of the NTC resistor 10 con- 95 
sequently increases and the resistance of 
the NTC resistor 14· decreases. so that Vu 
will increase. Conversely, in the case of a 
negative voltage transient at the input the 
reverse will happen and V,. will decrease. 100 
When the various resistances are suitably 
selected, the ·obtaining time constants will 
be equal. · 

The circuit of Fig. 3, moreover, has the 
advantage that ail alternating voltage with 105 . 
a frequency which is substantially higher 
than 1 / r at the input terminals will cause 
a temperature rise of both NTC resistor 10 
and NTC resistor -14. which when the cir-
cuit is .. correctly balanced will not affect fto 
the output V<>ltage Vu• in contradistinction 
to the circuit .of Fig. 1 where the output 
direct voltage decreases slightly when an 
alternating voltage is applied to the input. 

The circuit according to the invention US 
may. be. used in all circuits which employ. 
large RC time constants and in which capa­
citors of large physical dimensions and not 
desired. .· · ··. . 
.. Fig. 4. 'SChcinatically. shows a circuit m•· 120 

which a control -voltage Vi is ·remotely ad­
justable' and which V'oltage via a conductor 
is fed to a control circuit· 27. Owing to 
capacitive and inductive. influences inter-· 
ference signals are produced in the line· 125 
which have· ali' adverse effect· on the control 
means .. ·•By :iilcludmg a c~uit according to 
the· invention between· the long line and the·. 
control cirCuit 27, a d.c. control voltage V ~ · 
is obtained at the input ·of the control cir- 130 
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cuit which_ equals the d.c. l!i l of V1~ 
}i'ig. S represents an amp · er consisting 

of three stages with the tr istors Ta. T, 
a,nd _ T5• The collector circui~of _said tran-s sistors include the resistors 1 ~ 17 and 18 
respectively, whilst the eollect , of transistor 
T8 via a coupling element "ch couples 
the d.c. level of the base of \transistor T, 
to the d.c. level of the collect<tr of transis-

10 tor T8, is ~nnected to the base1 of transistor 
T,. Such a coupling element y for ex­
ample consist of a Zener di e or. as is 
shown in the Figure,· of the seri connection 
of some diodes CD1' and DJ., in forward 

15 direction. Similarly. th~ collec r of tran­
sistor T, is connected to the b. of tran­
sistor T5 via such a coupling el ent which 
consists of the series~connecti n of the 
diodes D8 and D,. The collec r of tran~ 

20 sistor T&. is connected to the 011 ut terminal 
25 and via the circujt ~of Fig. 3 t ·also pro­
vides feedback to the input t · 24. 
The fed-back voltage hi series wi an input 
signal is available at the- base o transistor 

25 Ta- _ 
Each amplifier stage of the cl uit causes 

a 180° phase shift for- low'." freq~~ y ·signals. 
When the base voltage of the -_ sistor of 
the relevant ampli1i.~r stage incr _ • the 

30 collector current of· said ·transisto · ilicreases 
and •. as a resulr-of ~s. the coU. or vol­
tage decreases. As tb.e voltage at terminal 
2 of the circuit of Fig. 3 follows tlte : low­
frequency voltage at --~ - l of said 

35 circuit, said low-fr~uency volta . · is sub­
ject to full negative· -feedl>ack. · :d Iow­
frequency negative feedback stab" ·zes the 
itettings of the various trailsisto . • _ The 
circuit of Fig. 3 when : included; .in ·the 

40 negative-feedback path prevents ~ back of 
high-frequency signals~- thus -preven · the 
circuit from rin:ging. 

When the ¢ircuit of Fig. 3 is used .as des­
cribed fa this example • .it is obvio that a 

· 4S heat resistance between _the heatin - resis­
tance· layer and - the -tem~s- _ itiye 
resistance layer is -undesirable. The _ _ t re­
sistance gives rise to -an additional phase 
shift in the negative-feedback loop, ·\which 

SO at a high loop-gain may give rise to ¥>- Un.-
stable circUit arrangement. · _ \ . 

Fig. 6 ·shows a third example .usmg the 
circuit- according to the invention. ~(} -re-, 
sistor 8 in Fig. 3 has now been rettlaeed 

SS by a cutrent souree. which draws -a · 
current 21 from' the common emit 
cuit of the transistors_ Ti and' -T2" ---Sin the: 
base potential of the transistor T11 · uals 
the d~c. component of the· signal wbi is 

·60 applied to the input terminal I -of -the · "t~ 
the d.c. components of the collector~ cots 
of the transistors Ti and Tii are :the same. and 
equall when. the base currents :are ilegl · , 
The a.c. components of the' collector .. · -

6S rents are proportional to the · a.c. _ _-po- : 

! 

nent_ of the input signal and are __ mutually 
in phase op~tion. When the voltage V 
which is caused across the resistor 15 by 
the collector current of transistor Ti is 
applied to a terminal 26. the terminal vol- 70 
tage of terminal 26 consists of a d.c. com· 
ponent which is'_ independent of the input . . ._ 
signal. ;and an a.c. <:ol:nponent whic~. w~­
propomonal to and m phase opposition - · -
with the a.c. component of the input signal. 75 

It is obvious that for the differential 
amplifier constituted by the transistors Ti 
and Ta any other type _of differential ampli­
fier :·may be employ-ed. N~ither is the SCQpe 
of the invention limited to a specffic tran· 80 
sistot type. · Instead of resistance layers 
with a negative temperature co-efficient it 
is alternatively possible to employ resistance 
layers with a positive temperature co-effi­
cient. called PTC resistors hereinafter, with 85 
the proviso that either the temperature­
sensitive resistance layer in the voltage di­
vider is interchanged with the other element 
of the voltage divider. or that the associated 
heating' resist;,m.~; layers are_ included in the 90 
other output circUit of the differential ampli­
fier. With respect to the circuit of Fig. 1. 
this yields inter. alia the foll~wing possibili-
ties. viz.; _ 
- the heating re$stance layer 11 in the 95 

collector circuit of transistor T,. whilst 
the resistance. 1'1-yer 11 heats a PTC re­
sistor which is included between the base 
of transistor Ts aiid the positive supply 

· tei:minal 12. (b.e. resistor 9 being in- 100 
eluded between the base of transistor 
Ts and the negative supply terminal 13,-

- the heating resistance layer 11 in the 
collector circuit . of the transistor Ti. 
whilst :the resistance layer ll heats a 105 
PTC resistor which is included between 
the base of transisto,r T11 and the negative 
supply terminal 13. the resistor 9 being 
included __ in the circuit of Fig. 1. 

- the '1eat.ting ~l!Uuice,. laY~ 11 in the 110 
collector circuit of. t;ransistor _ TJ> __ whilst· 
the resis~ce layer __ 11 heats an NTC 
which -is included between the b&Se of 

. ~istor Ts and the positive supply ter-. 
$al 12, the resistor 9 -being_ included 115 
between the base of transistor Ta and the 

_ . negative supply terniinal -i 3, - -
- the hea~ ·resist~ce ,_layer._ 11,in. the 

- collector -C!rcujt of -_ tran&stor Ta. whilst 
the resistance layer ll 0 heats the NTC. 120 
res~tor. 10 as well. llS a PTC ;resistor, 
which replaces· resistor 9. a,n4 

- the heating resis~ce layer. 11 in the 
collector pircuit · of . transistor Ti. whilst 
the res~ance · lay~r_ 11 ~ts .an NTC 125 
res~stor. which- takes the place of the 
resistor 9. as. well as a PTC resistor 

- , which ~la~ the NTC re$istor 10. -
As regards the ckcuit of Pig._ g the NTC 

resiswrs 14 and 10, may be reillaced by 130. 
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,,,,.. __ PTC resistors. the heating resistance layers 

r l1 and 15 being interchanged. 

WHAT WE CLAIM IS:-

1. A film circuit which provides a. large 

S time constant betw!=en a change in an in.­

put voltage on an input terminal·and-a re­

sulting corresponding change in an output 

-{- voltage on an output terminal of the circuit 

,.. ., by employing the heat capacity of at least 

tO one resistance layer througb. which a. heat­

ing current ftows, which circuit includes at 

least one temperatuie sensitive resistance 

layer which is in direct thermal contact with 

the heating resistance layer and which de-

t5 termin~ by its resistance value the output 

voltage of the circuit. and means for de­

termining. in use, the difference between 

the input and output voltages of the circuit 

and for providing said heating current as a 

:2() function of said difference. such function 

being such that the polarity of said re8ulting 

corresponding change in outp_ut voltage cor­

responds to the polarity of said dilference. 

with the proviso that the heating current in 

25 the case tha.t the output voltage equals the 

input voltage just suffices to compensate 

for the loss of heat of the heating resistance 

layer; so that. by analogy with an RC cir­

cuit. at a constant input voltage output vol-

30 _tage does not follow rapid :fluctuations of 

the input signal. 
2. A circuit as claimed in Claim 1, where­

in. the said ~eans comprises a dllferential 

amplifier. the input voltage being applied 

3S to a first mput of the diiferential amplifier 

and the output voltage being produced at 

a second input of the differential amplifier. 

whilst m at least one of the two outputs of 

the differential amplifier the heating resis-

·40 tance layer is incorporated which is in 

direct thermal contact with the temperature­

sensitive resistance layer. which temperature 

sensitive resistance layer forms part of a 

voltage divid9~. which thus provides the out­

put voltage whicll appears at said second in- 45 

put. which voltage depends on the tempera­

ture of the resistance layer to be heated. 

said resistance layer being mcluded in the . 

voltage divider in such a way that the vol­

tage realized by the voltage divider follows SO 

the d.c. component of the input voltage. 

3. A circuit as claimed in Claim 1 or 2. 

wherein the dilferential amplifier forDlS part 

of an in.tegrated circuit which is disposed 

on an insulating substrate, on which by the 55 

appropriate techniques a double layer · is 

deposited which consists of a. resistance 

layer to be heated and a temperature sen­

sitive resistance layer in direct thermal 

contact therewith.· 
60 

· 4. A circuit as claimed in Claim 1. 2 or 

3, wherein the input voltage is a d.c. con­

trol voltage which is applied via a long line 

and that the output is connected to the in­

put terminal of a control circuit. to whicll 65 

the said d.c. control voltage is to be applied. 

S. A circuit as claimed in Claim 1. 2 or 

3, included in the negative--feedback loop 

of a low-frequency negative feedback ampli-

fie~ 
70 

6. A circuit as claimed in Ciahn 2 or 3, 

wherein a signal is taken from at least one 

of the outputs of the diiferential amplifier. 

7. A film circuit. for introducing a .large 

time constant. substantially as hereinbefore 75 

described with reference to Figures 1 la. lb, 

and 2. or to· Figure 3. Figure 4, Figure s, 

or Figure 6. of the accompanying drawings. 

C. A. CLARK. 
Chartered Patent Agent, 

Century House, 
. Shaftesbury Avenue, 

London, W.C.2. 

Agents for the Applicants. 

'Printed for Her Majesty's Stationery Office by The Tweeddale Press Ltd., Berwick-upon-Tweed, 1977. 

Poblishcd at the Patent Oftice. 2S Southampton Buildings, London, WClA lAY, fr()m which c0pie1 

. may be obtained. 
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PTC resistors. the heating resistance layers 
1 

. H and 15 being interchanged. 
'-"" WHAT WE CLAIM IS:-

1. A film circuit which provides a large 
S time constant betw~n a change in an in-

put voltage on an input terminal and a re­
.... , sulting corresponding change in an output 
· ··~voltage on an output terminal of the circuit 
~:·by employing the heat capacity of at least 
to one resistance layer through which a heat­

ing current :0.ows. which circuit includes at 
least one temperature sensitive resistance 
layer which is in direct thermal contact with 
the heating resistance layer and which de-

'15 termines. by its resistance value the output 
voltage of the circuit. and means for de­
termining. in use, the diiference between 
the input and output voltages of the circuit 
and for providing said heating current as a 

:lO function of said difference. such function 
· being such that the polarity of said re8ulting 

corresponding change in output voltage cor­
responds to the polarity of said dliference, 
with the proviso that the heating current in 

:25 the case that the output voltage equals the 
input voltage just suffices to compensate 
.-for the loss of heat of the heating resistance 
layer; so that. by analogy with an RC cir­
cuit. at a constant input voltage output vol-

:30 .tage does not follow rapid fluctuations of 
the input signal. 

2. A circuit as claimed in Claim 1. where­
in the said means comprises a differential 
amplifier, th~ input voltage being applied 

35 to a first input of the diiferential amplifier 
and the output voltage being produced at 
a second input of the differential amplifier. 
whilst in at least one of the two outputs of 
the diiferential amplifier the heating resis· 

.40 tance layer is incorporated which is in 
direct thermal contact with the temperature· 
sensitive resistance layer. which temperature 

sensitive resistance layer forms part of a 
voltage divid9r which thus provides the out­
put voltage which appears at said second in· 45 
put, which voltage depends on the tempera­
ture of the resistance layer to be heated. 
said resistance layer being included in the 
voltage divider in such a way that the vol­
tage realized by the voltage divider follows SO 
the d.c. component of the input voltage. 

3. A circuit as claimed in Claim 1 or 2. 
wherein the differential amplifier forms part 
of an integrated circuit which is disposed 
on an insulating substrate, on which by the SS 
appropriate techniques a double layer .is 
deposited which consists of a resistance 
layer to be heated and a temperature sen­
sitive resistance layer in direct thermal 
contact therewith.· 60 

4. A circuit as claimed in Oaim 1, 2 or 
3. wherein the input voltage is a d.c. oon· 
trol voltage which is applied via a long line 
and that the output is connected to the in­
put terminal of a control circuit. to whiCh 6S 
the said d.c. control voltage is to be applied. 

5. A circuit as claimed in Claim l, 2 or 
3. included in the negative-feedback loop 
of a low-frequency negative feedback ampli-
fier. 70 

6. A circuit as claimed in aaim 2 or l. 
wherein a signal is taken from at least~ 
of the ()Utputs of the differential amplifi~. 

7. A film circuit. for introducing a large 
time constant. substantially as hereinbefore 75 
described with reference to F~ 1 la. lb. 
and 2. or to F,igure 3. Figure 4, Figure s, 
or Figure 6, of the accompanying drawings. 
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