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

(71) . We, PHiLIPS FELECTRONIC AND
ASSOCIATED INDUSTRIES LiMiTED of
Abacus Hoise, 33 Gutter Lane, London,
B.C.2., a British Company, -do hercby de-

5 clare the invention, for which we pray.that
a patent may be granted to-us, and the
method by which it is to be péerformed,
to be particularly described in and by the
followmg statement :

10 .

The mv_entlon 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 _techmniques,
which tracks interconnect the various ele-
ments of a circuit.. Said elements are in-
tegrated circuits and elements which for

"20 technical or economic reasons cannot be
incorporated in the infegrated circuits. A
number of said elements which cannot be
incorporated in the integrated circuits ¢an
be mounted on the  substrate using: the

.25 appropriate techmques Resistors,  induc-
tances and capacitors can be realized with-
in certain limits by means of. said tech-
niques. For capacitors the- practlca.l upper
lnPl‘nt may be assumed to be approx. 10 ,000

30

" Film cu'cmts may be divided into two
groups, viz. the so-called thin-film circuits
and the thick-film circnits. The difference
between the two said types is mainly the

- 35 manner in which_the various structures and

conducto’r tracks are deposited on the sub-

- In the case of thin.film circuits
thls is eﬁected inter alia by evaporation or
sputter techniques, ‘whilst in" the -case of

_ 40 thick-film circuits . the structures -and con-

ductor tracks are applied inter alia by means
of various pastes, after the substrate has
been :partly covered in a suitable manner. -

. If a circuit in which a:large time constant:
45 is to be realized is manufactured v:vitlm con-

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 and a capacitor for obtaining a large
time constant are disposed on a substrate
which is provided with conductor tracks.
The spatial dimensions of the necessary

50

‘capacitor may be such that these amply

exceed the dimensions of the other circuit 55
components at least in ome dimension, so
that a significant advantage of the inte-
grated circuit which is used is eliminated.
For example, if such a capacitor is moun-
ted on the substrate of a film circuit, the
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 constant in a film circuit
without the use of such capacitors..

According . to the invention 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 circuit by em-
ploying. the heat capacity of at least one

60

‘resistance layer, through which resistance

layer a heating current flows, which circuit 75
includes ‘at léast 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, in 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 85
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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Oz to compensate for the los (f of heat of the

heating resistance layer, so that by -analogy
with an RC circuit at a constant input vol-
tage output voltage su tantially equal
5 thereto is obtained, whilst the output vol-
tage does not follow rapl voltage fluctua-
tions of the input signal. | The means for
determining the dlfference between the in-
put and output voltages
10 be a transistorised differ ‘amplifier.

It is obvious that the resistance layers re-
quired for the circuit acogrding to the in-
vention can simply be deposited on the
substrate by film techniques.

15 Although the use of the delaying proper-
ties of heated temperature-sensitive resistors
is known per se, the use 4 cording to the
invention: is to be regarded as novel. The
known circuits are mainly divided into two

20 categories, viz.: on the ohe hand circuits
in which a heating current is fed through
the temperatu:e-senﬂtwe resistafice, in
which in contradistinction to the invention
the a.c. components of the

25 causes an alternating voltdge i
direct voltage to develop across the tem-
perature-sensitive clement, and on the other
hand circuits in which usé is ‘made of an
‘indirectly heated temperafure-sensitive re-

30 sistance, the delaying properties being de-
rived from the delaying. a
conducting medium -betweén
element and the temperatyre
ment, which heat-conducting

35 trically behaves as a long

The invention is based
aheateapacltyasan
electrical capacitance can i
to realise an ‘RC’ time

40 ciréuit.. . . . '-

Embodiments of the invention will now
be described, by way of egample, with re-
ference to the accompany’, dtawmg s
which:— :

45 Fig. 1 shows a circuit dlagram of an
arrangement according to invéntion,

- Fig. le being a basic layqut of the circuit
of Fig. 1 in a° ﬁlm-techmq e embodiment,

and
50  Fig. 1b being a cross-se
figuration of Fig. la, -
Fig.. 2 shows the step
circuit of Fig. 1., :
Fig. 3 shows a circuit dlagram of an
55 arrangement according to the invention, in
which the charge and the) discharge time
constant are the same, and. | -

ion of the con-

. sponse of the

Figs. 4, 5 and 6 are sopme applications.

of the arrangement accord' g 0 the inven-
60 tion.’ EE

Fig. 1 shows .a ﬁrst transi
second transistor T,, both of the npn-type
with a common-emitter cin it, which via
a resistor 8 is connectedjto a negative

65 supply terminal 13. The base of the tran-

!
|
|

1ay for example

sistor T, is connected to an input terminal

1 and the base of the transistor T; is con:
nected fo an output terminal 2. The col-
lector of T, is connected to a positive supply
terminal 12, whilst the collectors of T, is
connected to the positive supply termmal
12 via a heating resistance layer 11. The &
resistance layer 11 is in thermal contact wif,., |

a resistance 10 having a negative tem]pera-‘-’fl
ture coefficient, called NTC hereinafter, in 75
such a way that said NTC resistor 10 is

at the same temperature as the resistance
layer 11. The NTC resistor 10 connects
the base of T; to the negative supply ter-
minal 13, whilst said base via the resistance 80
9 is connected to the positive supply ter-
minal, so that the resistance 9 and the NTC
resistor 10 constitute a temperature-depen-
dent voltage divider between the supply
terminals 12 and 13. &5

Fig. la shows the basic arrangement of
the circuit of Fig. 1 on a substrate and by
no means represents a realized embodiment
to scale. The block 16 is the schematic
representation of all clements of the cir- 90
cuit of Fig. 1 except for the NTC resistor
10 and ‘the resistance layer 11. Said block
may include an integrated circuit of which
the circuit of Fig. 1 forms part and may
consist of separate elements which are dis- 95
posed on the substrate 17 and which are
not shown :in- detail. The resistance layer
11, which is disposed on the substrate 17,
js connected to the positive supply terminal
12 and to the collector of the transistor T, 100
(not further shown) in block 16 vie the
conductor tracks 18 and 19 respectively.
NTC resistor 10 is disposed on the resis-
tance layer 11, is isolated therefrom by an
electrically msulatmg layer 20, and is con- 105
nected by the conductor tracks 21 and 22
to the megative supply terminal 13 and to
the base of the -transistor T, not shown,
respectively. :

Fig. 1b shows the cross-section at the 110
line’ A-A’ of Fig. la.-

. The insulating layer 20 is so thm that it
constitutes a neglible heat resistance, so
that the resistance layer 11 and the NTC
resistor 10 may be assumed to be at sub- 115
stantially the same temperature. -

‘Thé behaviour of the circuit of Fig 1 wﬂl
now be discussed with reference to Fig. 2.
When at a given instant t; a negatlve vol-
tage fransient appears at the input, the 120
base-emitter. voltage of T, will decrease, so
that the emitter current of T, and thus the:
voltage drop across the resistor ‘8 will de-
crease, As a result, the base-emitter vol-
tage. of T, at the instant t, will exhibit a 125
positive transient, so that the collecor cur-
rent of T. increases. The temperature of
the resistance layer 11 in the collector cir-
cuit T, gradually increases owing to the
heat capacity and at the same time the tem- 130

dyrntlp o o
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. - perature of NTC resistor 10 also increases.
\_  If:said NTC resistor 10 is ‘to follow the
temperatare of the heating resistance layer
directly, the heat capacity of said NTC

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

A~ 11 and, as stated previously, the electrical
~we Msulation between the resistance layer 11

" “and the NTC resistor 10 should have a low

10 heat resistance. -

The resistance of the NTC resistor 10
decreases with increasing -temperature and
owing to the woltage divider consisting of
the NTC 10 and the resistor 9, the base
potential of the transistor T; decreases, as
a result of which the base-emitter voltage
of T; decreases and thus: the collector cur-
rent of T, the resistance layer 11 is heated
less rapidly. ~ Said pr continues until
20 the output voltage V, has reached such a

value that the collector current of T, pro-
vides just sufficient power to the resistance
Iayer 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 V;, which is also
determined by the values of the resistors

_and the supply voltage. By analogy with

30 the time constant of an :RC circuit, the
time =, which elapses between the instant
t, and -the instant at which the output vol-
tage V, has performed a part (1-1/e) of
the total variation of the input voltage V,
35 js ‘referred to as the time comstant of the
circuit when e is the base of Naperien
logarithms. = .
* The said time constant determines the
frequency of that input signdl whose am-
‘40 plitude can just be followed by the output
signal. - I a non-negligible heat resistance
were present between the heating resistance
layer 11 and the NTC resistor 10, the tem-
~ perature variations of the NTC resistor 10
45 would lag the temperature variations of the
heating resistance layer 11. In the case of
an input signal with:a frequency which is
substantially lower than the said frequency,

. the temperature of the heating resistance

50 layer 11 will follow sdid input signal, whilst
the signal at thé-ouiput terminal, and thus
at the base of the ‘transistor T,, will follow
the temperature of the NTC resistor 10, so

_ that an undesired phase shift exists between
“'S5 the * input signal ‘and the output signal

Said phase shift iay become so great for
certain frequencies ‘that instabilities may re-
sult. This is becatise a heat resistance elec-
~ trically behaves as-a long line which; in
'65 contradistinction to an RC network, causes
a continually increasing phase shift bétween
input signal and output signal. -
At the instant t, a. positive voltage tran-
. . sient appears at the input, so that said pro-
‘60 cess takes place in thé réverse sequeiice, ex-

is

cept that the decrease of the temperature
of the resistance layer 11 is caused by loss
of beat to the environment. As a result
of this the time constant =, of the positive
voltage-transient response is not the same 70
as the time constant =, of the negative vol-
tage-transient response. The thermal in-
sulation of the resistance layer may be.
selected so that n=r,. If the two time
constants must be equal with a high
accuracy, the circuit of Fig. 1 is not satis-
factory, because the cooling of the resis-
tance layer cannot readily be predicted and
controlled. The circuit of Fig. 3 does not
have said drawbacks.

' In 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
coliector circuit of transistor T, to the posi-
tive supply terminal 12, -

When a positive voltage transient occurs
at terminal 1, the base-emitter voltage of T,
increases and the base-emitter voltage of T,
decreases. Accordingly, the collector cur- 90
rent of T, increases and the collector cur-
rent of T, decreases, so that the temperature
of the resistance layer 15 rises and the tem-
perature of the 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 V,
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 an alternating voltage with
a frequency which is substantially higher
than 1/~ 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
the output voltage V,, 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
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 schematically shows a circuit in
which a control voltage Vi is remotely ad-
justable and which voltage vie a conductor
is fed to a control circuit' 27. Owing to
capacitive and "inductive. influences inter--
ference signals are produced in the line
which have an adverse effect on'the control
means. By including ‘a circuit 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. lev el of Vi
Fig, 5 represenis an amplifier. consisting
of three stages with the transistors T;, T,
and T,. The collector circuits of said tran-
S sistors include the resistors 186,
respectlvely, whilst the collect:
T, via a coupling element i
the d.c. level of the base of itransistor T,
"to the d.c. level of the collect@r of transis-
10 tor T;, is connected to the base| of transistor

s1stor T. 1s connected to the ba

25 and via the circuit ;of Fig. 3
vides feedback to the input te

a 180° phase shift for low-fr

When the base voltage of the tran

the relevant amplifier stage increase
30 collector current of said - transwto'_ increases

frequency voltage at termmal 1 of' said
35 circuit, said low-frequency voltags - is sub-
ject to full negative feedback. - Spid low-

frequency negative feedback stab'_'zes the.

circuit of Fig. 3 when - included! "in the
40 negative-feedback path prevents feed&a;k of

high-frequency mgnals thus preven ing the
circuit from

cribed in this example it is obv:o_ that a

S heat resistance between the heating- resis-
tance layer and the -temperature-s¢nsi
resistance layer is undesirable. The &
sistance gives rise to -an additional| phase
shift in the negatlve-feedback -loop, {which

50 at a high loop-gain may give rise to #n un-
stable circuit arrangement. -

Fig. 6 shows a third examplé usmg the'_
e re-

circuit- according to the invention. -
sistor 8 in Fig. 3 has now been replaced
55 by a current source, which draws-a {
current 2I from' the common emit
cuit of the transistors T; and T, - Sincg
base potential of thé tramnsistor T,
_ the de. component of the’ signal whi
'60 applied to the input terminal 1 of the citc
the d.c. components of the collector ¢

s

of the transistors T; and T, aré the same::gl-

equal I when the basé currents ‘are negl
The ‘a.c. components of the: oo]lectgrmrr--

65 rents are proportional to the a.c. ¢

dpo-:

nent of the input signal and are mutually

in phase opposition. When the voltage W

which is- caused across the resistor 15 by

the collector current of tranmsistor T; 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. component which is-

proportional to and in phase opposition b"

with the a.c. component of the input signal. 75

It is obvious that for the differential
amplifier constituted by the transistors T,
and T, any other type of differential ampli-
fier-may be employed. Neither is the scope
of the invention limited to a specific tran-
sistor type.” Imstead 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
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
heatingresistance; layers are included in the
other output circuit of the differential ampli-

fier. With ‘respect to the circuit of Fig. 1,

this yields inter. alia the following possibili-

tless WZ ] .

— the heating resxstance layer 11 in the
collector circuit of tramsistor T, whilst
the resistance. layer 11 heats a PTC re-
sistor which is included between the base
of tramsistor T, and the positive supply

" terminal 12, the resistor 9 being in-
cluded between the base of transistor

T; and the negative supply terminal 13,

the heating resistance layer 11 in the

collector circuit. of the -tramsistor T,

whilst ¢he resistance layer 11 heats a

PTC resistor which .is included between

the base of transistor T; and the negative

supply termina] 13, the resistor 9 being

- included in the circuit of Fig. 1.

— the heatmg resistance. Jayer 11 in the
collector circuit of: transistor T;, whilst:

. the resistance layer 11 heats an NTC

95

100

105

110

" which s included between the base of

-transistor Ty and the positive supply ter-,
‘minal 12, the resistor 9 being included
‘between the base.of transistor T, and the
.. negative supply terminal 13, .
— the heating resistance . Iayer 11 .in the
--collector circnit of transistor T, whilst
the resistance layer 11 heats the. NTC_
resistor. 10 as. well as a PTC resistor,
- which replaces- resistor -9, and o
the heating resistance layer 11 in the
collector _circuit: of transistor T,, whilst
the resistance layer 11 heats an NTC
_ resistor - which- takes the place of the
resistor 9, "as.- well. as a PTC resistor
-, which: replaces the NTC resistor 10.
As regards the circuit of Fig. 3 the NTC
resistors 14 and -10. may be replaoed by

115

120

125

130.
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... PTIC resistors, the heating resistance layers sensitive resistance layer forms part of a
(™ 11 and 15 being interchafiged. Soltage divides, which thus provides the out-
WHAT WE CLAIM IS:— put voltage which appears at said second in- 45
1. A film circuit which provides & large put which voltage depends on the tempera-
5 time constant between a change in ag sn- ture of the resistance layer t0 be heated,
put voltage o an input terminal-and-a re- said resistance layer being included in ,
- sulting corresponding change in an output voltage divider in such a W& that the vol-
- -£~ ‘yoltage on an output terminal of the circuit tage realized by the voltage divider follows 50
by employing the heat capacity of at least the d.c. component of the input voltage.
40 one resistance layer through which a heat- 3, A circuit as claimed in Claim 1 of 2, .
ing current flows, which circuit includes at wherein the differential amplifier forms part
least onme temperaturé sensitive resistance of an integrated circuit which is disposed
layer which is in direct thermal contact with on an insnlating substrate, on which by the 55
the heating resistance layer and which de- approp. jate techmiques a double layer is
{5 termines, by its resistance value the output deposited which consists of a resistance
voltage of the circuit, and means for de- layer to be heated and a temperature sen-
termining, in use, the difference between sitive resistance layer in i rmal
the input and output voltages of the circuit contact therewith. 60
and for providing said heating current as 2~ 4. A circuit as claimed in Claim 1,200
function of said difference, such function 3, wherein the input voltage is a d.c. con-
being such that the polarity of said resulting trol yoltage which is applied via 2 long line
corresponding change in output voltage cor- and that the output is connected to the in-
responds to the polarity of said difference, put terminal of a control circuit, to which 65
with the proviso that the heating current in the said d.c. control oltage is to be applied.

5 the case that the output voltage equals the 5. A circuit as claimed in Claim i,2 01
input voltage just suffices to compensate 3, included in the negative—feedback loop
for the loss of heat of the heating Tesistance of a low-frequency negative feedback ampli-
jayer; so that, by analogy with an RC cir- fier. 70
cuit, at a constant input voltage output vol- 6. A circuit as Jaimed in Claim 2 or 3,

o tage does not follow rapid fuctuations of wherein a signal is taken from at least one
the input signal. of the outputs of the differential amplifier.

. 2. A circuit as claimed in Claim 1, where- 7. A film circuit, for introducing a
in the said means comprises 2 di erential i i
amplifier, the input voltage being applied described with reference to Figures 1 14, 1b,
35 to a first input of the differential amplifier and 2, OF to Figure 3, Figure, 4, Figure 5,

° and the output voltage being _produceq at or Figure 6, of the accompanying drawings.
a second input of the differential amplifier, C. A CL s
whilst in at least on® of the two outputs Of _ Chartered Patent Agent.
the differenti amplifier the heating resis- Century House,
40 tance layer is incorporated which is 1 ~ Shaftesbury Avenue,
direct thermal contact with the temperature- ' London, W.
sensitive resistance layer, which temperature Agents for the Applicants.

Printed fdt Her Majesty’s Stationery Office by The Tweeddale Press 14d., Berwick-upon-'l‘w_eed, 1977,
Published at the Patent Office, 25 Southamptoge gbug(}ms& London, WC2A {AY, from which copies
. may ned.
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PTC resistors, the heating resistance layers
11 and 15 being interchanged. '
WHAT WE CLAIM IS:— -
1. A film circuit which provides a large
5 time constant between 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
7 -by employing the heat capacity of at least
40 one resistance layer through which a heat-
ing current flows, 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 difference between
the input and output voltages of the circuit
and for providing said heating current as a
20 function of said difference, such function
being such that the polarity of said resulting
corresponding change in output voltage cor-
responds to the polarity of said difference,
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, the input voltage being applied

35 to a first input of the differential 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 differential amplifier the heating resis-
40 tance layer is incorporated which is in
direct therma] contact with the temperature-
sensitive resistance Iayer, which temperature

\

sensitive resistance layer forms part of a
voltage divider which thus provides the out-
put voltage which appears at said second in-
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
the d.c. component of the input voltage.

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

45

50

.wherein the differential amplifier forms part

of an integrated circuit which is disposed
on an insulating substrate, on which by the
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.

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 which 63
the said d.c. control voltage is to be applied.

5. A circuit as claimed in Claim 1, 2 or
3, included in the negative-feedback loop
gf a low-frequency negative feedback ampli- 70

er.

6. A circuit as claimed in Claim 2 or 3,
wherein a signal is taken from at least one
of the outputs of the differential amplifier.

7. A film circuit, for introducing a large
time constant, substantially as hereinbefore 75
described with reference to Figures 1 1a, 15,
and 2, or to Figure 3, Figure 4, Figure §,
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.
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