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TEMPERATURE COMPENSATION CIRCUIT FOR 
A MULTI-FREQUENCY RECEIVER 

BACKGROUND OF THE INVENTION 

The invention relates to frequency detection circuits 
and in particular to frequency detection circuits for use 
in DTMF receivers for converting dual tone multifre 
quency (DTMF) dial signals into d-c contact closures. 

Specifically, the invention relates to temperature 
compensation of such detection circuits to minimize 
recognition bandwidth variations with respect to tem 
perature. In effecting such compensation convention 
ally, the capacitors and coils incorporated in the tuning 
circuit are selected to provide mutually complementary 
temperature coefficients. In addition, fixed voltages are 
utilized for establishing threshold levels in the circuit to 
obtain further improvement. 
However, as a practical matter, selection of tempera 

ture coefficients of coils and capacitors alone does not 
eliminate variations in the recognition bandwidth be 
cause the temperature coefficients of the coils can not 
be exactly complementary to those of the capacitors. 
Moreover, zener diodes are utilized to obtain ?xed the 
threshold levels. Since the diodes themselves exhibits a 
voltage breakdown characteristic which varies with re 
spect to temperature, undesirable variations in the fre 
quency recognition bandwidth result. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the invention to provide 
a simple and inexpensive temperature compensated 
frequency detection circuit. 

In accordance with one aspect of the invention, a fre 
quency detection circuit comprises in combination 
means, including a zener diode, for regulating the out 
put level of the input signal limiter circuit means driv 
ing the detection circuits, the zener diode having a neg 
ative temperature coefficient to compensate for the 
positive temperature coefficient of the limiter circuit. 

In accordance with a second aspect of the invention, 
a frequency detecting circuit comprises means includ 
ing a negative temperature coefficient zener diode for 
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compensating the positive coefficients of elements of 45 
the detector circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I is an electrical schematic and block diagram 
of a temperature compensated frequency detection cir 
cuit constructed in accordance with the invention; 
FIG. 2 is a graph illustrating the detection circuit rec 

ognition band displacement shown by the output level 
as a function of frequency at three temperatures; 
FIG. 3 is a graph illustrating bandwidth variation re 

sulting from changes in Q factor of the detection cir 
cuit’s tuning network, shown by the output level as a 
function of frequency at three temperatures; 
FIG. 4 is a graph illustrating the output voltage as a 

function of temperature for the output of an uncom 
pensated limiter circuit. 
FIG. 5 is a graph illustrating the forward conducting 

voltage as a function of temperature for the diode D1 
shown in FIG. 1; 
FIG. 6 is a graph illustrating the base forward con~ 

ducting voltage as a function of temperature for the 
transistor TRl shown in FIG. 1; 
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2 
FIG. 7 is a graph illustrating the zener voltage as a 

function of temperature for the zener diode ZDI shown 
in FIG. 1; 
FIG. 8 is a graph illustrating the zener voltage as a 

function of temperature for the zener diode ZD2 shown 
in FIG. 1; 
FIG. 9 is a graph illustrating bandwidth variation of 

the detection circuit caused by threshold drift due to 
the temperature characteristics of the uncompensated 
limiter circuit; 
FIG. 10 is a graph illustrating bandwidth variation of 

the detection circuit caused by threshold drift due to 
the temperature characteristics of the diode D1; 
FIG. 11 is a graph illustrating the bandwidth variation 

of the detection circuit caused by threshold drift due to 
the temperature characteristics of transistor TRl; 
FIG. 12 is a graph illustrating the bandwidth variation 

of the detection circuit caused by the compensating 
temperature characteristics of zener diode ZDl; 
FIG. 13 is a graph illustrating the bandwidth variation 

of the detection circuit output caused by the compen 
sating temperature characteristics of zener diode ZD2; 
and 
FIG. 14 is a graph showing the ideal remaining recog 

nition band displacement variation without bandwidth 
variation of the detection circuit compensated in ac-' 
cordance with this invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The temperature compensated frequency detection 
circuit shown in FIG. 1 has general application in de 
tector circuits in telephone systems employing voice 
frequency signalling techniques and has particular util 
ity in multi-frequency address signalling system receiv 
ers well known to the telecommunication art, such as 
subscriber dual-tone multi-frequency pulsing. 

Referring to FIG. 1, a sinusoidal input signal, whose 
frequency is numerically representative, is applied to 
the input terminals 1, 2 of a temperature compensated 
frequency detector constructed in accordance with the 
invention. If the frequency of the input signal lies 
within the recognition band of the tuned series reso 
nant circuit Ll, C2 the detection circuit develops a d-c 
output signal across output terminals 4, 5. 

In particular, the input signal applied to terminal I, 
2 is fed to a conventional limiter circuit 10, which con 
verts the input signal into an output signal of rectangu 
lar waveform and- ?xed voltage level, and couples the 
output signal to a tuned circuit, which may comprise 
the series tuned circuit resistor R2, capacitor C2 and 
inductor L1. 
The characteristics of capacitor C2 and inductor L] 

are selected to provide series resonance at the fre 
quency to be detected. Resistor R2 provides a means 
for controlling the Q factor of this circuit. Moreover, 
the temperature coefficients are selected to provide the 
closest possible complementary temperature match. 
Typically, capacitor C2 is of polystyrole dielectric, and 
inductor Ll comprises a coil winding on a ferrite core. 
If the coil temperature coefficient is somewhat greater 
than that of the capacitor, the tuning center frequency 
will vary inversely with respect to temperature, as 
shown in FIG. 2. The Q will also vary inversely with re 
spect to temperature, as shown in FIG. 3. 
As shown in FIGS. 4, 9, an uncompensated limiter 

circuit output voltage 10 has a positive temperature co 
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efficient (FIG. 4); the bandwidth of the frequency de 
tection circuit would increase with temperature as a re 
sult of this characteristic (FIG. 9), that is, the detection 
circuit would become more sensitive as temperature 
increases. However, the limiter circuit output level is 
compensated by zener diode 2D]. The cathode of 
diode ZDI is coupled through resistor R1 to a suitable 
source of d-c power applied between terminals 3, 5 of 
the detection circuit. Capacitor C1 provides an a~c by 
pass path for diode ZDl. 

In accordance with one aspect of the invention, the 
zener diode ZDl selected for incorporation in the cir 
cuit is of the low voltage kind, and has a negative tem 
perature coefficient, FIG. 7, causing a corresponding 
limiter output voltage correction, FIG. 12 to comple 
ment the positive temperature coefficient of the limiter 
circuit 10 itself (FIG. 9). 
When the limiter circuit 10 output signal lies within 

the recognition band of series resonant circuit L1, C2, 
and when the peak value of the positive half~cycle of 
the voltage across coil Ll exceeds the sum of three 
voltages, which are; the forward conducting‘ voltage 
(VF) of diode D1, the forward conducting base-emitter 
voltage (V,,,;) of transistor TRl, and the zener voltage 
(VS) of diode ZD2, transistor TRl is switched on. Dur 
ing its period of conduction, the charge previously 
stored in capacitor C3, rapidly discharges through the 
collector~emitter circuit. 
During the negative half-cycle of the voltage across 

inductor L1, capacitor C3 is recharged via the path to 
the dc power supply comprising resistor R4. As a re 
sult of this on-off-on operation of transistor TRl, a low 
level d-c signal is obtained at the collector of transistor 
TRI. This signal is corrected by the conventional in 
verter circuit 11, and is supplied thereby to the detec 
tion circuit output terminals 4, 5. 
As stated above, the conduction threshold level of 

transistor TRl is set by the zener voltage (VS) of diode 
ZD2. The cathode thereof is coupled through a suitable 
resistor R5 to the d-c power source at terminals 3, 5. 
Capacitor C4 provides an a-c bypass path for diode 
ZD2. 
As illustrated in the drawings, the temperature coeffi 

cients of recti?er diode D1 (FIG. 5) and the base 
emitter junction or transistor TRl (FIG. 6) are nega 
tive. Consequently, the bandwidth of the detection cir 
cuit, by virtue of these negative coef?cients, increases 
with temperature increases, that is, the detection cir 
cuit sensitivity increases with temperature increases as 
can be seen from FIGS. 10 and 11. 

In accordance with another aspect of the invention, 
the zener diode ZD2, selected for incorporation in the 
detection circuit, is of the high breakdown voltage 
kind, and has a positive temperature coefficient, FIG. 
8, to compensate for the negative temperature coeffi 
cients of diode D1 and transistor TRl. FIG. 13 shows 
the compensation introduced by the characteristics of 
ZD2, complementing FIGS. 10 and 11. 
Accordingly, the only characteristics of the detection 

circuit which are not independently compensated are 
those of the tuned circuit elements, inductor L1 and ea 
pacitor C2. As noted above, these can be appropriately 
selected with respect to each other to obtain almost 
complementary temperature characteristics to achieve 
a detection circuit center frequency drift characteristic 
(FIG. 2) as close to ideal as possible. Moreover, tem 
perature compensation of the threshold level in accor 
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4 
dance with this invention will limit the recognition 
bandwidth shift to that shown by FIG. 14. 

It will be appreciated by those skilled in the art that 
the temperature compensated frequency detection cir 
cuit disclosed herein can be used to detect periodic 
input signals of non-sinusoidal waveform, and that with 
appropriate modi?cation, well within the skill of those 
in the art, shunt resonant networks, or other equivalent 
tuning circuits, and P-N-P transistors or equivalent 
switching devices, can be used in place of the specific 
tuning circuit and N-P—N transistor described above. 
Moreover, while specific embodiments of the inven 

tion have been disclosed, variations in procedural and 
structural detail within the scope of the appended 
claims are possible, and are contemplated. There is, 
therefore, no intention of limitation to the abstract, or 
the exact disclosure herein presented. 
What is claimed is: 
1. A frequency detection circuit comprising: an input 

amplitude limiter circuit means having a constant out 
put signal level over a predetermined range of input sig 
nal levels, and having a positive output signal level tem 
perature coefficient; at least one tuned bandpass circuit 
means for coupling said output signal to the next men 
tioned means; and at least one threshold detection 
means having a negative threshold level temperature 
coefficient for deriving a DC output signal in response 
to the output of said tuned circuit lying within the 
bandwidth thereof, wherein the improvement com 
prises, in combination, means, coupled to said limiter 
means and including a first zener diode means having 
a negative temperature coefficient, for setting the out 
put level of said limiter circuit means independently of 
its temperature by compensating for the positive tem 
perature coefficient of said limiter circuit means; and 
means, coupled to said threshold detection means and 
including a second zener diode means having a positive 
temperature coefficient, for setting the conduction 
level of said threshold detection means, and for com 
pensating for the negative temperature coefficient of 
said threshold detection means. 

2. A frequency detection circuit comprising in com 
bination: 
means, having an output port and being responsive to 

input signals supplied to said detection circuit, for 
deriving a first signal having a rectangular wave 
form and the same period as said input signal, said 
means having a positive output voltage 
temperature coefficient; 

means, coupled to said deriving means and including 
a first zener diode means having a negative voltage 
temperature coefficient, for setting the output volt 
age of said deriving means independently (a) of the 
temperature of said deriving means and (b) of the 
level of the input signals supplied thereto: 

means for detecting an input signal lying within a pre 
selected band of frequencies, coupled to said out 
put port of said deriving means and including in se 
rial connection, a network means tuned to reject 
signals of frequency outside said band and ar 
ranged to pass signals of frequency within said 
band; means having a negative conductance 
voltage-temperature coefficient for rectifying the 
positive half-cycles of the voltage developed across 
at least one energy storage element in said tuned 
network means; and means, responsive to the out 
put of said rectifying means for developing a D-C 
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output signal representative of a detected input sig 
nal lying within said band; and 

means, coupled to said detecting means and includ 
ing a second zener diode means having a positive 
voltage temperature coefficient, for setting the 
threshold level of conduction of said rectifying 
means; 

the enumerated means being so proportioned and the 
combination being so constructed and arranged 
that the said temperature coefficient of said first 
zener diode means complements the said tempera 
ture coefficient of said deriving means, and the said 
temperature coefficient of said second zener diode 
means complements the said temperature coeffi 

6 
cient of said rectifying means, whereby the output 
sensitivity of the frequency detection circuit with 
respect to temperature variations, is primarily sub 
stantially dependent upon the frequency band drift 
with respect to temperature of said tuned network 
means and independent of the temperature depen 
dent frequency variations of said deriving means 
and said detecting means. 

3. The frequency detection circuit according to claim 
10 2 wherein said tuned network means comprises a series 
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resonant circuit means, and further wherein said one 
energy storage element comprises an inductance 
means. 
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