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TEMPERATURE VARIABLE ATTENUATOR 

BACKGROUND OF THE INVENTION 

The present invention is directed toward a tempera 
ture variable attenuator and more particularly toward 
an absorptive-type temperature variable microwave 
attenuator wherein the attenuation thereof changes at a 
controlled rate with changes in temperature while the 
impedance remains substantially constant. 

Attenuators are used in applications that require sig 
nal level control. Level control can be accomplished by 
either reflecting a portion of the input signal back to its 
Source or by absorbing some of the signal in the attenua 
tor itself. The latter case is often preferred because the 
mismatch which results from using a reflective attenua 
tor can create problems for other devices in the system 
such as nonsymmetrical two-port amplifiers. It is for 
this reason that absorptive attenuators are more popu 
lar, particularly in microwave applications. 
The important parameters of an absorptive attenuator 

are its accuracy as a function of frequency, its return 
loss and its stability over time and temperature. It is 
known that variations in temperature can affect various 
component parts of a microwave system causing differ 
ences in signal strengths at different temperatures. 
Much time, effort and expense has gone into the compo 
nents of such systems in an effort to stabilize then over 
various temperature ranges. This has greatly increased 
the cost of microwave systems that must be exposed to 
wide temperature ranges. 

It is common today to find thermistors used in many 
types of electronic circuits. They are often employed as 
temperature compensating elements in analog circuits 
and as detectors in temperature probes. Most thermistor 
applications are at frequencies of a few hundred mega 
hertz or below. To Applicant's knowledge, no one has 
ever considered utilizing the attributes of a thermistor in 
a microwave attenuator circuit that is usable up to 6 
GHz or more. 

SUMMARY OF THE INVENTION 

Rather than attempt to stabilize the signal level of a 
microwave circuit by optimizing each component part 
thereof, the present invention contemplates that the 
signal level will vary over temperature and controls the 
same utilizing a temperature variable attenuator. The 
absorptive-type temperature variable microwave atten 
uator of the present invention is produced utilizing at 
least two different thick film resistors. The temperature 
coefficients of the resistors are different and are selected 
so that the attenuator changes at a controlled rate which 
changes with temperature while the impedance of the 
attenuator remains substantially constant. Substantially 
any temperature coefficient of resistance can be created 
for each resistor by properly selecting and mixing dif 
ferent inks when forming the thick film resistors. Fur 
thermore, attenuators can be created having either a 
negative temperature coefficient of attenuation or a 
positive temperature coefficient of attenuation. 
BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, there are 
shown in the accompanying drawings forms which are 
presently preferred; it being understood that the inven 
tion is not intended to be linited to the precise arrange 
ments and instrumentalities shown. 
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FIG. 1 is a schematic representation of a microwave 

attenuator; 
FIG. 2 is a plot showing a family of constant attenua 

tion curves utilized in designing the attenuators of the 
present invention; 

FIG. 3 is a schematic representation of a second form 
of microwave attenuator; and 
FIG. 4 is a partially exploded perspective view of the 

attenuator shown in FIG, 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to the drawings in detail, FIG. 1 is a 
schematic representation of an absorptive microwave 
attenuator 10 commonly used in the industry and re 
ferred to as a T attenuator. Attenuator 10 includes a pair 
of identical series resistors R1 and a shunt resistor R2. 

FIG. 2 is a plot showing a family of constant attenua 
tion curves from 1 to 10 dB, with a constant 500 impe 
dance curve. The vertical axis on this plot represents 
the values of resistor R2 and the horizontal axis repre 
sents the values for resistor R1. The point of intersec 
tion between the impedance curve and an attenuation 
curve gives the values for R1 and R2 that produce the 
desired attenuation and a 500 impedance match. 

FIG. 2 is useful in determining the proper design for 
a temperature variable attenuator. The plots in the fig 
ure show how the resistors R1 and R2 must change in 
order to produce a change in attenuation while main 
taining a good match. The plots also provide useful 
insight into parameter sensitivity. 

For example, it can be seen that the accuracy of low 
value attenuators is more sensitive to variations in R1 
than R2. For a 1 dB attenuator, a 10 percent increase in 
R1 causes a 0.05 dB increase in the attenuation, while a 
10 percent increase in R2 only increases the attenuation 
by 0.004 dB. Variations in R1 and R2 produce about the 
same amount of accuracy degradation in larger value 
attenuators. However, the polarity of attenuation shift 
for large attenuators is positive for increasing values of 
R1 and negative for increasing values of R2. Further 
more, the impedance of the attenuator is more sensitive 
to changes in R1 than R2 for large value attenuators. A 
10 percent increase in R1 for a 10 dB pad will cause the 
impedance to increase to 54.39), while a 10 percent 
increase in R2 causes the impedance to rise to only 
about 50.8). 

In a manner which will be explained more fully here 
inafter, the values of the resistors R1 and R2 for a ten 
perature variable attenuator which will produce the 
proper attenuation at the high and low temperature 
extremes can be determined from the curves of FIG. 2. 
Once the values are determined, it is necessary to select 
a resistor material that will produce the resistance shift 
required. In order to address all of the possible combi 
nations of attenuation values and temperature shift that 
may be required, a flexible resistor system must be used. 
The currently preferred form is a thick film resistor 
system that is currently employed in the manufacture of 
thermistors. 
Thick film resistors are produced by combining a 

metal powder, such as Bismuth Ruthenate, with glass 
frit and a solvent vehicle. This solution is deposited and 
then fired onto a ceramic substrate which is typically 
alumina. When the resistor is fired, the glass frit melts 
and the metal particles in the powder adhere to the 
substrate, and to each other. 
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One of the advantages of this type of a resistor system 
is that a few ranges of material resistivities and tempera 
ture characteristics may be blended together to produce 
many different combinations. A disadvantage, how 
ever, is that the glass frit in the resistor can produce a 
parasitic capacitive reactant that can make the high 
resistivity materials unusable at high frequencies. Care 
ful resistor design and ink selection can result in a tem 
perature variable attenuator that can operate to 6 GHz. 
The resistive characteristics of a thick film ink is 

specified in ohms per square area (QM). This quantity is 
a function of the material resistivity of typical fired 
thickness. The value of a rectangular resistor can be 
predicted using the following relation: 

RsM (L/W) 

Where: 
L=The resistor length 

W=The resistor width 
A particular resistor value can be achieved by either 

changing the geometry of the resistor pattern or by 
blending inks with different ()/innearly linear propor 
tions to produce the desired characteristic. The resis 
tance can be fine-tuned by varying the fired thickness of 
the resistor. This can be accomplished by changing the 
deposition thickness and/or the firing profile. Similar 
techniques can be used to change the temperature char 
acteristics of the ink. However, variations in geometry 
have little effect on this parameter. Most thick film 
manufacturers specify the temperature characteristics 
of a resistive ink in terms of the ink (3: 

B - (fat) (; ) 
Where: 
RT = resistance of a sample Gthe low temperature, 
T 

RT2=resistance of a sample Gthe high temperature, 
T2 

T=lower temperature in K 
T2=higher temperature in K 
A more convenient definition for the temperature 

characteristic of the ink is the Temperature Coefficient 
of Resistance (TCR) often expressed in parts per million 
per degree Centigrade (PPM/C). TCR is determined by 
the following: 

T X T 
T2 - T. 

(RT2. - RT) 
TCR = Rr yi (1 x 106) 

The above factor can be used to calculate directly the 
amount of shift that can be expected from a resistor over 
a given temperature range. Once the desired TCR for a 
particular application is determined it can be achieved 
by blending appropriate amounts of different inks. As 
with blending for sheet resistance, a TCR can be formed 
by blending two inks with TCR's above and below the 
desired TCR. One additional feature of TCR blending is 
that positive and negative TCR inks can be combined to 
produce large changes in the resulting material. 
One problem that has previously been encountered 

when using thermistors is the variant nature of the re 
sistance-temperature characteristic. Aside from the 
nonlinear relationship, thermistors also exhibit a resis 
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4. 
tance hysteresis as a function of temperature. If the 
temperature of the resistor is taken beyond the cross 
over point at either end of the hysteresis loop, the resis 
tor will retain a "memory" of this condition. Conse 
quently, as the temperature is reversed, the resistance 
will not change in the same manner observed prior to 
reaching the crossover point. To avoid this problem, 
the inks used in producing a temperature variable atten 
uator should be selected with crossover points that are 
well beyond the -55" C. to 125 C. operating range. 
The values for resistors R1 and R2 of FIG. 1 for a 

temperature variable attenuator that will produce the 
attenuation at the high and low temperature extremes 
can be determined from the curves of FIG. 2. The resis 
tor values are first selected to give the desired attenua 
tion at 25 C. which are represented in FIG. 2. Then a 
TCR is selected for each of the three resistors that will 
produce the desired amount of attenuation for a particu 
lar temperature extreme, while staying on the 500 
impedance line of FIG. 2. 
By way of example, a 4 dB attenuator with a tempera 

ture coefficient of attenuation of 0.002 dB/(dBC.) 
would have the following attenuation and resistor val 
ues at 25 and 125 C.: 

25 C. 125 C. 

Attenuation = 4 dB 4.8 dB 
R as 1 13.5 
R2 = 105 ) 86 

This example would require that R1 have a TCR of 
2270 PPM/C. while R2 would need a TCR of -1800 
PPM/C. This selection required that the series resis 
tors R1 and the shunt resistor R2 have opposing TCR's. 
The value of the attenuator at the opposite tempera 

ture extreme can be calculated using the parameters 
determined by the foregoing. For the example set forth 
above, the calculated values at -55 C. are: 

-55 C. 

Attenuation = 3.2 dB 
R1 = 9 ) 
R2 as 120 ) 

Using the following equation for linear regression, 
the slope of the calculated design can be compared with 
the desired slope. For the straight line: y = ax +b 

Where: 
a=Slope 
b=y intercept 
N=Number of data points 
x=The i'th temperature reading. 
yi=The i'th attenuation reading. 
For the example, the slope calculated from the linear 

regression is 0.0022 dB/(dB'C.). The resistor values and 
resistor TCR's can then be adjusted to minimize the 
difference between the two slopes. In the example the 
slopes differed by nine percent. If the resistor selection 
for the 125 C. temperature are reduced by two percent 
the new values are: 
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25 C. 125 C. -SS TCR 

Attenuation: = 4 dB 4.7 dB 3.3 dB 
R: = 1. ) 3.2 ) 9.24 2000 
R2: st 105 88 ) 118.6 ) -690 

A linear regression on the above data gives a slope of 
0.00193 dB/(dB'C.) which is very close to the design 
goal of 0.002. 

FIG. 3 is a schematic representation of another form 
of a temperature variable attenuator in accordance with 
the present invention and has been designated generally 
as 12. The temperature variable attenuator 12 is com 
monly referred to as a pi-type attenuator and a physical 
embodiment of the same is shown in perspective in FIG. 
4. 

Two temperature variable attenuators were made 
conforming to FIGS. 3 and 4. Both had nominal values 
of 4 dBG25' C. and each had a temperature coefficient 
of attenuation of 0.002 dB/(dB' C.). However, the two 
examples had opposite temperature coefficients. That is, 
one increased with increases in temperature while the 
other decreased. 

In each of the two examples, R1 and R3had values of 
221) while resistor R2 had a value of 240. The temper 
ature coefficient of resistivity of resistors R1 and R3 in 
both examples was 100 PPM/C. In the temperature 
variable attenuator having a positive temperature coef. 
ficient of attenuation, the TCR of R2 was 2700 
PPM/C. while R2 in the temperature variable attenua 
tor having a negative TCA had a TCR of -2640. Fur 
thermore, in both examples, the resistivity of resistors 
R1 and R3 was 2000/1 while the resistivity of resistor 
R2 was 50/1. 
Referring now to FIG. 4 which shows a typical atten 

uator construction identified at 12, a substrate of ap 
proximately 96 percent aluminum oxide is used as the 
base 14. Of course, other insulating materials such as 
reinforced Teflon, fiberglass board or beryllia ceramic 
may be used. Three metal conductor pads 16, 18 and 20 
are applied to the base 14. The size and position of the 
pads is determined by the value of the required resistors. 
To achieve the required resistor values for the exam 
ples, the equation set forth above is used which takes 
into account the length and width and resistivity of the 
resistor materials. 
The length of the resistors is determined by the dis 

tance between the pads. The distance between pads 16 
and 20 determines the length of resistor R1; the distance 
between pads 16 and 18 determines the length of resis 
tor R2; and the distance between pads 18 and 20 deter 
mines the length of resistor R3. The width of each con 
ductor pad is preferably made slightly larger (0.005") 
than the required resistor width in order to keep the 
resistor values constant over process and fixture toler 
2CeS. 

The conductor pads 16, 18 and 20 are preferably 
made from thick film platinum gold which is deposited 
on the ceramic base 14 by screen printing in a known 
manner. Thick film resistors R1, R2 and R3 having the 
specifications described above and of the proper width 
and length are then applied also utilizing a screen print 
ing procedure and are then fired in a manner well 
known in the art. Preferably, the thick film resistors R1, 
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6 
R2 and R3 are then protected from abrasion with a 
silicone base protective coating 22. 

Important to the performance of the temperature 
variable attenuator is the maintenance of a good match 
(VSWR) over temperature. This match can be attained 
by selecting the resistor TCR's that keep the ratio be 
tween the series resistor R2 and the shunt resistors R1 
and R3 constant over temperature. 
The present invention may be embodied in other 

specific forms without departing from the spirit or es 
sential attributes thereof and accordingly reference 
should be made to the appended claims rather than to 
the foregoing specification as indicating the scope of the 
invention. 
We claim: 
1. A temperature variable microwave attenuator 

comprised of at least first and second resistors, said first 
resistor having temperature coefficient of resistance 
which is different from the temperature coefficient of 
resistance of said second resistor, the temperature coef 
ficients of said resistors being such that the attenuation 
of said attenuator changes at a controlled rate with 
changes in the ambient temperature but wherein the 
impedance of said attenuator remains substantially con 
stant as said attenuation changes. 

2. The invention as claimed in claim 1 wherein one of 
said resistors has a negative temperature coefficient of 
resistance and the other of said resistors has a positive 
temperature coefficient of resistance. 

3. The invention as claimed in claim 1 wherein said 
resistors are film resistors. 

4. The invention as claimed in claim 3 wherein said 
resistors are thick film resistors. 

5. The invention as claimed in claim 1 wherein said 
attenuator has a negative temperature coefficient of 
attenuation. 

6. The invention as claimed in claim 1 wherein said 
attenuator has a positive temperature coefficient of 
attenuation. 

7. In an absorptive microwave attenuator comprised 
of at least first and second resistors, the improvement 
comprising means for changing the attenuation of said 
attenuator with changes in ambient temperature, said 
means including said first resistor having a temperature 
coefficient of resistance which is different from the 
temperature coefficients of resistance of said second 
resistor, the temperature coefficient of said resistors 
being such that the impedance of said attenuator re 
mains substantially constant as said attenuation changes. 

8. The improvement as claimed in claim 7 wherein 
the attenuation of said attenuator changes at a con 
trolled rate with changes in the ambient temperature. 

9. The improvement as claimed in claim 8 wherein 
one of said resistors has a negative temperature coeffici 
ent of resistance and the other of said resistors has a 
positive temperature coefficient of resistance. 

10. The improvement as claimed in claim 8 wherein 
said resistors are film resistors. 

11. The improvement as claimed in claim 10 wherein 
said resistors are thick film resistors. 

12. The improvement as claimed in claim 8 wherein 
said attenuator has a negative temperature coefficient of 
attenuation. 

13. The improvement as claimed in claim 8 wherein 
said attenuator has a positive temperature coefficient of 
attenuation. 
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EX PARTE AS A RESULT OF REEXAMINATION, IT HAS BEEN 
REEXAMINATION CERTIFICATE DETERMINED THAT: 

ISSUED UNDER 35 U.S.C. 307 

THE PATENT IS HEREBY AMENDED AS 
INDICATED BELOW. k . . . . 

5 Claims 1-13 are cancelled. 


