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Programmable RF Attenuators 
1 0Introduction 

Presently, digitally programmable variable attenuators available on the market can only change 
value in discrete steps of 0.5dB. For an RF engineer who requires an attenuator which is 
adjustable in steps smaller than 0.5dB, there are two possible ways to do so. One is to connect a 
continuously variable attenuator to a servo motor. The other is to use a voltage variable attenuator 
plus all its associated electronics.  
 
Obviously, in this age of miniaturization, both methods are rather clumsy but unfortunately, in many 
cases, these are the only choices. The suitability of using a Rejustor as an RF component comes 
from the fact that it has a large bandwidth (> 100MHz) compared to other types of electrically 
variable chip resistors which have small bandwidths (< 1MHz). Furthermore, attenuators made with 
Rejustors are small and work without any external power which means they behave like fixed 
attenuators but with the added advantage of programmability. 

2 Background 
Programmable precise attenuation of RF signals has been an ongoing problem in the RF universe. 
Currently available digitally programmable RF attenuators (which are made of discrete attenuators) 
can only change values in steps of 0.5dB. The only way to do better is to use a continuously 
variable RF attenuator connected to a servo motor or a voltage variable attenuator plus its 
associated electronics, which in many cases is unacceptable because of real-estate constraints.  
 
The obvious solution for making a small programmable continuously variable attenuator is to use 
some type of electrically programmable chip resistor. Unfortunately typical electrically 
programmable chip resistors have narrow bandwidth (< 1MHz) and are thus completely useless for 
making RF attenuators.  
 
With the invention of Rejustors which have large bandwidths (> 100MHz), it is now possible to build 
precise programmable attenuators which are both small and have the ability to retain their settings 
without power for the very first time. 

3 Detailed Description 
To build an attenuator, the circuit that is commonly used is the �  network. See Figure 1. The 
equations which relate the attenuation factor k to the value of the resistors R1 and R2 are well 
known and are: 
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where Z0 is the impedance of the �  network, and 0 < k < 1. 
 

 
Figure 1: The �  Network 

 
 
In the following example, a �  network is created with two MBD-472-AS parts. See the schematic 
(Figure 4). It is obvious from there that 

R1 = Ra       (2) 

R2 = 2×Rb 

where  3.3k < R1 < 4.7k and 6.6k < R2 < 9.4k  for this example. 
 
 
It is well known that in the RF universe, the standard impedance is 50� . Unfortunately, because of 
the restricted ranges of R1 and R2 an impedance matching transformer must be used to match the 
above �  network to 50� . The formula which relates the impedance transformation ratio to the 
transformer turns ratio is: 
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where Z50 = 50� , Ns is the number of turns of the secondary and Np is the number of turns of the 
primary. A good value for Z0=2.55k�  so that Z0/ Z50 =51 which means that Ns/ Np� 7. Substituting 
Z0 into Eq. (1) and solving for k for the restricted ranges of R1 and R2, the attenuation range can 
be easily found to be: 
 

kmin = 0.186 = � 7.29 dB     (4) 
kmax = 0.133 = � 8.75 dB 

 
 
where the value of k in dB is calculated using the formula k(dB) = 10 log10 |k| because traditionally 
attenuation is quoted for power and not voltage. Therefore, the nominal attenuation value in this 
example is 8dB with a tuning range of ±0.73 dB. A plot of R1 and R2 versus k(dB) is shown in 
Figure 2. 
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Figure 2: The region shaded in gray shows the valid regions of R1 and R2. The 
dotted lines mark the boundar ies of valid k values. From this graph, it is easy to 
obtain R1 and R2 for  a given k. Note: k(dB) is always quoted with the sign 
suppressed 

 
For completeness, the nominal attenuation and the tuning range using the other standard Rejustor 
parts are shown in Table 1 where k has been calculated for minimum Z0 for pairs with the same 
part number. 
 

 
Table 1: The value of k has been calculated for  minimum Z0 for  pairs with the 
same par t number . For  example with two MBD-472-AS par ts. Other  
combinations with one MBD-103-BS and one MBD-103-CS are also possible but 
not shown here. 
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4 Rejustor Benefits: 
It must be emphasized that there are no programmable attenuators currently on the market which 
are: 

1. Small. 
2. Continuously adjustable. 
3. Retains settings without the need for power. 

 
Rejustors provide, for the first time, the technology that is necessary for the miniaturization of a 
precisely programmable RF attenuator. This type of attenuator exploits the following inherent 
qualities of Rejustors: 

1. Rejustors have a large bandwidth where existing chip type adjustable resistors do 
not. 

2. Rejustors are easily programmed. 
3. Rejustors do not require power after programming; therefore they are a “set and 

forget” type of technology. 
 

 
Rejustors open up a new niche in the RF component market. Presently, technicians in the field 
usually fine tune RF signal levels with 1dB attenuators connected in series by trial and error. 
(Continuously variable attenuators are not used because they cost more than 10 times that of fixed 
attenuators). Rejustor type programmable attenuators can easily replace the 1dB fixed attenuators 
for such field work. 
 
 

5 Block Diagram: 

 
Figure 3: Block Diagram 

 
This block diagram shows how a technician will set the precision attenuator in the field. Measures 
the source and load voltages and adjust the precision attenuator to get the required load voltage. 
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6 Schematic: 
For clarity, the schematic does not show the connector to the Rejustors for the attenuation adjustor 
shown in the block diagram. 
 

 
Figure 4: Schematic 


