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Abstract: 

Contained is a review of a conductive heat approach to specify the maximum input or dissipated power 

of a Pi Attenuator at any arbitrary dB value. Challenges arise from the fact that Pi Attenuators are made 

from 3 resistor element networks where some fraction of input power is converted to heat by each 

resistor, and then dissipated by the system. As the dB value changes, so too does the value of these 

resistors. This, in turn, affects what fraction of the input power to be dissipated as heat will be. For this 

reason, two attenuator pads of different dB values will have different power ratings even though their 

landing footprint is identical. Their size being equal it may then follow that a 1dB Pad has a higher Input 

Power Rating than a 10dB Pad since the 1dB requires less power to be dissipated than the 10dB. 

In the course of this discussion we will explore the relationships of Resistor Film Temperature, Resistor 

size, Resistor Trim Depth, Thermal Conductivity, Component thickness, and Ground/Sink Operating 

Temperature all influence what Power Rating an Attenuator may be reasonably expected to handle.  

Background: 

The IMS V-Series is a Pi Attenuator architecture that is manufactured using a Thick Film Screening 

Process on an Aluminium Nitride Ceramic (AlN). 

The reason why AlN is selected for power attenuators (and N-Series AlN Resistors) is because it can 

move heat over 6 times the volume of Alumina, costs a fraction of CVD (Diamond)  components, and do 

not have the Health & Safety concerns associated with manufacturing Beryllium Oxide (BeO) based 

components. 

The V-Series attenuators have been offered by IMS since 2003 with very few changes to the datasheet. 

IMS recently decided that it would be prudent to update the stated power requirements on the 

datasheet to include more complete power estimates and to supplement that change with an 

explanation of that data. The goal is to provide our customers with conservative power ratings but also 

describe the environment of the stated power rating so that customers may understand how to apply 

these guidelines when comparing IMS assumptions to individual applications. This also allows customers 

to avoid applying additional safety factors on performance assumptions that are already de-rated in our 

advertised estimates. 

For an attenuator to remove heat and power (attenuate) efficiently in a system, the PCB designer must 

give the components somewhere to move generated heat to. A conductive temperature differential 

must be maintained between the Attenuator and a Heatsink or Ground and also provide a strong 

thermal connection for heat transfer to occur. Convective air cooling has an effect, however making use 

of copper-filled vias from the attenuator landing ground to a copper ground layer in the PCB stack up 

and other conductive cooling techniques is most typical and accounts for the majority of the power 

rating. 

Component Designers, Mechanical Engineers, and PCB designers understand that the design of how and 

where a part is installed and the environment it operates in at steady state has much more to do with 

how much heat it is able to dissipate than what the component manufacturer can affect during 
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fabrication. Even though an attenuator may dissipate 50 Watts in one application with standard 

conductive cooling, nothing prevents the same attenuator from failing at 1 Watt if thermal 

considerations are ignored or absent. 

Fractional Power Dissipation: 

V-Series attenuators are designed using a Pi network configuration as seen in Figure 1. Just for review a 

Pi Attenuator is a resistor network with the following schematic. Shunt resistors are designed as large, 

power handling resistors. The series resistor is typically smaller to preserve RF integrity and to fit typical 

component case sizes for surface mounting. 

 

 

Figure 1 – Pi Attenuator Network 

The two shunt resistors are always matched. Low dB values require high shunt resistor values. High dB 

values require low shunt resistor values. This is intuitive when you recognize that shunt resistors allow 

for current to pass to ground. The lower the resistor value, the more efficient the energy is split from 

the line and allowed out of the system which is associated with a high dB attenuation. Standard Pi 

network resistor values can be seen in Table 1. 

Table 1 – Pi Network Shunt (R1, R2) and Series (R3) Resistor values by attenuation dB Value 

dB 
Value 

R1/R2 
Ideal 
(Ω) 

R3 
Ideal 
(Ω) 

dB 
Value 

R1/R2 
Ideal 
(Ω) 

R3 
Ideal 
(Ω) 

dB 
Value 

R3 
Ideal 
(Ω) 

R1/R2 
Ideal 
(Ω) 

dB 
Value 

R1/R2 
Ideal 
(Ω) 

R3 Ideal 
(Ω) 

0.5 1737.7 2.9 7.0 130.7 44.8 13.5 76.8 113.0 22.0 58.6 312.8 

1.0 869.6 5.8 7.5 122.9 48.7 14.0 74.9 120.3 23.0 57.6 351.4 

1.5 580.5 8.7 8.0 116.1 52.8 14.5 73.2 128.0 24.0 56.7 394.7 

2.0 436.2 11.6 8.5 110.2 57.1 15.0 71.6 136.1 25.0 56.0 443.2 

2.5 349.8 14.6 9.0 105.0 61.6 15.5 70.2 144.7 26.0 55.3 497.6 

3.0 292.4 17.6 9.5 100.4 66.3 16.0 68.8 153.8 27.0 54.7 558.6 

3.5 251.5 20.7 10.0 96.3 71.2 16.5 67.6 163.4 28.0 54.2 627.0 

4.0 221.0 23.9 10.5 92.6 76.3 17.0 66.5 173.5 29.0 53.7 703.7 

4.5 198.3 27.1 11 89.2 81.7 17.5 65.39 184.14 30.0 53.3 789.8 

5.0 178.5 30.4 11.5 86.3 87.3 18.0 64.4 195.4 40.0 51.0 2499.8 

5.5 163.2 33.8 12 83.5 93.3 19.0 62.6 220.0 50.0 50.3 7905.6 

6.0 150.5 37.4 12.5 81.1 99.5 20.0 61.1 247.5 60.0 50.1 25000.0 

6.5 139.8 41.0 13 78.8 106.1 21.0 59.8 278.3 70.0 50.0 79056.9 
 

 

R2 R1 

R3 
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To calculate power through the resistors, it is best to understand that incident power applied to the 

network will be divided by each of the 3 resistors and the remaining power will be passed out of the 

attenuator described in Figure 2. To calculate the power through each resistor, it is helpful to report this 

as % of incident power at various dB values. 

R1 (Shunt In) % R2 (Shunt Out) % R3 (Series) % 

𝑉𝑖𝑛2

𝑅1
𝑉𝑖𝑛2

𝑍𝑖𝑛

∗  100 

Vout2

R2
Vin2

Zout

∗  100 

(𝑉𝑖𝑛 − 𝑉𝑜𝑢𝑡)2

𝑅3
𝑉𝑖𝑛2

𝑍𝑖𝑛

∗ 100 

 

   
Figure 2 – Fractional Power by resistor for Pi Attenuator Networks 

Compiling these equations by attenuator value allows for the creation of Table 2 which can be used to 

calculate any fractional power resistor as a percentage of incident power. Note that lower dB values do 

not add to 100% due to the very high percentage of power that is passed out of the attenuator device. 

Table 2 – Pi Network Shunt (R1, R2) and Series (R3) Resistor  
Fractional Power by % of Incident Power at various dB Values 

 
Attenuation 

(dB) 
Shunt In 

R1 % 
Shunt Out 

R2 % 
Series R3 % 

0.5 2.9 2.6 5.4 

1.0 5.8 4.6 10.2 

1.5 8.6 6.1 14.5 

2.0 11.5 7.2 18.2 

2.5 14.3 8.0 21.4 

3.0 17.1 8.6 24.2 

3.5 19.9 8.9 26.6 

4.0 22.6 9 28.6 

4.5 25.3 9.0 30.2 

5.0 28 8.9 31.5 

5.5 30.6 8.6 32.5 

6.0 33.2 8.3 33 

6.5 35.8 8.0 33.8 

7.0 38.2 7.6 34.2 

7.5 40.7 7.2 34.3 

8.0 43.1 6.8 34.3 

8.5 45.4 6.4 34.1 

9.0 47.6 6 33.8 

9.5 49.8 5.6 33.4 

10.0 51.9 5.2 32.9 

10.5 54.0 4.8 32.3 

11 56.0 4.5 31.6 

11.5 58.0 4.1 30.8 

12 59.8 3.8 30.1 

12.5 61.7 3.5 29.2 

13 63.4 3.2 28.4 
 

Attenuation 
(dB) 

Shunt In 
R1 % 

Shunt Out 
R2 % 

Series R3 % 

13.5 65.1 2.9 27.5 

14.0 66.7 2.7 26.6 

14.5 68.3 2.4 25.7 

15.0 69.8 2.2 24.8 

15.5 71.3 2.0 23.9 

16.0 72.6 1.8 23.0 

16.5 74.0 1.7 22.1 

17.0 75.2 1.5 21.3 

17.5 76.5 1.36 20.39 

18.0 77.6 1.2 19.5 

19.0 78.8 1.0 17.9 

20.0 81.8 0.8 16.4 

21.0 83.6 0.7 14.9 

22.0 85.3 0.5 13.5 

23.0 86.8 0.4 12.3 

24.0 88.1 0.4 11.1 

25.0 89.4 0.3 10 

26.0 90.5 0.2 9.1 

27.0 91.4 0.2 8.2 

28.0 92.3 0.1 7.4 

29.0 93.1 0.1 6.6 

30.0 93.9 0.1 5.9 

40.0 98.0 0.01 2.0 

50.0 99.4 0.001 0.6 

60.0 99.8 0.0001 0.2 

70.0 99.9 0.00001 0.1 
 

           

The relationship of the fractional power to be dissipated by each resistor can also be shown graphically 

in Figure 3. 
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Figure 3 – Pi Network Resistor Power to be dissipated as a Percentage of  

Incident Power (Y) and Various dB Values (X) 

 

 

Conductive Heat Calculation: 

In the absence of other extraneous thermal factors, the simplified calculation for heat flow through a 

medium is reduced for simplicity to the following. 

𝑄

𝑡
=

𝐾𝐴𝛥𝑇

𝐷
  

Eq1 – Conductive thermal transfer 

Where: 

𝑄

𝑡
 = Quantity of heat per unit of time (Watts) 

𝐾 = Thermal Conductivity of the medium expressed ( 
𝑊

𝑚−°𝐾
 ) 

𝐴 = Area of the conductive path ( 𝑚²)  

𝛥𝑇 = 𝑇1 − 𝑇2 Where 𝑇1 is the max operating temperature of a thick film resistor (150°C) and 𝑇2 is the 

maintained temperature of a Ground Layer, Mounting Block, or Heat Sink (°𝐶) 

𝐷 = The thickness of the ceramic material through which heat must flow from (𝑚) 

By using this formula, ideal conductive transfer by Resistor size, by 𝛥𝑇 can be calculated for various IMS 

V-Series attenuators. This provides a basis for the ideal maximum thermal performance of the device 
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network. De-rating factors are applied to these ideal maximums in order to arrive at the input power 

table that appears on the V-Series datasheet. 

Resistor Trim: 

Subtle variations in the film chemistry and thickness determine the base Ω values after firing. At a later 

stage in manufacturing the individual resistors are “trimmed” into value within some tolerance. Resistor 

values are designed to be fired to be a value lower than the final target so that laser trimming may 

remove material and raise the base value to the ideal target value. This process results in individual 

network resistors to have various trim depths. 

The maximum commercially allowable trim depth is set to 70% of the resistor width. The minimum trim 

is 0% and is rarely “Fired to Value”. Trim depth varies part to part (and lot to lot) so in any particular 

batch of Attenuators there is a distribution of trim depths anywhere from 0% to 70% with a typical bell-

curve distribution of examples usually around 40-50% trim depth. Trim depth impacts maximum power 

potential because current is forced through a narrower cross sectional area of the resistor body and 

concentrates heat in a smaller area. 

Resistor trim is one of the de-rating factors that is applied in calculating the maximum power rating that 

IMS publishes and is applied to the thermal transfer formula as a modifier to “A” or area of transmission. 

Thermal Constant: 

The usefulness of AlN is fixed by the rate of heat transfer through the ceramic body under a given 

temperature gradient. The reported Thermal “K” Constant for AlN is as previously stated 170 W/m-°K. 

There has been a considerable amount of research conducted that demonstrate the K constant can be 

different between at room temperature (25°C) and higher temperatures (150°C). Since resistor 

functional limits to temperature are 150°C, this is the safe figure assumed for power ratings and is 150 

W/m-°K. 

Power Ratings: 

By assuming the basic thermal conductivity described and applying de-rating factors shown in Table 3, 

IMS V-Series architecture power can be calculated at various dB values. 

Table 3 – Ideal vs Assumed values used in published power ratings 

Variable Parameter Ideal Assumed 

K Thermal Constant 170 w/m-°K 150 w/m-°K 

R Resistor Trim 0 0.5 

 

The heat transfer formula is solved for each resistor using the Thermal Constant, resistor area, the 

maximum stated film operational temperature, the maintained Ground/Sink temperature, and the 

thickness of the part. 

Example: VDX-2010WA03D0: 

The tables in Figure 4 represent the ideal and absolute maximum theoretical amount of heat that could 

be transferred through the area of each resistor on a VDX-2010WA03D0. The table expresses the power 
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figure using (Eq 1) without any consideration to trim depth or correction for decreased Thermal 

Conductivity of the substrate at high temperature. Take note of each highlighted values for heatsink 

temperature and calculated Wattage of input power of the part. 

Table 4 - Ideal Relationship of Resistor Power vs Temperature for VDX-2010 3dB Attenuator 

 

With the ideal temperature vs power relationship having now having been explored in Table 4.3, Eq 1 is 

recalculated using the de-rated values listed in Table 3 to arrive at a complete temperature vs power 

listing on Table 5.3. Take note of the difference in the highlighted values on Table 4.3 vs Table 5.3. 

𝑃3𝑑𝐵_𝑅3 =
𝑄

𝑡
=

150𝑤
𝑚−°𝐾⁄ ∗𝑅3𝐴𝑟𝑒𝑎∗ (150°−50°)

.015 𝑖𝑛

39.37 
𝑖𝑛
𝑚

 * 0.5 = 17.78W 

Eq2 – Power Dissipation through Limiting Resistor of VDX-2010 3dB with a 50°C heatsink 
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Referring to Table 2, the limiting resistor R3 for a 3dB attenuator is responsible for 24.2% of the total 

input power. 

𝑃3𝑑𝐵 =  
17.78 𝑤

24.2
100⁄

 = 73W 

Eq3 –Calculation of Total De-rated Input Power of VDX-2010 3dB using R3 Fractional Power Rating  

Table 5 - Resistor Power vs Temperature for VDX-2010 3dB Attenuator with de-rating applied 

 

This de-rating method is repeated and applied for each V-Series component’s size and associated 

parameters for resistor area and substrate thickness to complete the published values of input power vs 

heatsink temperature on Table 6.  

Table 6 reports the maximum incident power at which one or more of the discrete resistors in the 

network reached maximum dissipated power capacity. This is based on the fractional power relationship 
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and physical architecture of each case size and substrate thickness as each physical parameter will affect 

the final thermal transfer of the resistors within the network. 

Table 6 – Published Power Ratings for V-Series Attenuators at  

various sizes and component thicknesses 

 

It is important to note that for the 3dB example provided, the power figures for the R1/R2 Shunt 

resistors were unused in calculating what the input power for the 3dB example. The input power is 

limited by whichever discrete resistor is overpowered first (has the lowest de-rated value) given the 

attenuation value and resistor area. In the 3dB example R3 is the limiting resistor, but this is not always 

the case. For the 2010 case size at 12 dB and above, the R1 Shunt resistor becomes what limits the input 

power. 

Conclusion: 

In the past, IMS has opted to report power ratings based on a combination of customer reported 

success and a de-rating of the maximum calculated heat transfer above based on ideal part and system 

parameters. 

Recent Application Studies relating to power performance of the V-Series revealed that customers 

prefer a more granular, transparent, and conservative estimate of what a part can dissipate. This led to 

the development of a more comprehensive calculation shown in Table 5 and results in advertised vales 

of applied power maximums as shown in Table 6. 

For any existing V-Series customers that were prompted to read this paper because of a change to the 

datasheet, there is no need to worry. The parts have not changed. They are simply re-calculated to 

propose more conservative power expectations that are associated with common applications. IMS 

decided to change how the power ratings are reported in order to support new and existing customers 

that have similar questions about how certain ratings could be achieved at various dB values. 
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If you have questions about power ratings, resistor trim, or have an Application that requires a higher 

quantity of heat dissipation please contact techsupport@ims-resistors.com with the subject “V-Series 

Whitepaper”. 
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