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White Paper 

Designing mmWave Bias Tees with Accurate Component Models 
 

Bias tees are commonly used components that enable a DC bias to be applied to an RF circuit. Bias-tee 

circuits, which are typically  designed with capacitors and inductors, are associated with increasing levels 

of design complexity when it comes to broadband and high-frequency use due to the need to accurately 

account for interconnect and component parasitic effects. With higher frequencies being exploited for 

today’s applications, there is a growing need for bias tees that operate at ever higher mmWave 

frequencies. As an example, test-and-measurement applications stand to benefit, as accurate models 

can be used to design custom bias tees for test benches and custom test fixtures.  

The task of designing bias tees is aided by using component models that accurately predict real-life 

performance over broad frequency ranges. Utilizing such models makes it possible to perform 

simulations that accurately predict bias-tee performance all the way to mmWave frequencies. An initial 

design effort of a bias tee was previously performed to explore the fidelity of models with respect to 

bias-tee applications.1 This white paper expands on that previous effort by presenting the design of a 

broader-band bias tee that can operate beyond 60 GHz. Like the previous implementation, the bias tee 

presented here is designed using Keysight Technologies' PathWave Advanced Design System (ADS) 

software combined with accurate component models from Modelithics®. All models are available in the 

Modelithics COMPLETE Library™, which includes measurement-based models for capacitors, inductors, 

and resistors. Simulated results will be shown and then later compared with measured data.  

Broadband Conical Inductors: Critical Components for Bias-Tee Design 

Figure 1 shows an illustration of a bias tee in its simplest form. The inductor shown is often called an RF 

choke, while the capacitor operates as a DC-blocking capacitor. 

 

Figure 1. Simplified illustration of an ideal bias tee. 
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In Figure 1, an RF signal would travel between the RF port and the RF & DC port. In theory, the inductor 

would prevent this signal from passing through to the DC port. At the same time, a DC bias applied to 

the DC port would also arrive at the RF & DC port. However, the capacitor would prevent the DC biasing 

from reaching the RF port.  

Of course, designing an effective bias tee involves selecting the proper components to meet the given 

requirements. Bias tees are characterized by parameters like insertion loss and voltage standing wave 

ratio (VSWR) across the RF frequency range, as well as the maximum DC voltage and current. The 

isolation between the DC port and the other ports is also typically specified. 

One component in particular that is well-suited for the design of bias tees is a broadband conical 

inductor. While it is typical for an inductor to only attain a high impedance over a limited range of 

frequencies, broadband conical inductors can achieve a high impedance over extremely wide 

bandwidths. As a result, it is possible to design broadband bias tees with a single conical inductor as 

opposed to extending bandwidth by cascading multiple inductors or employing other techniques.2 

One manufacturer of broadband conical inductors is Piconics, which offers both surface-mount and 

flying-lead versions in various sizes along with varying performance specifications. The company 

maintains that its broadband conical inductors allow for benefits like faster production times and 

reduced printed-circuit-board (PCB) space. The broadband response of these parts is attributed to 

precision winding, selective gold plating, and powdered iron filling.3 

Starting the Bias-Tee Design Process 

Now that we have explained how conical inductors can facilitate the design of bias tees, we can build on 

the simple ideal bias-tee implementation shown in Figure 1 by employing a Piconics broadband conical 

inductor as the RF choke. Specifically, the CC20T44K240G5-C surface-mount broadband conical inductor 

will be used in this bias-tee design. This component has an inductance of 0.170 µH and is rated for a 

maximum current of 325 mA. It also measures 0.040 × 0.060 inches and has an upper frequency limit 

beyond 65 GHz. Modelithics provides two different models for the CC20T44K240G5-C conical inductor 

intended for series- and shunt-mounted configurations, respectively. For this design example, the shunt-

mounted version will be used (Fig. 2). Figure 2 also shows the model’s simulated S21 performance all the 

way to 67 GHz when using a 6.6-mil-thick Rogers RO4350B substrate, which is the chosen substrate for 

this bias-tee design. 
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Figure 2. Modelithics model for the CC20T44K240G5-C conical inductor is shown on the left (shunt-

mounted version). Shown on the right is the simulated S21 when using using a 6.6-mil-thick Rogers 

RO4350B substrate. 

 

The design goals for this bias-tee design example are shown in the table below. 

 

Table 

RF Frequency Range 100 MHz to 67 GHz 

Insertion loss (across the RF range) > −3.5 dB 

Return Loss of both RF ports (across the 

RF range) 

< −10 dB 

Design goals for the bias tee. 

 

Achieving the stated design goals requires the bias tee to not only be designed with a proper RF choke 

but also a suitable DC-blocking capacitor. For this design, the chosen capacitor must allow the bias tee to 

achieve low insertion loss over the entire frequency range of 100 MHz to 67 GHz. A suitable choice for 

this design is the Presidio LBB0201X103MET1C8G capacitor, which is an 0201-size surface-mount buried-

broadband 10-nF capacitor. Modelithics offers a model for this capacitor that is validated from DC to 60 

GHz (Fig. 3). 

The righthand side of Figure 3, taken from the model datasheet, depicts the modeled and measured S21 

performance of the capacitor in a two-port series configuration on three different substrates. Notice 

how S21 remains at or above about −0.5 dB all the way to 60 GHz when using a 6.6-mil-thick Rogers 

RO4350B substrate. Keep in mind that Modelithics models still simulate beyond the validated frequency 

range, as the model will interpolate to provide meaningful physical results. Thus, it is reasonable to 

expect this capacitor model to accurately predict real-life performance all the way to 67 GHz. 
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Figure 3. Modelithics model for the Presidio LBB0201X103MET1C8G capacitor (left). Modeled and 

measured data for the Presidio LBB0201X103MET1C8G capacitor with three different substrates 

(right). Red: 6.6-mil RO4350B; Blue: 20-mil RO4003C; Green: 60-mil RO4003C. Solid lines depict 

modeled data, while the symbols represent measured data.  

 

An initial simulation can be performed of a simplified bias-tee circuit that only consists of Modelithics 

models for the Piconics conical inductor and the Presidio broadband capacitor (Fig. 4). Note that in 

Figure 4, “Port 1” is the RF port, “Port 2” is the RF & DC port, and “Port 3” is the DC port. For reference, 

this numbering configuration applies throughout this white paper. The simulation results are shown in 

Figure 5. We can see that the insertion loss of the RF path (S21) remains above −1 dB all the way to 67 

GHz. In addition, both S11 and S22 are less than −10 dB over the entire RF frequency range of 100 MHz to 

67 GHz. 

 

Figure 4. Simplified bias-tee circuit that includes Modelithics models for both the Piconics conical 

inductor and Presidio broadband capacitor. 
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Figure 5. Simulated S21 is shown on the left, while the simulated S11 and S22 are shown on the right. 

 

To isolate the DC source from the RF signal, the DC path must sufficiently block all signals with 

frequencies ranging from 100 MHz to 67 GHz while still allowing DC to pass. Specifically, we want S23 to 

be below −20 dB over the entire range of 100 MHz to 67 GHz. Figure 6 shows the insertion loss of the DC 

path (S23) from DC to 67 GHz. Figure 7 focuses specifically on the lower-frequency performance by 

showing the simulated S21 and S23 from DC to 1 GHz. 

 

Figure 6. This graph depicts the simulated insertion loss of the DC path (S23) from DC to 67 GHz. 
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Figure 7. S21 (red trace) and S23 (blue trace) from DC to 1 GHz. 

 

Figure 7 reveals that the value of S23 is only about −8.3 dB at 100 MHz. Since this number is insufficient, 

we must add capacitors shunted to ground to the DC path to allow for a sharper roll-off. Figure 8 depicts 

a new modified bias-tee schematic with four capacitors added to the DC path. C1 and C2, which are both 

Presidio 0402NPO series capacitors, have values of 0.3 and 24 pF, respectively, while C3 and C4 are both 

1,000-pF broadband capacitors from Knowles Precision Devices. 
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Figure 8. Modified bias-tee schematic with four capacitors added to the DC path. 

 

Figure 9 shows the results obtained after simulating the updated schematic from DC to 1 GHz. The value 

of S23 at 100 MHz is now about −44.5 dB. Figure 10 depicts the simulated S21 and S23 from DC to 67 GHz. 
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Figure 9. Adding the capacitors to the DC path resulted in S23 decreasing to about −44.5 dB at 100 

MHz. 
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Figure 10. Shown are S21 and S23 from DC to 67 GHz. 

 

Incorporating Microstrip Transmission Lines into the Design 

The next step in the design process is to add the necessary microstrip transmission lines to the bias-tee 

circuit. As stated earlier, 6.6-mil-thick Rogers RO4350B is the substrate used for this design, resulting in 

the width of the 50-Ω microstrip lines being set to 13 mils. Figure 11 depicts a new ADS schematic of the 

bias tee, which includes the same component models from Figure 8 combined with microstrip elements. 

http://www.modelithics.com/
mailto:sales@modelithics.com


 

©2021 MODELITHICS, INC.  ●   www.modelithics.com  

Email: sales@modelithics.com  ● Rev  210506 

Celebrating 20 Years of Precision Measurements and Modeling Excellence! 

 

Figure 11. Complete bias-tee design that includes microstrip interconnects. 

 

In Figure 11, note the open-circuited stubs located between the DC-blocking capacitor and the conical 

inductor (Fig. 12). These elements were added to improve the VSWR performance of the bias tee. The 

stub dimensions were determined by tuning and optimization. Figures 13 and 14 show the S-parameter 

results after simulating this bias-tee circuit. 
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Figure 12. Open-circuited stubs were placed between the DC-blocking capacitor and the conical 

inductor. 

 

 

Figure 13. S21 (red trace) and S23 (blue trace) after simulating the complete bias-tee circuit from DC to 

67 GHz.  

 

http://www.modelithics.com/
mailto:sales@modelithics.com


 

©2021 MODELITHICS, INC.  ●   www.modelithics.com  

Email: sales@modelithics.com  ● Rev  210506 

Celebrating 20 Years of Precision Measurements and Modeling Excellence! 

 

Figure 14. S11 (red trace) and S22 (blue trace) after simulating the complete bias-tee circuit from DC to 

67 GHz.  

 

Incorporating Electromagnetic Analysis 

To this point, all simulations have excluded electromagnetic (EM) analyis, as only circuit simulations 

have been carried out. However, for this design, it is also beneficial to perform an EM/circuit co-

simulation to allow the microstrip elements to be analyzed within an EM simulator. This analysis can be 

performed with the help of RFPro, which is an EM simulation platform that is now integrated within the 

Keysight ADS software. RFPro will partition the microstrip elements to be analyzed by Keysight’s 

Momentum EM simulator and automatically reconnect the circuits elements to the Momentum output 

to perform the final co-simulation. Figure 15 depicts the generated layout of the bias tee, while Figure 

16 shows the RFPro user interface. 
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Figure 15. ADS layout of the bias tee. 

 

 

Figure 16. RFPro user interface showing the bias-tee design. 
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Figures 17 and 18 show the EM/circuit co-simulation results all the way to 67 GHz. Figure 19 focuses on 

the low-frequency performance by showing the EM/circuit co-simulation results from DC to 1 GHz. 

 

Figure 17. S21 (red trace) and S23 (blue trace) after performing an EM/circuit co-simulation from DC to 

67 GHz.  
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Figure 18. S11 (red trace) and S22 (blue trace) after performing an EM/circuit co-simulation from DC to 

67 GHz.  

 

 

Figure 19. EM/circuit co-simulation results from DC to 1 GHz. 
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Measurement Results 

Of course, to validate the design process, the bias tee must be built and measured. Two bias tees were 

assembled on 6.6-mil-thick Rogers RO4350B substrates. Figure 19 shows one of the two units that was 

built. These units were tested with on-board calibraton with reference planes that matched the 

simulations.  

 

 

Figure 20. Fully assembled bias tee. 

 

Figures 21, 22, and 23 compare measured data with the EM/circuit co-simulation results. Specifically, 

Figure 21 compares the measured and simulated S21, while Figure 22 compares the measured and 

simulated return loss (S11 and S22). Figure 23 shows measured versus simulated S23.  
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Figure 21. Simulated and measured S21 of the bias tee. Solid line depicts simulated results, while 

dashed lines depict measured data of two different units. 

 

 

Figure 22. Simulated and measured S11 (left) and S22 (right). Solid lines depict simulated results, while 

dashed lines depict measured data. 
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Figure 23. Simulated and measured S23 of the bias tee. Again, solid line depicts simulated results, 

while dashed lines depict measured data. 

 

The measured data shows a good correlation with the simulated results. The measurements reveal that 

the bias tees meet the goal for insertion loss, as the worst-case result for both units is about −3.1 dB at 

the maximum frequency of 67 GHz. In addition, S11 remains below −14 dB over the entire frequency 

range of 100 MHz to 67 GHz, while S22 stays below −12 dB throughout the entire range. Hence, both S11 

and S22 meet the goal of a maximum return loss of −10 dB. In addition, S23 stays below −20 dB from 100 

MHz to 67 GHz. 

In summary, this example demonstrates how accurate component models can be employed to design 

broadband bias tees that operate all the way to mmWave frequencies. Using these models makes it 

possible to accurately predict performance on the first iteration without any bench tuning or rework. 

Modelithics models for components like conical inductors and broadband capacitors can be a helpful 

tool for designers looking to achieve first-pass success.  
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