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Abstract:  This paper describes the validation of printed circuit board (PCB) microstrip baluns from the 

files sent to board fabrication facility.  The baluns’ geometries were extracted from AutoCAD DXF and 

Gerber files and verified using the Sonnet EM simulator.  The baluns were originally designed using 

transmission line models.  The geometries were based on the 180° hybrid junction, with one port removed 

to form a T-junction combiner with a phase shift.  Because the baluns were modified during layout, the 

gerbers were imported into the EM simulator for verification. 

 
Keywords:  Baluns, Microstrip, 180° Hybrid, T-Junction, DXF, Gerber Extraction 

 
1. Introduction 

 
Testing integrated circuits continues to be a costly endeavor and consequently cost reduction is an 

important goal for semiconductor manufacturers [1-3].  These cost reduction pressures have spread to 

envelope all types of RF and wireless products and all stages of production [4-5].  The project described 

in this paper involved the development of a low-cost high-volume ATE solution for two radio frequency 

integrated circuits (RFICs) designed for broadband wireless access. 

The devices share the same footprint and pin-out as well as the same programming protocols.  

Although they are both designed as components in the receiver chain of broadband wireless access 

systems, the low-band (LB) device is designed for the 2.5GHz band, while the high-band (HB) device is 

for use in the 3.5 GHz band.  The devices are part of radio chipsets and are designed to function as the 

second down-converter and to provide the LO signal for the first down-converter.  The devices under test 

(DUTs) share extensive internal circuitry and are essentially identical except for the LO synthesizer 

frequency ranges. 

The RFICs were first released using a low-volume test solution.  After initial product demand 

increased, higher volumes and lower costs became imperative.  As a result, the products were transitioned 

to high-volume automated test equipment (ATE) for increased throughput and test coverage, while 

providing reduced production costs.  Since increased capabilities were available, a high-performance 

handler interface board (HIB) was designed with dual switched baluns. 

The balun designs are based on the widely used rat-race hybrid ring coupler whose characteristics are 

well understood [6-7].  When used as a power combiner, the input signals are applied at Ports 2 and 3.  

Ports 1 and 4 are the difference and sum outputs, respectively.  In our situation, because the input signals  
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are completely out of phase, the desired output is at Port 1 and Port 4 has no signal.  The hybrid ring can 

then be cut open and Port 4 removed.  The baluns then become T-junction power combiners.  The ring 

does not have to be circular as long as the wavelength or phase relationships between the ports are 

maintained. 

 

2. Low-Volume Test Board Balun 

 
The original test solution used bench instrumentation under LabView control.  To reduce cost and 

simplify testing, the low-volume test board had a wideband balun at the LO output for differential to 

single-ended conversion.  Most modern communication systems use differential or balanced topologies 

for improving unwanted or spurious mixer by-products, noise immunity, gain, and linearity.  The balun is 

required for interfacing with the single-ended spectrum analyzer in the test setup [8]. 

The balun was designed using transmission line models.  The simulations showed that the best 

measurement match occurred at 1525 and 2970 MHz, but that the amplitude and phase balance would be 

slightly off at those frequencies.  The low-volume manual test board was built using FR-4, with a 

dielectric constant of 4.34 at 1 GHz, and one ounce copper.  The RF layers were 10 mils thick.  The 

original hybrid balun was constructed with arm lengths of 1510 mils and 3010 mils for the λ/4 and ¾ λ 

arms, respectively.  The 71 Ω lines were 10 mils wide.  The balun was extracted from the layout file and 

imported into Sonnet.  Figure 1 shows the balun layout and the imported geometry. 

 

 

 
 

Fig. 1.  The low-volume board balun layout (left) and imported (right) geometries. 

 

The Sonnet EM simulation showed that an input return loss of better than 10 dB for an extremely 

wideband from 100 MHz to 4.3GHz.  The best amplitude match between ports 2 and 3 occurs at a very 

respectable range from 1.8 – 2.8 GHz, with a maximum amplitude imbalance of only 0.6 dB, as shown in 

Fig. 2.  The phase imbalance for the same frequency ranged between -40° and 48°.  This is shown in Fig. 

3.  The large variation in phase did not allow of accurate determination of the LO output power for neither 

the low-band nor the high-band device.  This required extensive correlation experiments to produce an 

acceptable test solution. 
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Fig. 2.  The low-volume board balun amplitude balance results. 

 

 
Fig. 3.  The low-volume board balun phase imbalance results. 
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3. High-Volume ATE Load Board Baluns 

 
The ATE load board was designed with separate narrowband baluns to improve the LO output single-

ended power measurement.  This decision required switching two different baluns.  The baluns are 

switched using small form factor RF relays.  The low-band balun was designed to operate from 1700 to 

2400 MHz; the high-band balun from 2400 to 3550 MHz.  Because of layout considerations, the baluns 

were manufactured on opposite sides of the load board.  The RF layers used Nelco N4000 13SI, 10 mils 

thick, with one ounce copper.  The baluns were implemented with meandered lines to minimize their 

footprint.  The final geometry of the baluns is shown in Fig. 4. 

 

 

 
 

Fig. 4.  The ATE low-band (left) and high-band (right) balun layouts. 

 

The narrowband baluns perform much better than the one used in the low-volume test board.  This 

allowed for more precise power output measurements and reduced correlation factors in the final test 

solution.  The amplitude balance for both baluns is shown in Fig. 5.  Note that by re-centering the balun at 

the geometric mean of the desired frequency ranges, only a modest improvement in amplitude balance is 

achieved.  The good return loss of better than 10 dB at Port 1 is maintained throughout the frequency 

range of interest. 

The phase balance, however, is greatly improved.  This can be clearly seen in Fig. 6.  At the best 

match frequencies of 2.1 and 3.25 GHz, the phase mismatch is reduced to 5° and 2°, respectively.  For the 

entire band of interest, each balun phase imbalance is less than 10°. 

The baluns were subsequently measured using a vector network analyzer.  The results obtained 

showed that, for the bands of interest, both baluns performed well and increased the range of frequencies 

of acceptable performance.  The measurements were made with 50 Ω terminations on each of the 

balanced arms.  Other performance characteristics were verified and found to be acceptable.  It was also 

determined that the ATE paths introduced unwanted losses that were de-embedded using the technique 

discussed in [9]. 
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Fig. 5.  The amplitude balance and return loss performance for the narrowband ATE baluns. 

 

 
Fig. 6.  The phase balance performance for the narrowband ATE baluns. 
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4. Conclusion 

 
In this paper, the design of two PCB baluns for a high-volume ATE load board for two devices with a 

differential LO output were presented.  The experimental results showed slight differences from the 

simulation results, which stemmed from the vias, RF relays, cables, and connectors required by the ATE 

solution.  These issues of interconnect modeling and of accounting for parasitic effects is not trivial, 

especially for high frequency circuits, and is a matter of continued interest among researchers [10]. 

The results confirmed that switching between two narrowband baluns provided superior performance, 

especially in terms of phase balance.  This allowed for better correlation for the LO power output 

measurement between the ATE results and the dedicated evaluation boards.  This resulted in a successful 

high-throughput ATE solution that reduced production costs and increased test coverage. 
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