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Abstract  —  A coplanar waveguide 3 dB quadrature coupler 

operating from 500 to 700 GHz is designed, fabricated and 
measured.  On-wafer measurements demonstrate an amplitude 
balance of ±2 dB and phase balance of ±20 deg. 
Index Terms — Tandem Coupler, MMIC, On-wafer 

measurements, CPW 

I.  INTRODUCTION 

Integrated circuit technology is advancing rapidly in 
frequency.  Record breaking performance is being reported by 
Northrop Grumman Aerospace Systems (NGAS) and 
Teledyne Scientific with amplifiers showing packaged gain 
above 700 GHz [1, 2].  As this technology advances more 
complex circuit topologies can be exploited.  One essential 
component to balanced circuit architectures is the hybrid 
coupler, enabling balanced amplifiers and sideband separating 
mixers, among others [3, 4].   
Many planar coupler structures have been studied on 
microstrip and CPW transmission lines at microwave and 
millimeter-wave frequencies.  Perhaps the most compact 3 dB 
coupling structure is the tandem coupler.  This circuit, shown 
in Fig. 1 (a), applies two cascaded edge coupled lines to 
achieve tight coupling in a square quarter wavelength or less 
[3].  These tandem couplers have been demonstrated in CPW 
at lower frequencies, which is the preferred transmission line 
in the NGAS HEMT process.  Tandem couplers have been 
fabricated in this process for a balanced amplifier operating at 
300 GHz, but the amplitude and phase balance was not 
characterized [4]. 
This work presents the design of a tandem coupler operating 
across the WR-1.5 waveguide band (500 to 750 GHz) 
fabricated on the NGAS HEMT process [1]. On-wafer 
measurements are used to characterize the amplitude and 
phase balance of the tandem coupler.   

II. DESIGN 

The design follows that of [3].  The process parameters are 
a 15 µm thick InP (r = 12.9) substrate with 0.6 µm thick gold.  
The air-bridges are 2 µm wide and have a gap of 5 µm from 
the conductor layer.  ANSYS HFSS is used to simulate and 
tune the structure shown in Fig. 1 (b). Fig. 1 (c) shows the 
final design dimensions of the coupled line sections.  
Simulation of the final design is shown in Fig. 2. Amplitude 
balance is below 0.5 dB, but the phase balance varies from 93° 
to 102°.  Although CPW-based tandem coupler designs suffer 

from this linear phase, in this design it is exacerbated by 
fabrication limits, reducing the CPW impedances available to 
the design. This resulted in the trade-off between the 
amplitude balance and the phase balance. 

III. MEASUREMENT 

The tandem coupler is measured with a Rhode and 
Schwartz ZVA40 connected to VDI WR-1.5 extension heads.  
WR1.5 Dominion Microprobes are used to couple from 
waveguide to the CPW as shown in Fig. 4 [5].  The system 
was calibrated with a custom TRL calibration kit included on 
a previous fabrication run that had a 25 µm thick substrate. To 
verify the calibration, a 1mm long line was measured on the 
15 µm thick substrate, which had a reflection coefficient of -
6 dB or less, as shown in Fig 3. 
On-wafer measurement of the tandem coupler is 
complicated by the lack of four port network analyzers at the 
WR-1.5 band.  To characterize the coupler with two-port 
measurements three devices were fabricated that matched two 
different ports, each shown in Fig. 3 (a).  Fig. 3 presents the 
measurement setup of one of these circuits where the output is 
to the coupled port with the direct and isolated ports matched 
by integrated 50  resistors.  Because each device requires 
different lengths of CPW line to route to the wafer probe pads, 

Fig 1: (a) The design of the tandem coupler. (b) Simulation 
model used to tune the circuit. (c) Final CPW dimension of 

the coupled lines. 



deembedding between the calibration plane and the coupler 
was performed by extracting the complex propagation 
constant from the measurement of the thru line.   
Fig. 5 shows the overall performance of the coupler 
resulting from the combination of the three measurements.    
Amplitude balance is ±2 dB and Fig. 5 (b) shows the phase 
balance is ±20 dB.  While these measurements deviate 
significantly from the design, it is believed the calibration and 
repeatability of the on-wafer probes add significant 
uncertainty to the final measurement [6].   

IV. CONCLUSIONS 

The design and measurement of a tandem coupler operating 
from 500 to 700 GHz is demonstrated.  Three separate coupler 
devices are fabricated that expose each of the three output 
ports so that a two-port on-wafer probe system can be used to 
characterize the coupler.  These measurements show an 
amplitude balance of ±2 dB and the phase balance of ±20 dB, 
but it is likely that the calibration uncertainties are obscuring 
the full potential of the circuit. 
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Fig 2: Simulation results for the design of tandem coupler. 

Fig 3: Measurement of the 1mm thru line for calibaration 
verification and phase constant measurement used in 

deembedding. 



 

Fig 4: (a) Layout of the the three test devices designed to 
match the two unmeasured ports.  (b) Photomicrograph of 
the tandem coupler during on-wafer probe testing. 

Fig 5: Measurement of the tandem coupler.  The 
measurements end at 725GHz due to bandwidth 
limitations in the VNA. (a) the magnitudes of the S-
parameters and (b) the phase balance between the direct 

and coupled ports. 
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