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Abstract—This work presents two types of direct MMIC-to-
waveguide (WG) transitions and two types of MMIC-to-MMIC 
interconnections between 140 to 175 GHz. A periodic 
electromagnetic bandgap (EBG) structure is used in the MMIC- 
to-WG transitions to suppress unwanted resonances and help 
the coupling between the microstrip mode and the waveguide 
mode. Measurement of the two types of MMIC-to-WG 
transitions shows 0.38 to 0.63 dB and 0.32 to 0.62 dB insertion 
loss respectively. Insertion loss of hot-via based MMIC-to-
MMIC interconnection is found to be between 0.54 to 1.88 dB. 
Another MMIC-to-MMIC interconnection method using a piece 
of CPW quartz board achieves 0.31 to 1.08 dB insertion loss. 

Keywords—D-band, interconnection, waveguide (WG) transi-
tion, MMIC, electromagnetic bandgap (EBG), hot-via. 

I. INTRODUCTION 

Mobile telecoms backhaul network beyond 5G will need 
massive capacity expanding to support increasingly diverse 
applications and services. New and wider bandwidths at 
frequencies of D-band (110-170 GHz) have been exploited as 
a potential solution to meet the higher data rate demand in the 
market [1][2]. There are however, many design challenges that 
need to be addressed to allow future D-band radio systems to 
be manufactured economically in volume. Particularly when 
compared to lower frequency conventional chip-and-wire 
solutions for integrating MMICs and WG components, the 
same approach at D-band presents too much loss as shown in 
the measurement result in Fig. 1. While a typical ground-
signal-ground (GSG) ribbon bond connection between two 
MMICs could reduce the RF signal by less than 0.5 dB below 
90 GHz, it incurs 3.1 dB insertion loss at 175 GHz. Reactive 
matching on the MMICs could in principle mitigate the 
mismatch loss, however this is not practical in a volume 
production environment. The variability in tape length, MMIC 
placement, loop height etc. is too wide to guarantee a high 
production yield at 175 GHz with fixed matching structures. 

It is therefore the intention of this work to propose and 
demonstrate alternative low loss, highly repeatable direct 
MMIC-to-WG and MMIC-to-MMIC interconnections thereby 
eliminating highly variable bond wires/tapes. Two types of 
direct MMIC-to-WG transitions and two types of MMIC-to-
MMIC interconnections have been designed, fabricated, 
assembled, and tested. A built-in hot-via technology in the 
MMIC process and a piece of CPW quartz board are used for 

the two types of the MMIC-to-MMIC interconnections. 
Practical mmWave assemblies require transitions to WG 
elements in either parallel or perpendicular directions relative 
to the MMIC surface. The two MMIC-to-WG transitions 
address both requirements and realised with the help of a 
periodic EBG structure on the test fixture covers.  

 

 
Fig. 1.  Measured S-parameters of a 100μm pitch ground-signal-ground (GSG) 
ribbon bonding connection between two MMICs at 60-90 GHz and 140- 
175 GHz. 

II. DESIGN OF 140-175 GHZ MMIC-TO-WG TRANSITIONS 

A. Electromagnetic Bandgap (EBG) Structure Design 

Electromagnetic bandgap (EBG) materials of different 
forms have been studied for many years. It has been used in 
antenna designs, high-isolation electronic packages, stealth 
technology, and gap waveguide [3]. An artificial magnetic 
conductor (AMC) layer realised with a periodic metal pin 
array structure can effectively suppress all unwanted parallel-
plate modes inside a cavity [4]. 

Fig. 2 shows a unit cell simulation result of the pin array 
structure designed in this work to provide a bandgap at D-
band (110-170 GHz). It is used in the MMIC-to-WG transition 
test fixtures to suppress unwanted resonances and avoid extra 
radiation of the wanted signal. 

B. Type-1 MMIC-to-WG Transition Design 

Fig. 3 and 4 show the back-to-back 3D EM model and split 
block test fixture of Type-1 MMIC-to-WG transition. Two 
WR5 (140-220 GHz) waveguide connections are at the bottom 
of the MMIC carrier (Fig. 3c). A MMIC (Fig. 3b) with two 
waveguide transition probes and a 2.2 mm long 50 Ω 
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microstrip line sits on the carrier. The wave propagates 
through the waveguide perpendicular to the MMIC surface 
and is coupled to the transition probe. There are vias in the  
MMIC around the transition area to minimise the signal 
leakage. MMIC backside layer is patterned so no metal except 
the transition probe is overhung above the waveguide. The 
cover (Fig. 3a) contains backshorts of the waveguide and the 
AMC pin array. All the WR5 waveguide features have been 
designed with corners of a 0.25 mm radius for metalwork 
manufacturing implication. 

 

 
Fig. 2.  Model and calculated dispersion diagram for a unit cell of the periodic 
metal pin array structure with a bandgap at D-band. 

 
Fig. 3.  Type-1 MMIC-to-WG transition back-to-back 3D EM model: (a) 
cover with WG backshorts and AMC pin array; (b) MMIC with two transition 
probes and a microstrip line; (c) MMIC carrier with WR5 WG connections; (d) 
3D view of the model. 

 

 
Fig. 4.  Type-1 MMIC-to-WG transition test fixture: (a) metalwork pieces of 
the test fixture; (b) 3D model of the whole assembly. 

C. Type-2 MMIC-to-WG Transition Design 

Back-to-back 3D EM model and split block test fixture of 
Type-2 MMIC-to-WG transition is shown in Fig. 5 and 6 
respectively. The same concept of the transition has been 
demonstrated at 80 to 114 GHz [5]. There are two resonant 
cavities, two capacitive posts, and two WR5 waveguide 
connections in the MMIC carrier (Fig. 5c). The MMIC (Fig. 
5b) contains two waveguide transition probes and a 1.6 mm 

long 50 Ω microstrip line. The wave propagates through the 
waveguide parallel to the MMIC surface and is coupled to the 
transition probe thanks to the resonant cavity and the 
capacitive post in the carrier, and the AMC pin array in the 
cover (Fig. 5a). MMIC backside layer is patterned so no metal 
except the transition probe is overhung above the cavity. The 
cover also acts as the top metal wall of the WR5 waveguide. 

 

 
Fig. 5.  Type-2 MMIC-to-WG transition back-to-back 3D EM model: (a) 
cover with AMC pin array; (b) MMIC with two transition probes and a 
microstrip line; (c) MMIC carrier with two capacitive posts, two coupling 
cavities, and two WR5 WG connections; (d) 3D view of the model. 

 
Fig. 6. Type-2 MMIC-to-WG transition test fixture: (a) metalwork pieces of 
the test fixture; (b) 3D model of the whole assembly. 

III. DESIGN OF 140-175 GHZ MMIC-TO-MMIC 

INTERCONNECTIONS 

A. Type-1 MMIC-to-MMIC Interconnection Design 

A process with built-in RF hot-via technology from WIN 
Semiconductor has been chosen for the Type-1 MMIC-to- 
MMIC interconnection design. While standard through-wafer 
vias provide ground connections, hot-vias enable the 
connection between the RF track on the topside of the MMIC 
and the RF port on the backside of the MMIC. MMIC 
backside metal needs to be patterned to separate the RF port 
and the ground. 

Fig. 7 and 8 show the 3D EM model and test fixture of the 
Type-1 MMIC-to-MMIC interconnection with hot-vias. 50 Ω 
microstrip lines on the topside of the MMICs are connected to 
the backside CPW ports by 4 hot-vias as shown in Fig. 7a and 
Fig. 7d. The two MMIC backside CPW ports are then 
connected by the CPW tracks on a PCB carrier (Fig. 7b). A 
clear view of the RF tracks and hot-vias is shown in Fig. 7d. 

B. Type-2 MMIC-to-MMIC Interconnection Design 

A quartz substrate with CPW tracks is used to provide the 
interconnection between MMICs in the Type-2 design. 3D EM 
model and a picture of the test fixture are shown in Fig. 9 and 
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10 respectively. Quartz is chosen as the substrate material 
because of its low dielectric constant and transparency for 
easy alignment. To achieve the proposed assembly, metal 
bumps are placed on the MMIC GSG pads (Fig. 9b). Then the 
quartz substrate can be attached to the bumps by 
thermocompression bonding with carefully controlled process 
temperature (Fig. 9c). Compared to the impedance mismatch 
caused by the inductance and parasitics of the traditional 
bonding wires, the mismatch in this method can be minimised 
by accurate design and tuning of the CPW structure on the 
quartz substrate. 

 

 
Fig. 7.  Type-1 MMIC-to-MMIC interconnection with hot-vias: (a) two 
MMICs with hot-via interconnection structure; (b) PCB carrier for the MMICs; 
(c) 3D EM model; (d) MMIC and PCB dielectric removed for clear view of 
the interconnection. 

 
Fig. 8.  Type-1 MMIC-to-MMIC interconnection test fixture [6]: (a) PCB 
carrier with CPW tracks; (b) assembly diagram of two MMICs on the PCB 
carrier; (c) top view of the test fixture. 

 
Fig. 9.  Type-2 MMIC-to-MMIC interconnection with CPW quartz board: (a) 
two MMICs with GSG bonding pads; (b) Metal bumps are placed on the 
MMIC pads; (c) 3D view of the model; (d) Quartz dielectric removed for clear 
view of the interconnection. 

 
Fig. 10. Top view of Type-2 MMIC-to-MMIC interconnection test fixture [6]. 

IV. EXPERIMENTAL RESULTS 

The measurements were carried out using a Keysight 
N5247A PNA-X with two VDI WR5 frequency extension 
modules. Waveguide TRL (Thru-Reflect-Line) calibrations 
were performed prior to the measurements of MMIC-to-WG 
transitions. For measurement of MMIC-to-MMIC inter-
connections, the above VNA was used together with a pair of 
WR5 to D-band tapered waveguides, and a pair of D-band 
GGB Picoprobe. On-wafer TRL calibration was undertaken 
using the standards fabricated on the same wafer as the 
MMICs. TRL was chose due to its minimal requirement on 
prior knowledge of the custom standards on the wafer and its 
ability to move reference planes to the devices under test. 

WR5 waveguide thrus for the two MMIC-to-WG transition 
test fixtures have been fabricated and measured. Type-1 and 
Type-2 thrus generated about 1 dB and 0.3 dB insertion loss 
respectively between 140 to 175 GHz. Measurement of a 1.4 
mm long 50 Ω microstrip line on the MMIC showed about 0.4 
dB insertion loss in the same frequency range. Individual 
MMIC-to-WG transition loss can therefore be obtained by de- 
embedding the back-to-back test fixture. 
 

 
Fig. 11.  Simulation and measured S-parameter results for the back-to-back 
test fixture of Type-1 MMIC-to-WG transition. Dotted curves: simulation 
result; solid curves: measurement result. 

 
Fig. 12.  Simulation and measured S-parameter results for the back-to-back 
test fixture of Type-2 MMIC-to-WG transition. Dotted curves: simulation 
result; solid curves: measurement result. 

Fig. 11 and 12 show the simulations and measured S- 
parameters of the Type-1 and Type-2 MMIC-to-WG back-to- 
back transition test fixtures respectively. 2.4 to 2.9 dB 
insertion loss was measured for type-1 transition between 140 
to 175 GHz. After de-embedding the WR5 waveguide in the 
test fixture and a 2.2 mm long 50 Ω microstrip line on the 
MMIC, it is estimated the loss per transition is between 0.38 to 
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0.63 dB. In the same frequency range type-2 transition test 
fixture exhibits 1.4 to 2 dB insertion loss in the measurement. 
The individual transition loss is considered to be between 0.32 
to 0.62 dB after de-embedding WR5 waveguide and a 1.6 mm 
long 50 Ω microstrip line. 

 

 
Fig. 13.  Simulation and measured S-parameter results for the test fixture of 
type-1 MMIC-to-MMIC interconnection. Dotted curves: simulation result; 
solid curves: measurement result. 

 
Fig. 14.  Simulation and measured S-parameter results for the test fixture of 
type-2 MMIC-to-MMIC interconnection. Dotted curves: simulation result; 
solid curves: measurement result. 

Fig. 13 shows the measurement result of 0.66 to 2 dB 
insertion loss for the Type-1 MMIC-to-MMIC interconnection 
test fixture with hot-vias. The loss caused by the 
interconnection itself is then considered to be between 0.54 to 
1.88 dB after de-embedding two 0.2 mm long 50 Ω microstrip 
lines on the MMIC. Type-2 MMIC-to-MMIC interconnection 
test fixture based on CPW quartz board exhibits better 
insertion loss of 0.43 to 1.2 dB as shown in Fig. 14. After de- 
embedding the 50 Ω microstrip lines on the MMIC, 0.31 to 
1.08 dB loss is achieved for the interconnection itself. 

V. CONCLUSION 

This paper has reviewed the integration constraint of future 
D-band radio systems. We then demonstrated two types of 
direct MMIC-to-WG transitions with EBG structures 
integrated in the cover, and two types of bonding wire free 
MMIC-to-MMIC interconnections using hot-vias and CPW 
quartz board. Low insertion loss and good return loss has been 
achieved for all the proposed solutions between 140 and 175 
GHz. 
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