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[Summary] In the realm of RF/microwave industry the utilization of MMIC switches at Sub-THz emerges as a 
critical advancement for unlocking the full potential of the spectrum. The miniaturization and in-
tegration of multiple components along with switches on a compact single chip is a paramount con-
sideration to enhance the versatility of Sub-THz systems. Sub-THz MMIC switches play a pivotal 
role in enabling Sub-THz communication systems, advanced imaging and sensing, and instrumen-
tation. Optimizing insertion loss, isolation, and bandwidth of MMIC Switches is poised to lead the 
way in the next frontier of RF applications. 
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1 Introduction 

Mm-Wave to Sub-THz system architectures sometimes 

use the same frequency for TX and RX which dictates using 

a frontend switch to select either TX or RX. The cost of power 

in the Sub-THz spectrum is relatively high compared to 

lower frequencies. This increases the trend of integrating 

switches on a single chip with other components because de-

ploying them on separate chips requires either lossy inter-

connects or waveguide probes that increase the insertion 

losses. Which results in higher noise figures for RX and 

lower power and linearity for TX. 

2 Technology 

Quests have been made on which technology to use and 

the tradeoffs for designing wideband switches. GaAs PIN di-

odes have a proven record for low insertion loss and im-

proved isolation. However, integration with other compo-

nents on the same chip blocks exploiting this technology and 

limits it to a single package. Some pHEMT technologies have 

integrated PIN diode options but not at the sub-THz spec-

trum. The bandwidth of the switch is the first figure of merit 

that we look at, which is a direct function of the transistor 

used. 

InP HBT-based switches have the advantage of high line-

arity3) and higher frequency4). However, the main challenges 

are isolation and power consumption. This is because the in-

put bias on the base of the transistor is not highly isolated 

from the RF ports at the Collector/Emitter. This creates un-

desired effects on high frequencies and can be observed as 

the bias source moves away from the base of the transistor. 

The HEMT-based switches have the advantage of isolation 

but fall short. 

on power and very low frequencies for ultrawideband appli-

cations. In this article, we will exploit the InP DHBT-based 

switches to enable the integration of switching to amplifiers 

and multipliers. 

A multi-metal layer structure is used for this design. This 

not only gives a degree of freedom to move the RF ground 

but also to isolate some DC components and biases from RF 

circuit. 

Figure 1 Representation to a cross-section of 

TSC250 IC technology, not to scale.6) 

3 Design 

Starting with a 12 µm length DHBT transistor minimizes 

the parasitic capacitance at the expense of power handling. 

In this approach, the goal is to push the technology to its 

limits with the simplest topology to facilitate integration and 

achieve ultrawideband frequency response from DC to Sub-

THz. Stacked transistors with matching circuits would play 
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a role in improving isolation which will be presented in a 

later section. 

Figure 2 shows some bias points to be used. The realiza-

tion of resistances and DC bias circuit in the layout of the 

chip plays a role in improving isolation and frequency re-

sponse ripple. It is to be noted that it is not uncommon for 

design libraries to not have enough information about maxi-

mum base current limitations. This requires paying close at-

tention to the physical structure of the transistor to estimate 

proper bias currents. The trade-off is between improving iso-

lation versus damaging the transistor by overdriving it. 

 

 

 

 

Figure 2 12 µm DHBT I-V characteristics and bias points. 

To better evaluate the potentials and limitations of the 

technology, several topologies are investigated. Figure 3 

shows a simple series through a switch in which the inser-

tion loss is not the limiting factor for the ON state, but the 

OFF position limits the isolation because of the off capaci-

tance. There are multiple ways to address this issue such as 

series cascading or isolation with shunt transistors. The sec-

ond one investigates shunt termination. Figures 3a and 3b 

can handle from DC to Sub-THz, only the SPDT in 3c cannot 

go to lower frequencies but can handle higher power. The se-

ries 12 µm length transistor in a through configuration can 

achieve a 1 dB insertion loss from DC to 300 GHz in an on 

position as shown in Figure 4. However, the off capacitance 

was evaluated to be 8.75fF for the selected bias conditions. 

This has a direct limit to the maximum frequency. Interest-

ingly, a stacked topology can be used to improve isolation and 

increase the maximum frequency at the expense of insertion 

loss. Since different systems have different switching re-

quirements, the design topology of the switch can be ad-

justed to improve some figures of merit at the expense of oth-

ers. 

In general, achieving low insertion loss often comes at the 

expense of isolation and vice versa. Faster switching speeds 

generally lead to higher power consumption and broadening 

the frequency bandwidth of the switch may result in a larger 

physical size. It is crucial to understand the underlying 

physical implementation and tradeoffs to make a good de-

sign choice. 
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Figure 3 Block diagram of several Sub-Thz switch approaches,  

a) simple series SPST b) Short, Load, and Open arm  

c) SPDT with multiple quarter wavelength sections. 

 

 

 

Figure 4 A Thru configuration where Ron of 12 ohms and Coff of 

8.75 fF is achieved based on selected bias points. Coff 

limits the Bandwidth for isolation. 

A Short, Open, and Load Switch arm shown in Figure 5 

demonstrates frequency response from DC to 150 GHz. At 

the Sub-THz band, the electrical delay between open and 

short can be noticed on the Smith chart in Figure 5. The Ca-

pacitance on the off position can be manipulated through the 

bias conditions of each transistor as well as base resistance. 

The challenge is that bias conditions cannot be easily mod-

ified after the manufacturing of the chip, this is because it is 

required to have the bias resistance on the chip close to the 

transistor. 

 

 

Figure 5 A Short, Open, and Load arm from DC to 150 GHz. 
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4 Physical Layout 

The physical layout requires impedance matching and 

considerations of the 3D structure, since this is a multi-

metal layer structure, this degree of freedom must be ex-

ploited to address the challenges of leakages or resonances 

that could happen anywhere in the spectrum5). 

The layout design takes into consideration the challenges 

associated with operating at these ultra-high frequencies, in-

cluding signal losses, parasitic capacitances, and transmis-

sion line effects. Careful optimization of the InP HBT switch 

layout addresses these challenges, ensuring efficient signal 

integrity and minimizing the impact of parasitic elements. 

The port launch demonstrated in Figure 6 is optimized on 

the multi-metal layer structure, The RF ground at the 

launch is different from the RF ground on the rest of the chip. 

For waveguide packaging, this launch must be replaced 

with an on-chip probe. 

 

Figure 6 Port Launch optimization on  

a multi-metal layer structure. 

The open-ground structure beneath the transmission line 

in Figure 7a is required for the design to be able to place 

circuits such as transistors and other biasing circuits. 

This is problematic and requires another careful layout op-

timization for ultrawideband Sub-THz applications. Only 

this window can cause significant spikes as shown in Figure 

7b, after optimizing the 3D structure in the layout an im-

provement can be achieved to avoid those resonances as 

shown in Figure 7c. 

Figure 8 represents a series-thru configuration. note the 

necessity of the offset disconnect in the transmission line. 

 

Figure 7 a) an open structure for transistors or bias has a signif-

icant effect when considering 330 GHz devices.  

b) insertion and return loss before layout optimization. 

c) insertion and return loss after layout optimization. 

 

Figure 8 The physical layout of a series thru. 

Finally, a complete EM simulation and optimization are 

done to address design rule checks (DRC) as well as consider 

manufacturing tolerances. A multi-switch module was suc-

cessfully integrated into a 11 mm chip shown in Figure 9. 

 

Figure 9 11 mm multi-switch chip module. 

5 Conclusions 

This article reports an investigation into RF Sub-THz 

MMIC switch utilizing InP DHBT which yielded promising 

results and demonstrated significant potential for miniatur-

ized advanced RF systems in the from DC to Sub-THz 

a) 

b) c) 
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spectrum. The unique properties of InP DHBT such as elec-

tron mobility and thermal conductivity contribute to enhanc-

ing the performance and making them a compelling choice 

for advanced telecommunications. 

Furthermore, the investigation has addressed key chal-

lenges such as ultrawideband from DC to Sub-THz, insertion 

loss, and isolation. Although DHBT is not the best choice for 

isolation, this poses a burden on the design effort to achieve 

the desired isolation and could be at the expense of maxi-

mum frequency. The increased power handling of DHBT over 

HEMT solidifies the foundation of using them on front-end 

ultrawideband transmitters. MMIC switches for use in 

emerging communication systems, terahertz imaging, and 

other high-frequency applications. As technology continues 

to advance, the outcomes of this investigation contribute to 

the ongoing evolution of communication networks and solid-

ify the position of InP DHBT as a promising material for fu-

ture MMIC switch innovations. 
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