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Abstract—This report presents the interim results of my
work on the development and design of broadband pulse-based
transceiver system at THz frequencies. This approach utilizes
high bandwidth and can thus provide precise measurements
for a variety of application scenarios, including the increase
in resource efficiency in the manufacturing of energy-intensive
products through inline sensor material thickness control.
Although the entire system has not yet been precisely character-
ized as a whole due to the long production cycle of the MMICs,
significant progress has been made in both fundamental research
and system design. For the broadband pulse generation, the
expected frequency components were verified up to 500 GHz,
and a transient pulse in the picosecond bandwidth range was
reconstructed from the spectrum, proving the feasibility of the
PIN-diode approach.
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I. PULSE-BASED TRANSCEIVER SYSTEMS

My current research comprises several key tasks: THz pulse

generation, design of the transceiver including the realization

of a receiving mixer for the dual-comb approach and the PCB

design. The near-term plan also includes design and tuning of

signal sources to frequencies with fixed frequency difference,

as well as measurement and evaluation of the results.

A. THz Pulse Generation

When investigating THz pulse generation, two different ap-

proaches are considered. The transistor-based approach utilizes

harmonics generated by switching an extremely high current

from one path to another in a differential transistor circuit,

similar to a differential cascode amplifier.

The PIN diode approach is based on the phenomenon of

reverse recovery when switching a current in a short period

of time. Instead of following a sinusoidal curve, the current

through the diode abruptly drops to zero as soon as all the

carriers stored in the I-region in the forward conduction are

depleted in the reverse conduction mode and the diode cannot

sustain the current. If a sharp edge is derived, e.g., by an

inductive load, the values of the slope forming a pulse are ob-

tained. This is a very promising approach as it does not require

a complex architecture and remains passive except for the DC

bias if a differential pulse is desired, thus it is energy-efficient,

and the only space-consuming element is the planar coil.
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B. Transceiver Concept

For the transceiver, a bistatic system approach was chosen

to allow separate receiver and transmitter MMIC character-

ization using existing sensors. Both MMICs include a PIN

diode-based pulse generating circuit and an antenna, while

the receiver additionally contains a mixer for the dual-comb

approach. The dual-comb approach describes mixing two

frequency domain combs with a difference in tone spacing.

Based on the Fourier transformation, it corresponds to mixing

time domain pulse trains with a slight difference in repetition

rate, resulting in broadened pulses and thus a low-frequency

comb. The resulting signal retains the information of the

original combs but can be sampled much more easily.

C. Current Results

For the THz pulse generation, the transistor-based circuit

was realized in IHP 130 nm SG13G3 technology and char-

acterized up to 110 GHz. Despite being limited by equipment

availability, expected frequency components were confirmed in

this range, providing the proof of concept. A modified version

with new pad configuration to extend the possible frequency

range and enable transient pulse reconstruction is considered.

The PIN diodes are available in Infineon’s B11 and B12HFC

SiGe technology, but their reverse recovery and switching

characteristics have only been described by physical models.

To investigate their behavior, several test circuits were created,

containing diodes of different sizes, with and without inductive

load and based on different avaliable models. The MMICs

were characterized in the frequency domain up to 500 GHz

using multiple probes and UXA extenders. The spectra were

merged, and the expected harmonics were confirmed across

the entire measured frequency range, enabling THz pulse re-

construction from the spectra assuming zero phase difference.

These results led to the selection of the PIN diode approach for

the transceiver system, designed in Infineon’s B11HFC 130 nm

SiGe BiCMOS technology. The first transmitter-receiver com-

bination is implemented with folded dipole antennas designed

for a center frequency of 300 GHz. With the Si lenses pur-

chased and the PCBs ready for production, the first system

measurements are scheduled within the next few months.

Although the lower antenna cutoff frequency is too high to

radiate all relevant pulse frequency components, it will serve

as a proof of concept for a limited frequency range. The second

and third advanced versions using the same technology are



already in production. The second version retains the idea

of direct pulse radiation but offers an innovative broadband

antenna with a cutoff frequency of only 50 GHz. The passive

diode ring mixer used in the first approach is provided with

additional diode path bias to maintain sufficient voltage ampli-

tude of the IF signal. The third system addresses the problem

that the strongest frequency components between 5 GHz and

50 GHz are still lost due to the antenna characteristics. An

additional diode mixer converts the generated pulse bandwidth

to the frequency range around the local oscillator frequency of

160 GHz in the transmitter and back in the receiver, allowing

all the relevant frequency components to be radiated. The LO

signal is generated on-chip from a low power 40 GHz input.

D. Future Work

For the system evaluation, lenses will be attached to the chip

through an opening in the PCB to reduce substrate modes

and improve the antenna directivity. The radiation occurs

through the MMIC, the PCB opening, and the lens. In the

first version of the systems, the input signals for the pulse

generators are provided off-chip. One of the main challenges

for the future versions is to realize on-chip signal generation.

These frequencies determine the repetition rates of the pulses

and thus their difference, which is crucial for the dual-comb

approach. Once the off-chip frequency adjustment is resolved

and the first IF comb is measured, the range and thickness

measurement can be performed, using signal processing to

evaluate the results. The new transceiver MMICs are expected

to arrive within the next year, so I am optimistic to achieve a

functional system with room for improvement.

II. PROJECT WORK

My work on fundamental PIN diode research was conducted

as part of the Terahertz.NRW project. Specifically, I was

involved in work package 3.3 Transceiver Technologies, Inno-

vative Materials and Components for Future THz Transceivers,

where the focus is on fundamental research that will lay

the foundation for future THz systems. Moving towards full

system and industrial application, I am now working on the

TIGER project, which aims to create a robust and cost-

effective fully integrated THz inline sensor, positioning THz

sensing as a key sensor technology to future “smart factories”.

My task in this project is the design of MMIC and PCB

transceiver system components.

III. CONCLUSION

This report presented the research conducted on the design

of a broadband pulse-based THz transceiver. Two realized

approaches for pulse generation and transceiver concepts were

introduced. The PIN diode pulse generator provides proof

of concept for low-area, low-energy, and low-cost solution,

with the frequency components verified up to 500 GHz. The

main short-term goal of my research is to create a first

working prototype of the transceiver and then to optimize

its performance while completing my Ph.D. I will deepen

my knowledge in the areas of signal synchronization and

processing to be able to perform the initial measurements and

evaluate the results, and I look forward to challenges ahead.
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