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Abstract — This paper presents a fully integrated
oscillator-less THz pulse radiator based on reverse recovery
of a PIN diode implemented using 130-nm SiGe BiCMOS
technology. The chip radiates a wideband frequency comb
in the THz regime through an on-chip antenna. The spacing
between the THz tones can be programmed up to 10.5 GHz
by tuning the frequency of the input trigger. The spectrum
of the radiated frequency comb is measured from 320 GHz
to 1.1 THz with 5.5-GHz spacing between the tones. The
Non-Linear Q-Switching Impedance (NLQSI) technique is used
for tuning the frequency tones and increasing the stability of
the output stage. At a distance of 4 cm from the pulse radiator,
the measured SNRs (including the losses) with 1 Hz resolution
bandwidth are 51, 40, and 21 dB at 0.6, 0.8, and 1 THz,
respectively with a 10-dB line-width of less than 2 Hz. With a
5.5-GHz input trigger, the total power consumption of the chip
is 45 mW, with 20 mW consumed by the driver stage.
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I. INTRODUCTION

In recent years, broadband pulse generation techniques

have been of great interest in the terahertz (THz) and

mm-wave research due to wide range of applications,

such as high-speed communication, high-resolution radars,

spectroscopy, and remote sensing. Although different

approaches and techniques have been proposed for THz wave

generation, increasing the bandwidth and radiation power

in THz systems remains challenging due to the limitations

of silicon-based technologies. Most of recent the works in

broadband pulse generation are based on the fast switching

speed of transistors. In [1], by switching a bipolar transistor in

a very short interval, pulses with full width at half maximum

(FWHM) of 1.9 ps were achieved. Wideband frequency comb

generation is also possible by switching a THz continuous

wave (CW) radiator [2]; however, the bandwidth of the

generated frequency comb is limited by the switching speed

of the transistors. Dynamic pulse generation by controlling

the phase and amplitude of the harmonic frequencies was

proposed in [3]. Nevertheless, pulse generation using this

approach is challenging, as programming the phase and

amplitude of tones at mm-wave/THz frequencies requires

complex circuit blocks.

Step-Recovery-Diodes (SRD) are popular for harmonic

generation and frequency multipliers due to their ultra-sharp

reverse recovery. However, SRDs are not available in silicon

processes. As elaborated in the following sections, PIN diodes

exhibit similar reverse recovery behavior to SRDs, which

enables efficient harmonic generation.

Fig. 1. (a) Structure of a PIN diode device in the SiGe 130-nm BiCMOS
process, (b) Simple test-circuit to illustrate the sharp reverse recovery of a
PIN diode, (c) Voltage and current waveforms of a PIN diode in different
regions of operation.

In this work, the reverse-recovery of a standard PIN diode

device in 130-nm BiCMOS technology is used to generate

THz-pulses (wideband frequency comb), which are radiated

through a broadband on-chip antenna. To the best of the

authors’ knowledge, this is the first PIN diode-based THz

pulse radiator implemented in a silicon-based process.

II. DESIGN PROCEDURE

The structure of a PIN diode in 130-nm SiGe BiCMOS

process is shown in Fig. 1. The detailed analysis of the

reverse recovery of PIN diode is elaborated in [4]; however,

to illustrate the sharp reverse recovery of a PIN diode, we

consider the special case in which an ideal 50-GHz sinusoidal

voltage source is applied across a PIN diode. To analyze the

nonlinear behavior of a PIN diode, its operation can be divided

into three separate intervals, as shown in Fig. 1. In mode “A,”

the diode is in forward mode, and holes and electrons are

injected from N and P regions into the I-region. The amount

of stored charge in the I-region depends on the carrier lifetime

(τ ) and amount of forward current. As the voltage across the

diode drops, the current starts flowing in the reverse direction

(region “B”), thus, depleting the excess charge stored in the

I-region. When the I-region is fully depleted (mode “C”), the

reverse current drops to zero with a time-constant determined

by series cathode resistance (RCX ), off-state capacitance, and







Fig. 7. Time-domain measurement setup

Fig. 8. Time-domain waveforms of the radiated pulse. a) The PIN diode is
biased at 1.8 V. b) PIN diode is biased off. c) Zoomed version of (a). d)
Subtraction of (b) and (a).

the THz-TDS system; otherwise, due to the frequency drift

of the input trigger, the signal disappears during averaging

due to significant jitters. To address this issue, the signal

generator is locked to the THz-TDS system using the approach

demonstrated in Fig. 7. The resultant time-domain waveform

of the radiated pulse after an averaging number of 256 is

shown in Fig. 8, which shows a FWHM of 1.7 ps.

IV. CONCLUSION

This paper reports a fully integrated on-chip THz pulse

radiator based on reverse recovery of a PIN diode. The

repetition rate of the generated pulses is programmable using

the input trigger, which can be tuned to as high as 10.5 GHz.

The power consumption of the driver stage is 20 mW at

5.5 GHz repetition-rate. An on-chip slot bow-tie antenna

is employed for radiating the THz pulses with the a total

efficiency above 60% over the band of radiation. The spectrum

of the radiated pulses was measured from 320 GHz up to 1.1

THz using the VDI SAX and the Keysight N9030A PXA

signal analyzer. Table 1 shows the comparison between this

Table 1. Comparison With Prior Works

Performance This work [1] [6] [3]

Highest frequency

measured
1.1 THz 1.1 THz 110 GHz 214 GHz

Pulse width

(FWHM)
1.7 ps 1.9 ps 26 ps 2.6 ps‡

Repetition rate

50 MHz
to

10.5 GHz

50 MHz
to

5.5 GHz

1.364 GHz
to

1.519 GHz
N/A

Pulse generation

technique
D2I† D2I∗

Oscillator-
based

Oscillator-
based

Die Area (mm2) 0.48 0.47 6.16 2.5

Power

consumption
20 mW 105 mW 1400 mW N/A

Technology

130-nm
SiGe

BiCMOS

130-nm
SiGe

BiCMOS

130-nm
SiGe

BiCMOS

65-nm
CMOS

†Digital-to-Impulse architecture based on PIN diode reverse recovery
∗Digital-to-Impulse architecture based on switching of a BJT
‡ Simulated result

Fig. 9. THz pulse radiator die photograph

work and similar prior works. Based on Fig. 4, this work

demonstrates higher radiation power at frequencies above

300 GHz, a flatter average ERIP spectrum, and lower power

consumption compared to the state of the art. A micrograph

of the fabricated chip is shown in Fig. 9.
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