
50 lm core. The quality of image and sound was very good in

all channels. Due to the higher signal loss and low laser power

the optimum modulation indices were around 8…10%, which is

roughly a triple the values encountered in CATV systems. The

high-transmission loss in MM fiber limits the number of trans-

mitted channels. This restriction may be overcome using lasers

with greater optical powers. Moreover, these limitations are

much relaxed for the transmission of digital video signals,

whose requirements for CNR and nonlinearities are not so strict.
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ABSTRACT: A compact Ultra-Wideband subnanosecond pulse generator
is described in this article. The fundamental part of the generator consists
of a step recovery diode (SRD), which works as a waveform edge

sharpener. The SRD is included in a compact pulse-forming network, which
is used to form a narrow Gaussian pulse. The proposed circuit solution

utilizes the performance of the SRD effectively with minimal requirements
regarding the driver stage of the generator. The measurements show the
waveform and power spectrum of the Gaussian pulse that is generated.
VC 2009Wiley Periodicals, Inc. Microwave Opt Technol Lett 52: 438–440,

2010; Published online inWiley InterScience (www.interscience.
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1. INTRODUCTION

An ultra-wideband (UWB) subnanosecond pulse generator is the

main component of many transmitting and also receiving UWB

systems. Various techniques are used to generate UWB pulses.

A conventional short pulse generator consists of an edge sharp-

ener, which sharpens and accelerates a slow rise time driving

waveform edge, and a pulse-forming network, which forms the

output pulse to the desired shape.

Special solid-state components are commonly utilized as

pulse sharpeners. Avalanche transistors, step recovery diodes

(SRD) [1], tunnel diodes [2], bipolar transistors [3], and FETs

[4] are used. Avalanche transistors are advantageous as high-

power sharpeners, but the maximal usable pulse repetition fre-

quency and the transistor lifetime are limited. Tunnel diodes

offer the shortest transition times at very small amplitudes. The

SRD is a compromise alternative to these components and is ca-

pable of generating pulses with �50–150 ps transition time.

This makes them most preferred for current UWB applications.

The theory and application of SRDs in edge sharpening circuits

is well described elsewhere [5].

A pulse-forming network converts the step-like waveform

generated by the SRD sharpener to a Gaussian-like or some

other pulse form that is required for a specific application.

Transmission line pulse-forming networks [6] or simple RC-dif-

ferentiators [7] are most frequently used. Complex planar struc-

tures, such as coupled-line couplers [8], are also reported to ex-

hibit usable pulse-forming properties. However, any circuits

connected to the output of the SRD sharpener introduce an

insertion loss and inevitable ringing into the output waveform.

Therefore, additional circuits have to be used to suppress ringing

[9]. The main constraint of the SRD pulse generator design is

the limited minimum pulse width of the generated pulse, which

is determined by the parameters of the SRD. Consequently,

SRDs are primarily used for lower UWB bands up to about 5

GHz. The output pulse width and amplitude can be improved

using MESFET amplification and compression circuits [10].

Unfortunately, the low maximum drain-source voltage of active

forming circuits limits the output pulse amplitude.

This article describes a UWB subnanosecond generator. The

basis of the generator is an SRD, which works as a standard

waveform edge sharpener connected in parallel with a transmis-

sion line. However, the sharpener is included in a unique pulse-

forming network consisting of a Schottky diode and a delay

line. Our solution has many advantages. In our previous article

[11], we used a similar structure to generate stable high-ampli-

tude pulses independent of the pulse repetition frequency. In this

article, we present a pulse-forming network with an improved

topology, which is capable of generating narrow Gaussian pulses

to increase the bandwidth of the generator. Our second objective

was to maintain a low-ringing level. The measurement results

show that both requirements are fulfilled without the need

for additional ringing reduction or active pulse compression

circuits.

2. CIRCUIT DESCRIPTION AND DESIGN

A circuit diagram of the proposed generator is shown in

Figure 1. The first part of the generator (TTL inverter, R1, C1,

R2, C2, T3) is a simple edge triggered timing circuit, which

generates a well-defined pulse to be supplied to the driver.

The pulse width is adjustable down to a few nanoseconds by

R2 and is independent of the input TTL waveform frequency

and duty cycle. The function of the timing circuit is described

in detail elsewhere [11].

The following stage of the generator, a transistor driver (T1,

T2, R3, R4, C3), generates a negative voltage pulse with suffi-

cient power and speed to drive an SRD. We selected the

MMBT3904 and the BFG591 bipolar transistors for the first and

second stage of the driver, respectively. The selected circuit to-

pology, where T1 operates as common-collector and T2 as
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common-emitter switch, generates a negative driving pulse with

a fast leading edge (hundreds of picoseconds) while the trailing

edge is relatively slow (a few nanoseconds).

The third stage of the generator consists of an SRD sharp-

ener and a Gaussian pulse-forming network. The purpose of the

SRD sharpener is to sharpen the leading edge of the driving

pulse. The sharpened step-like pulse is then processed in a

pulse-forming network.

When no driving pulse is present, the SRD is forward biased

by a constant bias current. A Schottky diode (SD) is reverse bi-

ased and does not influence the circuit. After triggering the gen-

erator input, the driver generates a driving pulse, which passes

through the coupling capacitor C3 (10 nF), the damping resistor

R5 (4.7 X), and the delay line to the SRD. After the SRD turns

off, a fast falling edge voltage step propagates in both directions

away from the SRD. The first step propagates unchanged

through a coupling capacitor C4 (10 pF) to the output, whereas

the second propagates along the delay line back to the input.

However, the shunt-connected Schottky diode is now opened by

the negative driving pulse sufficiently to short-circuit the trans-

mission line. Therefore, the incoming step waveform is reflected

back with an inverted polarity. It propagates to the output again,

where it contributes to the output waveform. By summing the

delayed inverted step with the unchanged forward waveform, a

Gaussian-like pulse is formed. After a few nanoseconds, the

driver turns off and the circuit returns to the steady state.

This unconventional circuit solution, where the pulse-forming

network precedes the SRD sharpener in the signal chain, is ca-

pable of forming reasonably high-amplitude pulses with low-

ringing levels. The ringing level can be further reduced by

increasing R5.

The RF part of the generator was designed by the AWR

Microwave Office design suite. The final layout is shown in

Figure 2. The pulse generator was implemented on an ARLON

AD450 substrate 0.762 mm in thickness. We used the

MA44621A SRD in the ODS-93 package [12] and the

MA4E190 Schottky diode in the ODS-276 package, both manu-

factured by MA-COM. The cylindrical form of the ODS pack-

ages enables the diodes to be mounted directly in through-holes

1.3 mm in diameter. The leads of the diodes are then soldered

directly to the bottom ground plane without the need for addi-

tional vias. This particular form of the pulse-forming network is

optimal for generating very short Gaussian pulses.

The delay line between SRD and the Schottky diode was

implemented as a section of a microstrip line 4 mm in length

(L) and with a characteristic impedance of about 90 X. The cor-

rect width was obtained by optimization in the AWR simulator.

3. EXPERIMENTAL RESULTS AND DISCUSSION

First, the timing circuit and the driver of the generator were

measured, with C3 terminated by a 50 X load. A TTL square

waveform with a repetition frequency of 5 MHz was used

to trigger the generator input. However, any frequency up to

Figure 2 Layout of the pulse-forming network. [Color figure can be

viewed in the online issue, which is available at www.interscience.

wiley.com]

Figure 3 Measured output waveform of the driver. [Color figure can

be viewed in the online issue, which is available at www.interscience.

wiley.com]

Figure 1 Circuit diagram of the proposed Gaussian pulse generator
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10 MHz is applicable without notable influence on the shape of

the output pulse.

Figure 3 shows the output waveform of the driver measured

with a wideband oscilloscope. This negative driving pulse is

�11.5 V high at 12 V power supply voltage. The leading edge

fall time of this pulse is �800 ps, which is sufficiently short to

drive the SRD. By contrast, the trailing edge of the driving

pulse is slower and smoother. Therefore, it does not introduce

any overshoots and distortions into the output waveform. To

minimize the current consumption of the driver and the power

dissipation of the Schottky diode, we set the driving pulse width

to a small value of �15 ns, as shown in Figure 3.

The output waveform of the complete pulse generator was

measured using an Agilent 86100C sampling oscilloscope at a

50 X load. A 30 mA constant current from an external source was

used to bias the SRD. A measured Gaussian pulse is plotted in

Figure 4. The maximum amplitude of this pulse reaches �7.5 V,

and the pulse has an FWHM (Full-Width at Half-Maximum) of

about 110 ps. A lower FWHM is obtainable by shortening the

delay line length; however, the pulse output amplitude decreases.

The ringing level does not exceed 5% of the output amplitude.

The power spectrum of the pulse from Figure 4 calculated

using the Fourier transform is shown in Figure 5, normalized to

the maximum value. The 20 dB pulse bandwidth is 7 GHz,

which is almost twice the bandwidth of the pulses presented

elsewhere [11].

4. CONCLUSIONS

In this article, we have presented a new circuit solution of an

UWB subnanosecond pulse generator. A Gaussian pulse is gen-

erated by a SRD sharpener, which is included in a unique pulse-

forming network consisting of a Schottky diode and a delay

line. The location of the pulse-forming network in the input sec-

tion of the SRD sharpener provides high-output amplitudes and

maintains a low-ringing level. We also designed a two-stage

transistor driver, which does not introduce any unwanted distor-

tion into the output pulse. The measurement results prove that

our circuit solution is capable of generating narrow Gaussian

pulses without the need for additional pulse compression cir-

cuits. The pulse generator concept presented here has been suc-

cessfully applied in UWB transmitters and as a part of micro-

wave sampling circuits.
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Figure 4 Measured output waveform of the pulse generator. [Color

figure can be viewed in the online issue, which is available at www.

interscience.wiley.com]

Figure 5 Calculated power spectrum of the output Gaussian pulse nor-

malized to the maximum value. [Color figure can be viewed in the

online issue, which is available at www.interscience.wiley.com]
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