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Abstract— A distributed waveform generator (DWG) with
DAC-assisted pulse generators is presented for the ultrafast
waveform generation. It time-interleaves multiple pulse gener-
ators, and uses an on-chip transmission line for wideband pulse
combining. Each unit pulse generator adopts a new current-
steering topology which incorporates the edge combiner into
the conventional current-steering structure for high-speed pulse
generation. The transversal structure of the DWG enables a
fully reconfigurable waveform generation. A 64-tap, 10.9GS/s
prototype was implemented in ����������� standard digital CMOS
technology. The average rise time of basis pulses generated
from all 64 taps is 70 ps. The average tap delay is 91.8 ps.
Characterization results and some example waveforms are shown
in detail.

I. INTRODUCTION

Ultrafast waveform generation is important in wire-
line/wireless communications, high-speed instrumentation and
radar systems for functions such as pre-emphasis, equal-
ization, and other signal conditioning functions. For exam-
ple, in impulse radio UWB (IR-UWB) transmitter, due to
the extremely large bandwidth and the requirements for co-
existing with other narrow-band wireless networks, the most
critical function is to generate nanosecond duration pulses
with power spectra compatible with FCC emission mask [1].
The waveform generation circuits need to achieve a large
bandwidth under stringent spectral/temporal constraints. It is
highly desired to have pulses with various shapes/spectra to
accommodate process variations, different regional standards,
and channel environments [2]. Different pulse shapes can also
be utilized in a pulse shape modulation scheme to carry on
information.

Ultrafast waveform generation is also widely needed in
high-speed instrumentation. For example, in our OMEGA laser
systems, wideband electrical waveforms are used to drive
the electro-optic modulator to yield target optical pulses [3].
Target pulses usually have 2 to 6 ns pulse duration, which
is a challenge for the design of ultrafast waveform generation
circuits. It is also desired to incorporate filtering functions into
the waveform generation to achieve reconfigurability so that
we can adaptively change the spectrum/waveform according to
varied target pulses like in laser systems. CMOS technologies
are better options compared to other III-V technologies to
implement such waveform generation circuits due to the
large integration capability which can significantly reduce the
system cost.

Considering these challenges in ultrafast waveform gen-
eration circuits, we have proposed the distributed waveform

Fig. 1. Distributed waveform generator with DAC assisted pulse generators.

generator (DWG) architecture as a low-power pulse genera-
tion approach with built-in filtering function and modulation
capabilities. In our previous work, a 10GS/s, 10-tap DWG
prototype for IR-UWB transmitters have been implemented
in ������� �"! standard digital CMOS technology as a design
demonstration [4]. In this paper, we present a new 64 taps
DWG design based on the digital-to-anlog converter (DAC)
assisted pulse generator and high-speed current-steering pulse
generator. The former one is adopted to improve the dynamic
range of pulse amplitude tuning, while the later one is used to
improve the speed of pulse generation. The large number of
taps (64) is selected to explore the achievable pulse duration
in this architecture.

II. DISTRIBUTED WAVEFORM GENERATOR WITH DAC
ASSISTED PULSE GENERATORS

Fig. 1 shows the generic architecture of proposed DWG with
DAC assisted pulse generator. A trigger signal is distributed to
each pulse generator by the trigger distribution block, which
enables narrow basis pulses to be generated at a specific sam-
pling time by one of the pulse generators. These basis pulses
are then combined to form the output waveform by a pulse
combining block. The advantages of this DWG architecture
include: first, the trigger signal runs only at the pulse repetition
frequency (PRF), which is usually much lower than the RF
Nyquist rate. Secondly, timing control function and pulse
combining function are separated. So the bandwidth is the
only optimization goal for the pulse combining block. Thirdly,
the DWG architecture is essentially similar to the transversal
structure of finite impulse response filter, which implies that
DWG architecture has the built-in filtering capability. Fourthly,
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Fig. 2. Overall schematic of the prototype DWG.

the on-off keying modulation can be achieved by driving the
DWG using the baseband data directly.

In previous reported work, the amplitude control in DWG
is implemented using analog tuning on the bias current of the
switched current sources. However, the achievable dynamic
range is severely limited (about 10 dB in reports) due to the
fact that the bias condition cannot be changed significantly
without disrupting the circuit operation. In order to achieve
larger dynamic range (e.g. more than 20dB in the laser sys-
tems), the amplitude of basis pulses can be digitally controlled
by incorporating the digital-to-analog converter (DAC) into the
pulse generator. Digital control signals for different amplitudes
are used to enable the corresponding number of unit pulse
generators in a pulse generator array. Such a DAC assisted
pulse generator can significantly improve the dynamic range
compared to our previous work on DWG. Current-steering
topology is selected to implement the unit pulse generator for
high-speed operation. Compared to the conventional current-
steering structure used in high-speed DAC design, our new
topology incorporates an edge-combiner for narrow pulse
generation (details shown in Section III).

In order to achieve long pulse duration while maintaining
the fine time resolution, the number of taps in the DWG
needs to increase. The limiting factors may come from two
effects: larger capacitive loading on the pulse combining block
which can reduce the bandwidth gradually, and the noise
added into the trigger distribution block which can degrade
the accuracy of timing control. In this work, a 64 taps DWG
are implemented to explore different limiting factors.

III. CIRCUIT IMPLEMENTATION

Fig. 2 shows a 64-tap DWG prototype implemented in a�#�$�%� �"! standard digital CMOS technology. It uses an active
delay line for trigger distribution, DAC assisted pulse gener-
ators for basis pulse generation with pulse amplitude control,
and an on-chip transmission line for pulse combining. 64 pulse
generators are arranged in a 8 by 8 matrix over the entire chip.

(a)

(b)

(c)

Fig. 3. Schematic of the prototype DWG: (a) DAC assisted pulse generator;
(b) pulse generator array (127 units); (c) new current-steering pulse generator.
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Fig. 4. Chip micrograph of the 64-tap DWG.

A 6-bit decoder is also included to select which pulse generator
to write the amplitude data. An asynchronous, current starved
active delay line[5] is used for trigger distribution. To achieve
10GS/s sampling rate, the delay per stage is designed to be
nominally 100 ps.

The DAC assisted pulse generator is shown in Fig. 3 (a).
It consists of a 7-bit register and a pulse generator array.
The register is used to store the amplitude data and enable
the corresponding number of unit pulse generators inside the
array. The pulse generator array has 127 unit pulse generators
with 7-bit digital control, as in Fig. 3 (b). The topology of
each unit pulse generator is shown in Fig. 3 (c). Compared to
the conventional current steering structure, this new topology
incorporates the edge combiner, which is formed by &(' and&*) . At the initial state, assuming the voltage of the all
the current flows through & ' . When the pulse generator is
triggered by a rising edge, the falling edge on & ' gate will
turn it off so that all the current is steered through &,+ . A
delayed rising edge will turn on &,) afterwards and the current
is steered through & ) . Hence, a very short current pulse is
generated at the output of & + . At the falling edge of the input
trigger, the current will be steered from & ) back to &-' , which
does not affect the status of & + . So this pulse generator is
rising edge sensitive only.

The outputs of all the pulse generators are connected
to the output transmission line. Such a distributed circuit
structure extends the bandwidth at the output node since the
parasitic capacitance of all pulse generators is absorbed into
the transmission line structure. The output transmission line is
implemented as a coplanar waveguide (CPW), which has lower
loss and larger bandwidth than LC artificial transmission lines.

The prototype DWG was fabricated in a commercial�#�$�%� �"! standard digital CMOS technology with low-
resistivity substrate. The chip micrograph is shown in Fig. 4.
The chip size is ./� 0 !1!3214����%!5! , including pads.

IV. MEASUREMENT RESULTS

The prototype DWG is characterized in time domain using a
50 GHz sampling oscilloscope. A 200 MHz sinusoidal signal
from a continuous-wave (CW) source is used as the input
trigger. The measured basis pulses generated from all 64 taps
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Fig. 5. Pulses generated by each tap.
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Fig. 6. Rise time of all 64 taps.

(a)

(b)

Fig. 7. Using Tap1 as example (a) Pulse amplitude tuning and (b)
corresponding pulse shape change.
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Fig. 8. Jitter performance of some taps.

(a)

(b)

Fig. 9. Some example waveforms generated using the DWG prototype. (a)
using tap1,2,3; (b) using tap1to tap10.

are in Fig. 5 which shows good delay uniformity. As shown
in Fig. 6 (a), the average tap delay is 91.8 ps with a standard
deviation 6 of 1.9 ps, which corresponds to a sample rate of
10.9 GHz. As shown in Fig. 6 (b), on average, the rise time
is 70.3 ps and for the first 20 taps, the rise time is always
less than 60 ps. The amplitude of basis pulses decreases in
an exponential fashion because of the loss on the on-chip
transmission line. The loss factor of the transmission line is
extracted to be 0.85dB/mm at 20GHz. The rise time increases
because of the bandwidth reduction caused by the transmission
line loss.

By varying the digital control words, the output pulse ampli-

tude can be independently tuned. Fig. 7 shows the amplitude
tuning of taps as an example. The pulse amplitude tuning has
good linearity within a 20 dB dynamic range. The pulse shape
is also well conserved when tuning the pulse amplitude, and
is quantified with the correlation factor (Fig. 7 (b)), where
the maximum amplitude pulse is selected as the reference.
For all the control words, the correlation factor is more than
0.96, which means the pulse shape is well conserved when the
amplitude is tuned.

Jitter performance of some taps is shown in Fig. 8. The
average RMS jitter is 11 ps. The RMS jitter remains less than
10 ps until Tap30 and increases about 20 ps for the last few
taps. Some square waveforms with different duration (200 ps
and 800 ps) are generated using the DWG prototype, as in
Fig. 9.

V. CONCLUSION

We have developed a distributed waveform generator
(DWG) architecture with DAC assisted pulse generator to
achive longer pulse duration and improve the dynamic range
of amplitude tuning. A new high-speed current-steering pulse
generator topology is developed by incorporating the edge
combiner to generate narrow pulses. A 64-tap prototype
was designed and implemented in a �#�$�%���"! standard dig-
ital CMOS technology. Measurement results demonstrated
its capability of synthesizing various pulse shapes in sub-
nanosecond regime for laser system applications.
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