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Real time digital pulse shaper with variable weighting function
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Abstract

Real time digital pulse shaper has been developed that provides digital control of the synthesized weighting function

(WF). The shaper can synthesize in real time shapes that are optimum or near optimum in the presence of 1/f noise.

Other pulse shapes including trapezoidal and triangular can be realized. The WF is synthesized by algebraically adding

a concave and a convex pulse shapes. The shaper is implemented in a single chip and is a part of a spectroscopy system

on a programmable chip.
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1. Introduction

Real time digital pulse shaping techniques allow
synthesis of pulse shapes that have been difficult to
realize using the traditional analog methods. Using
digital shapers, triangular/trapezoidal filters can be
realized in real time [1,2]. The trapezoidal weight-
ing function (WF) represents the optimum time-
limited pulse shape when only parallel and series
noise sources are present in the detector system [3–
5]. In the presence of 1/f noise, the optimum WF
changes depending on the 1/f noise contribution.
Optimum pulse shapes have been derived for both
cases of 1/f voltage and 1/f current noise sources
[5,6].

This paper describes a technique to synthesize
pulse shapes with variable weighting function

(VWF) that can be adjusted for optimal noise
suppression at various noise distributions.1

2. Digital shaper configuration

Fig. 1 shows a simplified diagram of the digital
shaper with VWF. This configuration represents a
linear, time invariant digital filter. The shaper uses
two digital filter modules connected in series.

The first module (Analog Response Removal
unit—ARR) unfolds the known responses of the
analog pulse processor preceding the ADC. For
example, this could be a simple digital differentia-
tor if the analog pulse processor response is a step
function (reset type charge sensitive preamplifier).
More complex algorithms are executed by ARR
when analog low pass filter precedes the sampling
ADC [7]. In any case the output of the ARR
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closely represents the signal from the detector—a
very short pulse. If the analog response is removed
(in reality reduced to a very short pulse) then the
digital pulse shaper can be synthesized by simply
finding an impulse response that produces the
optimal WF. In other words, the main goal is to
determine a digital filter with impulse response
that matches the optimal WF. Once the WF is
synthesized it is possible to combine the ARR
function with the WF response in order to achieve
more efficient algorithms.

The second module of the digital shaper with
VWF is a digital filter that synthesizes the WF.
This filter has two parallel chains. The first chain
(chain ‘‘A’’) consists of a programmable digital
delay line (DELAY-A), digital filter with adjus-
table rise/fall time and flattop (CONCAVE
SHAPER), and digital multiplier (MUL-A). The
second chain has functionally the same delay line
(DELAY-B) and multiplier (MUL-B). The digital
filter (CONVEX SHAPER) has similar controls as
the CONCAVE SHAPER but differs in the
impulse response. Both chains are fed by the
output of the ARR. The multipliers function as
gain units while the delay lines provide a mean to
align (relative delay) impulse responses of the filter
chains. The order of the blocks in each of the
chains has no influence on the overall response of
the WF filter because each chain represents a
linear, time-invariant filter. The output signals of
the two chains are summed together by the digital
adder (ADD).

The key elements of the VWF digital filter are
the CONCAVE and CONVEX shapers. Fig. 2
depicts typical unit impulse responses of these
shapers. The responses of the CONCAVE and

CONVEX shapers are symmetrical with rise/fall
time equal to ka and kb; respectively. The
adjustable flat top portions of the waveforms have
durations of ma and mb; respectively. By selecting
appropriate delays da and db; rise time and flat top
settings and using a linear combination of these
two shapes, various WF can be synthesized.

The impulse responses of the CONCAVE and
the CONVEX filters are (haðjÞ and hbðjÞ), respec-
tively. Both responses are time limited. In general,
the rise and the fall portions of the impulse
responses haðjÞ and hbðjÞ can be expressed as

Rise ¼
XN

n¼0

waðbÞ jn ð1Þ

Fall ¼
XN

n¼0

waðbÞ ð2kaðbÞ þ maðbÞ � jÞn ð2Þ

where n ¼ 0; 1;y;N; j is the sample index.
The CONCAVE and CONVEX shapes have the

same sign of their first 1haðjÞ and 1hbðjÞ derivatives.
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Fig. 1. Simplified diagram of the digital shaper with VWF.
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Fig. 2. Impulse responses: (a) CONCAVE, (b) CONVEX.
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Fig. 3. Block diagram of the digital shaper with VWF. Shown are the impulse response equations of the CONCAVE and CONVEX

filters:
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The difference is in the sign of the second 2haðjÞ
and 2hbðjÞ derivatives

1haðjÞ ¼
> 0 for 0ojoka

o0 for ka þ maojo2ka þ ma

(

2haðjÞ ¼
> 0 for 0ojoka

> 0 for ka þ maojo2ka þ ma:

(
ð3Þ

1hbðjÞ ¼
> 0 for 0ojokb

o0 for kb þ mbojo2kb þ mb

(

2hbðjÞ ¼
o0 for 0ojokb

o0 for kb þ mbojo2kb þ mb

(
ð4Þ

Eqs. (1)–(4) are generalized descriptions of the
waveforms of Fig. 2. A second-order CONCAVE
and CONVEX filters are more practical for real
time synthesis. A block diagram of the VWF filter
realization and the impulse response equations of
the CONCAVE and CONVEX filters are shown in
Fig. 3. The filter was implemented in a program-
mable logic chip allowing operation at sampling
clock up to 50MHz.

3. Pulse shapes

To illustrate the ability of the VWF shaper a
number of shapes were synthesized. Due to the
limited space only few examples are shown. These
shapes are depicted in Figs. 4–7.
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Fig. 4. Triangular shape. VWF parameters: ka ¼ 50; ma ¼ 0;
kb ¼ 50; mb ¼ 0; A ¼ 1; B ¼ 1; da ¼ 0; db ¼ 0:
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Fig. 5. Voltage 1/f noise shape [5]. VWF parameters: ka ¼ 40;
ma ¼ 0; kb ¼ 20; mb ¼ 60; A ¼ 1; B ¼ 1; da ¼ 10; db ¼ 0:
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Fig. 6. Current 1/f noise shape [6]. VWF parameters: ka ¼ 40;
ma ¼ 0; kb ¼ 50; mb ¼ 0; A ¼ 8; B ¼ �1; da ¼ 10; db ¼ 0:
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Fig. 7. Symmetric Quasi-Gaussian shape. VWF parameters:

ka ¼ 30; ma ¼ 40; kb ¼ 20; mb ¼ 0; A ¼ 1; B ¼ 2; da ¼ 0;
db ¼ 30:
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4. Conclusion

Real time digital pulse shaping technique was
developed that allows adjustment of the WF. By
varying the WF efficient noise suppression can be
achieved at various noise distributions. Efficient
recursive algorithms were developed suitable for
implementation in programmable logic.
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