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A B S T R A C T

This paper analyzes the normal response and the sensitivity to Single Event Transients (SETs) of a CMOS pulse
stretching circuit used for the SET pulse width measurement. The pulse stretcher based on two cascaded
asymmetrically sized inverters, designed in IHP's 130 and 250 nm bulk CMOS technologies, has been studied.
Results from SPICE simulations have confirmed that both the normal response (pulse stretching) and the SET
robustness (critical charge) of the pulse stretcher are dominantly influenced by the PMOS-to-NMOS sizing ratio.
In addition, the operation and SET robustness of the pulse stretcher are influenced by the load, operating
temperature, supply voltage variations, process corners and parasitic capacitances of interconnections. The ty-
pical process-induced mismatch in transistors' sizes is not a critical issue in this case. It was demonstrated that
the multi-stage pulse stretching configuration is more suitable for obtaining wider pulses, but on the other hand
is more susceptible to SETs than the single-stage (two-inverter) pulse stretcher. Based on the acquired results, a
general approach for the design of a CMOS pulse stretcher, taking into consideration the impact of all analyzed
parameters on its normal response and SET robustness, has been proposed.

1. Introduction

Performance of integrated circuits operating under ionizing radia-
tion exposure, either in space or terrestrial environment, may be ser-
iously degraded by various radiation-induced effects. One of the major
radiation-induced reliability threats to modern CMOS integrated cir-
cuits are the Single Event Effects (SEEs) [1–3]. SEEs represent electrical
disturbances within the circuit, occurring as a result of the collection of
charge induced during the collision of a high energy particle with the
sensitive volume of the target circuit. Among various types of SEEs, the
Single Event Transients (SETs) have become a serious issue with the
technological downscaling. A SET is manifested as a current pulse
flowing through the target combinational gate, and resulting in the
formation of a transient voltage pulse at the gate's output. Although
they do not produce any impact on the functionality of combinational
logic, if propagated and latched in a memory element (e.g. flip-flop or
SRAM), the SET voltage pulses may be transformed into Single Event
Upsets (SEUs), eventually leading to the corruption of stored data and
circuit/system malfunction.

The ability of a SET voltage pulse to propagate through a chain of
combinational gates is determined by its amplitude and width, as well
as by the electrical and logical masking properties of the subsequent
gates [4,5]. Only the SET voltage pulses with sufficient amplitude
(beyond the half of supply voltage) and sufficient width (larger than the
propagation delay of subsequent logic gates) will be able to propagate

through a chain of logic gates without being electrically masked. Pro-
vided that the electrical masking does not occur, a SET pulse will
propagate only if there is a logic path from the gate where the pulse has
been generated until the output of the combinational chain. After
propagating through a combinational chain, the SET pulse might be
latched into a memory element only if it arrives at the input of memory
element within the setup and hold timing window. In that regard,
measurement of the SET pulse width distribution is an important task in
the characterization of the SET sensitivity of standard digital cells and
complex digital designs [6,7].

Two different approaches for measuring the SET pulse width are
widely used. First approach is based on the on-chip measurement
[6–14], i.e. the target circuit and the SET pulse width measurement
circuit are embedded within the same chip. The target circuit is basi-
cally a circuit whose sensitivity to SETs is evaluated, and the mea-
surement circuit records the width of SET pulses induced in the target
circuit. On the other side, the off-chip approach employs external
measurement equipment (oscilloscope) for capturing the waveform of
the SET pulses induced in the target circuit, and subsequent processing
is then applied to extract the required pulse parameters [15–18]. Al-
though both measurement techniques are feasible, it is not so easy to
implement the off-chip approach because of the pulse distortion caused
by the stray capacitances of measurement probes [8]. Therefore, the on-
chip measurement of the SET pulse width is often the preferred ap-
proach.
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The on-chip SET pulse width measurement is accomplished with
specially designed measurement circuits operating on the principle of
time-to-digital conversion. A typical implementation of the time-to-di-
gital conversion is based on the pulse delay and capture logic, com-
posed of a chain of delay elements (e.g. inverters) and capturing D flip-
flops [8–11]. The SET pulse induced in the target circuit is propagated
through a chain of delay elements, resulting in the triggering of a cer-
tain number of flip-flops, and the number of triggered flip-flops is
equivalent to the SET pulse width. However, measurement of very short
SET pulses (< 200 ps) employing conventional pulse delay and capture
techniques is very challenging because of the limitations imposed by
the propagation delay of the logic gates within the delay and capture
unit. In order to resolve this issue and achieve better measurement
resolution, an approach based on Vernier delay line [12] may be used,
but the implementation of this techniques is more complicated because
accurate timing and synchronization are required. An alternative and
simpler approach for measuring very short SET pulses is by employing a
pulse stretcher [9,10].

In general, the pulse stretcher accepts the SET pulses from the target
circuit, provides a predefined pulse stretching, and then feeds the
stretched pulse to the pulse width measurement circuit (delay and
capture logic). The basic configuration of a pulse stretcher used for the
measurement of SET pulses induced in CMOS circuits is composed of
two cascaded asymmetrically sized inverters. By adjusting the sizing
ratio of the transistors within the two-inverter stretcher or by cascading
multiple two-inverter stretching stages, the required pulse stretching
can be achieved. The pulse stretching is dependent on the processing
technology and the sampling capabilities of the measurement system.
An implementation of the SET pulse width measurement system with
multiple cascaded pulse stretchers has been proposed in [9,10]. Besides,
an analysis of the normal response and SET robustness of a pulse
stretcher has been presented in our previous work [19], and we have
also proposed a design of a SET pulse width measurement system em-
ploying a single-stage pulse stretcher [20].

Because the pulse stretcher is integrated in the chip intended for
operation under radiation exposure, it can also be susceptible to SETs. If
a high energy particle strikes a sensitive transistor within the pulse
stretcher, and induces a SET pulse which then propagates to the delay
and capture logic, an incorrect count of the total number of SETs would
be generated. This would affect the overall measurement results, giving
an incorrect view of target circuit's SET robustness. For that reason, the
design of the pulse stretching circuit should incorporate appropriate
SET hardening measures. Along with that, it must be ensured that the
applied SET hardening measures do not affect the normal functionality
of the pulse stretcher.

However, to the best of our knowledge, the susceptibility of the
CMOS pulse stretching circuits to SETs, and the effect of SET hardening
measures on the normal operation of the pulse stretchers, have not been
studied thoroughly. In that regard, the contribution of this work will be
to provide detailed analysis of the influence of various design and op-
erating settings on the normal operation and SET robustness of a CMOS
pulse stretcher based on asymmetrically sized inverters. This paper is
basically the extension of our previous work [19], which reports initial
analysis of the normal response and SET robustness of a CMOS pulse
stretcher designed in IHP's 250 nm technology.

In this study we have compared the normal response and SET ro-
bustness of a CMOS pulse stretcher for two IHP's bulk CMOS technol-
ogies: 130 and 250 nm. The analysis has been extended by including
some parameters that have not been considered in [19]. Extensive
SPICE simulations have been conducted to analyze the impact of pulse
stretcher's size, load size, process corners, transistors' size mismatch,
supply voltage and temperature on the operation (output pulse width)
and SET robustness (critical charge) of the CMOS pulse stretcher. In
addition, the operation and SET robustness of the two-inverter pulse
stretcher and the multi-stage pulse stretcher have been compared.
Based on the obtained results, the general guidelines for the design of a

CMOS pulse stretching circuit for SET characterization applications has
been proposed.

The rest of the paper is organized as follows. In Section 2 is de-
scribed the motivation for this work. The fundamental design and op-
erating principles of the CMOS pulse stretcher are outlined in Section 3.
Section 4 describes the simulation methodology applied for analysis of
the normal response and SET robustness of the pulse stretcher. Ob-
tained simulation results are presented and discussed in Section 5, and
the general design approach for the pulse stretching circuit is proposed
in Section 6.

2. Motivation and related work

The characterization of SET sensitivity is especially important for
highly scaled (sub-100 nm) CMOS processes which exhibit increased
vulnerability to SETs due to reduced feature sizes [12,13]. However,
the advantages offered by BiCMOS technologies, in terms of the pos-
sibility to implement very high frequency modules and complex analog
functions, make the standard BiCMOS platforms, often realized in
supra-100 nm processes (e.g. 130, 180 and 250 nm), very attractive for
applications in radiation environments, e.g. in space. In that context,
the SET pulse width measurement is important for analysis of the SET
effects on CMOS transistors within BiCMOS technologies.

In our previous work [20], a design of a SET pulse width mea-
surement system based on a two-inverter pulse stretcher has been
proposed. The design presented in [20] combines the best features of
existing designs [8–11], providing a simple and yet efficient solution for
the SET pulse width measurement under real irradiation exposure. The
proposed solution has been implemented on a chip designed in IHP's
250 nm bulk CMOS technology, and is intended for experimental eva-
luation of the radiation hardness of standard combinational cells from
IHP's 250 nm digital library.

In Fig. 1 is illustrated the architecture of a SET pulse width mea-
surement system proposed in [20]. It is composed of three functional
units (target circuit, pulse stretcher and processing unit), and its op-
eration is controlled by an external data acquisition unit. The target
circuit acts as a SET detector and is composed of chains of inverters. In
order to be sufficiently sensitive to SETs, the target circuit occupies
more than 50% of the chip area. To enable the propagation of short SET
pulses through the target circuit, and minimize the pulse broadening/
narrowing effect, short inverter chains (with 10 inverters per chain) are
implemented in the target circuit, and these chains are successively
connected with OR logic gates. The SET pulse from the target circuit is
stretched by the pulse stretcher, and then forwarded to the processing
unit. The processing unit is based on the delay and capture logic, and it
measures the SET pulse width in terms of inverter's delay, generating a
binary sequence equivalent to the pulse width [8–11]. Therefore, the
inverter's propagation delay determines the measurable pulse width
and the measurement resolution.

Since the function of the SET pulse width measurement system is to

Fig. 1. SET pulse width measurement system.
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