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Abstract—A time-domain reflectometry (TDR) unit is
developed that scans for faults in transmission lies with high
spatial resolution by transmitting a terahertz wavepulse down the
transmission line and measuring the reflected wave.
Photoconductive switches illuminated by femtoseconidser pulses
are used for generating and detecting wideband eleial pulses.
By this method, failure points in transmission line can be
identified at a resolution surpassing that of conuational electrical

TDR.
I required smaller sizes and higher speeds, andtiatichas been
focused on system in a package (SiP) technologichainakes it
possible to achieve size reductions by stackingiptelelements in
three dimensions. SiP enables high integration itiesghrough the
manufacturing of semiconductor chips by individyatptimized
processes and wiring the separate chips in theagackia interposers.
Si interposers that have through-silicon vias (TSMay an important
role in realizing higher integration density in thertical direction.
One issue with this type of SiP is ensuring theéabdity of the
high-density wiring and the TSV connections in ititerposers?!

Although TDR is used as a technique for analyzhreglocations of
broken wiring and TSV faults inside interposerg ¥DR units that
are commercially available in current oscilloscopese a rise time
(T,) of around 10 ps. Since the propagation velocitgéneral resin
substrates is around 150n/ps, the spatial resolution is limited to
around 60Qum, which corresponds toTa/ fall time (Ty) ratio of 1/3.
However, since the wiring via pitch in future higensity interposers
will become as small as 50m, accurate identification of fault
locations will be difficult. In addition, there ithe problem of
improving the spatial resolution by increasing signal bandwidth in
TDR instruments.

We have developed a terahertz (THz)-TDR systemutbes the same
system configuration as the time-domain spectros€bpS) terahertz
wave spectroscopy technique. The developed sysesrargtes THz
pulses and records the time waveform to detectsfanl electrical
transmission lines with high resolution. In this maacript, we
describe the operating principles and charactesisti the instrument,
and we present measurement examples.

|. INTRODUCTION
N recent years, electronic devices such as moliiengs have

This system generates and detects electricabpudyg illuminating
photoconductive switches (PCS) with femtoseconcerlagulses
instead of using conventional electrical circuithe extremely short
pulse signals of this method contain an ultra-wéadeb signal
extending up to the sub-terahertz band, which bréatreases the
measurement bandwidth. By performing TDR measurénmng this
signal, the locations of faults within interposeas be identified up to
a maximum wiring length of 300 mma.¢ = 3) for an SiP. Furthermore,
in digital systems with high transmission speedgna integrity

EXPERIMENTS

becomes problematic because a digital signal cabeoteceived
correctly if the waveform becomes distorted whisging through a
signal line. This analysis system is also capabieewrluating
transmission line bandwidth by using an ultra-wiledh time-domain
transmission (TDT) measurement function with theissian and
detection technique using PCSs to examine thertistavaveform.

Figure 1 shows a schematic diagram of the THz peisitter and
detector prob8. A transmission line is fabricated and a PCS emitt
and PCS detector are arranged on a low-tempergtaren GaAs
substrate. The THz pulses generated by the PC&eemnie sent to the
transmission line device in the device under tB&8T) such as an
interposer, and the reflected waves from fault fgosich as opens and
shorts are detected by the PCS detector. The P@Barents are each
illuminated by separate femtosecond laser pulses,vee employ a
THz sampling method that controls the timing betwethe
femtosecond laser pulses at the two units duriisgieasurement. We
thus constructed a measurement system that acghigewaveform
with a high throughput of 8 ms per measurement.

PCSEmItte device under test
: I : Interposer
L E substrate
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Fig. 1 Schematic diagram of THz-TDS probk

Figure 2 shows an example of a THz pulse wavefaptured by
the PCS detector in the probe with the output fitbe THz-TDR
probe terminated.
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Fig. 2 Waveform example of the THz-TDR probe pulse
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A waveform is obtained that has a pulse shape aitbll width at
half-maximum of under 6 ps. Furthermore, since fjheer is
sufficiently small (<30 fs), the positions of fadtications can be
measured with high spatial resolution. We measuhed reflected
wave from a transmission line by using this prdtigure 3 shows the
THz waveform reflectefrom an open end of a DUT. ©pen end was
placed at distances of 3 mm, 5 mm, and 20 mm fiwrptobe end.
The reflected waveform clearly indicates the positorresponding to
the distance from the probe tip to the open end¢hEtmore, when the
wiring fault is an open connection, the phase effthe-end reflection
can be evaluated because it is reflected as-is.
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Fig. 3 Reflected waveform from an open end
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Fig. 4 Reflected pulse from a short end

Figure 4 shows the THz waveform reflected from arsbnd of a
DUT. When the wiring fault is a short connectidre phase is inverted
by n because of the fixed edge reflection, and a wawrefwith
inverted phase is observed. In other words, sinpesitive pulse is
observed if the fault mode is open and a negatiNeeps observed if
the fault mode is short, it is possible to perfoshort/open fault
analysis.

SUMMARY

We developed a TDR instrument that uses a THz sagpiethod
by controlling the timing of low-jitter femtosecondser pulses from
two units. This instrument can identify the locasaf faults with high
spatial resolution, and can be used in fault amafigg determining
whether wiring fault locations in the DUT are opmrshort.

In this presentation, we also described the imptalaracteristics
of the THz-TDR probe and we presented examplesudf gnalysis
results for transmission lines using TDR measureawed examples of
TDT measurement. In this way, we demonstrated fleetveness of
this method.

A TDR/TDT analysis instrument employing this mettisghlanned
for commercialization as the TS9000 (Terahertz TORion). This
system supports measurement at a spatial resolotirum up to a
maximum wiring length of 300 mm. It has a probdistathat makes
probing a DUT easy and software that has a fauttation
identification function able to be used with thensssimple operations
as the existing TDR analysis instruments and algiparts branch
signals.
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