RADECS 2009 Proceedings — [1209]

Two-Photon Absorption (TPA) Backside Pulsed
Laser Tests in the LM324

I. Lopez-Calle, F. J. Franco, J. G. Izquierdo and J. A. Agapito

Abstract—Experiments to obtain XY scans on the surface of an
amplifier at different depths and energy values were performed
at the UCM, the results of which are shown and discussed in this

paper.

Index Terms— Laser, LM324, Operational Amplifiers, Single
Event Transients, Two-Photon Tests.

I. INTRODUCTION

NALOG single event transients induced by laser have

been studied in typical devices such as operational ampli-
fiers, regulators, comparators, etc. Usually, experiments con-
sist in scanning the front surface to find the most sensitive
devices [1]-[3] or selecting one interesting device and explor-
ing its sensitivity along the Z-axis [4]. In this paper, both
kinds of test are mixed using Two-Photon Absorption (TPA)
[5] in order to perform XY scans at different focus depth.
Also, these scans were done changing the laser energy. The
final objective of this research line is to obtain the laser pa-
rameters configuration of two photon irradiation to emulate
the behavior of the LM324 amplifier under ion hit. These re-
sults show that we can easily choose the laser parameters and
the depth at the focus from the backside to emulate any ion
hit. In future works we could match the laser parameters and
the ion LET by means of Akkerman & Barack experimental
relationship [6] as a function of the mass and the energy of the
ion. Thus, this experimental set-up will be used to evaluate the
quality of our model.

II. EXPERIMENTAL SET-UP

The experiments were performed at the UCM Mul-
tiphotonic Spectroscopy and Femtosecond facility using a
Ti:sapphire laser followed by a regenerative amplifier. The
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laser wavelength is tunable between 300-3000 nm. For two-
photon absorption processes in silicon, 80-fs laser pulses at a
frequency of 1 kHz and a wavelength of 1300 nm was fixed.
The energy was measured with a typical commercial power
meter.

The device was mounted on a motorized xyz stage with 0.1
um resolution and it could be observed with a CCD camera to
allow the correct placement of the laser. Laser beam was fo-
cused with a 50x long working-distance microscope objective,
appropriate for infrared light and making the spot diameter on
the order of 1.5 um.

The amplifiers were biased as buffers with an input voltage
of 4.0 V and bipolar power supplies of £15V. The outputs
were connected to a digital oscilloscope with 8 pF probes.
This device was triggered by means of an external signal com-
ing from the laser. Fig. 1 shows a graphical description of the
laser system.

A specific LabView application was developed to control
all the devices and to store the data provided by the oscillo-
scope for a later analysis.

Two National Semiconductor LM324N, both of them be-
longing to the same batch and in plastic package, were decap-
sulated frontside and backside respectively. The first one was
used to measure and locate all components of the chip and to
measure the thickness of the chip (350 um). The second was
prepared for backside two photon irradiations. We have
pointed out that all layers of the chip can be reached by back-
side irradiation without previous thinning of the silicon bulk at
a wavelength of 1300nm.
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Fig. 1. Laser configuration and test set-up.
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Fig. 2. Microphotograph of the LM124 lay-out. Spots where the laser was
focused are marked in white at different sensitive positions.

III. RESULTS

First of all a scan was performed at different sensitive posi-
tions of Q18, Q20 and Q9 (Fig. 2) for several values of energy
and focus depth. Fig. 3 shows that a detectable small transient
is detected only for energies higher than 0.12 nJ at the most
sensitive z position of 265 um. Fig. 3 also shows that the
higher the energy the larger the volume of the sensitive area
appears to be.

On the other hand the critical value of the laser energy suit-
able to produce undesired output transients under non linear
absorption is clearly detected in Fig. 4.

Moreover there is a change in the shape of transients as
function of the focus depth as well as the laser pulse energy.
Fig. 5-6 show the change of the transients for different energy
values at the same position.

Furthermore, scans of the whole amplifier have been car-
ried out at a fixed energy of 0.6 nJ. Maps of the sign and the
amplitude of the output voltage transients are presented in Fig.
7 and 8 for two different focus depths. A change in the kind of
transients is pointed out at transistors Q20 and Q18.
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Fig. 3. Two photon induced single-event transients at C1 of transistor Q20.
The curves represent the increment of the output signal for different energies
of the pulsed laser: from 0.12 nJ to 6nJ . The X axis represents the position of
the focus relative to the backside surface of the device in z=0.

12 7 —8— =265

10 4

AV (v)

Energy (nl)

Fig. 4. Two photon induced single-event transients at C1 of transistor Q20.
The curves represent the increment of the output signal for different energies
of the pulsed laser: from 0.12 nJ to 6nJ. The X axis represents the position of
the focus relative to the backside surface of the device in z=0.
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Fig. 5. Output signal transients at C1 of Q20. Only negative sign at 0.3 nJ
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Fig. 6. Output signal transients at C1 of Q20. a) Only positive sign at 0.6 nJ.
b) Negative transients at different z values.
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Fig. 7. 2D map showmg the sign of the transients at dlfferent Xy positions.
Red color are positive transients. Blue color are negative transients. Focus
depth at 300 um. Pulse energy at 0.6 nJ. Full color figures are available in the
electronic version of the paper.
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Fig. 8. 2D map showing the sign of the transients at diferents xy positions.
Red color are positive transients. Blue color are negative transients. Focus
depth at 270 um. Pulse energy at 0.6 nJ.

These transistors belong to the differential amplifier inside
the input stage as it can be seen in the simplified LM324
schematic (Fig. 9) [7].

Finally a characteristic plot of output peak voltage vs. peak
full width at half maximum of the transients is shown in Fig.
10 in accordance to the behavior of the amplifier under ion hit
[1]-[3], [8].

Once the previous analysis was done, the goal of the ex-
periments was to obtain XY scans on the whole surface of an
amplifier at different depths and with several values of energy
by means of optical filters. The range was between 0.6 and 6
nJ. The LM324 being a quad operational amplifier, only one
of the four operational amplifiers was tested. The total surface
to be scanned was 660 um x 560 wm with a step of 10 um.
The scanning rate was one shot for each position and one sen-
sitivity map took approximately two and a half hours. It also
must be highlighted that all the Z-values shown in this paper
are referenced to the rear surface of the chip and not to the
front side.
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Fig. 9. Simplified LM 124 diagram.
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Fig. 10. Peak voltage vs. Pulse width for the LM324 under TPA backside
focus depth 300 pm and 1.2 nJ.

A. Data Analysis

Once the scans had been completed, data coming from the
oscilloscope and stored in the PC hard disk were checked to
evaluate the presence of SETs and their characteristics, such
as the increment of the output voltage, duration, polarity, etc.
Graphs attached to this paper summarize the results of the
experiments. Results are shown using two methods: First, the
size of the SET are symbolized using colors on a picture of the
device (Fig. 11 & 12 left). Also, a 3D-graph shows the vari-
ability of the sensitivity to deposited charge in the device
given the depth and the energy of the laser (Fig. 11 & 12
right). With the purpose of understanding the sensitive areas
of the device, 3D graphs were generated. In these pictures one
can distinguish at a glance which area of the device is the
most sensitive in the performed scans (Fig. 11c)

Data concerning the SET duration as well as its character
(positive, negative, bipolar) were also obtained but are not
included in this paper given that the provided information is
similar to that shown in the others graphs.

IV. DISCUSSION

Most of the papers found in the literature usually depict the
response of the device to a whole surface scan or select a criti-
cal spot to be exhaustively studied along the Z-axis. To the
authors' knowledge, this is one of the first papers showing XY
scans not only in the surface but at different values of depth.
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Thus, buried layers had been detected and fully character-
ized. E.g., results show that at a depth of 270 wm and using
0.6 nJ almost every part of the devices is laser sensitive gener-
ating SETs the amplitude of which is enough to lead the op-
erational amplifier output to the saturation voltage values.
However, a shift of around some tens of um upwards or
downwards makes the device to show fewer SETs. In fact, at
depth values of 210 & 300 um only two well known internal
devices (Q09, QR1) are SET sensitive [5].

Another interesting point is the hint of the presence of bur-
ied highly doped layers [9]. According to the literature, bipo-
lar transistors in the differential pair found in the input stage
core are very sensitive to charge deposition. However, ex-
periments have shown that the SETs appear only using the
highest energy value (6 nJ) and focusing on the most sensitive
area (270 wm). This result seems to disagree with the data
from front-side laser irradiations. A possible explication is the
presence of a buried highly doped Si layer, behaving like a
metal, that absorbs most of the laser energy in such a way that
only focusing in the most sensitive node with the highest laser
intensity, enough energy is deposited to induce an SET.

Finally, the data support previous works that stated the high
sensitivity of some of the transistors, such as Q9 and QRI.
Moreover, data explore the sensitivity of these devices within
the whole volume and not only in the Z-axis or the front sur-
face.

V. CONCLUSION

We have pointed out that all layers of the chip can be
reached by backside irradiation without previous thinning of
the silicon bulk at a wavelength of 1300 nm.

Backside irradiation using the two-photon absorption is an
interesting method to find all the active layers inside an analog
device as well as to detect the existence of shielding layers
that cannot be traversed by a laser beam.

Sensitivity maps corresponding to different values of depth
and energy are also shown in this paper, which can be associ-
ated with the equivalent ion hit.

In the future we shall focus our attention to fit the laser pa-
rameters to the ions to emulate
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Fig. 11: XY Scans performed at a depth of 210 pm using 6 nJ (a), 1.2 nJ (b) and 0.6 nJ (c). Each color is related to the peak-peak voltage meas-
ured in the single event transient. All the lengths are expressed in um.
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Fig. 12: XY Scans performed at a depth of 270 wm using 6 nJ (a), 1.2 nJ (b) and 0.6 nJ (c). Each color is related to the peak-peak voltage meas-
ured in the single event transient. All the lengths are expressed in um.
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