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Abstract: An optoelectronic CMOS memory technology is proposed
where photon induced floating body effect stimulates switching and
hysteresis in the transistor. The floating body effect is induced by
exceedingly few carriers generated by two photon absorption. In this
paper we present the structure of proposing device and numerically
validated the device by Atlas device simulator from SILVACO Corpo-
ration.
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1 Introduction

Silicon has been playing an increasing role in the world of photonics because of
the need for low cost and integrated optical transceivers in future computing
systems. Such systems will rely ever more on multi-core architectures in
which progress will be driven by interconnects as opposed to the switching
speed of logic gates.

Because of the loss characteristics of optical fiber, data interconnects oper-
ate mostly in the 1550 nm region of the optical spectrum where fiber loss is at
a minimum. Yet, at these wavelengths there is no direct absorption because
the photon wavelength is insufficient to create free carriers (electron-hole
pairs) across the energy bandgap. At high intensities however, silicon ab-
sorbs light via two photon absorption (TPA). While this effect is often prob-
lematic because it leads to a loss of light, it has been exploited to perform
signal monitoring, data correlators and pulse compression at the 1550 nm
wavelength band [1, 2, 3]. In this paper, we propose and validate via nu-
merical simulations, a new device that exploits TPA and the floating body
effect in a metal-insulator-silicon (MOS) transistor on SOI substrate. In our
device, the floating body effect [4, 5] is exploited to create a large gain during
conversion of 1550 nm wavelength photons to electrical current (or voltage).
Conventional phototransistors are based on bipolar junction transistors that
also offer large internal gain. Therefore, one can presumably use two photon
absorption in these type of device to create long wavelength detectors. How-
ever, despite its high gain, a bipolar phototransistor suffers from large noise
due to the low impedance of its input (base) terminal. On the other hand,
an MOS device has very large input (gate) impedance resulting in much
lower noise. Being an MOS structure, the proposed device is also completely
compatible with standard CMOS process.

2 Floating body silicon phototransistor memory element

Figure 1 shows the basic structure of our proposed device. The n-p-n type
MOS field effect transistor (FET) is placed at the end of the optical wave-
guide. As shown in Fig. 1 (b), once the light enters the FET body, the carriers
are created by TPA. Owing to their higher velocity, electrons are swept out
by the source-drain electric field resulting in a net population of holes in
the channel. These holes modulate the gate voltage resulting in switching
of the transistor output. This is the key concept in the photosensitivity of
the proposed device which operates as a switching (digital) photodetector
with hysteresis. In other words, the device functions as an opto-electronic
memory.

c© IEICE 2010
DOI: 10.1587/elex.7.1790
Received November 07, 2010
Accepted November 16, 2010
Published December 25, 2010

1791



IEICE Electronics Express, Vol.7, No.24, 1790–1795

Fig. 1. Structure of Floating Body Silicon Phototransis-
tor Memory. (a) Top view, and (b) Cross sec-
tional view. In READ state, drain voltage is in-
creased, whereas in RESET state, drain voltage is
decreased in order to sweep the holes that remain
in the body.

Fig. 2. Operation sequence of proposing device (a) and
expected drain current profile at read state with
recording (b) and without recording (c).

The operation sequence of proposing floating body silicon phototransistor
memory element is shown in Fig. 2. The operation consists changing of drain
voltage of the transistor and beam illumination on the body of the transistor.
There are 3 states; Reset state, Record state, and Read state in operation se-
quence. At reset state, drain voltage is going down to minus to sweep out the
remaining holes from the body of the transistor. At continuing record state,
the drain voltage is kept to zero. The optical light through optical waveguide
(shown in Fig. 1) is illuminated on the body to make recording. The carriers
are created by TPA, and then a population of holes remain at body portion
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after electrons swept out. At Read state, the drain voltage is going to plus
and the drain current is to be monitored. Figure 2 (b), 2 (c) are profile of
drain current when the light was illuminated or not illuminated during the
record state, respectively. Because remaining holes at the body portion act
as same with floating body effect, these holes reduce the threshold voltage
of transistor. Therefore remaining holes can be detected by comparing the
drain current value with criterion value. The drain voltage and gate volt-
age can be set to suitable value enough to have obvious dependence in drain
current on light illumination.

From the other point of view, by monitoring the drain current at read
state, whether optical beam was illuminated or not illuminated during the
recording state can be known.

3 Numerical validation

The device operation was validated using Altas device simulation tool from
SILVACO Corporation which is one of the industry standard tools in CMOS
device design and manufacturing. Device parameters used in the numeri-
cal simulation are shown in Fig. 3 (a). In idle mode, the MOS transistor is
operated in the common source mode. The gate electrode is biased with a
positive voltage (0.2 V) which is below threshold while drain voltage is set
to 0 V (RECORD state). The simulation sequences is as following: first, the
TPA induced carrier generation was included by the generation rate whose
magnitude depends on the TPA coefficient of silicon β and the optical inten-
sity Ip, βI2

p/2Ep, where β = 0.7 cm/GW, Ep is the photon energy [6]. In
this equation there is no time parameter, so we assume impulse light illumi-
nation, and TPA is instantaneous response such that free carrier absorption
is avoided [7]. In our simulation, the body portion is uniformly illuminated.
After illumination, free carriers recombination occurs and free carriers are
also swept into drain or source portion. These are precisely calculated by the
Device simulator, Atlas as in Ref. [6]. Thus, we obtain the distributions of
remaining holes at the body portion. These steps are for memory writing.
To read the devices, the drain voltage is increased to a positive value of 2 V
(READ state) and the drain current is monitored. For the case of resetting,
drain voltage is switched to a negative value of −2 V (RESET state).

The operation of this device as an opto-electronic memory is shown in
Fig. 3 (b). In this figure, drain voltage is increased from 0 V to 2 V, followed
by a decrease from 2 V to 0 V with the frequency of 1 kHz. MOSFETs with
holes produced by TPA in the body have reduced threshold voltage and
larger drain current. The large hysteresis suggests that floating body effects
are probed. In Figure 3 (c), we show the dependence of the drain current
on illumination power. Despite the low absorption of 1550 nm light in bulk
silicon, the floating body effect, induced by the TPA generated carriers, is
sufficient to switch the transistor with an optical power as low as 0.5mW.
In the simulation results, we use 1 cm as the unit length for gate width. It is
known that the drain current is proportional to the gate width. So we need
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Fig. 3. Device parameters of proposing device for numer-
ical validation (a) and simulated results by Atlas
device simulator (b) and (c).
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to scale this calculated results with actual gate width. E.g. we have to divide
the drain current by 1000 if the gate width is divided by 1000 (10μm).

4 Discussion

We also evaluated the frequency response in read state. We remarked there
is clear difference in drain current profile between with recording and without
recording until the frequency of drain voltage is about 200 MHz. This is rea-
sonable value for the gap length of 1μm. To improve the frequency response
of recording state, there are referential experimental results of modulation
of Raman laser [7] and of electro-optical light modulator [8]. In both case,
optical waveguides are located to intrinsic region of p-i-n structure to remove
the carrier by applying the voltage to p and n electrodes. In the results,
the transient times were about 200 ps which corresponds to 2 GHz opera-
tion. The distance between p-electrode and n-electrode is about 5μm in
Ref. [7, 8]. Further shrinking of the device dimensions can be done by reduc-
ing the waveguide dimension thus the gate length (body portion). Waveguide
dimension can attain 0.08μm size with small propagation loss introducing a
taper structure [9]. It is known that reducing the gate length increase the
operation frequency of the transistor. These can extend the frequency of
transistor in both READ and RESET state, and reduce the transient time
in RECORD state. So the miniaturization increases the operation frequency
of our proposing device and enables us to attain the frequency of optical
communication.

5 Conclusion

This validates the functionality of this device as a new switching (digital)
photodetector that is completely compatible with standard CMOS device
technology. This new device can be useful as a CMOS-compatible data buffer
for on chip data communication between computing cores and between cores
and conventional memory elements.
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