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Abstract—One common technique used in soft defect localization,
analysis, and debug of silicon microprocessors is to induce a change in 
device performance by applying a focused laser to the circuit. In this paper,
we quantify changes in partially depleted silicon-on-insulator (PD-SOI)
transistor parameters such as threshold voltage (VT ), mobility (µ), and 
parasitic bipolar junction transistor action due to illumination with
either a 1064nm laser or a 1320nm laser. We find a dramatic
reduction in VT    due to a laser-induced floating body effect unique to 
the SOI transistor. Under  1064nm laser illumination, we demonstrate
enhancement of drain current, Id , at all drain and gate voltages, Vd and 
Vg , due to a VT   shift of up to 30% for an NMOS transistor and a shift
of up to 14% for PMOS transistors. For a 1320nm laser, a small VT
shift (≤ 6%) enhances Id at low Vd  and Vg . Above a crossover 
voltage in Vd  and Vg  of around 0.8V (depending on doping and channel
length), Id decreases due to laser  heating degrading µ by ∼ 2%.

Index Terms—SOI, floating body effect, MOSFET, laser

I. INTRODUCTION

One  common technique used to localize and study soft defects
in  silicon-based microprocessors is to raster a  focused laser over
a chip while running a pattern on the circuit. When operating the 
device near a pass/fail operating condition, laser light will locally 
interact with a targeted transistor (either enhancing or degrading
its performance) and change the pass/fail rate of the pattern [1].
Typical laser wavelengths are infrared (1064nm and 1320nm), so they 
penetrate the substrate of a flip-chip packaged part and interact with 
active silicon and surrounding contacts. In this paper, we quantify 
the effect of the laser on the transistor by measuring change  in
drain current, Id , with and without laser illumination. We then use
the change in Id  to quantify differences in threshold voltage, VT , 
mobility, µ, and parasitic bipolar junction transistor (BJ T ) action
[2].

Although infrared  lasers are needed for this work, the typical 
wavelengths chosen have vastly different interactions with the tran-
sistor. At 1064nm (hc/λ = 1.17eV), the energy of the laser is 
slightly above the bandgap of silicon (Egap  = 1.12eV) and, hence,
creates many electron-hole pairs. In contrast, the 1320nm laser has 
energy below the silicon bandgap (hc/λ = 0.95eV) and is commonly 
thought to primarily heat the part [1], [3]. We apply the laser (either
1320nm or 1064nm) through a 100X objective on a Zeiss scanning
laser microscope. Historically, in both bulk and PD-SOI transistor 
systems, the electron-hole pair generating 1064nm laser illumination 
has enhanced the drive current of the transistor  [4], [5] while the
below-bandgap 1320nm laser has reduced the drive current by heat-
induced mobility reduction. In this paper, we show the dominant
effect of the 1064nm laser on an SOI transistor is a dramatic VT 

reduction through a laser-induced floating body (FB) effect [6], [7],
[8]. Surprisingly, we also find a shift in VT    for the SOI transistor
under 1320nm laser illumination due to a small, but significant, laser-
induced FB potential. The VT   reduction for the 1320nm light is
significant enough to cause a crossover from enhanced transistor drive
(Id ) at low voltage to suppressed drive at high voltage.

II. RESULTS AND DI SCUSSION

In Fig. 1(a), we demonstrate clear enhancement of drain current (Id) 
for an 80nm floated body PD-SOI transistor with 1064nm laser 

illumination for all gate voltage, Vg , and drain  voltage, Vd . In this
test structure, we have the additional ability to tie the body to ground. 
When  the  body is  tied  (TB), additional Id is greatly suppressed 
(laser on and laser off fall nearly on  top  of each other, data not 
shown), indicating that the laser is not inducing a significant amount of  
additional  current  through  electron-hole  creation.  Instead,  the 
additional electron-hole pairs create a potential on the floated body, 
which we call a laser-induced floating body effect. Physically, when 
the electron-hole-pair-creating 1064nm laser illuminates the body of a 
FB NMOS (PMOS) transistor, excess electrons (holes) can escape the 
body through the body-source or body-drain p-n junctions to ground. 
Since the body is floated, excess  holes  (electrons) in  an  NMOS 
(PMOS)  transistor mainly escape through recombination events, a 
much slower process. Hence, an imbalance in electrons and  holes can 
occur, causing a net positive (negative) body potential for NMOS 
(PMOS) transistors. The additional  laser-induced body potential is

measurable and as large as ∼ 0.4V at typical 1064nm laser powers.

VB   is positive (negative) for NMOS (PMOS) transistors, so both N
and PMOS transistors are forward body biased, hence enhancing drive
for both.

In Fig. 1(b), we show Id   as a function of Vg in the linear (low Vd )
regime, Vd   = 0.1V, with and without 1064nm laser illumination. The
numerical derivative dId /dVg   (transconductance) of the laser off data
is also shown, and a linear extrapolation from a few points surrounding 
the peak transconductance is used  to define VT [9]. Differences in
VT can then be quantified by measuring Id with and without laser
illumination.

To measure further effects of the laser, in Fig. 1(c), Id  as a function 
of sweeping both Vd   and Vg   together, Vd  = Vg   ≡ Vd,g , is 
measured.Again, when the transistor is illuminated with a 1064nm  
laser, Id increases over no laser illumination. Because Id   varies over 
several orders of magnitude over our range of Vd,g , it is more useful 
to plot relative changes in Id , defined as

Relative change (%d) =
Id (Pλ, V,g ) − Id (P0 , Vd,g )

, (1)
Id (P0 , Vd,g )

where Id (P0 , Vd,g ) is always defined at P0     = 0 mW  (laser
off). Laser power Pλ    at 1320nm (P1320   =  6mW) or 1064nm
(P1064 =1.6 mW) was set and Vd,g  was then varied. Positive
(negative) relative change corresponds to enhanced (suppressed) Id 

with respect to the unilluminated transistor. In Fig. 1(d), the 
relative change in Id  is shown for both 1064nm and 1320nm laser
illumination. The relative change for the 1320nm laser is significantly
less than 1064nm laser, so no 1320nm data was displayed in Fig.
1(a,b,c).

Unlike the 1064nm laser, which always enhances Id , the 1320nm
laser has a crossover from enhanced Id at low Vd,g to suppressed Id

at high Vd,g . Two effects are responsible for the crossover at ≈ 0.8V

in Fig. 1(d). First, the 1320nm laser heats the transistor, reducing µ,
which reduces Id,sat  while  simultaneously reducing VT  which
increases Id,sat . (Both µ and VT   decrease as temperature increases.)
Additionally, VT   is further reduced by laser-induced VB . A crossover 
then occurs as Vd,g   increases because the reduction in µ becomes 
more important than the reduction in VT .

However, because we have body tie capability, we can disentangle
the effect of laser heating from a laser-induced FB effect [10], [11],
[12]. We find the crossover for the body-tied configuration to be 0.6V
and the effect of the laser is diminished by approximately a factor of 2
compared to body-floated configuration (body-tied data not shown). 
Fitting the expected form of Id  vs. Vd,g   [13] allows us to
extract a value for change in µ for 1320nm laser illumination. We 

find a reduction in µ of ≈ 2%, which is consistent with mobility

change for a 5− 10◦C temperature increase expected from the 1320nm

laser[14]. Experimentally, we also find an additional body potential of

≤ 0.1V with 1320nm laser illumination, indicating this laser also

induces an
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Fig. 1.   Laser-induced floating body effect of individual NMOS transistors.  
All measurements in this figure are made on an 80nm transistor with 1064nm 
power of 1.6mW or 1320nm power of 6mW. In (a), Id as a function of Vd
is shown for several Vg    ranging from Vg    = 0V (bottom curve) to Vg    
=1.3V (top curve) in 0.1V increments. With a 1064nm laser focused on the
transistor (red), we demonstrate a clear enhancement of Id  over no
laser (blue) due mainly to reduction in VT   (see text). In (b), low Vd   
measurements (Vd = 0.1V ) of Id are shown with 1064nm laser on (red)
and off (blue). In order to quantify the reduction in VT , we analyze the
transconductance data (dId /dVg ) (dashed curve is an example of laser off
dId /dVg ), see text. In (c), Id is measured as a function of Vd,g (where
Vd,g is defined as Vd = Vg ), again with the 1064nm laser on and off. In (d),
the relative change of Id with the laser (Eq. 1) is shown to elucidate the
1064nm enhancement (enhanced Id is positive, suppressed Id is negative
relative change). Also shown is the effect of the 1320nm laser on Id . For a
1320nm laser, there is a crossover at ∼ 0.8V from enhanced Id at low Vd,g 
to suppressed Id at high Vd,g . Notice also the magnitude of change for the
1320nm laser is at least a factor of ten less than the effect of the 1064nm
laser, making it difficult to distinguish from the laser off data and, hence, in
(a), (b), and (c) only the 1064nm laser and laser off data are shown.

FB potential. We are currently investigating the mechanism, since a
1320nm laser does not have enough energy to directly create electron
hole pairs.

In Fig. 2, we show analysis of data similar to Fig. 1 for FB SOI
NMOS transistors of various length and doping. First, we demonstrate
the crossover voltage from enhanced (low Vd,g ) to suppressed (high 
Vd,g ) Id  for the 1320nm laser as a function of doping in Fig.
2(a) and length in Fig. 2(b). A minimum in crossover voltage
occurs at medium doping (MVT is medium VT , LVT is low VT ,
and HVT is high VT ). Generation-recombination rates in the body
are effected by doping, which could lead to the observed higher 
crossover voltage.

In Fig. 2(c), VT   reduction is shown for various length and doped 
transistors with 1320nm laser illumination compared without illumi-
nation. The VT   shift is ∼ 6% for MVT 80nm NMOS transistor.
The
VT   reduction for the 1064nm laser, Fig. 2(d), is much larger, ∼ 30%
for MVT 80nm NMOS transistors.

In Fig. 3, complementary measurements to Fig. 1 and 2 are
shown for PMOS transistors. Similar to laser interaction with NMOS
transistors, in Fig. 3(a) the 1064nm laser enhances Id (more negative

current). We quantify the |VT |  shift as a function of length and
doping in Fig. 3(b) for 1064nm laser illumination. For MVT PMOS

Fig. 2.   Parameter analysis of individual NMOS transistors. For a
1320nm laser, at low Vd,g  the drain current of a transistor, Id , is
enhanced, while at high Vd,g the Id is suppressed, see Fig. 1(d). For (a) and
(b), Id was measured while sweeping Vd,g  with  and without the 1320nm
laser illumination (data not shown). In (a), the crossover voltage from
enhanced Id  to suppressed Id  is plotted for transistors with three
different Vt  (see text). The length
(Ldrawn ) is 80nm for all three transistors, and L/W ∼ 15. In (b),
the
crossover voltage is plotted as a function of transistor length (Ldrawn) for
four MVT transistors of different lengths (80nm, 120nm, 160nm and 320nm).
In (c) and (d), VT   (extracted according to Fig. 1) is plotted for the transistors 
with either 1320nm or 1064nm laser illumination or no laser illumination.
As expected, Vt is always reduced for both the 1064nm and 1320nm lasers. 
The 1320nm laser reduces Vt by about 6%, while the 1064nm laser reduces
Vt by  about 30%. The 1064nm laser is found to always enhance Id , so
no crossover exists.

transistors, |VT | is reduced by ∼ 14%, which is considerably less

than MVT NMOS transistors (∼ 30%). One may also expect a similar

reduction in the 1320nm laser interaction with PMOS transistors. In
fact, due to noise in the 1320nm VT  measurement (on order of a few

%), we are unable quantify the |VT | reduction other than ∆VT  ≤ 3%.
Although we are unable to quantify the VT     shift for the PMOS 

transistors, there is still a crossover from enhanced to suppressed Id

for the 1320nm laser. In Fig. 3(c), we show the crossover
voltage (Vd,g   from a plot similar to Fig. 1(d)) as a function of
doping. Note this plot looks very similar to the NMOS transistors,
Fig. 2(c), where MVT transistors have the smallest crossover voltage.
Similarly, there is also a trend for the crossover voltage to increase
as the transistor length decreases, Fig. 3(d).

As shown in Figs. 1, 2, and 3, the laser induces a FB effect
that reduces VT . We can emulate the laser-induced body potential in
this structure by directly applying a voltage to the body via the
body contact. In Fig. 4(a, right), we prepare a circuit with two DC
voltage sources, one on the drain and one connected to the body –
the body is now tied. In Fig. 4(b) (no laser illumination), we find
similar data (Id(Vd ) at several Vg ) with a body bias (VB  = 0.4V )
and no laser illumination as in Fig. 1(a) with laser illumination 
(1064nm laser) and floated body.

However, the forward body bias of the floating body effect will also
produce a parasitic current from the intrinsic bipolar junction tran-
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caused either by the laser or by a voltage source are also similar. Also,
for both the TB VB = 0.4V and VB = 0V case, very little current

IB  ∼ 10−9 A travels from the body to source at Vd   = 0V(data
not
shown).
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Fig. 3.   Parameter analysis of individual PMOS transistors. In (a), Id as a
function of Vd  is shown for several Vg   ranging from Vg   = 0V (top curve)
to Vg   = − 1.3V  (bottom curve) in 0.1V  increments. With a 1064nm laser
focused on the transistor (red), we demonstrate a clear enhancement
(more current) of Id over no laser (blue) due mainly to reduction in |VT | (see
text).
Using data similar to Fig. 1(b), in (b) we demonstrate a clear reduction in b)

base-body

B

VB

c)       Vg = 0V

|VT |  with a 1064nm laser. The reduction of VT    for the PMOS
transistor
under 1064nm illumination is ∼ 14% for all lengths and VT , as
opposed
to the ∼ 30% change for the NMOS transistors (see Fig. 2). Because
the
PMOS VT   is less sensitive to the laser than the NMOS, noise in the
VT measurement masks the change of VT   with application of the 1320nm
laser. Although we are unable to quantify the change in VT   for the
1320nm laser
(≤ 3%), the 1320nm laser still causes a crossover from enhanced Id at
low
Vd,g to suppressed Id at high Vd,g . The crossover voltage is plotted in (c)
as
a function of doping for an 80nm transistor (MVT = medium, LVT = low, and
HVT = high VT ), and also plotted as a function of length for MVT transistors
in (d) L = 80nm, 120nm, 160nm, and 320nm.
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sistor (BJT) in the MOSFET. In previous floated body studies [15], 
[16], the body potential, VB , is not created from a laser. Rather, VB 

is induced by keeping the transistor in the off state (Vg   = 0V ) and
placing the floated body out of equilibrium by applying a voltage
pulse to the source or drain. A transient current then results –
the floated body potential turns on the intrinsic bipolar transistor.

In the case of a DC measurement of a laser-illuminated n-
FET transistor, the body voltage (VB ) is caused by the laser and
thus is not a function of time. (When the laser illuminates the body,
the body should come to a steady state potential governed by
electron-hole generation by the laser and escape rates (including

recombination) of these charge carriers.) IBJ T should thus not

be a function of
time, but we expect IBJ T ∼ VB  [15], [16]. If we hold Vg  = 0V
,
no current should flow through the n-FET except for the parasitic
BJT current induced by the laser. Defining the npn BJT components
(emitter, base, and collector) in terms of the n-FET according to
Fig. 4(a), we choose emitter to be the drain (VE  = Vd ), base to
be the body (Vbase = VB ) and collector to be the source (VC = Vs).
We then ground the source, so we run the BJT in the common
collector situation.

In Fig. 4(c), we compare the off state transistor curves (Vg = 0V )

which isolates the physics of the BJT. With the gate grounded
(Vg    = 0V ), the main effect of the laser is then the intrinsic
BJT turning on because Vg    < VT . In Fig. 4(c), we measure Id  

(which is also Is in the two terminal geometry) as a function of Vd  

(in this case, only positive Vd ). In terms of the BJT under laser
illumination in Fig. 1(a), VBC   > 0  and VC E < 0  when the
drain is swept,
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Fig. 4.   Laser-induced BJT behavior and effect of applied body bias. (a) The
n-MOSFET (green is n-type and blue is p-type Si) is labeled as a BJT.
By measuring n-FETs with body contacts, we are able to apply a body
bias to mimic the effect of the laser. Using the circuit in (a, right), we apply
a body bias VB and measure Id as a function of Vd . In (b), normal parameter
analysis is shown for a 80nm medium VT body-tied (TB) transistor with
applied VB =
0 and 0.4V . As expected, the forward body bias, VBS , increases the
drive of the transistor. In (c), we compare laser-induced floating-body (FB)
effect and tied-body (TB) bias effects at Vg  = 0V . IBJ T dominates the
current at
Vg   = 0V ; however, it is small (∼ µA) for all conditions. Additionally,
the
FB laser on curve has a similar magnitude to the TB VB = 0.4V curve, as
expected.

III. CONCLUSION

In this paper, we have quantified changes in transistor parameters
µ, VT , and BJT action due to 1064nm and 1320nm laser illumination. 
We find a laser-induced floating body effect reduces VT   for both
N and PMOS transistors. For the 1064nm laser, VT   reduction 
dominates and Id is enhanced for all Vd and Vg . However, there is
a crossover from enhanced to suppressed behavior with the
1320nm laser for both N and PMOS transistors. The crossover, due

to simultaneous reduction in µ and VT , occurs around 0.8V, but

is dependent on transistor length and doping.
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