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Abstract—We report spatial mapping of temperature fields in
semiconductor devices with sub-microsecond temporal resolution.
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. . . .Fig. 1. Facility for scanning laser-reflectance thermometry. Galvanometri-
induce Sever_e degradation _OI’ _fallure due to the resultng ly-actuated scanning mirrors for the probe laser allow short-timescale
temperature rise. Electrostatic discharge (ESD), for exampi&rmal mapping without motion of the sample or the micropositioners.
can yield device or interconnect melting during current pulses

shorter than 100 ns [1], [2]. Transistors can be designed f@nsistors with high temporal and spatial resolution using
better withstand such stressing through thermal design, whiger-reflectance thermometry, which detects temperature

relies on accurate simulation capabilit){. But simulation _Cghanges near a surface using the temperature-dependence of
thermal failure phenomena need transient temperature-flgllgl[icm properties [9]-[13].

data for verification and improvement of model parameters.

Recent research developed techniques for mapping steady- Il. EXPERIMENTS

state temperature fields in semiconductor devices [3]-[7], but . o

the technically critical problem of transient thermometry has Measurements are performed at the facility shown in Fig. 1,

not received much attention. Transient thermometry of sehich integrates scanning laser diagnostics and electrical
LDMOS transistors was performed by Armodd al. [8], who pro_bmg. _Rad|at|on from a laser dlod_e is coupled into an

used the temperature-dependent bias current to investigdcal microscope and focused to a diameter near the wave-

transistor cooling after heating pulses of duration comparaff'9th, 820 nm. A polarization cube and a quarter-wave plate
to 1 ps. This method has the advantage that it does rftParate the incident and reflected probe beam paths. The ra-

require any modification of devices. But this approach do&iation powers are captured using photodiodes with 500 MHz

not yield the spatial variation of temperature within a devic@2ndwidth and a digital oscilloscope with 1 GHz sampling

This letter communicates thermal mapping of SOI Lpmodedquency. Laser power fluctuations are subtracted using a
reference beam drawn by a beam splitter. The probe laser
focus is scanned over the wafer surface using a pair of
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. . ) ) . Fig. 3. Temperature distribution above the drift region of an SOl LDMOS
Fig. 2. Cross-sectional view of the SOI LDMOS transistor used in theansistor for varying values of the time after the pulse initiation. Also shown

present thermometry study. The surface silicon dioxide contains a 25-a predictions based on the linear impurity-concentration distribution in the
aluminum layer, which prevents radiation interaction with the transistor apglyin region, which is targeted by the transistor fabrication process.
sharply defines the vertical position of the temperature measurement.

. _ _ the temperature field, is less than 5%. The noise equivalent
the presence of the aluminum and its separation from th@nperature resolution is about 0.1 K.

drift region limits the spatial and temporal resolution of the
measurements. To reduce the total thickness of the silicon
dioxide layer, part of the thermal oxide, shown as a gray Ill. RESULTS AND DISCUSSION
region on top of the drift region in Fig. 2, is etched away Fig. 3 shows the temperature distribution measured along
before the deposition of a CVD oxide layer. The importandbe drift region of an SOl LDMOS transistor for varying
of lateral heat conduction within the aluminum layer can bimes after the initiation of the heating pulse. Since the
estimated by using the thermal decay length [1B), = thermal diffusion time normal to théuried silicon dioxide
(kadado/ko)l/Q, wherek, andd, are the aluminum thermal is comparable to s, the data actually describe transient
conductivity and thickness, respectively, ahg and d, are heat diffusion within the silicon dioxide surrounding the
the thermal conductivity and thickness of the oxide separatiagtive region. The temperature rise increases with decreasing
the aluminum from the device. The thermal decay length ¢®ordinatey due to the spatial variation of the phosphorus
~1 pm, resulting in a spatial resolution limit that is importanimpurity concentration. A linear increase in the impurity
but not more restrictive than that due to the diffraction of theoncentration with coordinatg is targeted by the fabrication
incident probe laser beam. The spatial resolution limit due process of the LDMOS transistors to improve their voltage-
heat spreading within the silicon dioxide layer is comparabl#docking capability [7]. Since the current density does not
to its thickness, 0.@:m, and is also not more restrictive tharnvary significantly within the drift region, the rate of heat
that due to the diffraction. The temporal resolution limit dugeneration is proportional to the local electrical resistivity. The
to the silicon dioxide is approximately given by the timeslectrical resistivity decreases with increasing impurity con-
required for heat to diffuse normal to the laygs, = L2, /a,, centration, and therefore the volumetric heating rate decreases
where L, is the thickness of the oxide layer aind is the with increasingy.
thermal diffusivity of silicon dioxide. The thermal diffusion Fig. 3 also shows the predictions of a finite-difference
time is around 0.5us for the LDMOS transistors studiedsolution to the transient, two-dimensional heat equation in
here. the drift region and surrounding silicon dioxide. The simu-
Periodic voltage pulses of duration near 38 and mag- lation uses bulk resistivity data for phosphorus-doped silicon
nitude near 30 V are applied to the drain with a duty cychith concentration distribution that is consistent with the
less than 0.01. The gate of the power LDMOS transistor figbrication process. The thermal conductivity and heat ca-
positively biased at 12 V and the source is grounded. Tipacity used for the calculations are 100 W-mK—! and
probe laser beam remains at each location long enoughlt66 x 106 J m—3 K~ for silicon and 1.4 W mi* K—! and
average the transient photodetector signals during a thousargs x 10° J m—2 K~ for silicon dioxide, respectively [15].
heating periods. The spatial temperature-rise map at any tifitee simulation assumes that the top boundary condition for the
is extracted from the periodic temperature-rise data at egudssivation is adiabatic and the bottom boundary condition for
point. The temperature dependence of the surface reflectatfmburied silicon dioxide is isothermal. These assumptions are
is calibrated in the absence of electrical heating using a thermadtified by the extremely low convection and radiation heat
chuck. The relative uncertainty in the absolute magnitude lofsses to the ambient air [5] and by the short timescale of the
temperature rise is 20%, which mainly comes from the calibrheating pulse, respectively. The shape and time dependence of
tion of the thermoreflectance coefficient. But the uncertaintiie calculated temperature rise agree well with the data.
in the ratio of the temperature rises at any locations or times,The spatially averaged temperature rise per unit power per
which is important for the temporal and spatial shapes ahit area of the drift region in the plane of the substrate is
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when the radiation interacts with the region whose temperature
is to be detected. This has been shown by subsequent work,
which has demonstrated temporal resolution of 10 ns for inter-
connects on polymer passivation layers [16]. This resolution is
promising for future failure studies during electrical overstress
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Fig. 4. Comparison of the transient temperature-rise shape at a single
location above the drift region of LDMOS transistors with two different 14)
buried silicon-dioxide thicknesses. To facilitate shape comparison, the da!a
and predictions are normalized by their values a30

. o 5]
8 x 1077 K m? W1 at the time 1Qus after the initiation of

the pulse. While this differs from the similarly normalized 6]
transient thermometry data of Arnoldt al. [8], we have
shown theoretically that this difference can be almost entirely
explained by the difference in the interrogated domain and thé!
dimensions of the devices. Remaining differences may be due
to the fact that Arnolcet al. [8] measured a weighted average|8]
of the temperature in the drift region.

Fig. 4 compares the shapes of the transient temperatug
rises measured using laser-reflectance thermometry for two
values of the buried silicon-dioxide thickness. To make the

phenomena such as electrostatic discharge.
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