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Photons are emitted from silicon MOSFETs and it has been known that they are closely related
to the impact ionization which is caused mainly by hot carriers. In this study, we have used
photon emission microscope to analyze drain junction quality, especially silicide-silicon interface
in the N+ drain region. We will intend to show that a device with high drain sheet resistance
emits more photons than others even though the devices have identical hot carrier degradation
characteristics. Furthermore, we found that the photon intensity profile can be used to check
the quality of silicide-silicon interface. We confirmed the interface degradation of silicide thinning
caused by agglomeration by taking TEM pictures of devices with unusually noisy photon emission
profiles.

I. INTRODUCTION

It is known that silicon MOSFETs emit photons under
extreme bias conditions [1–3]. These photons are closely
related to the carriers generated from impact ionization
because its intensity is proportional to the substrate cur-
rent. Researchers explain that the photons are emit-
ted as electron hole pairs recombine after impact ioniza-
tion. We have also confirmed similar results in submicron
MOSFETs [5].

As one scales down the channel length of a MOSFET,
various silicide materials have been used to decrease the
series resistance of a device. One needs to make sure
that the silicide film formed by sintering has uniform
thickness to minimize the series resistance and the drain
junction leakage current. However, the film thickness
of the silicide can be non-uniform due to agglomeration
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during the sintering process or the thermal process af-
ter sintering. This non-uniformity results in an excessive
leakage current in the source/drain junction. The con-
ventional method for checking silicide-silicon interface is
to observe the interface by using a high resolution micro-
scope such as TEM. However, since the agglomeration of
silicide film is local, the conventional method could be
potentially inaccurate even though it is time consuming.
Another method of characterizing silicide agglomeration
is through resistance measurement. But the resistance
of the device is affected by many factors beside silicide
property, and it is very difficult to isolate accurately the
resistance change caused by silicide property variation.
Furthermore, the resistance measurement can not pin
point the defect location. Therefore, it is the purpose
of this paper to utilize photon emission microscopy to
determine the quality of the silicide-silicon interface.

II. EXPERIMENT

We have fabricated devices with a standard 0.25 mi-
cron titanium salicide CMOS technology. For the pur-
pose of this study, we have fabricated non-salicided de-
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Table 1. Typical properties of 0.25 micron NMOSFET’s
under study.

Contact Id, sat Isub
resistance (V ds=2.5 V, (V ds=2.5 V,

(ohm) V gs=2.5 V) V gs=1 V)

Non-salicided 43 11.32 mA 6.98 µA

Salicided with 3 11.66 mA 6.63 µA
PETEOS

Salicided with HLD 8 11.2 mA 6.57 µA

vices as well as salicided devices with two inter-layer
dielectric (ILD) materials. The ILD materials we have
used were plasma enhanced TEOS (PETEOS)/undoped
silicate-glass/PETEOS film and the high temperature,
low pressure dielectric (HLD)/BPSG film. The first and
second type ILD layers were deposited at 400 ◦C and 700
◦C, respectively. The deposition temperature and prop-
erty of the ILD layers change hot carrier characteristics
and the silicide-silicon interface. With the fabricated de-
vices, we have measured their electrical characteristics
such as linear and saturation current, substrate current,
and saturation current degradation after stress. The
stress condition was V ds=3.6, 3.8, 4 V and V gs=0.4∗
V ds for maximum substrate current. The stress condi-
tions were much higher than normal operation voltage,
which is 2.5 V, and the stress results enhanced degra-
dation. Furthermore, we have measured the photon
emission profile with the Hamamatsu hot electron an-
alyzer (PHEMOS-200). Photon emission was measured
between the wavelength range of 400 nm and 1100 nm us-
ing a wavelength filter with a full width at half-maximum
(FWHM) of 10 nm. Corrections were made to the photon
counts at each wavelength by considering the absorption
by poly-Si, the transmittance of the lenses and wave-
length filters, and the spectral sensitivity of the photon

Fig. 1. Degradation characteristics of the salicided and
non-salicided 0.25 micron NMOSFET’s with different stress
conditions. V gs was set to 40 % of Vds for maximum sub-
strate current.

Fig. 2. Impact ionization rate (Isub/Ids) plotted as a
function of 1/V ds. The gate bias V gs=0.4∗ V ds for maxi-
mum substrate current stress condition.

Fig. 3. Spectral intensities of photon for salicided and
non-salicided 0.25 micron NMOSFET’s.

counting camera.

III. RESULTS AND ANALYSIS

From the measurements, we have found that the de-
vices with the PETEOS ILD layer show better series
resistance while the devices with the HLD ILD layer ex-
hibits less hot carrier degradation. Table 1 shows typical
electrical characteristics of the devices we have measured.
All devices have a dimension of W/L=20/0.25 micron.
Fig. 1 shows the saturation drain current degradation
after drain avalanche hot carrier stress for salicided and
non-salicided devices.

The gate to source bias voltage is 40 % of V d for
maximum substrate current stress condition. The plot
shows that there is no significant difference in degrada-
tion characteristics between salicided and non-salicided
devices. This means that the number of hot carriers in
both devices is almost identical. This is also confirmed
by Fig. 2 in which we have plotted impact ionization
rate, Isub/Id, as a function of 1/V ds. The silicided de-
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Fig. 4. Emitted photon intensity profile along the channel.
(a) salicided (b) non-salicided.

vice shows a slightly higher value throughout the drain
bias due to smaller series resistance and this difference
became negligible at higher drain bias where hot carrier
population is high. However, the photon emission mea-
surement exhibits quite different results, as shown in Fig.
3.

The emitted photon intensity is plotted as a function
of the photon energy, i.e., wavelength. From the figure,
one can see that the intensity of photons with the energy
higher than 1.5 eV is similar for both devices. But below
1.5 eV, the intensity of photons from the non-salicided
device is noticeably higher than that of the salicided de-
vice. A similar trend is observed from the photon inten-
sity profile, as shown in Fig. 4. The photon intensity
of the non-salicided device is much higher than that of
the salicided device. Since both devices show similar
hot carrier degradation characteristics, as shown in Figs.
1 and 2, this photon intensity difference should be at-
tributed to an additional factor. Furthermore, since the
only structural difference between the two devices is the

Fig. 5. Drain saturation current degradation characteris-
tics of 0.25 micron nMOSFETs’ with various ILD materials.

Fig. 6. Emitted photon intensity profile along the channel.
(a) salicided device with PETEOS ILD (b) salicided device
with HLD ILD.

silicide process, we believe that more photons were emit-
ted from a high resistance drain junction of non-silicided
device. To confirm this, we have measured contact resis-
tance of the silicide n+ region as well as the non-silicided
n+ region for 52 different locations by using specially de-
signed contact resistance pattern. The average contact
resistance of the salicided and non-salicided devices are
3 ohm and 43 ohm, respectively.

To further investigate the photon emission relation
with the drain junction quality, we have measured
photon emission profiles from devices that experience
different heat cycle after the silicide process. One
type of device had the HLD/BPSG layer deposited
at 700 ◦C as ILD and the other type had the PE-
TEOS/USG/PETEOS film deposited at 400 ◦C. The
first type showed better hot carrier immunity compared
to the second type with PETEOS film, as shown in Fig.
5. From the figure, one can observe that the drain cur-

Fig. 7. TEM picture of cross section of n+ drain region of
salicided device with HLD/BPSG ILD. The silicide thinning
occurred in the square due to agglomeration during 700 ◦C
heat treatment for ILD.
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rent degradation by the hot carrier is improved when
heat treatment at 700 ◦C is involved as in the PE-
TEOS/BPSG (circle symbol) and the HLD/BPSG (di-
amond symbol) cases. We used PETEOS 100 nm/USG
350 nm/PETEOS 750 nm ILD structure (square symbol)
deposited at 400 ◦C and HLD/BPSG structure (diamond
symbol) deposited at 700 ◦C for further study. The con-
tact resistance of the first type with HLD is about 8
ohms on average and is higher than 3 ohms of the first
type with PETEOS. Since contacts to the n+ region are
made by an identical process, the difference is due to the
quality difference of the silicide-silicon interface.

Furthermore, we have measured the photon emission
profiles as shown in Fig. 6 in order to investigate how
hot carriers and drain junction quality affect them. From
the figure, the first type device emits a smaller number
of photons than the second type. Since the first type
device has smaller hot carrier induced degradation, it
is clear that the number of emitted photons are mainly
determined by hot carriers. In other words, the first
type device with HLD shows a lesser number of photons
due to hot carriers even though its contact resistance is
about two times greater than the first type device. How-
ever, from the photon emission profile of the first type
device, we observe many local peaks across the device
which has not been observed from any other device types.
Since devices with uniform silicide-silicon interface ex-
hibits uniform intensity across the device, we believe that
this noisy intensity profile reflects poor quality silicide-
silicon interface. To analyze, we cut the wafer and took
TEM pictures across n+ drain silicide, as shown in Fig.
7, and found that silicide thinning occurred during 700
◦C heat treatment. It is reported that the silicide ag-
glomerates during high temperature heat treatment and
results in higher series resistance [4].

IV. DISCUSSION

The photon emission profile and spectral density has
been used together with conventional electrical measure-
ments to analyze hot carrier degradation and drain junc-
tion characteristics. We have found that the photon
emission is directly proportional to the population of
hot carriers. However, by comparing salicided and non-
salicided devices, we found that the emitted photon is
also a function of other device parameters, such as par-
asitic series resistance of the drain. Furthermore, we
found that the photon emission profile provides informa-
tion about silicide-silicon interface quality. We observe
a noisy profile with many local peaks from poor qual-
ity silicide-silicon interface at the drain junction while
we observe a uniform intensity profile even though the
overall intensity is higher due to the hot carriers.

V. CONCLUSIONS

We found that the emitted photon from MOSFET
devices under extreme conditions provides information
about hot carrier population as well as drain junction
quality. Since measuring the photon emission is straight-
forward and non-destructive, it can be adopted for an-
alyzing overall device characteristics together with con-
ventional electrical measurement techniques.
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