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Plasma immersion ion implantati@PIIl) is an excellent surface modification technique because it

is not restricted by the line-of-sight limitation that plagues conventional beamline ion implantation.
However, the lack oin situ monitoring has hampered wider acceptance of the technique in industry.

It is known that the implantation temperature has a large influence on the surface properties of the
treated specimens in addition to the more obvious parameters such as implantation voltage, pulse
duration, pulsing frequency, and so on. Direct measurement of the target temperature is complicated
by the sample high voltage as well as by interference from the electromagnetic field and plasma. In
this article, we present a novel interference-fraée,situ temperature measurement technique
employing a shielded thermocouple directly attached to the sample stage. Our experiments show
that the setup can monitor the target temperature in real time, even under severe arcing conditions.
Our results also indicate that in a hot filament glow discharge radiation heating is quite small, and
sample heating is primarily caused by ion bombardment during the PIII cycles. The new design will
open up other possibilities such as situ dose monitoring if, for example, the thermocouple is
replaced by a Faraday cup. €999 American Institute of Physid$S0034-67489)03606-(

I. INTRODUCTION 500 °C, a surface layer consisting of CrN was formed and it
adversely affected the corrosion resistance. The same is true
In recent years, a myriad of studies has proven thafor semiconductor applications such as the synthesis of sepa-
plasma immersion ion implantatiofPlll) is a suitable ration by plasma implantation of oxygdSPIMOX) which
method for surface modification of materialé.One of the  ¢alls for an implantation temperature of 600 °C or higher to
major advantages of PIIl is its ability to treat nonplanarenable proper oxide nucleatt'®and a Plll/ion cut that
samples with an acceptable dose uniformity. In order tqequires an implantation temperature of 200 °C or lotf&f°
achieve a thicker modified layer and optimal phase structure, |n sjtu temperature monitoring and control are thus ex-
elevated temperature Plll is Wldely Us%_d.The conclusion treme|y important_ However, the Pl environmemigh
is that the process temperature is crucial to the final surfacgoltage, vacuum, interference, éteenders common tem-
properties. For instance, in improving the tribological prop-perature measurement techniques impractical. The sample is
erties of stainless steel, the implantation temperature must hgymersed into the plasma and biased to a negative voltage
controlled so that the wear resistance is improved withoutanging from 5 to 100 keV. To make things worse, there is
sacrificing the corrosion resistance. Performing crossfrequent electrical arcing in a Plll experiment due to the high
sectional transmission electron microscdp§TEM) on the  yoltage operation, and the high electric and magnetic fields
samples treated at 150520 °C dtial® have concluded that g damage the measurement hardware. Moreover, the
the treatment temperature has a strong influence on the evgample stage is usually located at the center of the vacuum
lution of the microstructure. Blaweet al® found that the  chamber thereby making direct contact more complicated.
surface properties were very sensitive to the temperature bejence, real-timen situ temperature measurement in Plll has
tween 400 and 500 °C. Up to 400 °C, an expanded austenitge|gom been reported in the literature in spite of its impor-
a favorable phase, was formed on AISI318. However, afance. Collinset al?! used an infrared pyrometer in the range
of 2.0-2.6um to view a point on the target in the plasma
dCorresponding author; electronic mail: paul.chu@cityu.edu.hk through a quartz window. The pyrometer was calibrated by
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(1) Pyrometers are calibrated for a certain temperature
range, but our thermocouple approach can detect a wide
FIG. 1. Schematic of the temperature measurement system using a thermo- range of temperatures.
couple in a plasma immersion ion implanter. Four sets of filaments are(z) Pyrometers are usua”y set up outside of the vacuum
installed symmetrically around the chamber wall. . . . .
chamber to aim at a certain point on the specimen. Our
method is more flexible since the pyrometer can be

separately heating the target with thermocouple inserts. This Placed at various locations on the sample stage and even
method is very effective and the temperature can be main- ©On Samples possessing an irregular shape.

tained to within+1°C by regulating the duty cycle of the (3) Our hardware is less costly.

high voltage pulse. The temperature of the target was mea-

sured by Blanchard using a Luxtron that is a phosphores- || RESULTS AND DISCUSSION

cent probe. In both of these setups, the temperature sensor is

far away from the biased target. Even though it is safer and _Figure 2 shows the measured temperature with time ob-

kV implantation voltage, 2Qus pulse duration, and 120 Hz
pulsing frequency. Figure 3 depicts the temperature changes
during a high frequency, low voltage PIIl proc&sssing 2
kV implantation voltage, pulse duration of 205, and fre-
quency of 8 kHz. The plasma produced in those two experi-
We used a diredn situ temperature measurement tech- ments is activated by four sets of hot filaments installed sym-
nique employing a commercial thermocouple attached dimetrically. That the initial temperature is not ambient
rectly to the sample stage shown schematically in Fig. 1. Théémperature is due to pre-cleaning of the workpieces by Ar
K-type thermocouple is inserted into the target from below,

Il. TEMPERATURE MEASUREMENT HARDWARE

and the thermocouple wire is insulated from the plasma and 450
the chamber wall through a quartz glass tube 20 mm in di- 400 -
ameter and a Teflon inlet at the chamber wall. The display 2 350
meter is floated electrically together with the battery power % 300
supply. The glass tube including the thermocouple wire is % 250
installed very close to the target holder, so that there is neg- R
ligible influence on the plasma sheath. It is necessary to keep g;_ 150
the temperature of the cold end of the thermocouple constant £ 10
in order that the thermal potential is proportional to the mea- =

sured temperature. We use a long thermocouple to connect 52

the display meter, which is outside the vacuum chamber,
through two stainless steel rods of the same length and di-
ameter. F-rubber rings are used to seal the rod to the cham-
ber. In this way, the temperature of the cold end is not af-
fected by the hot target or hot filaments. Meanwhile ourF!G. 3. Time-dependent target temperature during high frequency, low volt-

cleanroom has a constant ambient temperature of 23°C age PIIl. The experimental conditions are implantation voltage kV,
) ulse duratior 20 us, and pulsing frequeney8 kHz. The initial measure-

Striqt_ly speaking, our method has three advantages Ovéﬁent starts at 170 °C and implantation stops after 39 min. The plasma is
the traditional use of a pyrometer. sustained by hot filaments and the chamber wall is water cooled.
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FIG. 4. Time-dependent temperature of the target when the hot filaments a
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four hot filament sets in our equipment, consisting of 16
wires, get very hot when they emit electrons to ignite the
plasma. To assess the filament radiation heating effect, the
target temperature is monitored without implantation. A
comparison of the results exhibited in Figs. 3 and 4 indicates
that the magnitude of ion heating is nearly 14 times larger
than that of the hot filament radiation heating. For example,
the temperature increase by radiation heating of the hot fila-
ments after 31 min is only 16 °C. On the other hand, ion
implantation heating leads to a temperature rise of 220 °C.
This increase has already been compensated for by heat loss

10 the cooled chamber wall as shown in Figaker 39 min.

on but without implantation. There are four sets of filaments consisting of 161 N€refore, sample heating stems mainly from ion bombard-

wires. The electrical parameters are 26 V and 58 A.

ion sputtering. Our results unambiguously indicate that thq0
target temperature rises linearly with the implantation time

similar to the experimental results of Wet al?® We have
also found that our setup functions reliably and safely for
prolonged period of time. Careful insulation enables th

hardware to work even when sparks and arcing occur durin
the PIII process. It means the whole measurement system
not affected by the high voltage, high frequency, electrica

thermocouple.

The sample temperature is affected by four fact¢ts:
heating by the implanted ion®,,,, (2) hot filament radia-
tion heating during a glow dischargByjament (3) radiation
loss to the wall P, and(4) heat conduction loss through
the target holderP.,,. Thus, the net heating powe?
= PionTt Pfilament— Pwai— Pcon. @nd the sample temperature
rise can be described by the following equation:

AT=(At/mc)( PionT Priament™ Pwal— Pcon)
=(At/MO)[Pignt a(TF—T7)

—B(T{=Th) —H(T—Tp)], (1)

wherem is the mass of the sample targetjs the specific
heat of target materiall; is the temperature of the hot fila-
ment, T, is the temperature of the targét, is the tempera-
ture of the chamber wall cooled by flowing wat@t, is the
temperature of the target holdd, is the heat conduction
from the target to the holdesy= cAe€;e /[ ei+ €;(1— €)1,
and B=ocAe e /[ €,+ (1—€,)],2"?® o is the Stephan—
Boltzmann constant is the implantation area of the target,
€ is the emissivity of the filaments;, is the emissivity of
the target, and,, is the emissivity of the chamber wall.

The power loss by conduction through the aluminum

€

ment. Without ion bombardment, radiation cooling is evident
and the target temperature drops precipitously.

To recapitulate, we have successfully fabricated a device
measure the sample temperatimrsitu in a Plll chamber.
It provides a convenient and inexpensive way to monitor the
treatment temperature and to optimize PIIl processes. Our
emperature measurement setup has a high interference resis-
tance and can tolerate sparks and arcing under high voltage
Honditions. Using the new device, we observe that the
Sample temperature rises mainly because of ion bombard-
ment during a hot filament glow discharge. The next design

"Will be to incorporate the input/output lines of the thermo-
although there is direct contact between the target and th P P P

8ouple inside the sample stage extension rod and
feedthrough in order to minimize the influence on the plasma
sheath. Our design can be extended to monitor other impor-
tant parameters of a PIIlI process in real time, for example,
ion density or implantation current, if the thermocouple is
changed to a Faraday cup.
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