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BoeronPlus’

Diffusion Sources:

Provide pure boron depositions.

 Impurity analyses of doped silicon
wafers show depositions of high purity
are achieved.

Produce uniform sheet

resistivities.

« Uniformities typical of the planar
diffusion technique (2% across the
silicon, 3% across the boat, and 4%
run-to-run) or better are obtained.

Exhibit long lifetimes.
¢ Hundreds of use-hours have been
reported by various users.

Are safe to use.

* The sources do not require the use of
explosive gases and do not generate
toxic off-gases.

Feature ambient versatility.

» Depositions can be made in nitrogen,
argon, or helium.

* Thicker glassy films can be deposited
in nitrogen containing controlled
amounts of moisture.

¢ The sources can be held in oxygen
without adversely affecting subsequent
runs.

Reduce operator handling.

* Require no complex metering
equipment.

¢ Need no periodic reactivation cycles.

Exhibit a minimum of water absorption.

Extend time between tube deglazing

operations.

¢ Can be removed from diffusion boats for
periodic boat deglazing.

Minimize silicon damage.

¢ Many users have obtained less silicon
damage on wafers doped with
BoronPlus sources than other p-type
diffusion technigues.
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BoronPlus®’ Planar Dopant Sources

Have Widespread Uses.

BoronPlus planar diffusion sources have found
widespread application in many semiconductor
processing operations since they were first intro-
duced to the industry in 1975. The increasing
popularity of the sources can be attributed in part to
the desirable combination of properties they exhibit
including the unique diffusion-controlled evolution
rate of B,O, during use. The BoronPlus sources
require a minimum amount of handling during use
and produce a pure deposition on large diameter
silicon wafers with excellent uniformity. In general,
the BoronPlus sources exhibit 2 minimum of the
undesirable characteristics of various other gas,
liquid, and solid boron sources while retaining many
of their desirable features.

B Five Sources Meet Varying Needs.

Five BoronPlus sources have been developed to
meet the variety of needs in silicon processing. The
useful operating temperatures for each source is
given below. The overlapping temperature ranges
provide the diffusion engineer flexibility in selecting
diffusion sources for various applications.

Recommended Approximate

Source Temperature Sheet
Type Range, °C Resistivity, /01
GS-126 Below 1000 Above 15
GS-139 975-1075 35-5
GS-183 1000-1100 20-5
GS-245 1050-1125 10-3
GS-278 1100-1175 5-1

Each source is produced from a glass containing
B,O,and the extremely stable oxides of BaO, MgO,
AfO, and SiO,. The glass composition is held within
tnghtiimits to assure melt-to-melt uniformity. The raw
materials are melted and cast into billets utilizing a
unigue glass manufacturing process that ensures a
homogeneous distribution of boron oxide throughout
the bulk of the material. Each glass billet is subsequently
nucleated and crystallized in a uniform way to provide
the necessary high temperature rigidity to the sources.
The billets are then turned to the desired diameter and
sliced into wafers using a conventional ID saw.

W BoronPlus Sources Have High Purity.

All five BoronPlus diffusion sources are produced
from high-purity raw materials. A typical impurity
analysis of a melt, when measured on a spark
source mass spectrograph, is given in Table I.

Figures 1 and 2 show relative amounts of sodium
and iron found on the surfaces of silicon wafers
doped with a BoronPlus source, a BN source, and a
typical spin-on solution of B,O, detected with a
secondary ion mass spectrometer (SIMS). Although
absolute amounts of impurities were not determined
by this technique, the relative concentrations of
impurities can be estimated by comparing the areas
under the curves. These data indicate that most of
the impurities are strongly tied up in the glassy matrix
of the BoronPlus sources and do not evolve at a high
rate during use. The result is a relatively pure glassy film
of B,O, being deposited on the silicon wafer surface.

Table |
TYPICAL IMPURITY ANALYSIS OF
BoronPlus SOURCE

Metal PPM Metal PPM
Na 2 Pt <5
K <1 Rh <1
Li <1 As <0.5
Fe 2 P <5
Pb 1 Sb <05
Cr 2 Bi <0.5
Cu 0.5 \" <1
Sn <0.5 Co <2
Zn <2 Mo 1
Ti 2 Ca 20
Ni 2 Sr 20
Ag <05 Mn <1
Au <05
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SHEET RESISTIVITY VS. AGING TIME
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H BoronPlus Sources Show Long Lifetimes.

Several techniques exist for estimating the
potential lifetime of a planar diffusion source. One
method is to periodically dope a silicon wafer with
a source held in a diffusion furnace and observe
how the resulting sheet resistivity varies with time.
Figure 3 shows the sheet resistivity obtained on
silicon wafers doped for 30 minutes with GS-139
BoronPlus sources that were held at 975°C and
1025°C. Little change is observed during the 700-
800 hours of test time. Similar data are shown for
GS-245 sources.

A second method of estimating the source’s
lifetime is to measure the amount of weight loss at
a use temperature as the B,O, evolves. When the
source no longer loses weight, the evolution of
B,O, has ended. A weight loss curve plotted in
Figure 4 for the GS-139 BoronPlus source also
indicates that hundreds of hours of use are
available at 975°C.

The typical weight loss curve in Figure 4 shows
that the B,O, evolution rate from the BoronPlus
sources gradually decreases with continued use
time. In fact, the linear relationship obtained when
the data are plotted versus the square root of use
time (Figure 5) indicates that the B,O, is actually
evolving through a diffusion-controlled process.
This means that as B,O, evolves from the surface
of the source, a B,O, concentration gradient will
develop from its interior. This gradient causes
additional B,O, to diffuse to the surface replenish-
ing the supply of B,O, needed for continued
evolution. This “reservoir” of B,O, contained within
the diffusion source is sufficient for many hours of
use. Holding the B,O, within the source instead of
on its surface is also directly responsible for
decreased moisture absorption from the room air
between runs.

The actual lifetime of BoronPlus sources used
in typical plant production environments depends
upon many factors such as temperature of use,
care in handling, the device being manufactured,
the sensitivity of the process to the gradual
decreasing evolution rate, etc. Typical use times
exhibiting acceptable results of up to 500 hours
near 1000°C and up to 150 hours near 1100°C
have been reported.
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W Doping Properties of BoronPlus Sources.

A typical set of sheet resistivity versus deposition
time curves for temperatures ranging from 850°C to
1150°C are plotted in Figure 6. Each user should
determine similar sets of curves that are character-
istic of their diffusion process, since these will
depend somewhat on such parameters as the type
of BoronPlus source being used, furnace recovery
and heating/cooling rates, gas flow rates, etc.

When the various processing conditions are
optimized, uniformities of 2% across the silicon,
3% across the boat, and 4% run-to-run should be
attainable. Although these uniformities are generally
considered to be typical of the planar diffusion
system, most processors have been able to
significantly improve over them.

SHEET RESISTIVITY VS. DEPOSITION TIME
FOR BoronPlus SOURCES
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“NECKLACE DAMAGE?” (A) IS ELIMINATED WITH
BoronPlus SOURCES (B)

(A)"NECKLACE DAMAGE" IN ISOLATED REGION

(B) SIMILAR BoronPlus DIFFUSION

Figure 7(A and B)

Certain types of silicon surface damage have
been reduced when BoronPlus sources are used in
place of other types of dopant materials. Typical
“necklace damage” shown in Figure 7(A) was
eliminated as shown in Figure 7(B) when BoronPlus
sources were used in a similar 1100°C isolation
predeposition cycle.




B Preparing and Storing BoronPlus Sources.

The BoronPlus sources are cleaned of processing
contaminants before shipping. If additional cleaning
is desired, the procedures outlined in Table Il should
be followed.

TABLE Il
CLEANING PROCEDURES

* 8 minutes in NH,OH/H,0,/H,0(1/1/5) at 80°C
or 8 minutes in a megasonic cleaning system
at room temperature

¢ 2 minutes in DI WATER

¢ 10 minutes DRY at 90°C

The BoronPlus sources should not come in contact
with HF or HCI at any time.

Preparation: The sources should be held at the
intended deposition temperature before they are
used to be sure all moisture has been removed.
Although some processors begin immediately to use
the sources after this initial drying period, others
prefer to hold the sources at the use temperature for
an additional time until a more constant B,O,
evolution rate occurs. The recommended minimum
aging times can be obtained from Figure 8.

RECOMMENDED MINIMUM AGING TIME
FOR BoronPlus SOURCES
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Storage: Since the B,0, is contained within the
source and not totally on its surface, the BoronPlus
sources exhibit a minimum amount of water
absorption. However, since absorption of even small
amounts of moisture can cause problems in silicon
processing, we recommend they be stored in diffusion
boats in a dry environment at an elevated temperature.
The best procedure is to hold the sources in the hot
zone of the diffusion furnace at 600°C in dry nitrogen.

Figure 9

H Typical Doping Procedures With BoronPlus

Sources.

Boats: Although diffusion boats of various designs
have been successfully used with the BoronPius
sources, the best results for depositions made at
temperatures below about 1100°C are normally
obtained with a four-rail quartz boat with a design
similar to that shown in Figure 9. When depositions
are made above 1100°C, silicon carbide or
polysilicon boats are often preferred because of their
increased resistance to deformation. Boats made of
any of these materials fit on standard paddles and
cantilever systems and can be used in automatic
transfer systems. The spacing between the silicon
surface and the source surface should be constant
and should be between 0.060" and 0.100". The slots
for the sources should be about 0.010" wider than
their thickness. The sources should fit loosely in

the boat, allowing room for expansion of at least
0.020" per inch of diameter.

Insertion and Removal: We recommend that a
furnace ramping technique be utilized for all deposi-
tion cycles. This procedure involves slowly inserting
the boatload of wafers into the diffusion tube ata
temperature below about 900°C and at least 100°C less
than the deposition temperature. After the furnace and
boat have reached thermal equilibrium, the furnace is
ramped to the deposition temperature. At the end of
the deposition time, the furnace is cooled back to the
insertion temperature, at which time the boat is
withdrawn. The insertion and withdrawal rates should
not be more than 4 in./min. for 100 mm sources.
Because of the greater mass of material involved,
slower insertion and withdrawal rates should be used
with the larger diameter sources.

Ambient Gases: The BoronPlus sources can be used
with the conventional gases of nitrogen and argon
without detrimentally affecting their performance.
Although nitrogen is the most common gas, some users
prefer to use argon, especially at temperatures above
1000°C. Small amounts of oxygen are sometimes
blended with the nitrogen gas during the deposition
cycle. The oxygen concentrations are usually less than
1% below 1000°C and could be as high as 5%

at deposition temperatures above 1100°C, as shown
in Figure 10. The sources should not be used in the
presence of steam.

RECOMMENDED OX\'TEEH CONTENT OF
CARRIER GAS VS. DEPOSITION TEMPERATURES
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Low Temperature Oxidation (LTO) Cycles:
High concentrations of oxygen can be used during

the deposition cycle in the presence of the BoronPlus

sources since oxygen has a negligible effect upon
the subsequent performance of the sources. The
oxygen diffuses through the deposited glassy film
and oxidizes the boron-silicon phase that forms on
the silicon surface during the deposition. The
oxidized phase may then be easily removed with
a conventional HF etch. This in-situ LTO step
significantly reduces the overall processing time
as schematically illustrated in Figure 11.

The in-situ LTO cycle can be used with any of
the BoronPlus sources. The predictable results
of using the in-situ LTO with the GS-278 BoronPlus
sources for a typical p-type emitter diffusion are
shown in Figure 12.

Although the in-situ LTO has been successfully
used in other p-type emitter, isolation, etch stop
(micromachining) and similar types of applications,
the conventional low temperature oxidation cycle
is usually recommended for high sheet resistivity
base and source/drain diffusions because of better
sheet resistivity control. A typical conventional LTO
cycle is to hold the silicon wafer in steam for about
20-30 minutes near 800°C after removing the
deposited glass in 10:1 HF. The sources should not
be present during any LTO cycle involving steam.

Gas Flow Rates: The gas flow rate utilized during
the deposition depends primarily upon the diffusion
equipment such as tube size and end cap design.
Although the flow rate must be high enough to
prevent room air from backstreaming down the
diffusion tube, flow rates ranging from as low as
2.0 I/min. to as high as 15 I/min. have been
successfully used in a 135 mm diffusion tube.
Satisfactory results are most often obtained with

a flow rate of 3-7 I/min. for this tube size.
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USE OF IN-SITU LTO WITH GS-278
BoronPlus SOURCES
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Figure 12

“Information contained herein is derived from in-house testing
and outside sources and is believed to be reliable and accurate.
TECHNEGLAS, Inc., however, makes no warranties, expressed
or otherwise, as to the suitability of the product or process or its
fitness for any particular application.”




