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Characteristics of Si Epitaxial Layers Grown by a New RF.Induction
Heated Hot-Wall Type Reactor for High Volume, Low Cost Epitaxy
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4026 Kuji-cho, Hitachi-shi' fbaraki 319-12' Japan

Silicon epilaxial layerp grown by a nevly developed RF-induction heated hot-wall
type reactor ( prototype ) ' rhich is capable of processing 10-20 5-inch dianeter
rafers per 100 m of stack length, have been.characterizeil, Satisfactory uniforn
layers cith lor undoped donor concentralion- (:5X10tscm-r ) and high crystalline
euality could be obtained. The p+-n(epi)-n+ junction dibdes exfiiUitld aluost
ideal breakdown and reverse leakage characterigtics, The C-t response and thequasi-static C-V neasurenents fros Al gate !l0S capacitors shoued hieh rinority
camier generation lifetines of 150-800 ps and interface trap leve1 density
conparable to that of bulk CZ silicon, respectively. An undesirable effectfron HCI addition to the grorth nutrient gas on undoped donor level and carrier
lifetiue uas observed.

1. fntroduction

A new grorth reactor rhich can provide high

voluner lor cost silicon epitaxial wafers is
required to neet the trend towards increased use of
epitaxial rafers in C!f0S devices, in addition to the

conventionally used bipolar and Bi-CllOS devices.

A few studies attenpting to achieve hieh erowth

throughput have been reported. Ban (1) and Bloen

et al. (2) have reported on high capacity reactors

in which rafers are parallelly arranged in a

stack-like packing nanner. Horever, these reactors

have not been put to general use yet. Quite

recently, Tetron developed another reactor rith hieh

capacity nhich is achieved by facing near-vertical
rafers across fron each other in a circular cluster
of tapered cavities (3). However, details concerning

its perfornance have not been reported yet.

At first, in this paper, a prototype high-voluue

epitaxial reactor designed on a ner concept is
preeented briefly. Then the discussion focuses on

the obtained characteristcs of the grocth layers.

Details of the reactor design and unifornity control

nethod of the layer thickness are to be presented

elsechere (4).

2. Experinental

Figure I shows a schenatic diagran of the

c-4-6

RF-induction heated hot-wall type reactor that re
designed and constructed. Its nain features are

as followsS

(i) Substrate cafers are parallelly stacked in the

vertical direction on a rotating quartz holder,

which enables hieh volune wafer loading per batch.

(ii) Uafers are RF-induction heated by the

sumounding silicon carbide coated graphite hot-wall

susceptor.

(iii) llultiple ( two in the present experinents )

nutrient gas (SiC1.+9") distributor tubes are

arranged on one side of the rafers. The

nutrient gas is injected honogeneously into all the

safer-to-rafer spacings.

(iv) nCf gas is introduced into the nutrient gas in
order to prevent silicon deposition on the quartz

parts in the reactor,

This reactor is capable of processing at least

10 rafers (5 inch dia.) per 100 m of stack length.

lloreover, if nafers are hold in a back-to-back

nanner, grorth of 20 wafers per 100 m of stack

length becones possible. This amunts to at least

50-100 cafers per batch, if a holder of 500 m

stack length is used.

The substrates used for experinents cere with

the (100) surface direction, Sb donor inpurity and
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Fig. 1. Schenatic representation of
RF-inducdtion hot-caII epitaxial reactor.

0.015 ohn-cu resistivity. The substrates uere

pre-heated for 20 nin at 1060-1110 C in Hz. Then,

undoped or phosphorous doped epitaxial layers of

10-15 rm thickness rere srorn at 1060-1110 E cith
grorth rates of 0.2-0.3 pnlnin. Two kinds of

epilayers rere prepared by supplying nutrient gas

cith and cithout adding HCI gas in order to conpare

the layer characteristics.

Crystalline defects of the groen layer cere

exanined by the trlrieht etching oethod. Electrical

characteristics were evaluated by using P-n junction

diodes and !l0S structure diodes. Junction

diodes'of 1.1 m dianeter cith a nesa-type structure

cere nade by boron diffusion into the epilayer at

1100 E for 20 nin using a BN source. The silicon

oxide layer ( ttO nn thick ) of the l,l0S diode cas

forned at 1000 C in pyrogenic stean. Aluninun

was deposited by E-B evaPoration and Patterned to

nake electrodes of 1.0 nn diaueter on the oxide

layer. The !l0S diodes were annealed at 500 t
for 30 nin in Hz before C-V and C-t c.haracteristics

neasurenents.

3. Results and discussion

Figure 2 shocs a typical exanple of the

thickness distribution ( i.e.r growth rate

distribution ) uithin a cafer. Uniforu distribution

of *3S can be achieved by choosing optinum gas

flor conditions for the tco gas distributor tubes.

Typical results of the grocth rate variation

along the direction of the uafer stack are shorn in
Figure 3. Uniforn distribution rith less than *5S
deviation is obtained betueen the stack length of
about 180-200 nn. This allows loading of about 20

rafers and if safers are laid in a back-to-back

oanner, about 40 rafers per batch can be loaded

cith thickness variations of less than t5tr both

within a wafer and betreen wafer-to-vafer. In these

cases, the resistivity variations both within a

cafer and betceen rafer-to-cafer are less than t105.
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Fig. 2. A typical exanple of the thickness
distribution (i.e., grorth rate distribution)
within a rafer.
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Then the crystalline quality nas exanined by

the defect delineation etching nethod. Figure 4

indicates tro examples, rhere (a) used a quartz

wafer holder ( xype A ) in which each wafer eas

placed on three pacls protruding fron three ProPs

and (b) used a quartz holder (tvpe B) in which each

rafer ras supPorted by three grooves notched on

three props. In the latterr slip lines generated

fror the points corresPonding to the grooves of the

coo',rNc t tcAs rN 
I
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holder can be seen.

of the wafer holder,

slip lines nor other

and dislocations can be obtained.
T

(a) (b)
Fig. 4. Photographs of the safer surface
after defect delineation etching for (a) type A

cafer holder and (b) type B yafer holder.

One of the features of this grorth nethod is
adding HCI eas to the nutrient gas. Therefore we

investigated the layer characteristicsr paying

attention to the effects of HCI addition.

Figures 5 (a) and (b) shoc the donor

concentration profiles of the epitaxial layers grown

nith and without addine HCl to the nutrient gas,

respectively, rhich cere ueasured by the C-V nethod.

These epilayers were groen without any intentional

donor impurity doping. Low donor concentration

levels ( i.e., high purity levels ) of about 5x1013

cda ( - 100 ohn-cn ) are obtained in both cases.

However, the donor concentration level of the HCI

added epilayer is soneshat hisher than that of the

no HCI added epilayer. The dopant ( SU donor)

transition region ridths at the donor concentration

level of 1X1015 co-a for both grorth layers are

about the sane, i.e. 0.7 ltur indicating that the

introduction of HCI has alnost no influence on the

autodoping effect.
The V-I characteristics of typical p-n junction

diodes are shown in Figures 6 (a) and (b). Breakdorn

voltages of 70-150 V for the various epilayer

thickness between 1.5-10 pD are obtained, chich

coincide fairly well with the theoritical values.

Figure 6 (b) exhibits aloost ideal reverse leakage

characteristics, These results denonstrate that

the growth layer is of superior quality.

Fieures 7 (a), (b) and (c) shor the interface

trap level density (Dr.) distribution of an Al gate

By optinizing the configuration

epitaxial wafers with neither

defects such as stacking faults t6
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Fig. 5. Donor concentration profiles in the
undoped epitaxial layers (a) deposited rith
added HCl gas and (b) deposited rithout added
HCI gas.
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Fig. 6. Typical f-V characteristics of
epitaxial p-n junction diode, (a) I-V
characteristics neasured by curve tracer and
(b) reverse leakage characteristics.
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capacitor fabricated by using various crystal

naterials, chich were obtained by quasi-static C-V

curves. The interface trap density at nidgap for
the salple fabricated on the epitaxial layer groun

by adding HCI gas nas less than 10tt cu-'eV-t and

corparable to those for saoples fabricated on the

epitaxial layer grorn rithout added HCI gas and on

the bulk CZ silicon.
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Fig. 8. llinority carrier generation lifetines
of various epilayers and bulk CZ silicon.

4. Conclusion

lile have designed and constructed a ner epitaxy
( prototype ) roactor capable of processine a high

volune of rafers. Satisfactory thickness and

resistivity unifornity as cell as electric
charactristics could be obtained. Now longer

lifetines are desired by adopting a higher purity

HCf addition systen.
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Fig. 7. Interface trap level density, (Di")
distribution at Si-Si0z for (a) epilayer srocn
with added HCI eas' (b) epilayer grorn without
added HCI eas and (") bulk CZ silicon.

The ninority carrier generation lifetine of the

epitaxial layer grovn by this nec reactor eas

neasured using the C-t resPonse nethod and

conpared rith that of the bulk CZ silicon (Fieure 8).

Relatively long lifetine can be obtained even if no

intentional gettering process is applied' although

the lifetine of the epitaxial layer groun cith HCI

addition is sonewhat lower than those of the

epitaxial layer groun rithout HCI addition and of

bulk CZ silicon. This locering of the lifetine
rould be elininated by using a higher puritv HCI

addition systel.
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