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TRGRATED RZSISTORS O PCLYCRYSBTALLINT

SILICCKN

Dolyerystellineg g3licorn films hes recently many
important srrlicatiocons in irnzegrated circuli technology.

“ilms withk high resistivity and small dimensicns, therefore,

significan:
£tz 1n the coming era cf VIS3I.

This regearch investigates polycrystalline silicen
technolcpies, nroperties, conduction models, end aprlica-
afrated resistores.

The different deposition methods of polycrystalline
silicon are discussed and the ortimal method is introduced

%ith a sugrested LPCVD reactor. Zoth ph ngd electrical
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]
O
M
=
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properties of polycrystalline silicon filme are reviewed,

The different electreonic ceonducticon mcdels are discussed
in detall to gelect the suitable conduction model with the

available polycrystalline silicon waferg in IC'S laboratory
at Ain Shams University. The large grein model is applied
in this work.

The different methods for mezsuring the sheet resistance
are introduced and discussed. The conceptis and processing
pararneters for polycrystalline silicon resistors are given.

"he tecnnology processes for sheet resistance patterns

and integrated resistore are carried out on both single
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rystal and polycrystalline silicon wafers in IQ's laboratory
at Ailn Shams University by using the masks which we have
designed and fabricated.
¥Finally, the results of measurements are interrreted,

and based on the compariscn tetween sheet resistance measu-
ing methods, the more accurzate methods for single znd poly-
crystalline silicon are intrcduced. The important parameters
of single a2nd polycrystalline silicon integrated resistors

are messured and interpreted.
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chapter 1

POLYCRYSTALLINE SILICOR TECHENOLOGIES
ARD PROPERTIES
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For meny years, eritextal layers ¢f silicon have been
srown on singl.e ¢rystal silicon subsiratss ty chemical vapour
deposizicn. The depositior temperature for sgingle cryszzal

. ; 0 LAnD . - .-
Zrcwih ranges beitween 1CCC° to 13CC°C for the silane (53X

Two ityres of chemical wvanptur denosiition (IVI) reszcisrs
are used for ceposition of polycryetalline silicon {rolr-
siiicon) films. Trhe atmcspheric pressure reaciors (APTVIY,
and tkhe lsw pressure reactors (LFIVD).

S T ; 5

Polysilicon has beern imtroduced irn zany Zz-rortant aprli-

caticng Iz irntegrated circuit technology., Zuring the last

MOS8 integrated circuits, Lightiy-doved filzs, ca the cother

rand, have teen
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essentizl. In the follawing, the éifferemt iechmclogical
methods for depositing polysilicozn films will be presented.
Also, the structural amd electrical properties of these films
will be discussed in detail.

I.2. Chemical Vapour Deposition {CVD)

Folysilicen films are gemerally prepared by either
vacuux evapcration of silicon om heated subgtrates [2,3] or
chemical vapour deposition [4,5,7,1C-18].

Siliconm tetrachloride (Siclq), trichlorosilane (SiHClB),
dichclorecsilane (SiHBClz) and silane (SiHu) are widely used acs
silicon seources for silicor film deposition imr sexi-
conductor industry. Tquilibrium reaction efficiency (i.e.
percentage of silicon from a chlorosilane that deposits as
solid gilicon ) depends on the reactant concentratioan,
temparature and pressure [5J. Due to higher costs of 8iH,
and SiHEClE, SiEC]-_3 and SiClA are preferred for lew cost
deposition pracesses., However more recent applications favor
the use of silane (Sin) or dichlorosilame (SiE.Cl,) because
of their lower reaction temperatures and better nucleaticm.
Fig. 1.1 shows the normalized deposition rates from the three
gases as functions of reciprocal temperature in hydrcgen
carrier gas [4].

Most polysiliicon films are dspceited in hydrogen or
nitrogen as carrier gases. Other imert gases have been used
with silane, especially at the lcwer temperaturee. The depcsi-
tion system generally operates with a contipuous flow of gas

over the wafer surface. The silicon-containing gas comprises
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