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ABSTRACT

Single-wafer annealing in an isothermal cavity esn established over the
past several years as an alternative to lamp-basedaling. Excellent
process results are demonstrated in a number dicappns: silicidation
(Ti, Co, and Ni), post-deposition Cu annealing, S&@ BCB annealing,
oxidation and implant activation by isothermal ¢tgennealing compared
to other annealing approaches (lamp-based systemsther hot-wall
reactors). The annealing process sequence cooisiktsfollowing steps: 1)
Robot places wafer inside the isothermal cavityW\&fer is annealed (no
moving parts), 3) Robot removes wafer from theheanal cavity. We
discuss the benefits of process simplicity and gnefficiency in the
context of an overall tool and process design. Wews that the
requirements of energy efficiency and process/tsohplicity are
advantages in isothermal cavity annealing at teatpsgs up to 1100°C.

INTRODUCTION

Rapid thermal processing (RTP) is widely used imaemanufacturing today,
providing operational flexibility and single wafsignature compared to large batch
furnaces. Two types of RTP systems (lamp-basedesimafer processing RTP systems
and non-lamp-based RTP systems) have been develapeédintroduced in the
semiconductor industry [1 - 3]. Lamp-based RTP esgst have very poor energy
efficiency and require complicated temperature mesament and control algorithms. In
addition, frequent process tuning, preventive nemabce and large quantities of
consumable parts are common economic concernarfgs-based RTP systems.

A dual chamber, single wafer rapid thermal furn@RTF) with a vacuum loadlock has
different characteristics. The SRTF system is vasuand atmospheric-pressure
compatible. Its “hot wall” process chamber has novimg parts and can be used in
100% oxygen as well as oxygen-free environmentsrmhl characteristics and process
performance of the system are investigated in ldetathe temperature range of
100-1106C. A very high ramp rate, up to 1%s, was obtained in the high



temperature region (~1180) while the electric power consumption was minimal
(<10kW per process chamber at 13@pPeven for the 300mm system as compared to
250kW (peak power) in typical lamp based systenyichl throughput for a 60s
process in a dual chamber system is ~60 wph.

In this study, excellent process results have loegnonstrated with the SRTF system
for silicidation (Ti, Co, and Ni [4]), post-depadsit Cu annealing [5], SOG and BCB
annealing, oxidation and implant activation.

EXPERIMENT

The “hot wall” isothermal process chamber of th& ERystem and typical wafer
temperature profiles for a 108D annealing process are shown in Figs. 1 (a) bhd (
The process module consists of a tube of cleartgiaad has three quartz standoffs; it
is resistively heated to the desired process teatyper which is then kept constant. The
process tube has no moving parts for design siitypdiod system reliability. The wafer
is placed on quartz standoffs, designed so thatgparation between the wafer and the
quartz walls is kept at ~10mm both above and beldw.quartz process tube is located
in a SIC cavity which acts as a heat distributorcteate an isothermal process
environment. The SiC cavity is surrounded by adfmene heater assembly. The
temperature of the SiC cavity is monitored and alletd at a predetermined process
temperature by three embedded R-type thermocodgdesng back to the three zone
heater assembly. Details of the system archite@ndethermal characterization results
have been reported elsewhere.[1 - 3]
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Figs. 1 (a) Schematic illustration of the isothetnpaocess chamber in an SRTF
system and (b) typical wafer temperature profiles20s “residence time” (equivalent
to 90s “soak time” in a lamp-based RTP system).

Process time or wafer residence time for the SB&tem is defined as the time between
its insertion into the process chamber and the tinseremoved from it. It includes the
“ramp-up time” from ambient to the process tempeer and the process time at the
process temperature, the latter correspondingetésthak time” of the lamp-based RTP



systems. For comparison purposes, the SRTF “resgdéme” can be estimated by
simply adding ~30s to the “soak time” of a lampdzhKTP system. It is important to

note the fact that this RTP system provides a stabpeatable process with no risk of
temperature overshoot, or undershoot. Finaly, tbegss cyle is completed by placing
the wafer into a cooling station.

RESULTS AND DISCUSSIONS

There are several advantages inherent in thiseswoidd cavity approach to RTP
compared to lamps and vertical furnaces. Besideautiparalleled energy efficiency
(power consumption), the relative non-relianceadiation as the main thermal transfer
mechanism provides much less pattern sensitivity emissivity effects from device
wafers, than for lamp based systems. In additlwaretis unparalleled reproduceability,
as the process module is never chang wafer to wafeto lot and month to month,
since there is no aging of lamps to contend with.

A. Cu Annealing (10fC~450C)

The sheet resistance of Cu films on blanket wates measured before and after
annealing in a forming gas atmosphere. Figure 8{@)vs sheet resistance reduction in
3.0 pum thick Cu films on blanket wafers as a fumcof annealing temperature and time.
As annealing temperature and time increased, tleetsfresistance was reduced
drastically regardless of Cu film thickness. Whiea &nnealing temperature exceeded
200°C or the annealing time exceeded 5 min, the she$tance was reduced by
21~23% from the original sheet resistance. Uniftymihange before or after annealing
was less than 1 % irs1

B. NiSi Annealing (258C~450C)

Sputtered Ni films (10 nm thick) on Si wafers waremealed in the temperature
range of 200~45T to form nickel silicide. The sheet resistanceaniokel silicide was
measured before and after annealing (Fig. 2 ()geBresistance and uniformity as
deposited are ~20 ohm/sqg. and ~2.0% snhkfore annealing. b%i formation was
observed as low as 2% The sheet resistance was increased from 20.0sghm
(as-deposited nickel on Si) to 45.00hm/sq. afteealing at 20T for 5 minutes due
to formation of a NiSi (high resistivity, Ni-rich silicide) phase. Beten 275C and
300°C, the sheet resistance sharply decreased to ~hisghas the phase transition
from the high resistivity Ni-rich NBi phase to a lower resistivity, stoichiometric NiS
phase takes place. As the annealing temperatureased, the sheet resistance
decreased to ~9 ohm/sg. above €00y forming a lower resistivity NiSi phase. The
sheet resistance values continue to decrease $oohm/sq. by increasing annealing
temperature up to 480, as more of the available nickel is converteNi®i during the
fixed process time. The uniformity change before after annealing was also less than
1%inIs.
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Figs. 2 (a) Surface response of the sheet resistegttuction ratio of Cu films (3/6n
thick) as a function of annealing temperature aintetand temperature sensitivity of
various silicides (b)~(d) annealed in an SRTF syste

C. CoSi and TiSi Anneal (460 ~950C)

Silicidation anneal was performed using Co andilmg on Si wafers in the
temperature range of 48D~950C in an Q-free, 100% N atmosphere (1 atm) (to
avoid oxidation). Figures 2 (c) and (d) show tamperature sensitivity of sheet
resistance for 22.5nm thick Co and 42nm thick TSowafers as a function of annealing
temperature. The annealing time (residence time)fixad at 60s for both cobalt and
titanium silicidation. The uniformity change i3 hfter wafer processing, was less than
1.0%, suggesting excellent within-wafer temperatungormity during the process.
Excellent within-wafer temperature uniformity washeeved over the entire cobalt and
titanium silicidation temperature range (468950C).

D. Implant Anneal (90T ~1150C)

Temperature sensitivity of sheet resistance ofousritypes of deep implant
wafers {'B* 50keV 1x167cn?, “BF," 70keV 1x16%cn?, *P" 70keV 1x16%cn? and
"As* 70keV 1x16%cnr) was investigated in the temperature range of 9006C
under 1 atm Blatmosphere. Annealing time was varied betweerad@sL80s. Surface
response of implanted wafers after annealing watiqal as a function of annealing
temperature and time (Figs. 3 (a) ~ (d)). In allexsnear target sheet resistance values,
sheet resistance uniformity of less than 0.5%) (kas typically achieved over wide



temperature and time ranges. Typical sheet resistamiformity of "'B* 50keV
1x10"/cn? and*BF," 70keV 1x16%cny implanted wafers after annealing was less than
1% in Is.

E. Dry Oxidation (90€C ~11006C)

Thin oxide films were grown on Si wafers in the pmmture range of
900~1106C under 1 atm @atmosphere. The process time was varied from 60 to
3600s while oxygen flow of 0.5 slm was maintainetghout the process. An average
film thickness of 7.3nm with uniformity of 0.9%<g1 ) was obtained. No slip line was
observed in the oxidized wafers.
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Figs. 3 Surface response of the sheet resistanoaplanted wafers as a function of
annealing temperature and time.

F. Other Process Applications

BPSG densification and reflow, PECVD depositedetitic film densification,
Al sintering, SOG anneal, SOD anneal have beeroprefd using various thermal
processing systems. All the process results ubggethot wall systems were equivalent
or superior to those obtained from conventiongddratch furnaces and/or lamp-based
RTP systems.



H. Power Consumption and Productivity

High thermal conductivity and diffusivity of SiC ity and optimized geometry
of heater zones provide excellent process unifgramtl repeatability over a very long
period of time without frequent maintenance. SitieSRTF system has no hardware
limitations affecting the length of process timeany batch furnace processes can also
be done in the system with increased process fligxiand short cycle time.

Due to the stacked dual furnace configuration aedy efficient temperature ramp
up/down characteristics of the SRTF system, a kigty wafer throughput is achieved.
Throughputs of 60~70 wafers per hour can be actiiéme60s processes with a 60s
cool down step. Average steady state power consampt 1100C is <3.5kW per
chamber (for 200mm system), an order of magniteds than other architectures. In
addition, process and slip test results obtain@tjubke SRTF system are equivalent or
better than those obtained from the conventiomaplheated RTP systems and batch
furnaces.

CONCLUSIONS

A single-wafer annealing system and method in ath&ymal cavity has been
introduced as an alternative to lamp-based anmpalivie have demonstrated excellent
process results in a number of applications: d#éiton (Ti, Co, and Ni),
post-deposition Cu annealing, SOG and BCB annealngdation and implant
activation by the isothermal cavity annealing, canipg favorably to the other annealing
approaches (lamp-based systems or other hot-wadtaes). We have discussed the
benefits of process simplicity and energy efficieimcthe context of an overall tool and
process design. We show that the concepts of ermdiigiency and process and tool
simplicity are advantages in isothermal cavity ating at temperatures up to 1100°C.
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