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ABSTRACT

The objective of this program is to develop hlgh rate, energy
efficlent solar cell processing techniques based around lon [mplaniation
and ellminatlion of all conventional thermal operatlons. Cells have been
fabricated using an abbreviated series of vacuum process operations per-

formed at room temperature.
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1.0 INTRODUCT ION

The sillcon solar cell as a semlconductor device has a relatively
simple structure, This structure Is deceptive In that, in splte of I+s baslc
simpllclity, It has requlired relatively difficult and carefully controlled
production processing to achieve hlgh performance and environmental stablllty.
Adaptation for terrestrial applicatlons of production technology developed
for spacecraft solar cells must be questloned. The needs for far higher
production rates at drastically reduced costs probably using lower qual ity
starting materials but without substantial relaxation of performance or
retlabili+y goals demands not alterations of existing methods but entirely
new processing concepts.

Under this program for Development of Methods and Procedures for
High Rate, Low Energy Expenditure Fabrication of Solar Cel!ls, Simulation
Physics Is attempting to determine simple, fast and economical cell pro-
cessing based around the use of ifon implantation and electron beam technologles,
It is assumed that resul+ing methods should be compatible with any form of
silicon wafer, shest or ribbon which may become available. The processing
is defined o consist of a small number of inherently fast steps all of

which must If possible be achievable at room temperature In a vacuum environ-

ment.
2.0 TECHNICAL DISCUSSION
2.1 Mathod and ObJectives

Starting with a clean, properly surfaced silicon wafer the
following is a very simple sequence for fabricatlon of an antireflected

fon Implanfed-N+/P cell:



I, Implant 10!% en™? p3l*

Zo Anneal implant damage (750°C/30 min)

3. Evaporate front contact

4, Evaporate back contact

5. CEvaporate antirefiective coating

f. Sinter confacts and antireflective =oating

(400 - 600°C/10 min}.

ton implantation and contact/A+ coating deposition can be rapld.
Present generation implanters are avaiilable with several milliamperes of

2 fluence for cell Junction

scanned beam current. Assuming IOllj cm
formation, a | mA beam wlil process 6 cm2 of cell wafer per second. Vacuum
avaporation steps also require seconds. The two thermal processes

dominate the time required for performing the simple fabrication sequence,
These two steps also are generally not performed In a vacuum environment
and beciauyse they are the only operations not conducted at room temperature,

they Involve most of the energy expenditure associated with cell processing.

The processing parameters are summarized below:

Process Energy
Process Environment Time Consumption
Implant “Room Temp - Vacuum Seconds Small
Anneal 750°C = Forming Gas 30 min, Large
Evaporate Contacts | Room Temp - Vacuum Seconds Small
and AR Coating
Sinter 400-600°C - Forming | 10 min, Large

Gas




Simulation Physies is attempting to develop a simple ell pro-
cessing sequence cumparable to that given above, but with replacement of
the furnace operatlons by some alternative procedure which can be fast,
which will tnvolve Iittle energy consumption and if possible can be pere
formed under vacuum In order to be consistent with other steps in the
sequence. A beam of low energy electrons from an clectron beam qencrator
operated in a pulse mode is being ut!lized to produce procossing effocts
to substitute for those of the furnace anneal and sintering steps. Develop=
ment of satisfactory electron beam parameters Is being performed by
Simulation Physics under Alr Force Aero Propulsion Laboratory Contract
F33615-75-C~-2006 which Is also related to advanced solar cell aevelopment
and results from that effort are belng adapted to the simple processing
concapt.

Flgure | shows the spatial energy deposition proflie in sillcon
resulting from typical electron beam parameters. A wafur 2 inches in
dlameter can be processed wlth electron beam duration less than one micro=
second and with beam fluence less than i cal/cmz. Calculated temperature
proflles in the sillcon as functions of time following completion of
electron beam exposure are glven in Figure 2 for ~epresentative beam con-
dittfons., Transient high temperatures in the surface region being processed
relax in & pertbd of a few microseconds.

By combining electron beam and ion Implantation methods, a pro=-
cedure is being developed which will allow cel! fabrication under the

fol lowing constraints:
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(1) He etchling or cleanfng opé?ationsg

() No batch brocoss orera?loné.

(3) No nonvacuum operations,

(4)..No cohven*!onal.thrmai operations.

(%) No coneumabla materials other ?han those as
cell compoﬁents. . |

t6) General.apnllcébllify fé a wlde varleTy nf
silicon material forms. |

{7) Direct pro;esélng:energv less than § cal/cmp.__

(8) Tofal‘processtng:flma (slifcon wafer to

tinished cell) less than 30 seconds/cnz.-

Requiremants (7) and (8} regarding process energy and time are area
dependent, bamonsfrafion under this program Is to be conducted using

2 x 2 emcells, Direct process energy (energy incldent upon t+he celd
surface) will be less than 20 calorfes total and processing time wil) be

less than 2 minutes for the col!.

2,2 Technical Status

| In order to determine parmeters for minimized process fabrication .
of lon implanfed cells if_ts necessary to evaluate fon implanted cells
processed without concern for simplificatidn._ Performance of these cells
can be consldered a gdal.fo be demonsiréfed:using.a simple process sequence
subject to the constraints which have begn listed abové.v[Flgure 3 shows

the AMO I~V characteristic of a [0 ohm-cm N'/PP* cell fabricated using

o
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“of o compnrlson of furnnun and nler?ron beam annoat!nq of 10

~implantation fhraunh an oxide to improve the junction préflle and usling con=-

vontional heating fur anneal and sintering obnraflons. The cell of Flgure

3 hds maximum hower output of 54 nw under'lif mw/cm? AYO 11 lumtination

~ whieh in IO§ nff1hlnncv. Addifional npflmlvafion of The Jjunction and reducrlon

“of serfos rosis t1nuﬁ should result in eff!ciunny bnvund g AMO,

The usn of fhe olectron beam for impldnf anncal and contact

-si'rnri,q I's bninq auscsssfullv emploved ln cell fabrlraflon. The results

!5 ? P3i+

25 kaV impianf infn to ohmegm N-rype slllcon are as follows.

Anneal | Measured Sheet Resistance
| None o >5000 R/
 Furnage -
750°C/60 min- S0 85 - TI10

" Flectron Beam | L
0.3 cal/em? ) - 45 =72

The AMO j=V characrerisfic of the bes+ cell fabticared fc dare

i using lon Implan#af:on, simple vacuum-onlv processing, and elecrron beam

replacemen+ for fhermal opera+lons is shown In Flgure 4. This particular

- cell had aluminum conracfs and no an+lreflec+lve ccailng. The-cell exhibjts
7:__ high shun+ resisfancs, reasonably low . serles resisfance and good curve
.'_:“facfor._ Open circuif vo!fdge is appraxlmafely 20 mV lower than that

'.1 exhlbifed by slm!lar 10 ﬂ-cm cells fabricared using conventional thermal

procedures. k
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3.0 CONCLUSIONS AND RECOMMENDAT 1ONS

Solar cells are being fabricated using only vacuum operations
wlth The cell wafer held essentially at room temperature throughout pro-
cessing. It is this capability which is necessary for successful achieve~
ment of program objectives. Cell performance must be Improved. The pro-

gram is proceeding accordlng to plan.

=10~




4,0
4-'

report.

4.2

4.3

APPEND|CES

New Technology

No new technology bas been Identifled durlng the period of this

Program Plan

An updated program schedule is glven in Table I,

Man Hours and Costs

Total man-hours and costs for the period from program inception

to 3! December 1975 were 1565 hours and $35,286 respectively.
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