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USE OF LOW-ENERGY HYDROGEN ION IMPLANTS IN
HIGH-EFFICIENCY CRYSTALLINE-SILICON SOLAR CELLS

PENNSYLVANIA STATE UNIVERSITY <«
S. J. Fonash, R. Singh, and H. C. Mu

Basic Effects of Low-Energy Ht Implants

wwee

A. BORON NEUTRALIZATION
B. EFFECT ON ELECTRICALLY ACTIVE METALLIC IMPURITIES
C. PASSIUATION OF DANGLING BONDS
0, DEEP PERMEATION i
E. HYDROGEN CAUSED DAMAGE - SYNERGISTIC EFFECTS :
Effects of Low Energy H* Implants on Solar Cell Behavior
A. EFFECT ON BRSE
8. EFFECT ON SPACE CHARGE LAYER
C. EFFECT OM EMITTER
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19

17

Log p (cm3)

—

Hole Concentration Profiles (Moderately Doped p-type Si)

0-4 Kev H*

1-10 A-cm :

40-70n-¢cm

13

20
Depth (um)

Spreading resistance plots showing t‘tge ole
conc?ﬂtragion in moderately doped (10'7cm™? and.
210" Tem”

) p-type Si samples af'ter exposing them to

0.4KeV H* i?gs fos 1 minute. The incident fluence of H
ions was 10 ca~c.
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Hole Concentration Profiles (B-doped p-type Si)

Deep Level Transient Spectra (Cr-doped p-type Si)

~—AC (arb. anits)

dole
2x10

temperature shown.

once,
’f cm's

tratlon in H-ion-bombarded p-Si doped with
boron atoms after annealing for 1 hr at the
vote that a 190 °C heat treatmen®

anneals out all the compensating defects at the surface.

a) Y =2 3x10l% cm—?
“

=\ s =0

0
0
5
0 vt on =8 ixaoi2 =73
0

d e) N:-l.hxl 12 om-3

100

an {nert ambient.
Note that although

TK)—

Curves showing the DLTS spectra obtained from Schotiky-
diodes made on Cr doped p-Si,as a_ function of
processing; a) no treatment. hf 300 °C thour anneal in

¢) 0.4KeV H” implent for 5 minutes.
the concentration of the Cr levels

decreases after Soth neat treatment and after 18
pombardment, the reduction is much more pronounced in
the latter case.
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Deep Level Transient Spectra (Ti-doped p-type Si)
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Curves showing the DLTS spectra obtalned froa Schottiicy-
diodes sade on T{ doped p-Si,as a runcuon of
processing; a) no treatment. b} 300 9 ihour anneal in
an inert amblent. q) 0.4KeV H” tmplars for § minutes.
Note that the concentration of the 7! levels is
insensitive to these processes.

Data from DLTS Spectra Establish that H* Low-Energy Implants:

A. DEFINITELY DO NOT RFFECT ALL METALLIC DEEP LEVELS.

8. ONLY AFFECT THE LEVELS OF FARST DIFFUSERS.

C. PRSSIVRT(ON OF FAST DIFFUSERS? ENHRNCED DIFFUSION OF EAST
DIFFUSERS (DUE TO RAL'IATION) AND GETTERING?

Passivation of Dangling Bonds

.
DO
==

T

[TV ]

v Mt
au



éhw‘(\&“h SRS

‘ PROCESSING

OR'G'NAL f' (
Electron Beam Induced Current S@EnBOOR QUAL

;*—"t‘: Rl ddthe o ' M’

Ml i R @
|

0 - LA

- | I

- I e
-
. -
‘ I An ‘
. 807k x 38kv 303

- — . - . . —
EBIC S ans 1aken on tipe i1 Pt surtace Letare aln HOoUeatment

o okt ke 3

o o . 007k x i ~=0ku iiﬁ

Iy Scan (ah- on the tront suitace after tnptantnng thie device with
- H on the back of the water

A

.""};

¢z E

o

’a’} 477
' ]



e T

PROCESSING

Rutherford Backscattering Spectra
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ENERGY EMERGY
Rutherford backscatterisg data in the channeling ans random mode from
Si samples subjected tn low-energy lon-beams. Not. Lhat as
the energy of the {ncldent tons v fncreased, more damage
Is introduced at the SI aurface. fturther, uote that B jons
Introduce more lattice damage than Ar lons,
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H/ISPECTRAL RESPONSE)

Spectral Response

C2-5i 75 keV, 52105 cm™2 As huplant

Annnsl: 550 °C 2 hes ¢ 900°C 1S m ¢ 550 °C 2 Ius
A: No H® After Anneal

8: 0.6 keV H® Alter Anneal

0.5

AB
0.4

0.J7

(arb. units)

0.2

-

0.1

¥ W 0 80 100
1/(Abs. Cooll.) (pm) =

Spectral Response

F2-S1 7S kaV, 62103 cm~2 As Implant

Anneal: 550 °C 2 hrz * 900 °C 1S m ¢ §50 C 2 hrs
A: No H® Attar Anneal

B: 0.4 kaV 11* Alter Anncal
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Effect of H on Space Charge Region of Solar Cells
-
g I, base
ln L 1o berore Y I, after H' (A/cal)
/ Device Before H* - After H* (h/ez?) (A/ce?) Theoretical
ST 75 75 3.096 x 1079 6.47 x 1071V 1,1 x 1071}
Cz-Si
"t s2s 51 51 1.667 x 1079 1.57 x 10710 10712
(Fz-S1)
Total Saturation Current and Saturation Current Component
Due to Emitter Transport for Different Devices
f Processing Jo(pA/cme) JnE(DA/czz)
4a12-5C as 18 3.78 ne
¥312-5C no oxide 7.13 5.06
4412-5C no oxide 3.90 1.83
after K*
Jop = 2.07 x 107102 . cm?
g Surface Recombination Velocity Values for Different Devices
S» With 3p nc 55 no oxiue
Model oxide oxide with H®
Roulston 1.53 x 104 5.66 x 105 1,65 x 13"

Joe (With oxide) = 3.786 x 10712 A.cm2.
Jpe (Without oxide) = 7.13 x 10712 A/cm2.

Jue (N0 oxide + 0.4 keV H') = 3,90 x 10712 A/om2.
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Conclusions

A. HYDROGEN INFLANTS ARE VERY USEFUL BECAUSE

1. CAN PRASSIVATE DANGLING Si BONDS AT BULK AND SURFACE DEFECTS.

2. CAN PERMEATE DEEPLY DOWN DISLOCATIONS AND GRAIN BOUNDARIES.

3. CAN GETTER (OR PASSIVUATE) FAST DIFFUSING METALLIC (MPURITIES
(BUT NOT SLOW DIFFUSING IMPURITIES - AT LEAST IF DOPED FAOM
THE HELT).

B. HYDROGEN INPLANTS CAM INPROVE CELLS THROUGH
INPL.OVERENT OF

1. BASE
2. SPACE CHARGE LAYER
3. EMITTER (AND EMITTER SURFACE)

C. CAUTIONS
1. HYDROGEN IMPLANTS THEMSELUES CRUSE DANAGE.
2. HYDROGEM CAUSES BORON HEUTRALIZATION (WHICH ANNEALS OUT IF

T > 1800°C OF IS NOT PRESENT IF PROCESSING TEMPERATURE
150eC).
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