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50% lower cost, uniform wafer

Industry Standard
1. Cast Ingot 2. Cut Bricks 3. Crop Edges 4. Saw Wafers
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50% Silicon Wasted
Direct Wafer™
Direct Wafer™ .~ ~ Direct
Furnace __ Wafer™
o 1/3 consumables cost
50% Less 1/3 Capex

Silicon
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Faster learning curve
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Source: NREL compiled data for modules for non-Direct Wafer results. To estimate cell
efficiency 2.0% was added to the multicrystalline module data to estimate cell efficiency.
*Module efficiencies for the multicrystalline group include Kyocera, Q-Cells, Sharp, and
Solarworld.
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Key Quality Advantages

Path for >standard efficiency
Uniform Wafer 50% Tighter Distribution

Direct Wafer™

g-’o Next Gen

© \ Above Multi

i

C

8 - - -

GL_, Eliminates low- Standard
(a efficiency tail

- -

3X Resistivity Control Low Oxygen Avoiding LID

Standard Ingot Direct Wafer

Variable Across Ingot Same Each Wafer

At or below 1el?7

3.0 ohms sq 1.5 ohms sq
~ +-0.4

1.0 ohms sq
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Ag Busbar
Ag Finger

Textured surface

SiN
Emitter
(80 ohm/sq)

p+ layer

Al contact

p-type wafer AI-BSFz/L
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Full-area Al-BSF PERC PERC + novel GEB SE MWT-PERC
. I . . ’ via and front grid am\ggil;gwe emitter

p-type Si base

emitter |

external rear

II local contact N-type contact exernal dielectric
l,"l to p-type base p-type contact
Jom - 140 fA/cm2 140 fA/cm?2 ) a7 fA/cm2
Hr
Jopu= 80 fA/em? 80 fA/cm? 80 fA/cmz
/ (= =500 us)
Jyrear =] 300 - 400 fAfem® == 70 fA/cm? 70 fA/cme

Ry R=a v HithEfm BIRISVA—-HiZEMM AI—R— LB i & ftm
(AI203, Si02)
ISFH 28t EUPVSEC Fraunhofer ISE, 28t EUPVSEC
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Al-BSF process

PERC process

PERC process
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MWT-PERC process

p-type Si wafers

p-type Si wafers

p-type Si wafers

p-type Si wafers

p-type Si wafers

alkaline texture

alkaline texture

alkaline texture

alkaline texture

alkaline texture

emitter formation

emitter formation

emitter formation

emitter formation

emitter formation

Laser over doping

Via drilling

rear side polish etch

rear side polish etch

rear side polish etch

rear side polish etch

antireflection coating

antireflection coating

thermal oxidation

thermal oxidation

thermal oxidation

ALD AI203 deposition

antireflection coating

antireflection coating

antireflection coating

PECVD capping layers
(rear)

PECVD capping layers
(rear)

PECVD capping layers
(rear)

PECVD capping layers
(rear)

rear laser ablation

rear laser ablation

rear laser ablation

rear laser ablation

Screen printing
metallization

Screen printing
metallization

Screen printing
metallization

Screen printing
metallization

Screen printing
metallization

co-firing

co-firing

co-firing

co-firing

co-firing

Forming gas anneal

Forming gas anneal

Forming gas anneal
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18.6%
. N 18.6%
mc-Si
20084F 20105 20124F z?gg)!
RESKYEREH
Screen printed Ag-contacts SiNy area Voc Jsc FF n
~”_ Thermal SiO, cm? mV | mA/cm? % %
[ | 80 C¥sq. emitter Fz 149 661 38.2 78.9 20.0
& o
FZ-Si 0.5Qcm AN Stuilies Mag.CZ 239 659 38.5 78.8 20.0
s Cast-mono | 239 654 390 | 776 19.8
2 ) CVD capping
LFC Screen-printed Al S Mack, et al., Fraunhofer ISE, 28t EUPVSEC
ELPS 2.0
front contact grid — - anti-reflective coating
Al n_f el cell type Voc Jsc FF n module power
dielectric layer Local A1 BSF Lot 239cm2 mV mA/cm2 % % w
ELPS2.0 661 39.97 77.85 20.57 283.0

Joan Wu, et al., canadiansolar, 28t EUPVSEC
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Material process flow HET Process flow

- First etching+
Phosphorous

125 PS n-type (monolike)

Texturization KOH & IPA

diffusion

Advanced wet cleaning

PECVD: (i) a-Si:H/ (p) a-Si:H

PECVD: (i) a-Si:H/ (n) a-Si:H

—

(p) a-Si:H
buffer a-Si:H

Back full sheet Al

L JL

(n) c-Si

SiN (ARC)
buffer a-Si:H Front grid Screen printing

(n) a-Si:H

Edge isolation

[
[
l
[
Ag giid [
ITo [ Front and back side TCO
[
(
|

S —

Boron emitter

Phosphorus  BSF
Monolike Fz HET

0, M HET Ref.
Surface (cm?) 107
Cells Jsc (mA/cm?) 38.3
(242cm?) Voc (mV) 721
Ref CZ FF (%) 77.3
Average monolike Eta (%) 21.3%

Rear grid

Best monolike
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PERL :Passivated emitter with rear locally diffused cell
wWPANIMEERE FEZIVMER

'

n-Type
IBC( Interdigitated Back Contact)tz/L

4cm?
n:25%

Lightly doped front diffusion |
- Reduces recombinationloss ~ Texture + ARC ==

R PR, f e P
RLbha 270

£ / = EEEE
e o-Type

zms R sﬂwe SWICON n. 242%
s i (Prototyping result)

BR LIS

e Ne Pe Ne B Hs

BT TIALR—R

Localized Contacts/ Passivating

—— \yIR—aV (EREBHESERE)
Reduces contact | SIO; | IS 3
- Reduces back ight o compination loss .Rezd:g:srsurtaue .l\‘J /,\ <3~ ( a4 = -
absorption & causes recombination loss
light trapping
Backside Gridlines
- Eli tes shadowing 2010 EPSCoR Renswable Energy
 High-coverage metal Confersnce Sunpower 1] -Ty pe
reduces resistance loss - =

ATOESEL

101.8cm?
N :24.7%




IBC( Interdigitated Back Contact)tz/L Ea. BEEEREET R L+ AP

IBCEIJL (F—RFSYFPEIKE)
T ILFhE24.6%

-IBCHi &
-nEICZ
-EEEYF0.5mm

«SRESIN/AYIAR—3Y
-BESIO2./SiN/\wIR— 3y

‘n+ép+ERERUVBBORSLICKY BB EEZR

Ry R—a ilEms—HMERIE
AV MBIES —MERIETI SO MERIER

RMERE/NETH=HIAV2IMBRRIU MELERED LTS

AR/passivation layer

N-type bulk

P-type emitter

N-type BSF
Rear passivation layer
Al metal

Metal contact
(black dots) P+ diffusion

undiffused
N+ diffusion

-metal finger +metal finger -metal finger

N+contact:

50 ohrms/sq 3E-5Q-cm
1500hrms/sq 4E-4Q-cm

P+contact: 1000hrms/sq 3E-6Q-cm

-

200ohrms/sq 6E-5Q-cm

(shaded) (shaded) (shaded)
(" avsoMERE —MEROBIR S — )

SiO2/LPCVD SiN

N+contact : 500hrms/sq 50 fA/cm2
2500hrms/sq 7fA/cm2

P+contact : 500hrms/sq 70fA/cm2
2700hrms/sq 20fA/cm2

)

BoEfE

—

N+50Q/O0¢ERFEDIV 2V MER

ISy4—(P+)5HHE80~90%
p+>—ME$H1200~250Q/01

Kean Chern Fong, et al., Australian National University, 28th EUPVSEC
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INFTVZY)D25.6% @ NELIVEHARE Hremes)
‘HIT (R)®JL (=Hetero-junction Back Contact) : R E#&143.7cmEJLT
HEBEEILEE 25.6%EFEMLT= (aistHI5E)
(L 313L25.6%., Voc740mV, Jsc41.8mA/cm2, F.F.82.7%, 0.25%/°C)
BEAT2% U EDTEMMEEZER L= (FBIELRIL),
HITH#EE#IBCHEEITERL -,

I1-V CURVE Date : 14 Feb 2014
" . IEC60904-3Ed.2 143.7cm? (designated area) Wxs-220§-20 Data No :
2L E REELNED R RIRE sampie Vo
BICEDHAFIAER KL (Jscif) : q V11287
Repeat Times : %
6L & Ta 6.01 A
T ey v 0.740 V¥
INIYN—23/R Pocs 3.674 W
Timas 5.72 A
Vpmax 0.643 W
it [P F.F. 82.7

Eff (da) 25.57 %
DTemp. 25.0 e

ila-i~ | H#&MSi(Czn¥ Textured) | | _ . 58 &
p&Ig-Si /_I -7 I_J/l_i-\ MIzr. 100.1 n/on?
SUsFmE/ nBa-Si ‘ "

rrent (&)

L
PowWwer (W)

Ref, Device Ho

a-SifgRIcES | 1} - 1 Eif{ggz of Ref.

BRSRXE _ || 125.83 [nh at100mw/cn?)
7"J“}|“iﬁﬁﬁﬁ'a-5i&§f; ﬁ(VOCﬁ) ;}D ,;I_;,-: .4 :JI_E L!.S:I Igc to Vpe
El:&éﬁﬁﬁﬁﬁﬁ(FF%) Voltage (V) dlg’
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Bifacial Silicon Solar Cell

(a) ‘/Aggrid 30 |

I I DN . i

Passivation layer

p+ diffused emitter

n-type Cz-5i

Passivation layer
I DN D . it
- Ag grid

(b)

Both side texturing

Frequency[%]
= s NN
o w o wn o u
L |
1 -
|
3 ——
| ———— s
G ——————
6 —
7m

I |
( B diffusion - K —— e
[ P diffusion ) g it Bttt e W Sl B o 2 s on e Qs i i fb
( Both side PECVD ) Cell efficiency[%]
[ Both side metallization ]
l S ) P+{I5Mi> D F 135 320.05%
[ ogehoton ] n+1INSDFEHFHE19.07%
Type A Type B
o Max. 25.7 20.3
utput
gain(%) Avg. 18.7 10.0
Min. 5.6 4.5
MO ARDI1—ILFTRAMER
B4 TAT18.7%H Hhil
2L TBT10%H HiE

24T7B: BB (PVG Solutions) 28" EUPVSEC



Back junction solar cell
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p
Ag Saw damage removal and cleaning
' bS

z Boron BBr; diffusion (emitter
Si0,/ SiN, et i

'I Thermal oxidation J\
( Front-oxide removal ]
Front texturing
POC]; diffusion (FSF) |
Thermal oxidation ]
PECVD SiN, deposition |
Laser ablation rear \_
Recn‘mbin atin‘n IGSS at Vnc e Efficiency [%] ; PVD Al metillizaﬁon rear ,\
Edge 190 Laser ablation front J
|
He;ar 1% 200 ;gg Metallization front )
18% -~ 20' 5 L Ni/Cw/Ag plating + Sintering J
£ 150 21 '0 = z
X&) : Edge isolation
< 21.5 S J
W=, 100 220
& o= 225
=L 50 220 ! 23.0 . -
_— f’f’jl;___l B L BE21% L EER/B=0IIE
21% 60% 1000 2000 3000 4000 5000 4784 L1msELE
T [us] Ba AT 0 »JO0<100fA/cm?
bulk 160 um thick wafer ‘H_’,EHZOQ
" cm
Ve » FF n R, pFF

[mV] [mA/cm’] [%] [%] [Qcm’] [%]
Bestt 676 384 792 205' 04 826

Average 673.5 382 795 204 04 817
(4cells) =27 202 +0.6 +£0.25 +0.02

M.Aleman, et al., Imec, 28t EUPVSEC
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Back Contact Cell (nEB!EEERVI)

Gassous difusion Benefits of ion implantation #=>Z'T"yj&75(§b\ %%‘

O Single side doping technique

_“‘ 4 Development of high throughput ion implanters

dedicated to PV

diffusion barrier dep.
HF etch barrier dep.(leaves emitter area open)

Rear diffusion barrier

lon implantation (co-annealing)

BCl; diffusion HF t h
[ Bmplantation | etch barrier removal
Front diffusion barrier
t [ ] wet clean

P implantation
£ — 8 steps

POCI; diffusion

e ——

Barrier & BRL removal J

boron diffusion(emitter)
diffusion barrier dep.

= 12 steps
| Thermal co-annealing +
| oxidation

Barrier & PSG removal

(S oremr )
(et e

1
2
3
4
5
6
[ Front & rear SiNx ] ! :
Thermal oxidation L S ) | 8 |HF etch barrier dep.(leaves base area open)
Front & rear SiNx 9 |HF etch
[ e ;JJ 10 |etch barrier removal
I 11__|wet clean
12 |phos.diffusion(back surface field)
13 |PSG etch
10 cells/batch  Voc [mV]  Jsc [mA/em?] FF[%]  eta [%] 14 |texture frontside
e . . 15 |wet clean
16 |phos.diffusion(front surface field)
17 |PSG etch
18 [oxidation
19

SiN ARC frontside
back side isolation and structuring
back side metalization and structuring
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N
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S.Gall, et al., CEA-INES, 28t EUPVSEC
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