
Fundamentals and processes for photovoltaic devices

Chapter XI. 
High efficiency solar 

cells:
TOPCON, SHJ and IBC
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Outline

1. Advantages of high efficiency  

2. High temperature passivated contact cells

3. Heterojunction junction solar cells

4. IBC solar cells and use of IBC cells in 

5. IBC heterojunction



1. Advantages of higher  efficiency
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→ require less mounting space 

→ lower balance of system costs per installed W

→ higher energy density (if space is expensive or rare)

→ usually better performance at higher temperature and at low illumination

→ Can more advantageously be combined with trackers (1 or 2 axis)

• Single axis tracking systems can bring 25-30% increased energy 

depending on the location and are becoming mainstream for large 

parks. 

• Can be combined with bifacial with bifacial modules (typ additional 

5-20% annual energy yield depending on Albedo)
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Higher efficiency cells and modules

Because of their inherent benefits «high 
efficiency» technologies can be sold at 

higher price per Watt

For instance in 2020, Sunpower could sell
22.7% module at 0.7$/W in Switzerland

(against 0.2-0.3$/W for standard modules)
Branding also a factor !

At some point the market is obliged to follow: 
if everybody sells 22% c-Si, modules, a 

company will not survive with 17% modules 
on the long-term

Higher efficiency:

Two options

1. Module/cell design

Larger cells and modules (less

edges)

½ cells, cells overlap, shingling

2. Improve intrinsically the cell

performance, beyond PERC

Which can be

combined



1. Advantages of high efficiency cells
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Coefficient of temperature

Intuitively, when a forward bias is applied on the diode, strong 

majority carrier currents flow through the junction. If T is increased, 

the concentration of carriers increases (ni2) and the forward "dark" 

current is increased! This is detrimental to the cell performance 

(this current adds to the negative photocurrent!)

In first approximation, by using the diode equation

= -2.4 mV/°C for Voc ~600 mV

= -1.64 mV/°C for Voc ~700 mV

• FF also decreases similarly with T (unless transport through contacts is thermally activated)  

• The current increases moderately due to bandgap decrease and more phonon assisted absorption.

• The higher the Voc, the better the 

temperature dependance of the voltage

• Voc determines esssentially dPmax/dT:  

higher Voc and smaller dVoc/dT →

better temperature performance

With Ego=eVGo

~1.12 eV 

and =3 for Si

(11.1)

5

P
ro

f.
 C

h
ri

s
to

p
h

e
 B

a
ll
if

 

HIT modules 

from Sanyo



Example: for an average module 

temperature of 50°C -0.1% 

difference in T coefficient means 

?   more annual energy yield 

Typically coefficient of temperature

(relative decrease) of Pmax, Dpmax/

Al-BSF cells (Voc 640 mV) = 0.45%/°C

PERC cells (Voc 680 mV)= -0.37%/°C

Sunpower cells/Topcon ~(~720 mV)  = -0.30%/°C

Heterojunction (747 mV) = -0.25%/°C

2.5%

1. Advantages of high voltage 

Coefficient of temperature
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In addition, High Voc → Io is small →

Improved low light behavior, if no shunts or 

leakage current

→ 1-2% annual possible extra energy yield



• GaAs single junction 29.1% certified record for single 

junction

• III-V based multi-junction (38.8% five junctions) 

39.5% for small devices < 0.25 cm2.

AM1.5 G

Example: Record mini-modules with GaAs from

AltaDevice

• Fast epitaxial growth of III-V GaAs

• Lift off-process re-use of substrate

• typical Voc: 1.09 V… remarkable devices

Reminder: niche application, military, drones, space

100-200 €/W

See Table of record by M. Green et al. 

Progress in photovoltaics

1. High efficiency

Types of high efficiency cells
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Solar cell efficiency tables 

(Version 63) (wiley.com)

Nov. 2023

https://onlinelibrary.wiley.com/doi/epdf/10.1002/pip.3750


Multi-junction with
Silicon

Solar cell efficiency tables (Version 61) (wiley.com)

Nov. 2022

*

But doesn’t change the III-V cost problem…..

100-200 €/W → a few $ ??? Abondance of Ga ??

https://onlinelibrary.wiley.com/doi/epdf/10.1002/pip.3646


• Maximum efficiency of Silicon at 29.4%

• Optimum at ~ 80-110 µm

• In STC, no focused light

A. Richter et al. IEEE JPV 2013

F. J. Haug Solmat 2021, for tandem Si/Si

Hypothesis for simulating Si limiting efficiency based 

• Perfect material quality

• Perfect surface

• No recombination at contacts (Passivating 

contacts)

• No parasitic absorption 

• Quasi ideal light trapping, based on lambertian diffusion

• In silicon (contrarily to GaAs), Auger 

recombination is a limiting factor when coupled

with weak absorption: → need thick device to 

absorb the light, → high carrier concentration at 

MPP → high Auger recombination at MPP

1. Reminder: limits of Silicon

Basics of efficiency limits in crystalline silicon 

(beyond Schockley Queisser limit)

M
IC

R
O

 5
6

5
 –

L
e

c
tu

re
 1

1
: 

In
tr

o
d

u
c

ti
o

n
 t

o
 v

e
ry

h
ig

h
 e

ff
ic

ie
n

c
y
 c

e
ll
s

9

P
ro

f.
 C

h
ri

s
to

p
h

e
 B

a
ll
if

 



SiNx
n+

p-type

Mc-Si

Cz-Si

AlOx
SiN

Al

Classical c-Si cells  (including PERC)

→ Direct c-Si/metal contact

→ Infinite «surface recombination velocity»

Strategies: 

• Further minimize metal fraction

• Screen metal with more doping in silicon

p-type

Mc-Si

Cz-Si

Xxx

Metal

Passivating contact cells: contact and passivate

→ No direct c-Si/metal contact

→ Ultra-low recombination velocity

Strategies: 

• Reduce interface defect density

• Select layers transparent for carriers

• Assist with an electrical field
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1. How to come closer to the silicon limit

For ultra-high efficiency

10

P
ro

f.
 C

h
ri

s
to

p
h

e
 B

a
ll
if

 

Challenging: PERC already very mature

Back-contacted cells

→ No front shadowing

→ More freedom at the back (with or without passivating 

contacts)



Typical industrial c-Si solar cell structure
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The many different possible structures

a) Al-BSF cell. 

b) PERC localised rear contacts in the 

“passivated emitter and rear cell”. 

c) Local contacts “passivated emitter and rear 

totally diffused” (PERT), a design that 

applies to p- as well as n-type wafers. 

d) and e) TOPCon n-type designs with “tunnel 

oxide” passivating contact”, either with 

evaporated Ag contact as used in R&D, or 

with localised fire-through metallisation as 

becoming mainstream in industry. 

g) IBC a design with “interdigitated back 

contacts” (). 

h) SHJ both-side contacted “Silicon 

heterojunction” (SHJ) which was first 

demonstrated on in the “Heterojunction 

with Intrinsic Thin layer” (HIT). Panel 

i)  IBC- SHJ design. 

C. Ballif, F.J. Haug et al. Nature Rev. Mat 2022

Voc ~ 630 mV Voc ~ 690 mV

Voc

~ 720 mV

Voc

~ 750 mV
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Ultimate possible evolution of c-Si solar cell

technologies
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Smaller contacts

e.g. low cost

pholithography

Passivating contacts solar cells

High 

temperature 

passivated

contacts 

«TOPCON»

Low Temperature 

passivated contacts

«Si  heterojunction»

«SHJ» or «HJT» 

or «HIT»

Advanced cell architectures 

Interdigitated

back-contacted

solar cells «IBC»
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VBM

CBM

EF

ETM HTM

1. Passivating contacts
Passivating contacts: reduced interface defect density and get one type of carirrer through
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Needs

selectivity of 

one carrier 

type



Updated industrial view (March 2024)

TOPCON

Heterojunction

Back-contact

And Si based-tandem

(Perovskite/Silicon)

from 2026

International Technology Roadmap for Photovoltaic 

(ITRPV) - vdma.org - VDMA

n.b. industry usually

predicts

wrongly !

https://www.vdma.org/international-technology-roadmap-photovoltaic


2. High temperature passivating contact (TOPCON*)
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▪ High T process: using thin «tunnel» oxides (1-2 nm)  covered with doped poly-silicon* (thin 
crystallised layer of silicon 30-200 nm thick), contact then by a metal. 
TOPCON = tunnel oxide passivated contacts

▪ The oxide passivates, and the doped polysilcon creates a «field» effect which reduces the need
for perfect passivation. Eg. holes can’t cross the oxide at a poly-Si(n)- p-Si, whereas electron can

▪ Contacting the poly-silicon layers with a metal does not introduce recombination

*E. Yablonovitch et al.  APL 11 (1985), then introduced by Sunpower as a «secret», 

then made popular by Fraunhofer ISE in 2014, including for the name Topcon

[1] Feldmannm, F., et al., SOLMAT, vol 131, (2014)

[2] Römer, U., SOLMAT, vol 131, (2014)

[3] Young, D. L., Energy Procedia 55, (2014)

[4] Tao, Y.,  Proceeding 42th IEEE PVSC (2015) 

Papers by PV-lab !

1-2 nm
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Doped poly Si-n

Doped poly Si-p

https://www.scopus.com/source/sourceInfo.uri?sourceId=27030&origin=recordpage


IN practice

▪ Polysilicon at the front is not so convenient (absorption doesn’t
contribute to current):

▪ The industry has selected a route with only a TOPCON contact at the 
rear, with a front side Boron diffused p-region, with a fire-through
contact. The front is limiting the cell but constantly improving!



2. Industrial TOPcon process
Current mainstream TOPCON (rear contact only)
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• Use n-type wafer

• Make high-quality Boron emitter which can be well

passivated by Al2O3 at the front

• Make a thin SiOx and a poly contact at the back (various

coating techniques possible) 

• Passivate front, put dielectric at back, and fire through front 

and back (without going throught the SiOx layer at the back)

Y. Chen, P. Verlinden et al. Photovoltaics Res. Appl. (2019). 

https://doi.org/10.1002/pip.3180

Bifacial structure possible !
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C. Ballif, F.J. Haug et al. Nat. Review Materials 2022



Continuous improvement of TOPCON (Pass. Contact)

Graphic: Hansgar Mette, Silicon PV 2024

F. Fertig et al., "Q CELLS > 24% Silicon Solar Cells With Mass-

Production Processes," in IEEE Journal of Photovoltaics, vol. 12, no. 1, 

pp. 22-25, Jan. 2022, doi: 10.1109/JPHOTOV.2021.3112122.

B. Lee, Q-Cells et al. Proceeding Silicon PV 2023

In the best production lines Topcon cells

reach ~24.5-25.5 %

JINKO solar certifed a TOPCON cells with

26.89% in 2023 (unknow manufacturing

process)

TOPCON modules can reach now

22-23% (large modules)



A magic and quickly evolving »trick » for 
contacting Silicon





Screen-printed front contacts

Thanks to LECO process, like improved

local, while keeping a « partial passivation 

on less doped emitter*

→ Allows low front doping (< 1019/cm-3)

→ Front sides improves and valorises the 

quasi perfect backside



State of the art TOPCon solar cells
• State of the art TOPCon solar can reach efficiencies above 26% featuring

• JSC ~ 41.5 mA·cm-2

• VOC ~ 738 mV (iVOC reaching 750 mV)

• FF ~ 86.5% (above (or close to) radiative limit → auger limit)

• To achieve such high efficiency

• High bulk lifetime (>5 ms)

• Low surface recombination (<2 fA.cm-2)

• Low metal recombination (<150 fA.cm-2)

• Low contact resistivity (<2 mΩ.cm2)

• High quality metal printing (metal width < 20 μm)
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J0,m ~150 fA·cm-2

J0,pass ~3 fA·cm-2

J0,pass ~3 fA·cm-2

ρc~1-2 mΩ·cm2

Rsheet~400 Ω/sq

Rsheet~200 Ω/sq

ρc~1-4 mΩ·cm2

Legend

(n) c-Si

(n) a-Si

(n) poly-Si

(n++) c-Si

SiNx

SiOx

AlOx

(p++) c-Si

Ag



Typical I-V of a very good Topcon 2023 

• Similar Jsc to PERC

• 41.25 mA/cm2

• Higher voltage

• 30-40 mV more

• Better FF 

no local Al-BSF with

possible resisitiv

transport losses in wafer

Source: B. Lee

Q-cells, Silicon PV 2023



Typical I-V of a very good Topcon 2024

• 0.05 mA /cm2

• 3 mV more

• 1% FF more

• 0.43% absolute more

In one year

Source: Ansgar Mette

Qcells Silicon PV 2024



From « small »  to large Topcon module

Up to 22.3% total area 

efficiency

Up to 728 mV per cell

Dpmax/T= -0.3%/°K

Note: class from 21 to 22.3%

In practice not always

possible to have the best 

class



2. High temperature passivated contact cells
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• By adding a tool for deposition of polysilicon + SiOx preparation and with process adaptation (Boron

instead of phosphorus diffusion), a gain of ~ 1-1.5% efficiency compared to PERC solar cells can be

targeted.

• Most existing industry adopt this technology through massive «new production lines»

(smallest units at 600 MW)

• The current most popular TOPCON process (boron doped front and rear side fully passivated n+ 

contact) is less and less limited in  Voc thanks to improvement of the front contacting process (paste 

adaptation and LECO process… its now almost like creating tiny quasy perfect contacts with the 

glass frit somehow passivating the front.

• TOPCon requires 2x the amount of Ag than PERC which could become an issue in the long term

(11-14 mg/W).

• A logical next step could be local front passivating contacts or even simplified processes (but all 

come with challenges (see many papers by PV-lab of EPFL)
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3. Silicon heterojunction (SHJ) solar cells
Types of high efficiency cells
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chemical

passivation

• Intrinsic hydrogenated amorphous silicon (a-Si:H) deposited at low temperature (typ 200 °C) 

provides excellent passivation of c-Si surfaces (with or without field)

• Charges can be extracted through a-Si:H layers, which act as semi-permeable membranes or

passivating contacts 

• Contacts to Ag grid is provided by a transparent conductive oxyde (TCO) such as ITO which also

support the electron current transport (like the emitter of a p-n junction)

Keypoint of SHJ technology : record Voc values (>750 mV for 150 micron wafers)
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Heterojunction is 

the junction 

between two 

materials with 

different bandgaps: 

here a-Si and c-Si

S De Wolf, A Descoeudres, ZC Holman, C Ballif. Green 2 (1), 7, 2012. 944, 2012. 

High-efficiency crystalline silicon solar cells: status and perspectives



3. Silicon heterojunction (SHJ) solar cells
Historically
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Invented by Sanyo less than 30 years ago

Commerciallized first under ‘HIT’ name by leader Panasonic
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Oct 1993

3. Silicon heterojunction (SHJ) solar cells
Neuchâtel : a long history with plasma deposition and SHJ cells  shortly after Sanyo
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3. Silicon heterojunction (SHJ) solar cells
One of the most simple process flow (developed at IMT, Neuchâtel)
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8 ‘‘process steps’’ (<200°C)

Saw damage etch / texturing / cleaning

i-p a-Si:H deposition by PECVD (15 nm)

i-n a-Si:H deposition by PECVD (15 nm)

Screen-printing front and back contact

Low temperature annealing

S. Olibet et al. 2006
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Front and back ITO DC sputtering (80 nm)



31

Heterostructure contacts: band structure

 No direct contact between metal and electrically active semiconductor

 Surfaces are passivated (S ~ 1- 15 cm/s for full contacts, ) but carrier can still cross the contact 

Practically: deposition of hydrogenated amorphous silicon (a-Si:H) layers on the surfaces

 Low recombination is mainly thanks to use of thin intrinsic a-Si:H buffer layer 

 a-Si:H Films can relatively easily be doped either p- or n-type (allows us to make an “emitter” and “back 
surface field”, or at least to create an asymmetry in carrier collection).
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3. Silicon heterojunction (SHJ) solar cells
Full surface «passivating contacts»
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3. Silicon heterojunction (SHJ) solar cells
Heterostructure contact

M
IC

R
O

 5
6

5
 –

L
e

c
tu

re
 1

1
: 

In
tr

o
d

u
c

ti
o

n
 t

o
 v

e
ry

h
ig

h
 e

ff
ic

ie
n

c
y
 c

e
ll
s

The contacts/surfaces  are very sensitive (and can be simulated with PC1D) to:

• Mobility in the a-Si:H (low minority carriers mobility → high Voc)

• Band offsets that prevent carriers from recombining

• Possible surface or interface defects and charges

• Tunneling and thermionic emission that can affect transport and modify the FF

→ HJT are not trivial to simulate and understand 

a-Si:H is a disordered semiconductor with properties different than c-Si (bandtails, 

amphoteric "3 states defects")
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3. Silicon heterojunction (SHJ) solar cells
Advantages: towards thin wafers
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Note: current losses may be avoided by improved optical confinement

Almost perfect passivation and low T process allows use of very thin wafers (no warping of substrates etc.)
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Best screen-printed cells so far in EPFL PV-lab

24.42 % (n.b. excellent for 2x 2 cm2 research lab!)

VOC = 731 mV (with thinner wafer → 745 mV)

JSC = 40.7 mA/cm2, (n.b. thick wafer)

FF = 82 %

larger wafers, less edge effects, process tuning → > 26%(i) a-Si:H

(p) a-Si:H

TCO

Metal

(i) a-Si:H

(n) a-Si:H

TCO

Metal

Hole-selective

passivating contact
Electron-selective

passivating contact

c-Si

(i) a-Si:H

(doped) a-Si:H

TCO

5 nm

Processes for a-Si:H deposition are key to achieve

required opto-electronic properties !

3. Silicon heterojunction (SHJ) solar cells
High efficiency Si bottom cell (with lean process)

M
IC

R
O

 5
6

5
 –

L
e

c
tu

re
 1

1
: 

In
tr

o
d

u
c

ti
o

n
 t

o
 v

e
ry

h
ig

h
 e

ff
ic

ie
n

c
y
 c

e
ll
s

34

P
ro

f.
 C

h
ri

s
to

p
h

e
 B

a
ll
if

 

Perfect passivation ( Seff < 1 cm/s)



3. Silicon heterojunction (SHJ) solar cells
Plated heterojunction cells  at CSEM: certified efficiency  24.73% on 222 cm2 (2020)
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A. Lachowitz et al. CSEM, 
Watabe et al. CIE
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2005 2008 TODAY

First high 
efficiency solar

cells

Hosting and transfer
of technology to 

Roth&Rau
Switzerland

2009

Swiss

Electric 

Research

award 2007

Creation

Roth and Rau

Switzerland

Meyer Burgers

Acquires

Roth&Rau

Industri-
alisation

phase

First Production 
lines and tools

sold

Large scale
demonstrator

2011 2013

22-23 %19.2% 22-23 / 24 %
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A lean but subtle process: from lab to full production lines

3. Silicon heterojunction (SHJ) solar cells

Revival of 
production 
in Europe



• Thicker wire
• No-more indium
• More transparent polymers
• Much less Ag fingers (or Cu)

(SWCT™) to play a key role in REC 
Group’s cutting-edge high efficiency 
solar module technology
02/12/2018
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18 “Smart wire” connections : strong reduction of Ag costs

3. Silicon heterojunction (SHJ) solar cells



600 MW at REC

Improved production, 
smartwire®, ½ cells, →

Modules from
20.6% (360 W)  to 21.7% (380 W)
With Tcoff Pmax at -0.26%/°C
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Combining production know-how and equipment

3. Silicon heterojunction (SHJ) solar cells

REC bought by Reliance Groupe (India): they
build an integrated (from sand to module) fab
of 6 GW SHJ…. Enel going for 3 GW in Europe



2021: strategy shift of Meyer Burger (equipment makers before) New 

Upscaling 1.4 GW, plan to goes to 5-7 GW by 2026

Reindustrialising cell production in Europe, modules currently up to 

21.8% (was 7th best) , new version > 22%  !
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3. Silicon heterojunction (SHJ) solar cells

Strategy: higher price, local, low CO2 product, no issue with labor

practice. Targets mostly first private customers ready to pay more !

745 mV per cell

in production,

Up to 25% (M6)

Still producing cell in 

EU but shifting module

To USA (IRA)
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In the meantime in 
China



New records for industrial size SHJ from Longi in 2021

Thanks to mass pilot line, 

Remarkable by chinese companies

26.3% efficiency by LONGI for 

SHJ (oct 2021)

Many companies entering SHJ production at GW level. Almost all companies with pilot 

lines. 

Current cell production efficiency ~24.4-26%

Challenge: more Ag usage and In Usage. Technology requires a lot of know-how



Record Si cells in the world with front and rear contact : 26.74 
c-Si Heterojunction by Longi Hao Lin et al. Nature Energy 2023

Ultra-high FF of 86.48% because Auger strongly limits Voc…41.1 mA/cm2 and 751 mV

https://www.nature.com/articles/s41560-023-01255-2


Several chinese companies have started 5-20 GW HJT fab

▪ Larger cells (1/2 G12)

▪ Implement a gettering of the wafer

▪ 110 microns wafer in production

▪ Cells to 25.5% in production with nc-Si layers (many layers based « partly
on our processes developped and refined with Meyer Burger »)



Commercial large SHJ modules with 85% bificiality

But beware: datasheet wrong …. ( 775 mV per cell)
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CSEM facade, with bifacial «space» heterojunction modules with smart wires

46



• Attractive and simple process to reach 24.5-25.5% or more in production. Meyer Burger close to 
25% in production.

• Excellent bifaciality, potential for ultra-high energy yield thanks to record low T coefficient
• Slightly higher manufacturing costs, in particular because of high Ag consumption

(unless using «smart-wire approach») and usage of ITO as front and rear layer
• Higher Voc but lower current than TOPCON because of front side parasitic absorptance, needs

very good lifetime wafer (no gettering)

• Many fabs, and pilot lines around the world in development, including Swiss technologies at 
Meyer Burger, Hevel,  REC, ENEL , Huasan, Risen, Tongwei…), now >> 50  GW rapidly growing but 
suffering from TOPCON fast improvements

• Technology (tools) different than the PERC/TOPCON . Higher capex for the cell line (current 2 to 
3x more than PERC at around 5 to 8 millions $/100 MW)
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Conclusion

3. Silicon heterojunction (SHJ) solar cells



→ no contact at the front side

No shadowing losses!

→ high current if very good lifetime (> 1ms) 

(n-type for avoiding B-O and other defects in p-type)

Easy interconnection in modules

→ closer cell/lower costs

• Not an easy process

• Requires low cost masking/aligning
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4. Interdigitated back contacted (IBC) solar cells

• Can be combined with standard technology

(see e.g. Zebra, from ISC Konstanz, SPIC)

• With TOPCON contacts

• With SHJ (avoids parasitic absorptance)



Requirements:

• Perfect front surface passivation (here n+ /SiOx/SiN) → no recombination

• High diffusion length of holes in n-type wafer(most generation close to the surface) and need to travel along N+ area

• Usually larger area with p+ emitter to collect the minority carriers

• Minimum recombination at the backside (carriers generated above the n+ must diffuse to the p+ parts)

• Resistive losses due to long transport path for majority carriers
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4. Interdigitated back contacted (IBC) solar cells
First approach

Real size



Note that 22.7% was demonstrated by the same team for laboratory cells

Verlinden, Sinton et al. Proc. 14th EUPVSC Barcelona 1997

Mulligan, et al.

“MANUFACTURE OF 

SOLAR CELLS WITH 

21% EFFICIENCY”

Proc 19th EUPVSC 

2004, Paris

Initially n-type floatzone,

Today likely n-type Cz!
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4. Interdigitated back contacted (IBC) solar cells
First industrial process : Sunpower, 2004 (now Maxeon)



Nice R&D results!

• In May 2008 → 23.4%. 

• In June 2010 → 24.2% : introduction of "passivating contacts« cells

• 22% efficient Gen 2 technology in production now (integrated in record modules)

world-record for a large area solar 

cell (status 2011) !

"passivated contacts"

= optimised same doping for

Contact and oxide at round 1018/cm-3 

With a contact that still works !? 

P. Cousins et al. Proc. IEEE, 2010

978-1-4244-5892-9

Start production in 2012

Under Maxeon® Gen 3
Improved to certified > 25% in 2014 !
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4. Interdigitated back contacted (IBC) solar cells
Best pre-commercial cells by Sunpower



• 724 mV

• 79.9% FF

• 22.7% efficient module

• 24.5-25% efficient cells

• Coefficient of temperature -0.29%/°C
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4. Interdigitated back 
contacted (IBC) solar cells

One of the  best current flat plate 

commercial modules by 

Sunpower (now Maxeon) at  24,1 

announced

40 years warranty

In some cases up to 40 years warranty !



New IBC products on the market

Longi HBPC: likely p-type wafer, 
1 PERC contacts + 1 n-type 
topcon contact at the Back

AIKO ABC

N-type wafer, 

Poly-n and poly-p 
passivated contacts, 
cells plated with Cupper

And now Maxeon is suing Aiko for infrigement (but Aiko 3x lower price)  



5. Interdigitated back-contacted solar cells with 
heterojunctions (IBC-SHJ)
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• In IBC-SHJ, reduced or no parasitic absorption losses at the front

• More flexibility for process at the back !



5. Interdigitated back-contacted solar cells with 
heterojunctions (IBC-SHJ)

M
IC

R
O

 5
6

5
 –

L
e

c
tu

re
 1

1
: 

In
tr

o
d

u
c

ti
o

n
 t

o
 v

e
ry

h
ig

h
 e

ff
ic

ie
n

c
y
 c

e
ll
s

World best IBC c-Si solar cells by Kaneka: IBC-SHJ

• 26.7%

long-time world 

record for c-Si

• 200 micron wafer

• N-type

• 84.6% FF

• 180 cm2

But photolitography



In the mean time record 
broken by Longi

▪ 26.9% in 2023

▪ Mai 2024 27.3%, certified by ISFH



5. Interdigitated back-contacted solar cells with 
heterojunctions (IBC-SHJ)
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Tunnel-IBC: reduce process steps to 7-8?

• Simplified back-contacted SHJ solar cells with passivating contacts

1st patterning:

a-Si:H(n)

Tomasi et al., Nature Energy 2017

DOI: 10.1038/nenergy.2017.62

• Simple IBC architecture: tunnel-IBC

• only 2 patterning steps!

• Self-aligned n-/p-fingers

• only 1 alignment step!

2nd patterning:

TCO/metal (inkjet)
a
lig

n
m

e
n
t



5. Interdigitated back-contacted solar cells with 
heterojunctions (IBC-SHJ)
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The doped Si:H films

tunneling electron

contact

• nc-Si:H growth is strongly substrate-dependent: selective crystalline growth

hole contact

Tomasi et al., Nature Energy 2017

DOI: 10.1038/nenergy.2017.62

• Si:H(p) microstructure: high-transverse conductance

across the p/n interface and low-lateral conductance



5. Interdigitated back-contacted solar cells with 
heterojunctions (IBC-SHJ)
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Heterojunction: Upgrade scenario to IBC-SHJ

TUNNEL IBC-HJT process of EPFL/CSEM: simple process flow, minimization of materials

9-cm2 tunnel-IBC

25-cm2 tunnel-IBC

Certified 25% IBC with simplest process on 25 cm2Only 9 process steps !!

25.0%

41.6 mA/cm2

81.7%

New cell recently

measured in-house



Record laminate with IBC cells

These activities are supported by SFOE in the 

frame of the project “SIRIUS” (2021-2024E)

And EU project PILATUS with EPFL and CSEM

▪ World record single-cell laminate (2022) with 
tunnel-IBC + SmartWires® :

✓ 24.7 % efficiency:

world record for a 

laminate !

• First 60-cell tunnel-IBC module in glass/backsheet

configuration:



Summary IBC

▪ Requires higher lifetime for carriers to travel laterally and quasi perfect
surface passivations

▪ Relaxes the constraints (optical) for contacts at the back

▪ Allows some of the  world record c-Si cells efficiency at 27.3% (SHJ)

▪ Can be combined with various processes

▪ More and more processes developped an promising simplified routes for 
making ultimate c-Si cells.

▪ With improvements in narrow line printing the difference to TOPCON for 
highest effiicency might decrease (so not clear it makes to large volumen)

▪ In addition to Maxeon/Sunpower, many companies are coming with IBC 
products (Aiko, Longi), with or without passivating contacts ! EPFL/CSEM 
also have some unique technologies



N.b. These

values are not 

verified



6. Key Takeaways
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• Know what is a passivating contact (takes selectively and without resistance one of the

carrier type)

• Know what is an IBC cell, an SHJ and a Topcon cell and the typical record values

• c-Si highest efficiency cells reach above 24.5-26% in production (Topcon, SHJ, IBC)

• Highest commercial flat plate c-Si modules are above 23% (HJT, IBC )

• TOPCON mainstream 22 to 23% modules

• The best cells have a higher Voc and a better temperature coefficient (you should know

why)

• The high density of produced PV electricity and the reduced amount of area related

balance of systems costs are a clear advantage of high efficiency PV

• TOPCON will be a leader and some IBC and SHJ companies might keep get some market

shares. New manufacturing mass players in Europe (Meyer Burger, ENEL), regular

announcement because of the «Green deal», but hard to develop cause no concrete

actions.



Example 1: Planet Solar

• First PV cruise around the world

• Finished may 4th, 2012

• 60'000 km only on solar, with 95 tons boat

• 537 m2 of Sunpower modules

• 93 kW peak power,

• Cruising speed 5-8 knots

6. Sunpower cells for special applications: 

customized PV from water to air (1).
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• Reached 30’000 m, but crashed in 2003

• Pegagus cells from Sunpower

• (thinned version of the A300, efficiency > 20%)

Example 2: Plane for NASA.

Unmanned Helios plane from

Aerovironnment
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6. Sunpower cells for special applications: 

customized PV from water to air (2).



In the last three years, Sunpower: 

• Improved efficiency (22%)

• Changed the shape (factor filling from 92 to 96%)

• Reduced the weight (special thickness series)

Best compromise weight/efficiency/strength/cost

for the 40 kW generator

First 24 hours manned solar flight in 2011 

(with improved battery level)

→ Full solar flight around the world!
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Example 3: Sunpower cells to equip Solar Impulse

6. Sunpower cells for special applications: 

customized PV from water to air (3).



Cast film 

extrusion line

Dryer+Automatic

resin transport

Compounder

+

Cast film line

+

Pelletizing 

system

Chemical 

storage
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6. Sunpower cells for special applications: 

customized PV from water to air (4).
Example 4: Polymers and specialty films for PV: towards ultra-reliable PV.
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Light weight aerospace

Nautical



Light weight ultra-reliable modules: direct to the applications





CONFIDENTIAL

Integrated PV to reach the Stratosphere



Deployable lightweight structures and PV 

modules qualified in stratosphere !


