- 1 - Description Method for producina a photovoltaic nodule, and

phot ovol taic nodule Field of application and prior art 5 [0001] The

i nvention relates to a nmethod for produérng or electrically connecting a
phot ovol tai ¢ nmodul e having a plurality of solar cells according to the
preanble of claim11, and to such a photovoltaic nodule. [0002] During the
production of a photovoltaic nDduIeE%%£p2§§ﬂ 10 of a plurality of solar
cells, often so-called strings or ¢ plurality of solar cells are
placed onto a front-side carrier glass alon93|de one another with the

I nterposition qgf, a . 19 2 rality of
such chai ns of =S¢ eHSs—atorgsHae one atc j ' "H"ng&ée Y

| ongi tudi nal |y contact connected to mﬁodg&;acts on the front side and the
rear side for the two poles of the electrical connections, to be precise
advant ageously a plurality of such connections both on the front side and
on the rear side. Transver SEief®of applivhfieh dnhpfibrarf ront side of the sol ar
cells, said transverse contact wires being connected to the connections on
the 20 front side and the rear side of the solar cells. The transverse
contact wirqpopq3d tﬂ&@t eritRi FBRCT {PNadenefod hdr igrodiieaRguently to
be fltted f'or exanpl e a so-called connection box. The latter serves for
the el ectri caiectrmadiycctmneotmg ha pln@tqv@ltrar@tm@dut@|hamguaeplwabtywlfar

Final 1y, o IR GRI" ¥Erfrditon S tos” PRagkEe o AL Torfbl o' S5R R
| am nati on §hdiBeoRAR ®\velulal c m)dul e and then the fitting of the

connection device as electrical contact-connection to the transverse
contact wires. - 2 -

[0002] During the production of a photovoltaic module composed

10 of a plurality of solar cells, often so-called strings or chains of a
plurality of solar cells are placed onto a front-side carrier glass
alongside one another with the interposition of a laminating film, to
be precise usually a plurality of such chains of solar cells alongside
one another. These chains are longitudinally contact-connected to

15 contacts on the front side and the rear side for the two poles of the
electrical connections, to be precise advantageously a plurality of
such connections both on the front side and on the rear side.
Transverse contact wires run at a front side of the solar cells, said
transverse contact wires being connected to the connections on the

20 front side and the rear side of the solar cells. The transverse contact
wires lead together to a connection device that is subsequently to be
fitted, for example a so-called connection box. The latter serves for
the electrical connection of the entire photovoltaic module. The solar
cells in turn then have a further laminated film placed onto them and,

25 finally, a rear-side film is placed thereon. This is followed by the
lamination of the photovoltaic module and then the fitting of the
connection device as electrical contact-connection to the transverse

contact wires.



[0003] At the present tine, transverse contact wres are bent through 900
fromthe front edge of the solar cells and placed onto the rear side of the
solar cells for the purpose of subseque@t‘ el ectrical connection to the
connection device. For this purpose, the 5 transverse contact wires have to
be manually led in conplex fashion through cutouts in the rear-side film
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and a corresponding photovoltaic nmodule, with which problens in the prior

art can be deanisidecef Hirisolar galls ifeuithe, purpasses phisubsgasenireleciaali cal
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neans of 5a reamodersavengtachevifenhavestoobe Chanually dad ia complexofdstiionnodul e
havi ng the features of Caim1l. Advant a_g_gous and preferred configurations

of the i nv_eﬁhf%%giar@tph'és é'&ﬂf‘@cfeﬁlfaﬁ'ﬁ@r figh and ther tatainating Himagk thee
expl ai ned i nege é’rofQﬁé@dA%lgEéW'Tﬁgqsg?é?ﬂgﬁnﬁaﬁgdﬂfs bel ow are 20

described only for the net or only p ovoltaic nodule itself.
| ndependently of this, however, they are intended to be able to apply both

to the method and to the ph t.al l.e.. Fk rding of the clains is
OB PR HE acioie

i ncorporated by express refer conten t he description. 25
[ 0006] According to the invention, a plurality of connections of identical
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front of ot haneptiaheeelin strabariroduttiont - ahdeac abkiedpoiicisg - photdvdltaicase,

t hey can advant a?eou_sl y bear on the carrier - 3 - glass or, on a |lamnating
film direct IMogHla.nwitbawhicdy pgpkless i thadpiier art ear ke ghsveated @t act

wires are | : h T f] ' : | ar
LT ES o T BRENTS 5T IH BlooibaohaRCUNT RRBAIIELS |
in such a wayoBuiehaant beyatisieeed Whigeis siinpke ¢s scarry tdue andi tis peadiy t hei r
own t hickness .in accordance with the folding and protrude or extend from
the carrier 3{Q8AIEA. proj ect above the latter. These protruding bent
regions of the transverse contact wires are | ed through previously produced
cutouts in the rear-side film if appropriate also in a .
15 [0005] This object is achieved by means of a method having the
features of Claim 1 and a photovoltaic module having the features of
Claim 11. Advantageous and preferred configurations of the
invention are the subject matter of the further claims and are
explained in greater detail below. Some of the features below are
20 described only for the method or only for the photovoltaic module
itself. Independently of this, however, they are intended to be able to
apply both to the method and to the photovoltaic module. The
wording of the claims is incorporated by express reference in the

content of the description.

25 [0006] According to the invention, a plurality of connections of
identical polarity of the solar cells are connected to one another via
the transverse contact wires and the transverse contact wires are led
alongside or in front of the solar cells above a front-side carrier
glass. In this case, they can advantageously bear on the carrier



10 am nating fil m placeded between solar cells and rear-side film As a
result of the larger thickness, the transverse contact wires project above
the rear-side filmor above the surfacehereof. [ 0007] These fol ded or bent
regi ons advantageously still lie within the cutout of the filnms, such that
they do not have to be specially 15 noved or |ed through. The
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together or folded up js.that they as it were automatically project above
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this is crucially depéndent on a production-technol ogical optinization of
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result of the larger thickness, the transverse contact wires project

above the rear-side film or above the surface thereof.

[0007] These folded or bent regions advantageously still lie within

the cutout of the films, such that they do not have to be specially
15 moved or led through. The abovementioned electrical connection,

which will be described in detail below, can then easily be carried out

at these folded or bent regions. What can be achieved as a result of

the transverse contact wires being bent together or folded up is that

they as it were automatically project above the surface of the rear-
20  side film and can readily be reached for the electrical connection.

[0008] In an advantageous configuration of the invention, a
transverse contact wire is folded up at least once, such that the
thickness is therefore at least doubled. Particularly advantageously,
it is bent or folded up twice or three times. A multiple folding-up can
25 be effected at least in part with a coiling folding, whereby it is
possible to begin the folding from the end of the transverse contact
wire. However, this is crucially dependent on a production-
technological optimization of the folding. In this case, in a further
configuration of the invention it may be provided that the transverse
30 contact wires remain along their general longitudinal orientation
including during folding and in the folded state, that is to say that no



- 4 - bendings towards the side are performed. The nunber of instances of
folding-up is al so dependent on the thickness of the lamnnating film and
the rear-side film As an advant ageous -thi ckness of a laninating film
approximately 0.4 mm can be taken as a basis, and 5 sonewhat |ess for the
rear-side film A transverse contact wire, which is advantageously a
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respectively connected to all the solar cells.
[0009] In an advantageous configuration of the invention, the
transverse contact wires are led near the front edges of the front
15 solar cells, and in particular parallel to one another, including those
of connections of different polarity. Particularly advantageously, the
transverse contact wires run at the narrow sides of the photovoltaic
module, such that they can be kept shorter. Transverse contact
wires of different polarity should have a distance of a few millimetres

20 with respect to one another.

[0010] In yet another advantageous configuration of the invention,
a single connection device with a plurality of regions of folded-up
transverse contact wires can be provided per photovoltaic module. If
a photovoltaic module has for example six abovementioned stringers

25 of solar cells, then it is regarded as advantageous to provide two of
such connection devices. Either specific solar cells or stringers can
be provided per connection device or both connection devices lie as
it were parallel to one another and are respectively connected to all
the solar cells.



-5 [0011] Per connection device, which in each case has both poles of the
solar cells or the electrical connections thereof, two fol ded regions of
transverse contact w res can advantageofsly be provided per pole. These can
be led fromthe left and fromthe right to the 5 connection device. In this
case, it is also possible to offset the folded regions relative to one
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[0012] In yet another development of the invention, the cutouts

15 are produced, for example by being stamped out, in the rear-side
film, in particular also in the laminating film placed onto the solar
cells on the rear side, prior to placement. The cutouts
advantageously have a rectangular form or square form. They
should be significantly larger than the folded-up regions of the

20 transverse contact wires themselves in order to compensate for
tolerances and, primarily in the case of the laminating film, in order
'to compensate for areal spreading during lamination. By way of
example, they can have approximately a length double that of said
regions and a width that is a multiple of the width of said regions.

25 The cutouts in the rear-side film and the laminating film should lie

one above another.

[0013] An overhang of the bent-up or folded-up transverse
contact wires above the top side of the rear-side film is intended to
be at least 0.1 to 0.2 mm. A reliable electrical connection is thus
30 possible, under certain circumstances even by means of a pressed-

on contact connection in the connection device. This is effected after



on contact connection in the connection device. This is effected after - 6
- the lam nation of the photovoltaic nodul e. The connection device can then
be fixed to the edge of the carrier gla$s or of an edge profile connected
thereto. Fixing is |ikew se possible by adhesive bonding to the rear-side
film For this purpose, the connection box 5 can have a cl osable cover, for
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welding is recommended in order to avoid later contact-connection

problems.

[0014] These and further features emerge not only from the
claims but also from the description and the drawings, wherein the

15 individual features can be realized in each case by themselves or as
a plurality in the form of subcombinations in an embodiment of the
invention and in other fields and can constitute advantageous and
inherently protectable embodiments for which protection is claimed
here. The subdivision of the application into individual sections and

20 sub-headings do not restrict the general validity of the statements
made thereunder.

Brief description of the drawings

[0015] An exemplary embodiment of the invention is illustrated
25 schematically in the drawings and is explained in greater detail
below. In the drawings:



- 7 - Figure 1 shows an oblique view from bel ow of solar cells with
transverse contact wires that are bent up multiply at their end regions,
Figure 2 shows a plan view of the arrandement from Figure 1 from 5the rear
side, and Figure 3 shows a side view precisely of the fol ded-up end regions
of the transverse contact wires. Detailed description of the exenplary

enbodi nent s ¢ Fi 111 t i Vi bl J m ow, how
a 10 plural i%lggghsoﬁqﬁﬁ%e?bsbﬁahgegfeevgeﬂrf)gb %%I\g\)ogyé#o%%gééréﬁl% t\)@ﬂim of
such sol ar cells, are tpiWagred. cohexcthaieed nhat arenbeelt sup 2madltiplyoat si des
13, as is generally known. Runni ng above said front contacts 12 are

col l ective contacts 13hEH@RQregionsat wires, which project somewhat beyond
the side edges of the solar cells 11. In Figure 1, in 15 the direction of
the collective contacts 15, the solar cells 11 are {)rovi ded in the form of
so-cal | ed stirigHERPs shayss a plan view ehlhe appnggment Bpandtigureilxfrog t en

sol ar cegl s 11 are CO'}HSQ—%%? s"f'c?eaaﬁ{}ai n. Aplurality of said stringers in
turn are”arranged al ongsi de oneanot her, for exanple four or six. 20

[ 0017] Transverse contact wires 17 run in front of the solar cells 11,

for exanp! o VUL & SHRHEE aflok Vel RrdolFalitotie® Bideedl BBciGMng Sl fos
17b run parall el therahe tpatsvereef ehmeedt wdesg.ically, in particular, and
they have a distance of a fewmllinetres with respect 25 to the transverse

contact wires 17a. [0018] Fol ded regions 19a and 19b are provided at the
iI'lustrated Detailed description of the exemplary embodiments

[0016] Figure 1 illustrates, in a view obliquely from below, how a
10 plurality of solar cells 11, represented by way of example by two of
such solar cells, are provided. They have front contacts 12 at front
sides 13, as is generally known. Running above said front contacts
12 are collective contacts 15 formed by flat wires, which project
somewhat beyond the side edges of the solar cells 11. In Figure 1, in
15 the direction of the collective contacts 15, the solar cells 11 are
provided in the form of so-called stringers, that is to say that, by way
of example, six to ten solar cells 11 are connected as a chain. A
plurality of said stringers in turn are arranged alongside one another,

for example four or six.

20 [0017] Transverse contact wires 17 run in front of the solar cells
11, wherein transverse contact wires 17a run very close to the solar
cells 11, for example at a distance of a few millimetres. Transverse
contact wires 17b run parallel thereto and are formed identically, in
particular, and they have a distance of a few millimetres with respect

25 to the transverse contact wires 17a.

[0018] Folded regions 19a and 19b are provided at the illustrated
ends of the transverse contact wires 17, which regions will be
explained in greater detail with respect to Figure 3. They form as it



ends of the transverse contact wires 17, which regions will be explained in
greater detail with respect to Figure 3. They formas it - 8 - were the
end of the transverse contact wires. |t8can also be discerned that the ends
or folded regions 19a of the transverse contact wires 17a are very nuch

cl oser to one another than the fol ded regions 19b of the transverse contact
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front contacts sol ar cell's ration does not show
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ah Ndovers
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assenbly of collective contacts 15 of front contacts 12 of solar cells 11. The
illustration does not show rear-side contacts at the solar cells 11,
which pass to the transverse contact wires 17b running somewhat
further away and are electrically connected or welded thereto.
15 However, this can readily be imagined and realized by the person

skilled in the art.

[0020] It can also be seen from the plan view from Figure 2 how a
front edge of a laminating film 24 projects somewhat beyond the
transverse contact wires 17b and thus covers them well. The front
20 edge of said laminating film 24 corresponds to the front edge of a
carrier glass 22 illustrated in Figure 3, onto which carrier glass the
solar cells 11 are placed by their front sides 13 with the interposition
of a further laminating film (not illustrated). It is as it were a side
edge of the entire finished photovoltaic module 30, the assembly of

25 which is illustrated schematically in Figure 3.

[0021] Figure 2 primarily also illustrates how a rear-side film 26 is
provided with cutouts 27 before it is placed over the rear sides of the
solar cells 11 and the transverse contact wires 17. In this case,
cutouts 27a are somewhat further away from a side edge and closer
30 to one another than cutouts 27b. As can be discerned from Figure 3,



25which is illustrated schematically in Figure 3. [0021]Figure 2 primarily
also illustrates how a rear-side film26 is provided with cutouts 27 before
it is placed over the rear sides of the9olar cells 11 and the transverse
contact wires 17. In this case, cutouts 27a are sonewhat further away from
a side edge and closer 30 to one another than cutouts 27b. As can be

are placed dAnuneftbRud: 24am ipalRIAE bR ot padi RS T Hear side Tl P 24
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times the th ss of the transverse contact “'wre. The folding is effected
in such a wdilnt B&t llamagnberprgpvicedf as lean bendiseesred Jravonftigered.rdaiavi ng a

I th of ti et to t ' f l.e i ' |l
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Q her fobdi nagicArlakgsdi ngs are al so possible, as explained initially.

Advant ageously, all the fol ded regions 19 have the sane height. This neans
that a uniformfolding

[0022] It can be seen from Figure 3 that the transverse contact
wires 17 are folded three times at the folded regions 19, that is to
say have four times the thickness of the transverse contact wire. The
folding is effected in such a way that an end region of the transverse

15 contact wire having a length of one centimetre to two centimetres,
for example, is reciprocally placed twice onto one another and then
folded up inwards away from the end. Other foldings or bendings are
also possible, as explained initially. Advantageously, all the folded
regions 19 have the same height. This means that a uniform folding

20 operation can be carried out and electrical connection devices,
which, although not illustrated here, can easily be realized by the
person skilled in the art, can therefore be embodied identically in
each case.

[0023] It can be discerned from the figures precisely how, after
25 the transverse contact wires 17 have been folded to form the folded
regions 19, the latter protrude in accordance with Figure 3 and,
during the placement of the laminating film 24 and the rear-side film
26, they project through the cutouts 27 therein and, on account of
their height, project above the top side of the rear-side film 26. After
30 the photovoltaic module 30 has been laminated, too, the folded



20 operation can be carried out and el ectrical connection devices, which,
al t hough not illustrated here, can easi{i{ be realized by the person skilled
in the art, can therefore be enbodied-idéntically in each case. [0023]I1t
can be discerned fromthe figures precisely how, after 25 the transverse
contact wires 17 have been folded to formthe folded regions 19, the latter
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cutouts 27 traeddybebibctAbaE edrnbcidd, tdeiepliheltin mririgietinittllie the top

side of the rear-side film26. After 30 the photovoltaic nodule 30 has been
| am nated, too, the folded - 10 - regions 19 of the transverse contact

wires 17 stifoo2a]0] ecér aRm WP()@édiﬂ i kes€! 8AirpeaAhY wRsHIRA! 66, tle
explained in principle initially. g0024] For this purpose it is also
uni nport ant fimiehedrphetpualigic module, a single such connection array with
5 folded regions 19 is provided, or two or three for example. This
depends on the design and the electrical power of the photovoltaic

module.



fini shed photovoltaic nodule, a single such connection array with 5 fol ded
regions 19 is provided, or two or three for exanple. This depends on the
design and the electrical power of the bhotovoltaic module. Patent O ains
1. Method for producing or electrically connecting a photovoltaic nodul e
having a plurality of solar cells, at least two of which in 5 each case are

I nterconnected in a series circuitP ﬁ%ﬁgﬁiu gaid series circuit has two
connections, and wherein the conn plurality of series circuits
are brought together to a connection device, characterized in that in each
case a plurality of connections of identical polarity are 10 connected to
one anot her via transverse contact wires, which are | ed al ongsi de the solar

cells above a front-side carrier glass below a rear-side film wherein the

wher o1 n the 1 andeHEat doh PR ELer HeSKEAlY GTuFEING R RERYIER up 10 &

larger thickness fytens hagimy@ypllramyidesdlapeieils! de|satthWg obhafch jmher ein
the transverse contact wires are |ed through cutouts in the rear-side film

and proj éct aboveeagh ¢aseanrssintier¢onmedied Bubssefies CireLéc whergin saithect i on.
2. Method according.to C.aim1l hay act er i L ha r ve

contact wire is fsgqq’hee% gb%é{l‘fr? I QQ%t @H‘ge,cﬁ@?%t}%’y %uﬁcg\gﬁé&ei Eﬁgn
particular a nul tdgHredtidrid nef uR Widraliepi bf ngefiesdichguite efreediretighd.

Met hod according to Caiml or 2, characterized in that the transverse
contact wires ardopethen kng eeaneeken ideyicecghasagerized in that in each

case a plurality of connections of identical polarity are
10 connected to one another via transverse contact wires, which
are led alongside the solar cells above a front-side carrier
glass below a rear-side film, wherein the rear-side film runs
above the solar cells and the transverse contact wires,
wherein the transverse contact wires are bent together or
15 folded up to a larger thickness extending away from the front-
side carrier glass, wherein the transverse contact wires are led
through cutouts in the rear-side film and project above said

rear-side film for subsequent electrical connection.

2. Method according to Claim 1, characterized in that a
20 transverse contact wire is folded up at least once, preferably
twice, wherein in particular a multiple folding-up with coiling

folding is effected.

3. Method according to Claim 1 or 2, characterized in that the

transverse contact wires are led along near the front edges of

25 the front solar cells and in particular parallel to each other,
preferably with a distance of only some mm to each other.

4. Method according to one of the preceding Claims,
characterized in that cutouts are produced in the rear-side film



25the front solar cells and in particular parallel to each other,
preferably with a distance of only sone nmto each other. - 12 - before
its placenent over the solar cells, prel@rably by stanping out. 5.Method
according to Caim4, characterized in that the cutouts have a rectangul ar
form 5 6. Method according to one of the preceding O ainms, characterized in

o adhosi ve or 1 setor®l T IAACERRC okt Ten R Bl ” APl BLo " S e
film wherein predgmabing élte cutouts in the adhesive or lamnating film

10correspond to the cutouts in the rear-side filmwhen placed one on top of
another. 7. Method according to one of the preceding Cains, characterized

in that the §ear -FieloliddBdraBRs heClsirh b, tdrRiradisisi o iwthhemieebiogsf i | m
according to Claim6 remains 15 below the bent-up or folded-up transverse

contact wires in Ra¢ are@gngylar for®.t r ansver se contact wires project
sonewhat above the top side of the rear-side film preferably with an

overhang of at least 0,1 mmto 0,2 nmm _ )
5 6. Method according to one of the preceding Claims,

characterized in that the folded-up transverse contact wires
are also led through cutouts in an adhesive or laminating film
placed between the solar cells and rear-side film, wherein
preferably the cutouts in the adhesive or laminating film

10 correspond to the cutouts in the rear-side film when placed
one on top of another.

7. Method according to one of the preceding Claims,
characterized in that the rear-side film together with the
adhesive or laminating film according to Claim 6 remains

15 below the bent-up or folded-up transverse contact wires in
such a way that the transverse contact wires project
somewhat above the top side of the rear-side film, preferably

with an overhang of at least 0,1 mm to 0,2 mm.

8. Method according to one of the preceding Claims,

20 characterized in that, after the placement of the rear-side film,
a laminating step is effected and the electrical connection is
subsequently carried out with connection units being
connected, in particular soldering, to the transverse contact

wires, in particular connections of different polarity in a

25 common connection box.

9. Method according to Claim 8, characterized in that firstly a
connection to the connection units is effected and then a



8. Method according to one of the preceding O ains, 20characterized in
that, after the placenent of the rear-side film a lamnating step is
effected and the el ectrical connection‘1%‘subsequent|y carried out with
connection units being connected, in particular soldering, to the
transverse contact wires, in particular connections of different polarity

I n a 25conmon COQﬂﬁm o] 1 n
phot ovol tai ¢ nodu élc%[bprgr P():(ullgr ?hxgha(e:gl?)vefht @thdéldl%é K}g(?% accordl ng
to one of the prgeaticafarCiahesivebhboadedr i zed in that a plurality of

el ectrical connections are 5 provided in proximty to one another, in
particul ar two connections per same connection pole with one transverse

contact w rejQ.wheletodr eaec@tling Comnedineonofof tik f fiseeridimg! aCldinsar e
arranged offset with respect to one another. 11. Photovoltaic nodule, in

particular pr odudﬂtﬁ@?t%ﬂm HBdthed a Rlekaliiyngf eleeicabicamediionsearag
Caims, Raving a E dthn obr§Rindity Cfd ! 8ngatarll&‘?1%tr tp. Qérﬂ’éml&lh M’oeaCh

case are I ntercornnecte In a serie Cl rcCcul wher €1 h sai series circult
has two connecti astmnextibngh e sate comesticropolef withplomealtiansvefsser i es

circuits are brought together to a,conne 15 devj.ce, racterized in
that in each cas %aphrmf% vyherainnoke eéﬁgpyofc‘i)ﬁeﬁﬂ"e% BE Qaff?rfr"rﬁre

connected to_one gAakiehry frdidi LASEE wittiaGledtibinainginér e | ed

al ongsi de the sol'ar ¢ ove ront side carrier glass below a
rear-side film wherein the rear-5|de filmruns above the solar cells and

the 20 transyer ‘S""“% r e tr e h$0 es are
bent together ors|fﬂr(]) }tNg{ rlﬁ”ivgﬂl ?ﬁg&?nﬁ'{. ﬁgggééxtb gi%tea%?/ from
t he fromnD-side cacdordirg m:i)rmndf the prededimgCidinusit loaving a dealiteaf- si de

filmand project ahove SRt LE21eae o ' B Whish i ' S8ch®otass " a8
interconnected in a series circuit, wherein said series circuit

has two connections, and wherein the connections of a

plurality of series circuits are brought together to a connection

»15 device, characterized in that in each case a plurality of
connections of identical polarity are connected to one another

via transverse contact wires which are led alongside the solar

cells above a front-side carrier glass below a rear-side film,

wherein the rear-side film runs above the solar cells and the

20 transverse contact wires, wherein the transverse contact wires
are bent together or folded up to form a larger thickness

extending away from the front-side carrier glass and are led

’through cutouts in the rear-side film and project above said

rear-side film for electrical connection.

25 12. Photovoltaic module according to Claim 11, characterized in
that a transverse contact wire is a tin-plated wire, preferably

made of copper.

13. Photovoltaic module according to Claim 11 or 12, charac-
terized in that a transverse contact wire is a flat wire having a



2512. Photovoltaic nodul e according to Claim 11, characterized in that a
transverse contact wwre is atin-plated wre, preferably nade of copper. -
14 - width of at least 3 mm in particuldr about 5 mm wherein it
preferably has a thickness of 0.3 mmto 0.4 mm

width of at least 3 mm, in particular about 5 mm, wherein it

preferably has a thickness of 0.3 mm to 0.4 mm.



