QOtlcaI unit conprising a radiation source, a detector and a grating, and

seanni-Rg—devi ce including-the optical_uni t J]le..J_nvent ilon relates_to an . S

optical unit conprising a first hqlder i |\f‘ i on source, a second
hol der with a radiation-sensitive \d‘éﬂﬁ(ﬁﬂ&ﬁ "H’«Sgé g, and a cylindrical

mount i ng wwidwemosugl i nder axis, saild nouREPIAGHYavi ngla fir shcppiishob@hi NY

surface to which the first hoI der tr—the Tadl at1 on source Is secured and
a second positioning surface to 5 which 'thd second holder with the
radi ati on-sensitive detector is secured. The invention further relates to
an optical Optiealiunl mmmbﬁmm,ammmmmmﬁmmm@mm
scanni ng de}ﬂcﬁx é%éﬁﬁ& optical unit. An optical unit and an optical

| one

scanni ng L ce in the opening paragraphs are known from

DE- A- 32 42 734. optical unit, the grating is 10 present on an
opti cal v; BeﬁRepTgagl first holder with the radiation source, the
second hol d| ation-sensitive detector, the optical beam
splitter ﬂyw{;ﬂ and the cylindrical mount | ng of the known
optical unit consti separate conmponents of the optical unit which have

to be nutually assenbl ed during the production process of the optical unit.
In particular, the optical beamsplitter with the 15 grating has to be
secured inside the cyllndrlcal nDuntlng%ln an accurate position relative to

the first positioning su unit cOmpriging & first _
nounting. AsdftibR Seikrke, “&oﬂ:fﬁ&lﬂ&tm;mehﬁnw iaW® b Ypratfigor | Ous.

It is an object of the present jnvention to provide_an ocal unit of the
type nentioned in the opBPﬁ inyemgion m%&%m%wmwe&rmw

a 20 ongar h¥n§?ﬁﬂ= @Hﬁiﬁ%‘d&i& dga xi mum freedom as
regards the étdc?ce 0 he radi at | ot source anﬁ the radition-sensitive

detector is nmaintained. The opt ical unit in accordance with the invention

i's characterized in that %TJ‘UQ 0%7 O Rk
wal | portion of a wall |ch 'S |n§eg WI hgthe %&htlﬂg%ls or?@@;d
at | east appﬁbn’mei an opticakscanning device.1The kppwiscanning~devicei has ahmptld:nl:path

ogether w PREEHS VistlpRh et Bisr.s disblo Bt 18 Bl B0, Bl Fhirrors

separ at eocomﬂomligmsenﬁntdwm The scnningtdavbe compriszh adibides canrying abe Jabsr, a
;gtj?g;aghgglﬁg&ﬁr I n or %ra hou Lﬁnﬁml ch mcarrtegaﬁ%&g&%*ﬁp
carrying the diffraction grating. Both holders as well as the beam splitter, the detector, a
focusing actuator and a shutter are mounted on a base. A disadvantage of the known
scanning device and, consequently, of the known optical unit is that the various optical
15 components have to be aligned and mounted separately. As a result, the production process is

comparatively laborious. Moreover, the resulting product is comparatively bulky.

It is an object of the invention to improve the optical unit of the type
defined in the opening paragraph in such a manner that a compact unit is obtained, whilst a
20 maximum freedom as regards the choice of the radiation source and the radiation-sensitive
detector is maintained. |
The optical unit in accordance with the invention is characterised by the
presence of a cylindrical mounting having a cylinder axis and a wall oriented at least
approximately transversely of the cylinder axis, the grating being formed by an optically
25 transparent wall portion of said wall and the mounting having a first positioning surface to
which the first holder with the radiation source is secured and a second positioning surface to
which the second holder with the radiation-sensitive detector is secured. By integrating the
grating in a housing which also carries the radiation source and the detector it is possible to



obtain a si npl e and easy-to-nmanufacture nechanically stable unit of limted
di nensions. Since the holder with the radiati on source and the holder with
the detector are separate conponents one conponent can be sel ected

I ndependent o sdi3edd3e ot her conponent. Moreover, the unit inpeffeecomgee W th
the invention makes it possible to use regular coomercially 5 available
radi ation source units conprising a radiati @n source acconodated in a
protective holder, particularly a sem conductor |aser, and detector systens
conpri si ng aobtau asimpie andcoasy-to-menufacture mechanjcallyestablgunit b linised dimensiogs.

W th Che. r adeiek 8 oo At 8 rhasplbo(eite il e ket ditf i Wik e fedralt” "
posi ti oni ng sompenents one component carbhe selested independeatly) of thecotheritomponert Morcvyer

i ch-the holGA m%&@%?“@f%%@ﬁ%{‘°ﬁﬁé%e@%ﬁ§%@?Zﬁf g

surface arsd, mﬁhﬂersdummhmmmpgsmg aaﬂauddmmwomodnge&hrimé

secured to t second S|t|on|n urf ace X |l e al so nmeaps. of an
hosi ve. TBOHER ERRuRly o Bttt R tpd Gt oS Bodfinle Tyt )

0102I i cal 13 eammeaeéabrmmb °ﬁ aclililde@h mﬁamf ofrthe oﬁﬁ&llﬁnigx:]?%&ameh
under st ood to_ nean, scapni Qt rot ur pose of rec and for_the

pur pose of r@’&'&'%‘q" Yﬁg“ﬁ?&‘ﬁﬁ? rﬂ'?fﬁ@gbab“g

al ready inscph stﬂfab@mf Weﬂwm:v:.mpb@ﬁwng/\m@e ensuring

i nformati on. Agart fromthls eo!otlcal may al so _be used in opt.ical

devi ces il glfm |ﬂd-zfepnm!sco y al t‘gFg"PE‘XH? PR)‘F%’G“"(‘IHQFF‘EP‘ ris )
0, 226, 647 di l&m@,&@{,& mmlgﬂ,ﬂkﬁﬁm S a
di sc- shaped rans arent subst ?gte havi ng surface carrying int egrat egﬁ

optical el enpositioning susfacsi is gecred todhe sespnd pesitioning suplaeeyfor pxample also by means
det ector may pgn ;,gd In arecess in a substrate surface or they may be
accomodat ed 1 n a comon housi ng secured to the substrate surface. 25

An ermbodi ment of the opt i Thel opticak unitinaccerdanes G¥iththe linvention carche ised in optical

opt T cal |yt S0l T et BAHS! RcpRfhrity; Mol el ey PERS sl

transver sel ybath fomhewtpmdef reamdmg andcfor thet puspose o€ réadingt infoysation 1Theg

"adi at ton solr B A oicE ol B bt SlSau B & LlaulelB AR prY

second posi twholl;ngrnh information. Apart from this, the optical unit may also be used in optical devices
in general.

20 It is to be noted that EP-A 0,226,647 discloses a write/read head for
optical discs, which comprises a disc-shaped transparent substrate having a surface carrying
integrated optical elements for shaping and controlling light beams. A laser and a detector
may be mounted in a recess in a substrate surface or they may be accommodated in a
common housing secured to the substrate surface.

25 An embodiment of the optical unit in accordance with the invention
comprising a mirror, is characterised in that the mirror is formed by an optically transparent
further wall portion of the wall which is oriented transversely of the cylinder axis, and in
that the first positioning surface extends transversely of the cylinder axis of the mounting, the
radiation source being situated in a space inside the mounting, and the second positioning

30 surface extends paraliel to the cylinder axis, the detector being situated outside the mounting.
In this practical unit the optical components are in a very compact arrangement, which
manifests itself particularly in the limited axial dimension of the optical unit.

An embodiment of the optical unit in accordance with the invention is
characterised in that the grating is a separating grating formed in a surface of the wall which



. 30 surface extends parallel to the cylinder axis, the detector being
situated outside the nounting. In this practical unit the optical
conponents are in a very conpact arrangenent, which manifests itself
particularly in the limted axial dinmension of the optical unit. An
enbodinentgg%w%ﬁg optical unit in accordance with the inveﬁ&*
characteri _ Phat the grating is a separating grating |n a
surface of the wall which 3 is orientedsgtransversely of the cylinder
axis, which surface is renote fromthe radiati on source and extends

transversel Mw&wami@mmemtmm fecil thefadiatibn
diffract a part of a radlatlon be r Lected f,f_heman i.nformati on surface
Woatghe oy Separating grafing

to the radi $AUreHAN AR SATVRIR  of
the opti cal aﬂﬂé&fﬁ@&ﬁ&m heﬂ&w £ an| i rrnStich QA6 & fhe Yadiador- hat
IS a s ace of the wall

the mrror which is oriented transversely of the
cyl i nder axsensitixeidetectotyr f ace f aces the radl ation source and |s I ncl i ned

rel ativegto the cylinder aaxhsodibiint of ite jsof a
sub- beamsf ornmed by a dlfTAﬂactlon grat| n Sﬁ?ect this sub beamto t‘ﬂ

radi at i on- sehasictérised uetlncthsrmmesamé@ﬁeaaféhp waH which is osieated teapsversely of the

:NInE ﬁr nZLl gné@%\d&cqlpg?%e opt IWH aCCOI’gakf]“ ﬁ’ei‘”lpaﬁtgéclsﬁa]\?gﬁt on I S

char act er i saxis.i This mmmmummmokmwmmmbnmmmonm

nmount i ng, O f

enbodi nent f?f&ﬁg%%%%&l n accg’%ce W { '%n I on |%ﬂﬁi‘y
char act 40i sinterhslly ie@eqtings which aifows areflectingdayer 3o be dispensedwith. i s forned in a
surface of the wall which is. orjientegd.transversgel f | | &,
whi ch surface faces the MW%%@@@&M%&%W%e
cylinder axem&&wﬁmmmmlymnm wallfportionl of the trivuating) ewtricly wallipogion

for deriving two sub-beaps froma radi ati on-beamissuing fromthe radiation
sour ce. forms, an jexit ™-on surface these two sub-beans can

20 produce two auxi I | ar yneafolintdnt Of tHecUpticdl d@itGh a&o@dﬂlﬁé\m tﬁaﬁiveni[dnﬂs

reflected radiation of these auxiliar spots can ect n the

radi at i d8- sehasacterised gy the prssence, ofa mayl %l "Ws oﬁ‘“‘g?‘g%g’g
wall which is oriented transversely of the cylmder axis, which surface faces the radiation
source and extends transversely of the cylinder axis. The multi-beam grating is preferably a
three-beam grating for deriving two sub-beams from a radiation-beam issuing from the
radiation source. During scanning of an information surface these two sub-beams can

20 produce two auxiliary spots at either side of a scanning spot. The reflected radiation of these
* auxiliary spots can be detected in the radiation-sensitive detector in order to generate

tracking-error signals.
An embodiment of the optical unit in accordance with the invention is
characterised in that the mounting is an injection-moulded product. It has been found that
25 injection-moulding is a very suitable method of manufacturing the mounting provided with at
least an integrated grating and, if required, an integrated mirror in one production step using
suitable dies. To form a grating an appropriate die section should be have a suitable
embossed su “ice and to form a mirror or an exit window an appropriate die section should
have a perfeci.y smooth surface, Suitable trza  arent synthetic materials are, for example,
30 polycarbonate and polymethyl methacrylate. ihe optical unit may be injection-moulded from
two different materials, inzer alia in view of the dissipation of heat from the radiation source
and/or the detector, an optically transparent material being used at the locations where a
beam should pass through. At other locations the emphasis is on materials with a suitable
thermal conductivity, such as a carbon-filled plastics, for example a liquid crystal polymer.



An enbodi ment of the_ogptical unit in accordance with the invention is
characterised in that the nounting is an injection-noul ded product. It has
been found that 25 injection-nmoulding is a very suitable nmethod of

manuf act ur i o ddmeesyount i ng provided with at | east an integretCribogoaer Ng
and, if required, an integratd mrror in one production step using suitable
dies. To forma grating an appropriate die séction should be have a

sui t abl e enbossed surface and to forma mrror or_an exit w ndow an

appropriate die section sHbuFEbpdimentoftbe pptqal ynit in,pacardance With thegaventionds
{ranspar ent Syakaisdd B éPbs vAllSyhillPls EBIERhasFbely 6 56 851RRR 6 Wlurtace

pol ymet hyl nethacrylate. The optical unit may be injection-nd romtwo
di fferent rmatwhichjisremote meﬁimﬂ%éﬂvi which fages (aasradiation souree

radi ation so @lfi'%tpr ?es% : @g& lqgﬁtl Rﬁéﬁﬁ BRGA dh g!

bei ng used atjﬁteﬁse océtAl%ﬁs tgr?ghﬁhg%g?'n >houl pagsgsﬁ?%?gug . ieXt ot her pere

| ocati ons $§hewhichicars bé used tochangedhe cross-soctional shape 1ofi 3| radiation beam which is incident
conducti vi ty’oxﬂﬁgrbeﬁi sg\%&gr bon-filled plastics, for exanple a liquid

crystal pol yner. enbodi nent of the optical unit in accordance with
the invention is charact erlt iscxifurthet bbjectaf thehinvention to/prastide § compaen bptical

transversely of the.cylinder.axis t sur f ' IS renote fromthe

radi ati on somﬁ%ﬁ?‘ﬁ? %@mm%@%@mm ation source are/is
curved. As a result of thiT thiscendtthe scanhing allevice in acebriandeawith thel invexgionat ed
beam shaper, 5 whjch can. be usgd to .chan he_crqss-sggtional shape of a
a2t i on e SAmATCY At SPicALyRICIR sc5RrdERE Y TR GiEpErs apd Farbet SqmpriiiE b oct
of the i nventdujtive sysiedy féifodustiy'he tidiftivn ledin prodiced by tikcoptial it s toCkh A

scanning an intformation surface. To this en? trf;]e scanni n% device in

accor dance wichRRiRg spof o the isformation surface apd fordirecting: the radiation beam-back g the
Wi th the invehicrunihet Wfitfon HrofiPtht Tfofndion 3aHEE! OWing Yo iRisk OF teOspdithiNthit

the radiation beam produced by the optical unit so as to forma scanning
spot on the iiRfREFFEINCE With the ipventionthe sranningAevics can he assgmbled;simplyeam back
to the opfgcal unit after reflection fromthe information surface. OmMng to

the use of the optical unit in accordance w th the invention the scannin
devi ce can be assenbl ed siThslipventign will now be described in more detail, by way of example,

with reference to the drawings, in which
Figure 1 is a plan view showing a first embodiment of the optical unit in
accordance with the invention,
20 Figure 2 is a sectional view II-II of the embodiment shown in Figure 1,
Figure 3 shows diagrammatically a first embodiment of the optical
scanning device in accordance with the invention, which includes the first embodiment of the
optical unit in accordance with the invention, and
Figure 4 shows a second embodiment of the optical unit used in a
25 scanning device.

The optical unit ] in accordance with the invention shown in Figures 1
and 2 comprises a cylindrical mounting 3 having a cylinder axis 5 and a wall 3a oriented
transversely of the cylinder axis 5. Alternatively the wall 3a may be oriented mainly or

30 approximately transversely of the cylinder axis S. It is to be noted that a cylindrical mounting
is to be understood to mean an elongate mounting of circular cross-section or of non-circular
cross-section, for example elliptical cross-section or rectangular cross-section. The mounting
3 is manufactured from a transparent plastics, in the present example polycarbonate, by
injection-moulding. The optical unit 1 comprises a radiation source 7, in the form of a diode



The invention will now be described in nore detail, by way of exanple, with
reference to the drawings, in which Figure 1 is a plan view showng a first

embodiment—of 't he—optical—unit i maccordance Wt the invention, 20—

Figure 2 is a sectional viewlI-1l of the enbodi nent shown in Figure 1,
Figure 3 shows diagrammatically a first enbodi nent of the gptical scanning
device in A¥RWIMPce with the invention, which includes th 187

enbodi ment of the optical unit in accordancg with the invention, and Figure
4 shows a second enbodi ment of the optical unit used in a 25 scanning
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15 grating 25, a mirror 27, a three-beam grating 29 and an exit window 31. The separating
grating 25 is formed by an optically transparent wall portion and is situated in a surface 33
of the optically transparent wall 3a, which surface is remote from the radiation source 7. The
separating grating 25 has a suitable pattern of grating lines 25a and serves to diffract a part
of an incident beam 4 as a sub-beam 6 to the detector 21. The sub-beam 6 is directed to the
20 detector 21 via the mirror 27 and the exit window 31. The mirror 27 is formed by an
" inclined smooth surface 35 of the wall 3a, which surface faces the radiation source 7. The
sub-beam 6 has such an angle of incidence on the mirror 27 and the transparent material of
the wall 3a has such a refractive index that the mirror 27 is totally internally reflecting. The
exit window 31 is formed by an optically transparent flat wall portion 37 of the mounting 3,
25 which wall portion faces the detector 31.
The optical scanning device in accordance with the invention shown in
Figure 3 comprises an optical unit 1 as described above and an objective system 41. The
scanning device is suitable for optically scanning an optical record carrier 43, particularly a
disc-shaped record carrier situated on a turntable 44 of the scanning device, which turntable
30 is rotatable about an axis of rotation 44a. The record carrier 43 comprises a transparent
substrate 45, a reflecting information susrface 47, and a protective coating 49. The
information surface has tracks which contain or can be provided with information in the form
of information areas which are optically distinct from their environment. The optical unit 1
comprises a first holder 11 with a radiation source 7, which in operation produces a beam 2



10 exanple is formed_by two |inbs 23a and 23b of the nmounting 3. The hol der
17. can be [err] to the nmounting 3 by means of an adhesive, screws or by
anot her fixing method. In addition to the separate optical conponents 7 and
21 secured tygobdidedounting 3 the optical unit in accordancepyt gé

I nvention conprises conponents which are integrated in the nDuntlng

the present exanple these conponents are a sgparating 15 grating 25, a
mrror 27, a three-beamgrating 29 and an exit w ndow 31. The separating

gr ?t i Pgd25 i sof pneg‘eibljvggaﬂambt hssml:' tional Tlﬂpaﬁmeelﬁimvﬁﬂsl mqsideﬂtiogrh mﬁi—m Beam grating
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produces a bearﬂxé’dulmcﬁmoa‘cc&amrﬁm mecinfoﬁuim 61 fr B8 GifoRRationsipmes. THee

beam 2 is incident on a three beam gratin 29 WhIC s, an integrated part
of an opti caldgecteradis P&’;@P‘E‘f hn’F tector may comprise 2

plurality of detector units, so that a mnnber of outpm sxgnals can be obtained which are
processed in a signal processing circuit, to form an information signal, a tracking-error signal

20 and a focus-error signal.

The two last-mentioned signals are applied to a tracking servo-system and
a focus servo-system. As a result of the use of the three-beam grating 29 the tracking signal
is a tracking signal in accordance with the so-called three-beam method. However, the
scanning device in accordance with the invention can also be constructed without a three-

25 beam grating. The separating grating 25 may have different shapes depending on the
configuration of the detector units in the detector 21 and the manner in which signals are
derived from the output signals of the detector.

The scanning device in accordance with the invention shown in Figure 4
comprises an optical unit 10] in accordance with the invention and further includes a folding

30 mirror 51 and an objective system 41 for the formation of a scanning spot on an information
surface 147. The optical unit 101 comprises a radiation source 107 and a detector 121, which
correspond to the radiation source 7 and the detector 21, mpectively;, of the scanning device
shown in Figure 3. The unit 101 further comprises an optically transparent cylindrical
mounting 103 with an integrated plane mirror 127 and two gratings which are integrated with




grating 29 produces two sub-beans, not shown. The grating 29 has
substantially straight parallel grating |lines. The beam 2 and said

sub- béams Teach fhe objective sySTem41 viaa b tolding mrrof 51— This
obj ective systemfornms a scanning spot 53 and two auxiliary spots at
opposite sides of the scanning spot on the information surface 47.

| nformati oM Q38 can be scanned by noving the i nf or mat i o WOUE? 17 and
the scanning device relative to one anothek, particularly by rotating the
record carrier 43 about the axis of rotation 44a and by radially noving the
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information s ace ects t adiation as a return
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return beanasda beamnshipéract or 21 as a sub-beam 6. The sub-beam 6 reaches the
detector 21, which is secured to the nmounting 3 by nmeans of a hol der
17,-via a 15 mrror 27 and an exit w ndow 31 which are integrated in the
mounting 3. The reflected beamis nodul ated in accordance with the
information stored in the information surface. The detector 21 converts
this nodulation into electric signals. The detector nay conprise a
plurality of detector units, so that a nunber of output signals can be
obt ai ned which are processed in a signal processing circuit, to forman
information signal, a tracking-error signal 20 and a focus-error signal
The two | ast-nentioned signals are applied to a tracking servo-systemand a.
focus servo-system As a result of the use of the three-beamgrating 29 the
tracking signal is a tracking signal in accordance-with the so-called

t hr ee- beam net hod. However, the scanning device in accordance with the

i nvention can al so be constructed without a three- 25 beamgrating. The
separating grating 25 may have different shapes depending on the
configuration of the detector units in the detector 21 and the manner in
whi ch signals are derived fromthe output signals of the detector. The
scanni ng device in accordance with the invention shown in Figure 4
conprises an optical unit 101 in accordance with the invention and further
includes a folding 30 mrror 51 and an objective system 41 for the
formation of a scanning spot on an information surface 147. The opti cal
unit 101 conprises a radiation source 107 and a detector 121, which
correspond to the radiation source 7 and the detector 21, respectively, of
t he scanni ng device shown in Figure 3. The unit 101 further conprises an
optically transparent cylindrical



mounting 103 wth an integrated plane mrror 127 and two gratings which are
integrated with 7 an optically transparent wall 103a, i.e. a three-beam
grating 129 in a concave, particularly a cylindrical surface 129a and a
separati ng owobss®@es25 in a convex, particularly a toroidal peynbssaeish25sa.
As a result, the wall 103a,. which fornms part of the nounting 3. also
functions as a beam shaper. CLAI M5: 1. 8 An optical “unit—eepprd-sing a

first holder with a radi ati on sources aoc I W'th‘h@sh
radi ati on- se!lGLAIMS: detector, a gratl HY$ ﬁ*&%bﬁﬁ@lrl cal eet Has B eew%h

cylinder axis, said mounting having la fir8€& oni_n surf

first holder with the radiation source 15 secured and a se

surface to which the 5 second holder with the radiation-sensrtlve detector
is secured, characterized in that the grating is fornmed by an optically
transparent wall portion of a wall which is integral with the nDuntrng and
s oriented at | east approxi mately transversely of the cylrnder axi s.

An opti cal it as claine '
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separating gratlng formed in a surface of the wall which 1s oriented
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mirror, characterised in that the mirror is formed by an optically transparent further wall
10 portion of the wall which is oriented transversely of the cylinder axis, and in that the first
positioning surface extends transversely of the cylinder axis of the mounting, the radiation
source being situated in a space inside the mounting, and the second positioning surface
extends paraliel to the cylinder axis, the detector being situated outside the mounting.
3. An optical unit as claimed in Claim 1 or 2, characterised in that the
15 grating is a separating grating formed in a surface of the wall which is oriented transversely
of the cylinder axis, which surface is remote from the radiation source and extends
transversely of the cylinder axis.
4. An optical unit as claimed in Claim 2 or Claims 2 and 3, characterised in
that the mirror is a surface of the wall which is oriented transversely of the cylinder axis,
20 which surface faces the radiation source and is inclined relative to the cylinder axis.
5. An optical unit as claimed in Claim 1, 2, 3 or 4, characterised in that an
optically transparent wall portion of the mounting, which wall portion faces the detector,

forms an exit window.

6. An optical unit as claimed in Claim 1, 2, 3, 4 or §, characterised by the
25 presence of a multi-beam grating, which is formed in a surface of the wall which is oriented

transversely of the cylinder axis, which surface faces the radiation source and extends

transversely of the cylinder axis.

7. An optical unit as claimed in Claim 3 and/or Claim 6, characterised in

that of the wall which is oriented transversely of the cylinder axis the surface which is
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4. An optical unit as claimed in daim2 or Cains 2 and 3,
characterised in that the mrror is a surface of the wall which is oriented
transversely of the cylinder axis, 20 whicCh surface facés the radiation~" -
source and is inclined relative to the cylinder axis. 5. An
optical unipegSesesai ned In Caiml, 2, 3 or 4, characteri Sﬁd’i’*’w an
optically transparent wall portion of the nounting, which wa portion
faces the detector, foms an exit w ndow. 6 An optical unit
as claimed in daiml, 2 3, 4 or 5 characterised by the 25 presence of a
mul ti - beamrghoteifign tehiadiation sourcerasll/ornthe sarfadeaditicto facéd e \iidihtio doubce! dre/is
oriented tranversely of the cylinder axis, which surface faces the

radi ation §BU’F§'e and extends transversely of the cylinder axis. 7.
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of, the wall which is oriented transversely of the cylinder axis the surface
which is charagtgrised dn that the maunting; is an iy rpeulded productne surface which
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