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Surface Form Tolerances and Evaluation3 20 Surface Texture® o | Surface Centering Error Due to Tilt®
. Units are preferred to be in nm, but allowed in um of fringes « Polish code above the_texture symbo! is _e'th_er P (polished), G . Implltclljt datum? edX|st for typical, centered, spherical elements. If datum features are unclear, one
« If fringes are the unit specified, a wavelength needs to be defined either (grognd) Qr P1-P4 (polish grades) which indicate a default . \r/nvu_s © Spfe(ﬁl © .
In the title block or for the tolerance specmc_atlon of surface texture . ritten as TOTOWS. .
. Written as 3/ A(B/C) PV(D) RMSx < E: A = W « Polish grad_es are standardized surface roughness values * Spherl_cal Su_rface. _4/0 _ | o | |
. A= power: PV approximation spherical wavefront ; tover a spatlal b?nd Qt]cto_oozfrr}lrn to 1.00 mm . ZX?S;naxmum tilt relative to either the cylindrical surface (lens edge) or datum axis (optical
. s : : « Texture requirements written as follows : | | |
\a/\/gsfgsltdsos\:‘lelsr lloslteerir?coet?sleprraensceen?pplIeS otherwise e Each requirement on its own line, Showing aspat|a| ° ASpheilc Su_rfaces Qr ROtatlona”y Non-Variant Subassemblies: 4/G(L)
B =irregularity: PV wavefront irregularity \évea[;/:rlzregdﬂg)sznld and a surface texture specification E:_rrr?::ilrr:lljg Itz!IeraI displacement
: g ; [gg“gg\al;yu;nxaéqulgfvgvgl\z}%nfXer\ﬁ:g)nnal invariant irregularity . Spqtial_ wavelengths are given in mm « Beam _deviat_ion can be specified for the _en.tire lens element: 14/p
. E = rms deviation: where x is * Rgqindicates rms surface roughness in microns * p=maximum transmitted beam deviation |
. t=total rms s’urface Jeviation . Wq_lnd_lcates rms surface waviness in mlcr_ons_ « Surface tilt can alternatively be specified by runout (e.g. lens edge measurement):
* i =rms surface deviation with power removed . 'n.d icates the areal rms surfac_e (exture in microns T Aas<Aor é_l/c =B
* a= asymmetric variant rms surface irregularity * RAg |_nd|_cates "ms S“”‘f"ce slope in microradians s A _ a_X|aI funout at the clear aperture
« W = wavelength (A) in nm +  PSD indicates the maximum value of the power spectrum * B =circular runout at the surface edge | |
. If wavelength is not indicated in the title block, it must be specified in over the Spe_c_lfled spatial _wavelength band, given as a Tolerances can be applied as both angular and linear dimensions at single element or assembly
the tolerance power coefficient and an intercept in nm2 mm level o | |
« When upper and lower limits are provided they are indicated When a dash or nothing is listed in place of one of the tolerances, that type of tolerance will not be

« Other than power, when a dash or nothing is listed in place of one of the
tolerances, that type of tolerance will not be applied
« Further forms of surface form tolerances can be applied, such as surface
slope or Zernike coefficients
 Slope is written as 3/ AS, ,(F/G/H)

witha U oran L applied
 When the lay of the measurement is provided it is indicated as
R (radial), C (circumferential), - (vertical) or = (horizontal).

- v = number of dimensions (1 or 2) (12.114) Surface Treatment and Optical Coatings®: 222
e W = orientation . o * Functional coatings are indicated by a A inside a circle
 F = Max slope deviation (¢) Vﬁ « As defined in ISO 9211-2 descriptions and applications of an
« G= sam_pling Iength | I ' optical co_ati_ng must prepede the specificati_ons_ for spectral
* H=spatial sampling interval T ; characteristics (e.g. Antireflecting [AR] or Filtering [FI])
« Zernike coefficients written specifically as 3/ Z(n, m) (PV < O; RMS < P) 006%%251- 860/8\9V / Féqo%.3ooz « Coatings specifications can primarily be broken down into
« Z(n, m) = Zernike radial polynomial — 1= three designations
« O =PV surface form devi_ati_on $40.000 £22 o, [ ©32.000 * T(A) or T(A) = transmission for a waveband
« P =rms surface form deviation * p(A) or R(A) = reflectance for a waveband
[ ©38.000 « a(A) or A(N) = absorptance for a waveband
Coating Environmental Durability Test . Addi_tional methods are possible to describe an optical
Surf | oot ol 4 Eval o TestStep |  Test Code rect coating past t_he_waveband
uriface mper ection O erances an valuation’ 5590351306 | Do emt ! 115 50,008 * Angle of In.Cldence (AOI)
* Imperfections can be described by two methods 0 091190105 | Abracon 1.302 +0.025 J * Aperture size
* Visibility imperfections (MIL historical standard): 5/ S-D; CS’-D’; EA, 150 9211.4-02-02 | Adhesion | |, 4.500 +0.050 * Polarization orientation
« Each group represents different types of imperfections LEFT SURFACE MATERIAL RIGHT SURFACE : Phase_ | 3 | |
. S-[? :’general surface scratch and dig clle3|gn.at|on. R 139,238 c SOMPANY SIASS —r T 0005 = « Coating durability can be specified on a drawing using a test
« CS’-D’ = coated aperture scratch and dig designation 3. 36.00 cehort NoBK 3. 30.00 code, test sequence, and number of samples
. EA_e = edge chips | Prot. chamfer 0.25 MAX Ohara S-BSL7 Prot. chamfer 0.25 MAX « List of possible test codes and sequences are in ISO 9_211-3
« Adrawing note stating the make and model of the comparison 3/ 3(0.25) CDGM H-KOL 3/ RMSi < 0.1 » Test codes are based on ISO 9022, environmental testing
standard to be used is necessary Hoya BSC7 series, and 1SO 9211-4, coating specific durability tests
»  Accumulation and concentration rules apply \ 15168 +0.0005 + Surface treatments | . |
« Dimensional imperfections (DIN historical standard): V, 642  +0.5% Indicated on the optic by a thick chain line adjacent to the
N, XA, CN.XA. LN xA; EA (A) AR R,,, (400 nm to 700 nm) < 0.01 0/ 10 (M) AR R,,4 (400 nm to 700 nm) < 0.01 treated region
g g’ C C’ I I’ e ’ ? g . . . . .
« Each group with a different prefix designation classifies types of Ravg (425 nm to 625 nm) < 0.005 1/ 5x 0.16 Ravg (425 nm to 625 nm) < 0.005 Specifications are written in a box with a leader line to the
imperfections R (500 nm to 525 nm) < 0.005 % 5/ NHO10:SW10 R (500 nm to 525 nm) < 0.005 % treated region
. : : ' PR
* No Prefix = general surface imperfections W YeeR TORTENTY S Surfa(?e_ treatment appllcatlonsl |
« C = coated aperture imperfection designation ISO 10110 5O NOT SCARE DRAWING AMP \ . mitigate damage to the optic (e.g. handling)
« L =long scratches outside of general surface grades DRAWING FORMAT DRAWN _ | “x.X.. | ™' 2/26/2023 e Tor e ME=s = - Provide functional uses outside main use of the optic
» E = edge chips ORI T BOSUUENT e HE ORI S e | oo o 2262023 VRS | A | 23486-64 01 (e.g. stray light control)
« Each designation is listed in two methods > SHEET 1 OF 1

* Ny XA,
* N = Number of imperfections within a grade class
A= Grade class to characterize imperfections
« Accumulation and concentration rules apply

Materials® 27
« The following optical material information needs to be listed; either
« Manufacturer and optical material type
« Multiple manufacturers may be listed for a given element
« International glass code
 The index and Abbe information
« Material specifications occur at wavelength specific index and Abbe (e.g. ny and V,
or n, and V,)
« However the glass is specified, tolerance on the index and dispersion must be indicated
« Tolerances for optical materials are determined by three main groups
« Stress birefringence: 0/A
« A= maximum allowable optical path difference (OPD) in units of nm/cm
« Value of stress birefringence is based on quality of annealing and optic size
« Bubbles and inclusions: 1/N x A
« A= grade of the bubbles determined by the square root of the projected area
* N = number of allowable bubbles through a method of accumulation
« Homogeneity and striae: 2/A;B
* A =homogeneity: Maximum permissible PV variation of the refractive index preceded
by an “NH" indicator
 Homogeneity was previously specified by a class indicator
« B = striae: amount of wavefront deviation tolerance limit per 50 mm path length in
nm, preceded by an “SW” indicator
« Striae was previously specified by a class indicator or the more common
shadowgraph class
« Raw material is specified with the same tolerance property, except preceded by zero (“0X/?)
« Tolerance notation is similar to indicators used for homogeneity (“NH”) and striae (“SW”)

General Notation® 11
« Drawings can be prepared for an optical element or subassembly
Default conditions unless stated otherwise:
« Temperature = 20°C
« Dimensional Units = mm
Each tolerance property is applied for multiple cases:
« X/ =element tolerance
« 1X/=subassembly tolerance
« 0X/=raw material tolerance
Fundamental dimensions for a rotationally invariant optical element
Radius = dimensional value preceded by an R and the curvature
orientation (CX or CC)
Thickness = dimensional value including tolerance unless specified

Laser Damage Threshold?!’. 31 32
* Written as 6/ X,; A; Ty,
« X can either be one of three conditions depending on the
type of laser irradiation
* Pulsed laser irradiation:
« H, = Threshold energy density in units of J/cm?
« E,, = Threshold power density in units of W/cm?
« Long pulse or CW laser irradiation
* Fy, = Threshold linear power density in units of W/cm
* Apulse is considered long when the thermal transit
distance, (2 D 4 )Y, is on the order of the size of the
test spot d; ¢
D = Thermal diffusivity
* In both cases, 1.4 = Effective pulse duration in units of s
 When a dash is present following 6/, or the 6/ is not included,
the laser damage threshold is not defined and will not be
tested

otherwise

Diameter (&4) = dimensional value including tolerance
« Effective diameter (4.) = sub-aperture where optical tolerances apply
Edge corners
« Bevel = functional corner specified with a dimension, tolerance, and
angle
« Chamfer = nonfunctional corner specified as the maximum or
minimum allowed face width
Unless stated within each tolerance where a wavelength value is necessary,
the title block must include reference wavelength
 As of ISO 10110-1 2019 there is no default wavelength
Values that do not have tolerances listed, or are meant to be ignored, have a
_ default tolerance
Wavefront Deformation from an Element or - Tolerances are based on the diameter of the lens
Assemblyl4 20
« Builds upon surface form tolerance specification

where notation changes from 3/ to 13/

Diffractive Surfacesit

. oL  Diffractive surfaces are indicated by a # inside a circle ASPHERIC EQUATION
» Written as .13/ A(BIC) RMSx < D; A =E . « Three properties of diffractive element must be specified, 12, 19, 29, 30 o go e ST z(r) = - + Agr + Agr® + Agr®+
« Update: units of A, B, and C are waves instead of . : Asphere and Freeform Surfaces'4 *° 49 0.5/ WAq 150 D TG A At e
. unless otherwise inferred from the type of grating . .
fringes (transmission grating for CGH) « Both aspheric and general (freeform) surfaces are toleranced based on their —
\{alue specified is needs to be meqsurable using a . Basic type of diffractive structure (e.g. LG = Linear surface fo_rm (as per 1ISO 10110-5) | o
single-pass metrology method, typically found to be grating) . A sagitta table with Az (sag) and/or As (slope) should be included 3 Y
ggér(]:tiﬁg:trigrrrsvtglrjld be shown on the drawing view or » Direction of diffracted light (e.g. RG = Reflection . A.Spgir?aizrfsggsina{aebr&f: I]fi);z”?; |irr1]\(/j?£2[r;tda:;) }‘J;;h;’optmal > 8 2000 [ oos
. - . . grating) . ) ] ] ] g 7.500 | 0.127
Z]sietcr)r:zll Sséset; Tmsaﬂi)cnmgf:;n Isee.ctlon ofthe table « Type of structure (e.g. SR = Surface relief grating) S.urfgce > hapet_ls desgrlbed through a multi-term equation B e comrGENTS | 12.500 | 035
. 13/ -yRMSt <0.04: \ = 6:52 8 nm  Test region of diffractive structure needs to be shown in a ohic section an ’zlazpower Seres _ R T B
« Example stateé th’at trle méasured total rms face view with proper hatching to show applicable area © )= h\?2 + Lizg Azih™ o i [ so0 114
Wavefirjont error needs 1o be less than 0.04 waves (e.g. for a linear grating straight lines in the direction of R 1+\/1—(1+K)(§) ] a | 408sse1z | 25.000 | 1411
_ . ) the ratln are Shown . . . . MATERIAL RIGHT SURFACE
different from the theoretical total rms wavefront grating /n) Conic section and orthogonal polynomials NP —— A— -
error when tested at 632.8 nm * Similar to effective aperture, you use &, | - Multiple types of equations commonly referred to as Q-type surfaces g et
When a dash or nothing is listed in place of one of the * Specification of type of grating is different for each basic . Coefficients and equation needed to describe the surface must listed and Prot. chamfer 0.4 MAX
. . type of diffractive structure i i i i 27 £ 0.0002 3/ 2(1/0.5)
tolerances, that type of tolerance will not be applied YPE € T - referred to in the surface radius designation | 5+ 0.59% Y -
* Linear grating: Diffractive parameters and direction of . General (freeform) surfaces are rotationally variant across the optical surface 5/ 3x0.25; C3 x 0.25; L3 x 0.005; EO.5
linear grating _ o « Surface type in tabular field is indicated as “GS” 0.25 5/ -
* Circular grating: Mathematical description and - Surface shape is described by mathematical equation, except coordinate Q) AR R(A400nm to 700nm) < 0.4%
" - diffractive parameters system is critical in determining where the surface is described about
Additional Information?8 . y | hining A .
« All information covered here is expanded upon in the ) Computgr generated hqlogrqm. D.ata set for » For acloud of points, the indication "GS" and the datafile name replaces the R RPRET PER ISO 10110 WEIGHT DRAWING TITLE!
- processing and describing diffractive structure for the surface, with a date and time stamp for the data file Snotscueorawing | 24654 GRAMS | g AMP|LE ASPHERE
referenced citation /N X.X.X. XX/XX/XX| " \: 546.07 Nm [ SizE [DRAWING NUMBER: REV
CHECKED [®" X.X.X. |”*TF XX/XX/XX FIRST ANGLE
DISCLOSED BY IT ARE THE PROPLRTY OF COMPANY AND ARE ESUSED IN STRICT B PROJECTION A | ASPHERE ISO XX
AR RERERVED 1 CONPAN THESERIGHT CAN ONLY BE WAVED WI THE PROR igsgg\'/\lEGD BY i;i DATE §§f§§f§§ s DIM: mm | SCALE 1:1 | SHEET 1 OF 1
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