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Many times it is useful to analyze your tolerances in detail. In ZEMAX's tolerance analysis, you
may save the tolerance results for each Monte Carlo file, or you may save each tolerance in the
sensitivity analysis indidvidually in ZEMAX file format. This article describes how to take a
closer look at what ZEMAX does internally to model each and every tolerance in your design.

Introduction

ZEMAX offers a built-in tolerancing feature which you may use to perform a complete and
accurate tolerance analysis of your optical system.

Although ZEMAX performs the calculation of each tolerance “behind the scenes,” ZEMAX also
gives you the option to view what it is doing more closely; the operation of the tolerance
feature is not always transparent.

There are two different methods to saving the modifications that ZEMAX made to your lens file
to calculate the change in criteria as a function of the specified tolerance(s).

The first option may be defined in the Tolerance Data Editor as a tolerance control operand.
The SAVE tolerance control operand can be used after any tolerance you would like to inspect
in more detail. For example, suppose that you had a tolerance operand TEDX (tolerance on
element decenter in X) in the Tolerance Data Editor. After reviewing the resulting sensitivity
analysis, the results did not appear to make sense.

As a result, you may edit the Tolerance Data Editor by adding a SAVE command after the TEDX
operand. The next time the tolerance analysis is run, ZEMAX will save the file used to compute
the TEDX tolerance, which you may view as a ZEMAX lens file.

Applying the SAVE Tolerance Control Operand
To demonstrate, consider a single element for which you would like to know how the RMS Spot
Radius changes for a tilt tolerance about the X axis.

(&= FILE: Single Element Lens.ZMX (attached to last page of article)

TETX is the operand for tolerance on element tilt about the X axis. In this case, the single
element has a tilt tolerance of +/- 0.5 degrees.

#] Tolerance Data Editor

Edit  Tools Help
Oper # =i Nominal Min Max Comm et
1 (TETX) i o._oooo -0. 5000
£ >

Running the tolerance with the following settings (note that Paraxial Focus is set as the
compensator):
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@1 Tolerancing

b ode: | Sensitivity LJ j
# Monte Carlo Runs: |2EI Save Monte Carlo Buns: {0

Criteria: |F|MS Spot Radius LJ MTF Frequency: l—
Sampling: |2 ﬂ Config: 141 -
Comp: | Paraxial Focus ﬂ Cycles: l—_J
Fields: |Y-S_I,Immetriu: ﬂ I Separate Fields/Configs

Script; | _J [ Force Rayp Aiming On

[ Show Descriptions [ Owverlay MC Graphics

[ Show Compensators [T Hide &ll But wWorst

Statigtics: Marmal ﬂ Show Woarst: 10 -
Status: Idl.n.a

ok Caricel Efmminate Save Load | Rezet |

In the Sensitivity Analysis of the tolerance output, we can see the criteria value as well as the
change in criteria as a function of our TETX tolerance.

#} 2: Text Viewer

Print TR0

Test Wawelength : O.5E500 -

Fields: T Svmmetric Angle in degrees
# ¥-Field T-Field Meight T VDY i1
1 0. 000E+000 0.000E+000 1.000E+000 0.000 0.000 oO.C

I-Sensitivity Analysis:]

[~ 27 i S E T R R e o o o e e
Type Talues Criteria Chatc
TETH 1 £ =0.Eoo0oooon 0.043976541 3.4911E-0C
Morst offenders:
Type Talues Criteria Chatc
TETH 1 £ -0 500000000 0.043976541 3.4911E-0C
TETX & E 0. E00000aoo 0.04397654]1 2.4911E-0C

Estimated Performance Changes based upon PRoot-Sum-Scquare met

Nominal PBMS Spot Radius - 0043373045
Estimated change 2 3.4%11E-00&
Estimated PME Spot Radiuas: 0043976541
W
L AT >
= =

In this case, the tilt did not affect the RMS Spot Radius very much, but we can review what
ZEMAX has done more closely by saving the file ZEMAX internally constructed to perform this
perturbation.

In the Tolerance Data Editor, under the TETX line, insert a SAVE tolerance control operand.
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#1 Tolerance Data Editor

Edit  Tools Help
Oper # Type Filef = = Nominal #
1 (TET*) TETH 1 Z = o.o
2 v = = =
v
< 3 .

The SAVE command allows you to save the previous tolerance to a ZEMAX Lens File with the
specified “File #.” A file will be saved for both the maximum and minimum tolerance. The file
names will be TSAV_MIN_xxxx.ZMX and TSAV_MAX_xxxx.ZMX for the min and max tolerance
analysis, respectively, where xxxx is the integer number specified in the Intl column. In this
case, the integer number is 5, so the minimum tolerance file will be TSAV_MIN_0005.ZMX.
Note that the saved file is saved into the same directory as the current lens file.

Run the tolerance analysis once more with the SAVE operand in place (use the same tolerance
settings).

Once the analysis is complete, open the TSAV_MIN_0005.ZMX file from the appropriate
directory. Note the modifications made to the Lens Data Editor. To tilt the element about the
X axis, ZEMAX inserted a pair of Coordinate Break Surfaces with the appropriate solves and
values. ZEMAX even places text in the Comment column to indicate which tolerance each
surface represents. Also note the marginal ray height solve on surface 6. Remember, we
chose to have Paraxial Focus as our compensator when performing the tolerance analysis! With
this choice, ZEMAX compensates for tolerance perturbations by moving the image

surface in such a way that the perturbed system has the same amount of paraxial defocus as
the original system. Thus, the marginal ray height solve on surface 6 brings surface 7 to
paraxial focus, and the thickness of surface 7 maintains the paraxial defocus present in the
original system.

#1 Lens Data Editor

Edit Solves Options Help
Burf: Type Comm et RPadins Thickness Glass Semi-

()=h) Standard Infinity Infinity

l|Coordinate. . o._oooo ¥
ETO* Etandard ZE470 &. 0500 1.7&800 EFE

a* Standard Infinity -1_7%&00

4| Coordinate. . =TETx 1 Z 1.7500 *

i Standard Infinity 7.38%02 P

= Standard Infinity 0_.E0lz P

7 Standard Infinity -0_.E01z P
Ima Standard Infinity = 3
£ >
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#1 Lens Data Editor

Edit Solves Options Help
Burf: Type Decenter T Tilt About X Tilt About T Tilt Akout 2 Ci#

oEJ Standard

l{Coordinate. . 0. o000 j 0. 0000 0. 0000
FTO* Standard

a* Standard

4| Coordinate. . 0. o000 0. 5000 0. 0000 0. 0000

E Standard

] Standard

7 Standard
Ima Standard F
£ | >

With this capability, we can clearly review what ZEMAX has done to ensure any given tolerance
is performed the way we expect. Most importantly, we can thoroughly investigate any
tolerance which we find to produce curious results.

In the saved file, it is also possible to review the merit function which ZEMAX constructed to
evaluate the RMS Spot Radius criteria. The Merit Function Value is equivalent to the criteria
value reported in the tolerance output:

#1 Merit Function Editor 4.397654E-002

Edit  Tools Help
Oper # Type L
1 DMF= LMFS
Z BLNE SN Default merit function: BME spot radius centroid GO E rings 4
23 BLNE BELME| No default air thickness boundary constraints.
4 BLNE EBELNE| No default glass thickness boundary constraints.
5 BLNE BELME| Operands for field 1.
& TRAC TRAC 1 0. o000 0. 0000
7 TRAC TRAL 1 0. 0000 0. 0000
& TRAC TRAC 1 0. o000 0. ooaog w
< 5 ..
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#} 2: Text Viewer

pdz Print [yts a0
Test Wawelength : O.5E500 -
Fields: T Svmmetric Angle in degrees

# ¥-Field T-Field Weight VD VDT T
1 0. 000E+000 0. 000E+000 1.000E+000 0,000 0.000 oO.C

Sensitiwvity Analysis:

lessrsesmrssssssss Minimun —=oossmosossosmos
Type Talues Criteria Chatc

TETX 1 4 =0. 500000000 0.043976541 3.4911E-0C

Morst offenders:

Type Talues Criteria Chatc
TETH 1 £ -0.E50000aoon 0.043976541 3.4911E-0C
TETX & E 0. s00000aao 0.04397654]1 2.4911E-0C

Estimated Performance Changes based upon PRoot-Sum-Scquare met
Nominal PBME Spot Radius 0043373045
Estimated change 2 3.4%11E-00&
Estimated PME Spot Radiuas: 0043976541

| Bl

£
o

Saving Monte Carlo Tolerance Files

Much like the SAVE tolerance control operand (which is useful for evaluating one tolerance at a
time), you may also save each individual Monte Carlo file generated during the tolerance
analysis. This option exists in the Tolerancing dialog. In the top-most portion of the dialog,
you may choose to specify how many Monte Carlo runs to perform as well as how many of
these Monte Carlo files you would like to save for viewing after the analysis is complete.

FEX

€1 Tolerancing

b ode: | Sensitivity L_I jl—
' # Marte Carlo Funs: iFEEI Save Monte Carlo Runs: ln—_

Criteria: |F|MS Spot Radius LJ MTF Frequency: l—

Sampling: |2 ﬂ Config: 141 -

Cornp: | Parasial Foous ﬂ Cycles: l—_J

Fields: |><Y-S_I,Immetriu: ﬂ I Separate Fields/Configs

Script; | _J [ Force Rayp Aiming On

[ Show Descriptions

[ Show Compensators

[ Owverlay MC Graphics
[T Hide &ll But warst

Statiztica: Marrmal ﬂ Show wiarst; 10 -
Statuz: Idl.n.a
k. Cancel Save Load | Fezet |

The benefits to saving the Monte Carlo files are the same to that of the SAVE tolerance control
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operand. However, the Monte Carlo analysis simulates the effect of all perturbations
simultaneously. Thus, the saved files will contain the modified Lens Data Editor with possibly
many changes/additions (depending upon the number of tolerance operands you have for your
system).

Saved Monte Carlo files are also saved to the directory of the nominal lens file and any number

of Monte Carlo files may be saved. The lens files are named MC_T0O00x.zmx, where X is the
value 1 through the maximum number of specified Monte Carlo files to be saved.

A=

& Tolerance Analysis of Single Element Lens

3

File Edit ‘iew Favorites Tools  Help .',
o fi=
@Back * @ I‘r /- Search = Folders v
e
A Name Size | Type
File and Folder Tasks 288 | fifimc_Too01,2M 10KE ZEMAX Lens File
=9 ke a new fokder {Wrc_tonoz, zmx 10KE ZEMAX Lens File
St (lmc_toooz.zmz I0KE ZEMAX Lens File
) E‘_;'S'&';Eh's Folder to WM _Tooos. zmy I0KE ZEMAX Lens File
£ share this foder OiJrmc_tonos, zmx 10KE ZEMAX Lens File
imc_tonos, zmx 10KE ZEMAX Lens File
{irc_tonoz, zm 10KE  ZEMAY Lens File
— {imc_tonos, zmx 10KE  ZEMAX Lens File
{imc_tooog, zmx 10KE ZEMAX Lens File
e Local Disk (C1) | (@Imc_roo1o.zmx 10KE ZEMAX Lens File
() My Documents (M single Element Lens.SES 13KE ZEMAY Session File
§ My Computer (M) single Element Lens.ZMz 7KE ZEMAX Lens File
g My Metwork Places i 5 »
—

In most cases, it isn’t necessary or desirable to review each individual saved Monte Carlo file.
You may use the Monte Carlo Analysis output to help pick out any specific trial that you would
like to later review in ZEMAX format:
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#1 2: Text Viewer

Print  Window
Estimated change 2 3.4%11E-006& -
Estimated PME Spot Radiuas: 0043976541
Compensator Statistics:
Change in back focous:
Minimum : 0. 000000
Maximiam O_gooooo
HMean 3 0. 000000
Standard Dewiation : 0. gooooo
Monte Carlo Analysis:
Mumber of trials: EO0
Initial Statistics: Normal Distribution
o
Trial Criteria Chatnge
1 0.043975471 Z.4Z14E-006
E 0.0439733E56 Z.0889E-007
3 0.043973056 5. E491E-009
4 0.043973E516 4. 667ZE-007
5 0.0439738E52 E.030zE-007
& 0.043973100 L.0210E-00%8
7 0.043973162 1.1230E-007
=] 0.043973072 Z.E78E8E-00%
] 0.0439785039 1.2894E-0068
10 0.04397353Z2 4. 830ZE-007
11 0.043973832 7.8BEZ83E-007
12 0.04397&305 Z.EEERE-005
1z 0.043973083 2.3734E-008
14 0.043974039 9.89z5E-007
15 0.043973075 £.E035E-008
1 0.043973068 1.813%E-00%8
17 0.043973697 &.4778E-007
1z 0.0439743E55 1.2055E-006&
12 0.04397354]1 4. 3147E-007
z0 0.043973695 &.4539E-007
Nominal 0.043973049
Eest 0.043973056 Trial 3
Morst 0.04397&305 Trial 12
Mean 0.043973822
Etd Dewv 8.3384E-007
V
£ | >

Summary and References

When tolerancing and optical system, it is very important that you analyze and understand the
results of the tolerance analysis. Sometimes, a certain tolerance or Monte Carlo run might
produce suspicious results, requiring further in-depth analysis. The SAVE tolerance control
operand and the ability to save Monte Carlo files make this job much easier and give you full
access to what ZEMAX has done to the compute the tolerance analysis.
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ZEMAX Optical Design Program User's Guide, ZEMAX Development Corporation
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