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Abstract

Dynamic materials experiments at the National Ignition Facility require targets which include precision

planar components in the so-called physics package. The physics package contains the sample material of i . )
interest usually sandwiched between the ablator or the pusher, and the window. These components are Total error is a combination of random and absolute errors which need to be convoluted Error in glue layer is determined by propagating the errors from each layer and the stack

Random and Absolute errors determination

Full application of error bar determination for use on NIF targets

glued together at “<500-1000 nm tolerance in thickness and uniformity to allow such experiments to that @ o= © % % 0
drive the sample on the intended trajectory in the density/pressure phase space, providing invaluable Dy D t= (01— D)+ dv : : :
. . P . J . Y . v/p P P ,.p 5 random error randomemer Errors in random error Single stack glue thickness and error calculation
information for the stockpile stewardship program. Failure to produce samples with such small glue gaps, or | piandb2are | |, _ 2, o2
[ correla
samples that do not meet stringent, sub-micron, tolerances, can have a detrimental impact on the 2\ + o — . ottt
experiment. Such thin glue layers and dimensional tolerances need to be verified by precision AN — T.> = a(Ady + Ady) + (dvy + dvz}} stack component sum
* * Reported sually ~ 50 um Reported @ @
measurements with uncertainty, much better than the allowed <500-1000 nm for each glue gap or (Can be negative _value | Usually ~ 50 valuo “eluo Single stack ts = @Adz + dvs=Ty5 + G stack with glue gap G
dimensional tolerance. In this paper, we review the double-sided interferometric technique developed for @ /Cormﬂedfacm (e)  Comecteatactora, | [ | N
5 0 0 0 ' t=(Dy—D;) + dv -
measuring the form of individual parts as well as glue layers between such opaque stacked samples, and D1 absolute error b Sbsok emor absolute error N
. . . . . . . . L. N Errors in Window t1 ahds; + dvy = a( Ady + Ady) + (dvy + dvy)+ G
then discuss in detail the effort to quantify and validate the uncertainty in the measurement which is in | prandD2are | |oe= [o2+a, | ————— i adusady 1 G withdv, = dv, + dv, — dv
. — correlated A = (A 4 A + s 1 2 3
general™~ 100 nm dependent on the details of the sample stack. [T * % — Sample t2 52 T a | o
) \_ / \ since t; = a /7 Ad; + dv; using x above and substituting for Ad,
Cc:;?uc;ed | | Ctlr:IaL']:;ed | | Ri;;r;':?eed Ablator t3 ! r;f— —T,+G=a +"'_(ﬂdl — Ady) + «a +/— de:—G_I_ dv,
. . . . . Note that Dy andD5 are the corrected measurement values 0, dpends on the details of the measurement
Why does this matter? Dynamic Materials experiments provide key SSP e
data and require precision part fabrication and measurements Piezo mode had ~10 nm 1-sigma random error and chosen versus stepper motor ~ fewum < t; < few hundred um Gt =T —ellm - w6 = - pan 6
with >200 nm random error AG, = G+ — G
Dynamic Materials (lefractlonij EI?\% geltcé)bpeﬁyxlec:nplaazkea:‘%es involve planar parts stacked Piezo scan mode had ~<10 nm 8631 = CL - D@r46) B yoo— 21 orror o gtue
- - _ random error
: : : : : A certified set of precision steps @l Using stepper motor scan led to a The process is then applied as each layer is added
= Dynamic Materials (Diffraction, EOS, etc.) physics packages was used for calibration too much random error (@)
1 1 4 4 20um StepMaster
involve planar parts stacked using glue between layers Window t1 ©) N S— :
~ ~ ~ Gluegt '
= Glue layers need to be <¥1um, measured to “<500 nm > Sample {2 52 T - /J
ideal |y ~ 100 nm g 0 il P S S S ST TS .
| 4 by sub on h | 4 such AT | 3o ipoan|| FFEFEFFFFFSSS Step by step assembly and measurement and error propagation for an example package
= Glue measured by subtraction, hence parts also need suc DAy . used in a shot
2 > ol Histogram of repeated ste .
accurate measurements Step standard used for {iu /\Jﬁr’ moasurements on a. Components measurements and assembly Second and final layers
. ~ fewum < t; < few hundred um Zygo absolute calibration \/ certified ~20 um step ] ] .
= Large glue layers and/or inaccurate measurements can lead . S—— ‘ L e
iNo i i i - Histogram of measurements on 20 um | = . IR [ER— e Absolute error, 1o = M E——— =
to sample being in undesired state during NIF shot and P g e e B | | e i Absoluiesmonie
. . ; Measurement Instance i ~< 10 nm : t =25.5 un? ik at = aD1® + 8D2* 1?—_;:00;;0 T:Z:—S 65 nm i(.{?:m;::.?ﬂ dv; ~149.940 um
adversely affect or nullify experiment goals Certified steps from Mitutoyo Error will be too large for typical 100 T T =il W || e S
um or la rger pa rts Length (um)  Length (um) Length (um) (nm) LR T ot = J3DTE T 0% M 775 50— 1275 ot (2;_ 22'5 Srackss: 1 - 106 um Stack 3 arror: _ C
. 20 19.99 20.033 4.93 TN fo——— ] T cueas o T = 13 m TS
Using stepper motor, we often 24 23.625 23.669 8.38 e p— f!_ T—— nt venefrom partssrer |
Single sided thickness measurements are insufficient for part and glue thickness t ti lue thick 50 49.53 49.523 12.48 savonrs | [l i I | W || S
= got negative glue thicknesses i o e i | |
determination 9 n 1 =0 o —— a4 oo 7 5
. . . . n m m : : Window(4): 150 I ot~ 127+ 122 = 17 nm ::; =:n.oic:»s+z ;«co: - 03:,:;"
Part bow, debris or other gaps introduces errors Single side measurement zllniel els ke L | r-soum =SS0 | |
When usin g SN gle Slded measu rement Of thICkneSS error can be >>1 um . .o o o o i Figure 14b- Errors involved in the first step of the process in individual later measurements. Figure 14d-Final assembly step and the third glue layer errors.
Absolute error determined vs certified values from vendor (including its respective errors) |
Si Discs - 2-side vs 1-sid ot p— — _ _ Gertiied variations, nm
- | - ) i Discs - 2-side vs 1-side //,, ': ::.5._;,.,; B .G LTJ::N . :::i%“ :n%wm T -
. o'.‘:. ,’,,’ AbSOI Ute error WaS C Measured Certified Certficate 1o Uncertai nw [ :‘ e R “l . | - Random error. 1o . Absolute error, 1o
@ JRe [ T E— Stack s1 : or all Adviiozer = 30mm
N 60 . s // 1oo - 0.000 0.000 0.000 ' ' 4 ' Ablator(1): 25.5 3 s:"-% i{::l:;: i?:-:ﬁ dvy ~ 149.940 um
p . . v . v = 1.0009x : | Ablator: 255 Ablatori2s:> st - dsum otn JTET I = 17 m Grium
t ! ! =50 // o i - . Sample: 8 = _ _' D2~ 50 um Bg: % 172 4 177 + 172 = 20 um tor ~ IV o
t ; : ‘ = - 49.890 49.890 0.060 o e
_ _ _ g_ — ’ $ _ A // é’ - d| 99 844 99.970 0.060 Mitutoyo Certificate of Calibration % )} Window: 150 3 Window: 150 Window: 150 Stack s2 :
w0 b2 z °° - - - - e RS N | ’ Sample(d). 8 Stack sZ error:
| | 40 15 50 o5 60 65 70 T a0 L . LIVERMORE, CA CONDITION: ~ USED Sample thicknesses in um Individual components First set of gluin Final gluing at = JaD1* + ap2* 62~ £ VETT T ~ 85 nm
Gaps or sample bow can lead to erroneous measurements Zygo 2-Sided[um] . All values in um S e Max hickness 150 Max thickness 155 Max thickness 206 . Window(4): 150 3w 127+ 12¢ = 17 wm
20 - : :DI = . Diving board 110367 (100 counterbore) can be used for all the steps and stay D2 ~ 50 um 39Lh:’::—: ;f "f";;"“:':;r:’;; :nm
' "':;'L,M,,“V,S.EPL ] within piezo 140 um scan range
Single sided measurement cf‘:\n over (a nd under) estimate Slngle vs. double sided 1: L *M*“m 99 Be : Figure 14a- example of stack needed for shot H_Mat_TARDIS_Diff_CBM in FY22 on NIF including layer and
pa rt tthkneSS Mmeasurement Of S| f|atS ° 20 e ::ured e EUI sa 100 J i E‘:ZTt}?:;;f:;;ﬁ?y::;lf:f;;Zi:’:ftze:::;T:f;ei::;f::‘T:s::;:i';ge?:;rfoﬁ;!:eb;f;:f' As noted in Figure 14c- Errors in first subassembly step including propagation of error from individual layer measurements
puaae m e o ! ’ leading to determination of first two glue layers and their associate random and absolute error bars.
While double sided measurements have been used for such measurements for year, the oS el o U U e S All part errors are <100 nm 1o All glue errors are <100 nm 1o
accuracy of such measurements needed improvement certificates

Process was verified using cross sectional checks on parts as well as by trends in

Since piezo scans are limited 140 um the cantilever needs to have a counterbore for occurrence of measured negative glue gaps
Double sided measurement details thicker samples and taken into account in design of measurements GE == —=

Error bar determination for a single part accounting for both random and absolute errors

Field of view of f = |
s At - _—— Example of a series of glue error measurements for parts used on
t is then: Reference N I F ) h OtS
Top surface map t=({D,;—D,)+ dv I
. - IZ t ——— General case  Random error, 10 (b) Absolute error, 16 (C) Measured Glue Tota Abs Error Abs(D1-D2)  Abs(dv) Min Glue Diving Board factor
ap cancels ou I r [ | |
-U.Udﬁ 0.084 0.078 0.03 -0.084 149.939
| _ ) i 3 L d |
\ (a) D1~70 um <140 um at = 3(D1 - D2) + ddv A= j‘“*" + e 0.052 0.083 | 0.078 0.03 -0.031 149.939
-ttt =pat 0.287 0.060 0.052 0.03 0.227 -100.142
since ddp =0 atp = ¢ t = Aa fAd, | | |
with Ad = ( D,— D) and 0.321 0.060 0.052 0.03 | 0.261 -100.142
v ‘ . T ‘ .: _
W i ) dt = JaD12 + 3DZ and @ ~1.0009 + Aa* = 0.0005 0.389 0.060 0.052 0.03 | 0.329 | -100.142
i T dv'= 100 um n dv =150 um being absolute correction factor + 1o 0.410 0.084 0.078 0.03 0.326 149.939
Michelson SLWD) that has a workin - e * e [ | 1
t= (Dl - DZJ + dv distanceofdﬂmrlandaFOVofrou:hlv ! Mmax <% 122 + 122 = 169 nin, 1o [8¢p.mex ¥ 0.00052 + 140 um & 73 am| 0.551 0.083 0.078 0.03 0.468 149.939
} 3mm x 3mm. 145um scan range. |
. . . . D2 ~ 50 um < 140 um " See tablel | and with Adv, mae = 60 nm and [
Basic setup & thickness degermation Basic setup | o 0088 | 0078 003 | 0560 | 14993
Max sample thickness = (100+140) um= 240 um | Abpoe =+ 732 + 307 = 79 nm
~<80 nm o | 0.678 0.084 | 0.078 0.03 | 0.594 | 149.939
Zoomin 0.801 0.084 |  0.078 0.03 | 0.717 | 149.939
VECCQ 3 Dimensional Tneracive Dislay 2233 : i 5 .’ : - - | e ' | 0.984 0084 | 0.079 0.03 | 0.900 | 149.939
rop side Scan/ | o TR #Ll (d) Example case: DE;I=— dtn.-l-+ﬂg Aty % 0.0005 « 20 um % 10 nm | | 0.995 0.084 0.079 0.03 | 0.911 | 149.939
e B _ - q : - SEM: ~ 123 nm glue o 1.053 0.084 0.079 0.03 0.969 149.939
et o 170 um sample measured using 150 um ’q”""?eﬁ Lum with 8dvyi0367 *~ 30 nm and | . | | -
e - Tardis diving board 110367 tabla 2 tis then: 7 , L o 1.189 0.060 |  0.051 0.03 | 1.129 | -100.142
- ardis diving boar (see table 2) t = (71 —51)+ 150 = 170um o . I
‘ \ \.-"\ SCO) 3-Dimensional Interactive Display 1oy e s asa0r x 45e ' ﬂﬂ]‘ = SHHJ F ﬂﬂz = 12}”“ .I:'Itm ax = 4 Iﬂg + 3':'2 o 32 FETTL : ® 60000x Lo mage A part erro rs are <1OO nm 10
Bottom side scan F.(.(( - i e dt = 4/12% + 5% = 13.4nm, 1o ”“' F' ~80nm
Regions of Interest (ROIs) are generated on both E.' :,I“:. % % \— s ot j; . o . g
e e e ot fo o See tablel
Anplane is fit to the cropped ROIs on each surface ' B £t . ca—m
. pane lovels the data o oach surface. i . .
= . . Using the new process, the glue measurements are now typically 90% of time non-
M ts of tob & bott - » ; Error from part measurements propagate into glue thickness measurement and error negative and all within 100 nm of zero value
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