
X-ray & Gamma-ray Phase Fresnel Lens Primer
John Krizmanic 

NASA/GSFC

Promise:

Diffracted-limited angular resolution in 
X-ray and Gamma-ray bands -> 
potential to µ”

Issues:  Chromaticity and long focal 
length 1st light CCD response of a 2nd generation 

PFL imaging at 17.4 keV in the GSFC 600 
meter Interferometry Testbed.

SEM of a Prototype PFL produced 
at UMd using MEMS gray-scale 
fabrication technology,

Formation-flying of an 
optics spacecraft and a 
detector spacecraft forming 
virtual telescopes.
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Angular Resolution Performance vs Wavelength
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(a)  Fresnel Zone Plate (FZP) 1/! !  "  10% 

(b) Phase-reversal Zone Plate (PZP)        4/! !  "  41% 

(c) Phase Fresnel Lens (PFL)                             ! !"##$
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• Diffractive Optics

!"#$%%&'()$*+,-$.$)/0"*1)$(2"$+"3'&0"
4 ,&'56"7'..' ,&'5"&'+7/

• " 8 = 1.22 #/d
    $  310 µ%% at 10 keV (d=1 
m)
• Entire area of lens effective
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• Energy: ~4 keV $  > 1 MeV
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• Limited energy bandwidth
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• Long focal lengths
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VTXO PFL Imaging Performance at 1 km focal length
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For Silicon:

  t! !  = 2.56 (E/keV) [µm]



Results using silicon MEMS-fabricated PFLs 
characterized in GSFC 600-m Interferometry Testbed
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"-ray m-size PFL examples: but with 10T"meter focal length!
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Tidbits from Gerry …
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Backup
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)*+(*08$%902%:/()0$01#2#$-
Zone 
Number

Ring Inner Radius 
[um]

Ring Outer Radius 
[um]

Ring Width 
[um]

1 174.2 246.4 72.2
2 301.8 348.5 46.7
3 389.6 426.8 37.2
4 461.0 492.8 31.8
5 522.7 551.0 28.3
6 577.9 603.6 25.7
7 628.2 651.9 23.7
8 674.8 696.9 22.1
9 718.4 739.2 20.8

10 759.5 779.2 19.7
11 798.4 817.2 18.8
12 835.6 853.6 18.0
13 871.2 888.4 17.3
14 905.4 922.0 16.6
15 938.3 954.3 16.0
16 970.1 985.6 15.5
17 1000.9 1016.0 15.1
18 1030.8 1045.4 14.6
19 1059.8 1074.1 14.2
20 1088.1 1102.0 13.9
21 1115.6 1129.2 13.5
22 1142.5 1155.7 13.2
23 1168.8 1181.7 12.9
24 1194.5 1207.1 12.6
25 1219.6 1232.0 12.4
26 1244.3 1256.4 12.1
27 1268.4 1280.4 11.9
28 1292.2 1303.9 11.7
29 1315.4 1326.9 11.5
30 1338.3 1349.6 11.3
31 1360.8 1371.9 11.1
32 1382.9 1393.9 10.9
33 1404.7 1415.5 10.8
34 1426.2 1436.8 10.6
35 1447.3 1457.8 10.4
36 1468.1 1478.4 10.3
37 1488.7 1498.8 10.2
38 1508.9 1518.9 10.0
39 1528.9 1538.8 9.9
40 1548.6 1558.4 9.8
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