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Framing Cameras Are Fast Movie Cameras

Time-gated X-ray detectors featuring:
e 100 ps temporal resolution
e 250 ps strip record length

50 um image plane resolution
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Paired with imaging snouts (pinhole arrays, Crystal Backlighter Imager, ...),
spectrometers (Super Snout, ISS), etc...
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Imploding capsule recorded on framing camera
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Framing Cameras Use MicroChannel Plates as Their Primary
Active Detection Element

—ELECTRODING

Leaded-glass MCP /o eacn race
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Framing Cameras Use MicroChannel Plates as Their Primary

Active Detection Element
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Conductors coated on top and bottom support a voltage
difference:
— Creating electric field in each pore
— Accelerates electrons down the pore
— Secondary electrons are produced at each impact
(dynode)
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Backend detector (CCD or film)
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Individual Framing Camera Properties Are Hard to Predict or to
Characterize

Gain droop along 4 strips! ||

. . .p . 1.4F
= Photon detection and signal amplification occur throughout the MCP
1.2
C
. oy . . . . . = 1.0
= Variability in the MCP and its coating, HV pulses and their coupling S,
. o 0.8
onto strlps 2
£ 06
- . . . L 04
= Actual use conditions are hard to reproduce during calibration ol |
. 0.0k 1 1 1
= \We calibrate: 1000 2000 3000 4000
« Pulse velocity across microstrip Horizontal Pixel Location
* Gate (gain) width 3 - ( ‘
. Gai iati ith volt M CP Z [ Spatial
a!n varia !on wi voltage on 2 || resolution
e Strip-to-strip gain % 0.1
* Relative Droop -
« DC Sensitivity E
('U001 E
° E — Edge Intensity ]
— —— Unconstrained Fit| 1
§ —— Constrained Fit |
0.001 L ' : : l
-2000 -1000 0 1000 2000
Horizontal pixel location
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We Have Several Types of Framing Cameras on NIF

Packaged inside an airbox, inserted and aligned via a DIM CCD Power Supply

Housekeeping
Hardened (HGXD) and non-hardened versions (GXD) Sensor Board
— Film backend vs CCD backend
— Recently, CMOS backend (HGXD-3) HYV Electronics

4-strip and 2-strip (HGXD only) versions CCD Camera

' ‘ Embedded
/ Computer

/ T~ Cooling &

Mounting Plane

“-200” vs “-600” on some cameras
— Controls integration time by shaping of HV pulse
— Actual integration time is ~100 ps vs ~250 ps resp.

Module
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Framing Cameras Are Configured Through Shot Setup Tool (SST)

https://nifit.lInl.gov/sst/

8 TC090-078 |
DIM Configuration (090,078) ® Approved (]
TC090-078

ARIANE (090,089) TC090-089 @ Approved (Secondary) A

DISC DIM (090,078) TC090-078 @ Not Used
DIXI (090,100) TC090-100 © Approved (Secondary) A

GXD DIM (090,078) TC090-078 @ Not Used
& HGXD DIM (080,078) TC090-078 @& Approved (Secondary) O
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Framing Cameras Are Configured Through Shot Setup Tool (SST)

https://nifit.lInl.gov/sst/

& TC090-078 |
== @ DIM Configuration (090,078) ® Approved (]
TC090-078
3 ARIANE (090,089) TC090-089 @ Approved (Secondary)
DISC DIM (090,078) TC090-078 @ Not Used
DIXI (090,100) TC090-100 ® Approved (Secondary)
GXD DIM (090,078) TC090-078 ~ — = °
& HGXD DIM (090,078) TC090-078 S TC090-078
& DIM Configuration (090,078) ® Approved (v)
TC090-078
Description
Comment
Template Applied NONE
Priority Primary
B Aimpoint Coordinates Cartesian
X (mm) 0
y (mm) 0 <= where the camera should be pointed to
z (mm) 0
DLP Nickname HGXD6F
Active
DIM Configuration AAA10-115328 : HGXD2-H-640-25.4-1X
Lawrence Livermore National Laboratory N"S’%
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Framing Cameras Are Configured Through Shot Setup Tool (SST)

https://nifit.lInl.gov/sst/

B2 TC090-078

DIM Configuration (090,078)
TC090-078
ARIANE (090,089) TC090-089
DISC DIM (090,078) TC080-078
DIXI (090,100) TC090-100
GXD DIM (090,078) TC090-078
& HGXD DIM (090,078) TC090-078

® Approved (]

® Approved (Secondary)
® Not Used
© Approved (Secondary)

& TC090-078
& DIM Configuration (090,078)
TC090-078
Description
Comment
Template Applied
Priority
B Aimpoint Coordinates
X (mm)
y (mm)
z (mm)
DLP Nickname

Active

© Approved

NONE
Primary
Cartesian
0

0

0
HGXD6F

DIM Configuration

AAA10-115328 : HGXD:

& DIM Configuration

Snout Selection
Snout Part Number
Cart Part Number
Airbox Part Number
Magnification
Aimpoint-to-pinhole-plane Distance
(mm)
Pinhole-plane-to-detector Distance
(mm)
Aimpoint-to-detector Distance
(mm)
Snout-tip-to-pinhole-plane
Distance (mm)
Aimpoint-to-snout-tip Distance
(mm)
Roll Angle (deg)
Rotation (deg)

Nose Cap Assembly (Position 1 -
Closest to TCC)

Nose Cone Assembly (Position 1 -
Closest to TCC)

Kinematic Base Assembly (Position
1 - Closest to TCC)

AAA10-115328 : HGXD2-H-640-25.4-1X
H-640-25.4

AAA10-115328

AAA12-105969

AAA12-105140

X

640

640

1280

4.32

635.68

0
90

AAA12-113584 : 62 hole, 25um PH, 300um Coll
Array No Polyimide
AAA10-102783 : Empty InLine Basket Filter

1004015228 : FILTER ASSY, 25um Al/POLY, NO
P

“snout” - imaging
configuration

pinhole array,
filters, etc..

LLNL-CFPRES-2015522
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Framing Cameras Are Configured Through Shot Setup Tool (SST)

https://nifit.lInl.gov/sst/

B2 TC090-078
DIM Configuration (090,078) ® Approved (]
TC090-078
ARIANE (090,089) TC090-089 @ Approved (Secondary) A
DISC DIM (090,078) TC090-078 @ Not Used
DIXI (090,100) TC090-100 © Approved (Secondary) A
GXD DIM (090,078) TC090-078 @ Not Used
—> & HGXD DIM (090,078) TC090-078 @& Approved (Secondary) (]
Priority Secondary
Description
Comment
Template Applied NONE
Nickname HGXD6F
== @ Timing

& Timing
Trigger Delay rel Tzero (ns)
& Configuration
Flange Filter
8 Detector
Pulse Forming Width (ps)

B Strip #1

Timing Delay (ps) (in 25 ps
increments)
Backbias (volts) (in 50V
increments)

Strip #2

Strip #3

Strip #4

Film

16.38

24um Al Polyimide

200

0

100

TMAX 400 with P11 phosphor 35mm FILM

< select trigger delay

select > 0 delay relative to global delay

t 1

select MCP bias
+50 V - ~1/3 gain
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Framing Camera Data is Recorded in NIF’s Archive Viewer

https://nifit.lInl.gov/viewer/main.action

MONITOR_T1 | Time for center of first strip relative to TCC TO 13.9
MONITOR_T2 | Time for center of second strip relative to TCC TO | 14.16
MONITOR_T3 | Time for center of third strip relative to TCC TO 0
MONITOR_T4 | Time for center of fourth strip relative to TCCTO |0

& GXD

1C090-124
O FRAMING CAMERA TIMING 1
0O DIAGNOSTIC_IMAGE 1
O ERAMING_CAMERA_PULSER 1

& HGXD

TC000-000
0O DROOP_CORR_IMAGE
O FRAMING CAMERA TIMING
0O EXPOSURE_IMAGE
O ERAMING_CAMERA_PULSER
O PDS_IMAGE
TC090-078
O DROOP_CORR_IMAGE
O FRAMING CAMERA_ TIMING
O PINHOLE EXTRACTED IMG
0O EXPOSURE_IMAGE
O
O

M = A A

FRAMING CAMERA_ PULSER
PDS_IMAGE

O = a2 A A

Lawrence Livermore Mational Laboratory NL'% 12




Framing Camera Data is Recorded in NIF’s Archive Viewer

https://nifit.lInl.gov/viewer/main.action

MONITOR_T1 | Time for center of first strip relative to TCC TO 13.9
It GXD MONITOR_T2 | Time for center of second strip relative to TCC TO | 14.16
MONITOR_T3 | Time for center of third strip relative to TCC TO 0
MONITOR_T4 | Time for center of fourth strip relative to TCCTO |0

1C090-124
O FRAMING CAMERA TIMING 1
0O DIAGNOSTIC_IMAGE 1
O ERAMING_CAMERA_PULSER 1

& HGXD

TC000-000
0O DROOP_CORR_IMAGE
O FRAMING CAMERA TIMING
0O EXPOSURE_IMAGE
O ERAMING_CAMERA_PULSER
O PDS_IMAGE

TC090-078
O DROOP_CORR_IMAGE
O FRAMING CAMERA_ TIMING
O PINHOLE EXTRACTED IMG
0O EXPOSURE_IMAGE
O FRAMING_CAMERA_PULSER
O PDS_IMAGE

SHOT_IMAGE Shot image

|
E

PRESHOT_IMAGES | Preshot images

-@REPE || e GERE

M = A A

. <= subtract this from shot_image!

O = a2 A A

Lawrence Livermore Mational Laboratory NL'S‘% 13
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Framing Camera Data is Recorded in NIF’s Archive Viewer

https://nifit.lInl.gov/viewer/main.action

i GXD
1C090-124
O FRAMING CAMERA TIMING
0O DIAGNOSTIC_IMAGE
O ERAMING_CAMERA_PULSER
f HGXD

TC000-000
0O DROOP_CORR_IMAGE
O FRAMING CAMERA TIMING
0O EXPOSURE_IMAGE
O ERAMING_CAMERA_PULSER
O PDS_IMAGE
TC090-078
O DROOP_CORR_IMAGE
FRAMING CAMERA TIMING
PINHOLE EXTRACTED IMG

M = A A

FRAMING CAMERA_ PULSER
PDS_IMAGE

O
O
0O EXPOSURE_IMAGE .
O
O

O =l a4 a A

}

MONITOR_T1 | Time for center of first strip relative to TCC TO 13.9
MONITOR_T2 | Time for center of second strip relative to TCC TO | 14.16
MONITOR_T3 | Time for center of third strip relative to TCC TO 0
MONITOR_T4 | Time for center of fourth strip relative to TCCTO |0

SHOT_IMAGE Shot image L

PRESHOT_IMAGES | Preshot images

-BEE ||| ~-EEE

. <= subtract this from shot_image!

EXPOSURE_CORR_IMG Corrected raw PDS image

OPT_DENSITY_VS_EXP_WF |Optical density vs. Exposure plot

-@EE | -G E

va
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Framing Camera Data is Recorded in NIF’s Archive Viewer

https://nifit.lInl.gov/viewer/main.action

& GXD

1C090-124

O

O

O
& HGXD

FRAMING CAMERA TIMING
DIAGNOSTIC_IMAGE
FRAMING CAMERA_PULSER

TC000-000

O
O
O
O
O

TC090-078

O

O
O
O
O
O

DROOP_CORR_IMAGE

FRAMING CAMERA_ TIMING
EXPOSURE_IMAGE
FRAMING CAMERA_PULSER
PDS_IMAGE

DROOP_CORR_IMAGE

FRAMING CAMERA TIMING
PINHOLE EXTRACTED IMG
EXPOSURE_IMAGE
FRAMING CAMERA_ PULSER
PDS_IMAGE

M = A A

O = a2 A A

Flat-fielded data only when calibration file is available!
Ask ahead of your shot if this is important for your experiment.
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Useful User Resources

= Framing camera wiki page'

— Answers 95 % of your questions (setup + data processing)

* Gain < c =

nifconfluence.linl.gov/

* Orientation
* Dimensions

° DISCOVER

NIF Wiki

(® Allupdates
l» Popular

MY WORK

[Z] Recently worked on

= Calibration reports?

= Responsible scientists
— Joe Holder (holder4@IInl.gov)
— Clement Trosseille (trosseillel@lInl.gov)

Spaces v| People Calendard
RECENT SPACES
»  Target Diagnostics ate
If HED-ICF
) . 2no,
» NIFfHEDS Calibrations
_ IPS -
w TASE Section
pdatt
Space directory
o .we.stOn,

< c

NIF Wiki

* SXI - Static X-ray Imagers for LEH
> TARDIS
v Target Diagnostics
* hGXI
> MRS
* VC5 laser pulseshapes
* Sample data for diagnostics wor
* NAD FLANGE
> RadChem
* SPBT
* hGXI ROSS Pair (90,78) snout
> Snout-NAD
> NAD Well ( 64,241)
> NAD 20 (119,316)
> GRH (064,020) [ GCD (064-275,
> Nuclear Imaging Systems (NIS)
* DIM PCD (var loc)
* HSXRS
* GXD
* NIF Tzero definition
e Data summary templates
> pTOF
> SRF
* Flange-NAD

¢ Activation Diagnostics

> X-ray Framing Cameras : GXD, H

Spaces v

People

25 nifconfluence.linl.gov/display/TD/Target+Diagnostics+Home

Calendars Create
Pages B @
Target Diagnostics H

Created by Administrator, last modified by S/m——

Welcome to the NIF Tar

This page contain details on individual
helpful please contact the RS responsil

List of NIF Diagnostic Acronyi
Link to 1-Page Diagnostic Sur
Link to TDES Diagnostics Sta

Nuclear Diagnostics

nToF Working Group
Activation Diagnostics
DIM PCD (var loc)
Flange-NAD

GRH ( 64,20)

MRS

NAD 20 (119,316)
NAD FLANGE

NAD Well ( 64,241)
Nuclear Imaging Systems (NIS)
pTOF

RadChem

RTNAD

Snout-NAD

SPBT

SRF

Lawrence Livermore Mational Laboratory
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https://nifconfluence.llnl.gov/display/TD/X-ray+Framing+Cameras+%3A+GXD%2C+HGXD+and+ARIANE
https://nifconfluence.llnl.gov/display/TD/X-ray+Framing+Cameras+%3A+GXD%2C+HGXD+and+ARIANE
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favoring by the United States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States govemment or Lawrence Livermore
National Security, LLC, and shall not be used for advertising or product endorsement purposes.



Framing camera cheat sheet (NIF wiki)

Available GXD Framing Cameras at NIF

Add’l Gain Rel Pulse UV-measured Actual Interstrip
INFO Vel gate width Timing (vs req.)
(mm/ns) - (ps)@(bias V)
RGXD1F- 109 (50V) 0/5/15/8 (co-
No ERASER 8* 140
200 © 107 (150V) timed)
RGXD1F- 256 (32x of -
No ERASER 140 240 (150V
C 600 © 200 config) (150v)
C
GXD3F 115 (50V)
No ERASER 1.2 142
D | grexps3F © 90 (300V)
RGXDAF- No ERASER 1.4 137 100 (100V)
200
RG;((I))O4F -
No ERASER (16x of 139 228 (100V)
extended .
. . -200 config)
integration
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