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In Search for Replacing
Classic Rotating X-Ray
Anodes

108 thermal cycles
(typical CT tube)

* Erosion begins after
the first few cycles

» Severe damage after
few percent overload

Focal spot Focal track
2900 K 1400 K

(Reflection of filament light)

hd Cathode*

Rotating anode in
operation

Focal track
erosion and
melting
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New Paradigm:
Tungsten Microparticle Target

Benefits

* No erosion

» 4x target velocity

» 3x heat capacity

« > 8x gain of power density (CT)

* Remote cooling

* High brilliance (spectrum, intensity) where required




“Z Rotating anode Microparticle targets

100 T
%P velocity

CT anode input power vs reference, =" 1000 m/s ™
focal spot 0.3/8° (IEC) _ow®" S
> o _—7200 m/s """
10 —
P‘-““‘g’
o e __peemm" 100 m/s
“_ﬂ/’
: ‘,.ﬁ"‘ Tube voltage (kV)
| 50 100 150 200 250 300
K Diagnostic CT NDT & Orthovolt Therapy
ARECEN 1 b 2
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ok 20 Diameter 5 um monolayer equivalent stream
FKTHE Thickness 20 um
& vy &
é&a,%x%% 0 N 4000
-2 3500
The Chall “‘
e alienges S .
E -8 2000
(]
7 1500
)
< 1000
. 500
oooooooooooooooooooooooooooooo 0
R . Distance from surface (um)
Potential issues

» Charging of thick uP streams
- false tube voltage
« Smoking (uncontrolled uP motion)

 Erosion during uP acceleration / braking
« uP accretion
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Integrated Electron Power Deposition in W
(max normed, normal impact)

--A--30 keV =+-80 keV =%=100 keV —e-150 keV ®m 300 keV

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

CW(E ) h) / C W_peak

Depth dimension h (log, pm)
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?éKTH% Electron Charging & Power Deposition
( Single W Microsphere)

Single particles
(@) =¥ 1 um 2um —@-5um -#-8 um —-16 um (b)/ 0,5‘}%\

* Discharge by 0% iy
. Backscatter 5 o%| = i
(graphs) 5 -10% X 0.0%
S -20% :
* |n addition %-30% £
(expected, not ~ &-40% ' |
. -50% : - -0.5%/
ShOWﬂ). 0 50 100 150 200 250 300 O 50 100 150 200 250 300
o Secondary Primary electron energy (keV) Primary electron energy (keV)
electron (c) 300 60% W - 150 keV primary e - energy (keV)
emission 3 250 50% d) [@1um]| [G2um| [B5um | [d8um 150
* Thermionic > 200 40% ) ‘ O i e
Schottky 2 150 30% . -
emission E 100 20% 100% 100 tyAbsorklace]:(c)ioéurrent 9% 0
&

(e)
* Field emission 50 S R Y _>10% @TO) E J E T TQ“! Max.
0 0%
0 2 4 6 8 10 12 14 16 L Min.

1.6 % 3.2% 8.4 % 14.8 % 33.5 %

Tungsten microparticle @ (um) Absorbed power
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%f@H% W @5 um Monolayer, on Top of W and in Free Space

..
SIS o
-“. ..':.
\e.,
e
3 .
2 10.0% - - Hybrid, 20 pm stream
o [
o TR
: %
8 ..........
O , __..-a
‘go '.__ . — ..
= 1.0% - Py Monolayer, free
G space, powered for
: .
S B equivalent output
Monolayer in free space
I I }
0.1 0/0 I I I I I -{
0 50 100 150 200 250 300

Tube voltage (kV)



iy Power Deposition
(W @5 um Monolayer, on Top of W Substrate)
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MC Model for Hybrid Rotatry Anode/ uP Target

(a) Top view

* Electron scattering (all
directons, in and out of

the pP)

Evaluated

* Center sphere evaluated

N 50 um
- (300
kV)

Auxiliary
hackscattering
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FEM (Comsol 6.2) Model for Hybrid Target

DS - r'x
h

D @ a5

m Q 16 (incl. center sphere)

(d) (e)

2rp=5um _¥

--- &- 2 Shields ¢ d

VW////ﬁfyzy///ffff/fW#

Shields (400 x 400 x 5 ym3 each) compact anode Grounded enclosure 1x1x 1 mm3
11
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and electric field -14 s
strength E(h) @ FS exit : N
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2500

2000
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Conclusions

» Tungsten microspheres will not charge if electron
impact energy is beyond threshold (ca. 30 keV
for 1 um particle diameter)

 Particle motion between electrodes will depend
on electron energy during interaction

* Lower z metals typically exhibit lower backscatter
yield and higher charging
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More Details
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[
I nte Fa Ct on Cross section Ars Electron Width W, of the e-beam cross

o of primary electron bea,r}” _lll, T secfion Interaction
Reg on impact at the target \ i , region

. . LCS + 2'/15
Lateral X-ray s
corona (width = \ BIRR 0D Length L of
length) /¢ il NIRRT % the e- beam
LA ) cross sect.
Breadth B of the T
microparticle Microparticle
stream stream,
velocity v, p
Thickness H of the
microparticle / X-ray depth
stream \\ corona ds
/ (’b ke
Projected focal / \ Targét
spot length L angle )V Passing electrons (if
' microparticle stream is not h
Focal spot width g electron opaque)

W 17
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Ongoing Work

* Preparing for public funding
* Rheologic tests

» Supplier contacts
 Validation of MC simulations

e %%
* Publishing / | IS

| HH( ‘j(\.
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Hybrid Target
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I

Rotating anode & integrated radial accelerator channels

Stationary pP supply funnel
replenishing the rotating feed groove

Cathode &

Tube subassembly focusing

(cathode side)

: Focal track

WP WP accelerator WP inlet WP stream Focal track WP accelerator
outlets channel channels
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MC Simulation of Power Input for Hybrid Target

30 keV 50 keV 80kV 100kV ‘I20kV 150 keV 200 keV

| Il
50 80%  50% Sl 0% 0%

250 keV




Power Input: Cross Sections J s ]
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Compact tungsten target
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Permitted Input Power / Charging for Hybrid Target

Charging: closely packed monolayer. (A) in front of rotating anode. (B). in
free space. (C): in free space, powered to yield hybrid-equivalent output.

240%

220%

200%

180%

160%

140%

120%

Permitted input power vs reference

100%

® Melting permitted

stream

M|cropart|cle I|m|t<7’
/ No melting

ERE=_ n ]

..:> |mpr0ves W/
denser

Rotating anode limited

0 50 100 150 200

Tube voltage (kV)

250

300

Charging coefficient g,

10.0% A

1.0% A

k\: @5 um W pPs
",
X l-.-....
\ h """" ..._Hybrid, 20 pm

\ {é}stre%}

Monolayer free

\ space, powered
B for equivalent
\ output

Monolayer in free \

| | Ispace %\$__§

0.1%

50 100 150 200 250 300
Tube voltage (kV)
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Power Rating Hybrid Anode

Pinput(k
WH00
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400
350
300
250
200
150
100

50 -

2

5 0
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800°C
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- ©
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T T T T

50 100 150 200 250 3(
Utube (KV)
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-\ 1,000
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Nearly Monochromatic
Filtered Bremsstrahlung
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Filterred dI/dE, (#electrons* cm?)

1 um diameter W pPs

8x10-12 2%10-9

|
Strong filter: 6.8 mm W :

|
6x10-12 .-|| —————————————— N‘l‘\:

I "\W Ll
\ VI"(

1.5x10-°

4x10-12 | f 1x1079
, w{lw ™
e AR i i, '.[ _____
[
2x10712 " W‘ '\VH p il 510770
l unfiltered IP i|
!
| !
o | ! 0
0 50 100 150 200 250 300

Photon energy E, (keV)

Unfiltered d//dE,, (#electrons™ cm?)

Filterred dI/dE,, (#electrons™ cm™)

Fluence per Electron

Thick W target

1.5x10°13 -
!

/! |
____/_ ____________________ =
>x107% ) / | /'—‘\\\
I / l/ <1
I / Smallfiter(25mm _»
lg / Al + W-intrinsic, 8°)
0 <
0 50 100 150 200

Photon energy E,;, (keV)

i b Strong filter: 16 mm
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d//dE, (#electrons™ cm?)
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Spectrum vs uP Size

* Qutput spectrum
depends on uP
size

* Weak dependency

e Supports
spectrum
modulation

Mean energy (keV)

130

120

110

100

90

80

70

60

Tube voltage 150 kV

W uP, 27.5
mm Al

-
-
-
-
el L T
-
-
-

Thick W target,
27.5 mm Al

*
¢ Thick W target,

0 1 2 3 4 5 2.5 mm Al

Microparticle radius (um)
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Electric Acceleration



- _ _ - Uy, = 150KV, B = 1
@ - Uy = 150KV, =01 = @  Ugep = 150 kV,

éﬁ'@%”’s@ %Q% ‘e‘tf’@ [ [
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T \[7 Oscillating upon pulse release

Global: Av. radial speed (m/s)

Orientating simulations 30—l .""J,f"ﬁ"-\ N

. Gap 10 mm, voltage 150 kV, (E-field >15 KV mm~ 8-~ = | || '
not realistic). Simulated velocity 30 ms™: E\% o)

* Space charge repulsion (uP focus too large) 8

» E-field max. ca. 5 kV mm™: achievable radial uP o 5};‘ — 1

velocity << focal track velocity of rotating anodes
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