lon trap layout

Mysteries of the universe revealed

Dan Stick
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& power loss 2. Power dissipation

/2.5y x 200 Al u-strip

R

Sy

10p oxide ——_ <.~ B,
. M#ﬂﬂ»ﬁ,},ﬂﬂ/«/
\

B80y substrate
(Si or air) \
VAL ground plane
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3. Loading zone shuttling
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Trap geometry

Al ground plane

Si
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Power dissipation
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Power loss vs. ground plane thickness

Loss vs. substrate & ground plane thickness

0.00
- Top Al: 2.5y x 20p
Oxide: 10p, €=4, 6=0.1
Si: €=11.9, 6=0.004, p=10Qcm
-0.05 . Grd=2.5u A *Si: €=11.9, 6=0.004, p=.005Qcm
<>—A—J-——<)--L~.\_
- Grd=0.5u Al
R e
=(). u “
o N
3 \
N L
» 0151 Curves for all
substrates overlay
: (Air, Si, *Si)
-0.20
I Si:g2.5Al Siig0.5Al Si;g0.1Al
| | ===X%===Airrg25Al ===-9-==Air:g05Al =-=--e=---Air:g0.1Al
| | — — *Si:g2.5A] = mm——*Sj:g0.5A| == = *Sj:g0.1Al \
-0.25 s \
10 100 1000 10000
frequency (MHZz)
Conclusions:

air

10 oxide ~_~.

680 substrate-

(Sior air)

1) The substrate under ground plane has no effect on rf losses
2) The ground plane thickness has an important effect on rf

losses.

2.50 x 20y Al u-strip

Al ground plane
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}" Trap depth and capacitance

For a given RF electrode separation, with all other surfaces grounded, how does the
trap depth scale with the (normalized) RF electrode width?

depth (a.u.)

1.0

0.81

L2

0.4r — > }

0.2r

a/b
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_
}»‘ncrease RF width or voltage?

Metric: maximize dA/dP yigipated

1
dissipated - _Q2C2V2R
Width w —-aw Voltage v —av
PP—-aP P —a?P
A — B(w)aA N — a?A
dA/dP = B(w) a / a = B(w) dA/dP = a?/ a? = 1

— for a/b < .5, increase RF width before voltage

rl'l Sandia National Laboratories
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}" Number of trapping regions

If we limit ourselves to 5 pF of trap capacitance, how many
traps can we make?

5 pF =9 pF x 3.9 x (Lrf x 50 microns/20 microns) x 2

— Lf=3cm

# of traps = Lrf / Ldc = 300 dc zones

de I
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Capacitance to neighboring electrodes

Capacitance from rf to gnd plane

RF Voltage Ratio and infered capacitance = .09 pF (20 x 1000 u micron, h =10 )
between dc/rf electrodes
1.E-04 1.E-01

Vdc/Vrf

1 1.E-02

c(pf)

1.E-06

) 1E03
0 10 20 30 40 50

gap

Gaps between lines = 2, 4, 8, 20, 40pm

Sonnet model verified with S parameter data fit to a
lumped element model — Jim Stevens
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__.A: __'__“FZ

201

P
}‘ Loading zone - alternate

Note: important to ground inside of hole

201
L5r
1.0
0.5
20
100 150 200 250 300
L5r
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Loading zone — alternate
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Discussion
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