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*Access panels in Instrument walls for
connector access

*S/C Connections on Instrument wall.

*Instrument isolated from S/C Brkt.

*Instrument has 5 mounting feet.

*Telescopes electrically isolated from
Electronics Box.
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*Frames tied together with standard 300
series stainless steel hardware.

*Frames constructed of 6061 aluminum.

*PCB’s constructed of multi-layer
fiberglass reinforced polyimide.

*Internal shielding constructed from
6061 aluminum.
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DPU Board (mounted in one side of frame)
*Flex connection to Telescope Boards
*Flex connection to LVPS
*S/C connectors (PCB mount)

*PCB’s mounted to machined in posts
in chassis

Bias Supply Board (mounted in one side of frame)
*Flex connection to 3 Detector Boards
*Flex connection DPU Board
*R/F shielding
* PCB’s mounted to machined in posts
in chassis
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LET2 Telescope Electronics Assembly
*Receives flex connection from Bias Board
*Receives flex connection from DPU Board
*Receives 2 flex connections from Telescope

*Housing provides feet for Instrument to bracket
mounting.

HET1 & LET1 Electronics Assembly
Each board receives:
*Flex connection from Bias Board
*Flex connection from DPU Board
*2 Flex connections from Telescope
*PCB’s mounted to machined in posts
in chassis
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Low Voltage Power Supply
*Receives flex connection from DPU Board
* S/C connectors (PCB mount)

*Individually shielded primary/secondary circuits
top and bottom.

*Housing is tapered to avoid HET Telescope FOV

*Housing provides feet for Instrument to bracket
mounting.

*PCB’s mounted to machined in posts
in chassis

*LVPS Board provided by APL
*Chassis and shields designed/provided by instrument team.
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HET Telescope Assembly

*Double Foil for Micro-Meteorite/Light protection
*Double Ended Field of View

*Silicon Wafer Detector Stack

*Flex-Rigid Detector Mounts

LET Telescope Assembly
*Triple Foil for Micro-Meteorite/Light protection
*LET1 Double Ended Field of View
*LET2 Single Ended Field of View
*Silicon Wafer Detector Stack
*Flex-Rigid Detector Mounts
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Typical Detector in Flex-rigid PCB Mount
*Silicon Wafer attached to Polyimide shelf
*Micro-strip connector output
* Alignment achieved with alignment pins
and concentric shelves on mount.

Current Issues: Failed interconnect strips:

Resolution: *Added stiffener (shown above) to
rigidize the area across the transition of
pad/trace.

*Redesign of cover layer to cover transition point
to reduce gold embrittlement.
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Review

*Mount design allows stacking of
detectors face to face, face to
back and back to back while
maintaining same spacing .

*Detector spacing= 0.5MM
*Detector Voltage ~200V

*Mounts provide adequate spacing
for wirebond wire clearance


http://isis-wiki.space.swri.edu/twiki/pub/Main/EPIHiDocuments/EPI-Hi_mass_update_8-14-13.pdf
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Telescope/Bracket Mounting and
Interconnect:

*Heritage design

*Uses alignment pins to stack
detectors in telescope body

*Mounting bracket designed into
telescope body.

*Output signal cable will be
completely enclosed in
assembly providing proper
shielding.

Pictures shown are of STEREO\HET Telescope



EPI-Hi resources: Mass [g] 4/27/11 6/1/12 2/12/13 4/5/13 8/14/13

Component Baseline Past Past Intermed. Present Uncertainty
LET1 det. & housing 225 225 225 225 225 20%
LET1 electronics 257 238 221 240 258 20%
LET1 subtotal: 482 463 446 465 483 20%
LET?2 det. & housing 145 145 145 145 145 20%
LET?2 electronics 235 209 190 214 233 20%
LET?2 subtotal: 380 354 335 359 378  20%
HET det. & housing 120 120 120 120 120 20%
HET electronics 235 238 221 231 250 20%
HET subtotal: 355 358 341 351 370  20%
Elec. box & hardware 1091 1000 1050 1100 1335 20%
DPU board 279 247 198 197 197  20%
Bias Supply 228 228 228 286 354 20%
LVPS 292 292 260 260 260  20%
Central elec. subtotal: 1890 1767 1736 1843 2146 20%
EPI-Hi subtotal: 3107 2942 2859 3019 3377 20%
EPI-Hi bracket 0 0 0 0 0
Thermal hardware 0 0 50 50 50 20%
Thermal blankets 34 34 100 100 100  20%

EPI-Hi total: 3141 2976 3009 3169 3527  20%



Resource history: Mass [g] 4/27/11 6/1/12 2/12/13

Component Baseline Past
LET]1 det. & housing 225 225
Proposal MEL - Rounded up

2/23/10 MEW memo 225 225
LET1 electronics 257 238

6/18/13 BK update - the requested increase in LET1 board area has been approved by the Project

5/1/13 BK update - requested 20% increase in LET1 board area for risk reduction (adding 9cm x 4cm extension; 0.51 g/cm2)
4/5/13 BK update - board area 85% populated; comp, staking, conf coat; 0.95 g/cm2

4/5/13 BK update - LET1 blank board 13.5cm x 13.5cm; 0.51 g/cm2

2/13/13 BK update - board area 80% populated; comp, staking, conf coat; 0.95 g/cm2

2/12/13 BK update - LET1 blank board 15cm x 13.5cm; 0.51 g/cm2

2/7/13 BK update - board area 90% populated; comp, staking, conf coat; 0.95 g/cm2

2/7/13 BK update - LET1 blank board 12cm x 13.5cm; 0.51 g/cm2

5/28/12 BK update w/ HKchip; board area 70% populated; comp, staking, conf coat; 0.95 g/cm: 135
LET1 has 3 PHASIC hybrids as before

5/28/12 BK update - LET1 blank board 15cm x 15cm w/ corner cutout 9cm & 5cm; 0.51 g/cm2 103
4/14/11 MEW memo 257

2/23/10 MEW memo

LET1 subtotal: 482 463
LET?2 det. & housing 145 145
Proposal MEL - Rounded up

2/23/10 MEW memo 145 145
LET?2 electronics 235 209

6/18/13 BK update - the requested increase in LET2 board area has been approved by the Project

5/1/13 BK update - requested 20% increase in LET2 board area for risk reduction (adding 9cm x 4cm extension; 0.51 g/cm2)
4/5/13 BK update - board area 70% populated; comp, staking, conf coat; 0.95 g/cm2

4/5/13 BK update - LET2 blank board 13.5cm x 13.5cm; 0.51 g/cm2

2/13/13 BK update - board area 60% populated; comp, staking, conf coat; 0.95 g/cm2

2/12/13 BK update - LET2 blank board 15cm x 13.5cm; 0.51 g/cm2

2/7/13 BK update - board area 70% populated; comp, staking, conf coat; 0.95 g/cm2

2/7/13 BK update - LET2 blank board 12cm x 13.5cm; 0.51 g/cm2

5/28/12 BK update w/ HKchip; board area 55% populated; comp, staking, conf coat; 0.95 g/cm: 106
LET2 has 2 PHASIC hybrids as before

5/28/12 BK update - LET2 blank board 15cm x 15cm w/ corner cutout 9cm & 5cm; 0.51 g/cm2 103
4/14/11 MEW memo 235

2/23/10 MEW memo

LET?2 subtotal: 380 354
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HET det. & housing 120 120
2/23/10 MEW memo 120 120
HET electronics 235 238

6/18/13 BK update - the requested increase in HET board area has been approved by the Project

5/1/13 BK update - requested 20% increase in HET board area for risk reduction (adding 9cm x 4cm extension; 0.51 g/cm2)

4/5/13 BK update - board area 80% populated; comp, staking, conf coat; 0.95 g/cm2
4/5/13 BK update - HET blank board 13.5cm x 13.5cm; 0.51 g/cm2

2/13/13 BK update - board area 80% populated; comp, staking, conf coat; 0.95 g/cm2
2/12/13 BK update - HET blank board 15cm x 13.5cm; 0.51 g/cm2

2/7/13 BK update - board area 90% populated; comp, staking, conf coat; 0.95 g/cm2
2/7/13 BK update - HET blank board 12cm x 13.5cm; 0.51 g/cm2

5/28/12 BK update w/ HKchip; board area 70% populated; comp, staking, conf coat; 0.95 g/cm: 135
5/28/12 HET now has 3 PHASIC hybrids

5/28/12 BK update - HET blank board 15cm x 15cm w/ corner cutout 9cm & 5cm; 0.51 g/cm2 103
4/14/11 MEW memo (HET has 2 PHASIC hybrids) 235

2/23/10 MEW memo (HET has 2 PHASICs)

HET subtotal: 355 358
Elec. box & hardware 1091 1000

6/18/13 BK update - the requested increases in E-box size and telescope bracket mass have been approved by the Project

5/1/13 BK update - requested 100% increase in telescope bracket mass for risk reduction

5/1/13 BK update - requested 20% increase in board area for risk reduction (adding 9cm x 4cm extension) requires more hardware/spacers
5/1/13 BK update - requested 20% increase in board area for risk reduction (adding 9cm x 4cm extension) requires bigger box

4/5/13 BK update - Elec box 14cm x 14cm x 15cm
2/11/13 Sandy update - Hardware, spacers, connections
2/11/13 Sandy update - Telescope brackets

2/11/13 Sandy update - Elec box 13cm x 14cm x 15cm

6/1/11 Radiation shielding not needed since PHASIC will be rad-hard 0
4/14/11 MEW memo - Hardware 177 177
4/14/11 MEW memo - Radiation shielding 91

4/14/11 MEW memo - Telescope brackets 58 58
4/14/11 MEW memo - Elec box 16cm x 16cm x 10.4cm 765 765

Proposal & DPU/LVPS increments - Hardware
Proposal & DPU/LVPS increments - Elec box
2/23/10 MEW memo - Hardware

2/23/10 MEW memo - Elec box

2/23/10 MEW memo - Extra Board Area

DPU board 279 247
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7/8/13 Sandy update - DPU board height reduced by 0.8cm to accommodate chamfer on the E-box; new board dims 13.5cm x 12.7cm

4/5/13 BK update - board area 60% populated; comp, staking, conf coat; 0.95 g/cm2

4/5/13 BK update - DPU blank board 13.5cm x 13.5cm; 0.51 g/cm2

2/7/13 BK update - board area 75% populated; comp, staking, conf coat; 0.95 g/cm2

2/7/13 BK update - DPU blank board 12cm x 13.5cm; 0.51 g/cm2

5/28/12 BK update w/ HKchip; board area 65% populated; comp, staking, conf coat; 0.95 g/cm: 119
Component area now 4.9" x 3.5" w/ HKchip, which makes 25% reduction

DPU board has MDM connector and MCM SRAM 30
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DPU board has flexi-strip cutouts of approximately 10cm2

5/28/12 BK update - DPU blank board 15cm x 15cm w/ corner cutout 9cm & 5cm; 0.51 g/cm2 98

4/14/11 MEW memo (component area 4.9" x 4.7" per JAB layout) 279

Proposal DPU increment

2/23/10 MEW memo

Bias Supply 228 228 228 286

6/18/13 BK update - the requested increase in Bias Supply board area has been approved by the Project

5/1/13 BK update - requested 20% increase in Bias Supply board area for risk reduction (adding 9cm x 4cm extension; 0.51 g/cm2)

5/1/13 BK update - if 20% increase approved, DPU and Bias Supply boards will be swapped in the stack; the latter will need an extra RF shield; both shields will be 20% largel
5/1/13 Dean Aalami update for RF shield 0.030" thick

4/5/13 Dean Aalami update for board heavily populated; comp, staking, conf coat 127
4/5/13 Dean Aalami update for blank board area 13.5cm x 13.5cm (2.78 g/sq.in) 79
4/5/13 Dean Aalami update for RF shield 0.050" thick 80
2/12/13 BK update - Bias Supply blank board 15cm x 13.5cm; 0.51 g/cm2

4/14/11 MEW memo - Shield 82 82 82

4/14/11 MEW memo - Board 146 146 146

Proposal MEL - Board & Shield
2/23/10 MEW memo - Shield
2/23/10 MEW memo - Board

LVPS 292 292 260 260

7/29/13 Sandy update - LVPS board height reduced by to accommodate chamfer on the E-box; new board dims 14cm x 10.8cm

2/7/13 Reid Gurnee update - based on similar design and board size for another project 160 160
2/7/13 BK update - estimate for top RF shield 100 100
Proposal LVPS increment 292 292

2/23/10 MEW memo

Central elec. subtotal: 1890 1767 1736 1843
EPI-Hi subtotal: 3107 2942 2859 3019
EPI-Hi bracket 0 0 0 0
4/14/11 MEW memo 0 0 0 0
2/23/10 MEW memo

Thermal hardware 0 0 50 50
2/12/13 BK update - estimate for heaters, thermistors, thermal harness 50 50
Thermal blankets 34 34 100 100
2/7/13 BK update - estimate for all blankets 100 100
4/14/11 MEW memo 34 34 34 34

2/23/10 MEW memo

EPI-Hi total: 3141 2976 3009 3169
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Specification for Thick/Thin Silicon Detectors
for the EPI-HI Instrument for Solar Probe Plus

Version 1.01, 29 March 2012

1. Applicability.
e This specification applies to thin, silicon solid-state detectors for use in the EPI-Hi
LET telescopes to be developed for NASA’s Solar Probe Plus (SPP) mission.

2. Detector Designations.
e Two different detector types are specified. They are designated L0 and L1.

3. Technology.

e Detectors shall be fabricated by ion implantation of crystalline silicon. The silicon
shall have a (100) crystal orientation. Detectors are to be fabricated using thick/thin
technology based on silicon-on-insulator (SOI) wafers. The active thickness of the
detectors shall be controlled by the thickness of the SOI device layer, with the SOI’s
buried oxide layer being used as an etch stop in achieving this thickness.

4. Operation.
e Detectors will be operated fully depleted in a transmission-type configuration. Sig-
nals will be taken from the junction (p™) surface, which will be operated at ground
potential; the ohmic (n*) surface will be operated at a positive bias.

5. Active Element Geometry.

e The overall active area of each detector shall be a circle of diameter 11.2 mm (providing
a 100 mm? total active area). On the junction surface this area shall be subdivided
into 5 equal-area segments, a central bull’s eye of diameter 5.0 mm surrounded by 4
quadrants of a ring, as illustrated in the accompanying figures. The gaps between
adjacent active detector segments shall be kept sufficiently narrow to assure efficient
collection of signal charge produced by particles passing through the gap region. The
manufacturer shall advise the EPI-Hi team of the proposed gap width.

6. Thin Membrane Shape and Area.

e The thin Si membrane on which the detectors are fabricated shall extend outside the
area occupied by the active elements of the detector and any surrounding floating
guard rings (see below). For L1, the excess radius shall be sufficient to allow easy
alignment of the patterning used for thinning the SOI with the patterning used for
producing the detector elements. For L0, the thin membrane shall have a diameter of
36 mm, significantly larger than the active diameter of the detector.

7. Chip Size and Shape.
e The overall shape of the detector chips shall be 16-sided regular polygons. The size
of the L1 chip shall be 25 mm measured from flat to flat. The size of the L0 chip shall
be 60 mm measured from flat to flat.

8. Orientation.
e The detector chips shall be fabricated with a fixed, specified orientation relative to
the primary and secondary flats on the device layer of the SOI wafer.

Information included herein is controlled under the International Traffic in Arms Page 1
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9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Guard Rings.
e The manufacturer shall provide recommendations concerning the advisability of in-
cluding a set of narrow, floating guard rings surrounding the detector active area.

Contacts.

e Each of the 5 active segments shall be connected by a narrow trace to a wire bonding
pad located on the thick portion of the wafer. The trace connected to central bull’s
eye segment of the detector shall be routed between between two of the surrounding
four segments.

e On the LO detectors these traces will need to be relatively long due to the larger
diameter of the thin membrane relative to that of the active area. The manufacturer
shall provide advice on the desirability of isolating these traces from the silicon.

Active Thickness.

e In their active regions the LO detectors shall have an overall thickness of 10+0.5 ym
and the L1 detectors shall have an overall thickness of 25+0.5 ym. These thicknesses
shall correspond to the device layer thickness specified for the SOI wafers.

Thickness Uniformity.

e Good thickness uniformity is a high priority. The uniformity goal is <1% thickness
nonuniformity over the 100 mm? active areas. The SOI wafers shall be specified to
have a device layer thickness that varies by no more than 0.5 ym microns over the
entire wafer and the SOI wafer order shall specify that the manufacturer attempt
to achieve uniformity better than 0.2 ym on a best-effort basis. Etching and other
processing of the wafers shall be carried out in such a way as to not significantly
degrade the thickness uniformity from that of the SOI device layer.

Handle Wafer Thickness
e The handle wafer used in fabricating the SOI shall have a nominal thickness of 500 pm.

Segment Isolation.

e The DC resistance between each active electrode and all other active electrodes on the
junction surface of the detector shall be greater than 10 M), with a goal of greater
than 100 MSQ.

Dead Layers.
e The junction and the ohmic surfaces of the detector shall each have dead layers of
thickness <0.2 um due to ion implantation and metallization.

Metallization.

e The detector surfaces shall be metallized with aluminum having a thickness <1000 A
over the active area of the device. Thicker aluminization outside the active area is
acceptable.

Surface Condition.

e The detectors shall have specular reflecting (mirror) surfaces of good quality.

Detector Mounting.
e Transmission-style detector mounts will be designed and procured by NASA’s God-
dard Space Flight Center and supplied to the detector manufacturer. The detector
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19.

20.

21.

22.

23.

24.

manufacturer shall review and approve the detector mount specification and design
prior to fabrication of the mounts. It is anticipated that detector mounts will be
fabricated as multilayer circuit boards using G10/FR4 and flexible Kapton leads with
appropriate connectors for mating to external circuitry. Detector chips shall be in-
stalled in the detector mounts using Shin-Etsu KJR-9022E resin. The resin shall be
mixed and cured according to manufacturer’s instructions. An alternative mixing and
curing procedure is acceptable, if approved by NASA.

Mounting Tolerances.

e The detector chips shall be installed in the mounts in such a way as to maintain the
following tolerances: parallelism between chip and mounting ledge, <1°; translational
accuracy in the plane of the detector <0.2mm; rotational accuracy about an axis
perpendicular to the plane of the detector, <0.5°.

Electrical Connections.

e Electrical connections between detector contacts and nearby pads on the detector
mount shall be made using a minimum of 4 separate wire bonds per connection.
Wire bonding shall be done using soft aluminum wire with a nominal diameter of
50 pm. Wire bond lengths shall be kept as short as practical with a goal of < 3 mm.
The minimum bond strength shall correspond to the pull of a 10 gram weight. A non-
destructive pull test shall be performed by the manufacturer on 2 of the detector bonds
connected to each detector contact to demonstrate compliance with this specification.

Depletion Voltage.
e The maximum depletion voltage, V,, for the two detector types shall be as follows:
for LO, 2V; for L1, 4 V.

Breakdown Voltage.

e The minimum acceptable breakdown voltages for the two detector types shall be: for
LO, 10V; for L1, 15V. The breakdown voltage shall be determined from measure-
ments of the detector’s leakage current (I) versus bias (V') with all detector segments
connected in parallel. The breakdown voltage shall be taken to be the value of V' for
which I has value equal to twice its value at Vj.

Leakage Current.

e The maximum allowable leakage current shall be: for L0, 1nA, for L1, 2nA. For
determining whether these specifications have been met, leakage currents shall be
measured with all detector segments connected in parallel and with the detector biased
at least 1V above the full depletion voltage. These measurements shall be made at
room temperature in a vacuum <5x107° torr after the detector has been allowed
to stabilize for at least 1 hour. The leakage current specification shall be met within
30seconds of bias being applied. The leakage currents shall not exceed the values
listed above by more than a factor of 2 for a period of at least 1 year after delivery.

Alpha Particle Resolution.
e The range of alpha particles from typical sources (e.g., 2! Am or 244Cm) is longer than
the thickness of the LO and L1 detectors. To obtain a measurement of the detector
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25.

26.

27.

28.

29.

30.

resolution, the alpha particles shall be collimated in a narrow beam and allowed to
penetrate a thin, uniform energy-degrader foil (e.g., aluminum) prior to impinging on
the detector. The foil thickness shall be such that alpha particles penetrate between
50% and 90% of the nominal detector thickness. The resulting pulse height from the
detector shall be measured with all detector segments connected in parallel using a
charge sensitive amplifier, a shaping amplifier having peaking time (zero to peak) in
the range 1 to 4 us, and a pulse height analyzer. The alpha particle resolution shall
not exceed 50keV FWHM, after correcting for the energy spread of the source and
additional broadening introduced by the degrader foil.

Temperature Ranges.

e The detectors shall have an operating temperature range of —40°C to +40°C and
a non-operating temperature range of —60°C to +60°C. The detectors shall meet
the performance specifications after being returned to 20°C following exposure to the
storage temperature extremes for at least 1 hour.

Radiation Hardness.

e The detectors shall remain suitable for use after being subjected to proton radiation
doses of up to 100 krad.

Vacuum Stability.

e The detectors shall be tested for at least 72 hours at room temperature in a vacuum
of 5x107°% torr or better with the detectors continually biased to at least 1V above
the depletion voltage. The leakage current and, if possible, the electronic noise, shall
be monitored throughout this test and the measurements reported as part of the
documentation package to be delivered with the detector.

Thermal Cycling.

e The detectors shall be cycled at least 10 times between temperatures of —40°C and
+40°C at a rate of approximately 2°C/minute. This test shall be performed with no
bias applied in a vacuum of 5x10~% torr or better or in a dry nitrogen atmosphere.

Random Vibration Testing.

e The detectors shall be subjected to a single-axis random vibration test with the ac-
celeration axis normal to the detector surface. The test shall be performed using a
vibration spectrum and overall amplitude appropriate for the Solar Probe Plus launch
(details to be provided). After the vibration test the detectors shall be thoroughly
inspected for cracks, detached wire bonds, or other damage.

Acoustic Testing.

e Acoustic testing of all of the LO and L1 detectors are planned after receipt from the
manufacturer using an acoustic spectrum and an overall amplitude suitable for the
Solar Probe Plus launch. For the acoustic test the detectors will be mounted in a
fixture that will approximate the acoustic response of the EPI-Hi instrument. This
fixture will be designed and fabricated by the EPI-Hi team. The detectors will be
thoroughly inspected after the test for cracks, detached wire bonds, or other damage.
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31.

32.

If so desired, the detector manufacturer may propose an option for performing the
acoustic testing prior to detector delivery.

Detector Identification.

Each detector shall have a unique, 2-digit identification number written on the mount
with an indelible ink compatible with use near solid-state detectors. This serial number
shall be used to label all data to be included in the documentation package to be
delivered with the detector.

Documentation Package.

Each delivered detector shall be accompanied by a documentation package containing
information about the detector fabrication and testing. As a minimum, this package
shall contain the following: 1) detector identification number, 2) original delivery
date (month and year), 3) ID number of the SOI wafer from which the detector was
fabricated, 4) copy of the specifications and data sheet for the SOI wafer obtained
from the SOI manufacturer, 5) copy of the batch traveler documenting the detector
fabrication and testing steps, 6) plot of detector capacitance versus bias, 7) plot of
detector leakage current versus bias measured at room temperature and atmospheric
pressure, 8) depletion voltage, 9) breakdown voltage, 10) alpha particle and test pulser
pulse-height spectra measured with the alpha particles incident on the junction side
and on the ohmic side of the detector using the procedures described above, 11) alpha
particle resolution calculated from the measurements, 12) environmental test results.
The measurement results shall be reported in a standard format to be agreed upon
by the detector manufacturer and the EPI-Hi team.
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LO Detector (dimensions in mm)

60.0

36.0

Thickness dimensions not to scale

10 micron membrane

Figure 1.
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L1 Detector (dimensions in mm)

25.0

—
]

Thickness dimensions not to scale

25 micron membrane

5.0

11.2

Figure 2.
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Specification for Thick Silicon Detectors
for the EPI-HI Instrument for Solar Probe Plus

Version 1.03, 25 April 2012

1. Applicability.

e This specification applies to conventional silicon solid-state detectors for use in the
EPI-Hi Low-Energy Telescope (LET) and High-Energy Telescope (HET) sensors to
be developed for NASA’s Solar Probe Plus mission. A separate specification describes
the requirements for “thick/thin” silicon detectors for use in LET.

2. Designations.

e Two different LET detector types are specified. They are designated L2 and L3. In
addition, three different HET detector types are specified, with designations H1, H2,
and H3. Requirements for each of these detector types are discussed in the following
paragraphs and summarized in Table 1. The accompanying figures illustrate the
detector geometries.

3. Technology.
e Detectors shall be fabricated by ion implantation of crystalline silicon. The silicon
shall have a (100) crystal orientation. Detectors are to be fabricated using conventional
lapped and polished silicon wafers

4. Operation.
e Detectors will be operated fully depleted in a transmission-type configuration. Signals
will be taken from the junction (p™) surface, which will be operated near ground
potential; the ohmic (n1) surface will be operated at a positive bias.

5. Active Shape and Area.
e The active areas of the detectors shall be segmented into various numbers of signal
elements, as follows.

— The L2 design shall contain 6 elements, consisting of a central bull’s eye of di-
ameter 5.0 mm surrounded by 4 quadrants of a ring with outside diameter of
11.3mm. These 5 elements shall be surrounded by an additional ring having
outside diameter of 24.0 mm. The L2 design is illustrated in Figure 1.

— The L3 design shall contain 2 elements, consisting of a central circular area of
diameter 11.3mm surrounded by a ring having an outer diameter of 24.0 mm.
The L3 design is illustrated in Figure 2.

— The H1 and H2 designs shall each contain 7 elements. A central bull’s eye of di-
ameter 5.0 mm shall be surrounded by 4 quadrants of a ring with outside diameter
of 11.3mm. These 5 elements shall be surrounded by two narrow rings having
outside diameters of 14.3 mm and 17.3 mm, respectively. Thus each of these rings
shall have a radial width of 1.5 mm. The H1 and H2 designs are illustrated in
Figure 3.

— The H3 design shall contain 3 elements. A circular central area of diameter
11.3mm shall be surrounded by two narrow rings having outside diameters of
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10.

11.

12.

13.

14.3mm and 17.3 mm, respectively. Thus each of these rings shall have a radial
width of 1.5 mm. The H3 design is illustrated in Figure 4.
e The manufacturer shall advise the EPI-Hi team of the proposed width of the gaps
between adjacent detector segments in these designs.
e [t should be noted that the H1 and H2 detectors have identical sizes and configurations
of active elements, but have different thicknesses.

Chip Shape and Area.

e The completed chips shall be 16-sided regular polygons. The manufacturer shall
review these chip dimensions and advise the EPI-Hi team on the minimum outside
dimensions of the chip required for achieving optimum detector performance. For
purposes of this draft specification, the following flat-to-flat dimensions of the chips
have been assumed: L2, 28 mm; L3, 28 mm; H1 and H2, 21.3 mm; H3, 21.3 mm. These
overall chip dimensions are indicated in Figures 1 through 4.

Orientation.
e The detector chips shall be fabricated with a fixed, specified orientation relative to
the primary and secondary flats on the silicon wafers.

Floating Guard Rings.

e The detectors shall all include sets of floating multi-guard structures around the pe-
riphery of the active area of the detector. The manufacturer shall design this multi-
guard structure to optimize detector characteristics and shall advise the EPI-Hi team
on the width required to implement it.

Contacts.

e The active elements of each detector shall be connected by narrow traces to wire
bonding pads located near the periphery of the chip. In some cases this will require
that the trace pass through a narrow gap between or through surrounding element(s).
The widths of such gaps should be kept to the minimum required for good detector
performance. The manufacturer shall recommend suitable widths for the trace and
the gap to the EPI-Hi team.

Active Thickness.
e The detector thicknesses shall be as follows: L2, 500+5 pm; L3, 100045 pum; HI,
50045 pm; H2, 100045 pm; H3, 1000+5 pm.

Thickness Uniformity.
e The total thickness variation over the active area of each detector shall be less than
+2.5 um for the 500 pm detectors and less than 45 pm for the 1000 pm detectors.

Segment Isolation.

e The DC resistance between each active electrode and all other active electrodes on the
junction surface of the detector shall be greater than 10 M{2, with a goal of greater
than 100 MSQ.

Dead Layers.
e The junction and the ohmic surfaces of the detector shall each have dead layers of
thickness <1 um due to surface implants and metallization.
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14.

15.

16.

Metallization.
e The detector surfaces shall be metallized with aluminum having 20004500 A thickness.

Surface Condition.
e Detectors shall have specular reflecting (mirror) surfaces of good quality.

Detector Mounting.
e Transmission-style detector mounts will be designed and procured by NASA’s God-

dard Space Flight Center and supplied to the detector manufacturer. The detector
manufacturer shall review and approve the detector mount specification and design
prior to fabrication. It is anticipated that detector mounts will be fabricated as
multilayer circuit boards using G10/FR4 and flexible Kapton leads with appropri-
ate connectors for mating to external circuitry. Detector chips shall be installed in
the detector mounts using Shin-Etsu KJR-9022E resin mixed and cured according to
manufacturer instructions. An alternative mixing and curing procedure is acceptable,
if approved by NASA.

An important requirement for the HET and LET sensors is to have close spacings
between successive detectors in the telescope stacks. The maximum allowable gap
between successive detectors in a stack (bottom surface of one detector to top surface
of the next detector) is 0.5 mm. For the H3 devices, multiple detector chips will be
electrically connected together to effectively produce thicker detectors. Two mounting
schemes are being considered for these devices: one in which each chip is in a separate
mount, the other in which an individual mount holds two chips. NASA/GSFC will
produce concept drawings for both approaches for review by the detector manufac-
turer. A choice between the two approaches will be made by the EPI-Hi team taking
into account advice from the manufacturer.

17. Mounting Tolerances.

e The detector chips shall be installed in the mounts in such a way as to maintain the

following tolerances: parallelism between chip and mounting ledge, <1°; translational
accuracy in the plane of the detector <0.1 mm; rotational accuracy relative to the
symmetry axis perpendicular to the plane of the detector <0.5°.

18. Electrical Connections.

e Electrical connections between detector contacts and nearby pads on the detector

mount shall be made using a minimum of 4 separate wire bonds per connection.
Wire bonding shall be done using soft aluminum wire with a nominal diameter of
50 pm. Wire bond lengths shall be kept as short as practical with a goal of <3 mm.
The minimum bond strength shall correspond to the pull of a 10 gram weight. A non-
destructive pull test shall be performed by the manufacturer on 2 of the detector bonds
connected to each detector contact to demonstrate compliance with this specification.
The wirebonding shall be done in such a way as to minimize the maximum height of
the wire bond above the detector surface. This requirement is imposed in order to
minimize the chance of electrical breakdown between the wirebond and the surface
of the adjacent detector when the detector telescope is operated in a dry nitrogen

Information included herein is controlled under the International Traffic in Arms Page 3
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20.

21.

22.

23.

24.

25.

environment. The manufacturer shall propose a suitable wirebonding approach for
approval by the EPI-Hi team.

Full-Depletion Voltage.
e The maximum full-depletion voltage, Vy, for the 500 um detectors (L2 and H1) shall
be 40V and for the 1000 um detectors (L3, H2, H3) shall be 160 V.

Breakdown Voltage.

e The minimum acceptable breakdown voltages for the 500 ym detectors (L2 and H1)
shall be 120V and for the 1000 um detectors (L3, H2, H3) shall be 250 V. The break-
down voltage shall be determined from measurements of the detector’s leakage current
(I1) versus bias (V') with all detector segments connected in parallel. The breakdown
voltage shall be taken to be the value of V' for which I, has a value equal to twice its
value at V.

Leakage Current.

e The maximum allowable leakage currents at 20°C shall be as follows: for L2, 150 nA;
for L3, 300 nA; for H1, 75 nA; for H2, 150 nA; for H3, 150 nA per chip. For determining
whether these specifications have been met, leakage currents shall be measured with
all detector segments connected in parallel and with the detector biased at least 20V
above the full-depletion voltage. These measurements shall be made at room temper-
ature in a vacuum <5x107% torr after the detector has been allowed to stabilize for
at least 1hour. The leakage current specification shall be met within 30sec of bias
being applied. The leakage currents shall not exceed the values listed above by more
than a factor of 2 for a period of at least 1year after delivery.

Alpha Particle Resolution.

e Measurements of detector resolution shall be made in a vacuum using an alpha particle
source (e.g., 24*Am or 244Cm). The source shall be positioned at least 10 cm from the
detector and shall illuminate the entire active area of the detector. The resulting pulse
height distribution from the detector shall be measured with all detector segments
connected in parallel using a charge sensitive amplifier, a shaping amplifier having
peaking time (zero to peak) in the range 1 to 4 us, and a pulse height analyzer.
Measurements made with the alpha particles incident on each of the detector surfaces
shall be reported.

Temperature Range.

e The detectors shall have a operating temperature range of —40°C to +40°C and a non-
operating temperature range of —60°C to +60°C. They shall meet the performance
specifications after being returned to 20°C after exposure to each of the non-operating
temperature extremes for at least 1 hour.

Radiation Hardness.
e The detectors shall be designed to remain suitable for use after being subjected to
proton radiation doses of up to 100 krad.

Vacuum Stability.

e The detectors shall be tested for at least 72 hours at room temperature in a vacuum
of 5x107% torr or better with the detectors continually biased to at least 20V above

Information included herein is controlled under the International Traffic in Arms Page 4
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27.

28.

29.

the full-depletion voltage. The leakage current and, if possible, the electronic noise,
shall be monitored throughout this test and the measurements shall be reported as
part of the documentation package to be delivered with each detector.

Thermal Cycling.

The detectors shall be cycled at least 10 times between temperatures of —60°C and
+60°C at a rate of approximately 2°C per minute. This test shall be performed with
no bias applied in a vacuum of 5x10~%torr or better or in a dry nitrogen atmo-
sphere. Visual inspections and electrical tests shall be carried out to establish that
the performance of the detectors has not been degraded due to the thermal cycling.

Random Vibration Testing.

The detectors shall be subjected to a single-axis random vibration test with the ac-
celeration axis normal to the detector surface. A specification for the spectrum and
overall amplitude of the vibration will be provided by the EPI-Hi team. The detec-
tors shall be thoroughly inspected after the test for cracks, detached wire bonds, or
other damage. Any observed damage shall be reported to the EPI-Hi team. The
damaged detectors shall, at the discretion of the EPI-Hi team, be delivered for further
inspection.

Detector Identification.

Each detector shall have a unique, 2-digit identification number written on the mount
with an indelible ink compatible with use near solid-state detectors. This serial number
shall be used to label all data to be included in the documentation package to be
delivered with the detector.

Documentation Package.

Each delivered detector shall be accompanied by a documentation package containing
information about the detector fabrication and testing. At a minimum this pack-
age shall contain the following: 1) detector identification number, 2) original delivery
date (month and year), 3) wafer ID number and copy of the wafer manufacture’s data
sheet for the silicon wafer from which the detector was fabricated, 4) plot of detec-
tor capacitance versus bias, 5) plot of detector leakage current versus bias measured
at room temperature and atmospheric pressure, 6) depletion voltage, 7) breakdown
voltage, 8) alpha particle and test pulser pulse-height spectra measured with the al-
pha particles incident on the junction side and on the ohmic side of the detector
and alpha-particle resolution derived from these data, 9) environmental test results,
10) copy of the manufacture’s batch traveller documenting the fabrication and testing
steps that the detector has gone through. The measurement results shall be reported
in a standard format to be agreed upon by the detector manufacturer and the EPI-Hi
team.
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Table 1.
Solar Probe Plus EPI-Hi Instrument Silicon Detector Key Requirements Summary
Design ID: L2 L3 H1 H2 H3
Thickness: 500+£5 pm 100045 pm 500+£5 pm 100045 pm 100045 pm
Chip Shape: | 16-sided polygon | 16-sided polygon | 16-sided polygon | 16-sided polygon | 16-sided polygon
Chip Size (flat-to-flat): 28 mm 28 mm 21.3mm 21.3mm 21.3mm
Active Segments: 6 2 7 7 3
Segment Geometry: Figure 1 Figure 2 Figure 3 Figure 3 Figure 4
Thickness: 500+£5 pm 100045 pm 500+£5 pm 100045 pm 100045 pm
Thickness Variation: +2.5 pm +5um +2.5 pm +5 pum +5 um
Full-Depletion Voltage: 40V 160V 40V 160V 160V
reakdown Voltage: 120V 250V 120V 250V 250V
Leakage Current (20°C): 150nA 300nA 75nA 150nA 150nA per chip
Information included herein is controlled under the International Traffic in Arms Page 6

Regulations (“ITAR”) and is being released under U.S. Department of State export
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L2 Detector (dimensions in mm)
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5.0

24.0

Figure 1.

Information included herein is controlled under the International Traffic in Arms
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L3 Detector (dimensions in mm)
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Figure 2.

Information included herein is controlled under the International Traffic in Arms
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H1 and H2 Detectors (dimensions in mm)

H1: 0.5 mm
H2: 1.0 mm

21.3

Detector Thickness, X:

Figure 3.
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Regulations (“ITAR”) and is being released under U.S. Department of State export
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H3 Detector (dimensions in mm)
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Figure 4.
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HET TELESCOPE
CONFIGURATION
03-MAY-2013

H2 DETECTOR

(1OMM THK)

INNER ACTIVE ¢ 5.0MM
SEGMENTED ACTIVE ¢ 11.3MM
ACTIVE RING ¢14.3MM

ACTIVE GUARD RING ¢17.3MM
INACTIVE OUTER RING ¢ 21.3MM

H4 DETECTOR

(1IOMM THK X 2)

INNER ACTIVE ¢ 11.3MM

ACTIVE GUARD RING ¢ 14.3MM

ACTIVE GUARD RING ¢17.3MM

INACTIVE OUTER RING ¢ 21.3MM

H1A

H2A

H3A1
H3A2

H4 A1
H4A2

H5A1
H5A2

| DETECTOR
(OBMM THK)
INNER ACTIVE ¢5.0MM
SEGMENTED ACTIVE ¢ 11.3MM
ACTIVE RING ¢14.3MM
ACTIVE RING )17.3MM
INACTIVE OUTER RING ¢ 21.3MM

3 DETECTOR
(1IOMM THK X 2)
INNER ACTIVE ¢ 1.3MM
ACTIVE GUARD RING )14.3MM
ACTIVE GUARD RING /17.3MM
INACTIVE OUTER RING ¢ 21.3MM

5 DETECTOR
(1OMM THK X 2)
INNER ACTIVE ¢ 11.3MM
ACTIVE GUARD RING ¢14.3MM
ACTIVE GUARD RING ¢17.3MM
INACTIVE OUTER RING ¢ 21.3MM

ROTECTIVE FOILS
05 MIL KAPTON FOIL
(BOTH ENDS)

SILICON DETECTOR
RIGID/FLEX MOUNT

LENAIR MICRO STRIP
CONNECTOR




LET TELESCOPE
CONFIGURATION
02-MAY-2013

LET 2 LET 1

LO LOA

L1 L1A

L2 L2A
DETECTORS BELOW LINE

ARE FLIPPED OVER L3 L3A
W/ SEGMENTATION FACING
REVERSE DIRECTION

L4 L4A

L5 L 4B

L6 L3B

L2B

L1B

LOB

PROTECTIVE FOILS

10 MICRON POLYIMIDE OVER
95/ OPEN POLYIMIDE MESH
(BOTH ENDS)

O DETECTOR

INNER ACTIVE ©5.0MM X 0.01 THK
SEGMENTED ACTIVE @11.3MM X 0.01 THK
OUTER ACTIVE ¢¥34.0MM X 0.01 THK
HANDLE INACTIVE ©¥455MM X 0.30 THK

1 DETECTOR

INNER ACTIVE ©5.0MM X 0.025MM THK
SEGMENTED ACTIVE ¢N1.3MM X 0.025MM THK
HANDLE INACTIVE ¢280MM X OS5MM THK

2 DETECTOR

INNER ACTIVE ©5.0MM X O050MM THK

SEGMENTED ACTIVE OUTER #11.3MM X 0.50MM THK
OUTER ACTIVE ¢®24.0MM X O50MM THK

WAFER INACTIVE OUTER ©28.00 X 050MM THK

3, L4, L5 & L6 DETECTOR

INNER ACTIVE N1N3MM X 10MM THK
OUTER ACTIVE ©240MM X 10MM THK
WAFER INACTIVE OUTER ¢280MM X 10MM THK

SILICON WAFER

RIGID/FLEX MOUNT

LENAIR MICRO STRIP
CONNECTOR




REVISION
REV | ZONE DESCRIPTION DATE APPROVAL

TOP AND BOTTOM WIREBOND PADS KEPT
ON OPPOSITE SIDE OF OPENING
ALLOWING STACKING OF DETECTORS

CENTRAL ACTIVE REGION

OPENING FOR WIRE BOND PADS TO BE (. ANT1-COINCIDENCE REGION
|.5MM X 2.0 MM Ne """ KAPTON FLEX CIRCUIT
L 1l
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TO FLEX LAYER DETAIL A RECESS DEPTH =
SCALE 10.000
r
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SILICON WAFER
DETECTOR
ITEM REOD REOD PART NO. DESCRIPTION MATERIAL MAT 'L SPEC OR CAGE CODE
NO. LIST OF MATERIAL
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Detector signal connector
Bias connector

1700
r £9-T3H 1 pQ-T3H

“ DJ::::\:::::::::::::::::::::::(:::::um )

Preliminary shape of HET flexi strip
All dimensions in mils

2,25/13

<—1000—>]

5197

Indented labels signify flipped connectors & detectors
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