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SEP Beacon Data 12.12.00
Number of Time Min. Observable

SEP {MeV or MeV/nuc) Geometry Directions Resolution 1-minute Flux
Sensor cie E1l E2 Factor (cm2sr) Summed Over {sec) {/em2sr.sec.MeV) bps
ST He -0.02 0.1 0.3 1 60 6.9E-01 0.27
0.1 1 0.3 1 60 6.2E-02 0.27
CNO 0.02 0.1 0.3 1 60 6.9E-01 0.27
0.1 o1 0.3 1 60 ' 6.2E-02 0.27
Fe 0.02 0.1 0.3 1 60 6.9E-01 0.27
0.1 1 0.3 1 60 6.2E-02 0.27
0.27
SEFT  Electrons 0.02 0.04 0.8 4 60 1.0E+00 0.27
0.04 0.1 0.8 4 60 3.5E-01 0.27
0.1 0.4 0.8 4 60 6.9E-02 0.27
lons 0.02 0.12 0.96 4 60 1.7E-01 0.27
0.12 1 0.96 4 60 2.0E-02 0.27
1 7 0.96 4 60 2.9E-03 0.27
LET Protons 1.5 6 0.9 10 60 4.1E-03 0.27
Helium 1.5 6 4.5 10 60 8.2E-04 0.27
3He/4He 2 6 2 10 60 2.1E-03 0.27
CNO .5 6 4.5 10 60 8.2E-04 0.27
CNO 10 30 4.5 10 60 1.9E-04 0.27
Fe 5 6 4.5 10 60 8.2E-04 0.27
Fe 0 30 4.5 10 60 1.9E-04 0.27
HET  Electrons 1 4 0.5 1 60 1.1E-02 0.27
Protons 13 30 0.7 1 60 1.4E-03 0.27
30 50 0.7 1 60 1.2E-03 0.27
50 100 0.7 1 60 4.8E-04 0.27
He 13 30 0.7 1 60 1.4E-03 0.27
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SEP Beacon Data
Fe | SIT SIT LET LET -
CNO L SIT SIT LET LET -
He3/He4 7
LET
Protons SEPT (ions) SEPT (ions) - | HET |HET| HET
SEPT
Electrons |- SEPT| SEPT | SEPT HET |
i ! 1 1 | - ] II 1 1 1 1 | 2 ] I' 1 1 1 3 1 1.3 l] I i L i 1 11
0.01 0.1 1 10 100

Kinetic Energy (MeV or MeV/nucleon)



Warning of the Onset of Large Solar Particle Events

As we move into an era when the space station will be
continuously occupied, it becomes more important to have
warnings (nowcasts) of the onset of large solar particle
events.

The particle flux seen at Earth depends critically on how well
it is connected to the shock. The degree of connection can
vary quickly as the shock moves outward.

Although it may be impossible to track the Stereo spacecraft
continuously, their location at longitudes well separated from
Earth can be an important advantage.

In cases where the Earth is magnetically connected to the
shock at the time of its formation, little warning is possible,
and an L1 monitor is adequate.

A spacecraft located 60 to 90 deg east of Earth will. in many
cases be magnetically connected to the shock well before the
Earth is, and a warning of hours to days is possible.

Multiple spacecraft connected to the shock typically all see
similar  fluxes. This means that any location that is
connected can be used to forecast the fluxes that other
locations will see, once connected.

Whenever particle fluxes at one of the Stereo spacecraft
exceed established threshold levels a warning should be sent.

Depending on the situation (e.g., astronauts on EVA), this
warning might result in emergency tracking.
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Fig. B.8 Multi-spacecraft observations of a small SEP event from longitudes shown on the inset. Energy spectra at the 3 locations
are shown at times A and B. (Reames, Kahler, and Ng 1997).




LET L1 Silicon Detector
Development Status

M. Wiedenbeck JPL

STEREO SEP Peer Review 19 April 2001
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Background

e Thin Si detectors (< 20 um) with areas of a few cm?

have been flown (most notably on Wind/LEMT).

e Thin Si detectors flown to date have been made using
surface barrier technology. This technology is sensitive
to surface contamination problems and has largely been
supplanted by ion-implantation technology which leads
to much more robust detectors.

e Si detectors thin enough for STEREO/LET have not
been commonly made. For example, the thinnest ion-
implanted detectors previously made by Micron Semi-
conductor were 30 pum thick.

STEREO SEP Peer Review 19 April 2001 MW



Thin Si Detector Development Project

e JPL / Caltech is presently involved in a technology study
related to the development of thin, large-area Si detec-
tors.

e Because of STEREO needs for L1 detectors, some work
was started in late 1999 to understand and improve ca-
pabilities for making thin detectors of the 2 cm? area

needed for LET
e Two approaches have been tried:

A: conventional fabrication from Si wafers (3 inch di-
ameter) lapped and polished to the desired detector
thickness

B: etching of a thicker Si wafers down to the desired
thickness over the smaller area needed for the detec-
tor

STEREO SEP Peer Review 19 April 2001 MW



Progress to Date at Micron Semiconductor

e A number of improvements in detector fixturing and pro-
cessing techniques were developed by Micron Semicon-
ductor to allow successful fabrication of thin detectors.

e Micron has already delivered thin detectors (thickness
range: 13 to 24 pm) made with the two techniques. A
total of 14 such detectors (4 of type A, 10 of type B) are
presently being characterized at Caltech / JPL.

e Even with Micron’s process improvements, the yield of
detectors produced using method A has been very low.

e The yield of detectors produced using method B has
been significantly better. However, most such detectors
tested thus far have poor thickness uniformity.

STEREO SEP Peer Review 19 April 2001 MW



Silicon Thinning by JPL / MDL

e As part of the Thin Silicon technology project, the JPL
Micro-Devices Laboratory (MDL) has been working on
alternative etching techniques to produce more uniform
Si membranes.

e Tests of a first MDL sample at Caltech / JPL indi-
cate that it has much better thickness uniformity than
Micron-etched samples.

e Silicon thinning process being used at JPL relies on
KOH as the etchant.

e There are issues with processing the KOH-thinned silicon
to make detectors:

o KOH-etched silicon has a rough (“orange peel”) sur-
face on small scales. This might interfere with uni-
form ion implantation.

o Residual potassium could migrate around during
high temperature (1100°C) oxidation step, ruin ox-
ides, and contaminate the oven.

STEREO SEP Peer Review 19 April 2001 MW



Plan for Fabrication from JPL-thinned Silicon

e A process for surface-smoothing has been found, involv-
ing a brief finishing etch in a gas of XeFy + He.

e Micron Semiconductor and JPL / MDL have agreed on
a process flow which should avoid problems with potas-
sium contamination:

1.
2.

Micron supplies Si wafers to be thinned
JPL grows nitride masking layer on back surface

Micron does front-side (junction surface) process-

ing of detector—high temperature oxidation occurs
before KOH etching

JPL thins desired regions from back side using KOH

Micron does back-side processing and assembly of
detector

e JPL /MDL has a new technique for achieving the desired
absolute thickness:

1.

pre-etch small test areas of thick wafer to depth cor-
responding to desired thickness (by timing the etch)

etch the entire wafer until test sections just etch
through to other surface —silicon remaining in other
areas should equal the depth of the pre-etch

STEREO SEP Peer Review 19 April 2001 MW



Backup Plans

e Use detectors thinned by Micron:

@)

@)

best examples have marginally-acceptable thickness
nonuniformity

may require producing a large number of samples,
measuring thickness nonuniformity, and selecting the
best ones

e Use detectors made from silicon wafers lapped and
etched thin

@)

low yield could significantly increase costs and intro-
duce schedule risk

don’t have enough examples to know whether the
thickness nonuniformity measured thus far is typical

e Use surface barrier detectors

@)

have not yet determined ability and willingness of
potential manufacturers to supply such detectors

manufacturing may also have poor yields

use would raise concerns about LET high-
temperature limit and vapor contamination of sensi-
tive surfaces

some spares are available from Wind /LEMT but:

not enough; poorest from set produced for Wind;

would require modification of LET mechanical de-
sign

STEREO SEP Peer Review 19 April 2001 MW
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Detector from Thin Wafer Silicon Etched Thin by JPL
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MISC ACTEL for LET

FRAME SYNC .
CMDIN —® RCVUART [ o
CMD OUT -=—| SEND UART [ Int0-6
'
DATA OUT -=— SEND UART |- -
| MISC
DATA INPUT - » Gin0-23 AO-17
- ReadCk D0-23
Gout0-23
CONTROL Output
Register [™
’ Timers
L2AOR .| | -
L3AOR |
| ZBQBEL> Event -
L3BOR Controller
CONTROL
Livetime |
Counter
ADCOR

Counter




LET Event Controller Flow

'

Reset PHAs

N Inc. Livetime
Counter

Y

Inc. Livetime
Counter and
ADCOR
Counter

Y

Wait 0.5 usec

!

‘Latch Tag Bits
and Close
Linear Gates

Y

Wait for
Rundowns

Interrupt Wait for PHA
MISC Readout
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Individual sensor boxes

Central electronics box

% [T] sepT Ns-P1 Bias
Al 4
SEPT-NS * IDPU
o M Dig/Ana/Pwr... Serial digital
@ g g
3 ||| sepTns-P2 “op | LOGIC BOARD % mwﬁ;
& o g 15
I3 | 2
0 | = | SEP-J17
1 ; ] -
E SEPT E-P1 Bias | 7 T - -----
™ 4 | SEP-P17
SEPT-E ~ \ 9
o Dig/Ana/Pwr.. 65 (%
3 s
E L|] SEPTEP2 55 SEP-P5 SEP-P19 SEP-P18
: F-E=d-f=---C=F-----
SEP-J5  SEP-J19 SEP-J18
SIT ground test / HV enable, - ‘@’ _ SIC Thermal
mU g o | —e—
R R ‘ 5k ° _ Slle 25
‘ by 5[l ANALOG/POST-REG *|/f
‘ \ / L1 el s 1 ~S/C Actuator
| . = 3T BOARD e
‘ SlT_PSL] SIT-3  SEPJT 2M W i W
\ C_D| J P4 - ElecszltTrJoznlcsi 51 o E SEP-J9 SEP-JI0  SEP-J13  SEP-J15 SEP-an+ %
@ ﬁ?% : TS = E-3-E-3F {=——H ©
‘ v P5 — 3 [ o SEP-P13 | SEP-P15| w
| 8 15 SIT-P2 m m o - i
SIT-P7 T T o) 3 T
| = 1S 3 s 378 1505 2
‘ A\l 4 c E
‘ } @ SIT-J7 § =
| ﬁ;‘ ¢ HVPS SEP-P14| S SEP-P16
| 7 2 e YL~ ] Lo _______ o1l -/ _
| SIT > SEP-J14  SEP-J16
L
SSD BIAS SUPPLY
- 1 Dig/Ana/Pwr/Bias. | BOARD
LET [
= Ja 51
il
Low voltage power output
SEP-P12 51
777777777 C=F--------
SEP-J12
< 1 Dig/Ana/Pwr/Bias...
HET 0 b - 1 S/C Power
=Lz LVPS BOARD mﬁg;
= < m
D
T

SEP harness schematic

BK 4/19/01



SEP LVPS voltage requirements 4/19/01

Voltage  Type SEPT SIT LET HET Central LVPSout
25V Digital X X X X X 25V
33V Digital X X X X 3.3V
50V Digital X X X 50V
52V Digital X 52V
120V Andog X X 13.5 V*
120V Andog X X -13.5 V*
50V Analog X X X X X 6.5 \V*

* A very low head-room (100mV) post-regulator, under development at
UCB, will be considered so that these values may decrease significantly.



SEP LVPS power requirements[mwW]

Voltage  Type

25V Digital
3.3V Digital
50V Digital
52V Digital
120V Anaog
-120V Anaog
50V Anaog

I nstrument subtotals:

4/19/01

L VPS consumption @ ~75% efficiency:

SEP total consumption:

SEPT ST LET HET Central Totals
S50 25 43 43 25 185
118 142 142 105 528
345+ 266 20 631
465 465
197 120 317
56 120 156
605 248 250 65 180 1345
1000 1375 435 250 570 3630
940
4570

* Estimates based on Phase A report values. An update from SEPT is

expected in May 2001.



SEP SSD Bias Supply voltage requirements  4/19/01

Voltage Range SEPT SIT LET HET
Nominal Min-M ax

10V 2-30V L1

30V 5-50V L2

250V 50 - 250V L3 H1-6
150V 150 - 200V SSD

-80V -30to-80v* D1-8

-80V -30to-80v*  G1-8

* Tentative range definition. Expecting an update from SEPT.



SEP SSD Bias Supply open issues 4/19/01

1. Implementation of current limiting on all biaslines.

2. Upper temperature limit assumption for leakage currents.
+40 °C has been recently proposed.

3. Monitoring of voltages and leakage currents.

4. Very slow turn-on/off ramping (~ 1 minute) for the negative
supply requested. It’s not obviousthat it is necessary.

5. Voltage range definition for the negative bias supply for
SEPT.

6. Shape, mass and power consumption.

7. Type and location of connectors.
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LET L1 vs. (L2+L3) Event Processing 3-24-01

L3 (11 bits)
L3 Gain bit
L3 id (3 bits)
A/B side bit

LI (11 bits)
L! Gain bit
L1 id (3 bits)
A/B side bit

L2 (11 bits)
L2 Gain bit
L2 id (3 bits)
A/B side bit

L1 Offset L2 Offset L3 Offset
Lookup Table Lookup Table Lookup Table

Offset-Corrected
L3

Offset-Corrected

Offset-Corrected

L1 L2
Log Lookup Table Gain=0 - Gain =1 Gain=0 Gain=1
(2047 Entries) L2 Low Gain 12 Hi Gain L3 Low Gain L3 Hi Gain
Lookup Table Lookup Table Lookup Table Lookup Table

Gain-Corrected
L3
(0 - 65535)

Gain-Corrected
L2

Gain=0 Gain=1 -
L1 Low Gain L1 Hi Gain L2 Thickness
Lookup Table;  {Lookup Table Lookup Table

Gain-Corrected p p
Log(L1 - i _ orrecte
g(L1) Tlucknesi ’forrected L2413
(0 - 65535) (0-131071)
1.1 Thickness : \L
Lookup Table Convert
IL2+L3
to Logspace

ickness-Corrected
Log(L1)

Corrected
Log(L2 +13)

Secant Theta
Lookup Table

Mask and Shift to form
lower 6 bits of index
into 64x64 Matrix

Angle-Corrected
Log(L1)

Mask and Shift to form OR .
upper 6 bits of index >|  to create full
into 64x64 Matrix Matrix Address

!

Increment Counter
associated with matrix address

>IiSG-scaled multiplication




Electronics parts: 1. Reliability

- Grade 2 partsarerequired on all STEREO subsystems. The
guiding document in parts selection is GSFC 311-I NST-001.

- GSFC parts specialist, Terry King, is helping us review
manufacturers screening flows and has suggested additional
screening stepsin order to comply with grade 2 requirement.

- Procurement of critical long lead-time parts (Actel FPGA,
SRAM, EEPROM, ...) aswell asup-screening of certain
devices will be coordinated with other IMPACT teams.

- Wealso plan on using heritage spare parts from previous
missions (ACE, WIND, HESSI, ...) upon Terry King' sreview
and approval of the spare partslistsand date codes.

- Following arethelong-lead itemsthat will be discussed in
mor e detail below:

2. Actel FPGA
3. 128k x 24 SRAM

4.128k x 24 EEPROM



Electronics parts.

2. Actel FPGA

High-density device needed for 3MISCs(in LET/HET/SIT).
L ow-density device needed for 1 MISC (in CPU).

Options:

Part number:

Availability:

Configuration:

Die/package:

Core & 1/0O voltage:

Rad-har dness:

Actel

RT545X325-208B
June, 2001

32,000 gates

1 (small)

25& 2.5/3.3/5V

50 krad expected

Total dosetest report due on 4/24/01.

L atch-up:

SEU rate:
Class:
Cost:

Delivery:

Qty for flight:

Grade 2 adder:

104 M eV/mg/cm?

<1 x 10" upsets/bit-day
B

$3120/ea

12-18 weeks

40r 16 (2/IM1SC)

Actel

-72S

January, 2002
72,000 gates

1 (large)
Same

Same expected

Same expected
Same expected
B

$4400/ea
Same expected

6 (L/M1SC)

100% PIND test ($50/ea & 1-2 wksextra)



Electronics parts. 3. 128k x 24 SRAM

L ow-power part needed for 4 MISCs (in LET/HET/SIT/CPU).

Options: L ockheed Martin Honeywell

Part number: 238A792-modified HL X6228

Configuration: 128k x 24 128k x 8

Die/package: 3 1

Voltage: 3.3V (or 5V) 3.3V (or 5V)

Power : 17 mW/MHZz/die I9mMW/MHz

Rad-hardness: 1 Mrad 100 krad

L atch-up: |mmune |mmune

SEU rate: <1x 10" upsetg/bit-day Same

Class. QML H B

Cost: $5200/ea — Flt $2070/ea — Flt
$2700/ea— EM $1610/ea— EM

Delivery: 12 weeks - FIt 20 weeks - Flt
4 weeks- EM 18 weeks - EM

Qty for flight:

Grade 2 adder:

8 (L/M1SC)

24 (3/M1SC)

Screen flow under review for both devices



Electronics parts: 4. 128k x 24 EEPROM

Suitable device needed for 1 MISC (in CPU).

Options: Austin Semicond. Space Electr.
Part number: ASBER128K 32-mod 28L VO10RP
Configuration: 128k x 8 (or x 32) 128k x 8
Die/package: 1-4 (Hitachi) 1 (Hitachi)
Voltage: 5V 3.3V (or 5V)
Power : N/A 20 mMW/MHzZ
Rad-hardness: 40-100 krad 100 krad
L atch-up: > 120 M eV/mg/cm? Same
SEUTLET: > 90 M eV/mg/cm? Same
Class; QML Q (or H) P (NASA/PPL)
Cost: $600/ea — Monoalithic $1250/ea — Flt
$1800/ea— M CM
$TBD/ea— EM $385/ea— EM
Delivery: 16-20 weeks - Mono 18 weeks - Flt
20-22 weeks- MCM 6-8 weeks - EM
Qty for flight: 6 monolith.or 2MCM 6 (3/MISC)

Grade 2 adder: Screen flow under review for both devices




SEP resour ces:

Component

SIT sensor & door
SIT elec. boards & wiring
SIT HVPS

SIT subtotdl:

SEPT-NS (w/o harness)
SEPT-E (w/ 10cm harness)

SEPT subtotal:

LET det. & housing
LET éectronics

LET subtotd:

HET det. & housing
HET €electronics

HET subtotal:

Cent. dec. encl. & hdwr
El. boards, shields, harness

Cent. elec. subtotal

SIT encl. & hdwr
SEPT-NS bracket
LET bracket
SEP bracket

SEPT-NS harness (2m)
Thermal blankets

4/19/01

Phase A

Diff.



SEP resour ces:

Component

SIT basic
CFD (from STEP)
MISC @ 4 MHz

SIT subtotal:
SEPT

LET VLS
MISC @ 8 MHz

LET subtotal:

HET VLS
MISC @ 8 MHz

HET subtotal:

Central electronics:
Andog/Post-reg

Logic (MISC & oscill.)

SSD bias supply

LVPS (75% efficient)

SEP total:

N/A —Not applicable
* - Including Actels

Power [mMW]

Update

575
610

4/19/01
Phase A Diff.
660 -85
N/A 610
N/A 190
660 715
1040 -40
180* 70
N/A 185
180* 255
70* -5
N/A 185
70* 180
210 30
500 -350
140 40
700 240
1550 -40
3500 1070



SEP resour ces. Datarate [bit/g] 4/19/01

Component Update Phase A Diff.
SIT 240 240 0
SEPT 60 120 -60
LET 320 320 0
HET 120 120 0
Central electronics 0 0 0

SEP total: 740 800 -60
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