The Mass Spectrometer Telescope
(MAST) on SAMPEX

Users Document

Compiled by
Richard Mewaldt

Caltech
(RMewaldt@SRL.caltech.edu)
(626-395-6612)

Originally released December, 1981
With revisions from 1991-1993



2. MASS SPECTRCMETER TELESCOPE (MAST)

Section/Title

2.1 Block Diagrams
2.1.1 MAST Block Diagram

2.2 Telescope
2.2.1 Telescope Schematic
2.2.2 Detector Characteristics
2.2.3 Telescope Windows

2.3 ADC/Discriminator Characteristics
2.3.1 ADC Characteristics
2.3.2 Discriminator Characteristics

2.4 Logi
Rate Logic

Event Logic

Logic Definitions

Event Priority and Polling
Comments on the MAST Logic
MAST Dead Time Summary

2.5 Commands
2.5.1 Command Table
2.5.2 Command Cross Reference Table

2.6 Data

1 Event Data Format

2 Rate Data Format

3 Status Byte Format

.4 Housekeeping Data

5 History Packets

6 Predicted Data Rate

7 MAST Control and Rate Readout Scheme

2.7 Response Characteristics
2.7.1 Geometry Factors
2.7.2 Energy Intervals
2.7.3 Mass Resolution
2.7.4 Droop in MAST Matrix Detectors

2.8 Testing and Calibration
2.8.2 In-flight Calibration
2.8.3 Accelerator Calibrations

2.8.4 Source Tests and Expected Background Rates

2.9 Assembly Drawings
2.9.1 Interface Control Drawing
2.9.2 MAST Telescope Assembly

Last
Revision

5/93
12431781
7

2 e S g

%

11/15/80
11/15/80
11/15/80
11/15/80
11 £15/80
12/03/92

12/31/81
12/31/81

11/15/80
12/31/81
11/15/80
1231488
10/03/90

6/16/92

2/14/91

6/10/92
2

12:/3:1/81

3/25/92

12/31/81
12/31/81

2

124/31./81
12/31/81



2.1 Block Diagram



MAST BLOCK DIAGRAM
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2.2 Telescope
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MAST Detector Characteristics

M1, M2, M3, M4 Surface Barrier Detectors

Parameter

ThicKkness

Detection area (nominal)

Resistance (terminal-to-texminal)

Inner diameter of holderx

Outer diameter of holder

Thickness of holderx

Estimated detectoxr capacitance

Estimated leakage current - max 4 room temp
- marx @ 35 deg C

Bias voltage

Mass of holder ( + resistors)

Mass of silicon

115.
20.
1748

52.3

75.0

1846.

15
=37 .

s U

0.54

UNITS

microns
cmk*2
ohms

mm

mm

mm

pF
microamps
microamps
volts
grams

grams



MAST Detector Characteristics (continued)

D1, D2 Surface Barrier Detectors

Parameter

ThicKkness
Detection
Detection

Detection

area, Al surface
diameter, Au surface (R)

diametexr, Al surface (D)

Inner diameter of holder (I)

Outer diameter of holdexr (H)

ThicKkness
Estimated
Estimated

Estimated

of holdex (T)
detector capacitance (A-1 mm for area)
leakage current - typ d room temp

- max a 35 deg C

hbias voltage

Mass of holder

Mass of silicon

D1

175.
20.
52.
50.
51 .
5%

~ o ;o o

1270.

TBD
15.
0.8

D2

500.
20.
h2:
50.
5%..
75:;

<~ o ;o o

4ay,

10.

TBD

I5:;
2.3

UNITS

microns
cm¥*2

mm

mm

mm

mm

mm

pF
microamps
milicroamps
volts
grams

grams



MAST DETECTOR CHARACTERISTICS {(continued)
D3 - D7 Lithium Drifted Detectors
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Parametex

Thickness of central area (TC)
Thickness of peripheral area (TE)
Wafer diameter (DW)
Center area
Outer area
Diameter of inner groove (DC)
Diameter of outexr groove (DG)
Width of inner groove
Hidth of outexr grocove
Detector capacitance - center
- guard
- center to guard _
Leakage currxent, guard + center - typ 4 room temp
- max 4 35 deg C
Bias voltage
Mass of silicon

NOTES D5 consists of 2 3-mm detectors (like DY)

D3

1.83
187
75,0
30.
5.
62.
69 .
0.
i
182.
35,
10.
10
L I8
-300.
18.0

n £ w n O

(=]

D4, D7

7.5,
30.

62.
9.

S B F W e o O

108.
23,
10.
10.
50,

=500 .
i L

connected in parallel

D6 consists of 4 3-mm detectors (like DU) connected in parallel

1
]

UNITS

mm
mm

mm
cm¥X¥X2
cm¥X2
mm

mm

mm

mm

pF

pF

eF
microamps

microamps

volts
grams [
M~
]
| I
)



Detector Measurements and Tests

The following pages summarize the results of detector inspection,
measurement, and testing carried on in the SRL Detector Testing Laboratory
after receipt of the devices from the supplier.



MAST 175 MICRON 20 SQCHM SURFACE BARRIER DETECTOR TESTING CHARTS l2/21/81

TEST I SPEC | 20-126-B | 20-300-D | 20-332-C | 20-470-B
----- - + — + + e ——————————— e
1) ACTIVE AREA (AL SIDE) : MIN=20 : * 19.46 : * 19.59 | * 18.95 | % 39,37
| |
- -= - + + -——— fomm e ———— e ——————— +
2) THICKNESS | MIN=150 TYP=175 | 166.4 | 175.4 | 160.2 | 161.2
(MICRONS) | MAX=200 | | | I
——————————————————— - - + e —— e —————— - - - memmemene——
3) THICKNESS UNIFORMITY | TYP=5 | 1.5 | 0.5 | 1.5 | 5.5
(MICRONS) | MAX=10 |- | | |
————————————— + - + e + - + o
4) OUTSIDE DIAMETER OF IMIN=2.951 TYP=2.953| MIN=2.953 | MIN=2.953 | MIN=2.954 | * MIN=2.950
MOUNTING RING (INCHES) [MAX=2.955 | MAX=2.954 | MAX=2.954 | MAX=2.954 | MAX=2.951
————————— -——— Fo—— e m——m——— += -— o ——————
5) THICKNESS OF MOUNTING | MIN=.144 TYP=.146 | .1460 | .1452 | .14664 | .1459
RING (INCHES) | MAX=.148 | | | I
————————————————— -- - + + e e e
6) DEPLETION AT 2/3 | MAX SHIFT= -.1Z | -0.037Z @ 60 | -0.037% 9 75V | +.022 @ 83V | +.042 @ 80V
OPERATING VOLTAGE I | -0.000% 3 80V | -0.000%Z & 100v | | -.07%Z @ 60V
—————————— - + -—— + e e e i et 1
7) OPERATING VOLTAGE | ONE OF 100, 125, | 100 | 125 | 125 1 125
| OR 150 | | | I
-——— - === - Frmmm—————— Fmmmmmmmm— + e et L B D
8) THERMAL VACUUM: | | GooD 003 | GooD 005 | UNCLASS 009 | Goob 005
LEAKAGE CURRENT @ 20C | TYP=3 MAX=5 | 1.33 | 1.39 | 1.20 | 2.06
NOISE @ 20C (SIGMA) | MAX=34 KEV (SIGMA)| 23.7 | 22.4 | 28.0 | 22.9
LEAKAGE CURRENT @ 35C | | 4.49 | 4.93 | 7.20 | 6.50
NOISE @ 35C (SIGMA) | | 25.6 | 23.8 | 30.6 | 24.3
—————————————————— F—— - + + e e e e e e
9) COMMENTS | | BOTH SIDES FOGGY | GOLD HAS DUST, | VERY CLEAN | BOTH SIDES FOGGY|
| | | WATER SPOTS ; AL | |
| | | FLECKED WITH GOLD| |
-— - + b ——————— o o ——————— +




MAST 500 MICRON 20 SQCM SURFACE BARRIER DETECTOR TESTING CHARTS

2) THICKNESS
(MICRONS)

3) THICKNESS UNIFORMITY
(MICRONS)

4) OUTSIDE DIAMETER OF
MOUNTING RING (IMCHES)

5) THICKNESS OF MOUNTING
RING (INCHES)

6) DEPLETION AT 2/3
OPERATING VOLTAGE

8) THERMAL VACUUM:
NOISE @ 20C (SIGHA)

NOISE @ 35C (SIGMA)

12/21/81

TEST I SPEC | 20-066-A I 20-598-D | 20-613-4 | 20-598-4
- - + e ————— o e e - +
| MIN=20 | #® 19,67 | * 19.67 | % 19,31 | % 19.76 |
| | | | | !
——————————————————————————— e e e e e ———— = e —————————
| MIN=450 TYP=500 | 476.2 | 508.0 | 452.8 | 505.6 |
| MAX=550 | | | | |
LR - P ——————— Fmm e ————— Femr e —————— e e e ————— +
| MAX=25 | 2.0 | 4.5 | 4.0 | 8.0 |
| | | | | |
- == - + Fmmmmm e — e Femm e ———— +
IMIN=2.951 TYP=2.953| MIN=2.953 | MIN=2.9530 | MIN=2.9525 | MIN=2.953 |
IMAX=2.955 | MAX=2.954 | MAX=2.9535 | MAX=2.9535 | MAX=2.953 |
--------------------------- e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
| MIN=.144 TYP=.146 | .1457 | .1460 | .1469 | .1472 |
| MAX=.148 | | | | |
tome e —— tm——— P —————— P ———————— R el +
| MAX SHIFT= -.12Z | % -.02% 100V | +0.0187 @ 150V | -0.018% @ 100V | -0.07Z @ 167V |
| | +.06Z2® 75V | -0.074% @ 100V | -1.24% & 80V | +0.06%Z @ 130V |
e e ————— Frmm e ——— P ————— e —————————— o ————— +
| ONE OF 150, 200, | 150 | 200 | 150 | 250 |
| OR 250 | | | | |
m— — + e ———————— Fmm e i +
| | UNCLASS 009 | GooD 006 | GooOD 007 | GOOD-COND 009 |
LEAKAGE CURRENT @ 20C | TYP=3 MAX=5 | 2.20 | 1.40 | 3.5 | 1.7 |
| MAX=34 KEV (SIGMA)| 19.5 | 14.6 | 22.9 | 8.8 |
LEAKAGE CURRENT @ 35C | | 8.10 | 5.00 | 11.1 | 6.2 |
| | 29.2 | 20.0 | 30.2 | 13.5 |
——— e ——— ol o ——————— Fom e —————— e, ———— +
| | MANY SCRATCHES ON| PARTICULATES, | MANY SCRATCHES | FOGGY, MOTTLED |
| | GOLD SIDE | CLOUDINESS ON | ON GOLD SIDE | VERY STRANGE |
| | | BOTH SIDES | | IN DEPV @ V<167 |
P ——————— - + + P e ————— +




MAST 1.7MM 35.8 SGCM DOUBLE CONCENTRIC LID DETECTOR TESTING CHART 12/21/81
TEST | SPEC I #4001 | #4003 | #4004 ]
--------------------------- o ——— - + ————— - e e e e
1) CENTER ACTIVE AREA | MIN=29.80 | % 29.65 | % 29.63 | # 29.56 |
(SQCH) | TYP=30.00 | | | |
——————————————————————————— tm————— + it += ————————¢
2) GUARD ACTIVE AREA | MIN=5.50 | * 5.34 | * 5,12 | * 5.14 I
(SQCH) | TYP=5.80 | | I I
--------------------------- - + —————— + —-——— B e e |
3) DISTANCE BETWEEN GROOVE | MAX=.25 MM | .15 Il .17 | .15 |
AND ALUMINUM CONTACT | | | 1 |
--------------------------- e ———— —— - ———— e e e e
4) CONCENTRICITY OF INNER | 0.500 | o0.087 | o0.120 | o0.105 |
AND OUTER AREAS (MM) | I i | |
——————————————————————————— Fm———— r—— ———— e e ————
5) INNER GROOVE WIDTH | 0.500 | * 0.826 | * 0.885 | * 0.930 |
(MM) | | | ! I
--------------------------- += - -—— —— i e e kT 3
6) WAFER DIAMETER IMIN=7.490 TYP=7.500] 7.508 7.510 | 7.500 7.510 | 7.506 7.509 |
(cHM) IMAX=7.510 | | I 1
--------------------------- A —— e ——————— ——————4 —————— + -— ————
7) THICKNESS OF PERIPHERAL | MIN=1.77 TYP=1.87 | 1.85 | 1.84 | 1.85 |
AREA  (MM) | MAX=1.97 | | | |
e e e ———————————— e ——— —— -—— tmmmmm e ————— Fom e ————— +
8) DEPLETION DEPTH OF | MIN=1.70 | 1.750 | 1.736 | 1.755 |
ACTIVE AREA (MM) | HAX=1.95 | | | |
——————————————————————————— e ———— -+ —-—— o i e e D L
9) THICKNESS UNIFORMITY OF | MAX=+-30 | | | |
ACTIVE AREA (MICRONS) | I | | |
e fm———— + s ———— A ———— o e e +
10 JUNGROOVED DEADLAYER | MAX=100 | | i ]
(MICROGRAMS/SQCH) | | | | |
———————————————— Fm——— + —— o ——— + —————
11)GROOVED DEADLAYER | MAX=50 | -32.2 | 11.é5 | 12.1 |
(MICRONS) I | | | I
------------------- += + —— It et L e T |
12)UNIFORMITY OF GROOVED | MAX=#+-5 | 1.22 CEN | 1.1 CEN | 1.7 CEN |
DEADLAYER (MICRONS) | I | 1.0 GUA | 2.0 GUA |
————— e e - o ——— e e ——————————— e ————————— Frm e ————————————— +
13)DEPLETION AT 150V BIAS | MAX SHIFT =-.5Z | -.32%Z ® 110V CEN | -.26% @ 150V CEN | -.07% @ 150V CEN |
| I -.372 2 110V GUA | -.09% @ 150V GUA | -.13% @ 150V GUA |
------------------------ o - - - Pe——————— - —————————
14)BETA ENERGY RESOLUTION | TYP=100 | 144 | 109 | 111 |
CENTER (KEV FWHM) | MAX=200 | | | |
——————————————————————————— i e i et Ll L T T Y
15)BETA ENERGY RESOLUTION | TYP=75 | 105 | 76 | 79 |
GUARD (KEV FWHM) | MAX=150 | | | ]
--------------------------- pm———— - tom——— e e e e e e m e — e — e ———
16 )THERMAL VACUUM: | | coon 009 i Goop o003 | UNCLASS 008 |
LEAKAGE CURRENT @ 20C | TYP=10 MICROAMPS | 9.3 | 6.11 | 5.40 |
NOISE 2 20C (SIGMA) | | 26.7 | 20.1 | 15.5 I
LEAKAGE CURRENT @ 35C | MAX=50 MICROAMPS | 36.3 | 20.06 | 20.9 |
NOISE & 35C (SIGMA) | | 54.0 | 33.3 | 32.6 !
——————————————————————————— P e e e e e e e e e e e e e e m e m e e — e ————————————
17 )COMMENTS | | SOME SCRATCHES | SOME SCRATCHES; | MAJOR SCRATCHES |
| | ON BOTH SIDES | RELATIVELY GOOD | ON GOLD SIDE |
| | | SURFACE CCNDITION| |
e e ———— - P ———————— e ———— e, ——————— +




MAST 3MM 35.8 SQCH DOUBLE CONCEMTRIC LID

1g/21/81

TEST I SPEC I 4061 I 4062 | 40564 | 4067 I 4081 | 4096
1) CENTER ACTIVE AREA | MIN=29.8 | % 29.70 | # 29.56 | * 29.59 | * 29,56 | % 29.54 | % 29.40
[MH) | TrP=30.0 I i I I | I
+ + g
2) GUARD ACTIVE AREA | HIN=5.5 | % 5.10 | * 480 | # 5.01 | * 4.98 | * 4.77 | % 4.74
CHM) | TYP=5.8 | 1 I I I I
3) DISTANCE BETHEEH GROOVE | MAX=.25 MM | # 0.34 | #0.34 | % 0.68 | % 0.38 | = 0.35 | # 0.35
AND ALUMINUM CONTACT | [ | I I | I
4) COMCENTRICITY OF INNER | MAX=.5 | 0.129 | 0.261 | 0.193 | 0.142 | o.210 | o.178
AND OUTER AREAS (MH) | | I | I | ]
5) INMER GROOVE WIDTH 1 =.5 | # .846 | # 980 | ® 0.933 | * 0.952 | % 0.987 | # 1.105
(HMY | I 1 1 1 1 |
6) HAFER DIAMETER (CHM) IMIN=7.490 TYP=7.500| 7.508 7.510 | 7.509 7.509 | # 7.515 7.506 | % 7.512 7.505 | 7.509 7.503 | 7.501 7.501
|HAX=7.510 I I I I I I
7) THICKNESS OF PERIPHERAL | MIN=3.07 TYP=3.17 | 3.19 | 3.20 | 3.17 1 3.17 | 3.17 1 3.10
AREA (HH) | MaX=3.27 | I 1 I I I
&) DEPLETION DEPTH OF I | 3.1102 | 3.1170 | 3.0904 | 3.o0888 | 3.0554 | 3.0178
ACTIVE AREA (MICRONS) | I 1 I | | I
9) THICKNESS UNIFORMITY OF | | 1 | | | I
ACTIVE AREA (MICRONS) | | I I I I |
10 JUNGROOVED DEADLAYER | max=100 1 I ] I I I
(MICROGRANS/SGCH) I 1 I | 1 I I
11)GRODVED DEADLAYER | Hax=50 | 11.8 LBL 7/18/60 | 8.0 LBL 7/18/80 | 11.6 LBL 7/18/80 | 11.2 LBL 7/16/80 | 11.6 LBL 7/16/80 | 14.2 LBL 7/18/80
(MICRONS ) | | 11.7 CIT 9/12/80 | 10.4 CIT 9/12/80 | 11.8 CIT $/13/80 | 13.0 CIT 9/13/80 | 11.8 CIT 9/15/80 |
p | | 14.4 CIT 3/9/61 | 13.2 CIT 3/14/80 | 14.5 CIT 3/14/81 | 15.2 CIT 3/15/80 | 14.2 CIT 3/16/81 | 12.9 CIT 3/17/81
1 | 16.1 CIT 6/25/81 | 14.6 CIT &/30/81 | | | |
12 JUNIFORMITY OF GROOVED MAX=5 | I I I |
|

DEADLAYER (MICRONS)

13)DEPLETION AT 250V BIAS

MAX SHIFT = =-0.5%

-.26% @ 250V CEN
=.334 @ 250V GUA

-.35% @ 250V CEN
=.30% @ 250V GUA

=.30% 3 &50V CEN
=.21% @ 250V GUA

=.174 2 250V CEM |
-.11% @ a50v GuUs |

-.4l% @ 250V CEM
-.3%% @ 250V GUA

=.30% 9 Z50V CEM
+.134 @ 250V GUA

14)BETA EMERGY RESOLUTIOW

16 JCOMMENTS

FOOR GOLD COVER

AL SIDE DIRTY

HEAVY SCRATCHES
OH BOTH SIDES

POOR GOLD COVER
TROUGH IN SILICON

SURFACES SLIGHTLY|
BLEMISHED

SURFACE CONDITION

| AVERAGE; DARK

I I |
(KEV FWHM) CENTER: | TYP=100 mMAX=200 | 145 | 149 162 | 180 | 186 148
GUARD * | TYP=75 MAX=150 | 104 | 107 117 I 130 | 134 | 100
15)THERHAL VACUUN: I | 600D 008 | GoOOD 005 GOOD 005 | Goon oo9 | Goop oo9 | soob Q0%
LEAKAGE CURRENT @ 20C | TYP=10 MICROAMPS | 8.55 | 9.22 12.9% | 12.03 | 16.8 | 16.5
HOISE @ 20C (SIGHA) | 1 19.1 | 19.9 21.7 | 32.5 | 40.4 | 34.0
LEAKAGE CURRENT @ 35C | MAX=50 MICROAMPS | 28.0 | 28.8% 36.59 | 35.9 | 52.8 | 45.8
HOISE @ 35C (SIGMA) | I 37.8 | 37.9% 8.7 | 54.3 | 75.1 | 64.9
I
|
|

LINES ON GOLD




MAST 3MM 35.8 SGCHM DOUBLE CONCENTRIC LID

la/elsel

DIRTY, UMEVEM

| SCRATCHED; GOLD

TEST I SPEC ] 4181 I 4183 I 4184 i 4185 | 4186 | 4187
1) CEMTER ACTIVE AREA | MIN=29.8 | = 29.60 I = 29.60 | » 29.62 | » 29.50 | # 29,64 | % 29.62
(MM) | TYP=30.0 1 I I I 1
B . - pE.
2) GUARD ACTIVE AREA | MIN=5.5 | % 5.00 | % &.87 | # 5,06 | * 4.75 | * 4.87 | * 6,861
()] | TYP=5.8 I I 1 | | I
3) DISTANCE BETWEEM GROOVE | HAX=.25 HM | % 0.35 1 # 0.34 | # 0.35 | # 0.33 | » 0.35 | * 0.38
AND ALUMINUM CONTACT I I I | 1 I
4) CONCENTRICITY OF INMER | =.5 | 0.117 | 0.127 | 0.245 | 0.09 | 0.059 | 0.173
AND OUTER AREAS (MM) 1 I | ! ] |
5) INHER GROOVE MIDTH | HAx=.5 1 % 0.855 | % 0.500 | # 0.868 | # 1.000 | # 0.868 | % 0.868
(HH) 1 1 I I | I I
. . i 4
&) HAFER DIAMETER (CH) IMIN=7.490 TYP=7.500]1 7.500 7.502 | 7.501 7.501 | 7.501 7.500 | 7.500 7.501 | 7.503 7.501 | 7.502 7.500
IHAX=7.510 I I I 1 I I
7) THICKNESS OF PERIPHERAL | HIN=3.07 TYP=3.17 | 3.14 | 3.14 I 3.19 | 3.18 | 3.20 | 3.1
AREA (HMH) | HAx=3.27 I | I | ! l
8) DEPLETION DEPTH OF | HIN=3.00 | 3.0503 | 3.05%9 | 3.090 | 3.053 1 3.117 | 3.0784
ACTIVE AREA (MICROMS) | HAX=3.25 1 1 I | |
9) THICKHESS UMIFORHITY OF | MAX=30 | 1 ] I | I
ACTIVE AREA (MICRONS) | | I I 1 1 !
i e F;
10 JUNGROOVED DEADLAYER | HAxX=100 I I | 1 I !
(MICROGRAMS/SRCH) | I | 1 ! |
11 )GRODVED DEADLAYER | HAX=50 | 6.7 LBL 6/24/80 | 10.4 LBL 6/26/80 | 11.0 LBL 6/24/80 | 9.75 LBL 6/24/80 | B.0 LBL 6/24/80 | 11.6 LBL 6/24/81
(MICRONS) | | 12.9 CIT 9/16/80 | 14.9 CIT 9/16/80 | 14.3 CIT 9/8/80 | 14.7 CIT 11/24/80] 16.5 CIT 9/17/80 | 17.1 CIT 9/17/80
I | 15.6 CIT 3/16/81 | 17.8 CIT 3/16/81 | 17.5 CIT 3/18/81 | 16.2 CIT 3/17/81 | 18.6 CIT 3/17/81 | 19.5 CIT 3/10.81
I | I 17.6 €IT 7/16/81 | 1 1 | 20.4 CIT &/29/81
. + ol
12 )UNIFORMITY OF GROOVED | HAX=5 I | | 1 1 |
DEADLAYER (MICRONS) I I I | 1 I |
. o . iy
13)DEPLETION AT 250V BIAS | MAX SHIFT = -0.5% | -.22% @ 250V CEM | -.32% @ 250V CEN | -.30% & 250V CEM | -.29% @ 250V CEM | -.32% 250V CEM | -.19% 3 2507 CEW
1 | =.61% @ 250v BUA | -.39% 2 250V GUA | -.262 2 250V BUA | -.26% 9 £50V BUA | -.48% & 250V GUA | -.2a¥ 3 50V BUA
14)BETA EHERGY RESOLUTION | 1 I I 1 1 !
(KEV FHHM) CEMTER: | TYP=100 mMAX=200 | 116 | 118 | 128 | 142 I 103 | 169
GUARD: | Tye=75 mMax=150 | &3 | 86 | 93 I 94 I 78 I 123
15)THERMAL VACLUM: | | 600D 009 | GooD 006 | GooD o0& | 600D 009 | GooD ooe | 6000 007
LEAKAGE CURREMT 3 20C | TYP=10 MICROAMPS | 7.80 | a.25 | 8.15 | 13.2 | 7.25 | 8.6
NOISE 2 20C (SIGHA) | | 21.3 ] 13.2 1 18.8 | 32.5 | 16.3 | 42.6
LEAKAGE CURRENT @ 35C | MAX=50 MICROAMPS | 21.10 | 24.38 | 23.23 | 45.7 1 19.50 | z8.8
NOISE 2 35C (SIGHA) | | 33.3 | 25.4 1 36.5 | 71.4 | 25.7 I 7a.1
16 JCOMMENTS VERY CLEAM | CLEAN - TWO LONG | SMUDGED OM BOTH | DOTH SURFACES | VERY CLEAN | AL SIDE SOMEWMAT
I |
I ]

SCRATCHES ON 6OLD| SIDES
I

| SIDE UMEVEN




1.4.3 Telescope Window

The MAST telescope is protected by an aluminized Mylar window of TBD
thickness (Mylar side out). The principal purposes of the window are

to provide an electrical shield, and to protect the solid state detectors
from sunlight. Accoustic properties of the window dictate a minimum
mylar thickness of order 0.001" - the optimum thickness should be
determined by balancing the concerns discussed below.

1) Radiation Damage - For Jupiter flyby, potential radiation damage

to M1 due to trapped heavy ions can be minimized by using a window

thick enough to stop 0 and S ions of several MeV/nuc. A window

of ~0.004" (~0.012 g/cm?) would stop energetic oxygen with E <5 MeV/nucleon,
and provide ~2 to 4 orders of magnitude more protection for M1 than

the CRS LET L1 detectors had during the Voyager I encounter with

Jupiter. This would also stop protons with <3 MeV, providing up to ~10?
times more protection than the LET L1 detectors obtained from their

3 w-thick AT windows.

2) Effect on Energy Intervals - Increasing the window thickness raises

the threshold for the study of some low energy species. In MAST

this is perhaps not a problem for H and He nuclei, but it could be
significant for the Anomalous 0O, N and Ne Component. A window of

~4 mil Mylar is equivalent in stopping power to ~100 u of silicon. For
anomalous oxygen, the threshold in MeV/nuc increases from ~15 MeV/nuc

to ~17 MeV/nuc, and 25% of the events with <30 MeV/nuc are lost. In
addition, the maximum observed ratio of the anomalous to galactic components
decreases. For anomalous Ne and Ar(?), the effects are even greater.

3) Solar Flare Isotope Studies - Paradoxically, increasing the MAST window
thickness may actually increase the yield of Z=6 nuclei available for
isotope analysis in a large flare. This is because the window thickness
has a greater effect on the number of protons hitting M1, than on the
number of Zz6 nuclei reaching M4 or D1, and it will probably be the Ml
counting rate that Timits the instrument performance during a large flare.
Sample calculations suggest that the yield of Z=3 nuclei per large flare
scales approximately as the square of the proton threshold for reaching

M1 (assuming dJp/dEp < E-?).

4) Window Produced Background - A window that is not actively shielded

is a source of low energy fragments produced by the interaction of high
energy cosmic rays. This problem is perhaps worst for ?H and ®He where
the background from a ~1 mil Mylar window is predicted to exceed the
galactic flux of these nuclei for Es<5 MeV/nucleon. Fortunately Mylar
(Cy2H1404) does not produce low energy fragments with Z>8. However, there
will also be a background due to the breakup of heavy cosmic rays. Thus
2857 might produce “®A1 + 2H and the ?H might go undetected if it misses
Ml. These backgrounds scale approximately with the window thickness.




2.3 ADC/Discriminator Characteristics



MAST ADC Characteristics

b
Nom. Full Channel DISC A o DISC B c
Thi : Scale Thresh Width Nom Nom
Det (mm) (MeV) (reV) (MaV) (MaV) Ch (MaV) Ch
d e 490 £ il 28 £
M1 . 115 754 0.56 : 387 6.1 85 216 167
-.40 -0.8
2.3 +2.3
D1 : 175 13090 1430 o 322 7.2 7Y 26.6 135
-.60 =32
+3. 5 +3.9
D2 500 2400 2.40 «59Y 12 .3 7.3 45.3 128
= Fu 0 =2.0
+8.6 +7 =5
D3 1.83 5000 5.00 1., 237 25.6 73 82.4 119
=2 .1 =3..7
+8.6 o e e
DYy 3. 12 6800 6.80 1.682 233:8 72 125 1286
saghe i =
*+ 1652 F16:.3
D5 6.2Y4% 10000 10.00 2.474 48 .7 72 179 124
-t % -8.2
+23.2 +23.3
D6 12.48 15000 13500 Rt 69.4 71 256 121
-5.80 = 11486
NOTES :
a) 4096 channels
b) cw = £s/(4084.5 - 51.92)
¢) N = (delta E)/cwu + 51.92 (
d) sum and single-end requirements are identical ; M2, M3, MY identical to MI
e) other possible values are .375, .460, .730, .910, 1.200 '
£) A, B disc levels reguired on "sum" ADC only



Note on Calculating ADC Disc¢ Commands

MAST
DISC A goes high
ADC channel
DISC B goes high
ADC channel

when
number
when

numbexr

«GE;

.GE.,

8 (CMND DATA A) + 8

8(CMND DATA A + CMND DATA B) +

16



Disc
Ref

MA

MB
MC

MAST Discriminator Characteristics

Disc's
Connected

G35L,G47L,G6L

D7
G35H,G47H,G6H

Nominal Other Possible

Value Values

(MeV) (MeV)

0:20 - 167, 233
.300, 48, 400,
. 706, 910

0.20 same as above

5.0 4.96, 5.09, 5.18,
5.36, 549, 563,
6.46, 7.01

(a0

= o
;o

o
w=J

- W

-



2.4 Logic



a
MALST Rate Egquations

CDA Subcom
Rate HNo. Address State Name Equation
1 4 = HIZRO EVENT /D6%/ [D7¥] sG1H*s [G2HX] [Z3] RO
2 q_ i HIZR 1 " " 1] L] 11 " R 1
3 I'_{ — HIZRZ " " (3} L) " 11 Rz
LI 5 e HIZRE " " 11} " ¥ (1] RB
5 5 s HIZR‘.“ " n [1] L L1 "W RL{_
6 5 s HIZRS " " 11} 1] 11} A1) R5
7 5 e HIZRE) L " " " L4 " RG
8 3 ™ 21 L s " [GI1L¥] rG2L%s [Z3%x] [L¥]
9 L[_ s Z z " ” L1 " n” T Il
10 3 - PEN " /D67 [D7P] /G1PXs [G2PX]
11 3 - ADC OR Logical ™ORY™ of all ADC's
12(sect.) 2 - Z1SEC (Z1 + 272 s7Z18ECZ2/) s,D187 (RO + R1 + R2}
13 3 1 Z1RO Z1 RO
2 21R1 Z1 RI1
3 Z1R2 Z1 R2
4 Z1R3 Z1 R3
5 Z1RY Z1 Ru
5 Z1R5 Z1 RS
7 Z1R6 Z1 R6
8 Z1RQ Z1 RO
9—16 s repsat 1-8
14 7 1 Z2ZRO Z2 RO
2 Z2R] Z2 R1
2 Z2R2 Z2 R2
) Z2R3 22 R3
5 Z2RY Z2 RY
6 Z2R5 Z2 R5
7 Z2R6 Z2 RO
8 Z2R0 z2 RO
9-16 i repeat 1-8
15 3 = LIVE TIME
NOTE

a) [ ] terms are normally included ; /7 7 texrms can be added ; * is logical complement

) L



MAST Rate Equations (continued)

Subcom
State

Subcom ]
State Name/Equation

NamesEquation

CDA
Address

Rate No.

= oIM O
[y oy ol ks )il
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Lok aadl ol ol s ol o
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e tea ey e e |
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NOTE:

in MAST Logic Definitions

and [M34]

(rM12]

See definition of

a)



a,b
MAST Event Egquations

Buf. Ho.c Name Equation
1 CAL tbhd
2 HIZRY5GE (HIZR4 {KH4] + HIZRS [KH5] + HIZR6 [KH6]) [HAZX]
3 HIZR3E HIZR3 [KH3] [HazZ*]
4 HIZRZE HIZR2 [KH2] ™
5 HIZR1E HIZR1 [KH1] 2
6 HIZROE HIZRO [KHO] *
7 PENE PEN [KP] [HAZX]
8 Z2E Z2 Z25 [HAZ*]
9 Z1E Z1 Z1S [HAzZX]
NOTES

a) consult sections on MAST RATE EQUATIONS and MAST LOGIC DEFINITIONS for definition of terms
b) [ ] terms are normally included ; ~ / terms can be added ; % is logical complement
c¢) event readout is always from the filled buffer with the lowest buffer number -

(the only significance of buffer no. is as an indication of readout priority - buffer no.
is not included in event tag as in PET event readout)

AN A/



MAST Logic Definitions

Name Definition

cljk Command word i, bit 3Jk

cijk* Logical complement of the state of the command bit ¢ijk
kS Logical complement

/D1/s D1 =+ €101

D157 D1 + cl102

[D1] (D1* + ¢103)% = D1 ¢103%

(D2] (D2¥ + ¢104)*% = D2 cl0u4X

(D3] (D3* + ¢105)% = D3 ¢105%

[D4] (DY* + ¢106)% = DY cl106%

[D5] (D5¥ + ¢107)% = D5 ¢107%

[D6] (D6* + ¢108)% = D6 cl108%

/D67 (D6X ¢110)% = DH + cl110%

/D6¥/ De* + ¢111

[D7P] (D7* ¢112)* = D7 + cl112%

[D7*] D7*% + ¢109

EVENT (121 [M34] /D1rs

G1 G35L + GUTL + G6L

/G1H*/ G1* + ¢113

[G1L*] G1%¥ + c114

/G1P*/ 1% + 115

G2 G35H + GU47H + G6H

[G2H¥ ] G2¥ + ¢116

/G2L¥/ G2k & elT



Name

[gap*]
H

[H]
[HAZX ]
[KHO ]
[KH1]
[KH2 ]
[KH3 ]
[KHu4 ]
[KH5]
{KH6 ]
[KP]
[KZ10]
[KZ11]
[KzZ12]
[KZ13]
[EZ14]
[KZ151
[KZ16]
[KZ20]
[KZ21]
[KZ22]
[Kz23]
[Kz2Y4]

MAST Logi¢ Definitions {(continued)
Definition

G2¥ + ¢118
M1XSB + M2YSB + M3XSB + ML4LYSB + D1B + D2B + D3B + DUB + D5SB + DoHB
H + ¢119
HRZ* + ¢120
¢tz

22

¢l123

cl2y

cl25

c126

c 127

c128

c201

¢c202

c203

c20y

c205

c206

c207

c208

c209

¢210

c211

¢212



MAST Logic¢ Definitions (continued)

Name Definition

[KzZ25] c213

[KZ26] c21b

L M1XSA + M2YSA + M3XSA + MuyYsSi: + DI1A + D2A + D3A + D4aA + D5A + D6A
2L/ L ® ¢2i1b5

[L¥] EX + ¢216

[M12] /M1X1/ [M1XS] /M2Y1/ [M2YS] /MiX/ /M2Y/ /M1XM2Y/
[M3u] /M3X1/ [M3XS] /7MY4Y17 [MUYS] /M3X/ /7MUYY/s /7M3IEMHY/
/JM1X1/ MIX1 o+ 217

[M1XS] M1XS + ¢218

M2Y Ny M2Y¥ 1 & cZ19

[M2YS] M2¥8 «+: ©220

LMK M1X1 + M1XS + ¢221

ZMEY 2 M2Y1 + M2YS + c¢222

/M1XM2Y/ M1X1 + MIXS + M2Y1 + M2YS + ¢223

s/M3X1/ M3X1 + c224

[M3XS] M3XS + ¢225

MUY 1/ MU4y1 + c¢226

[MuYS] MUYS + ¢227

/M3IK/ Y O M3E -t MIES ok g 2E8

/MUY s MUyl = HMHYS # ¢229

/M3XMYY s M3X1 + M3XS + MUY1 + MUYS + ¢230



MAST Logic Definitions

Name Definition

RO R1% R2% R3¥ RUX REX REX a

R1 [D11 R2% R3% Rux R5EX RHX a

R2 [D2] R3% RY{*X REX REX a

R3 [D3] Ru* REX REX a

RY [Dy] R5X REX* a

R5 [D51] R6* a

R6 [D6 ] a

PEIBECZS Y c231%

Z1s RO [KZ10] + R1T [KZ11] + R2 [KZ12]
RS [EZ15] =+ ‘Re [KZ16]

723 RO [KZ20] + Rt [KZ21] + R2 [KZ22]
BR5 [KZ28]1 %+ R6& [KE26]

[23] tn)] #1r 1Z2381 +  /Z3Bs

[z3a] cb32%

/Z3B/ c631

[Zz3%] Z3X + ©630

NOTE

(continued)

+ R3 [KZ13]

+ R3 [KzZ23]

-+

-+

RY

R4

[KZ1h]

{Kz24]

-+

-+

a) Range is the highest number ADC triggered (1

thru 6 corresponds to D1 thru D6 ADC

0 corresponds to matrix dets only). HNote tha%'PEN normally has a range of 6.

Detectors that have

[Dn] set to 1 do not figure in range calculation.

ks



Event Priority and Polling

MAST events are analysed according to a priocrity scheme
described below. An incoming event is tested against the
event logic eguations (Section 1.3.2) sequentially in the
following order: CAL, HIZRnE, PENE, Z2E, AND Z1E. Only the
highest priority empty buffer is used, as in PET. If an
event satisfies two or more egquations, the buffer used (if
any) will depend on whether the higher priority buffer(s) is
(are) full at the time. An exceptiocn to this 1s CAL events,
which write over previous events in the CAL buffer, and
therefore do not pass down to test other event equations.

Event readout is aluways from the filled buffer with the
louest buffer number (see Section 1.3.2). This priority
scheme is unlike the polling scheme for PET event readout.

A1l MAST rates (except rate 16 and 18) are sequentially
accumulated with multiple accumulations allowed if more than
one rate equation is satisfied (unlike PET). Rates 16 and 18
are asynchronously accumulated as they occuzx.

The live time for a particular event buffer should be cal-
culated as follows: 1) Use the LIVE TIME rate to get corrected
counting rates. 2) Divide the number of read out svents from a
particular buffer by the appropriate counting rate in counts
prer second.



Comments on the MAST Logic

The notes below attempt to document the motivation for including various texms in the
MAST rate and event logic.

CMD BITS
AND INIT
EQUATION TERM(S) STATES COMMENTS

All rates Rll MAST rates (except rate 16 and 18) are seguentially
accumulated with multiple accumulations allowed if more
than one rate equation is satisfied. This should be
kept in mind in any alterations to the initial command
state. Rates 16 and 18 are asynchronously accumulated
as thay oCccur.

All events MAST event testing assumes the following priority:
CAL, HIZRnE, PENE, Z2E, ZI1E (as_in the MAST Event
Equation Table), with only the highest priority empty
buffer being read into. Therefore, if an event satis-—
fies two or more equations, the buffer actually used
will devend on whether the higher pricrity buffex(s)
is (are) full at the time. CAL events arxe a special
case, and enter only the CAL buffer.

All rates and ¥5 1 v cl01=1 If svents involving matrix detectors alone turn out

events to be of limited use it may prove desireable to
reqguire D1 in EVENT so that the proportion of good
events during high flux periods 1is increased. It is
less clear that this is useful for HIZ events now
that MAST always starts event polling with the low-
est number event buiferx. It might help Z1 and Z2
avents however.

HIZEn (n=0-6) 1 In the event D7 fails, D6 can be substituted for D7
Z1,y B2, Z1RD 0 as the "end of range" detector for all stopping
Z2En and theirx prarticle modes.

event egns

HIZRn (n=0-6) =1 G1H¥ can be substituted for G2H* in all HIZ equations
and their event ={ if, e.g., all HIZ events with G1H turn out to be
equations garbage.

e Ty
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*
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Comments on the MAST Logic (¢ontinued?

CMD BITS
AND INIT
EQUATION TERM(S) STATES COMMENTS

HIZRn (n=0-6) /LS c215=1 The [Z3] equation can be modified in a numbher of

21, 22, Z1Rn, [H] ¢119=0 ways. If, for example, the Z2 equation fails, helium

Z2Rn, and theirx nuclei can be recovered by setting ¢215=0 and ¢119=1,

event egns. thereby defining Z3 to include 2=2 nuclei. Note that
for rate data, this alteration (in the absence of any
failures) will cause Z=2 events to be counted by both
the HIZEn and 22 (Z2Rn) rates, while for event data,

| Z=2 events will be included in the HIZRAnE buffers.

The Z2E buffer will not be used exncept when the appro-
priate HIZEnE buffer is full.

Setting ¢632=1, ¢631=0 makes [Z3] never true and elim-
inates all HIZ events. Setting c¢631=1 makes all stop-
ping events satisfy [Z3]. Foxr rxate data, Z=1 and Z=2
nuclei will be counted twice, in both HIZRn and also
either Z1 (Z1Rn) oxr Z2 (Z2Rnl). HIZRnE events will
include 2=1 and Z=2 nuclei, with the Z1E and Z2E
buffers used only when the HIZ buififers are full.
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If requiring G1* eliminates too many Z1 oxr Z2 events
G2% ¢an be substituted.
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Setting ¢630=¢216=1 will let all stopping events
satisfy Z1 and allow both Z=2 and Z>2 events to
satisty Z2. For rate data HIZRn will still be Z>2
nuclei, but 22 (Z2Rn) will include both Z=2 and Z>2
nuclei, while Z1 (Z1Rn) will include all stopping
nuclei. 211 events go into their nominal buffers ixf
empty, but if Ffull, ¢an go to corresponding lowsr
priority buffers.

R
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£ " " " Setting ¢630=0, ¢216=1 will let Z=2 nuclei satisfy
& The Z1 (Z1Rn) rates will include both Z=1 and
Z=2, and some Z=2 events will bhe read out from the
Z1E buffer if Z2E is full.

iy n b I Setting ¢630=1, C216=0 will let Z>2 events satisiy
Z2 with corresponding effects on the Z2Z (Z2Rn) rates
and the possibility that Z>2 events will rxeach the Z2E
buffer during high count rate periocds. Hote that the
Z3 eguation can be disabled (see above) if desireable.



EQUATION
PEN, PENE

Z1SEC

All Events

Comments on the MAST Logic (continued)

TERM(S)

Loy i 4

—
N o Odg
~J G

) s
nt dYd o\

22,

AD18/

[HAZ®]

GHD: BET S
AND INIT
S2TATES
¢110=0
cl112=1
¢115=1
c118=0
¢231=1
¢c102=1
¢120=0

COMMENTS

If D7 fails, D6 van be used %o replace it as
the "penetrating"™ detector.

If most PEN events triggering G1 are not useiful,
G1¥ ¢an be substituted for G2¥%,

Setting ¢231=0 would add Z2 nuclei to this
sectored rate.

Setting ¢102=0 eliminates RO events from this
sectored rate. Might use this if RO events
are not very clean.

etting ¢120=1 will allow HAZ events to be read
t.. Under the initial command state they are
flushed in order to maximize the return of events
unaffected by pulse pileup.



MAST Dead Time Summary

Branislav Kecman Dec. 3, 92

1. MAST electronic logic introduces dead time for polling and writing 10 ADC
rates (8 Event Rates, A & B level ADC discriminators in RATE 17, and Live Time)
to the 4-bit Rate Memory (TCC244) when either one of 14 ADCs or Live Time
trigger. The dead time is relatively uniform for any such 'ADC event' since all
ADC rates are polled regardless of the status of ADCs. It varies between 32 and
38us per 'ADC event', depending on how many ADC rates are to be incremented
by one and written to the memory due to that particular 'ADC event'.

Please note that 'ADC event' has no coincidence requirements like an Event.
An 'ADC event' could even be caused by a single ADC triggered. Similarly, a
'DISC event' could be caused by a single discriminator triggered without any
other ADC.

When Live Time causes an 'ADC event' it takes 32us to poll all the ADC rates and
write only one of them (Live Time) to the Rate Memory. During that time no
other Event Rates can be accumulated since they are mutually exclusive with
respect to Live Time, which triggers every 8.192ms and does not involve front
end electronics processing.

These 10 ADC rates stored in Rate Memory with accumulation time of 6sec do
not include single ADCs (RATE 16) and guards' discriminators (RATE 18),which
are subcommutated and collected in dual 24-bit counter/register (DCR633).

Not all Event Rates are incremented due to the same 'ADC event'. For example,
when ADCs trigger thus causing an '"ADC event', ADC OR rate will surely get
incremented by one, but Z1 rate, Z1 SEC and Z1Rn may be incremented only if
the coincidence requirements are met. It takes MAST logic additional 2us for
each of these rates to be actually written in the memory.

In case of a HIZ Event, ADC OR rate and HIZRn rate will surely get incremented
by one, and RATE 17 might be incremented as well if rate of particular A or B
level ADC discriminator which triggered is being accumulated during the
present subcom state. So, the dead time for such HIZ Event may vary between
34 and 36us.

2. MAST logic also introduces dead time for writing Event PHA data to the 8-bit
Event Memory (2 x TCC244). This dead time is always 375us per Event,
regardless of the energy level of the Event which is being analyzed.

Prior to writing Event PHA data to the memory, though, MAST ADCs introduce
dead time (a.k.a. RUNDOWN) lasting between 14 and 256us, depending on the
energy level of the incoming Event. Deposited energy is linearly translated

into rundown time in Height-to-Time Converter (HTC) which is part of each
ADC. For the highest PHA data in a given Event one can find rundown time and
calculate the total dead time for that particular Event. Full ADC scale is 4096
channels which corresponds to 256us of rundown time.

During the first 40us of a rundown all rate scalers in Rate Memory are updated
(ADC discriminators have enough time to reach their A or B level thresholds),



so MAST logic is ready to write to the Event Memory as soon as the rundown is
over (if the Event is to be stored). In case the rundown is shorter than 40us
Event storage would have to wait for the rate scalers to be updated.

MAST Event introduces typical dead time of either (40 + 375) = 415us, or
(rundown + 375)us. If MAST logic decides to store an Event the latter dead time
sequence would look like this:

I3usl Front end electronics processing
I132-38usl Rate Memory update
I 14-256us | Pulse Height Analysis (rundown)

| 375us | Event storage

If MAST logic decides not to store the Event (since there is already one such
Event in the Event buffer) then above sequence ends after Rate Memory
update and the instrument is alive again.

3. RATE 16 and RATE 18 are subcommutated rates accumulated in dual 24-bit
counter/register (DCR633).

First 7 rates of RATE 18 are D7 and guards' discriminator rates (D7 DISC,

G35 DISC LE, G35 DISC HE, G47 DISC LE, G47 DISC HE, G6 DISC LE and G6 DISC HE)
with dead time between 17-20us per 'DISC event'.

After reaching discriminator's threshold during first 3us of a 'DISC event' the

rate is updated in DCR633, and the rest of the dead time is due to recovery of the
analog discriminator chain. These rates are not inhibited by Live Time rate.

Low and high guards' discriminator rates are logically OR-ed into G1 and G2
rate, respectively, and as a result have different dead time: between 14-16us. As
part of RATE 16, they are inhibited by Live Time rate, which means they
cannot be collected for 30us while Live Time signal is active.

The 8th rate in RATE 18 collects 'hazardous ADC events' if an 'ADC event'
(which may be either a real Event, or just a few ADCs triggered, or a Live Time
event) occurs within 16-18us after the previous 'ADC event'. In normal MAST
command state no Event PHA data would be available in case it was a real Event,
but it would be possible to get it by changing the command state.



2.5 Commands



MAST Command Table

(see Section

In-flight set this bit low to start autc calibrate mode
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MAST Command Table

2.8
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MAST Command Table (continued)

WORD 4 WORD 5 | WORD &
Bit Initial Initial Initial
Ho. Term State Term State i Term State
1 D4B-8 0 spare 0 spare 0
2 1] — q_ 1 T 0 n 0
3 11 o z 0 i1 o 1r G
{; 11 = 1 ‘[ " O " 0
5 DYyan-8 1 spare 0 spare 0
6 ” i q 0 " 0 " 0
7 " i 3 0 1] 0 n” 0
8 L e 1 0 " e " 0
9 D3B-8 0 spare 0 spare 0
10 "oy 1 | D7 D EN 1 " 0
1.1 = 0 | G6 HD EN 1 " 4]
12 e T 1 i G6 LD EN 1 ; i 4]
1.8 D3R-8 1 GU47 HD EN 1 D6 ADC EN 1
14 R 0 G47 LD EN 1 D5 ADC EN 1
15 ™ol 0 G35 HD EX 1 D4 ADC EN 1
16 o i o] _ G35 LD E? 1 D3 ADC EN 1
|
17 D2B-8 0 | D6B-8 0 D2 ADC EN i
18 "oy 1 ooy 1 D1 ADC EN 1
19 " -2 1 " =2 0 MiyYS ADC EN 1
20 W s 0 B ol 1 E M4Y1 ADC EN 1
o D2A-8 1 D6A-8 1 M3¥S ADC EN 1
22 9 b 0 W ey ¢ M3¥1 ADC EN 1
23 o 0 W@ 0 M2YS ADC EN 1
24 Rt 0 ™= 0 M2Y1 ADC EHN 1
25 D1B-8 0 D5B-8 0 M1XS ADC EN 1
26 "o-y 1 "o-y 1 M1¥1 ADC EN 1
& =2 1 W2 1 ADC CAL EN 1
28 | 0 o= 0 ERMP CAL EN 1
29 D1A-8 | D5A-8 1 LOG CAL EN 3
30 e 0 o4 6] [Zz3x%x] 0
31 Wi 0 w2 0 /Z3BR/ 0
32 = 1 ™ =1 0 {z3n] 0

HNOTE =
a) Note difference from PET; these bits do not have to be set low initially

=15 2
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/D18/
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CAL OFF

CHMD CAL TRG

ACE EN
NDW-A

MAST Command

===EVENTS—===
H
I
pA
R

4 P C

5 EZ Z A

63210 N 2 1 L

XXXXX X X X D

D

XX X XD

XXL X XD

XXXX X XD

XXLLL X XD

XLLLL X X D

XLLLL X XD

XLLLL X XD

D

XLLLL X XD

D

XXXXX D

X XD

X D

XXXXX D

XX D

X D

XXXXX X XD

XXXXX X X X D

P D

P D

P D

P D

P D

P D

P D

X D

PPPPP P P P X

PPPPP P P P X

X

XXXXX X X

HNHI

0123456
XXXXXXX
XX

LXX
XXXX
LLLXX
LLLLXX
LLLLLXX
LLLLLLX

LLLLLLX

XXXXKXXX

XXXXXXX

XXZXXXXX

DDDDDDD
DDDDDDD

Cross

™
oy
“ g

>
<
KX M Q=N

ECE - - - -
TR

DDD
DDD

o=

0123456
XXXXXXX

el -

X
XX

XXX
LLLXX
LLLLXX
LLLLLXX
LLLLLLX

LLLLLLX

XXXXXXX
XXAKXXXK

AXAXKXX

DDDDDDD
DDDDDDD

Reference Table

NN

0123456
XXXXXXX
XX

LXX
LLXX
LLLXX
LLLLXX
LLLLLXX
LLLLLLX

LLLLLLX

XEXXXKX

XXEKXXXX

XXHKKXX

DDDDDDD
DDDDDDD

INITIONS/COMMENTS

F
ds D1 to EVENT
ds D1 to Z1SEC

DE
Ad
Ad
~
Removes detectors
from range

determination

Removes D7% from HIZRn, Z1, Z2
Adds D6 to PEN, PENE

Adds D6* to HIZRn, Z1, Z2
Removes D7 from PEN, PENE

Adds G1¥ to HIZRn, HIZRnE
Removes GI1L¥* from Z1, 2Z2

Adds G1*% TO PEN, PENE

Removes G2*% from HIZREn, HIZRnE
Adds G2% to 21, Z2, Z1E, Z2E
Removes G2¥ from FEN, PENE

Removes H from Z3 determination

Disablesenable HIZ
event readout from
Ranges 0-6

Enablesdisable test pulser power
Initiate calibration sequence
Enables GSE calibration

"new data wins™ if NDW-A=NDUW-B=1

&'5°2
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COMMAND
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ZEXXX
XAXAK
XXXXX
XXXXX
XXXXX
AXXXX
XAXXX

XAXEKX
XXXNX
XNXXX
XXXKX
AXXXX
AXXXX
XHKXX

PPPPP

MAST Comnmand
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123456
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Pt siefieiie gt
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PaiteRe sl el e
bl laie ol ol
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iR fie ol
fegrfia e i ol ]

o
>
~
>
>

XXKXEHE
XXXXXXX
):9:9:0.9.8 8¢
XEXXXXKY
XXNXXXX
1. 9.0.0.9.9.84
AXAKRXX

Cross PRafarence

=1
PR
Zg
Qe —-N

-2

PADIPL IR B DO A

e e e T el
il e i T e

e
PO DAL RI DI MMM NI N

(continued)

1 9:9.0.0.8. 9.4
1 9.9 0.0.9 .9

1 9.0.9.8.9.0
AAAXKLX
1 9. 9.9.0.8.9 4
XXKXXXKX
XXNAXAKX
HXXXXXX
}:9.9:0.0.0.0.4

19 9:9.0:9.84
XYXXXXX
AXXXXKEX
):9:9:9:9:9.9.¢
XEXXXXX
XEANAKK
XELKXXKY

XXXXXXX

e iie it i el

e ool e
T o e o

XXKXKXXH
XX XXXXX
KEKXXHX
XEXXXXE
:9:9:0.9.9:9.¢
$:9.8.9.9: 9.0
:9:9.9:9:9:9 4

DEFINITIONS/COMMENTS

Disablessenables Z=1 event
raadout frxrom Ranges 0-06

? Disables/enables Z=2 event

Adds L to 23 determination o
Removes L*¥ from Z1 determination

-

Alters the M12
colncidence equation

Alters the M34 )
coincidence equation

Adds helium to ZI1SEC
"new data wins" if NDW-A=NDW-B=1

I-¢ 58
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MAST Command Cross

Reference

(continued)

NRLEFO COUILSfWN—=SO NOLOoOCNGLE MNfooNners Hig

it ;i
BRI DODY  wed and ah s e h s

(52062162803
[0 Do B0
I

DU —~]

===EVENTS——=—=  ———m—emm—=me—= BATES-———— =i ———
H
I
Z H Z
R I 1 Z Z
4 P C Z P S 1 2
5 EZ Z2 A R 2 Z EE R R
COMMAND 63210 N 2 1 L 0123456 1 2 N C 0123456 0123456 DEFINITIONS/COMMENTS
MUYSB-n DDDDD D D DDDDDDD D D DDDDDDD Commandable disc.
MUYSA-n pDDDD D D DDDDDDD b D poopbDDD B and & for My n=8,4,2,1
M3XSBE—n DDDDD D D DDDDDDD D D DDDDDDD
M3XSA-n DDDDD D D DDDDDDD D D DDDDDDD same for M3
M B-n DDDDD D D DDDDDDD D D DDDDDDD
M A-n DDDBDD D D DDpDDDDD D D LDDDDDDD same fToxr M2
M B-n DDDDD D D DDDDDDD D D bpDDDDD
M A-n DDDDD D D DDDDDDD D D DDDDDDD same for M1
DY n D D D DDD D D bDD
Dy n D DD D D D DDD DDD same for D4
D3 n DD D D DDDD D D DDDD
D3A-n D DD D D D DDDD DDDD same for D3
D2 n DDD D D DDDDD D D DDDDD
DZA-n D DD D D D DDDDD DDDDD same for D2
D1 n DppDD D D DDDDDD D D DDDDDD
D1 n D DD DD D DDDDDD DDoDDD same for D1
D7 D En XLLLL ¥ ¥ ¥ D ELELLLEX: ¢ X 22X I LELELLX LLLLLLX Disablesenable D7
G6 HD En ¥LLLL X ¥ X D LLLLLXY ¥ ¥ X L LILLLXX LLLLLXX " G6H
G6 LD En XLLLL X ¥ ¥ D LLLLLXY ¥ X ¥ L LLLLLXX LLLEXX " GoL
G47 HD En XXLLL X ¥ X D ELLXYXY ¥ X X & LLLEEAX LLLNXXX " GY47H
G4%47 LD En XXLLL X ¥ X D LLLYXXXY ¥ ¥ ¥ L LLLXXXX LLLXXXX " GHTL
G35 HD En XEXXX ¥ X X D XXYXXXE ¥ ¥ X L XX¥XXEX R¥XXREX i G35H
G35 LD En XA ¥ X X D XYEXEEY ¥ X X I KXXXXXYE HEXAEXH n G35L i
D6B—n D i) D D D D D Coemmandable disc. levels
D6A-n D DD D D D D D B and A for D6 n=8,4,2,1
DER-n D D D DD D D DD B
D5A-n D D D DD D DD 50 J same for D5



MAST Command Cross Reference (continued)

BN ERT Smems | weoomsssmsrmes RATES=rm=rormormnmesw
H
I
Z H Z
R ’E 1 Z p
4 P o Z P S 1 2
CHMD 5 E Z Z A R Z 2 8 B R R
BIT COMMAND 83210 N 2 1 L 0123456 1 2 N C 0123456 0123456 DEFINITIONS/COMMENTS
613 D6 ADC EN XLLLL X ¥ X D LLLLLXY X X L L LLLLLXX LLLLLXY Disables/enables ADC
614 Db . XLLLL D X X D LLLLXXYX ¥ X L LLLLXXX LLLLXXX L
615 D4 i XXLLL D X X D LLLXX X X L LLLEXX LLLXXX "
616 D3 n XXXX¥¥ D X X D XXXXX XX ® X XKXXXX KEXEX i
b1 D2 n DX¥¥XL D ¥ ¥ D LEXX A 4 X LYXE¥ LXXX "
618 D1 i XXEXX ¥ X X D XAXKXXEX X X X XEXHXKXX XEEEXXEX "
619 M4YS ADC EN XXXXX X ¥ X D KAHXNHY ¥ X X X  ¥EXXXXY XXXXXXX "
620 Myvi " YYNEY X X ¥ D HAKXKYHY ¥ HIX ¥ HEEHEHY XXXXXXX f
621 M3XS " NXHEYX ¥ ¥ ¥ D HEXYYEY ¥ X X X XEYXX¥X XXXXXEX B
622 M3X1 s XXX¥Y X X ¥ D XEEXXHYX ¥ X ¥ X HHHXXXKY XXXXXXX £
623 MZYS " XXHEY ¥ ¥ X D KNXYXXY X X X X XXXXXXX XXXXXXX . =
624 M2Y1 " YHEXY ¥ ¥ ¥ D HEXXKEEY X ¥ X X X¥XANAY  XHUXXXXY s
625 M1XS " XXXXX ¥ X X D HYXKXXXYX X ¥ ¥ ¥ XXXXX¥EX ¥XXX¥XX ™
626 MI1X1 " IXEUN X X H D XXFURAY X ¥ ¥ ¥ HYENYX¥XY XEXXEXX b
627 ADC CARL EN PPPPP P P P L DDDDDDD D D D D DDDDDDD DDDDDDD Enables auto ADC calibration
628 RMP CAL EXN PPPPP P P P 1L DDDDDDD D D D D DDDDDDD  DDDDDDD " " Ramp -
629 LOG CAL EN PPPPP P P P L DpODDDDD D D DD DDDDDDD DDDDDDD o il Logic n
630 [Z3%] ¥ XD XX ¥ NXXEYEX KENXXXX Removes Z3%X from Z1, Z2 eguation
631 /Z3B/ XXKXXX XD AHHHEXXY ¥ ¥ ¥  HEXNXXXX KHEXXXX Makes Z3 always true
632 [Z34] XXXXX X ¥ D XXXXXXX ¥ X X XHHHHXX XHHKEKY Alters Z32 egqguation
NOTES: ¥ = affects logic and also data
D = affects data, not logic
L = affects logic, probably not data
P = affects polling ands/or readout of events
blank = no effect 1f starting from nominal command state

€-2°5°'2



2.6 Data



MAST Event Data Format

By te Bit Data Bit Nane Comments
1 7 1 Range, 2E02
6 2 o 2E01 Last detector fired, binary
by 3 . 2EQ0
4 4 G2 High-level guazrd
3 5 G1 Low-level guard
2 6 Sector,2E02
1 i 2E01 8 sectors per rev, binary
0 8 2E00 -
2 7 9 HIZX Event—-typre flag
6 10 PEN* 11 " L]
5 1 1 sz "w " "
[+ ‘[2 Z‘fﬁ( 1w " "W
3 13 CARL EVX Flag for calibrator-caused ev.
2 14 HAZ* Tdentifies hazard events
1 15 = Spare
0 16 = b
3 T4 17-24% M1X1 ADC MSB first —
4 7-4 25-28 - ¢
4 3-0 29-36 M1XS8 ADC MSE. i raer
5 7-0 37-40 "
6 7-0 b1-48 M2Y1 ADC MSB first
7 7-4 ba-52 "
7 3-0 53-60 M2Y5 aAbeC MSB first
8 7-0 61-64 i
9 7-0 6572 M3X1 ADC MSB first
10 7-4 T3=786 "
10 3-0 77-84 M3XS ADC MSB first
11 7-0 85-88 .
12 7-0 89-06 M4Y1 ADC MSB first
13 7-4 87-100 n
13 3-0 101-108 M4yYsS ADC MSB first
Ik 7-0 169=112 v
15 7-0 113=120 D1 ADC MSB first
16 7-4 121-124 4
16 310 125..132 D2 ADC MSB first
17 =0 $133-136 i
18 7-0 137-14y4 D3 ADC MSE first
19 7-4 145-148 1t
19 3-0 149-156 D4 ADC MSB first
20 7-0 157=160 "
2 7=-0 161-168 DS ADC PISB fixst
22 7-4 169-172 &
22 3-0 173-180 D6 ADC MSB first
23 7-0 181-184 n
NOTE

a) 23 bytes parallel data from CDA address 1



a,b
MAST Rate Data Format

No. of Bits

CDA RAddress Name (msb first) Memcory Device

Z1SEC 2y TCC2uy

3 ADC OR " (1st out) n
LIVE TIME w £2nd " ) n
PEN " (3xd ") n
z1 ¥ (4th "™ ) "

4 Z2 w "
HIZRO » by
HIZR1 " "
HIZR2 o 2

5 HIZR3 " "
HIZRY “ b
HIZR5 " u
HIZR6 " "

6 RATE 17 o i
RATE 16 b DCR633
RATE 18 " "

7 Z1Rn " TCC24LY
Z2Rn L "

8 STATUS 8 4014

NOTE

ai Serial data
b) Readout period is 192 sec for all rates



a
MAST Status Byte Format

Byte Bit Data Bit Name Comments
1 7 1 LOG CALX¥
6 2 RAMP CALX
5 3 ADC CAL¥ ) )
4 b CAL SEQUENCEX Khen actually calibrating
3 5 ACE ENX
2 6 =
1 7 -
0 8 -
NOTE

a) Serial data

bd B 7( ex



HSKPG-MUX
ADDRESS

(S IS B < AT ¥ I -~ TV

8-1

NOTE:

NOMINAL RANGE

a
MAST HOUSEKEEPING PARAMETERS

NOMINAL RANGE

OFF-STATE ON-STATE

Volts 4.49 v @ -20 deg C
0.82 V 4 +30 deg C

” "

" n

L L

n L

Ll w

L w

(same as 0-7)

a) source packet byte 21

PARAMETER

LANAL-M Thermistorx

ANA-T Thermistor

Mi-M
M3-M
D7-M
M1-M
M3-M
D7-M

Thermistorx
Thermistor
Thermistor
Thermistor
Thermistor

Thermistor



MAST HISTORY PACKET
(30 samples of 192 seconds each)

QTY | RATE DPU SUBCOM |
4 4 ADDRESS STATE* NAME
1 1 4 H1ZRO
2 4 4 Hi1ZR1
3 3 4 H1ZR2
2 4 5 H1ZR3
5 8 3 71
6 9 4 72
7 10 3 PEN
8 11 3 ADC OR
9 13 /i 0,7,8,15 Z1RO
10 13 7 1,9 Z1R1
11 13 7 2,10 Z1R2
12 13 7 3,11 Z1R3
13 14 7 0,78, 15 79R0
14 15 3 Live Time
15 16 6 0 Mi1X1
16 16 6 1 M1XS
17 16 6 2 M2Y1
18 16 6 3 M2YS
19 16 6 4 M3X1
20 16 6 5 M3XS
21 16 6 6 M4Y1
22 16 6 7 M4YS
23 16 6 8 D1
24 16 6 9 D2
25 16 6 10 D3
26 16 6 11 D4
X7 16 6 12 D5
28 16 6 13 D6
29 16 6 14 G1
30 16 6 15 G2
31 18 6 0 D7
32 18 6 1 G35L
33 18 6 3 G47L
34 18 6 5 G6L
35 18 6 7 HAZ
36 18 6 12 Mi12
37 18 6 14 L
38 18 6 15 H

*Subcom States run from 0 to 15



B

2.6.5

MAST HISTORY PACKET CONTINUED

oTY l HOUSEKEEPING l
i MUX ADDRESS NAME
39 0 AN4-M Thermistor
40 1 ANA-T Thermistor
41 2 M1-M Thermistor
42 3 M3-M Thermistor
43 4 M7-M Thermistor

1



California Institute of Technology

Space Radiation Laboratory
Pasadena, CA 91125
6/16/92

To: MAST/PET Investiggfor
From: Dick Mewaldt
Subject: Predicted MAST/PET Count Rates

The enclosed table summarizes predicted quiet-time count rates that
we might expect for the MAST and PET detectors following launch. It
is intended that these predictions be used for comparison during the
initial checkout of MAST and PET following turn-on. They are based
on scaling from measurements made in similar thickness detectors
flown in the EIS experiment on IMP-7 and the HIST experiment on
ISEE-3 (ICE). As a result, these values actually apply to quiet time
conditions in interplanetary space, but they may well be
approximately representative of conditions over the poles.

The values in the cts/sec column are scaled from similar devices
assuming that the count rate in directly proportional to the volume,
and inversely proportional to the threshold. While this may not seem
quite right intuitively, an exact calculation is impossible given that
these detectors are responding to the some fraction of the entire
cosmic ray energy and element spectrum incident over 4m
steradians, as well as to spececraft produced background. The good
agreement between IMP and ISEE suggests that the scaling works.

The values in the Table probably over-estimate the actual quiet-time
rates that we will measure following launch for the following
reasons: 1) solar modulation effects at this time are probably greater
than guessed, 2) the Earth shields SAMPEX from almost 2n of the
cosmic ray flux, 3) spacecraft produced background will be smaller
on SAMPEX than on the larger IMP and ISEE spacecraft. In any case,
I would expect the relative counting rate among the various
detectors to vary much as predicted.



2.6. b

Quiet Time Interplanetary Background R. Mewaldt
Counting Rates 6.16.92
ISEE-scaled | IMP-scaled
Thick  |Area Thresh. |Z thresh | Expected | Expected | Scaling
Inst/SC:- |Detector |(mm) |(cm2) [(MeV) [for B=1 | cts/sec | cts/sec | Basis\Comments |
1|88 *_|D2 0.05 0.63 0.3 3.5 0.07 meas.|in 1972
2|IMP-7 D1,D7,etc 1 3.46 0.16 0.6 10 meas.
Sep-72 SAMPEX/IMP Solar Modulation Factor 0.80 Guess
3|HIST M1, M2 0.05 5 0.46 4.3 0.30 0.29 meas.|in 1978
4 |ISEE-3 D1 0.09 6 0.54 3.5/ 0.56 0.53 meas.
5|Aug-78 D2 0.15 8 0.71 3.1 2.3 0.90 meas.|D2 Noise?
6 D3 0.5 8 1.46 2.4 2.1 meas.
7 D4 1.8 9.2 2.8 1.8 5.5 meas.
8 Ds, D6 3 9.2 3.6 1.5 7.2 meas.
9 D7,08 6 9.2 5.4 1.3 12 meas.
10 D9 3 9.2 0.4 0.5 27 26 meas.
11 G46L 4.8 4.3 0.2 0.3 28 meas.
12 G59L 6 4.3 0.2 0.3 31 meas.
13 G7,8L -] 4.3 0.2 0.3 27 meas.
14 G46H 4.8 4.3 0.2 0.3 28 meas.
15 G59H 6 4.3 0.2 0.3 31 meas.
16 G7,8H 6 4.3 0.2 0.3 27 meas.
SAMPEX/ISEE Solar Modulat'n Factor 0.90 Guess
MAST M1 0.115 20 2.1 6.0 0.55 0.58 4 |Minimum
SAMPEX _ [M2, M3 0.115 20 1.3 4.8 0.89 0.94 4 |Quiet-time
Jun-92 - (M4 0.115 20 3 7.2 0.39 0.41 4 |Values
D1 0.175 20 1.46 4.1 1.2 4
D2 0.5 20 2.94 3.4 2.3 6
D3 1.8 30 5.68 2.5 8.0 7
D4 3 30 8.97 2.4 8.5 8
D5 6 30 13.3 2.1 14.3 9
D6 ) 30 19.8 2.1 14.4 9
D7 3 30 0.35 0.4 91 95 10,2
G35L 7.8 5.8 0.49 0.4 20 12
G35H 7.8 5.8 4.95 1.1 1.98 15
G47L 6 5.8 0.42 0.4 18 12
G47H 6 5.8 4.35 1.2 1.73 15
G6L 9 5.8 0.38 0.3 26 13
GéH 9 5.8 3.96 0.9 2.48 16
PET P1, P2 8.1 2 0.35 0.3 16 17 10,2|Quiet-time
SAMPEX P3 9.2 15 0.7 0.4 69 73 10,2
Jun-92 P4-P7 4.5 3 0.2 0.3 24 25 10,2
P8 4.5 3 0.2 0.3 24 25 10,2
G3L 15 3.5 0.2 0.2 49 13
G3H 15 3.5 5 0.8 1.98 16
G4L 3 8 0.2 0.4 23 13
G4H 3 8 1.2 0.9 3.77 16
G57L 6 8 0.2 0.3 52 12
G57H 6 8 1.2 0.6 8.65 15
GesL 6 8 0.2 0.3 52 12
G68H 6 8 1.2 0.6 8.65 15




2,67~
(2/14/91, WRC)

Notes on MAST/PET Control and Rate Readout by the DPU
Notes on MAST/PET Control and Rate Readout by the DPU

MAST and PET are electronically separate instruments with nearly identical
electrical interface to the DPU (see the MAST/PET to DPU ICD). The similarity of MAST
and PET extends further, such that many of the details of their rate accumulation and
readout systems are also the same. The MAST rate accumulation scheme is described in
detail below, while the section to follow on PET concentrates only on the differences of
PET from MAST.

MAST Rate Accumulation and Readout

MAST contains two types of counters: (1) the "RAM" counters which are used to
measure various "coincidence" rates which are necessary for the normalization of event data
to obtain absolute flux measurements, and (2) the "DCR633" counters which are generally
used to measure the rates of individual detector discriminator firings ("singles")and are
needed only for engineering assessment and potentially for the optimization of
commandable thresholds. Both types of counters are buffered such that previously acquired
static data are readout while new count data are being accumulated. Thus the readout
process induces essentially zero deadtime for the counters.

The RAM Counters

In MAST a set of N 24 bit counters are implemented using a single four bit adder
and 256 bytes of random access memory. Following each trigger of the MAST event
processor (which occurs on any ADC trigger), the MAST rate equations are sequentially
tested and the corresponding count in RAM is incremented if appropriate. The RAM is
divided into two buffers: one containing static data available for readout, and one
containing dynamic, current data. The buffers are switched by toggling bit S2E-3 of the
control word (see Figure 1) which is periodically downloaded by the DPU. A buffer is
cleared by the readout process.

The DCR633 Counters

MAST contains a single "DCR633" custom GSFC counter-register IC. The
DCR633 contains two independent 24 bit binary counters, each with an associated 24 bit
output register. The transfer of the contents of the counters to the registers and the
subsequent clearing of the counters is initiated by a one to zero transition bit S2E-1. Eaca
of the two 24 bit counters is preceeded by a multiplexor which selects one of 16 possit:le
singles rates, based on the four bits S2E04, S2E05, S2E06 and S2EQ7 of the control
word. These bits specify the "subcom" state ranging from 0 through 15.

MAST Rates Readout

The MAST rate readout sequence is illustrated by the timing diagram of Figure 2.
The sequence is controlled by the DPU via the periodic sending of control words over the
serial command interface and the enabling of the most recently sent control word by the
SCTR signal positive transition. The illustrated time pattern of bits S2E-3, and S2E-1
achieves the needed buffering operations for the RAM and DCR633 counters. Meanwhile,
the subcom bits repeatedly count O through 15. The length of each subcom state is 6
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seconds and the 16 state cycle repeats every 96 seconds. During a given subcom state all
the count rate data for the previous subcom state should be readout by the DPU.

PET Rates Readout

The PET rates readout (which would otherwise be similar to the MAST readout) is
complicated by the desire to obtain high time-resolution sampling of the P1 ADC Rate,
which should respond to low energy magnetospheric electrons. The P1 ADC Rate is
counted in a DCR633 counter when the subcom state 0 is selected.

The PET readout sequence illustrated in Figure 3 was chosen to provide a sample of
the P1 ADC rate once every 0.1 sec, while keeping the readout as close as possible to the
simple one for MAST. The subcom state is set to zero and the P1 ADC rate is accumulated
during alternate 0.05 sec intervals for a 50% duty cycle. During the intervening 0.05 sec
intervals the subcom state is set to its "normal" value which, as in MAST, counts
repeatedly from O through 15, spending 6 seconds in each state.

To reduce the rate of control words needed to operate PET, we have modified the
circuitry such that the process of transfering the DCR633 counter contents to output register
and subsequent clearing of the counter is initiated by the SCTR signal ?thf_r_t._han byalto €2
0 transition of bit S2E-1. This automatic reseting of the DCR633's(may is disabled by :
setting bit S2E-4 to 1, such that for normal operation S2E-4 is kept at 0.

The PET rates are readout according to the schedule of addresses listed in Figure 4.
Note that the P1 ADC rate is readout at address 4, which is thus accessed during every
0.05 sec period.

The PET rate readout scheme, since it deviates from that originally intended by the
PET logic designer, requires that some additional accumulations be performed by the DPU
as follows:

(1) Non-subcommutated rates. excluding th ress 4. The desired 6 second
samples of these rates are obtained by summing two readouts: one made during the 120th
0.05 sec period of the given 6 sec interval and a second made during the 1st 0.05 sec
period of the next 6 sec interval. In this way, counts stored in the two halves of PET's
RAM counters are separately readout and then combined.

(2) Non-subcommutated rates ri t at address 4. The reading of rate address 4 on every
0.05 sec period causes all the rates accessed by address 4 to be zeroed. Thus, to obtain a
complete 6 second sample of the rates ------ , the DPU must sum 120 consecutive 0.05
second samples, beginning with the 2nd sample readout during a given 6 sec interval and
ending with the 1st sample readout during the following 6 sec interval.

(3) Subcommutated rates. All subcommutated PET rates are readout at address 4, and are
thus zeroed each 0.05 sec. The subcommutated rates are accumulated during alternate 0.05
sec periods, when the subcom state is "normal", and are then readout during the following
0.05 sec periods, while the P1 ADC rate is being accumulated. To obtain a 6 second
sample of a subcommutated rate the DPU must sum 60 alternate 0.05 second samples,
beginning with the data readout during the 2nd 0.05 second period of the given 6 sec
interval, and ending with the 120th 0.05 second period of the same 6 sec interval. While
the sample spans 6 seconds, the duty cycle for counting is only 50%, such that the livetime
is 3 seconds.
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Figure 4: PET Rate Commutation and Readout

Time of each interval = 50 ms = (6/120) s.

One PET command must be sent every 50 ms.
Time of complete cycle = 96 s.

Interval #

I
I
I
I
6 seconds
I

Subcom State Readout Addresses

1 0 2,3,4
2 0 4,7

3 0 4

4 0 4

119 0 4

120 0 2,34
121 1 2,34
122, 0 4,7
123 1 4

124 0 4

239 1 4
240 0 2,3,4
241 2 2,3,4
242 0 4.7
243 2 4
244 0 4
359 2 4
360 0 234
1801 15 2,3,4
1802 0 4.7
1803 15 4
1804 0 4
1919 15 4
1920 0 2,3,4

2.6.7-6



2.7 Response Characteristics



Name

M1
My
D1
D2
D3(bot)
Dh4(top)
Di4(bot)
D5(top)
D5(bot)
D6(top)
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D7(bot)
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W W W W W WD N D

w

w W

 F Fow o

vy

[#3]

e 0w ] O Oy

Position

(cm)

.000
.698
<130
582
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.438
59l
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w7 3
436
. 140
06

(6]

MAST Geometry Factors

Number

4 - W o

50000
12815
119893
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9855
8756
9374
8990
7886
7670
6615
5736
5271

Geom. Fac.
(cn¥%X2-51r)
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14
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1

WO e

oy =1 oo

s
16.
.06
gl
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12y
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.30
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+ ok
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00
v T2

« 11
1
-1
%1
wi
.10
.10
.10
.09
=09

o Secant Theta

ave.

1955
1.136
1.117
1.103
1.100
1.098
1.091
1.086
T 72
1.070
1.059
1.050
1.0456

oo O O O O O O O O O O ™

s1lg.

183
+ 130
S
.098
.094
092
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.068
.058
.050
. 045

Max.

&8
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50.
46.
45.
45.
Gi.
42.
39;
39
36.
34,
32.

Angle
(deg)

o
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03
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/home/lokil/rss/sampex/sim/simtel

Particle telescope simulator

R. Selesnick, June 1992

This program performs a Monte Carlo simulation of particle telescope
geometry factors as a function of particle energy per nucleon.

The telescope is described entirely by the user in a contrel file
called "simtel.in*. The cutput is in the form of ascii tables
listing the energies, various corresponding geometry factors, and
associated uncertainties based on the Monte Carlo statistics.

The output files are called "simtel.outN", where N varies from 1 to
the number of files specified in the control file. The calculations
make use of the Janni range-energy tables, as formulated by W. Cook.
The program prompts for mass and charge numbers, A and Z, of the
particles to be simulated. All other input is provided by the
contrel file.

The telescope geometry must be described by a list of elements, each

of which is washer shaped. That is, bounded by the intersection of

two concentric cylinders with two parallel planes perpendicular to

the cylinder axes. All elements share a common axis, and the numerical
positions along the axis increase into the telescope. The inner cylinder
may have zero radius to form a disk-shaped detector. The detectors

may be *matrix* or "plane" varieties. (Future improvements may allow

for curved detectors.)

In the contrel file, blank lines are ignored, and comments may be added
at the end of the numerical input on any line, as long as they are
confined to that line.

The control file format is as follows:

Input Comments

Title this is not used by the program
Humber of telescope elements integer
(Following set of S lines repeated for each element)
Element number integer
Outer radius, inner radius, top plane, bottom plane 4 floats
all distances in cm
plane locations along telescope axis
Density normalized to Si float

for matrix detector
= 0 otherwise

i
[

imatrix integer

(Include the following line for matrix detectors only)

ixy, xymax integer ixy = 1 for x aligned stripes
= 2 for y aligned stripes

float xymax = maximum distance
perpendicular to the stripe direction

that can trigger the detector

{End of element description)

Number of thresholds integer
(Following line repeated for each threshold)

Threshold number, threshold integer, float
thresheld energy in MeV

Number of single threshold rates integer
(Following line repeated for each single threshold rate)

Rate number, nelements, ithreshold, equation {3 + nelements) integers

rate numbers must be seguential

nelements = number of elements in
rate equation

ithreshold = threshold number for rate
from list of thresholds

eguation = list of element numbers for
which the energy losses are
summed and the total must
be above threshold to
crigger the rate. Element
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number is negative for the
single end of a matrix
detector

Number of logic rates integer
logic rates are created by logical
combinations of lower rate numbers

(Following line repeated for each logic rate)

Rate number, nrates, lor, equation (3 + nrates) integers

rate numbers must be sequential and

follow from the last single threshold

rate number

nrates = number of rates in equation

ior = 1 for logical "or*® of all
rates in equation

= 0 for logical "and" of all

rates in eguation

equation = list of rate numbers lower
than present rate number

i‘.ii}"h"f F‘I‘J" [g??ru_l' cm‘mpl-zme-hf
Number of output files to create integer

(Following 2 lines repeated for each output file)

nrates integer
Number of rates for output in file

List of rate numbers nrates integers
may be single threshold of logic rate
numbers

minE, maxE, nE 2 floats, integer
minE minimum energy/nuc (MeV)

maxE maximum energy/nuc (MeV)
nE = number of logarithmically spaced
energies in output file

zgen, rgen 2 floats
location along telescope axis and
radius of circle within which particle
trajectories are uniformly generated
for Monte Carlo integration

maxangle float
maximum angle in degrees of particle
trajectories from telescope axis

ntraj, iseed 2 integers
ntraj = number of trajectories
iseed = seed for random number
generator (must be negative)
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MAST simulation

23 telescope elements

1 W1/W2
3.1712 0. -0.422 -0.411 outer, inner radii, top, bottom planes
0.59 density normalized to Si
0 plane

2 M1
2.526 0. 0. 0.0115 outer, inner radii, top, bottom planes
1 density normalized to Si
1 matrix
1 2.28 % aligned, max x

3 M2
2.526 0. 0.638 0.6495 outer, inner radii, top, bottom planes
1. density normalized to Si
1 matrix
2 2.28 y aligned, max y

4 M3
2.526 0. 3.180 3.1915 outer, inner radii, top, bottom planes
1 density normalized to Si
1 matrix
12.28 x aligned, max x

5 M4
2.526 0. 3.655 3.6665 outer, inner radii, top, bottom planes
) I density normalized to Si
1 matrix
2 2.28 y aligned, max y

6 D1
2.576 0. 4.224 4.2415 outer, inner radii, top, bottom planes
1: density normalized to Si
0 plane

7 D2 .
2.576 0. 4.646 4.696 outer, inner radii, top, bottom planes
1. density normalized to Si
0 plane

8 D3
3.09 0. 5.364 5.542 outer, inner radii, top, bottom planes
1+ density normalized to Si
0 plane

9 G3
3.39 3.09 5.364 5.542 outer, inner radii, top, bottom planes
1. density normalized to Si
0 plane

10 D4
3.09 0. 5.679 5.985 outer, inner radii, top, bottom planes
1. density normalized to Si
0 plane

abo } G4
3.39 3.09 5.679 5.985 outer, inner radii, top, bottom planes
L. density normalized to Si
0 plane

12 DSa
3.09 0. 6.167 6.478 outer, inner radii, top, bottom planes
7 1 density normalized to Si
0 plane

13 G5a
3.39 3.09 6.167 6.478 outer, inner radii, top, bottom planes
1. density normalized to Si
0 plane

14 D5b
3.09 0. 6.507 6.817 outer, inner radii, top, bottom planes
1+ density normalized to Si
0 plane

15 G5b
3.39 3.09 6.507 6.817 outer, inner radii, top, bottom planes
1. density normalized to Si
0 plane

16 D6a
3.09 0. 6.927 7.235 outer, inner radii, top, bottom planes
1. density normalized to Si

0 plane
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17
3.39 3.09 6.927 7.235
1.
0

18
3.09 0. 7.262 7.569
1.
1]

19
3.39 3.09 7.262 7.569
1.
0

20
3.09 0. 7.673 7.984
1
[1]

21
3.39 3.09 7.673 7.984
1.
1]

23
3.09 0. B.016 8.329
1.
]

23
3.39 3.09 8.016 8.329
1
0

36 thresholds (MeV)

1 1.780

2 2.097

3 1.661

4 1.646

5 1.259

6 1.244

7 2.590

8 3.030

9 1.464

10 2.938

11 5.675

12 8.967

13 13.309

14 19.770

15 0.351

16 0.489

17 4.945

18 0.418

19 4.354

20 0.375

21 3.965

22 6.1

23 21.6

24 7.2

25 26.6

26 12.3

27 45.3

28 25.6

29 82.4

30 33.8

31 125.

32 48.7

33 179.

34 69.4

a5 256.

36 0.

1 1 1 =2
2 1 2 2
3 1, 3 =3
4 1 4 3
5 1 5 -4
6 1 & 4

Wed Jun 10 13:48:18 1992

M1X1
M1XS
M2Y1
M2YS
M3X1
M3 XS
M4Y1
M4YS

D1
D2

D4
DS

D7

G35L
G35H
G47L
G4TH
G6L
GEH

D1A
D1B
Dz2a
D2B
D3A
D3B
D4A
D4B
D5A
DSB
D6A
DEB

single threshold rates

M1X1
M1Xs
M2Y1
M2YS
M3X1
M3Xs

Géa

D6b

Géb

Déc

Gé6c

D7

G7

outer, inner radii, top,
density normalized to Si
plane

outer, inner radii, top,
density normalized to Si
plane

outer, inner radii, top,
density normalized to Si
plane

outer, inner radii, top,
density normalized to Si
plane

outer, inner radii, top,
density normalized to Si
plane

outer, inner radii, top,
density normalized to Si
plane

outer, inner radii, top,
density normalized co Si
plane

2

bottom

bottom

bottom

bottom

bottom

bottom

bottom

planes

planes

planes

planes

planes

planes

planes

2:7.1*/6
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7 1 7 -5

8 1 8 5

9 1 9 6

10 1 10 7

11 111 8

12 112 10

13 213 12 14
14 314 16 18
15 115 22

16 3 16 9 13
17 317 9 13
18 218 11 23
19 219 11 23
20 3720 1719
21 321 17 19
22 122 2

23 123 2

24 1 22 3

25 1 23 3

26 1 22 4

27 123 4

28 1 22 5

29 123 5

3o 1 24 6

31 125 6

32 1 26 7

33 127 7

34 1 28 8

35 1 29 8

36 130 10

37 131 10

38 232 12 14
39 233 12 14
40 3 34 16 18
41 3 35 16 18
42 1 36 1
63 logic rat
43 10 1 22
44 101 23
45 10 14
46 20 13 -
47 30 12 -
48 40 11 -
49 50 10 -
50 6 0 9 =
51 60 -50 -
52 31 16
53 31 17
54 4 0 2
55 40 54 -
56 20 55
57 20 55
58 ] 55
59 20 55
60 20 55
61 20 55
62 20 55
63 50 54 -
64 50 54 -
65 3o 54
66 20 63
67 20 63
68 20 63
69 20 63
70 20 63
71 20 63
72 20 63
73 20 64
74 20 64
75 20 64
76 20 64
77 20 64
78 20 64
79 20 64

20

15

21
21

20
20

1=3:]

24
25

45
46
47
48
49
49

18
19

4

15
51
50
49
48
47
46
45

15
15
15

26
27

-45
-46
-47
-48
-48

20
21

=53

=52
=52
=53
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M4Y1
M4YS

D1
D2
D3
D4
DS
D6
D7

G35L
G35H
G47L
G47H
G6L
G6H

M1XSA
M1XSB
M2YSA
M2YSB
M3XSA
M3XSB
M4YSA
M4YSB
Dla
D1E
D2A
D2B
D3Aa
D3B
D4n
D4B
DSA
DSB
D6A
DEB

28
29

-45

-46 -
Y
47 =

44

-44 -
-44

30
31

45
46
46

43
43

32
33

-45
-45

34 36 138
35 37 39

40
41

HIZ

HIZRO
HIZR1
HIZR2
HIZR3
HIZR4
HIZRS
HIZR6&

z1

PEN

Z1RO
Z1R1
Z1R2
Z1R3
Z1R4
Z1R5
Z1R6

Z2RO
22R1
Z2R2
Z2R3
Z2R4
Z2R5
Z2R6

s Talmd
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80 80 1 2 3 4 5 6 ith 8 EVENTp
81 40 80 -15 -53 44 HIZp
82 20 81 51 HIZROp
83 20 81 50 HIZR1p
84 2.0 81 49 HIZR2p
85 20 81 48 HIZR3p
86 20 81 47 HIZR4p
87 20 81 46 HIZR5p
88 20 81 45 HIZR6p
89 50 80 -15 -52 -44 -43 Z1lp
90 50 80 -15 -52 -44 43 Z2p
91 30 80 15 -53 PENp
92 20 89 51 Z1R0p
93 20 89 50 Z1R1lp
94 20 89 49 Z1R2p
95 20 89 48 Z1R3p
96 20 89 47 Z1R4dp
97 20 89 46 Z1R5p
98 2:0 89 45 Z1R6p
99 20 90 51 Z2R0p

100 20 90 50 Z2R1p

101 20 90 49 Z2R2p

102 20 90 48 Z2R3p

103 20 90 47 Z2R4p

104 2:0 90 46 Z2R5p

105 20 90 45 Z2R6p

2 geometry factor files to write ocut
9 rates for file 1

55 56 57 58 59 60 61 €2 65

9

81 82 83 84 85 86 87 88 91

10. 600. 100

2,117 2.526
60.

10000 -5

end of input

HIZ, HIZRn, PEN rate numbers

rates for file 2

good event HIZ, HIZRn, PEN rate numbers
min, max, number of energies (MeV/nuc)

window location M1/D1 midpoint, radius
max angle

number of trajectories, random number seed (negative integer)

271-R
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MAST Energy Intervals

The table below shows the energy/nucleon (in MeV/nucleon)
required to trigger each of the MAST ranges for some representa-
tive isotopes. The table assumes normal incidence (£ = 0°). it
the maximum angle @33 450), the values are ~20% greater. Janni
range-energy tables with Barkas and Berger corrections have bheen
used. (Program RANGY, Job 1300, 23 Aug 1979) HNote that no

correction for the tbd window thickness has been made.

Threshold Enezxgy

Thickness (MeV/nucleon)
DetEbtor °F Tamy " H, He o Fe
MY 0.345 6.6 4.2 2u.0
D1 0.460 7.8 16.9 29.0
D2 0.635 9.4 20.4 355
D3 1. 135 3. 1 28.4 50.6
D4 2.965 22.6 49.0 89.5
D5 6.085 33 9 73=6 136.5
D6 12.325 50.4 109.8 207.0
D7 - 24.805 4.7 164.3 316.0



Mass Resolution

The figures on the next four pages show calculations of the mass
resolution expected in MAST as a function of range, angle, and element.
These calculations take into accout all knowun mass resolution effects [ref.
Job MRESP 12/9/81 #157, run by A. Cummings]. Included in Om,a€ are factors
affecting the AE measurement, including energy loss fluctuations and elec-
tronic effects. Included in m,. are pathlength variations due to error
in the angle measurement and detector thickness uncertainties. Included in
Tm g’ are contributions to the uncertainty in the E' measurement.
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SRL Internal Report #103

Droop in MAST matrix detectors

Richard Selesnick, 3/19/92
revised 3/25/92

In this report I calculate the droop effect in the MAST matrix detectors. Droop refers to a
deficit in the signal from the amplifiers due to the finite charge collection time from the detector
combined with the amplifier shaping time. It depends on the details of the detector and amplifiers.

A simplified equivalent circuit for the detector and amplifiers is shown in Figure 1. The
calculations based on this circuit are exact, but they are detailed enough that the results cannot be
expressed in closed form and must be evaluated by computer.

I will first calculate the current as a function of time, /(¢), that leaves the detector and enters
the first amplifier stage, due to a unit charge being collected in strip i at time ¢ = 0. I assume that the
charge is equivalent to a current source in parallel with the strip capacitor and that the collection time
is short enough that the source current can be represented by a d function in time.

The voltages, V;, at the top of each strip labeled by j satisfy the set of circuit equations

a;

which is the finite-difference version of a diffusion equation. Note that the strips have different
capacitances due to their different lengths. We are interested in j values from 2 to N-1, where
N =92 is the number of strips, because V', = Vy = 0. Defining new variables by

_rin
the set of equations (1) can be rewritten as the matrix equation
AC™2X + R c”z‘%- = R&(t)e; 3)

where the x; are elements of the column vector X, C; are diagonal elements of the diagonal matrix C,
e; is a column vector with 1 in element i and O elsewhere, and A is a symmetric tridiagonal matrix
with diagonal elements equal 2, super- and sub-diagonal elements equal -1. Equation (3) is easily
solved for X(¢) by standard linear algebra methods. The solution in matrix form is

X = VEVI C2%,0(t) 4)

where ©(¢) is the unit step function, V is a matrix whose columns are the eigenvectors of the matrix

B _é_ Cc-12p -1 )

E is a diagonal matrix whose diagonal elements are e_lf‘, and the A; are the eigenvalues of B. For
detectors with only a few strips the eigenvectors and eigenvalues of B can be calculated explicitly. For
large N they must be calculated by computer. This is easy to do because B is tridiagonal and
symmetric due to the change of variables from V; to x;, so the eigenvalues are all real and positive. I
used the Numerical Recipes subroutine TQLI.

The current out of the detector is given by

1) = %Cz_mxz(l — 8.0 + 813, ©)

Substituting for x, from (4) this can be rewritten as

2. 74
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2
s B
I(t)= Y a,e " O@)1 =D;,;)+&2)d,; @)
n=2
where the constants
| [ -
ay = 2 C2V2Vin Gl ®)

Plots of I(t) versus t are given for various locations i of the charge collecting strip in Figure 2.

The current out of the detector goes through the various amplifier stages and is converted to
a voltage pulse height by the ADC. The total current from each end of the detector is equal to 1, but
the amplifiers cannot collect all of this current in the finite shaping time, which leads to the droop.
The simplified amplifier circuit shown in Figure 1 can be solved analytically for the delta function
response, V3(t). 1did the algebra with Mathematica and the result is

4
V3(t)=Y bne ' 0Xt) 9

m=1
where
_ By = By = He)
CCs(—H + H)(Hy + Ua)(—Hy + KR,

b, (10a)

Halls

b2~ C1Cs(y = H)(—H2 + U3)(H2 — KR4 =
%= Com —u::;l(!-;ﬁ ;;S—)ua + MR, (e
e CCsu, —u:f:;iu; l‘—l“i-’-.:)tl-sl)-la + W)R, (8o
l’-1=ﬁa I-l2=ﬁ,2lc.2 , u3=R31C3 , P4=ﬁc_@s l-"5=','1,5lc2 (10e)

The amplifier response V3(¢) is plotted versus ¢ in Figure 3.
The convolution of /(t) from (7) with V) from (9) gives the final result for the voltage out
of the amplifiers

N-1 4 a. b Y
Vi)=Y ¥ —2 (e —e™Heu) - 5, + VS, , (11)
n=2 m=1 Bm = xn
The total charge collected from both ends of the detector according to the output of the
amplifiers is
Vi 4 VR,
Q=
Vi
where V;™* is the maximum of V(¢) for an event in strip i/, which I calculated with the Numerical
Recipes golden search subroutine GOLDEN. The position determined from an event in strip i is
Vl_ma.x

Qi

(12)

X; 13)

while the true position of the event is




2 P 71 ‘/""Z

3
true _ V=l
The error in position due to the droop, normalized to the strip width, is

Q; and AX; are plotted versus i in Figure 4. The droop is seen to produce a maximum charge deficit
of ~12% and a maximum position error of ~0.8 strip widths. Some real data for Q; are shown for
comparison in Figure 5. A table of i, Q;, X;, X/™, and AX;, which can be used to correct data from
MAST, is also attached. This only needs to be recalculated if the equivalent circuit is modified.
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.000000
.990318
.980519
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.887669
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.278603
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.256012
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.211088
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.188808
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.166689
.155700
.144766
.133889
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—-0.623949
-0.654208
-0.683265
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-0.736331
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-0.799660
-0.815241
-0.827456
-0.835987
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-0.840399
-0.835372
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-0.721003
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-0.625234
-0.564776
-0.495572
-0.416801
-0.328414
-0.229682
-0.120238
0.00000
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1.7.2 MAST Internal Calibration

Overview

" The purpose of the internal calibration sequence is to provide for periodic pre-
—flight and in-flight testing of MAST digital logic and the analog signal pro-
cessing chain. This is done through a series of three tests: Logic Test (takes
16 subcom states, one subcom state is 6 seconds long), Ramp Test (takes 16 sub-
com states), and ADC Test (takes 8 subcom states), which can be initiated indi-
vidually by command, or run as part of the periodic (6.8266 hours) automatic ca-
libration sequence. Since the stimulation sequence is pre-determined and fixed,
output of the instrument should be both predictable and reproducible. Note, how-
ever, that the presence of an appreciable background of "real" events might make
the "rate" data resulting from the test difficult to interpret.

Design (same as before)

Command Control
The CAL OFF bit (command bit ¢129) provides overall control of the calibration
by shutting off power to the test pulsers.

When the instrument is powered up, the following procedure is required to reset
the calibrator circuitry:

1) Set the CAL OFF bit (cl29=1)
2) Clear the CAL OFF bit (cl29=0)

The calibration sequence starts automatically every 6.8266 hours at REV count
CO00 HEX, or as a result of a CMND CAL TRIG command (bit c130), which can be is-
\sued at any time. The resulting calibrate sequence will begin when the REV count
modulo 0100 HEX is 0 (this occurs every 96 s). Once the calibrate sequence be-
gins, the CMND CAL TRIG bit should be cleared before an additional 0380 HEX REVs
have occurred, or a new calibrate sequence will begin.

Each of the three calibration tests can be individually enabled/disabled by com-
mand bits c629 (LOG CAL EN), c628 (RMP CAL EN), and c627 (ADC CAL EN). If any of
these three bits are cleared during a calibrate sequence, they should not be re-

set until that sequence would have normally ended. CAL OFF can be set or cleared
at any time.

External calibration through the GSE connector is enabled by the GSE EN command
(bit cl31). GSE calibration should not be allowed to coincide with the internal-
ly generated calibration sequence.

Calibrate Data

All rate equations satisfied by the calibrator firing the various test pulsers
are accumulated as though they were "real" rates. Events caused by the calibra-
tor are stored only during ADC CAL and appear only in the CAL event buffer. New
CAL events write over old events not yet read out from this buffer. The only ef-
fect that the calibrate sequence has on accumulation of "real" rates and events
is the dead time caused by the accumulation of CAL rates and events. Note that
during the Logic Test the Event Equations (Section 1.3.2) do not get tested, on-
ly the Rate Equations (Section 1.3.1) are tested. Note that event data bit #13,
CAL EV*, (Section 1.5.1) identifies CAL events when it is = 0.

The Status Byte data (Section 1.5.3) can be used to identify periods when cali-
bration data is present.
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Logic Test
~In this test the ADCs and discriminators are triggered by a pattern of pulses

( selected by the pulse routing counter (PRC) as detailed in the table on the next
page. The —Vref levels used are selected to be in excess of the respective ADC
and discriminator thresholds (see Section 1.2). Thus, for example, there are
three -Vref levels for the matrix and D1 to D6 ADCs (called Low, Med, and High).
In each case the individual Vref networks are designed such that Low triggers
the ADC, but not Disc A; Med triggers Disc A, but not Disc B; and High triggers
Disc B. Similarly, for the guards, there is both a Low and High level appropria-
te for the L and H guard thresholds.

The most significant instrument function that is tested by the Logic Test is the
rate logic (see Section 1.3). Note that no "events" result from this test. A to-
tal of 2powerl7 = 131,072 "rate" events per test are generated, and should be
accumulated essentially in entirety. These "rate" events are, of course, added
to the "background" level of rates at the time of the test, and so interpreta-
tion of the test results necessitates subtracting the rate levels interpolated
from data received prior and/or subsequent to the test.

In order to obtain predictions of the response of the instrument the pulse pat-
terns generated by the PRC should be combined with the appropriate MAST logic
equations for a given command state.

The Logic Test starts 0100 HEX REVs (96 s) after the calibrate sequence begins
(REV Cl00 HEX during automatic calibration). The pulse routing counter (which
gates the pulses to the test pulsers) advances every 640 us, and selects a total
of 2powerl6 — 1 different pulse patterns during one logic exercise.

The counter generates a 256x640 us = 163.84 ms pause whenever a carry over from

(T bits 0-12 to 13 occurs in order to allow the -Vref levels to settle to their new
selected values. During the pause, no test pulses are generated. Pulses are ge-—
nerated during a 2powerl3 x 640 us = 5.24 s interval between two pauses. Given a
6 s subcom state duration, there is only one 5.24 s interval that can fit bk 5 Y
and it is bounded by two pauses which occur at 0 s and at 5.4 s of the subcom
state time, respectively. The second pause (PAUSE A) is prolonged by an additio-—
nal 429.44 ms so to last to the end of the subcom state. However, next subcom
state begins also with a pause, so PAUSE A lasts for 757.12 ms. There are
2powerl3 — 1 = 8,191 pulses generated in every subcom state.

One full logic exercise takes 8 subcom states, and is repeated 2 times during
the Logic Test, which thus takes (2powerl7)x640 us + 16x757.12 ms or 96 s.
Unfortunately, not all of the subcommutated rates will be picked up due to the
shorter duration of a subcom state (6 s) than the instrument was originally de-
signed for (192 s). From the PRC's bits 13, 14 and 15 it is possible to find out
amplitude levels for triggering of ADCs and discriminators during 8 subcom sta-
tes of one full logic exercise. The following table shows which subcommutated
rates are picked up during the test (x denotes missed rates).

Subcom Trigger Rate 13 Rate 14 Rate 16 Rate 17 Rate 18
state level
0 Low Z1RO X M1X1 X X
1 Low Z1R1 X M1XS X X
& > Med pe Z2R2 M2Y1 M2YSA X

3 Med X 7Z2R3 M2YS x G47L



= Med X Z2R4 M3X1 M3XSA X
5 Med b 1< Z2R5 M3XS X G6L
6 High X 5'd M4Y1l M4YSA G6H
7 High b g X M4YS M4YSB HAZ
8 Low Z1RO X D1 X X
9 Low Z1R1 X D2 X X
10 Med X Z2R2 D3 D2A D6A
1] Med % Z2R3 D4 X b4
12 Med x Z2R4 D5 D3A M12
13 Med X Z2R5 D6 3 M34
14 High X X Gl DAA L
15 High X X G2 DA4B H
Picked rates [%] 29 57 100 50 56
Pulse Routing Counter for the MAST Logic Test
Bit # Function Comments
LSB 0 M1X1, M4Y1l
1 M1X2, M4Y2
2 M2Y1, M3X2
3 M2Y2, M3X1
4 D1
5
routes pulses
6 D2 — D5 to appropriate
- See Note #1. test pulsers
8 D6
2
D7
10 See Note #2.
11
Guards
12 See Note #3.
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PAUSE A

Lsb of 8 13 GH Hi amplitude -Vref for guards.
subcoms
'in 1 logic 14 Matrix, D1 — D6
exercise amplitude
Msb 15 See note #4.

16 Not used
MSB 17 Stop Logic Test

Note #1: Bits 7, 6 and 5 are decoded as follows:
000 001 010 011 100 101 110 113
D2 X
D3 X
D4 X
D5 X

Note #2: If both bits are = 0, D7 gets pulsed.

Note #3: Decoded as follows: Note #4: Decoded as follows:

Bit Bit

12 11 Guard 15 14 Level

0 0 None 0 0 Low

0 1 G35 0 1 Med

i 0 G47 1 0 Med

1 1 G6 1 1 High
Ramp Test

The Ramp Test is designed to test the proper functioning and stability of the
various discriminator levels. In this test a series of pulses (4 us wide, 640

us period) are sent simultaneously to all of the various test pulsers, with the
excepion that during even subcoms only M1X1, M2Y1l, M3X2 and M4Yl are pulsed,
while during odd subcoms only M1X2, M2Y2, M3X1l, and M4Y2 are pulsed. The —-Vref
pulse amplitude is systematically stepped through a two-level saw tooth with
peaks (referred to the voltage V1) of 0, -1, 0, -6, 0, -1, 0, —6, 0 volts while
VO is held at 0 volts. There are total of 8 ramps (4 up and 4 down) in each sub-
com state. The resulting maximum -Vref voltages are sufficient to trigger all
thresholds of interest, and thus during every sequence, each threshold gets
crossed a minimum of 4 times. Each of the constituent sawtooth ramps is made up
of 255 discrete steps; with each step lasting for 4 consecutive pulses. Thus
there are at least 4x4 pulses "near" each threshold in each sequence (twice this
many for thresholds reached by Vref of -1 volts).

The Ramp Test starts 0200 HEX REVs (192 s) after the calibrate sequence begins.
Each sequence takes 8x4x255 pulses or 5.22 s. Test pulses are blanked for the
remaining 777.6 ms of the subcom state. There is a sequence during each of a to-
tal of the 16 subcom states, so that the entire test takes 16x6 s or 96 s.

Data from the Ramp Test is perhaps best analyzed using the rate data, by compa-
ring count rates before, during, and after the calibration sequence. To distin-
guish a threshold shift of one ramp step requires that a count rate difference

vof 512 counts per 6 s be measurable (worst case). This will be easy if count ra-

tes are low, but may be impossible for certain discriminators that have high
background count rates. It should, however, be somewhat easier to determine lar-



2f.2

ger shifts, or inoperative discriminators. There is no event data produced by
this test.

" ADC Test
The purpose of this test is to check the gain, offset and linearity of the ADC's
by pulsing them with a series of 8 pre—-determined levels spaced in a pseudo-log

fashion. For this test VO0=V1l, and they step once per subcom state through the
following series:

-18 x  1/255
-18 x  3/255
-18 x  7/255
-18 x 15/255
-18 x 31/255
-18 x 63/255
-18 x 127/255
-18 x 255/255 volts.

The resulting —-Vref levels are slightly attenuated from these voltages. Note,
however, that the highest level may saturate some ADCs, which typically have
—-Vref = 17 volts full scale. The pulses are routed (one pulse every 750 ms) to
each of D1, D2, D3, D4, D5 and D6, and to M1X1l, M2Y1l, M3X2, M4Y]l during even
subcoms (M1X2, M2Y2, M3X1l, M4Y2 during odd subcoms). Each -Vref step gets pulsed
8 times per subcom state.

The ADC Test starts 0300 HEX REVs (4.8 min) after the calibration sequence be-
gins. It lasts 8x6 = 48 s.

The data from this test is checked by looking at the resulting events, a good
fraction of which should be readout for nominal s/c data rates and SAMPEX pol-
(  ling system operation. Ideally, all pulses from a given Vref level will fall in
' one or two ADC channels. Obviocusly, this test also checks the stability of the
test pulsers.

Note that all events appear in the CAL event buffer; they can be identified by
event data bit #13 =0 (Section 1.5.1). One implication of this is that the
event polling scheme (Section 1.3.4) is not fully exercised by this test.
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MAST Internal Calibration

Overview

The purpose of the internal calibration sequence is to provide for periodic
pre-flight and in-flight testing of MAST digital logic and the analog
signal processing chain. This is done through a series of three tests
(Logic Test, Ramp Test, and ADC Test) which can be initiated individually
by command, or run as part of the periodic (9.1 days) automatic calibration
sequence. Since the stimulation sequence is pre-determined and fixed,
output of the instrument should be both predictable and reproducible.

Note, however, that the presence of an appreciable background of "real"
events might make the "rate" data resulting from the test difficult to
interpret.

Design
The calibrator circuitry generates -V,.ef and test drive pulses for each
of 18 Test Pulsers:

Matrix (8)
D1-D6 (6)
D7, G35, G47, G6 (4)

The individual -Vyef levels are derived from voltages V, and V; through
resistor networks, an example of which is diagramed below.

fogtc Lon+roi Faa
(0)410} 4AVAVAY.

logic contiel

(())—Plc; or 6, ) §t<

Tf 'P"":-‘*‘, 5\nc:}\c, N Vf'c:,"[ Nt“ wofl K
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The resistor network also provides for logic control of Lo/Med/Hi levels
for the 14 ADCs (corresponding to the ADC threshold, the A and the B
digital discriminators), and provides for Lo/Hi levels for G35, G47, G6.
The test drive pulse source is 4 psec wide and has a period of 640 psec.
Pulses are routed to the test pulsers by Togic gating.

Command Control
The CAL OFF bit (command bit C129) provides overall control of the
calibration by shutting off power to the test pulsers.

When the instrument is powered up, the following procedure is required to
reset the calibrator circuitry:

1) Set the CAL OFF bit (C129=1)
2) Clear the CAL OFF bit (C129=0)

The calibration sequence starts automatically every 9.1 days at REV count
C000 HEX, or, as a result of a CMND CAL TRIG command (bit C130), which

can be issued at any time. The resulting calibrate sequence will begin
when the REV count modulo 0100 HEX is 0 (this occurs every 51 minutes).
Once the calibrate sequence begins, the CMND CAL TRIG bit should by cleared
before an additional 0380 HEX REVs have occurred, or a new calibrate
sequence will begin.

Each of the three calibration tests can be individually enabled/disabled
by command bits C628;7C629, and C630°7 If any of these three bits are
cleared during a calibrate sequence, they should not be reset until that
sequence would have normally ended. CAL OFF can be set or cleared at any
time.

External calibration through the ACE connector is enabled by the ACE EN
command (bit C131). ACE calibration should not be allowed to coincide
with the internally generated calibration sequence.

Calibrate Data

A11 rate equations satisfied by the calibrator firing the various test
pulsers are accumulated as though they were "real" rates. Events caused

by the calibrator are stored only during ADC CAL and appear only in the

CAL event buffer. New CAL events write over old events not yet readout

from this buffer. The only effect that the calibrate sequence has on
accumulation of "real" rates and events is the dead time caused by the
accumulation of CAL rates and events. Note that during the Logic Test

the Event equations (Section 1+372) do not get tested, only the Rate 2.7
equations (Section 4+3.1) are tested. Note that event data bit #13 2
(Section 1=5+1) identifies CAL events when it is = 0. 5.1

The Status Byte data (Section 1.573) can be used to identify periods =z <7
when calibration data is present.

N

Logic Test

In this test the ADC's and discriminators are triggered by a pattern of
pulses selected by the pulse routing counter (PRC) as detailed in the table
on the next page. The -V..¢ levels used are selected to be in excess of
the respective ADC and discriminator thresholds (see Section 1:2). Thus, -
for example, there are three -Vyef levels for the matrix and D1 to D6

ADCs (called Lo, Med, Hi). In each case the individual Vyef networks are
designed such that Lo triggers the ADC, but not Disc A; Med triggers Disc

A but not Disc B, and Hi triggers Disc B. Similarly, for the guards, there
is both a Lo and Hi level appropriate for the L and H guard thresholds.
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The most significant instrument function that is tested by the logic test
is the rate logic (see Section I33). Note that no "events" 2,4
result from this test. A total of ~2.7x10° "rate" events per test are
generated, and should be accumulated essentially in entirety. These

rate events are of course added to the "background" level of rates at

the time of the test, and so interpretation of the test results necessitates
subtracting the rate levels interpolated from data received prior and/or
subsequent to the test.

In order to obtain predictions of the response of the instrument the
pulse patterns generated by the PRC should be combined with the appropriate
MAST logic equations for a given command state.

The Logic Test starts 0100 HEX REVs (51 minutes) after the calibrate
sequence begins (REV C100 HEX during automatic calibration). The pulse
routing counter (which gates the pulses to the test pulsers) advances
every 640 psec. The counter generates a 256x640 psec PAUSE whenever a
carry over from bits 0-12 to 13 occurs in order to allow the -Vyef
levels to settle to their new selected values. During PAUSE, no test
pulses are generated. Note that each logic sequence begins with a PAUSE.
A total of 4 entire logic exercises are generated during each logic sequence.
Each Togic sequence takes 2'®+ (256x32) pulses or 173 sec. The complete
Logic Test is 16 subcom states long with one logic sequence occuring

in each subcom state (subcom states are 192 sec long).

The Ramp Test

The Ramp Test is designed to test the proper functioning and stability of
the various discriminator levels. In this test a series of pulses (4 psec
wide, 640 psec period) are sent simultaneously to all of the various test
pulsers, with the exception that during even subcoms only M1X1, M2Y1,
M3X2, and M4Y1l are pulsed, while during odd subcoms only M1X2, M2Y2, M3X1,
and M4Y2 are pulsed. The -V..¢ pulse amplitude is systematically stepped
through a two-level saw tootF with peaks (referred to the voltage V,) of
o, -1, 0, -6, 0, -1, 0, -6, O volts while V, is held at 0 volts. The
resulting maximum -Vyeof voltages are sufficient to trigger all thresholds
of interest,and thus during every sequence, each threshold gets crossed

a minimum of 4 times. Each of the constituent sawtooth ramps is made up
of 255 discrete steps; with each step lasting for 128 consecutive pulses.
Thus there are at Teast 4x128 pulses "near" each threshold in each sequence
(twice this many for thresholds reached by Vygf of -1 volts).

The Ramp Test starts 0200 HEX REVs (1.71 hours) after the calibrate sequence
begins. Each sequence takes 8(128x255) pulses or 167.1 seconds. Test
pulses are blanked for the remaining 24.9 sec of the subcom state. There

is a sequence during each of a total of the 16 subcom states, so that the
entire test takes 16x192 sec or 51 minutes.

Data from the Ramp Test is perhaps best analyzed using the rate data, by
comparing count rates before, during, and after the calibration sequence.

To distinguish a threshold shift of one ramp step requires that a count

rate difference of 512 counts per 192 seconds be measureable (worst case).
This will be easy if count rates are low, but may be impossible for certain
discriminators that have high background count rates. It should, however,
be somewhat easier to determine larger shifts, or inoperative discriminators.
There is no event data produced by this test.
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14
15
16
17
MSB 18

Note #1:

Note #2:
Note #3:

Note #4:

D2
D3
D4
D5

2.8.2-3

Pulse Routing Counter for the MAST Logic Test

Function Comments

M1X1, M4Y1 G
M1X2, M4Y2

M2Y1, M3X2

M2Yz, M3X1

D1

) routes pulses to
\ D2 - D5 5 appropriate test

See Note #1 | pulsers

N

D6

D7, See
Note #2

Guards, See
Note #3 -

GH Hi amplitude -Vypef for gquards

Matrix, D1 - D6 See Note #4
amplitude

Not used

A R, NN

LOG SEQ END

Bits 765 are decoded as follows

000 001 010 011 100 101 110 111
X

X

if both bits are = 0, D7 gets pulsed

decoded as follows: Bit
12 11 Guard
decoded as follows: 6“'6" T
Bit 0 1 G35
15 14 Level 1 0 G47
0 g Lo 1 1 G6
0 1 Med
1 p Med
1 1 Hi
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The ADC Test

The purpose of this test is to check the gain, offset, and linearity of the
ADC's by pulsing them with a series of 8 pre-determined levels spaced in

a pseudo-log fashion. For this test V,=V;, and they step once per subcom
state through the following series:

-18 x  1/255
-18 x  3/255
<18 % 7/255
-18 x 15/255
-18 x 31/255
-18 x 63/255
-18 x 127/255

-18 x 255/255 volts

The resulting -Vy.¢ levels are slightly attenuated from these voltages.

Note however, tha% the highest level may saturate some ADCs, which typically
have -Vyef =17 volts full scale. The pulses are routed (one pulse per
sector) to each of D1, D2, D3, D4, D5 and D6, and to M1X1, M2Y1l, M3X2,

M4Y1 during even subcoms, (M1X2, M2Y2, M3X1, M4Y2 during odd subcoms).

Since there are 256 sectors in every subcom state, each -Vyof step gets
pulsed 256 times.

The ADC test starts 0300 HEX REVs (2.6 hours) after the calibration sequence
begins. Itlasts 8 x 192 sec = 25.6 minutes.

The data from this test is checked by looking at the resulting events, a
good fraction of which should be read out for nominal s/c data rates and
COMPAS polling system operation. Ideally all pulses from a given V,.¢
Tevel will fall in one or two ADC channels. Obviously, this test aYso
checks the stability of the test pulsers.

Note that all events appear in the CAL event buffer; they can be identified - |
by event data bit #13 = 0 (Section 1.5.1H). One implication of this is that ~“/
the event polling scheme (Section 1.374). is not fully exercised by this test. -

(W
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MAST Accelerator Calibrations

Accelerator calibrations of MAST have at least five general aims:

1) Mapping detector response (mainly thickness) contours. This
includes Bevalac calibrations and tandem van de Graaf calibrations.

2) Determine the location of the isotope tracks for 3<Z<26 nuclei.

3) Determine the isotope resolution capability as a function of Z,
E and O.

4) Test the position-sensitive detectors capability for determining
position and angle.

5) Identify possible instrument or detector anomalies.

In April of 1981 a Bevalac calibration was done using MAST (and some PET)
detectors supported by the SRL PACE electronics. The beams used were 660
MeV/nuc 2°Ne (tune-up only) 728 MeV/nuc “°Ar (used for mapping of 175

to 3 mm thick detectors) and 280 MeV/nuc “°Ar (used for mapping of <500
detectors and for stopping particle runs). Tables of which detectors were
used in each run, and a log of the magnetic tapes are included here. A
total of ~107 events were recorded.

The April 1981 calibrations provided specific data for objectives (1),

(4) and (5), and also provided some data relating to (2) and (3). Although
the data has not been fully anlayzed, it appears that the objectives were
satisfied. Below is a summary of the status of MAST calibration objectives.

1) Detector Mapping - The April 1981 Bevalac Calibration should provide
adequate data for mapping all detectors from 175 u to 3mm. The accuracy
should approach 0.1% for each 2mm®* area element. This is achieved by
mapping the energy loss distribution of penetrating Ar nuclei over the
detector surface. The experimental setup was improved over earlier HIST
calibrations by: a) the addition of a second proportional counter, providing
improved and redundant position information; b) mounting the LiD detectors
at 5° to the beam to avoid the "zero-degree effect"; and c) use of a

Tower beam energy to reduce knock-on electron effects.

Further detector mapping could profitably be done in a run at the Caltech
tandem van de Graaf using ~12 MeV protons to: 1) map detectors with 115
to 500 p thicknesses; and 2) determine LiD dead layer thicknesses and
uniformity in an independent manner.

2) Isotope Track Calibration - A final calibration of the complete flight
instrument is needed to accomplish this. It should be done with an *®Fe
beam at minimum. Ne, Ar, or Kr beams would add additional important data.
A complete range of energies and angles should be investigated. The LBL
group’s remote positioning table would help data acquisiton efficiency.

3) Isotope Resolution - The April 1981 Bevalac run provides important

data for Tooking at the resolution of some of the individual detectors.

In particular there is good data on the response of the matrix detectors as
AE devices. A full-up instrument calibration should also be done.

4) Position-Sensing Detector Tests - There is important new data from the
April 1981 run that should be analysed to determine various matrix detector
parameters including position resolution, energy resolution, ballistic
deficit, and possible background effects. This has not yet been analyzed
in detail. The analysis to date has focused on detector anomalies
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(shorted strips, etc). It is clear that single strip (0.5mm) resolution
has been achieved for large energy losses.

5) Anomalies - The April 1981 run provided data on several detector anomalies
previously identified in earlier instrument calibrations.

The so-called "zero-degree effect" was observed in HIST LiD detector
calibrations; the resolution is markedly worse for particles within ~+3°

of normal incidence. This was investigated in the April 1981 run using the
MAST detectors which are from a new supplier. A preliminary analysis

shows no indication of the effect.

A "charge multiplication" effect has been observed in thin surface barrier
detectors for several earlier projects. In this case the pulse-height

is ~30% larger than expected for a fraction of penetrating particles

having very large energy losses (several MeV/mm). This effect was observed
in the 175 p (D1) (and to a lesser extent the 500 p (D2)) MAST detectors
using stopping “°Ar from the April 1981 run. To obtain more information

on the parameters affecting this anomaly, a second parasitic calibration
was carried out in June 1981, again with *°Ar nuclei. This data is now
being analyzed. It may impact the optimum bias and orientation of MAST
detectors, as well as detector selection for the flight stack.
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Standard Source Tests with MAST/PET

PET: If small radioactive sources can conveniently be mounted on the front of
the PET telescope there are two sources that could provide valuable routine test-
ing of PET detectors, rates, event logic, etc. These are:

1) Co-60 <10 uCi 1.17, 1.33 MeV ~-rays
2) Ru-106 <1 uCi <3.4 MeV electrons

A Co-60 source would trigger all PET ADC’s and essentially all discrimina-
tors except the highest guard levels (e.g., ABH ~5 MeV). It would give count
rates of ~10 sec”!, sufficient to provide statistically meaningful stimulus of sub-
commutated rates. Only ELO events would result.

A Ru-106 source would provide ELO, EHI events and singles counts. A ~ 1
uCi source might give ~100 events /sec. "Singles" counts near the bottom of the
stack would be more limited than with the Co-60 source.

Of these two sources, Co-60 seems to be the better choice.

MAST: There is no laboratory source except a "neutron” source such as Pu-Be
that will stimulate any significant fraction of MAST counting rates. However, all
"singles" rates are stimulated by room background if we wait long enough. It
therefore does not seem necessary to provide for a MAST source test during the
standard test procedure unless that is the same source as for PET. For example,
if a Co-60 test were performed for PET it would also stimulate a few MAST rates
(mainly the guards and D7). Thus, accumulating MAST data during a PET
source test would be useful. We could use the same source location for both tests.

Qverall: Sources tend to stimulate the same rates and events as room background.
Their main advantages are (1) elevated count rates (giving shortened test pro-

cedures for a given statistical accuracy) and (2) reproducibility - they do not vary
with the environment.

If only one source is selected Co-60 seems the best choice.

Estimate of MAST/PET Background Rates
Use HIST data and scale as follows

T E
T—g) X (E—l) RHIST! where RH]ST were measured with the
1 2

area  thickness threshold HIST instrument for ISEE-3.

Assume: Rate = (-j-:—"’—) x'(
1
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Table 1 summarizes estimated counting rates for PET due to cosmic ray and
room background. Table 2 summarizes similar estimates for MAST.

Table 1 - Estimated PET Background Counting Rates

Detector Thick Area Threshold Rate (cts/min) Duty Cycle
P1 2 8.1 0.35 ~15 %
P2 2 8.1 0.35 ~15 %
P3 3x5 9.2x5 0.7 ~50 -é_
P4-P7 3x4 4.5 0.365 ~40 %
ADC ~120 _;,

Discrim. Thick Area Threshold Rate (cts/sec) Duty Cycle
P4-P7 3x4 4.5%4 0.20 ~B85 %
Ps 3 4.5 0.2 ~16 1
16
A3 3 3.5 0.2 ~12 X
16
A4 3 8 0.2 ~30 .78
16
A57, AGSL 3 8x2 0.2 ~60 %
ASH 3 3.5 B ~16 ‘flé”
A4H 3 8 1.2 ~4 %
A57, A68H 3 8x2 1.2 ~8 ke
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Table 2 - Estimated MAST Background Counting Rates

See
Det. Thick Area Threshold Rate (cts/min) 60,
M1-M4 115 20 0.56 ~0.8
D1 0.175 20 1.30 ~0.4
D2 0.5 20 2.40 ~1.0 no
D3 1.7 30 5.00 ~1.7 no
D4 3 30 6.80 ~2.0 no
D5 6 30 10.0 ~3.0 no
D6 12 30 15.0 ~4 T
ADC 30 ~13 ?

See

Discrim. Thick Area Threshold Rate (cts/min) 60,
G35L 1.7, 2x3 6, 12 0.2 ~90 yes
G47L 3,3 12 0.2 ~H5 yes
G6L 4x3 24 0.2 ~110 yes
B 3 30 0.2 ~140 yes
G35H 5 ~0.2 no
G47H 5 0:2 no
G6H 5 0.3 no
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