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20. ABSTRACT

~ This instrument is designed to detect and analyze
precipitating electrons in the energy range from 50 eV to
20 keV. It is one of the suppl ementary sensors on board
the Block 50 confIguration satellites of the Defense
Meteorologica l Satellite Program.

Differential energy anal ysis is performed by a pair
of electrostatic analyzers (ESA) in which a time -
sequenced variable electrostatic field deflects electrons
of selected energies toward an exit aperture where they
are counted by Channeltron Electron Multipliers (CEM).
The small ESA covers energies ranging from 50 eV to 1 keV ;
the larger , 1 keV to 20 keV. The dwel l time at each
energy l evel is 98 ms , with both analyzers operating
simultaneously. A complete 16 point spectrum is produced
once per second and the 16 data words are transferred to
the satellite on coiwiand. Figure 1 shows SSJ/3 with its
test console.
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I N T R O D U C T I O N

This instru m ent is designed to detect and analyze

precipitating electrons in the energy range from 50 eV

to 20 keV . It is one of the supplementary sensors on

board the Block 5D conf i gura t ion  s a t e l l i t e s  of the D e f e n s e

Meteorological Satellite Program.

Differential energy analysis is performed by a pair

of electrostatic ana lyzers  (ESA)  in wh ich  a time-sequenced

variable electrostatic field deflects electrons of selected

energies toward an exit aperture where they are counted by

Channeltron Electron Multipliers (CEM). The small ESA

covers energies ranging from 50 eV to 1 keV ; the larger ,

1 keV to 20 keV .  The dwel l  t ime at each energy level  is

98 ms , with both analyzers operating simultaneously. A

complete 16 point spectrum is produced once per second and

the 16 data words are t ransfer red to the s a t e l l i t e  on

command. Figure 1 shows SSJ/3 with its test console.
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ELECTROSTATIC ANALYZER

T h i s  i n st r u ne n t  emp loys two separate electro stat ic

ana l yzers of the curved (cylindrical) plate vari ety .

This type analyz er uses a variable electric field between

two curved plates to effect energy analysis. T h e c o l l i ma tor s

and entrance and exit apertures are arranged such that to be

coun ted  electrons must f o l l o w  a very near ly  c i r c u l a r  t r a j e c t o r y

through the rad ia l  f i e l d  be tween  the p l a t e s .  Th e energy in

electron vol ts of a non -r elativistic electron in such a

trajectory is given by:

— RVE 2d

w he re : V p l a te to p l a t e  p o t e n t i a l  i n  vo l t s

R = mean rad ius of cu rva tu re  of p la tes

d = plate separation (R 1.-R 2)

Thus , the energy of particles passing through the exit aperture

is directly pr oportional to the difference in potential between

the plates. The constant of proportionality , known as the

“a nalyzer constant” is equal to ~~~~~~~ The anal yzer constants

f o r  th i s i n s t r u m e n t  a r e  20 eV /V an d 2 eV /V f o r  t h e  h ig h an d

low energy a n a l y z e r s  r e s p e c t i v e l y .  The h igh energy p l a t e s

are operated between ±25 and ±500 V , covering the energy

• ran ge from 1 key to 20 keV. The low energy plates are

opera ted  at ha l f  the high en e r~ ” v o l t a g e s  ( ± 1 2 . 5  to ± 2 5 0 )

and cover  the range 50 eV to 1 k e V .

The balanced ± configuration creates a zero potential

surface mi dway betw een the plates. Since this surface passes

through the narrow aper t u res , e lec t rons  undergo n e g l i g i b l e
7
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a c c e l e r a t i o n  upon enter ing and l eav ing  the ana l yze rs .

The p la tes  are aluminum w i th  a sandb l as ted  f i n i sh  to

min im ize  the amount of extreme ultraviolet reaching the

C h a n n e l t r o n s , wh ich are sensitive to radiation in this

part of the spectrum . Reflections from the small plates

are further reduced by closely spaced serrations. The

presence of dielectric materials between the plates or in

the vic inity of their edges was avoided to prevent charge

bu ildup which could affect the electron trajectories.

T h i s  i s  shown in Figure 2 , along with d imensions and a list

of the eight energy steps for the small ESA . Figure 3 is

the large ESA , while Fi gure 4 shows the complete ESA

assembly.

8
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SSJ/3 - SMALL PLATES GEOMETRY

36. 3 mm
L$GHT SCATTERING

(.69 ”)
ii .078

2.0mm ~~ 
_..

~ 

1e~
I7.5mm 

SERRATIONS TO REDUCE

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

7.52mm
( .296 ” )

6.00 mm

\\
,,~~~

(I.033
~
”
)1 I(.238 ” ) 300

7. 11mm
( .28 ” )

2.0 mm
(.078 ”

6.00mm
(.238 ” )

ENERGIES : i. 1045 eV
2. 661
3. 434
4. 264
5. 183
c. 110
7. 77
8. 51

Figure 2
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SSJ/3 LARGE PLATES GEOMETRY

-.1 p4 .99mm
I ( . 5 9 ” )

2.0mm H ~( .079 ” ) I —2.50mm

2.54mm

2.0Imm—~~~
(.079”)

ENERGIES ; I. 20 ,000 eV
2. 13 ,700
3. 8 ,990

L~~~~~~~~~~~~~~~ 4 5 ,500
5. 3 ,790
6. 2 ,2 9 0
7. 1 ,590
8. 1 ,060

FIgure 3

10



‘
4,

•1

0

a)
S..

i(



D E T E C T O R S

The detector assembly for each of the two ESA ’s consists

of two Channe l t ron  E lec t ron  Mu l t i p l i e r s  manu fac tu red  by G a l i l e o

E l e c t r o — O p t i c s  of S turbr idge , M a s s .  S p e c i f i c a l l y , t h e  l a r g e

ESA uses two CEM 4019-C/WL-SC (10mm funnels) and the small ESA ,

two CEM4O 13-C/W L-SC (3mm funnels). These are high gain devices ,

producing an output charge pulse of io 7 _ io 8 electrons about

20 ns in width. The two detector s for each ESA are connected

in parallel with their anodes at +3 kV and their funnels at

ground po ten t i a l .

The Channe l t rons  used in th is  ins t rument  have  undergone

special screening by the manufacturer to minimize the p ossibility

of early failure. These units are expected to hav e a lifetime

exceeding 10 11 counts which greatly exceeds the predicted total

c o u n t  range for this instrument.

In order to eliminate solar X U V  as a limiting factor on

the Channeltron lifetime , a solar sensor has been includ a d

in the instrument to d i s a b l e  the power supply, and thus Channel-

tron b ias , whenever  the sun appr oaches  the f i e l d s - o f - v i e w  of

the a n a l y z e r s .

The instrument is tested and burned-in with flight

Channeltrons in place. For this purpo se a clean sorption

and ion -pumped vacuum sy ct em ~s used , eliminating the potential

problem of gain degradation resulting from exposur e to oil

vapors found in conventional systems.

12



The Ch ann eltrons are shock—mounted wi th Viton spacers

inside a hard anod ized  cy l i nd r i ca l  a lumi num mount.  Care was

taken to avo id potentially contaminating m aterials in the

instrumen t which migh t cause long—term gain degradation.

13
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CALIBRATION AND TESTIN G

Three SSJ/3 packages have been built to date. The

first is a qualification unit; the last two, flight units.

Two sor. flight units are under cons truction at the present

t ime. Test ing  of the q u a l i f i c a t i o n  unit c o n s i s t e d  of DMSP

spec i f i ed  q u a l i f i c a t i o n  tes t ing  as we l l  as a comple te  des ign

verification. Subsequent units are tested to flight

acceptance specifications and are 1-unction ally tested relative

to the qualification unit.

The initial design verifi cation was performed at Aerospace

Corporation where an accurately calibrated variable energy

electron beam is available. The following parameters were

measured and compared with design values:

1.) Angular response both across and along the
apertures for all 16 energy l e v e l s .

2 . )  Geometr ic  fac to r  at al l  energy levels.

3.) Analyzer constant and energy level calibration.

4 . )  Energy reso lu t i on  i~E/ E .

Figure 5 ind ica tes  the phys ica l  parameters of the inst rument .

The subsequent units are f unc t i ona l l y  tes ted  by compar ison

w i t h  the f i rs t one. A Ni 63 source was p laced  at a we l l  def ined

l o c a t i o n  in f ront  of the f i r s t  inst rument  and its response

observed.  The same is done w i th  the remaining units and their

responses compared to that of the f i r s t  one.

14
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ELECTRONICS

Figure 6 is a bl ock diagram of the instrument. The

Channeltron output s from each ESA are capacitively coupled

to a preamplifier -discriminator. These units produce logic -

compatible outputs which are counted by log accumulators .

Timing and contro l logic steps the energy levels , resets

and enables the log accumulators , and loads the data words

in the shift registers . Upon receipt of the shift clock

from the spacecraf t once per second , the data words are

serially shifted out on a single Data line. Figure 7 shows

SSJ/3 with its anal og and digital cards exposed. Brief

descriptions of the functional blocks follow

Preampi i f iers

The preampl i f iers used in this instrument are of the

charge sensitive type and have an inherent discrimination

level of about .5 picocou lomb , corresponding to an electron

gain of 3x106. They include pulse forming circuitry which

produces C-MOS compatible output pulses about .5ps long.

An externally accessibl e test input is provided to

veri fy~=c pera t1on of the p ream p s , coun ters , and logic.

This input couples an external pulse generator through a

2 pf capacitor to the preamp inputs . A fast -rising pulse

• of about .5 volt amplitude transfers enough charge into

the preamps to produce output pulses.

r
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Counters

T h e e l ec tron coun t from eac h anal y ze r i s accumu l a ted
in a log counter following the preamp. These units produce

a 9—bit logari thmic representation of the actual count.

The five least significant bi ts represent the mantissa and

are the contents of a 5—bit binary counter. The remaining

four bits , the exponent , represent the final prescale factor

by which the input to the 5—bit counter is divided. The unit

operates as follows: Initially, the 5—bit counter counts

all incoming pulses , up to a count of 32 , or 00000 ; then , the

input begins to be divided by two , so that only alternate

pulses increment the counter. When the counter again reaches

the 00000 state , the presca le factor increases to 4. At each

succeeding 00000 count , the prescale factor doubles , up to

a maximum value of 214. The actual count represented by the

9—bit word is given by:

COUNT = 2~
’(x+32)-33.

y x

The value 33 rather than 32 appears here because a

1 count is preset into each log accumulator at the beginning

of every data interval to aid in readout verification.

This count must be subtrac ted to get actual count.

The maximum capacity of these accumulators is 516 ,064

coun ts , which is well In excess of the maximum possible 
-

Channeltron output for a 98 ms counting period.

19



Contro l Logic and Data Output

At .1 second intervals the control logic generates a

timing pulse derived from the 10 kHz Reference Clock provided

by the spacecraft. This pulse initiates the following

sequence of events:

1. The log accumulators are disabled and the voltage
levels on the analyzer plates are decremented.

2. The two 9 bit data words present in the accumulator
are shifted serially at a 10 kHz rate into two
72 bit shift registers.

3. The accumulators are reset to 000000001 and
are re-enabled.

After a sequence of eight .1 second intervals the

instrument stops counting and waits for the spacecraft

supplied shift clock to read out the data . During this

period the plate voltage returns from its minimum value

to its maximum value , a step requiring about 15 ms settling

time. The data is serially shifted out in one 144 bit

block at a 1 kHz rate.

Upon completion of the data readout the 1 second cycle

is complete and the eight step sequence begins again.

The logic consists entirely of standard C-M0S integrated

circuits. Because of the sensitivit y of C-MOS to radiation

a special effort was made to shield all digital circuitry

so that there is the equivalent of at least .25” of Aluminum 
*

in every direction.

Figure 8 shows the plate voltage sequence and Timing •

Diagram.
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Power Supply and Solar Sensor

The SSJ/3 package utilizes a 50 kHz sine wave inverter

type DC-DC Converter to provide all required power. This

supply is built in -house. It supplies four regulated

voltage levels: +5V; ±750V; and +3000V. +5V operates all

analog and digital circuitry . ±750 , which are derived from

voltage doublers , supply the plate voltage stepper. +3000V

is the bias voltage for the Channeltrons.

A solar sensor is provided to turn the instrument off

during periods when the sun is in the field of view . The

sensor consists of a photo transistor at the end of a

collimator aligned with the analyzer collimators. The

photo transistor , through a Schmitt trigger circuit , turns

off the power supply. The same circuit is used for on-o ff

control of this instrument by spacecraft command.

H.V. Stepping Circuit

The plate voltages are controlled by a shunt regulator

us in 9 a chain of 4 high voltage fie ld effect transistors as

the shunt element. Employing only a single reference and

error amplifier , this circuit produces balan ced positive and

negative outputs. The voltage levels are determined by fixed

programming resi stors which feed known currents into the

error amplifier. These resistors are sequentially placed in

the circuit by a Johnson —t ype C-MOS counter. *

The settling time for thi s circuit is about 2 ms for

the negative - going steps. This represents a 2% dead time

for the instrument , as the counters are disabled for this

period each tenth of a second.

22



ELECTROSTATIC  ANA LYZER ( E S A )

SSJ/3 OR

Summary of Characteristics

Particles Detected El ectrons

Detectors Used 2 Channeltron Electron Multipliers for
each of the two sets of ESA plates

Method of Energy Analysis Voltage Stepping on ESA plates

Number of Energy Bins 8 for each set of ESA plates;
Total of 16

Energy Bins Large Plates Sm a ll Plates
20,000 eV + 3% 1 ,045 eV + 3%
13 ,700 + 3% 661 + 3%
8,990 ~ 3% 434 + 3%
5,500 ~ 3% 264 + 3%
3,790 ~ 3% 183 ~ 3%
2,290 i 3% 110 4~ 3%
1 ,590 ~ 5% 77 .4- 5%
1 ,060 i 6% 51 4- 6%

Acceptance Angles Larg e ESA: 1.6° FWHM acruss the apertures
8.0° FWHM along the apertures

Small ESA : 3.7° FWHM across the apertures
4.8° FWHM along the apertures

Normalization Constants Large ESA: 1 .3x10 4cm 2— s ter.

Small ESA: 4.3x10 5cm 2-ster .

E Large ESA: 4.0%
Small ESA: 7.2%

Data Rate On~ complete Spectrum per second

Dwell Time at Each 98 ms.
Energy Level

Digital Data Format (9 bits per channel) x (16 channels)
= 144 Bits

23



ESA / SSJ/3 cont .

Note:  Each 9 b i ts  i n every channel are in logarithmic form , t h e
five least significant bits b eing the mantissa and the
remaining four the exponent. This number is converted to
dec imal form according to the following relationship:

N 2~~ x+32) - 33

~-LSBWhere ;

Da ta Readout  The f i r s t  b it to be rea d ou t i s t h e l e a s t
significant bit (LSB) of the highest
channel followed by the next to the highest
one etc ., i.e.:

, y~~ .. x C ~ ‘1 x~~ ry~~ i_ X Th is t b i t o u t
~~~~~0~~ O0 ~~~~~~~~~~~~~~~~~~~

51 eV 13 ,700 eV 20 ,000 eV

{ 144 bits ]

read ou t in one group
at the en d of each secon d

Analog Monitors Plate voltages: 5.0 volts to .25v
Power supply : 2.5v
Tem perature : 2 .5v at room temp.

Size 5.5Oin X 3.29 in X 5 .lO in

Wei ght 3.046 lbs

Power Dissipation .125 Watts

24
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