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7. SOLAR X~RAY SENSOR (XRS) CHARACTERISTICS

The solar xz-ray sensor (XRS) for GOES-4, -5, -6, -G, and -H
is shown in the isometric view of Fig., 7.1. A functional block
diagram of the XRS is shown in Fig. 7.2. The XRS measures solar
x-rays in two bands of about 0.5-3 A® (A channel) and 1~-8 A© (B
channel), This is accomplished by use of a dual ion chamber as
shown in the XRS telescope side view in Fig. 7.3 and the ion
chamber properties listed in Table 7.1. The ion chamber response
curves are shown in Fig., 7.4, The ion chamber theoretical
responses have been verified by data given in Ref. 13, while the
GOES-4, =5, and -6 ion chamber calibrations with Fe-55 sources
(~ 2 A® x-rays) are given in Ref. 14, and the GOES-6 and -H ion
chamber calibrations are given in Ref. 15.

The XRS data processing electronics are outlined in Fig. 7.5.
The solar x-ray signal forms a current pulse as the XRS telescope
view axis is swept past the sun once per spacecraft rotation
(about 0.6 second). A spacecraft-provided on-sun pulse gates the
demodulation electronics tec allow measurement of the solar =xz~ray
pulse. The wideband hbhackground output allows the solar x-ray
pulse shape to be measured over many spacecraft rotations, and is
used primarily as a diagnostic output. The narrowband background
channel provides the average ion chamber current output. The
GOES space environment can include large fluxes of high energy
electrons (> 2 MeV) so the ion chambers are shielded by lead to
reduce bremsstrahlung response, and by magnets in the aperture to
reduce the direct electron response. The x-ray channel is
largely immune from electron flux effects, but the background
channels both show electron flux induced currents. The narrowband
background channel can at times be dominated by electron flux
produced currents. The GOES XRS units respond primarily to solar
x-rays, but an intense, strongly spin-modulated electron flux can
also affect the x~ray flux output. The latter is generally rare,
and has the larger effect on the A channel.

The XRS telemetry output voltages are converted to fluxes
and currents through constants given in a Calibration Report
provided with each XRS unit. These constants are generally given
for +250C, -109C, and +30°C. The x-ray flux covers a wide
dynamic range, 10-9 to 10-% W/m2 for channel A and 108 ¢o 10-3
W/m2 for channel B, so the x—ray telemetry .output is one analog
voltage (Vy) and two range bits. The range bits cover four gain
levels for Vy (range bits 0 to 3) with adjacent range sensitivity
changing by approximately a factor of 10. The x-ray flux for a
telemetry voltage Vy in range R (0 to 3) is given by

Jx(W/m2) = (Vg = Cx(T))/(Sx(T) K) (7.1)

where T dis the XRS telescope temperature. The temperature
corrected calibration constants are given by

Cx (1)

it

Cx + DCy (25~T)/35 (7.2)
and

i

8x(T) Sx + DSy (25-T)}/35 (7.3)
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Figure 7.3. X-Ray Sensor Telescope Side View.
Table 7.1
Ion Chamber Properties
Chamber Chamber
A Value B Value
0.5 - 3 1 - 8
20 2
Xe/99.6, He/0.3 Ar/99.6, He/O0.4
180 800
0.75/1.91 0.25/0.64
5.80 1.90
3.99 3.99
1.255 (Xe) 1.712 (Ar)
{(mg/cm?) 5.051 (Xe) 6.831 (Ar)
l/(cm) 1017 i 2321
22.0 (Xe) 26.2 (Ar)

pair, W(eV/pair)
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where Cy and Sy are the 25°C values. The Xx-ray channel calibration
constants are given in Table 7.2 for GOES-4, -5, -6, and -H (the
-G unit was destroyed in the May 1986 launch vehicle failure).
For most operations it is sufficiently accurate to use only the
259C values in (7.1). The DCy, and DSx values in Table 7.2 are
based on the -10°C and +259°C Calibration Report data (-20°C data
for GOES-4).

The narrowband background current is given by

Ip(A) = (Vp-Cp (T))/sSp(T) (7.4)

where Vg is the telemetry voltage and the temperature corrected
calibration constants are

Ca(T)

Cp + DCp (25-T)/35 (7.5)
and

Sp (T) Sp + DSp (25-T)/35 (7.6)

The values for Cg, DCy, Sp, and DSy for GOES-4, -5, -6 and ~H are
given in Table 7.3. The wideband background telemetry voltage
gives the preamplifier output voltage from

Voo = (Vg - Cy) /6y (7.7)

The preamplifier voltage is generally used to check the solar
x-ray pulse waveform and the spin-modulated. electron background
current, so it is not directly calibrated in ion chamber current.
Thig could be done by comparing the peak Vpa with the ion chamber
current calculated from the V, ¥—-ray output. Note, however, that
Vpa is an AC signal with the DC backpground subtracted.

The narrowband background current Iz is about 1/10 the x-ray
flux current since the solar x-ray pulse is about 1/10 of a
rotation width (36© FWHM; 10% duty cycle). Electron flux produced
currents will raise Ig above the solar x-ray current level, This
effect is discussed more fully in Section 10.

The XRS has a temperature monitor in the DPU and in the
telescope, with linear fit coefficients being given in .Table
7.4. These fits are based on the -100C to +250C data in the XRS
unit Calibration Reports. As stated in Table 7.4, the fits are
accurate o % 1°C over the range -109C to +250(, For more
accuracy outside this range the actual Calibration Report data
should be used. Since most of the XRS signal temperature varia-
tions arise from the preamplifier and other electronics in the
telescope, the telescope temperature should be used when the XRS
data are corrected for temperature. For most normal data analysis
the 259C values of the calibration constants can be used, Only.
ues change by 5 to 10%Z (mazimum). In-orbit

at -109C do the val
operation shows that the XRS eclipse minimum temperatures _are
about 09SC.
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Table 7.2

kRS Calibration Constants for X-Ray Channels

GOES-4 GOES-5 GOES-6
Chan/
Range Mult, * _Sx DSy _Sx.. _DSy _Sx_ _DSx_
A/ RO 1012 1.78  +0.10 1.85 +0.09 2.05 +0.14
/R1 1011 1.68  +0.12 1.76 +0.12 2.02 +0.15
/R2 1010 2.44 +0.11 2.30 +0,08 2.35 +0.07
/R3 109 2.26 +0.08 2.13 +0,07 ¢ 2.15% 40,06
B/ RO 1ol 5.85  +0.35 6.02 +0.33 6.06 +0.38
1
/Rl 1¢0 5.47 40,36 5.67 +0.41  5.71 +0.47
9
/ R2 10 7.60  +0.23 7.98 +0.21  8.06 +0.23
/ R3 108 7.00  +0.20 7.34 +40.18 7.35 +0.21
IV 1072 1.73 1.74 1.74
B/K*" 1076 4.56 4.84 4,43
A/t 1 0.499 +0.009 0.498 +0.013 0.507 +0.010
B/Cy 1 0.499 +0.012  0.497 + 0.011 0.502 +0.016

*Multiplier for all S; and DS, values.

**K Calibration congtant values for each XRS unit
(no temperature variation).

+Cx and DCy values for each XRS unit,

80

GOES-7
Sx_ _DSx
1.90 +0.20
1.85 +0.13
2.50 +0.06
2,28 +0.03
6.90 +0.49
6.59 +0.20
9.49 +0.52
8.82 +0.20
1.68
4. 48

0.510 +0.012

0.519+0,003




Table 7.3

¥RS8 Calibration Constants for Background Channels

Wideband Narrowband
Spacecraft/Channel Gy __ Cy__ $g. _DSg*  Cg_ DCp__
GOES~4/ A 10.23 2.34 3.23 +0.18 0.991 +0.002
/B 10.30 2.36 0.912 +0.054 0.997 =-0.002
GOES~5/A 10.30 2.32 3,26 +0.,17 0.98 ~0.001
/B 10.20 2.33 0.893 +0.054 0.998 +0.002
GOES-6/A 10.29 2.35 3.35 +0,11 0.998 0.000
/B 10,26 2.34 0.917 +0.062 0.995 +0.001
GOES-H/A 10.3 2.35 3.30 +0,20 0.986 0.000
/B 10.3 2.35 0.898 +0,057 0.988 0.000
i
* . 11
Multiply Sg and DS by 10" .
Table 7.4

XRS8 Temperature Monitor Linear Fit Coefficients

DPU Telescope
Spacecraft o b m b
GOES~4 58.59 -111.? 5 62.37 1112.7
GOES-5 6l.44 ~107.1 63,37 ~119.5 \
GOES-~6 60,22 ~-114.6 59,10 -110.8
GOES~H 58.80 -112.2 64.25 -111.7
Note: Temperature = m x (Telemetry volts) + b = degrees C.

Fit is to +19C over -100C to +250C.
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The in-orbit operation of the XRS units on GOES-4, -5, and
-6 is discussed in the following Sections. The in-flight calibra=-
tion cycle data are discussed in Section 8, while the x~ray data
are discusged in Section 9. The response of the XRS to the
ambient electron flux is discussed in Section 10, and recommenda-
tions on in-orbit operations are given in Section 11.

8. IN-FLIGHT CALIBRATION CYCLE OF THE XRS
8.1 Description of the IFC Cycle

The in-flight calibration (IFC) cycle checks the gain and
zero level of each of the four ranges in both x-ray channels,
During the IFC the x~-ray pulse timing is shifted by 1800 to
reduce interference from solar x¥-rays. The IFC checks all of the
XRS3 electronics for proper operation, The IFC is initiated by
ground command and terminated by ground command. A full cycele
requires & minimum of 8 level steps taking about 5 minutes. The
8 IFC step cycle as shown in Table 8.1, which also lists the
calibration constants for GOES-4, ~5, -6 and -H. The 8 IFC steps
repeat until the IFC off command is sent.

The IFC calibration constants in Table 8.1 are obtained
from the thermal vacuum test data, which are included with the
Calibration Report for each XRS unit. The Vxec values are for
2509C, while the DVy, values are obtained from the 25°C and —109°C
(-20°C for GOES-4) data. The V.. (7) values are calculated as
shown at the bottom of Table 8.1. In-orbit XRS temperatures vatry
from 10°C to 25°C, with eclipse minimums near 0°C, so the 25°C
values Vy. should normally be sufficiently accurate. The maximum
change in the high level values is about +7% at -10°C.

8.2 Use of Data from In-Orbit IFC Cycles

The in-orbit IFC data give a set of 8 measurement pointe for
each x~ray channel. The simplest check is to compare the in-orbit
values with the 259C baseline values of Table 8.1 and monitor for
¢ 5% change in all points. A better method is to measure the
gain change for each range, and the zero level shift. From Table
8.1 it can be seen that the "lo" IFC step in all four ranges is
nearly identical, both at 259C and in temperature variation. The
"lo" values are the output for a zero input current (neglecting
any solar x—-ray pulse tail effects) and are derived from the
output offset voltage circuit, which is the same circuit for all
ranges, Thus the four "lo" values should be identical, and can
be averaged to provide & measurement of the offset voltage Cy(T)
in Eq. (7.1). A

The "hi"™ values are measures of the range/channel gain, and

are best compared by

Rg (llhiﬂ_!lloll)/(llhill__liloll)base (8.1)
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Table 8.1
IFC Calibration Constants for GOES~4, 5, 6, and H
Range/ GOES-4 GOES-5  GOES-6 GOES-H
Step Level V¢ DVxe Vxe  DVxe Vxe  DVxe Vxe  DVyxe 5
Channel A

1 R3/hi 3.220 0.077 3.128 0.090 2,949 0.091 2.920 0,078

2 R3i/1lo 0,497 0.012 0.498 0.012 0.506 0.011 0.521 0.000

3 R2/hi 3.040 0.077 2.949 0.088 2,776 0.087 2.902 0.094

4 R2/1¢ 0.496 0.013 0.497 0.013 0.506 0.011 0.518 0.005

5 RO/ hi 2.330 0.140 2.702 0,162 2,755 0.169 2,665 0.187

6 R1/hi 2.532 0.159 2.897 0.175 2,978 0.189 2.740 0.165

7 Rl1/1le 0.495 0.012 0.497 0.013 0.507 0.009 0.520 ~0.,001

8 RO/ 1lo 0.494 0.012 0.498 0.013 0.505 0.010 0.510 0.013

Channel B

1 R3/hi 3.653 0.112 3.555 0.093 3.334 0.101 3.656 0,060

2 R3/1lo 0.497 0.014 6.496 0.012 0.502 0.016 0.522 0,000 :
3 R2/ hi 3.432 0.110 3.336 0.089 3,134 0.096 3.599 0.105 ;
4 R2/10 0.496 0.014 0.496 0.012 0.502 0.016 0.523 0.001 é
5 RO/ hi 2.703 0.169 2.700 0.160 2,495 0.160 2.842 0.099 z
6 R1/hi 2.882 0.193 2,902 0.167 2,678 0.181 2.869 0.064 é
7 Rl1/1lo 0.498 0.012 0.496 0.012 0.502 0.015 0.522 0.000 é
8 RO/ 1lo 0.492 0.018 0.496 0.013 0,501 G.014 0.521 0.002 ;
Note: V__ is the value at 25°C, and Ve (D) = Vee t DV . (25-T)/35,
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where ("hi"-"lo0")y,5, can be either the 259C values or the
temperature corrected values using the XRS sensor (telescope)
temperature, both obtained from Table 8.1. The Rg values from
(8.1) have solar x-ray pulse tail and modulated electron background
effects cancelled to first order, and so give a more reliable gain
measure than the "hi" value alone.

The "lo" values are generally affected by solar x-ray fluxes
and electron background, especially in the lowest range RO. The
solar x-ray pulse is generally shaped so that the IFC tail is
less than 10% of the x-ray peak. The "lo" offget voltage is near
0.5 V, so * 5% stability is + 0.025 V, which corresponds to a
0.25 V x-~ray signal (0.75 V including the offset)., Thus the "Lo"
IFC value is not a valid test if the on-sun X-ray signal is >
0.75 V in that range or > 3 V in the next lower range {there is
about a factor of 10 gain change between adjacent ranges). The

"lo"™ IFC values should be averaged only over the valid ranges.

-

Large solar x-ray fluxes (R3 or R2) can _invalidate most _of
the IFC data. The RO value of Ry (8.1) may well be invalid |
because the "hi" value saturates at 5.11 V on the telemetry
readout, The IFC data should only be used routinely if the solar %<
x-~ray flux is in R1 or RO, preferably in RO.

The electron background can also affect the IFC if a strong
Bpin-modulation is_present. This will generally affect the 1low _
ranges (RO and possibly R1), and should not be a common accurate= A |
ness., Large electron fluxes (large EPS Eti counts) will also
increase the statistical variations of the Plo" values in RO for
the A channel and perhaps the B channel, thus making it difficult
to obtain an accurate measurement. The effects of electron
background are described in more detail in Sections 8.1 and 10.
The following Section 8.3 also presents the long term in-orbit
IFC stability data for the GOES-4, 5 and 6 XRS units.

8.3 Long Term IFC Data for GOES-4, -5, and -6

The GOES-4, -5 and ~6 spacecraft were launcheéd in September
1980, May 1981, and May 1983, as shown in Table 3.8. The XRS
turn-on was about the same as the EPS turn—on. The GOQOES-4
spacecraft was used minimally after the GOES~-6 launch since the
GOES-4 VAS failed in November 1982, and the XRS was off for a
number of years. In June 1986 the GOES-4 XRS was turned on for
about 2 weeks and some IFC data obtained after almost six (6)
years in orbit.

The GOES-4 IFC data for 14 September 1981 and 21 June 1986
are given in Table 8,2, The gain (Ry from Eq. (8.1)) and "io"
values are both compared with the 25°C base values in Table 8.1,
The 1981 IFC data show some solar x—ray pulse effects on the "lo"
values in RO (A and B channels) and R1 (B channel). Note that
the 1-4% "lo" values have 0.005 to 0,022 V shifts on telemetry,
which has 1 bit for 0.010 V reselution. The A/B "lo" values show
an average shift of -0.006 V/-0.007 V for 1981 and -0.016 v/
-0.018 V for 1986,
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Table 8,2

GOES-4 In-Orbit IFC Data

Channel 14 Sept., 1981/1940 UT 21 June 1986/1705 UT
/Range Rg (8.1) lo/base lo-base Rp (8.1) lo/base lo-base
A/R3 1.003 0.986 -0.007 1.006 0.966 -0.017
A/R2 1.002 c.988 -0.006 1,002 0,968 ~-0,016
A/R1 1.026 0.990 -0.005 1.009 0.966 -0.017
' .
A/ RO 1.026 (1.079) (+0.039) 1.014 0.974 -0.013 :
A x-ray (V(R)) 1.090 (RO) 0.49 (RO)
B/R3 1.011 0.986 -0.007 1.007 0.970 -0.015
B/R2 1,008 0.988 -0.006 1.004 0.968 ~-0,.016
B/R1 1.032 (1.044) (+0.022) 1,013 0.964 -0.018
B/ RO i.022 (1.728) (+0.358) 1.000 0.935 -0.022
1
B xz-ray (V(R)) 0.990 (R1) 0.49 (RO) :
Approx. tel. temp. 190C 1590¢C ;
El (cnts/readout) 47 ' 6.3 ?
é
Note: (lo/base) and {lo-base) numbers in parentheses are contami- ;
nated by the solar x%x-ray pulse tail.
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The gain values in Table 8.2 show that R3/R2 and R1/R0 are
nearly the same, as is expected since most of the gain change
comes from the high resistance (about 1012 ohmg) feedback resistors
in the XRS preamplifiers. The preamplifier gains are the same
for the R3/R2 and the R1/R0O range pairs. The higher gain ranges
(R1/R0) for both the A and B channels show about a 2 1/2% increase
in 1981, and a 1% increase in 1986. These variations are close
to that expected for the temperature differences between the
in-orbit data and the 25°C TV data in Table 8.1. The lower gain
ranges (R3/R2} show shifts of 1% or less and are stable to < 1%
over & nearly 6 year period.

GOES-5 XRS IFC data for 3 October 1986 are shown in Table
8.3, and illustrate the magnitude of temperature effects. These
data are for the post-eclipse minimum temperature of 6.6°C, The
data are compared with both the +250C TV base and the +6.50C base
(#250C and -109C TV average). The temperature adjusted base is
clearly needed if < 1% accuracy is required, since the R3/R2 gain
shift is about 1.5% and the RL/RO gain shift is about 3.5%Z. 1If
IFC data are to be used to correct the in-orbit gains, then it is
best to use the temperature corrected base. Normal IFC data are
usually taken near 1800 UT when the XRS is mnear 10 to 250¢,
depending on the season, so the non—-temperature~corrected IFC
data will'generally give at least 2% accuracy when compared with
the +25¢C TV base,

The temperature-corrected IFC data should be uged only 4if
the XRS x-ray fluxes are also temperature corrected, since the
magnitude of the variations are comparable. This would reguire
using (7.2) and (7.3) in (7.1) to caleculate the flux, with an
additional gain adjustment factor for (7.3) given by (8.1) as

Sx(T) = 8x(T) Rg(range) (8.2)

corr

where Ry, (range) is for the R3/R2 or R1/RO range paire, and with
an offset voltage correction of

3 ?

Cx (T) Cx(T) + DLB (8.3)

corr

where DLE is the average of the (lo-base) values, corrected for
temperature, as listed in Table 8.2 for GOES~4., The use of these
corrections is discussed in Section 11. For most cperations the
use of 259C TV calibration constants with no temperature or IFC
shift corrections should be sufficiently accurate, since the
total corrections should be < 5%, and usually < 3%.

The GOES-5 in-orbit IFC gain history is shown in Table 8.4.
The listed temperatures are mostly estimates based on the observed
annual variations of the XRS telescope (sensor) temperature for
1981-82, except for the October 1986 data which are actual
measured sensor temperatures during the IFC. The 3 October 1986
data were shown in Table 8,3 to illustrate temperature variations.
The (R3/R2) range pair gain is seen to be stable to better than
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Table 8.3
GOES~5 In-Orbit IFC Data Showing Temperature Effects

3 October 1986/0555 UT -~ Post eclipse minimum temp.

base = 25CC TV bagse = +6,50C

Channel/Range Rg (8.1) lo/base Rg (8.1) lo/base

A/R3 * 1.015 0.984 1,000 0.972

A/ R2 1.011 0.986 0.996 0,972

A/R1 1.010 0.986 0.977 0.972

A/ RO 1,014 {1.034) 0.981 {1.020)
A x-ray (V(R)) 0.480 (RO)

B/R3 1.010 0.988 0.996 0.976

B/R2 1.008 0.988 Y 0.994 0.976

B/R1 1.014 0.988 0.983 0.976 ’

B/ RO 1.009 0.988 0.976 0.974
B x-ray (V(R)} 0.536 (RO)

Meas. tel. temp. +6,60(

El {¢nts/readout) 73.7
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1% of the +25°C TV base, for both channels A and B, The {(R1/R0)
range pair gain for channel A is stable to t 1.5%Z over the 5.3
years, but may be 2Z below the pre~launch TV data as shown in
Table 8.3. The channel B (R1/R0O) gain shows an initial 5-6%
decrease which is recovered within 3 months, and thereafter is
stable to + 1.5%. The Table 8.3 temperature corrected data show
that the B(R1/R0) gain may be 2% below the pre~launch TV data.
The initial decrease and recovery of the B(R1/R0}) gain may be
from moisture or some other contamination of the high megohm
preamp feed-back resistor, which slowly evaporated to recover
nearly the pre-launch value.

The IFC offset history for GOES-5 is shown in Table 8.5.
The lo/base values in parenthesis have either a gsolar xz-ray pulse
or modulated electron background effect and are not included in
the listed average or the (lo-base) average. The & and B channels
both show stable offsets which are about 0.010 V below the 25¢C
TV base value. The temperature corrected offgets for 3 October
1986 (also shown in Table 8.3) sghow that temperature is not a
large factor in the measured offsets. The offsget shift of about
~-0.,010 V is only 1 LSB in the 9 bit telemetry word for the x-ray
signal voltage., The offset shift of about 2% is thus near the
resolution of the telemetry data, and is 2% only because the
offset voltage is 0.5 V. 1In practice, the offset shift corresponds
to 2% of the x-ray flux at the low trip point in R3, R2 and Ri,
and becomes less as the x~ray signal voltage increases. For
normal operation using the 250C calibration congtants, the of fset
shift can be neglected,.

The GOES-6 IFC gain history is shown in Table 8.6, which has
the same format as Table 8.4. The (R3/R2) gains are stable to <
1Z over 3.3 years, and the temperature corrected data for 3
October 1986 show less than 0.5% shift from the pre-~launch TV
calibrations. The (R1/R0O) gains for channel B are also stable to
¢ 1%, with < 0.5% shift for 3 October 1986, but may have had an
initial 3% change (this could possibly be a temperature effect).
The channel A (R1/R0) gain is about 3% low after 3.3 years, but
has been stable to 1% except for a possible initial 3% shift (may
be a temperature effect. The (R1/R0O) initial gain shifts are
likely to be initial outgassing and contamination removal effects,
as observed for the GOES-5 XRS.

The GOES-6 IFC offset history is shown in Table 8.7, with
the last entry set being the temperature corrected offsets for 3
October 1986. The offsets appear to be stable at about 0.010 V
below the TV base values, about 1 LSB in the telemetry word., The
GOES~5 and GOES-6 XRS units show about the same in-orbit stability
characteristics. TFor routine operation, the +259C TV calibration
constants should provide x-ray fluxes which differ by no more
than + 3% from the temperature corrected fluxes.
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Table 8.6

GOES~6 In-Orbit IFC Gain History

Rg (8.1) gain values relative to 259C TV base, and
average values for (R3/R2) and (R1/R0O) gain pairs

Channel 18MAYB3 19AUG85 9JUN86 29SEP86 20CT86 30CT86 30CT86(to6.50¢C

/Range 2145 UT 1840 UT 1840UT 1840 UT O740UT 0735UYT 0735 UT base)
A/R3 1.015 1.009 1.010 1.007 1,015 1,015 0.999
A/R2 1.014 1.007 1.009 1.004 1.013 1,012 0.996
A/R1 1.018 0.988 0.993 0.986 1.005 1.004 0.968
A/ RO 1.0637 0.985 0.989 0.978 0.999 1.001 0.967

A/(R3/R2) 1.015 1.008 1.010 1.006 1,014 1.014 0.998

A/(R1/R0O) 1.028 G.987 0.991 0.982 1.002 1,003 0.968
B/R3 1,013 1.0009 1,010 1.606 1.013 1.013 0.999
B/R2 1.014 1,007 1.008 1.003 1.014 1.011 0.996
B/R1 1.029 1,015 1,019 1.009 1.031 1.029 0.992
B/ RO 1.036 1.009 1.014 1.002 l1.028 1,029 0.993

B/ (R3/R2) 1.014 1.008 1.009 1.005 1,014 1.012 0.998

B/(R1/R0) 1.033 1.012 1,017 1.006 1,039 1.029 0.993

Approx. temp. (159C) (170¢c) (109cC) 16.8°C 5.6°cC 6.20C 6.20C
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Table 8.7

GOES-6 In-Orbit IFC Offset History

lo/base for 250C TV base; average; lo—~bage in voltg (V)

Channel 18MAY83 19AUGB5 9JUNS6 29SEP86 20CT86 30CT86 30CT86(to6.50°C
/Range 2145 UT 1840 UT 1840UT 1840 UT 0740UT 0735UT 0735 UT base)
A/R3 0.988 0.978 0.980 0.968 0.988 0.988 0.977
A/ R2 0.988 0.974 0.972 0.968 0.988 0.988 0.977
A/R1 0.994 0.969 0.974 (0,941) 0.986 0.986 0.977
A/ RO (0.937) 0.980 0.950 (0.733) 0,986 0.976 0.965

(average) (#) 0.990(3) 0.975(4) 0.969(4) 0.968(2)0.987 (4) 0.985(4) 0.974(4)

(lo~base) (V) -0.006 -0.012 -0.015 -0.016 -0.006 ~0,008 ~-0,014
B/R3 0.996 0.979 0.976 0.980 0.996 0.996 ¢.980
B/R2 0.996 0.976 0.976 0.976 0.996 0.996 ¢t.980
B/R1 (1.041) 0.979 0.980 0.970 0.996 0.996 0.980
B/ RO (1.387}) 0.978 0.982 (0.918) 0.984 0.994 0.978

(average) (#)0.996(2) 0.978(4) 0.979(4) 0.975(3) 0.993(4) 0.996(4) 0,980 (4)

(lLo-base) (V)~0.002 -.0.011 -0.011 -0.012 =-0,004 -0.002 -0.010

92 ¢




9, SOLAR X-RAY DATA FROM THE GOES iRS
9.1 Sample Data From Large Solar Z—~Ray Flares

The solar x-ray data from the GOES XRS units are used by
NOAA/NESDIS in its normal operations. The GOES solar x~-ray data
plots are published monthly in Solar Geophysical Data (U, S. Depart-
ment of Commerce, Boulder, Colorado 80303), Fig. 9.1 is a plot
of the GOES-5 solar x-ray flux for February 17 and 18, 1984,
which includes a class X flare (> 104 w/m2 in the 1-8 A® channel
B flux) peaking near 2300 UT on the 17th. The plot in Fig. 9.1
is made from two one~day plots prepared by NOAA. The sun is
quite active at this time, since the class X flare is preceded by
a class M flare (2 1072 W/m?2 in channel B) at abour 1200 UT on
the 17 th.

Details of the peak of the class X flare at 2300 UT are
shown in Fig. 9.2, which is made from parts of three one-hour
plots prepared by NOAA. The "spikes" shown in the plot are the
range change transients, since the plot shows all XRS5 megsurements,
which are received every 3.06 second minor frame time. A detailed
plot of each channel B measurement for the 'R2/R3 range change
during the event rise is given in Fig. 9.3 to illustrate the 3
second time constant during the recovery following the range
change. The fluxes plotted in Fig. 9.3 have been calculated from
the telemetry voltage using the sensor temperature (23.1°C) and
the temperature-corrected calibratjon constants from Table 7.2.
The NOAA-calculated fluxes in Figs. 9.1 and 9.2 are about 8%
lower using adjusted 25°C calibration constants to bring agreement
with the earlier SMS~2 XRS data (see Sections 9.2 and 11.3).

During February 1984 the GOES~-5 XRS sensor was at about 230¢
and the GOES-6 sensor at about 20°C (the electronic units (DPUs)
were about 189C and 15¢C, respectively). The sensor temperatures
are near the yearly maximum (earth orbit perihelion is near
January 3), and are close to the calibration base temperature of
259e¢C. Temperature corrections to the calibration constants are
thus small for these data.

Similar =x-ray flux plots can be obtained for other -solar
x—~ray flares, as most of the GOES-5/GQES~6 x-ray data are archived
at NOAA/NESDIS. The x-ray fluxes have been normalized to the
SMS-2 fluzes, which were originally used as a base for the GOES
¥RS fluxes (Ref. 16).

9.2 Intercomparison of the GOES XRS Units

The GOES~4, 5 and 6 XRS solar x-ray fluxes have been compared
in-orbit with each other and with GOES-2. The GOES-2 x-ray
fluxes form the basis for the normalization to the SMS~-2 base.
The GOES~2 x-ray calibration constants as originally specified
are obtained from Ref. 17, and listed in Table 9.1, These values
were used for the comparisons with GOES-4 and GOES-5. The actual
working calibration constants for GOES-2 were cbtained from
NOAA/ERL (Ref. 18), and are also listed in Table 9.1, The
Ref. 18 values are adjusted to have the GOES~2 x~ray fluxes agree

g3




"®XBTL X SSBID ‘#86T ‘QI-/T Axeniqsg =2yl 10J xXnTJg AvY-¥ IBIOS ¢-SH09 'I1°'6 2ind1g

861 ‘g1 Axeniqgej 86T LT Aaeniqeyg
In sanoyg In sanoyg
4 >4 ‘ol 4] ‘e ‘y M ‘o2 ‘9] *Z1 b ] e

0.-.o-..-...o...-.--.-.,.....--...-...-.....-.0..-.-..&.—.......;..-.JJ..--...!Z.-.....'n.-.lcll‘fu..\\.l.

e L R

. J#u. £ .f... toai . ...)r.-.rrn....-n . AC B OM

L2 e w - L. t . FUE S L SO A - .8

* s TN . - 4 ae At 1y w L) N Ye-kte

el T T A E Pt LR A A Voo

R R TR W v -5 Lo i [ \ w -

AT - - Ly rm..u Y - - +x 2 Tt * . W ot PR

- % LA nruﬂ—. - . 1 i . 1 *

b ” - L b . Y . . . S : .u. M

i“ - . . : v\)v)..-f)—. A m . cau % . m
S L A . - ! . -

P " : Pt \ . .
. A AR :

4
o
]
[}
N
™
o
+—

Saea e e
.
+
.
‘e,
HITERIEA
.
N
AL BN B |

94

5'}7
.ly,rl’
't‘ll‘ L] ¥

1
]
oot
2
O
—

(Zm/m> XNT4 ABy¥-¥X IBTOSQ

. 4 -
- - -
f/m :
; - d 0T
: .-
. .
: : . :
h.......n.......—................-...-.._.......”..............................-............. .
. 0T

m.-.



786T ‘81-LT 4iBniqaj @y3z 2037 yeag xnig Leg-¥ 18108

Y861 ‘8I-/1 Axeniqag

0 anoy IO S®INUTR + £Z Inoy 10

..........

‘ot o2 ‘0e ‘or 04 0z ‘o1 [\ ‘08

R N LI R R N R I S o R RN IR A AN I ] [

*9I1BT X SSEID
3yl Jo sTT®IL(Q

SRINUIH + 77

‘O ‘ox

"7°6 2an3d1yg

INOH

8
4
o

;
.
~ s
.
+

OO )

¥o-G7

pradad

reda e 4

wuoH

P~
|

[an]

—

(Zm/M) XNTg AB¥-¥X IBIOS

95



Channel B (1-8 A°) X-Ray Flux (10~% w/m2)

Figure 9.3.

82097

Time, seconds UT
February 17, 1984

GOES-5 Channel B X-Ray Fluxes at a Range
Change (R2/R3), Showing the Response Time
Constant.
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with S8SM8-2, using the factors listed at the bottom of Table 9.1.
The channel B factor of 1.089 differs slightly from the 1.098
factor given on p. 18 of Ref. 16, but the < 1% difference is not
significant.

The telemetry data print—outs for GOES-2, 4, 5 and 6 were
used to compare the x~ray responses for a number of solar flares

Table 9.1

GOES-~2 XRS Calibration Constants

x-ray flux (TM volts - V,) x Sy (Range)
Vo = offset in volts

Sy calibration constant to give W/m2 ¥x-ray flux

Channel/Range VolW) S8x (Ref. 71) Sx (Ref. 18)*

A/R3 0.60 3,417 x 10~5 4,005 x 10-5

A/R2 0.60 3.324 x 10-6 3.896 x 10-6

A/R1 0.60 3,373 x 10-7 3.953 x 10-~7

A/ RO 0.60 3.431 x 10-8 4.021 x 10-8

B/R3 0.59 3.193 x 10-4 3.476 x 10-4

B/R2 0.59 3.134 x 10-5 3.412 x 10-5

B/R1 0.59 3.313 x 10-6 3.607 x 10-6

B/ RO 0.590 3.369 x 10-7 3.668 x 10-7

*These are the values of Sy used by NOAA for calculating the GOES-2
solar x-ray fluxes. The channel A values are larger by 1.172,

and the channel B values are larger by 1.089,
3
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where data from two spacecraft was available. The resulting
measured flux ratios, using the 250C calibration constants, are
listed in Table 9.2 for the four ranges {where obtainable) of
each x—ray channel. The listed ratios are averages for each
range, over a number of events, and are accurate to about + 3%,
The A channel Rl and RO ranges for GOES-2 show anomalous behavior,
with widely varying ratios for both GOES-4 and GOES-5 comparisons,
s0 the listed values are only estimates (GOES~5/GOES-4 A channel
Rl and RO values are quite stable, so the variation is in GOES~2).

The XRS units also show step changes in x-ray flux at the
range changes because of slight differences in the calibration
for different ranges. The step change for the GOES~4 B channel
is shown in the plot of Fig. 9.4 for the R2/RIL range change.
This method of obtaining the range change steps only works for =a
smoothly changing solar x—ray flux as shown in Fig. 9.4. Another
method of obtaining the range change steps is to compare the flux
ratios of two XRS units where the range changes occur at different
flux levels. This allows one XRS unit to provide a flux normal-
ization for the unit having the range change, and will work for
both units in turn. The measured range change steps are listed
in Table 9.3 for GOES-2, 4, 5 and 6. The data are averages for
several solar x-ray flares and are accurate to about + 3%,

The normalized x-ray flux ratios from the direct measurements
in Table 9.2 and from the range change steps in Table 9.3 are
compared in Table 9.4, The two sets of ratios agree to within 5%
except for the A channel Rl, RO ratios involving GOES-2, where
the measurements have a large uncertainty because of the GOES~2
flux variations. Note that in all cases the (R3, R2) and (R1, RO)
flux ratios are equal to within 5%, so the major variations with
range come primarily from the factor 100 .gain change in the
preamplifier which occurs at the R2/Rl range ‘switch.

The correction factors to normalize the measured X=~Tay
fluxes to the §MS-2 equivalent fluxes are listed in Table 9.5.
The GOES-2 values are taken from Ref. 18 and the other ratios are
calculated from the average of the ratios in Table 9.2, The
x-ray fluxes calculated from the pre-launch calibration constants
should be multiplied by the factors in Table 9.2. The correction
factors are estimated to be accurate to + 5% because of the
multiple transfers involved, particularly for GOES-6. The
average value for the A channel shows that all four ¥RS units
give a flux about 25% lower than the SMS-2 XRS, while the B
channels are about the same as for SM§~2. The variations among
the GOES-2, 4, 5 and 6 XRS units is about + 10% for channel A and
+ 13%Z for channel B,
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Table 9,2

Measured ¥X-Ray Flux Ratios for GOES~-2, 4, 5 and 6 XRS Unitsg

Measured ratios for (GOES-a)/{(GOES-b)

Channel/Range 4/2 5/2 5/4 6/5
A/R3 0.85 0.94 - 0.87
A/ R2 0.86 0.96 1.14 0.85
A/R1 ~ 0,95 - 1.04 0.88
A/ RO ~ 0.99 - 1.04 0.88
B/R3 1.07 1,01 - 1.16
B/R2 1.07 1,01 1.00 1.15
B/R1 1.13 -- 1.02 1,16
B/ RO 1.11 - - 1.16
Table 9.3

X-Ray Flux Ratios for Adjacent Range for GOES~2, 4. 5 and 6

Channel Flux (high range)/Flux (low range) for
/{Range Ratio) GOES~-2 GOES~4 GOES~5 GOES—~6
A/ (R3/R2) 1.00 1.00 1.03 1.04
A/ (R2/R1) 1.00 0,96 1,09 1,06
A/ (R1/RO) ~ 1,00 1.00 " 0.95 0.96
B/ (R3/R2) 0.99 1.01 1.03 1.04
B/ (R2/R1) 0.98 0.93 0.95 0.94
B/ {R1/RO) 0.96 1.00 1.01 1.01
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Table 9.4

Normalized X-Ray Flux Ratios for GOES-2, 4, 5 and 6

Channel (G-4)/(G-2) (6=-5)/(G-2} (G-5)/(G-4) (6-6) /(G~5)

{Range Meas. Calc. Meas, Calc. Meas. Calc. Meas. Calce.
A/R3 =1.00 =1.00 =1,00 =1.00 - 1.11 =1,00 =1.00
A/R2 1.01 1.00 1.02 0.97 1.10 1.08 0.98 0.99
A/R1 ~1.12 1.04 — 0.89 1.00 0.95 1.01 1.02
A/ RO ~1.,16 ~1.04 - ~0.94 =1.00 =1.00 1,01 1.01
B/R3 =1.00 =1.00 =1,00 =1.00 - 1.02 =1,00 =1.00
B)RZ 1.00 0.98 1,00 0.96 =1.00 =1.00 '0.99 0.99
B)Rl 1.06 1.03 - 0.99 1.02 0.98 1.00 1.00
B;RO 1.04 0.99 - 0.94 - 0.97 1.00 1.00

Note: Meas. values are from the direct flux ratio data in Table 9.2

Calc, values are from the range change steps ratios in Table 9.3.

Table 9.5

Correction Factors to Normalize GOES~2, 4, 5 and 6 X—Ray Fluxes to SMS-2

Channel/Range G-2 G—4 G-5 G-6 Average
A/ (R3,R2) 1.172 1.36 1.23 1.43 1.30
A/ (R1, RO} 1.172 1.21 1,16 1.32 1.22
B/ (R3,R2) 1.089 1.02 1.08 0.93 1.03
B/ {(R1l, RO) 1.089 0.97 0.96 0.83 0.%6

Note: x-ray fluxes calculated from the pre-launch calibration constants
should be mutliplied by the above factors to give the effective SMS-2
measured x-ray fluxes.
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9.3 Long Term XRS Stability

The long term in-orbit stability of the GOES XRS units
depends on stable electronics and ion chambers. The electronics
stability can be verified by the IFC data, and as shown in
Section 8.3 is generally stable to 1%, with some possible 3%
shifts in the highest gain channels, The IFC does not verify the
ion chamber response, where small gas leaks could resgult in a
slow decrease in x-ray response. The in-~orbit comparison of the
GOES-2, 4, 5 and 6 XRS units discussed in Section 9.2 shows that
the A channels are equal to + 10% and the B channels to +13%.
These data show that at least up to late 1982/early 1983 the
GOES~2 XRS ion chambers had not leaked to about a 10% limit, and
that the GOES-4, 5 and 6 ion chambers had all survived launch and
initial operation for 1-2 years with about a 10% limit on the
possible gas leaks.

In June, 1986 the XRS on GOES-4 was turned on for about 2
weeks, and this allowed intercomparison of GOES-4, 5 and 6 X-ray
sensors after GOES-4 was in orbit for 5.75 Ye&ars. The GOES~4 XRS
was not properly synchronized to the solar direction, but was
synchronized to the earth horizon and so measured actual solar
x-rays only once per day near 0200 UT. On June 14, 1986, there
was a weak solar x-ray flare which gave useful fluxes only in
channel B/RO, but peaked near 0200 UT. As the GOES—2 XRS phasing
passed through the sun it was possible to measure the relative
B/RO responses of GOES-4, 5 and 6. The measured ratios are

(6-3) (B/RO) = 1.05  (6/14/86)
{G-4)
(G-6)  (5/R0) = 1.17  (6/14/86)
(G-5)

The (6-6)/(G-5) ratio is within 1% of the earlier measured ratio,
while the September 10, 1981 data for (G-5)/(G-4) from Tables 9.2
and 9.3 can be used to derive a value of "

(G-5)

(B/RO) = 1,01 (9/10/81)
(G~4) N

Thus, if we assume the (G-5)(B/R0O) response is stable, then the
(G~4) (B/RO) response has decreased by about 4% in 4.75 years.,
This is about the measurement accuracy, allowing for pointing
errore and the comparatively low peak flux of about 10-7 W/m2,
The data show that the GOES-4 XRS B channel ion chamber has not
leaked to less than 5% gas loss, and the data are consistent with
less than 1% gas loss over 5.75 years.

The above data could be explained by all three B chambers
leaking at the same rate, but this is extremely unlikely. The
most tenable conclusion is that all three B chambers have leaked

102




lees than a few % of their gas content in the 5.75 to 3.1 years
they had been in orbit as of June 1986.

The A channel fluxes were very weak, near 10-9 W/ m2, and
were strongly affected by small shifts in the offset voltage.
All three XRS units agree to at least 50% at the event peak, so
the A chambers have not experienced any large leaks,

All ion chambers for GOES-4 through H, plus spares, were
stability/leak tested at Panametrics for several months to 2
years in a test fixture using Fe~53 x~ray sources in vacuum. The
results for the GOES-4, 5 and 6 ion chambers are shown in Table
9.6, while the GOES-G, H, spares and the original Keithley
Engineering Model XRS ion chamber data are shown in Table 9.7,
The results in Table 9.6 show an ion chamber response increase of
about 3% over the firat several months, which appears to stabi-
lize. Thig is just at the limit of the 4% accuracy on the
calibration of the electrometer used to make the ion chamber
current measurements, The data in Table 9.7 indicate about a 6%
increasge in the B chamber response, which may be significant
since the Keithley EM ion chamber is stable to 1%. The data in
Tables 9.6 and 9.7 ere consistent with an increase in A chamber
response of about 2 to 6% and B chamber response of 4 to 11%.
most of this increase occurring over the first year following
manufacture. Following this initial increase, the ion chambers
appear to have long-term stability near 1%.

The 5~10% increase in ion chamber response may possibly be
due to "aging" of the Xe (0.5% He) and Ar (0.5% He) £iill gases,
where trace contaminants achieve a Final equilibrium concentra-
tion. The final trace gas concentration could be higher {(outgas-—
sing from the walls, etc.) or lower (gathering of reactive gases
by wall and/or other materials inside the ion ‘chamber). According
to Ref. 19, pp. 31-35, Ar has an electron mobility which 1ia
strongly dependent on trace gas concentrations, while Ref. 20,
p- 8-38 indicates that the W (eV/electron-ion pair) value for He
is strongly dependent on trace gas concentration. These gas
properties may account for the observed ion chamber response
changes during the first year following £il1l, but this is only a
plausible hypothesis and would require extensive testing to verify.

Since the gain increase is only about 5-10%Z, and appears to
be stable to 1% or so after about 1 year of aging, it is not a
critical factor. The only practical requirement is that detailed
ion chambers calibration should be done after 1/2 to 1 year of
aging to avoid & possible in-orbit gain increéase above the XRS
calibration. Since the calibration accuracy is typically about
102 (A chamber) to 15% (B chamber) (Refs. 14, 15), the "aging"
gain increase of 5-10% will generally not be readily noticed from
in-orbit data, although it may account for part of the observed
differences between in-orbit XRS responses (e.g., the 16% differ-
ence of the GOES-5 and GOES-6 B channel - gee Table 9.2).

Once the ion chambers have "aged" for 1/2 ~ 1 year, the
absolute x-ray calibration appears to be stable to 1%, and
in-orbit data indicate that long-~term ion chamber stability is
likely to be better than 5%.
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Table 9.6

GOES-4, 5 and 6 Ion Chamber Stability Test Results

Stability test results for ion chamber

GOES-4 GOES-6 GOES~5
Date of SN w2337 SN W2338 SN W2339 SN W2340
test A B A B A B A B
9/78 (base) 1.00 1.00 1.00 1.00 1.00 1,00 1.00 1.00
1/79 1.02 1.01
5
5/79 1,04 1.02 1.06 1.04 1.05 1.04 1.06 1,07
11/79 1.03 1.04 1.04 1.04
6/ 80 1,07 1.07 1.06 1,03
Average of
last 2 1.06 1.05 1.06 1.03 1.04 1,04 1.05 1.06
Final average for A chambers = 1.05
Final average for B chambers = 1.04

Note: Engineering Model Ion Chamber SN W2336 from 6/78 to 9/78
showed response changes of: : -

1.06
1.11 :

A chamber
B chamber
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Table 9.7

GOES~G, H Ion Chamber Stability Test Results

Stability test results for ion chamber

GOES~G = GOES—-H Keithl ey
Date of SN B1652 SN B1653 SN Blé54 SN B1655 Eng. Mod.
_test 4 B A B A B A B A B
1/84 (based) 1.00 1,00 1,00 1.00 1,00 1.00 1.00 1.00 1.00 1.00
2/84 1.01 06.99 1.00 0.99 1,00 1.00 1.01 1.01 1.00 1,01
6/84 1.01 1,05 1.02 1.04 1.01 1.08 1.01 1.05 1.00 1.01
10/86 1.04 1.11

6/84 Average for A chambers (four) 1.02/Keithley EM

it
[y
.
<
<

1]

6/84 Average for B chambers (four) 1.06/Keithley EM

n
—
Iy
o
-t
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10. COMPARISON OF XRS BACKGROUND AND EPS ELECTRON DATA

The XRS narrow band (NB) background channel gives the
average ion cnamber current. The average current normally
consists of two components: the averaged current from the solar
x-ray pulse (100/sec at about a 10% duty cycle); and the electron
induced backgroutd current. During solar proton events there are
also currents from the higher energy protons (above about 7.9 MeV
for channel A and 2.3 MeV for channel B). The XRS NB background
channel response to x~rays can be calculated from the calibration
data in Tables 7.2 and 7.3, using a 10% duty c¢ycle for the solar
x-ray pulse based on the 36C FWHM of the XRS telescope FOV in the
syeep direction. The NB response can also be weasured in-orbit
during periods of varying x-ray flux, but low, constant particle
(electron - El) fluxes.

Figures 10.1 and 10.2 show measured NB vs, x—-ray flux
responses for the GOES~5 XRS during a 10/7-8/81 X~-ray event. The
data are for Rl and R2, and are for a period of low El counts
(about 1/sec or less) during the rising part of the xz-ray event.
The measured NB/x-ray flux slopes in Figs. 10.1 and 10.2 are
compared with a number of other measurements in Table 10.1, and
the average measured response is compared with the calibrated
response at 103 duty ecycle. The agreement is quite good and
shows that the =x~ray contribution to the NB background current
can be readily calculated from the calibration constants. Some
GOES~6 XRS NB data for the 5/27-28/83 event are in good agreement
with the GOES~-5 data, so all XRS unite can be readily corrected
for x-ray flux contribution to the NB background current,

Channel A corrected NB background current for the GOES5-5 XRS
is plotted against the EPS El countrate in Fig. 10.3. The NB
current is corrected for x-ray flux effects by

I (corr.) = Iy - 1.79 x 10”8

NB I (10.1)

where Inp in A is calculated from (7.4) and Jy in W/m? is calcu~
lated from (7.1). The data in Fig, 10.3 are for a high electron
flux peried in 10/85, and are fit to ¥ 30Z by a straight line of
slope 7.8 x 10-17 A/(el/readout). At low electron fluxes the
10/10~-11/85 data show some large deviations from the higher flux
fit, and this is shown better in Fig. 10.4 where a number of sgets
of low electron flux data are shown. The slope in Fig. 10.4 is
8.5 x 10~-16 A/(el/readout), about ten times the slope in Fig.
10.3. The XRS response to electron bakcground, based only on the
El (> 2 MeV) electron flux, thus has at least two different
response types. Note that proton flux effects are also observed
as shown by the 11/25-26/82 data in Fig. 10.4, where the same El
slope is observed, but with an offset of about 2.7 x 10-13 A,

The channel B corrected NB background currents are plotted
in Fig. 10.5 for high electron fluxes and Fig, 10.6 for low
electron fluxes. The corrections were made with (10.1) but using
a correction factor of 4.8 x 10~/ A-m2/W, based primarily on the
Figure 10.1 .
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Table 10.1

GOES-5 XRS NB Background Response to X-Rays

Date XRS Ranges X-Ray Event NB response (A-m2/y)
of data used condition Channel A Channel B
10/7-8/81 R2/R1 Event rise 1.55 x 10-6 5.38x 107
10/7-8/81 R2 Event fall 1.68 x 10-6 4,93 x 107
10/7-8/81 R1 Event fall 1.81 x 10-6 4.63 x 10-7
6/4/81 R1/RO Weak event; 1.89 x 10-6 6.36 x 107
low El counts
5/27-28/83
and 7/19/81 R1/RO Weak fluxes; 2.02 x 10-6 4,76 x 107
“ low El counts
Average (5) = 1,79 x 10-6 5.21x 107
Calibration K/10 (Table 7.2) = 1.74 x 10-6 4,84 x 10-7
Measured/Calibration = 1.03 1.08
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pre-launch calibration data. The channel B high/low electron
fiuxes show slopes about a factor of 20 different, slightly
larger than for channel A, Note., however, that the channel B NB
background signal is quite low, with 1 L SB telemetry bit increment
giving the current change shown in Fig. 10.5 (x-ray flux correc—
tions shift the NB current from exact 1 LSB bit positions), so
the channel B data fits are less accurate, particularly at low El
count rates,

The XRS response to electrons comes through two mechanisms:
the direct irradiation by electron above about 2 MeV which are
not deflected by the shielding magnet; and bremsstrahlung produced
in the XRS housing and spacecraft, and which penetrate the ion
chamber shielding to produce & current. The estimated responses
for these two mechanisms are listed in Table 10.2, along with
comparisons to the measured data.

The direct electron response (line 1 of Table 10.2) is
obtained from the magnet shielding calculations in Ref. 21, and
is normalized to the El geometric factor and count time (3,06
second) to give A/(el/readout). The direct response comes
primarily from electrons above about 2 MeV, since the shielding
magnet prevents lower energy electrons from reaching the ion
chamber windows {(see Ref. 21),

The bremsstrahlung response is calculated using the electron
spectrum for GOES 160°W in Ref., 12, with bremsstrahl ung production
in Al. The bremsstrahlung are attenuated by Al (1.0 g/cm?), Fe
(1.1 g/em? -~ the ion chamber wall), and Pb (1.8 g/cm2), with PB
attenuation for only half of the ion chamber solid angle since
the ion chamber has Pb shielding on only part of the sides, top,
and bottom. The transmitted bremsstrahlung are absorbed by the
ion chember gas (Xe or Ar). The precise calculation method,
particularly for energy loss in the gas, is complex and will not
be discussed in more detail, The results are listed in Table
10.2, and the response comes Primarily from electrons below 1
MeV. The calculated bremsstrahlung repsonse vs, the El (> 2 MeV)
electron count rate is thus strongly dependent on the spectral
shape, and will not be correct for electron spectra significantly
different from the GOES 160°W spectrum in Ref, 12. The calculated
bremmstrahlung response is also uncertain because of the crude
approximation of the spacecraft shielding by 1,0 g/cm?2 Al, so the
caleulated results in Table 10.2 are uncertain by at least a
factor of 2, ‘

The comparison of measurements and caleculations in Table
10.2 lead to some interesting conclusions. For high electron
fluxes the best agreement is with the direct electron irradiation
calculation (line 4 vs. line 1), which suggests a harder electron
spectra than the GOES 160°W model. The channel A calculation is
in reasonable agreement with the in-orbit data, while the B
channel calculation is about a factor of 5 high. For low electron
fluxes the total electron calculation is in good agreement for
channel A, but a factor of 2.5 low for channel B. The A channel
data thus indicate that low electron fluxes are consistent with
the GOES 160°W spectral shape of Ref. 12, with electron bremsstrah~
lung producing the dominant signal, while the high electron
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Table 10.2

Estimated XRS Electron Responses and Comparison with Measurements

Background
Mechanism

Direct electron
irrad. (Ref. 21)

Bremsstrahlung

Total electron
response

Measured high flux
(Ratio line 4/
line 1)

Measured low flux
{Ratio line 6/
line 3)

Ion Chamber
Responses -~ A{el/readout)

Channel A Channel B
1.02 x 10-16 2.2 x 10-16
8.6 x 10~16 6.5 x 10-17
9.3 x 10-16 2.9 x 1016
7.8 x 10-17 4.0 x 10-17
(0.76) (0.18)
8.5 x 1016 7.2 x 10-16
(0.91) (2.5)
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fluxes are associated with harder electron spectra where <the
direct electron irradiation effect is dominant.

The channel B calculated responses are in poor agreement
with the measurements. The high electron flux calculation can be
improved by allowing for the angled incidence of electrons on the
B chamber window, since most electrons have been deflected upward
by the shielding magnet (see Fig., 7.3 and Ref. 21). The Re UV
shield is lecated about 0.45 inch in front of the ion chamber
window, and the 0.050 inch thick, 0.096 inch wide support bar
between the A and B chamber apertures would thus shield the B
chamber window from electrons at incident angles between 100 and
30°. The support bar is equal to the range of a 1.6 MeV electron,
go even high energy electrons would be scattered cut of the
direction of the B window. Maximun shielding would be a factor
of 0.62 in response, so allowing for some electron penetration
would suggest a factor of about 0.75 for this shielding.

The angled electron incidence also results in only a fraction
of the B chamber volume being irradiated by electrons. For
incident angles (to the window normal) of 10° to 30° the geometri-
cally irradiated volume fraction is 0.45 to 0.14., A reasonable
average volume fraction would thus be 1/3, for a total correction
factor of 0.25. This gives & corrected direct electron response
calculation of 5,5 x 10-17 Al(el/readout), and a measured/cal cu—~
lated) response ratio of 0.73 for the high electron flux case.
The total calculated response becomes 1.20 x 10-16 A/(el/readout),
with a (measured/calculated) response ratio of 6.0 Ffor the low
flux case,. '

The B chamber calculations can thus be reasonably well
corrected to agree with the high flux data, but the low flux data
would require a bremsstrahlung response ‘about 10 times the
calculated value. One factar may be low energy proton contamina—
tion, since the B chamber 2 mil Be window (plus the 0.4 mil Be UV
shield) allows protons above 2.3 MeV to reach the Ar £f3ill gas.
An approximate calculation assuming that 1/6 of the Pl (0.6 - 4,2
MeV protons) counts are for protons above 2,3 MeV gives a channel
B NB current response of 1.0 x 10-13 A/(Pi1/readout), which is the
same magnitude as the slope for electrons in Fig. 10.6. The B
chamber low electron flux data are thus protentially contaminated
by proton fluxes. Since the Pl counts are ugually from low
energy protons (< 2.3 MeV), the actual separation of El1/P1
effects is likely to be difficult. Note that the data in Figs.
10.5 and 10.6 show an offset of 3 x 10-13 A, yhich may be from
protons. It should be noted that even at the times of very high
electron flux, the Pl count was not significantly higher compared
with the low electron flux periods, for both GOES-5 and GQOES-6.

The high El electron fluxes on GOES-5 and GOES~6 correlate
not only with the XRS background NB currents, but also with the
HEPAD 81 count. The HEPAD S1 output is a 0.125 MeV threshold on
the front solid state detector, and is thus sengitive to brems-
strahlung from electron above this energy. Early data from
GOES-5 and GOES-6 are shown in Fig. 10.7, where both give approxi-
mately the same relation between EI and S1. Figures 10.8 shows
early and later data from GOES-6, illustrating the decreased

116




- 5/17-18/83
- 5/27-28/83

- 8/1/83
- 2/16-18/84

GOES-6 data

! T gy Er ey ERAE: ] —
1 paved 1 I 1
4 frem 17 t M~
pRios can s b Ak B
IIET piries bk poos:
peoTr =
s ] Fres FReud by : R
ot ety 1
i + 3T ¥ +
] ] T " -
] e — 1= r 2 [en]
4= - 1 ot F 7 O
e A Jm = [Py PRy ey y— > :
iy 3 | DO Bt g L
Py e s pemaieg poy | PR pranael i b p4 b 1 ;
pes - i Iy VELSEERGE podtlh phumi pninpa woepd e bt s 1
: 1 5 phmey b et R AR S [ REA T H ot § Forind mom il b Kot REAES £ i
I e Ey Rt R ertavs pl ot P FERSS el E) bt Eaand i . [
Eab1 s R B B P el R RS e L AR ST s ekl Ereoy Aot corms iy i =)
—y —
3 12 z i e e Ee i um
5 T 1T 1 byl manal Eoh il hivwad pranswnse)
b o . proms
4 T 3 A 3 iy i 4 p S| it
< T3 iriing e
T o == Frome paney :
p ]
peane " e ;
FEsEE T e t H ©
- [aiv]
: 11 t . -
5 :
eos ]
:

8/1/83

- 7/17/81
- 11/25-26/82
- 5/27-28/83 &

GOES-5 data

HEPAD S1 Counts/readout (= 6.12 seconds)

GOES-5 and GOES-6 EPS EI vs. HEPAD S1 Count Rates.

e HRvees : P
L gl Pk s o bl i’
i o
2 pepe s reetbes e o
e — — M~
il o] rion e SRt SEUY Ewte Ay mumvs kAL 4 Few H 1
—
- ; : T
; . L3
—7 Py
bt § o v
! e St HITTW o
s e it CE o
= (3 i tooet b e e s i et = : ! T ; (o
" : A RS =
f ; ] i e
2 1 ar.. 2 !.-I.d.\ﬂmﬂx
o . %
7 T T 1 |I!_-WM.J. : )
T -} s g ; § S
f paisap st == ; - (]
i : hs Am‘wf.:i.? —i
it 33 ;
- d ¥ 13
—= e = 22
it e ;
: el s Lt Doy syl papais :
fredas

300 -
200
100

Figure 10.7.

(8pUOdss gO*¢ =) Jnopeai/siuno) 19 S§%



detection efficiently for the El channel with a partially depleted
detector. From 5/83 to 10/85 the El channel detection efficiency
on GOES-6 has dropped by a factor of about 4. A similar relation
ig found for the EPS El vs, HEPAD S3 count rates, but it is less
obvious because of the large alpha lamp background.

The XRS5 background currents vs. EPS El electron count rate
are in reasonable agreement with calculations, particularly for
the A channel. The data indicate a change in electron spectral
shape, with a harder sgpectrum at high El flux intensities. The B
channel data indicate 2 possible proton flux contamination at low
El count rates,
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11, IN-ORBIT OPERATION OF THE GOES XRS

11.1 Routine IFC Operation

The GOES XRS units are generally put into the IFC mode for
several minutes once per week. The weekly IFC data should be
checked for the ("hi"-"10%") values and the "lo" values, as
discussed in Section 8.2 The acceptable "lo" values, are only
for the upper ranges as determined by the pre-IFC solar x-ray
flux, which should be ¢ 0.75 V in the range in question, or < 3 V
in the next lower range. 1IFC data with a large E1 count rate may
alsoc be suspect. If any of the "lo" values for the lowest ranges
have shifted more than + 5% with no solar x~ray flux effect, then
the data should not be considered significant if El is large (>
1000 counts/readout is a good starting choice).

High proton fluxes can also affect the IFC data much like
high electron fluxes. A safe approach would be to ignore any
"lo" deviations of more than + 5% if the EPS P2 count is greater
than 10/readout, or if the P4 count is greater than 100/ readout.
Particle or x-ray fluxes which are strong enough to saturate any
of the "hi" values at 5.11 V, or the "lo" value at 0.00 vV, will
also give incorrect ("hi"-"1o") gain values. Any significant
changes of more than + 5% should be verified for at least two IFC
cycles a week apart and possible temperature effects should also
be checked, before an anomaly in the IFC is noted.

The IFC "lo" values from all acceptable ranges should be
averaged to give an effective base value for each XRS channel.
The averaged IFC base values should be used for the x—-ray flux
calculation in (7.1) if the new IFC base differs from the current
use base by more than 2% (2% is about one LSB increment in the
telemetry signal). Note that if temperature ‘corrections are used
for (7.1}, then the IFC base should be corrected to 250C . using
the DCy values of (7.2) to generate a new, corrected Cx (25°C)
val ue, The new IFC base values will generally have a greater
than 2 or 3% effect on solar x-ray flux only in the lowest part
of RO, near the channel thresholds,

11.2 Periodic Cross—Check of Different XRS Units

Two spacecraft are normally used as the operational GOES, =o
data from two XRS units are generally available. The solar x—ray
fluxes measured by these two XRS units are available to monitoring
personnel, and any significant difference would be noticed.
Periodic comparison of the two XRS unit fluxes would sallow
deviations to be detected at any early stage, before the differ-
ences could lead to operational uncertainties.

The two operational XRS units should generally be compared
three or four times a year, with the data being used to determine
any trends which could be used to predict the onset of deviations
greater than 5 or 10%. The comparisons should be made at near
mid-range in R1 or R2, during a period of slowly varying solar
x~ray fluxes. Electron and proton fluxes should be low and RO
data should be avoided to reduce any possible particle contamina-
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tion effects, The comparisons should be made with temperature~
corrected calibration data. A long term plot of these comperisons
can be used to determine when a deviation from agreement began,
should a significant difference in flux develop.,

A second, more detailed comparison should be made about once
a year, during a Class X flare. This would allow detailed
comparison of the operational XRS units over nearly all =xz-ray
ranges, and at several points in each range. The data can be
used to detect changes in each range, and to verify that range
change discontinuities are stable (in-orbit calibration corrections
should reduce such discontinuities to a few % of less ~— see
Section 11.3),

A third comparison should also be attempted about once per
year. Any additional standby GOES spacecraft should be operated
ag a third GOES and the XRS unit (if still operational) used for
a third intercomparison. It would be preferable to make this
comparison during a period of solar x-ray flare activity, if
possible, but there should be at least a high RO or Rl flux
Present to allow reliable intercomparison, This ¢ould be done
over the course of a few weeks, using whichever GOES standhby
spacecraft are available, The results would give additional data
on the long term XRS stability, particularly the ion chamber
stability against gas leakage.

11.3 Normalization of Follow—-0On XRS Units

As shown in Section 9.2, two XRS units can give in-orbit
measured golar x-ray fluxes that are as much as 20% different.
To avoid operational uncertainties and to pPreserve the long term
continuity of the GOES solar x-ray data, folllow on XRS units have
generally had the ground calibration constants normal ized in—orbit
to give agreement with the SMS—-2 XRS data. This should be done
routinely with a new XRS unit following the launch of a follow-on
GOES.

The XRS calibration normalization requires at least a Class
M and preferably a Class X flare. As shown in Section 9.2, the
R1/R0O and R3/R2 range change discontinuities have generally been
less than a few %, but the R2/R1 discontinuity has been as nmuch
as 20%. It is expected that most XRS units will require a
single normalization factor for each channel (A and B), but it is
possible that each channel may have separate factors R3 + R2Z and
R1 + RO, After detajled comparison to the corrected operational
GOES XRS units, a set of correction factors as in Tabie 9.5 can
be obtained for each new XRS following a GOES launch.

The XRS5 normalization process should not be used if the
deviations are too large, since this could result in a long term
shift, most likely a decrease because of ion chamber gas leakage.
Since a new XRS can generally be compared with at least two older
operational XRS units {(and preferably a number of even older XRS
unite on standby GOES), a large positive deviation (new XRS
fluxes significantly larger) is unlikely since it would require
identical gas leak rates in all in-orbit XRS units. Should any
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in-orbit XRS units develop a gas leak this is moet likely to have

been detected by the periodic comparisons recommended in Section
11.2.

Considering the past GOES XRS stability history, the most
likely deviation of a new XRS is downward, with a gas leak in the
new unit indicated. The could be verified by comparison of x-ray
flux data over the next few months where the new XRS fluxes would
show an increasingly greater deviation downward. Under such
conditions the new XRS data would not be valid for the channel(s)
showing the deviation.

Note that the channel A data fronm GOES~2, 4, 5 and 6 are all
about 20Z lower than SMS-2, so a + 20% deviation allowance for
follows~on XRS units should be retative to a 20% lower response
for channel A (the channel A correction factor should be in the
in the range of 1.2 + 0.25). Any correction factor deviations of
more than 20% (1.0 + 0.2 for channel B) should be considered
suspect until further investigation rules out gas leaks and other
potential problems.

Ultimately, it may be necessary to renormalize the XRS
fluxes to a new unit calibration. This would occur when two
successive new XRS units both showed increased fluxes of more
than 20Z above the older units. At this point a more detailed
investigation would be required to eliminate the posgibility of
ground calibration procedures being responsible for the increase,
but if data showed that all older XRS units gave fluxes decreasing
relative to the new units, then a new normalization would be
required. However, it is felt that this is an unlikely occurrence
because it requires identical leak rates, starting simultaneously,
in at least two older XRS units. Normally, as gas leak in any
one KRS unit would be detected by the periodic checks recommended
in Section 11,2

12. CONCLUSIONS

The in-orbit operation of the particle detectors (EPS/HEPAD)
and solar x-ray sensors (XRS) on the GOES-~4, 5 and 6 spacecraft
has been investigated in detail. The EPS/HEPAD data have been
analyzed both for operational stability (the IFC data), and for
particle response during solar proton events. Solar proton dats
have been compared with low altitude NOAA-8 data over the polar
caps with reasonable flux agreement for the selected February 16,
1984 event, -

The GOES-5 El channel electron flux data show a significant
increase above the expected average fluxes during late 1984 and
late 1985, so that after 5 years in orbit the integrated flux is
about 50% greater than expected, This has led to radiation
damage in the D3 dome detector, and indicates that the radiation
dose at geosynchronous orbit may at times be significantly larger
than expected from past average electron flux conditions.

The XRS data show good long term electronics stability from
the IFC data. and x-ray flux comparisons between different XRS
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units indicate a likely good stability in ion chamber response (<
5% gas leak over 5~6 years). XRS units require up to 20% renorma-
lization of the ground calibration to minimize in-orbit disagree-
ment in measured solar x-ray flux, This is near the estimated
uncertainty in jon chamber calibration.

Several suggestions for normal in-orbit checks on EPS/HEPAD
and XRS operation have been detailed., These involve primarily an
expanded set of electronics checks with the EPS IFC data, and
HEPAD gain adjustment for the PMT. The XRS checks include
routine IFC checks, and perjiodic cross—checks are also made for
normalization of the ground calibration constants for follow=-on
ZRS units through comparison of in-orbit x-ray flux data,
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