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Change History Log

Description of Changes

Revision Effective Date (Reference the SCoRe Approval Date)

Released per XRISM-SCoRe-XXXX (this is added
automatically by CM).

Add additional description of changes here. E.g., “Update
based on in-flight measurements, including expanded
description of systematic errors.”

0.1 2021-07-16 First draft for confirmation with NEC

0.2 2021-08-31 First draft released to SOT/SDC from SOT/MOPT

0.3 2021-09-08 SDC: minor changes to file names, following conventions

0.4 2023-04-14 Second draft released to SOT/SDC from SOT/MOPT,
Feedback from the ground timing verification in the thermal
vacuum test in 2022.

0.41 2023-04-19 Some file name and other minor corrections by SDC.

0.5 2023-06-30 Third draft released to SOT/SDC from SOT/MOPT,
Feedback from the ground timing verification in the thermal
vacuum test in 2022 (a refined version of the revision 0.4).
Corrections made in figure 7, whose TIME-S TIME values
had a wrong sign.
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NOTE to editors: These documents are updated as needed, e.g. when the relevant CALDB files,
or the relevant calibration data analysis, is revised.

This document must include the CalDB file name, an explanation of how the data were collected

and the analysis conducted and, if using standard Ftools, the software version number. All
revisions are consolidated into the same document to maintain a full record of all changes.
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1 Introduction
1.1 Purpose

This document describes how the data used to create the XRISM FVT CalDB were obtained and
analyzed, how the parameters defined in the CalDB file were derived, and how the CalDB file is
used by the ground software.

The time information (TIME column) is calculated from the on-board timing counter, called
“time indicator” (TI) generated at on-board central computer, Satellite Management Unit (SMU),
and the sub-counters of instruments. The TI is normally synchronized to the the International
Atomic Time (TAI), provided by the on-board GPS receiver, but the spacecraft has another
timing mode, GPS unsynchronized mode, in which the TI is not synchronized with TAI. The
relation between TI and TIME is calibrated when the spacecraft is contacting the ground station
and is stored as the TIM FITS file. In the generation of TIM FITS file, the XRISM ftool,
xamktim, identifies the timing system (i.e., GPS synchronized or unsynchronized modes) and
calculates the relation between TI vs TIME.

The calculation of the relation between TI vs TIME with xamktim is shown in Figure 1. The
TIME can be easily identified from TI during the GPS synchronized mode because it is in TAIL
On the other hand, the calculation of TIME during the GPS unsynchronized mode is divided into
two steps; 1) correction of short-term fluctuation, and 2) long-term correction using anchor
points (x and y in the figure) in the GPS synchronized mode. On step 1), the short-term trend is
estimated from the temperature of the timing quartz on SMU, using the temperature dependency
of the frequency of the quartz.

This document describes the details of the measurement of the temperature dependency of
quartz frequency (Frequency vs. Temperature; FVT) of SMU-A and SMU-B.

Y.Terada et al., JATIS 4-1, 011206 (2017) modified
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Figure 1. Schematic view of the calculation of the relation between TI and TIME [1].
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1.2 Scientific Impact

This CalDB data are used to calculate the relation between TI and TIME in the time assignment
ftools, xamktim, as described in Section 1.1. As described in reference [1], this function is
directly related to the timing accuracy of the XRISM mission.

Following the Hitomi timing system [1], the uncertainties of the absolute timing accuracies on
the timing system of XRISM are controlled by the timing error items to achieve the mission
requirement on the absolute timing at 1 msec [2]. The budget on the timing uncertainties for the
GPS unsynchronized mode is assigned as 350 microseconds for 3 sigma, which is estimated
from the timing uncertainties of Suzaku using 34m antenna at Uchinoura Space Center [4].

1.3 Additional Introductory Information

The SMU on-board the XRISM spacecraft is a fully redundant system having unique two
modules: SMU-A and SMU-B. Therefore, the FVT CalDB data consist of two corresponding
files. The module ID used in an observation can be identified in the SMUUNIT keyword in the
HK and Science FITS files.

The ground measurement has been performed during the unit test of SMU-A and SMU-B
before fabrication on the spacecraft.

The bus system has a function to measure the temperature dependency of the quartz frequency
of the active SMU during the GPS synchronized mode. This function is activated by the
operation commands, and the counts of 5S0MHz clock during the 16.0 seconds by the GPS
receiver and the temperature of the SMU are stored in the HK FITS file. The XRISM ftool,
ahtrendtemp, can gather this information and update the FVT CALDB file.
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2 First Delivery — 20210831

The following information will be included in the CalDB file header. Note: some of this
information may be supplied by the SDC.

XRISM_GEN CALDB_QCLOCK
Revision 0.5
Effective Date: 2023-06-30

CalDB Filename

Validity
date

File(s) as delivered

Delivery
date

Comment

xa_gen qclocka 20190101v001.
fits

20190101
00:00 UT

xa_gen_qclocka 20190101 v20210209.
fits

20210831

Data from
timing
measurem
ent of
SMU-A
by NEC &
SOC.
CDES000
1="Quartz

Clock
Temperat
ure vs
Frequency
Pre-Flight'
/
Descriptio
n
CBD1000
1=
'SMUUNI
T(A)

/ SMU
Unit

xa_gen_qclockb 20190101v001.
fits

20190101
00:00 UT

xa_gen_qclockb 20190101 v20210209.
fits

20210831

Data from
timing
measurem
ent of
SMU-B
by NEC &
SOC.
CDES000
1="Quartz

Clock
Temperat
ure vs
Frequency
Pre-Flight'
/
Descriptio
n
CBD1000
1=
'SMUUNI
T(B)'

/ SMU
Unit
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2.1 Data Description

Detail of the data provided:
The data is provided in the FITS format. The data consists of the following information.
® FREQ column (in ‘1D’): the clock counts of the quartz in 64.0 seconds. The value of FREQ
divided by 64.0 is the frequency in Hz.
® TEMP column (in ‘1D’): the temperature of the SMU, in degree Celsius.

Detail of the measurement:

The measurements were acquired during the unit test of the thermal cycle of the SMU under the
atmospheric pressure in the heat bath. The experimental setup is shown in Figure 2. The
frequency of the quartz was measured using the IMPPS signal from the SMU by the commercial
frequency counter, and the temperature of the electric board on which the quartz is mounted was
measured by the temperature sensor on the board. The temperature of the heat bath was swept
between -25 degC and 60 degC, several times (note that the detail configurations, such as the
type of the frequency counter and temperature sensor, number of thermal cycles, sweep rate of
the temperature, etc., are confidential).

Heat Bath (-25 degC ~ 60 degC)

Data logger

v Temperature sensor

] Frequency Counter

1MPPS signal

Figure 2. The setup of the measurement of the temperature vs frequency of SMU on ground.

Acknowledgement:
The measurements have been performed by the NEC Corporation, Fuchu Tokyo Japan.
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2.2 Data Analysis

Among the datasets of sweeps of the temperature for SMU-A and SMU-B, the sweep data
whose trend is different from others by more than 2% was rejected, and data selected during the
temperature sweep rise and fall periods were paired. Finally, one pair of temperature rise and fall
data for SMU-A, and two pairs for SMU-B were selected.

Then the data points within 0.5 degrees were simply averaged, and provided as the first version.
The simple averaged values are also plotted in Figure 3. Note that several trials on the
temperature width are also shown in Figure 3.

2.3 Results

The results are shown in Figure 3.
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Figure 3. Results of the measurement
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2.4 Final remarks

This is the first release of this CalDB file based on ground measurements.

The relation between the temperature and frequency here by the unit test of SMU were verified
in the ground-timing-system verification test using SMU onboard spacecraft in Jan 2021, using
the bus function described in Section 1.3. The results are shown in Figure 4. Since the
measuring locations of the temperature on the SMU are different between the unit test and the
timing system verification test, the trend is shifted by 2 or 3 degrees C, but the slopes are similar.

Timing System Verification Test @ NEC Fuchu 2021.1.26 & 1.28

0.9999860 T T 0.9999940
0.9999855 0.9999935 |- AT .
< 0.9999850 CALDE < 0.9999930
< T
= < CALDB
© 0.9999845 ©  0.9999925
qé' GPS Time (pre) S DS T
© 0.9999840 P 8 09999920 |- 2. TIME (PIE)E .
w T GPS Time (post) w i —
- : GPS Time (post)
0.9999835 |- i 0.9999915
0.9999830 - : 0.9999910 :
38 382 384 386 388 39 392 394 376 378 38 382 384 386 388
Temperature (degC) Temperature (degC)

Figure 4. Results in the timing system verification test using onboard SMU.

3 Revision 20230414

Revised data files were delivered on 23/4/14 and the CalDB files based on these data are shown

below.
CalDB Filename Validity File(s) as delivered Delivery Comment
date date
xa_gen qclocka 20190101v002.fits | 20190101 | xa gen qclocka 20190101 v20230414.fits | 20230414 Analysis
00:00 UT updated for
SMU-A
xa_gen qclockb 20190101v002.fits | 20190101 | xa gen qclockb 20190101 v20230414.fits | 20230414 |  Analysis
00:00 UT updated for
SMU-B
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3.1 Data Description

The timing accuracy during both the GPS synchronized and unsynchronized modes has been
tested by the ground thermal vacuum (TV) test before launch. As a result, the frequency vs.
temperature (fvt) trend measured in the TV test is 1 — 3 % differed from the first version, because
the measuring point of the temperature is different between the unit test configuration (used for
the first version) and the final flight configuration (TV test). In addition, such differences at a
few % level affect the timing accuracy during the GPS unsynchronized mode and the timing
error budges to be unsatisfied. Therefore, the fvt tables are updated to match the trend measured
in the TV test.

3.2 Data Analysis

The fvt taken in the TV test and the first version are compared as plotted in the figures 5 and 6
below.

64.001

64.0005 |- 4

64 |- 4

63.9995 |- B

63.999 |- N

63.9985 |- 1

63.998 |- 1

63.9975
-20 -10 0 10 20 30 40 50 60 70 80

Figure 5. Comparison between the 1°/2"! version of fvt (blue and cyan, respectively) and the
measurement in the TV test (green during GPS sync mode and red during GPS unsync.) (SMU-A).
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64.0005

T

64 |-

T

63.9995
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Figure 6. Same as Figure S but for SMU-B.
To reproduce the TV data (red plots), following formula is applied to the first fvt table.
New temperature
= (old temperature — OFFSET) — {(old temperature — OFFSET) - REFTEMP)} * ADJUST.

Numerically, the following values are applied to obtain the second version.
OFFSET = 3.4 degC (SMU-A), 1.0 degC (SMU-B)
REFTEMP = 30.4 degC (SMU-A), 27 degC (SMU-B)
ADJUST = 0.03 (SMU-A), 0.01 (SMU-B).

3.3 Comparison with the previous release

The timing accuracy during the GPS unsynchronized mode has been checked using the thermal
vacuum data. The time assigned with the first and second version of fvt CALDB are tested as
shown in the following figures. The drift time from the start of GPS unsynchronized mode is
shown in the figure. As a result, the timing accuracy has been improved from the first version.
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SMU A, GPS unsync., TV test
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S_TIME from 2022/08/07 UT18:00:00 (= 113594400) (s)

SMU B, GPS unsync., TV test

xa_gen_gelockb_20190101v001.fits
xa_gen_gelockb_20190101v002.fits
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0.000 +

TIME — S_TIME
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S_TIME from 2022/08/26 UT 04:20:00 (= 115186800) (s)

Figure 7. Comparison of timing drift in the GPS unsynchronized mode for SMU-A (top) and SMU-
B(bottom) using the first and second version CALDBs (blue and red, respectively).
3.4 Remarks
Since there is still room for optimization, tuning up parameters in Section 3.2 will be performed

in the next version.
4 Revision 20230630

Revised data files were delivered on 23/6/30 and the CalDB files based on these data are shown
below.

CalDB Filename Validity File(s) as delivered Delivery Comment
date date
xa_gen qclocka 20190101v003.fits | 20190101 | xa gen qclocka 20190101 v20230630.fits | 20230630 | Analysis
00:00 UT updated for
SMU-A
xa_gen dclockb 20190101v003.fits | 20190101 | xa_gen qclockb 20190101 v20230630.fits | 20230630 Analysis
00:00 UT updated for
SMU-B
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4.1 Data Description

The fvt tables in the previous version were produced by modifying the first version (those
obtained in the unit test configuration) so that they match the fvt trends measured in the TV test
(see section 3). In that version, the parameters for the modification were determined by eve. This
new version refines the parameters in a more sophisticated way described below.

4.2 Data Analysis

The same formula as the previous version:

New temperature

= (old temperature — OFFSET) — {(old temperature — OFFSET) - REFTEMP)} * ADJUST.
is adopted and applied to the first fvt tables.

The OFFSET, REFTEMP, and ADJUST values that minimizes the chi-squared values are
calculated between the best fit models of the TV test data (blue lines in figure 5 and 6) and the
modified first fvt tables in the temperature range of the TV test data, are adopted as the best fit
values. In this way the following values are obtained.

OFFSET = 3.5 degC (SMU-A), 1.0 degC (SMU-B)

REFTEMP = 30.6 degC (SMU-A), 25 degC (SMU-B)

ADJUST = 0.029 (SMU-A), -0.001 (SMU-B).

4.3 Comparison with the previous release

The timing accuracy during the GPS unsynchronized mode has been checked in the same way
as the previous version (section 3.3). Figure 8 shows the drift time from the start of GPS
unsynchronized mode, which indicates that the timing accuracy has been improved from the first
and second versions.

SMU A, GPS unsync., TV test

O]
s
8
0

TIME — S_TIME

—— xa_gen_gclocka_20190101v001.fits
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0 25000 50000 75000 100000 125000 150000 175000
S_TIME from 2022/08/07 UT18:00:00 (= 113594400) (s)
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SMU B, GPS unsync., TV test

0.003
—— xa_gen_gelockb_20190101v001 fits
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Figure 8. Comparison of time drift in the GPS unsynchronized mode for SMU-A (top) and SMU-B
(bottom), using the first, second, and third version fvt CALDBs (blue, red, and green, respectively).

4.4 Remarks
This is the final version before launch. It may be updated further after launch using on-orbit data.
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