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X-ray CCD for astronomical use
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• A charge-couple device(CCD) has been a standard focal-plane 
detector for 25 years in X-ray astronomy. 

• XRISM is the 7th Japanese X-ray astronomical satellite and
will carry P-ch BI CCDs with notch structure for radiation tolerance.

XRISM
(2022-)
2300kg
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CCDs developed for XRISM

• The pixel size of frame store area is smaller than 
that of imaging area.

• We apply 2x2 binning so that
the effective pixel format are 640 x 640 pixels.

Imaging
Area 

Frame Store
Area

1280x1280 pixels

1280x1280 pixels
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Charge Transfer Inefficiency

If CTI is independent of Y, the function is simplified into:

PH
A

CT
I

Row number

best fit of PHA(Y)

55Fe events

Charge Transfer Inefficiency (CTI) is defined as a fraction of charge loss 
per one pixel transfer.

• The modeling and mitigating of CTI is the key of the CCD calibration.
• In-orbit cosmic rays generate charge traps, and accumulated radiation damage gradually 

increases CTI -> degradation of energy resolution.
• CTI is measured by fitting pulse height (PHA) as a function of the number of transfers(Y).

: signal charges●
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CTI mitigation methods

A trap is filled with 
sacrificial charge

• This technique was adopted for the Hitomi CCD, and is also used to the XRISM CCD.
• Sacrificial charge is injected every 80 row.
• The CI effect decreases as the distance between CI row and the X-ray event increases.

• CCDs are cooled to -110 ℃ and the notch structure is introduced for CTI mitigation.

Frame image with CI technique

In order to mitigate the CTI effects, we applied some methods to our device.
• One of them is a Charge Injection (CI) technique.
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: Effective Area
: signal charge
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Observation mode (1/2)

●

Normal mode 

XRISM CCD operates in several Observation modes.
• Normal mode: 

• usual frame-transfer mode

• Transfer times per pixel are common to 
all observation modes.

• IM to FS
• 28.8 usec / pixel (Fast-transfer)

• in FS
• 2.62 msec / pixel (Slow-transfer)

IM area

FS area

●

Fast-transfer
(1280 times)

Slow-transfer

• Schematic view of normal mode
1. Vertical-transfer 1280 times

from imaging area (IM) to frame store area (FS)
2. Vertical-transfer in FS to serial register
3. Horizontal-transfer in serial register to the 

readout node
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Observation mode (2/2)

●

●

1/8 window mode 

IM area

FS area

Slow-transfer

Fast-transfer
(2200 times)

: Effective Area
: signal charge

□
●

XRISM CCD operates in several Observation modes.
• 1/8 window mode: 

• Effective area restricted mode for mitigating pile up

• In the view point of charge losses,
the main difference in two modes is the number 

of fast-transfers (1280 times vs 2200 times).

• Schematic view of 1/8 window mode
1. Vertical-transfer 2200 times

from imaging area (IM) to frame store area (FS)
2. Vertical-transfer in FS to serial register
3. Horizontal-transfer in serial register to the 

readout node●
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FM Calibration Experiments
On-ground Calibration was performed in 
Osaka University for the flight model CCDs .

• See the reports of Calibration procedures 
and results of them on the poster.

• We have analyzed high statistics 55Fe data obtained 
by this experiments.

flight model CCDs mounted on 
the chamber

Screening and calibration of
XRISM/Xtend flight model CCD

(Contribution ID: 350)
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New CTI function for XRISM
• To quantify the CTI of XRISM CCDs,

we defined the following function:
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: 1st CI row
: signal charge●

Fast-IM area (F-IM)

Fast-FS area (F-FS)

Slow-FS area (S-FS)

Fast-IM area (F-IM)
(w/o the CI effect)

This function is update version of the previous one 
applied to Hitomi CCD data.
• CTI values in F-IM and F-FS transfers were assumed 

to be the same in the previous function.

• We divide each transfers into 4 types according to 
the CI effect, transfer-speed, and transfer-area.



Parameters of CTI

• In order to reproduce the CI effect, 
We defined CTI_{F,S-IM,FS} as a 
function of ΔY with 3 parameters .
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• c: CTI without the CI effect
• p: probability that a trap is filled by the 

injected charge
• τ: de-trapping timescales of the charge 

in unit of number of transfers
• ΔY: distance from the preceding CI row 

to the event (0 < ΔY < 80)

PH
A

Row number

CI (every 80 row)
• Since sacrificial charge was injected 

every  80 row so that PHA changes 
like “sawtooth”.

Mn-Ka peak at every row



Previous CTI function
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PHA0

Best fit

• In order to verify our model, 
we tried to simultaneously fit 
both normal and 1/8 window 
modes data.

• fitting data
• mode: Normal & 1/8 window
• line: Mn-Ka
• temperature: -110 ℃

• The previous function well 
describes normal mode data 
(blue), but cannot reproduce 1/8 
window data (orange) with 
identical CTI model parameters.

Row number



New CTI function
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PHA0

Best fit

• In order to verify our model, 
we tried to simultaneously fit 
both normal and 1/8 window 
modes data.

• fitting data
• mode: Normal & 1/8 window
• line: Mn-Ka
• temperature: -110 ℃

• New CTI function 
well describes both modes 
with identical CTI model 
parameters.

Row number



row number

PH
A

CTI-corrected Mn-Ka,-Kb Lines

• We performed CTI correction to the 55Fe data.
• The data is only applied gain-correction and CTI-correction.
• We confirmed that our new model is valid to evaluate and correct the CTI effects.
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w/o CTI correction
w/   CTI correction
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Count rate dependencies (1/4)

• CTI values appear to depend on the X-ray flux.
• High count rate: ~1200 cts / frame / segment
• Low count rate : ~ 50 cts / frame /segment
• data: Mn-Ka data taken at -120 ℃ w/o CI mode

• Because of no charge injection, the sawtooth shape can not be seen.
2019/12/15 HSTD12@Hiroshima 18

High count rate 
frame image

Low count rate 
frame imageRow number

PH
A



Count rate dependencies (2/4)

• Analyzing X-ray events with no preceding event in the same 
column, it was found that the CTI with no preceding event is 
the same as that of low count rate data.

• ->preceding events behave as sacrificial charge like a CI row.
• The count rate dependencies result from sacrificial charge effect.
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w/o CI mode

Row number

PH
A

Count rate
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Count rate dependencies (3/4)

• In the case w/ CI mode,
count rate dependencies are negligible.

• High count rate: ~1200 cts / frame / segment
• Low count rate : ~ 300 cts / frame /segment
• data: Mn-Ka data taken at -120 ℃ w/ CI mode
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w/ CI mode

w/o CI mode

Count rate
CT

I
Row number
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Count rate dependencies (4/4)

• We also analyzed X-ray events with one preceding event in the column.
• data: Mn-Ka taken at -120 ℃ w/o CI mode 
• The CTI depends on the distance between the event and preceding one(ΔY).

• The smallest CTI is ~ 1.6e-5 (0 <= ΔY < 80)
• Although the data with the condition of “0 <= ΔY < 80” is similar to that with CI mode, 

the CTI with CI mode is smaller by several factors.
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w/o CI mode

w/ CI mode
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Summary
• We performed on-ground calibration for P-ch BI CCDs 

developed for XRISM.
• Area & transfer-speed dependent CTI function is newly 

developed and this method can treat both normal and 
1/8 window modes with identical parameters.

• X-ray count rates decrease the apparent CTI because 
the events that precede other events in the same 
column behave as sacrificial charge.

• In the case with CI mode, the count rate dependencies 
are negligible. 


