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sub-address port name port operation port size
2 Camera_mode Camera start/stop 1
3 Map_address Bitmap address 16
4 Map_data Bitmap data 4
5 H_Threshold Event detect threshold 8
7 Table mode Table access mode 1
8 Table address Lookup address 16
9 Table data Lookup table data 6
10 Acg-mode Acquistion mode 3
Frame tag enable 1
11 Int_enable Intgration enable 1

Table 1: Blue module writable ports

sub_address | port name accesses port size
2 Proc_status status word 8
3 Map_read Bitmap data 4
4 Table read Lookup table 6

Table 2: Blue Module readable ports

1 Introduction

This document describes the Blue Detedor processing eledronics from the software point of view, illustrating the
procedures needed to set up camera formats and load the various Lookup tables. The feaures of the EOB-2
eledronics are detailed in the document SP56 (Blue Detector Processng Eledronics detailed design). Thisrelease
describes the FM. The Processng Electronics is controlled by the ICU over the MACS bus. A single MACS bus
Slave Module handles the traffic to a maximum of 32 ports (sub-address)within the processing electronics. These
ports are mostly either read only or write only, and in general, it isnot possible to read badk a written value. Ports 0
and lare used internaly to the MACS bus dave module for initiali zation.

2 MACS bus Sub-address allocation

The write only ports within the Detector Processng electronics are shown in table 1 with the assgned sub-address
value. Table 2 shows the read only ports with their sub-address- these overlap the write only ports. Some data
values, for convenience within the electronics, end up feing rea, in some form, from a different sub-addressfrom
which it was written.

Thisis an important note onthe aror detection by the MACS bus slave module in the processng electronics. The
eledronic details can be foundin the document “Blue Detector Processing eledronics detail ed design”. For MACS
‘RD’ instructions, the slave module chedks for errorsin the dataword and if oneis found, awrite strobe will not be
isaued to the port. In this case the ‘RD’ instruction can be reissued as part of the aror recovery by the master.
However for ‘TI" instructions, the slave module issues aread strobe to the port in the processing eledronics then
transmits the data to the master, taking no further part in the proceedings. The master checks for errorsin the data
word. Of coursg, if an error is fourd, it can reissue the same* TI” instruction and in most cases one will receive the
required data. For ports that have the auto-increment feaure this will mean the first transmission instigates an
increment of the relevant addressport and that the error re-read will get the data from the next location instead. In
this case the aldress pointer would have to be reset in order to get the original data word.

In the following descriptions of the individual ports and their bit allocations within the 16 kits MACS bus word, bit
0 istheleast significant bit and abit value of * X' is taken as adon’t care on write whil e being unknown on aread
cycle and thus should be ignored.
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2.1 Port Camera_mode; Sub-address 2
Camera-mode

\i<5|><IXIXIXIXIXIXIXIXIXIXIXIXIRISOI

Here, 'S is st to oneto start the CCD camera reading out frames with the format loaded into the camera bitmap.
The clocking sequence starts with the frame transfer phase. When set, all accesses to the camera bitmap are disabled.
Data acquisition can be performed only when this bit is st. Its value is available in the overall status word.

With hit‘S' cleared to zero, the CCD clocks are forced to a standby state and ro frames are readou, so no data
aquisition is possible. It takes effect immediately. thisis the default state when the processng electronics are reset
(power up etc.). Only in this stateis it possible to aacessthe bitmap RAM to update the caneraformat, as later
described.

When hit ‘R’ isset to 1, the blue camerahead eledronicsis reset.
2.2 Port Map-address; sub-address 3

Map_address

Bitmap Y address Bitmap X address
\ | | \ | | | | \ | |
15 8 7 0

Thisport holds the 16 bit addressof the location within the cameraformat bitmap RAM that will be accessed next
viathe Map_data or Map_read ports. It is write only. The least significant 8 hits correspondto the X position within
a CCD format whilst the 8 most significant bits correspond to the Y position, or row number. The canera dedronics
aacesses the bitmap during the readout phase with 9 bit counters but with only the most significant 8 bits,
corresponding to this port, conneded to the RAM (64k) addresslines. Hence the bitmap deals with the units of pairs
of CCD pixelsor pairs of CCD rows. The RAM is not fully utilized for any cameraformat - the programming is
described later.

2.3 Port Map_data; sub-address 4

Map_data

‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘ Map Data
| | |

15 3 0

Thisport is used to write data into the bitmap RAM which is 4 hitswide. Datais read back via ancther port. The
location acessd is pedfied viathe map_address port and the least significant 8 hits (X position) of the RAM
address auto-increment after eat map_data access, thus avoiding the need to respecify the bitmap address The data
transferred are window 1D numbers or CCD row pair action codes.
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2.4 Port H_threshold; sub-address 5

H_threshdld

‘x‘x‘x‘x‘x‘x‘x‘x‘ Event Height Threshold
= 7\ | | | | | 5

This port halds the threshold value for event detection. Events are detected if their pesk CCD pixel valueis greater
than thisvalue. Typical values are 30 for normal integrations and 8 for pulse height distribution bulding. The value
loaded into the port should be the two’'s complement of the threshold required. (e.g. Oxf8 for athreshald of 8).

2.5 Port Table_mode; sub-address 7

Table_mode

(X [x [x [x [x [x [x [x [x [x [xX [X [x [X [X [TE |
15 0

This port is used to control the acces mode to the Lookup table RAMs. With hit ‘ TE’ cleared, which is the default
state on power up, the tables are accessed by the processing electronics and rormal data acquisition can take place.
All other aacess to the RAMs by the ICU is disabled. When ‘ TE' is set to one, aacess by the ICU to the lookup
RAMs is enabled and data acquisition is not possble (it is disabled). Both X and Y tables are accessed in pardlel via
the Table_data and Table_read ports.

2.6 Port Table_address; sub-address 8

Table address

Lookup Address(M) Lookup Address(N)
| | | | | | | | | | | |
15 8 7 0

This port holds the aldressof the location within the 64K Lookup table RAMs that will be accased next via the
Table_dataor Table real ports. Both X and Y tables have the same aldress, being acessed in paralel. The tables
hald the sub-pixel values to output for each possible event position within a CCD pixel and the contents arein
general different for the X and Y coordinates - the programming o the contents is described later. The least
significant 8 hits correspond to the N centroid information whilst the most significant correspond to the M
information (signed 8 bit). The port is write only.

2.7 Port Table_data sub-address 9

Table_data

‘X‘X‘X‘X‘X‘X‘X“X‘X‘Y&Jb—pixel‘X‘Xsubpixel
| | | |
15 6 4 2 0

This port is used to write data, which are X and Y sub-pixel values, into the X and Y Lookup table RAMs. The
location to ac@ssis contained within the Table_address port, and the acessmode must be enabled via the
Table_mode port. After each access the 16 hit RAM addressheld in the Table_address port is auto-incremented to
point to the next location, thus reducing the need to load address values.
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2.8 Port Acq_mode; sub_address 10

Acg_mode

‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘FE‘ Int mode
15 3 ‘ |o

This port controls the acquisition mode or the type of format obtained upon integrating. The field ‘ int mode’
determines this as follows;

mode 0. Low resolution (4 sub-pixels per CCD pixel) windowed image data acquisition.
mode 1. Low resolution, full frame image data aquisition.

mode 2. High resolution (8 sub-pixels per CCD pixel) windowed image data acquisiti on.
mode 3. High resolution, full frame image data aqisition.

mode 4. Engineaing measurement of X M-N and Y M-N parameters.

mode 5. Engineaing measurement of Y M-N and X M-N parameters.

mode 6. Engineging measurement of event Height and Energy distributions.

mode 7. Engineaing measurement of event Energy and Height distributions.

The mode should na be changed while an integration is adive to avoid synchronization problems with the data
stream in the FIFO buffers.

Thebit ‘FE' is cleaed to zero to enable the insertion of frame tag words into the FIFO buffer and thus the data
stream. When the first active window in a CCD frame starts aword of all zeros will be inserted in the stream. When

set to ane no frame tag words are inserted. This option is normally disabled for engineering modes and the full frame
modes gncedatawords of all zeros can occur here or the tags are not required.

2.9 Port Int_enable; sub-address 11

Int_enable

(XXX [X[X[X[X[X][X][X][X][X][X][X][XT]IE]
15 3 0

Thebit ‘IE’ is set to one to enable integrations, where data is allowed to be written into the FIFO buffers. The start is
synchronized to the next occurring end o frame transfer phase of the CCD. When cleaed, the integration stops on
the next frame transfer phase and writes to the FIFO buffers are disabled. the default state is zero after reset (power
on).
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2.10 Port Proc_status; sub-address 2

Proc_status
x‘x‘x‘x‘x‘x‘x‘x‘m‘ Int mode ‘FE‘X‘TE‘ME‘
| \
15 7

Thisread only port is used to gain the overall status of the processng electronics. The bit ‘ME’ is set to oneif the
CCD cameraclocks arerunring and cleared if halted and access to the bitmap RAM is possible. Bit ‘' TE' is set to
oneif the processng electronics have acessto the Lookup table RAMs and cleared if ICU acessto the tablesis
enabled. Bit ‘FE' iscleared to zero if the insertion of frame tag words into the data stream is enabled. The field ‘int
mode’ isa apy of the Acquisition mode set for integrations as detailed in the Acq_mode port. Bit ‘IA’ isset if an
integration is adive and event data is allowed to be written into the FIFO buffers.

2.11 Port Map_read; sub-address 3

Thisread only port is used to read back the contents of the bitmap RAM once accessis enabled via the
camera_mode port. After each access the 8 least significant bits of the 16 bt RAM address held in the Map_address
port are auto-incremented to paint to the next location from which the next read will occur.

Map_read
XXX XXX XXX [ ] | Y=
15 3 0
2.12 Port Table_read; sub-address 4

Table read
X‘X‘X‘X‘X‘X‘X‘X‘X‘Ysub-pixel‘X‘Xsub—pixel
15 6 | | 4 | | 0

Thisread only port is used to read back the contents of the X and Y centroid Lookup tables once they are enabled
for accessviathe Table_mode port. The aldress of the next locationin the 64K RAMs is held in the Table_address
port and this is auto-incremented after ead read of the Table read pat.
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3 Programming a Camera format

Before the Blue Detedor Processing eledronics may be used the Camera bitmap RAM must be loaded with
information that will cause CCD pixels within the desired windows into the image to be readout. In other words, a
clocking sequence is generated for the required camera format. For further details behind the clocking sequence,
refer to the document SP56, the dedronics description.

In preparing aformat CCD pixel coordinates are used. The CCD is 385 pixelsin length in the X diredion (along a
row) and 288 pxels, or rows, inthe Y diredion. The origin (0,0) is thefirst row/pixel to be read out of the CCD.
The electronics use 9 hit counters to count the rows and pxels but only the 8 most significant bits are cnnected to
the addresslines of the bitmap RAM so that a 64K RAM may be used. The least significant 8 hits of the 16 bit
address (which can be preset viathe Map_addressport) are fed from the X pixel counter whil e the 8 most significant
arefed from the Y row counter. The smallest unit that can be addressed is a pair of rows or a pair of pixels. Thusan
address of 204Hex has information for rows 4 and 5 pixels 8 and 9 (shift right one bit the wurter value to dbtain
the address). The size of the CCD implies that the range of the X addressis from 0-192 (unsigned 8 hit) and that of
the'Y address is 0-143(unsigned 8 bit) so there ae unused RAM locations that do not need to be accessed.

For each pairs of rows (even-odd) in the readout phase of the CCD, the cameralogic needs to know what to do with
therow as awhale, before ahorizontal readout starts. Some of the previously unused RAM locations contain this
information in the form of ‘row adion codes' . For ead Y address the X address off set to the ade location is
constant - ‘adion_offset’. The aurrent offset is F6 Hex. Thus the value 2F6 hex holds the action code for both rows
4 and 5 The adion code values are;

0 Perform verticd transfer only - no horizontal readou - used for getting rid of unwanted rows.
2 Readout the row but ignore Window IDs, thus dumping unwanted charge buildup.
3 Readout the row taking note of any Window I1Ds - pixels are used in search for events.

+8 Complete any horizontal readout and skip drectly to the start of the frame transfer phase — all following
rows in the CCD are dumped into the horizontal register.

During arow readout, the RAM contents are interpreted as Window 1Ds. The detector area ca be divided upinto a
colledion of Windows of varying size. Each Window is assgned a number from 1 to 15 which is the Window ID.
All the pixelsin awindow have the same ID value written into the arresponding locaions in the bitmap RAM. A
value of 0 is taken as meaning that that pixel pair is not in any window - all the valid locations of arow must be
written to. There are restrictions on the placing of windows within the Detector area- only within the bounds of
these windows will events be processed. Windows must be amultiple of two pixelsin both width and height and
cannot overlap in X or Y though they may adjoin. Windows must start at an even number in X and an odd rumber in
Y. This means that row 0 and fxel 384 cannot be used in windows.

Having determined the windows required, there @mes the mechanics of loading the bitmap. Fig. 1 shows an
example format to work on. In order to access the bitmap, port Camera_mode must be deared first. It is probably
best to deal with the row action codes first - an addressis written to the Map_address port, and then an action code
to the Map-data port. Out first window starts at CCD row 7 so the format opens with transfer only action codes for
thefirst few rows, accumulating unwanted charge in the horizontal register. Such rubkish must be deared before a
window can start so the adion code for rows 4 and 5is arealou and Dump (Y RAM address 2) where the bitmap
contents are ignored for the whole of the line (there is no need to program them with zeros etc). This example
illustrates ancther feaure or requirement. For awindow to be able to process events cleanly right at the edge of the
required window there must be a 1 pixel/row border arourd the window containing clean data from the CCD. In the
X direction thereis no problem, provided the window doesn’t start at O or end at 385, as every pixel in arow must
be read cleanly out of the CCD regardless of whether it is within awindow or not. Thus there are no extra
programming requirements to ensure borders in X. However, in Y, two extrarows, not in this window, must be
readout so that there is data available for the border regions. If these rows are not being readout for another window
then they must be readout specially, but the rows will contain no window IDs (cleared to zero). Also, the electronics
require that the Window IDs pertaining to arow are actually loaded into the bitmap in the next row up. This gives
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rise to the 3 boxes shown in the example. This ‘peauliarity’ vitally saves some drcuitry in the electronics. Our first
window is at row 7 - we have dready dumped the charge and we next need to provide for the border regions. The
adioncode for RAM Y address3isfor afull readout so that CCD rows 6 and 7 will be fully readout. The full X
length of the bitmap row needs to be cleared to function corredly. Now CCD rows 8 to 13 hold Window IDs, taking
into aacount the required onerow offset in Y for Window ID loading of the bitmap, so RAM locations of Y from 4-
6 require adion codes of afull horizontal readout. The gpropriate locations in X will be loaded with 1 whilst the
remainder outside the window are cleared. This gives awindow using CCD rows 7-12with an ID of 1.

The window with ID 4 shows what is done when there are multi ple windows on aline. This window uses CCD rows
11-16 s0 ID 4 will be loaded into the appropriate X locationsin rows 12-17 (Bitmap Y value 6 - 8). The border rows
at row 10 are being readou for the first window and so no further programming o the bitmap is needed to give the
corred borders for the seand window. Because dl of the rows from 14 to 23are used for windows or their borders,
the row action codes for the bitmap Y locations 7-11 are for afull horizontal readout. The final window is on rows
27-30so thereis agap between the windowsin Y. Row 26 is used for the border. Gaps between windows are filled
with vertical transfers only (no horizontal readous) thus acamulating junk charge in the CCD horizontal register. A
Dump row pair must be inserted before the next window can be used. So in this example, CCD rows 24 and 25 are
Dump rows to remove unwanted charge - the ation code for RAM Y address12 being for readout and dump. After
the last window, ID 3, there are no more rows required up to the end of the CCD at row 286. For all the remaining
rows, there should be arow action code of vertical transfer only right upto andincluding RAM Y address 143
However, this can be ait short by adding the Terminate action code (8) to that of vertical transfer (giving 8). This
gives an immediate skip to the frame transfer phase removing the need to fill the remainder of the used RAM with
row action codes. Thisis used in the example @ RAM Y address 17. The Terminate agion code should not be added
to afull horizontal readout, since though the readout will occur, centroiding will be disabled, resulting in an odd
height window.

When the row action codes have been loaded, the RAM X locations 0-192 (corresponding to potentially adive
pixels) must befilled in for those rows having afull horizontal readout, but not those being dumped. Those pixel
pairs not in awindow should have bitmap locéions of zero - the RAM least significant addressbyte being the pixel
X position shifted right one bit. Otherwise Window 1D numbers are written. The auto-increment of the RAM X
address on acaessing the Map_data port can be used to good advantage here.

With the bitmap programmed, a one is written to the Camera_mode port to start the camera docks runring and
disable further access to the bitmap.

There are some other considerations in programming the bitmap. Because the dectronics works with row pairs, for
ease of design only 287 rows of the CCD are read out (the 28&h row is thrown away) maximum, and so CCD row
286should not be used in awindow as it resultsin an odd teight window. In long sequences of vertical transfer
(more than 50) extra dump row pairs may need to be inserted. If too much charge is dumped into the horizontal
register thereisarisk of it overflowing into the window rows so the extra dump readouts kegp it from getting too
full. Thiswould be particularly important if the CCD is runring very warm when greater dark charge is generated. It
means that the first rows of awindow would have abrighter ‘DC’ level.
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4 Programming the Centroid Lookup tables

Centroiding is the processof locating the position of an event to an accuracy greater than that of a CCD pixel. The
processing electronics produce two 8 bit numbersboth in X and Y which areinput to X and Y Lookup tables. These
arem and n. The division m/n isthe fractional position within a CCD pixel of the event. The range of positionsis
divided into 8 hins or sub-pixels. The Lookup table df ectively performs the division and bnning, outputting the
relevant sub-pixel number in the range 0-7. The dectronics give adivision result in the range - 1.0 to +1.0, where -
1.0isthe‘left’ edge (in X) of the CCD pixel, closest to the origin and Ois the pixel centre. A sub-pixel value of Ois
given for the left edge.

A routine to prepare the Lookuptables requires two set of boundary values giving the eldges of the sub-pixelsin X
and Y. A single set of 9 numbers could be; -1.0, -0.75, -0.5, ... 0.75, 1.0. Of the two numbersm and n, n isan
unsigned 8 hit value that the dedronics guarantees is lessthan 25 while m isasigned 8 it value. Their division
gives acentroid value - if thisis compared in turn against the entries, starting from the second, in the list of
boundary values, urtil the centroid is less than the list value. A counter following the list position gives the required
sub-pixel value diredly. We reguire listn < centroid < list n+1. The address of the location in the RAM is given by
forming a 16kt word from the bit patterns of m (most significant byte) and n. The following C code fragment

ill ustrates the process

float x_boundary [9];

float y_boundary [9];

float centroid;

short xsubpi x, ysubpi x;

int mn;

unsi gned short table_adr, table_data;

for (m= -128; m< 128; mt+)

tabl e_adr = (unsigned short)(nx<8) | 1;
/* output a start table address */
macs_out ( BPE+TABLE_ADR, tabl e_adr);
for (n = 1;n < 256; n++)
{
centroid = (float)m (float)n;
/* find the subpixel values */
f or (xsubpi x=0; xsubpi x<7 && centroid >= x_boundar y[ xsubpi x+1] ; xsubpi x++)

for (ysubpix=0;ysubpi x<7 && centroid >=
y_boundar y[ ysubpi x+1] ; ysubpi x++)

tabl e_data = ysubpi x<<4 | xsubpi x;
/* output data to | ookup tables */
macs_out ( BPE+TABLE_DATA, t abl e_dat a) ;
}

}

This makes use of the auto-increment of the table aldresson acessng the Table_data port. Of course, better use of
this feature could be made on reorganizing this routine. This routine shows that for centroid values less than -1.0, a
sub-pixel value of zero is output (the event is adually centered outside the current CCD pixel) and if greaer than or
equal to 1.0 a sub-pixel value of 7 is given.

In order to load the lookuptables, bit ‘ TE’ of port Table_mode must be set so the ICU may have acessto the
RAMs - no data a@uisition can then take place. RAM addresses are set up via the Table_address port and Hocks of
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datafor the RAMS (sub-pixel values) are sent via the Table_data port. To give predictable results, even though
some aldress combinations are unlikely, all RAM locations should be written, though nzero cannot occur. When
finished the Table_mode port should be deaed, blocking out ICU access and allowing data acquisition to take
place The sub-pixel boundary values are derived from acquisition data sets, usually the engineering mode
centroiding data images - some methods are described in the document TC32, ‘ Blue Detedor Engineering Setup
modes'.

5 Output Data formats

The output of the Processing eledronics to the DPU is a series of 24 Lt words, one per event processed by the
eledronics. The bit format of the word is determined by the data aaquisition mode set in the Acq_mode port. The
modes and the bit assignments are shown in Fig.2. Thereisaset of 4 ‘scientific’ modes and 4 (though really 2 only)
engineaing modes. The scientific modes provide event position informationin the form of the X and'Y CCD pixel
number, the sub-pixel numbersin X andY, and the window 1D of the window in which it occurred. Thereisafull
frame mode where the window ID is replaced by the most significant bits of the X andY CCD pixel position
counters thus giving 16 tiles covering the full detector area.

The engineaing modes provide information for setting up and chedking the detector. Modes 4 and 5capture
centroiding information as described in the document TC32, producing a 256 ty 256 pseudoimage each in X and Y.
From these, sub-pixel boundary lists can be calculated. Due to a conveniencefeature of the dectronics, modes 4 and
5 are guivalent. A single event triggers two words to be sent to the DPU, one with window 1D 1 (X) and the second
with ID 2 (Y). Modes 6 and 7 give event height and energy (original value divided by 4) in the form of ID images.
Again the electronics treats modes 6 and 7 as the same in that two transmissons are made with height given a
window 1D of 1, energy 2. For the FM, the event energy contains no useful information.

In addition, thereis aword of all zeros transmitted at the start of each active frame which can be used for counting
frames and other timing. This feaure is enabled via the Acg_mode port. To aajuire data in a given mode, the
Cameraformat should be set up as previously described. Windowing is used in all modes but in the full frame mode
thewindow ID does not appea in the data transmissions. However, windows should be defined so that the full
detedor areais covered so filling the full frame. It is probably best using a single 256 by 256window of any ID. In
the engineering modes Windows of any ID should be defined in order to cover the areaof the detector from which
events will be gathered so as to provide the engineering information. Again a single large window is usual. The
Height threshold should be set via the H_threshaold port. In the engineering modes 6 and 7the Height threshold is set
low (8) so asto get afull pulse height distribution, otherwiseit is st at the normal centroiding threshald (typ.30).
The aquisition mode should be set viathe Acg-mode port and the frame tag fadli ty enabled if it is required. The
enable bit in the Int_enable port is <t to start transmissions to the DPU at the start of the next CCD frame. The DPU
can then acquire a image. When done the enable bit should be cleaed to disable further writes to the FIFO buffers,
and further transmissions will cease once the FIFOs have been emptied.

In the scientific acquisition modes there aefields of 9 hits only (with sub-pixels) available for the X and Y position
of an event. After 2 or 3 sub-pixel bits come 7 or 6 hits from amodified CCD pixel or row counter. The full size of
the CCD is 385 by 288 pxels but there is a pre-defined detedor collection areaof 256 by 256 CCD pixels within
this, within which the detector windows are locaed. The remainder should not be used for windows as they are not
properly illuminated with events from the detector image intensifier. Thisisillustrated in Fig.3. The paosition of the
colledion areawithin the CCD is variable as it depends on the accuracy of the mating of the CCD to the image
intensifier and the position of the detector optical axis, but it is nominally central. The position of the origin of this
areawith resped to the CCD originis ‘ Pix_offset’, ‘Row_offset’ (9,7 in example).
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Detector Data Transmission Formats

Det. 23 2 22 20 19 18 17 16 15 14 18 12 1 10 9 8 7 6 5 4 3 2 1 0

Mode
y 'y X X
Science 0 0 YC 6-0 21 XC 6-0 2 1 ID P
I I I | N O I l [
Low Resolution, Windowed
X | x X XY Y|X X
Science 1 0|0 YC 5-0 21110 XC 5-0 2 1|C Cc|C C|P
[ [ O I | |7l6]7]6
Low Resolution, Full Frame
y y vy X X X
Science 2 0 YC 5-0 3 | 2 | 1 XC 5-0 3 | 2 | 1 | HID | P
High Resolution, Windowed
y yy X X x|Y Y|X X
Science 3 0 YC 5-0 3 21 XC 5-0 3 2 1|C Cc|C C|P
[ || [ N | | l7]el7]6
High Resolution, Full Frame
Eng. 4 0|0 M Value 0 N Value 0 0 0 1|P
N I ) N A [
Engineering, X M/N Data
S ) T i T T A T O A B R
Engineering, Y M/N Data
Eng. 6 0 0 0 Event Height 0 0 0 1|P
N O O O N O I O L
Engineering, Event Height
Eng. 7 0 0 0 0 0 0 1 0P
N I O I I A L]
Engineering, Event Energy (contains no meaningful data)
P = Parity (Odd)
XC = X CCD Pixel Co-ordinate modulo 64 (high resolution) or modulo 128 (low resolution)
YC = Y CCD Pixel Co-ordinate modulo 64 (high resolution) or modulo 128 (low resolution)
X = X Sub-Pixel Bit
y = Y Sub-Pixel Bit
ID = Window ID

Figure 2: DPU Data Transmission Formats
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The modified X and Y courters used in DPU transmissions are the result of subtracting these offsets, taking into
aacount propagation delays through the electronics, from the CCD absolute row and pxel counters, so that at the
origin of the wlledion areg the X and Y position fields are zeo. The DPU colleds events in this modified co-
ordinate frame but a enversion, using these offsets, to the absolute CCD coordinate frame has to be made when
programming the camera format. Event positi ons are referred to the origin of the coll edion area and not to the
window that they arein, and because of the 9 hit fields, the address ‘wraps around’ so the Window 1D is used to
keep tradk of the position.

The default setting is Pix_offset = 70, Row_offset = 16 bu is aterable in hardware to suit eat detector. It is
probably more @mnvenient if the offset in X is keep at an even number andthat in Y is made ax odd number to match
the requirements on positioning windows. This will mean that there is no single unusable row or column at the start
of thearea It should also mean that the DPU need not know the absolute position of the collection areg outputting
window coordinates relative to the origin of the collection area with the ICU applying the offset when preparing a
format.

To relate to the physical orientation of the detedor, the frame of Fig.3 isreferred to the CCD - it isthe view when

looking down into the fibre-optic input of the CCD where the readout port is the bottom Ieft of your field of view
(i.e. asif one were looking at a projected image).
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