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1 References

1.1 Applicable documents

AD.1: EID-Arev. 4
AD.2: INT-DD-CRS 001, DPE HW design description

1.2 Reference documents

RD 1: HEPI Design Description, IN-IM-TUB-DES-001, IS. 5
RD 2: IBIS Communication Protocol Definition, IN-IM-TUB-ICD-01, Is. 1

2 Electrica Interfaces of HEPI

2.1 General

For controlling and HK the detectors, veto and HEPI are connected via slow serial bus
interfaces to DPE . The receiver will be selected by individual lines.
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The data are linked from each detector (ISGRI and PICSIT) through a High Bit Rate
Interfaces to HEPI. After pre-processing the HEPI sends the data through two HBR I/F to
DPE.

A status line from HEPI to DPE controls the HEPI status (test I/F).

A ON/OFF line controls the HEPI initialisation.

2.2 Overview of the interfaces

2.2.1 DPE - HEPI

Low Bit Rate Interface (LBR I/F)
-3 serial lines
On Board Clock Bus (2 lines)
- gereral clock line
- general synchronisation line
Fast serial line interfaces A and B (each 4 lines)
-data (from HEPI)
-enable (from DPE)
-request (from HEPI to mRTU)
-clock (from DPE)
status line from HEPI to DPE (one line)
Init HEPI line (from DPE to HEPI) (one line, Pulse 7)

2.2.2 HEPI — CdTe detector

» Fast serial line interface (6 lines)

-data (from detector)

-sample (from HEPI)

-FIFO not empty (from detector)

-clock (from HEPI)
» delayed synchronisation for CdTe detector (from HEPI)
e Clear_FIFO line (from HEPI)

2.2.3 HEPI — Csl detector

» Fast serial line interface (6 lines)

-data (from detectors)

-sample (from HEPI)

-FIFO not empty (from detector)

-clock (from HEPI)
» delayed synchronisation for Csl detector (from HEPI)
* Clear_FIFO line (from HEPI)
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Figure 1: Overview of the electrical interfaces of the HEPI

2.2.4 Distribution of timing and synchronisation information

For timing and synchronisation purposes the DPE generates and distributes a 4,194,304 Hz
clock and a 1 sec pulse (BCP 2) with fisec pulse width..

From the 1 sec pulses HEPI generates synchronisation pulses with a 2 sec time period. The
timing is shown in Figure 2. The sync-line goes low with the rising edge of the clock (plus
internal propagation delays). The pulse width of the HEPI generated sync pulse is one clock
cycle (238 nsec).

To compensate the delay of each detector electronics this pulse is individually delayed and
distributed to ISGRI and PICSIT and resets every 2 sec the detector time counters.

2.2.5 Starting and timing of an observation cycle

The DPE initialises the observation at the time t,.; with a dedicated telecommand. At t, (cf.
Figure 2) HEPI generates a new synchronisation pulse and with the rising edge of the clock
pulse HEPI clears the output FIFOs. The clear FIFO lines from HEPI to the detectors goes
low. The pulse width of the FIFO reset pulse is also on DPE clock cycle (234 nsec).
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The time difference betweepn &nd f.; is 1 sec.

The detectors fill their output FIFOs with newly measured events and mark them with a time
tag with 238 nsec time resolution within 2 sec (23 bit). HEPI reads them out and looks for
time coincidences between the two detector layers.

Then the last 8 bit of the time information are cut off and 17 bit additiona time information is
added to the time field. The resulting time resolution is 61386 within 72.8 h (32 bit).
With this time information the events are handed over to the DPE. The DPE calculates from
this information the time of the events in spacecraft time units and puts them into the data
packages.

1 sec pulse from DPE to HEPI

TN : th1 tn

7 H— 1 sé(\: ->|_I —>U<— I_I U U U

/ ! 19 HUSec : :

| % O -

e 25c—+] fe——2sec—]
AN | 2 sec pulse generated by HEP!

/”/ DPE clock \“\\
/> = 23nsec \
?\ = 19 psec ™ 1secpulsefrom |
N DPEtOHEPI
\\f\\ 2 sec pulse generated by HEPI ///

= ——

Figure2: Timing and synchronisation scheme from HEPI and DPE

2.3 Data rates

2.3.1 HBR I/Fs detectors to HEPI:

max. theor. data transmission of each |/l65,536 events/sdd64 bit event
4,194,304 bit/sec
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expected data rate from ISGRI 1220 events/s€d64 bit/event

78,080 bit/sec
expected data rate from PICSIT 2,000to 25,000 events/seB4 bit/event

1,600,000 bit/sec

Total input to HEPI 1,656,960 bit/sec
2.3.2 HBR I/Fs HEPI to DPE
max. theor. data transmission 5,000,000 bit/sec
expected data rate HBR I/F A:
CdTe Photon by photon 980 events/seld80 bit/event

78,400 bit/sec
Compton 240 events/seld160 bit/event

38,400 bit/sec
Csl photon by photon (spectral timing, 10§P4 events/sdd160 bit/event
163,840 bit/sec

total A 280,640 bit/sec
expected data rate HBR I/F B:
histograms 2,359,296 byte
8 byte header / 1992 byte 9475 byte
transmission time 1300 sec

total B 14,577 bit/sec
Total expected data rate between HEPI and DPE 295,217 bit/sec

2.4 Interfaces DPE HEPI
2.4.1 Low bit rate interface

2.4.1.1 Timing of LBR I/F

This I/F has following the functions on HEPI:

* receiving control commands for different processing tasks from DPE

* loading look up tables (LUT) and registers (thresholds etc.) with values from the DPE

» controlling the status of the HEPI (HEPI will send HK data and the content of LUTs and
registers on request from the DPE)

The Low Bit Rate Interface (LBR I/F) of the DPE consists of the
Slow Serial Lines:

-clock (from DPE),

-forward data (from DPE),

-return data (to DPE);

Ipotential higher during on ground calibration
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The data link between the units is bi-directional and under control of the DPE. For
communication a asynchronous data link control protocol is applied.
Following protocol is used:

1 start bit,

8 data bit,

1 even parity bit,

1 stop bit.

baud rate factor 1x (16 kHz clock frequency will be delivered by

the DPE)

The maximum transmission rate in the asynchronous mode is 16k baud.
For using one start, eight data, one parity and one stop bit the effective rate is about 9800
bit/sec.
The clock line is still used but the DPE programmed frequency is reduced to 16 384 Hz.
The selecting of the HEPI is done by enable one of the four LSL lines.
Then DPE sends commands to HEPI with or without parameters. Receiving of data are
detected by the start bit of the transmitted data word (line goes to zero). This line is sampled
again at the centre of the expected width of the start bit. If this data is also low, the next data
are assumed as valid. Each data will be sampled at the centre.
The LSB of the data word will be received or transmitted first!.
Depending on the command HEPI sends back data and DPE is waiting a TBD time for input.
After end of data DPE unselect the LSL line and the communication is finished.
The functionality of the asynchronous protocol is implemented inside the FPGA/ASIC.
Figure 3shows the timing scheme of the LBR I/F.

Pl ks

wRweer

Tabka

1 psec

Figure3: Timing schemeof LBR I/F

2.4.1.2 HEPI control command

All internal data exchanges between DPE and HEPI should have even numbers of bytes.
The first transmitted byte of a data block contains the length of the block in 16-bit words.
Figure 4shows the general command format on the LBR I/F.

Byl |1 |2 | #1 | &1 | #5 i .0 |
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Word il 2 53 N |
Comim ands Lengih Command D | APID SUEB D PSC
witheoul PSC LSBpe}
[ 2um edey hiSByie}
Comim ands Length Command D | APID SUB ID PSC PSC [l 3 ey
wilh padamel e ekl

Figure4: LSL command structure

Word #1/Byte #1:
Word #1/Byte #2:
Word #2/Byte #3:

Word #2/Byte #4:

Word #3/Byte #5..6:

Word #4 ..N:

block length (range: 1..120 word (16 bit)) of the complete command

block

command ID of the peripheral command. The operator code should

not exceed 1 byte.

APID: The APID (bit 3 to bit 10) of the IASW (nominal @dundant

whichis sending the command.

SUB ID: The Instrument Sub Address of the receiver (HEPI=0).

Packet Sequence Control (PSC).

Bit0 ..1: setto"11"

Bit 2: 0 for commands from ground
1 for on board commands

Bit 3 ..15:

Sequence counter of commands related to APID (for on

ground generated commands) and sub instrument address (only for on

ground generated commands).
parameter field if required. The
number of bytes.

parameter field should have an even

Table 1lists the available HEPI control commands. Each command starts with the length field
(LGTH) and the command ID number (CID). The expression " _(number of required bytes)"
is appended to each parameter, i.e. status_3 requires three bytes for HEPI status word.

D Acrgm

Fomat

Size
[word)

oo vl Drascriphion

£10H H HEPI AT

1032 H HEPI_FES

&1 003 H5_HEPLST
1 0 H_HEPI_ST
1 033 H 5 LUT_R:ak

LGTHCID, AP0 SEAD PSS

LSTHCID, AP0 S0 PSS

LSTHCID, AP0 SUEAD PSS stans_ 3 00
LSTHCHD, AP0 S0 PSS
LGTH.CHD, AP0 SL8-

il HEFL: Clears 30 HEP Ragickr
Claaz Wam Mamary

Oaaz O ra male

e = HEF HER IF FIFO

e oz Darchy FIFCs

HEA g1es migmspaen mode
Tatdalak vaues irmiemd pp 1
gl

e = HEF HER \F FIFO

Oeas Derechor FIFCE

HEA g1es migmspaen mode
Tatdalak vaues irmiemd pp 1
(=N ol

= the HEA = mgedar
Faadihe HEPI sz regicker

Tl LUT Fihd i3 LER W

3

Lal
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W PEC s 2 daw_124
C1HE HR_LUT_RAM LER LGTHCID, AP0 SUEAD PSS xam 2 Re.3d LUT Rk via LER UF om =i i
b il 28-1

£1H2 H_R_MEM LGTHOID, SPIDSUEADFEC s 2 Roadihe coments of ha mamerry
P STy I
=17 10+ 1023
C1MH3 HCWR LGTHOID, AP0 SUBRADPSC M 2 oy Counker and Rageker within
HEF {2l Tabk: 7}
C1 F% HSTR_SYNG LGTHCAD, 4PI0 SUBADPSE N syncvarisaion with ned snch.
Puks
C1.117 HRD_REG_ LGTHCAD, 4PI0 SUBADPSE R ad ragieter hypa I {rad, Tabke 5}
C1.113 H RD_HK LGTHCID, APD SR AnPsC Fead = ndard Hk
1121 H5_FEG LGTHLID, APIDEUEAD PSC mgear 22 Sal ragster hpa
C1.122 HCLR_RM LETHCID, AP0 SRR PSS = ralamalas
£1.124 H_ CUR_WEM LGTHCID, AP0 56 3. Kamary om s b sop
OFPEC =1 1 50p 3 Addrexx
Table 1: HEPI control commands
Hitddazh | Dazoiphon
1} chax qul - FIFO ol ha CdTa dakechr
1 chazx aul - FIFO ol e Cd dasacior
? chaz o FIFO & HER
K| ol FIFO BEHHER
d Chaar the counter ol Ol avanks
5 Chaar CdTe avenl counler
g Chaar he courtar ol the > 10kaY mal. evamts
7 Clear 2amaaesng cumkers SdTele
8 Chaar coamber avacuted commands
7 Chaar counber raquedtad commands
1 Claar Caunter reje cled commands
11 Rik malas
12 Amplude Caracion
13 Spackd Twmng
1d Mamary
15 Spae

Table2: Bit Mask of Clear_CT_REG command (C1.013)

2.4.1.3 HEPI data block format of LBR I/F

Table 3shows the HEPI data block format for transmission between HEPI and DPE via LBR
I/F. Each data block is transmitted only on request with a dedicated request command by DPE.
The first byte of the data blocks contains the length in 16 bit words and the second byte the

data block type. This type is identical to the number of the request command.
The values in brackets are showing the position of each data.

Longth | Type

bwor

K| d HEA sz ragemdr | Spam
{Bpa | (& | {1} {2.4} {3
Ha}

B | 10 | Siam | LUT RS dump
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| | & [ (1 | 2.3 W 131}
H}

2 111 Riagtar mumbar Waa
{Bpe | (& | {1} {2} £t
H}

12 | 117 Dana Type Mdag
By | (& | {1} 2.3
H}

2 | 118 HEFIH¥; dan On evan

= meaz=3]e =k

{Bpe | (& | {1} {2.31} {325}
He}

Table 3: Onrequest dataformat between HEPI and DPE

The HEPI HK data are listed rable 4and Table 5 The essential HK data will be send each

8 sec after a dedicated command from DPE to HEPI. The on request HK data type | are
thresholds and register values and type Il are memory dumps of the LUT of HEPI. They will
be send on request after with a dedicated command from DPE.

The command protocol is according RD2.

Regsler | Desciphon
T ey
1. HEP| Sialus hSHyle
z HEP| Siatlus Aied byle
1 HEP| Sialus LSEe
4, Counker C5| events hSByle
) Coner Cs| evels Jid byle
o, Counter Cs| avenls 2nd byle
7. Counter Cs| avenls L3Bye
3 Couer CdT e eves hiSBEyle
9 Couwer CdT e eveis Jidbyle
10. Counter CdT e events 2nd byle
1. Counter CdT e events L3Bye
12 nmbeer of Cs | evess > 10 heay hiSEye
13. nuimber of Cs| evends > 10 MeY LSBye
14. Sefoaiossing couer CdT e evets hiSEN
15 Defooros sy cowner CdT e events Ba1: .. 8
15. Leqooiossing cower CdT e evenlts L5Ewe
(Ba 7.0}
17. Sefoarossing couer Cs| eveals hSHE
18. SEIOoros Sy cowmer Cs | evernls Ba1: .. 8
19 Leqorios g comer Cs| events L5Ewe
(Ba 7.0}
M. Husmber of recesved comimands
. W usmieed of respees|
x2 Huwmbeer of repert ed comimainds
71 Las! coimimaind
M. Exior Rexister |
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Regisler | Descrighon
i ey
23 Spare
76 Spare
X Spare
8. Spare
Fil Spare
3. Spare
. Spare
32 Spare
3. WAl o evenl Imess ages hEByle
M. -3l O BUaNl M8 e L5Ee
15 Message 1 Sub sl numed 10 a0d O evend Class {111}
15 Message (dentiber {132=IRegal cimd, 133 =Parilly enror, 157=IRegal length, 135=time o,

& ply =255
3. command D
18 APID
19, b0, 1=, b 2. 7=PSC{NE. T}
40, PSC (it 8..13)
a1, Message 2 Sub westnumen 10 anvd On event Class {131}
42, Message [dentiber {152=IRegal cind, 153 =Pailly e, 157=IRegal length, 155=tame o,

o ply =250
43 command D
44, APID
a5, bt 0, 1=, bl 2. 7=PSC{0E. 7} M5Byl
45, PSC it 8..13) LSBye
a7, Message F3 Sub wvstnumen 10 and O event Class {131}
48. Message [dentiber {152=(Regal cind, 151 =Parilly evcr, 137=IRegal lengih, 135=tane o,

o ply =200
48 cominaxd I0
5. ARID
1. bt 0, 1=, bl 2. 7=PSC{E. 7) hiSByle
2. PSC bl 8..13) LSBye
5. Message F4 Sub nstnument 10 avd O event Class (131)
H. Message [dentiber {157=(Regal cind, 133 =Parilly encr, 137=IRegal lengih, 135=tane o,

o ply =250}
2. coimin ard 10
55. APID
5. b 0, 1=, bl 2. 7=PSC{NE. 7) hiSByle
o8 P5C bil 8..15) L5Bye
2. bless age §5 Sub inslnument |0 avd Cwevent Class (131}
&0 Mess age Identiber {132=IRegal cimd, 133 =Parilly enror, 157=IRegal kength, 135=time cul,

amphy =253}
o1, comim and D
62 ARID
6. b 0, 1=, bl 2. 7=PSC{NE. 7) hiSByle
6. PSC (it 8..15) L5Bye
&5 Mess age F6 Sub mstnument |0 avd O event Class (131}
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Regisler | Descrighon
i ey
o5, Message [dentiber {132=IRegal cind, 153 =Parilly evrcr, 137=IRegal length, 135=tame: o,
& ply =250}
LT command D
o8 AP0
o0, bt 0, 1=, bl 2. 7=PSC{0E. 7} hiSByle
7. P5C (bi B..15) L5Eywe
71 Wless age §7 Sub isdnument |0 and O avant Class (131)
2 hessage (dentiber {157=IRegal cmd, 153 =Paily encr, 157=IRegal length, 158=lime oul,
o plhy =250}
73. Iestpmesd acdchresss {0
7. command D
75, bt 0,1="F, bl 2. 7=PSCbE. 7} MSEyle
7. PSC (it 8..15) L5Bye
i Mlessage 8 Sub indnument |0 and O avant Class (131)
7E. Mess.age Identier {152=IRegal cmd, 151 =Parilly evior, 157=IRegal length, 158=time oul,
& ply =250}
i comnaxd I0
. AP0
B b 0, 1=, b 2. 7=PSCILE. 7} MSEyle
B2 PSC (bt 8..15) L5Be

Table 4: Essential HEPI HK data

An error or overflow in one of the modules rises a flag in the corresponding error register (ref.
Table 4. The description of the different flags is listed'iable 6. All error flags could be set

to O individually by command with CID 13 or general by reset, synchronisation and init
command.

B Nuivher of Eqrcr {byle | hoda Ednor conmdWlion

2 of essenkial HE}

0 AC Sumpliocke: cones Bon (overow of imuliphe alion ad addson,
wirkerliow of sulblractcn}

1 LuT Ealemeters cverlow (imore lhen 615335 nuimber of events in one
ralemeler cell

2 hiEM Exior cverflow histogram {imove then 25 mamber of events in
cne hicsd cowam cell )

3 SPT Specval Eming cverdow . (imor2 then 25 mamber of 2vants in
oine hd ool am cefl b

4 TG Crierlow couner serociossing s | evenls {imone then 229 -1
wiap cer of the 7 sec pencd. Crvedlow of Ze700ros s Couner
of CdTe evends is nol mondored, bec ause both couners could
only dWlier by one: digit becaws e of the: synchionis akon of he
delediors

T P Crerow counter of Cs| evesls >0 MeY' (imore then 2415 -1
events wilth more then 10 e\’ alter kst spnchronis ation, ress,
M or clear)
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o COTE_HBE Croeriow couter CAT e events {imore then 2437 -1 umber of
events aller rom las! synchionisalion, resel, il or dear)
¥ C3|_HBE Croeriow counter Cs| events (imore lhen 2*32 < Tnuimber of
events aller lasl sywchionis aion, resel, inil of clear)

Table Fehler! Unbekanntes SchalterargumedE&PI Error Flags

Byl Descriphon defaul valee | Fange
[T aller HEP|
resel

. KER hweshold of double eyvents i hiSH ... MSB-7

1. KER hweshold upper Ihreshold ol wiple | D h3E .. M5BT
ey

2 KER hweshold lower hweshold ol ingle | D h3E .. MSB-7
eves

3 Speecial Eming inkeration lime i 0.9 i msec

4 Special lming upyeer threshold (99 i MSE .. MSB-7

I Spechal ming hreshold 8 i h3E .. MSB-7

. Sppechal ming hweshold 7 i hiSH ... MSB-7

7 Special liming hweshold 6 i hSE .. MSB-7

13 Spechal Nming hreshold 5 i MSE .. MSB-7

2 Sppecial ming reshold 4 i hiSH ... MGB-7

14, Special liming hweshold 3 i hSE .. WGBS

1. Speciral himing bweshokd 2 i MSE .. MSB-7

12. Spechal Mming lower hreshold (1} i hSE .. MSB-7

13. Enengy selecion kower treshok i hiSH ... MSB-7

14. Energy selecion upyper lhreshok] 165FF h3E .. MSB-7

15 Deday of Cs| detecior L Fii nser - 61 psec

16. Delay of CdTe deteckon 0 X8 nses = 61 psec

17 lime CoMCReNC 8 300 3N 8 WINIow | XI8 wsec - 61 psen

18. Cn reques! vale HBR [F A 16503 hiSEe

19. Cn requed vale HBR |F 4 168E7 SHywe

2. Cn reques! vale HBR |F B 155K MSBye

H. Cn reques! vae HBR |F B 155 L5Bye

Table 6: On request HEPI HK datatypell (default values)

2.4.2 High bit rate interfaces: HEPI — DPE

HEPI will transmit the scientific data via two HBR I/Fs to the DPE. These two interfaces are
different from the one between the detectors and HEPI.

They consist of four lines:

» data (from HEPI)

» enable (from DPE)

* clock (from DPE)

* request (from HEPI to mRTU)

The length of each transmitted character is 16 bit. Each FIFO of HEPI is 8 kword. The clock
frequency is MHz (5.242.880 Hz).
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The electrical definitions are in agreement with AD.1 and AD.2.
The request lines are connected with the mRTU (relay status).
Table 6shows an example of an timing scheme of the HBR I/F. Two data words are

transmitted. Due to the late high tx_enable signal at each end of a transmission two additional
bits of the next word are transmitted. Because the transmission of the accompanying data
word is not finished, this data word must be stored and re-transmitted in the next transmission

cycle.

Sand DHFE-Side {m=ach HEA =i {mmec)

b_anabia | i n Bl | propagaton dalay) B
datackon o be_anabla | Bl + #5 {haM papad} |[Jodk 1] 195
i b an fne A {prap. delay} + 310 Irk | 195 435 { hal panod} + B2 g

miema debyl fdadh | ]

=gl ol 1 I (b} 2achd cyder Mearb_enable | 75

nd bt on me A {prop} + SHE W | 120 2130 {pamad} S
=gl ol 2nd bt Aachd cypdas Ak iy _anabka | BE5

16t b an e B {prop. 1+ 3162 1A | 120+ 18190 JEQ
=gk ol 1@h b 17 5 dach cychax aker nx

b_onabks

Faadng the quipat FIFO and bading B+ 17133 1230
tha hilt ragectar with the 2nd d.aa wond

1=t b ol the 2nd d 33 word antha 2 BH{miamal dalay} + 3230 1230
FFO_WH 18 dodh cydaxs slarbi_anabla | 20

Fzadng the oulput FIFQ and bading B+ 13193 Ba7
the chill rageetar with the 3rd .43 word

1=t b ol the Ard d3.3 ward an tha e Bi{mlamal dalay} + 323} B33
FFO_WHH 3 dodh cyclbx slerb_onadbla | GAST

bi_enahia 1 M ok cyckz akerw_anabk | GIED | 61 {prop} + B4ET ga2
=hilt ol ha 2nd b o Ird word 1a1he B+ 34133 Ea 2
quipl

dakechan ol i_anabkat BH GIGH AT {hall panod} ok, | 6813

1]
sap o 1B e mEsian @315

Table 7: Timing scheme of HBR I/F

2421 HBRI/FA

The HBR I/F A will be used to transmit the events, which are not stored inside the HEPI (e.g.
photon by photon) and HBR I/F B will be used to readout the histograms.
This requires different definitions of the data packages for these two lines.
HBR I/F A uses two different packages. one short (80 bit) and one long (160 bit). The field
definition depends on the event type, but in any case starts with the type field (8 bit). Each
value inside the data package is right adjustified.
The MSB will be transmitted first.

An example for a CdTe event in photon by photon mode is shokigune 5
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MSB
0 |1] 2| 3] 4]|5|6]7]|8]9]10]11][12]13]14] 15
type rise time
16 |17]/ 18| 19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30| 31
MSB time since beginning of observation (first 16 bit word)
32 | 33|34[35]|36|37[38|39|40|41|42]| 43| 44| 45| 46| 47
time since beginning of observation (second 16 bit word) LSB
48 |49 50| 51| 52| 53| 54|55]|56|57|58|59]|60|61|62| 63
spare | amplitude
64 |65/ 66| 6768|6970 71| 72 | 73| 74| 75| 76| 77| 78] 79
spare X-position spare Z-position

Figure5: Short data package for eventswith timeinformation at HBR I/F A

The large data packages are e.g. used by compton events and spectral timing events from Csl.
An example for the Compton events is showRigure 6

In normal operational mode either two short (2 (180 bit) or one long (160 bit) data package
(160 bit) is written into the output FIFO (HBR I/F A). This avoids cut off of bits of the data
package if a multiple of 160 bit (10 words) is the minimum number of bits, which is
transmitted within one transmission cycle of the HBR I/F A.

Table 8 shows alist of the different data types and the corresponding data formats of the HBR
I/F A. The numbers corresponds to the transmitted bit numbers, the MSB (bit 0) transmitted
first.

[ HEX |Deci |Lengh |CdTe  |rawinol |Nolcal. | Wukphcity: Speciral | Spare
YValee | mal | (BON1G0} | ACsl raw lcal 01 =single; 10 = Wiy
yahse double; 11 = liphe

B D 1 2 3 4q 5 o 7
CdTe L K 0 0 1 0 0 1 0 0
| single
CdTeraw | 4 0 0 0 0 0 1 0 0
single
CdTeraw |14 20 0 0 0 1 0 1 0 0
2R on
Cdlecal | 52 0 1 1 0 1 0 0
Csl sumple | 10 | b 1 1 0 0 0 0
Csl raw 44 o8 0 1 0 0 0 0
| singie
Csl raw a8 72 0 1 0 0 1 0 0 0
ol
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[)] HEX |Deci | Length |CdTe raw Sl | Nolcal, | Wokphcity: Spedial | Spare
valee | mal | {BOAS0) | ACsl W fed. |01 =single; 10= | ming
yalee double; 11 =Inple
M
Csl raw ac FiL 0 1 0 0 1 1 0 0
Iriphe
e
Cslraw * o 0 1 0 1 0 1 0 0
single
. 2l Ao
Cslmul. |68 1 1 1 0 1 0 0
Cslsingle | A4 Ted |1 0 1 0 0 1 0 0
and CdTe
Caliwakon. | B4 16 |1 0 1 1 0 1 0 0
Csl single
and CdTe
Cslmul, | AR 13 |1 0 1 0 1 0 0 0
and CdTe
Speckal.  |EG Mo (1 1 1 0 0 1 1 0
luming
Table 8: Typedefinition and format of HRB I/F A
Iheam Type |Fise |Evend |Arph |v-Pos. | ZPos. | Amph |v-Pos. [ZPos. [Spae |Tod
ek  |Wme |lime | wde ([T ] kenyth
CdTe sngle |07 B15 | 167 | 5363 | 6571 | V3D &0
CdTe raw 0.7 815 | XAV (5361 (671 | T30 80
CdTe cal. 0.7 B15 (1647 (5361 (651 | T30 Bl
Csl single 07 1647 | ¥63 |op71 | 7479 ¥
Csl raw 0.7 27 | M6 | 6671 | 74D 80
Cslmul 1} |7 1647 | ¥6d | 6671 | 7479 Bl
Csl snghe and | -7 B15 | 1647 (5363 |67 | VITD | BGO5 | 9§103 | 106111 |11 (16D
CdTe *3 CdTe  [CdTe  |CdTe sl cd sl 150
C 2l o 0.7 B13 (1647 [ 536d (6571 | V30 | Bo-O5 | 08103 | 106111 (111 | 160
Csl single and CdTe | GdTe cidTe (] cd (wc] 1540
CdTe *3
Cslmo. and | D7 B15 | 1647 | 3363 | 6571 | T30 | BGO5 | 98103 | 105111 |11 | 160
CdTe “2) CaTe  (CdTe | CdTe  (Ca) cd sl 1540
Speeriral. 0.7 1637 | 48-111 (8 histograms wilh & bat wadth) 11 | 160
Timig 150

Table9: List of data type and formats of the HBR |/F A

*1): For Csl multiple events in case of polarimetric events (double events with position of
second event in direct neighbourhood) following bits are set additionally with polarimetric
information:
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BitNo | 8 | 9 10|11 12| 13|14 15

0 0 0 1 0 Pol Dat

*2): For Compton multiple events in case of Csl polarimetric events (double events with
position of second event in direct neighbourhood) following bits are set additionally with
polarimetric information:

BitNo | 80|81|82|83|84]85

0 Pol Dat 1 0

*3): For Compton events additional bits in the data field indicates, if only CdTe, Csl or both
events are calibration. In the last case, also the calibration flag (bit 3) of the event header will
be set.

Bit No 50 51

CdTe Csl
Calibration | calibration
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MSB

0 1 2 3 4 5 6 7 8 9 1101112 | 13| 14| 15

type rise time

16 | 17] 18| 19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30| 31

MSB time since beginning of observation (first 16 bit word)

32 | 33|34[35]|36|37[38|39|40| 4142|4344 45| 46| 47

time since beginning of observation (second 16 bit word) LSB

48 | 49| 50| 51| 52| 53| 54|55]56|57|58|[59|60|61]62| 63

spare | amplitude CdTe

64 |65/ 66| 6768|6970 71| 72 | 73| 74| 75|76 77| 78] 79

spare x-position CdTe spare z-position CdTe

80 |[81|82|83|84|85[86|87|88]89[90]91]92]93]094] 95

spare Dat Pol Pol amplitude Csl

96 | 97 | 98 | 99 | 100] 101| 102| 103] 104]| 105| 106| 107] 108 109] 110 111

spare x-position Csl spare z-position Csl

112 |113]|114]115]116]117] 118|119 120] 121 122] 123] 124| 125] 126| 127

spare

128 | 129|130/ 131|132 133|134 135] 136] 137| 138 139] 140| 141] 142| 143

spare

144 | 145|146 147|148 149] 150| 151 152| 153| 154 155] 156 157| 158| 159

spare

Figure 6: Example of along data package format of eventswith timeinformation at HBR I/F A

24.22 HBRI/FB

HBR I/F B transmits the content of the mass memory (except the LUT).

HEPI put the data from the memory from start-address to stop-address after a DPE-IASW
command to the line. Start-address and stop-address are parameters of the command.
Figure 7shows the data format of the HBR I/F B. Data - Block length is 1kbyte.

Bk
1] 1 2 % i L lix ] iF)
Lkt Lt Dt bt | Dt bt | Dok b | Dol ke Dotabype | Databyle
Address' | Adbess | sadl | skadel | skale? | staed skt T0E | skl 40D
glur 024

Mifrde | Lifie
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Figure7: Dataformat of HBR I/F B

2.4.3 ON/OFF line
An ON/OFF (7) line from DPE to HEPI is used to initialised HEPI.

2.4.4 HEPI Status line

A status line between HEPI and DPE indicates via DPE relay status read out, if the 4 MHz
and the 1 sec pulse is distributed to from DPE to HEPI. The output of the status lineis a 1 Hz
clock. It could be used for diagnostic purposes, if LBR commands are not working.

2.5 Interfaces HEPI — detectors

2.5.1 High bit rate interface HEPI — detectors

The fast seria line interface transmits scientific data from the detectors to the HEPI in only
one direction. Synchronisation information is transmitted to the detectors from HEPI.
It consists of six differential twisted lines:

» data (from detector)

* sample (from HEPI)

* FIFO not empty (from detector)

* clock (from HEPI)

» synchronisation (from HEPI)

* clear FIFO (from HEPI)

These six lines control the data transmission and timing via hardware handshaking. The clock

frequency is 4,194,304 Hz and should be synchronous to the system clock.

The length of each transmitted word is 64 bit and consists of four 16 bit sub words.

1st word: Time in units of 238.4 ns (most significant 16 bit of 24 bit time word)

2nd word: 8 bit Time (least significant 8 bit of 24 bit time word) plus
8 bit Rise Time (only applicable for CdTe)

3rd word: 11 bit Amplitude (CdTe 11 bit, Csl 10 bit) plus 1 bit flag for CdTe Calibration or
plus 2 bit flags for Csl calibration and multiple event, plus 2 bit for number of multiple
events

4th word: Pixel Address (CdTe 14 bits, Csl 12 bits)
The pixel address of the individual pixel is: Y value (6 bit for Csl or 7 bit for CdTe)
and Z value (6 bit for Csl or 7 bit for CdTe).

The data are right adjustified, where applicable. The LSB of information is the LSB of a 16 bit
word. The transmitted sequence of the words is 1,2,3,4. The MSB is transmitted first.
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1st word
MSB
0 1| 2 3 4 5 6 I 8 9 10| 11| 12 | 13| 14 1
time 1st byte (MSB) time 2nd byte
2nd word
16 |17 18| 19| 20 | 21 | 22 | 23 | 24 | 25 | 260|271|282| 29 | 30 | 3!
time 3rd byte (LSB) | rise time (only CdTe)
3rd word
32 33 | 34| 35|36 |37|38|39|40| 41| 42| 43|44 | 45| 46| 4
cal. flag amplitude (CdTe)
cal. flagl mmc| pulse ID| MUX | amplitude (Csl)
4th word
LS
48 |49| 50| 51 | 52| 53| 54| 55|56|57|58|59|60|61| 62| 6

address (CdTe)

| | address (Csl)

Figure8: Format of data packages from the detectorsto HEPI (mmc: multiple module
coincidence 1 true, 0no MMC; pulseID: order of the pulsein a multiple event with
possible values 00 first event, 01 second event, 10 third event; MUX: Multiplicity with
possible values0OO MUX 1, 01 MUX 2, 10 MUX 3)

2.5.2 Timing of the data transmission of the HBR I/F between the detectors and HEPI

If the FIFO_not_empty lineis high HEPI generates the sample pulse on the falling edge of the
clock pulse to get the next data word. On the next rising edge of the clock pulse [1] (the
numbers corresponds to Figure 9) the source (IFDM or PFDM) writes a new data word from
the detector FIFO to the output shift register. Due to the propagation delay of the lines and the
drivers the clock pulse at the detector is delayed between 8 and 60 nsec. This is also true of
the data, i.e. thefirst datais after max. 60 nsec at the HEPI input register. If the dataword was
the last data word in the output FIFO the FIFO_not_empty [FIFO NE] line should go low
within the next TBD nsec.

On the next rising edge of the clock pulse [2] HEPI shifts one bit from the RS 422 receiver to
the input shift register (HEPI gets DATA-new-1). At this time the output register shifts the
next bit to the RS 422 driver. Then, on the next rising edge [3] HEPI shifts this bit into its
input register and so on.

If the FIFO_not_empty line is still high and HEPI is aso ready for read in, HEPI generates a
new sample pulse with the falling edge of the 64th clock pulse from the beginning. With the
next rising edge [65] HEPI reads the last bit (64th) of the previous data word in and the source
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writes the next data word to the output shift register and the transmission continues. With the
next faling [65] edge of the clock pulse, i.e. after complete a transmission of one data word
(64 bit), HEPI reads the data from the input shift register.

If the FIFO_not_empty line is not high, HEPI generates no new sample pulse and reads only
the data word from the input shift register.

With the rising edge of the clock pulse HEPI clears the output FIFOs. The clear FIFO lines
from HEPI to the detectors goes low. The pulse width of the FIFO reset pulse is one DPE
clock cycle (234 nsec) (not shownRigure 9.

HEPI side

CLOCK 4 % é % é

| | | | | |
| | | | | |
| | | | | |
SAMPLEj ‘ ‘ ‘ ‘ ‘ ‘
| | | | | | | | | |
| | | | | | | | | |
FIFO NE | | | | | | | | | |
| | | | | | | | | |
DATA | | | | | | | | | |
|
|
|

DATA_ .  ~1. "2 ~ 3 4 6 1. 2 3 4
Reality

|

| | | | | | | | | |

FFONE || | | -
| | | | | | | | |

Figure 9: Timing scheme of HBR |/F between
detectorsand HEPI

2.6 Electrical Characteristics

2.6.1 Harness

The two boards are connected with 80 pin connectors inside the frame. The main board (lower
board) gets the power, the clock and synchronisation pulses via a connector from the back
plane.
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On the front side are four connectors. Two of them are connected with the detector layers, two
with the DPE.

Subsystem to/from Connector type Connector Name
HEPI LBR I/F DPE, status |DPE LBR I/F, |DAMA 26 S (high HEPI_J19
mRTU density)

HEPI HBR I/F DPE, clock, |DPE DAMA 26 S (high HEPI_J18

sync. density)

HEPI HBR I/F CdTe detectoCdTe detector | DAMA 26 S (high HEPI_J16
density)

HEPI HBR I/F Csl detector | Csl detector |DAMA 26 S (high HEPI_J17
density)

HEPI power supply DPE HE 801-17 P HEPI_J1

HEPI board interconnection HEPI Memory |HE 801-53 S HEPI_J2

Main board board

HEPI board interconnection HEPI Main HE 801-53 P HEPI_J3

Memory board board

Table 10: Listing of connectors used by HEPI

2.6.2 Shielding philosophy

2.6.2.1 Shielding of the detector HBR I/Fs

Each input and output to and from detectors is realized as a differential RS-422A interface.
The layout of the shielding of individual lines is showrrigure1o.

+5V +5V

500 Ohm
AW O
f

— |HS-26C31MS HS-26C32MS >——

500 Ohm
AWW———

= Overall shield

Figurel0: Shielding philosophy of a RS-422A interface

2.6.2.2 Shielding of the DPE I/F
The shielding of the interface lines between the DPE and HEPI is in according with AD.1.
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3 Engineering requirements

3.1 Power allocation

HEPI power allocation at 5V is:

Stand by mode: 160 mA 0.8W
Nominal mode: 160 mA 0.8 W
Initialisation (for 4sec): 200 mA 1.0wW

3.2 Power dissipation

Power dissipation is similar the power allocation:
Stand by mode: 0.8W
Nominal mode: 0.8W

3.3 Electronic layout

HEPI is configured out of two PCBs. The two boards are connected with an internal
connector.

The FPGA or ASIC is placed on the main board.

The front connectors are also connected to the main board.

The memory board contains only parts of the memory (3 Mbyte).

Figure 11shows the HEPI frame with connectors and PCBs (upper part).




Tubingen HEPI Issue’5.5 /> =5
b/

Date:January 2000 )

IAAT

University of INTEGRAL Doc: IN-IM-TUB-TN/EL-018
Astronomy

Interface Description

IMAGER IBIS Page27 of 29

T ——==2 L £o

A C i ToT ==

™
) (@)
i A4

be] o [ e w0

Figure 11: HEPI with connectorsand mounted boards

3.4 Dimensions

Table 11lists the dimensions of the two boards and the module.
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Board Frame
Length: 225 227.5
Width: 214 226
Height: 16.2 (without PCB's)

Table 11: Dimensions of the HEPI boards and frame
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Figure 12 : Mechanical drawing of the HEPI module.

3.5 Mass allocation
HEPI requires following mass allocation

2 Boards (a 400 g) 800 g
Connectors, screws, etc. 200 g
1 Module 280 ¢
1280 g
margin 15 % +192 g
total 1472 g

All elements on the board will be well pro-portioned placed on the board.

3.6 Thermal design

The temperature of the PCB at boundary conditions of +40 °C is about 55 °C nomina power
and 50 °C with standby power.
(cf. PG/10.3.2/RT/1905/rt)



