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1 Scope

This document describes the Bonn TT Unit.

2 Applicable documents

No. Title

Number & Issue

AD1

AD 2

3 Reference documents

No. Title Number & Issue
RD1 ARGOS-FDR-018, Tip-Tilt Control Design

RD2 SPCM-AQ4C data sheet

RD3 Diamond Systems Helios User manual Revision B3

© ARGOS Consortium



-+ \- 3
%R@@%_{} Bonn TT Unit specification ISsue P07 2014

Page 40f38

4 |Introduction

The Bonn TT Unit is used to count TTL pulses frdma Perkin EImer APD module that is used for the
APD quad-cell system of the TT sensing system.gagh integration interval the Bonn TT Unit computes
the corrected counting values, the centroid arallfirde-rotates the centroid. The output includhes t
corrected and de-rotated x- and y-coordinate.

The device consists of two components: The firgtisra PC/104 CPU board with a x86 compatible
Vortex86 microcomputer running under Linux. It kegpe ethernet connection to the ARGOS network,
allows the remote control of the Bonn TT Unit amdrds access for maintenance.

The second component is a FPGA board for countidgcamputing in real-time. It transmits the data i
serial RS422 interface to the TT Slope BCU.

Both components are connected via an ISA-bus.

Bonn TT Unit
PC/104 CPU board
Ethernet
CE——— ARGOS-/ LBT
Vortex86 Network
Linux-System _RSZS.Z
USB MAINTAINER
PC/104 FPGA board ISA
FPGA
‘ Memory ‘
. TTL \L i RS422-USB
Perkin EImer - S| Converter
four channel Counters g Urr?i;a || Rs422 RS422 TT Slope
APD-module T F [T BCU
Random count
generator

Figure 1: Bonn TT Unit block diagram
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The arithmetics is done in three steps. The fitgp $s the correction of the counted values in $eoh
linearity, dark count and photon detection efficignThe formula is taken from the Perkin EImer SRCM
AQ4C data sheet:

C Cc = corrected number of counts per sec
m - Cdark C = number of counts per sec
CC = d Caak = dark counts per sec
Py ts  =dead time

Pe = photon detection efficiency

In the second step the centroid is computed francthrected number of counts of all four APDs:

y
3
- (Ccz +Cu ) _ (Ccl + Cc3) |
SC, APDI | APD2
= (Ccl+ CCZ)_(CCS+ Cc4) / =X
Sc, APD3 | APD4

Figure 2: Adjustment of APDs
(see RD1)

C. is the corrected number of counts in tHeAfPD in the coordinate plane.

The third step is the de-rotation:

X |_[COSQ@ —sina) (X
Yo sinag cosa ) \y
a is the rotation angle. Positive angles will leactrotation counterclockwise.

4.1 Reference values

e Maximum sampling rate: 2kHz

* Overall latency < 70us

« Rotation angle update interval: < 10s => angleregrl® at field rotation velocity of 0.133°/s
e Maximum jitter for each interval: < 1s

e Maximum counting value: 65535 counts/integrationeti

© ARGOS Consortium
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4.2 Coordinate system

x- and y-coordinates are calculated as 16 bit waluarotated coordinates range from -23170 to 23170
After the derotation the range is from -32767 tG&2

Figure 3: coordinate system

4.3 Dynamic range

Figure 4 shows the lenslet-array in front of theD&R1 to 4) illuminated with the light beam of dietard

in different positions (A to F). The calculated otated x- and y-coordinates range from -23170 /23
The beam diameter maps this range to the dimew$ithe lenslet-array.

CaseA: the beam is outside of the array. No valid cadtcan be calculated due to no detected photons.
CaseB: part of the beam illuminates APD2. x- and y-caaatk is clipped to 23170 because of all photons
are detected on quadrant 2.

CaseC: photons are detected by APD1 and APD2. The xdinate is calculated and the y-coordinate is
clipped to 23170.

CaseD: photons are detected by APD2 and APD4. The ydinate is calculated and the x-ccordinate is
clipped to 23170.

CaseE: all photons are detected by APD2. x- and y-cew@tdi is correctly calculated as 23170. This case
produces the same result as case B!

CaseF: photons are detected by all four APDs. x- ana@rdinate are calculated without clipping.

© ARGOS Consortium
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beam lenslet-array Y 23170
lllllllll.lll.lllllllllll.’l‘l'l'l'l’l'l'l l’l‘l‘l'l'l’l'l‘-lllll.lll.l.llll.lllll.ll-

d = beam diameter

-23170

23170

dynamic range

region with clipped
Y coordinate

region with clipped
X coordinate

[ ] region with clipped
X and Y coordinate

APD3 APD4

IIIIIIIIIIIIIIIIIIIIIIIII"I-I-I'I-I-I-I'I I’I-I-I-I-I-I-I':IIIIIIIIIIIIIIIIIIIIIIIII
-23170

Figure 4: dynamic range (without rotation)

5 Data Input/ Output
5.1 Input

5.1.1 Number of photons

The Bonn TT Unit counts the number of pulses fromRerkin ElImer SPCM-AQ4C. Each photon is
represented by a TTL pulse that is 4.5 Volt higt 2&ns wide.
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5.1.2 Parameters

The Bonn TT Unit requires several parameters wbashbe changed by the user via Ethernet. If no
parameters are set the device will use a set aluttgfarameters. For correct naming and synta seg
(Ethernet/ICE interface). The parameters are davisl

* Integration time (t) [us] (default 1000)

The duration of a single counting interval. It denused to trade off the number of counts against
the sampling rate. The minimum for integration tim®&00us, the maximum value is 4.000.000us.

e Dark count for each APD (Gark ) [1/s] (default 500)

The number of dark counts of one APD in one secBadshort integration times this parameter
might be negligible but it might vary with tempareg. According to the Perkin EImer SPCM-
AQA4C data sheet this value should not exceed 58p&rt from that the product of dark count and
integration time must not exceed 4096 as the FR&@G#& Ican not handle larger numbers. This
allows a darkcount up to 1000/s at 4s integraiioe t

e Dead time for each APD () [ns] (default 50)

Each APD has a dead time of several nanosecoratscaith detected photon. Within this time no
other photon can be detected. The chance to memhincreases with the count rate. This leads
to a non-linearity. The parameter is used to coties. The value is typically about 50ns according
to the Perkin Elmer SPCM-AQ4C data sheet. The FR@G& can handle values up to 122ns.

* Photon detection efficiency for each APD (P [%] (default 50)

The APDs should be light sensitive at wavelengbmfddlOOnm to 1000nm. Within this range the
detection efficiency varies from 10% to 60% accogdio the data sheet of the SPCM-AQ4C. The
Bonn TT Unit allows setting photon detection efiaties from 1.6% to 100%.

e Minimum counting value [1/s](default 0)

Depending on integration time and dark count tieeeminimum value of counts that must be
achieved to get a reasonable result. If the suoowifits of all four APDs is below this minimum
counting value the Bonn TT Unit will set the “Lowe@nt”-Bit in the status-nibble to “1” (see
chapter 5.2.4).

* Rotation angle [rad](default 0)

Rotation angle of the telescope. The centroid istd&d by this angle. A positiv value leads to a
rotation counter clockwise.

e Zero angle [rad](default 0)

Additional to the rotation angle of the telescapere might be an offset angle that is caused by a
misalignment of the optical apertures. It is coasddl in the calculation as an offset for the rotati
anglea. A positiv value leads to a rotation counter cloide.

© ARGOS Consortium
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5.1.3 Commands

The control software is based on the ICE (inteco@hmunication engine). To communicate with the Bonn
TT Unit command server, you have to use the funstieclared in the ICE interface file(see 6.2.1).

* Mode
run, stop or idle. For explanation see 6.3
e Shutdown
Shuts down the CPU board.
e Reboot
Reboots the CPU board.
e I|nit

Sets the Bonn TT Unit parameters to the softwafieele defaults.
* Reset FPGA
Resets the FPGA and sets the parameters to thedrardefined defaults.
* Reload FPGA
Forces the FPGA to reload its firmware from thesd&tROM.
¢ Get FPGA version
Returns the version number of the FPGA firmware.
e Get APD overcurrent
If the APD module is overilluminated the securitscait will switch off the module until it is
reset. This is indicated by the APDovercurrent bit.
e Set APD power
Turns on/off the power for the APD module.
e Set APD reset
Resets the security circuit of the APD module posegply.

Additional features:

= Countsource
It is possible to feed the calculation unit of #GA with 3 different sources:
APD: the pulses from the Perkin EImer SPCM-AQ4Qaie
random:  hardware generated random number of counts
dummy:  user defined number of counts

= Powersupply voltages
The supply voltages of the Bonn TT Unit and Potsgam can be measured.
on Bonn TT Unit:  +5.0V, +3.3V, +2.5V, +1.2V
on Potsdam part:  +30.0V, +2.0V, +5.0V

= Bitrate
The transmission bitrate to the slope BCU can bendat/s. The bitrate is corrected to the
nearest possible bitrate.

= Gettemperature
Measures the temperature on the FPGA board.

= Reset image number
Resets the counter for the image number.

= FPGA version
Returns the version number of the FPGA firmware.

© ARGOS Consortium
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5.2 Output

5.2.1 Parameters

The parameters mentioned in 5.1.2 that can beysethlernet can also be requested by ethernet. Willey
be dumped together with the corresponding imagebeuiin “/root/tts/soft/tmp/tts_setup_dump.txt” dret
CPU board's filesystem.

5.2.2 X-and Y-coordinates
The coordinates are transmitted in realtime byrialsd@S422 interface to the BCU.

The coordinates are represented by a 16 bit intejee (-32768 ... 32767):

Xout |_ 32767 | Xat
== Y. O[-1...100
o b AL B

The division by\/z is made to downscale the x- and y-coordinates @bsolute maximum (+/-) 23170,
so they can be rotated in the coordinate plane.

5.2.3 Counting Values
The raw counting values are transmitted in realtoy@ serial RS422 interface to the BCU.

5.2.4 Status Information
The status information nibble is transmitted intiege by a serial RS422 interface to the BCU.

The meanining of the status bits are:

Bit 1 (MSB) Unused

Bit 2 1=counter overflow
Bit 3 Unused

Bit 4 (LSB) 1=Low Count

The overflow bit is set to ‘1’ if one of the fouoenter is feed with more than 65535 pulses pegraten
time. The low count bit is set to ‘1’ if the sumalf four counter values is below the specifiecedfor the
parameter minimumcount.

© ARGOS Consortium
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6 Specifications

6.1 Layout

The hardware is designed to find place in the f@agoom of the rack for the TT System as a separat
mountable module. It consists of a combination Bf24104 board, a FPGA board and a RS-422 to USB
converter for debugging purposes. All parts aremtedion a common base plate (See Figure 5).

The drawings below show overviews of the hardwaikthe postions of all connectors. The hardware has

additional plugs for HF-, analog- and general pagpdO signals, which may be used for future upldte
can also be populated with LEDs and switches warenot visible to keep the graphics clear.

| 20TE |

RS-422 to

G6HE

Measure

PC/104
board

FPGA
board

Figure 5: The Bonn TT Unit
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6.2 Interface specifications

6.2.1 Ethernet/ICE interface

The Ethernet interface allows access to the Linaghine via SSH. The configuration of the network
interface resides in “/etc/network/interfaces” ba CPU board’s filesystem.

In addition the Bonn TT Unit software interactsiwihe ARGOS software via ICE. The init-script fbet
ICE command server running on the CPU board “feitaditts” can be called with start/stop/restahieT
following methods are implemented:

i denpotent void init() throws TipTiltException;

i dempot ent voi d set Mode( TTMode node) throws Ti pTiltException;
i denpot ent TTMbde get Mbde() throws Ti pTiltException;

i demrpot ent voi d set Par anet er s( ApdPar aneters paraneters) throws TipTiltException;
i denpot ent ApdPar aneters get Paraneters() throws TipTiltException;

i demrpot ent voi d setlntegrationTime(long integrationTi mel nM crosecond) throws TipTiltException;
i denpotent | ong getlntegrationTi nel nM crosecond() throws TipTiltException;

i dermrpot ent voi d set Zer oAngl e(doubl e zer oAngl el nRadi an) throws TipTiltException;

i denpot ent doubl e get Zer oAngl el nRadi an() throws Ti pTiltException;

i dermrpot ent voi d set Rot at eAngl e(doubl e rot at eAngl el nRadi an) throws Ti pTiltException;
i denmpot ent doubl e get Rot at eAngl el nRadi an() throws Ti pTiltException;

i dempot ent voi d setM ni munCount s(int counts) throws TipTiltException;
i demrpot ent int getM ni munCounts() throws TipTiltException;

i dermrpot ent voi d set Count Sour ce( Count Sour ce source) throws TipTiltException;
i dermrpot ent Count Sour ce get Count Source() throws TipTiltException;

i dermrpot ent voi d set DummyCount s( DummyCount's counts) throws TipTiltException;
i denmpot ent short get DummyCounts() throws TipTiltException;

i dempot ent void setBitRate(float rate) throws TipTiltException;
i dempot ent short getBitaRate() throws TipTiltException;

i demrpot ent voi d shutdown() throws TipTiltException;
i demrpot ent voi d reboot () throws TipTiltException;

i dermrpot ent  Power Suppl yVol t age get Power Suppl yVol t age() throws TipTiltException;
i dempot ent fl oat get Tenperature() throws TipTiltException;

i denpotent void reset FPGA() throws Ti pTiltException;

i dermrpot ent voi d progranFPGA() throws TipTiltException;

i dermpot ent voi d resetl mageNunber () throws TipTiltException;

i dempot ent string get FPGAVersion() throws TipTiltException;

i denpotent int get APDovercurrent() throws TipTiltException;
i demrpot ent voi d set APDpower (ttsStateOnoff state) throws TipTiltException;
i denmpot ent voi d set APDreset () throws TipTiltException;

The following data types are defined:

exception TipTiltException

string nessage;

struct Power Suppl yVol t age
{

float bonnlVz;

fl oat bonn2V5;
float bonn3V3;

fl oat bonn5VO;

fl oat pot sdanB0VO;
fl oat potsdanRVO;
fl oat potsdanbVo;
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struct ApdParaneters

fl oat darkcount sPer SecondAPD1;
float darkcount sPer SecondAPD2;

fl oat darkcount sPer SecondAPDS;

fl oat darkcount sPer SecondAPD4;

fl oat deadTi mel nNanosecondAPD1;

fl oat deadTi mel nNanosecondAPD2;

fl oat deadTi nel nNanosecondAPD3;

fl oat deadTi mel nNanosecondAPD4;

fl oat photoDetectorEfficiencyAPDL;
fl oat photoDetectorEfficiencyAPD2;
fl oat photoDetectorEfficiencyAPD3;
fl oat photoDetectorEfficiencyAPD4;

}s
struct DummyCounts
{

short countsl;
short counts2;
short counts3;
short count s4;

}s
enum TTMode
{

run, idle, stop

}
enum Count Sour ce

ttsapd, ttsrandom ttsdummy
b

enum ttsStateOnof f

on, of f

}s
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6.2.2 RS-422 interface

6.2.2.1 General
The Bonn TT Unit transmits its data via a serial422 interface to the slope BCU.

The requirements of the Bonn TT Unit say that tekaylcaused by computation and transmission oKthe
Y-coordinates must not exceed 50 ps. To fulfilbtihiuses the maximum bit rate that RS-422 is §ipelci
for, which is 10 Mbit/s.

Modification:

The transmission bitrate is set to the valu& 429 Mbit/sto be compatible with the slope BCU RS-422
receiver. This leads to a delay of ab@0tus

6.2.2.2 Electrical Specification

According to the RS-422 standard the Bonn TT Usésua differential driver for transmission (TX+ and
TX-). A logical '1' means TX+ is high level and T¥-low level, a logical '0' means TX+ is low lewaid
TX- is high level. The minimum differential voltaga receiver (BCU) side is 2V.

TX+ is connected to the RX+ of the BCU on pin ghe 7-way Fischer 102 jack.
TX- is connected to the RX- of the BCU on pin Slué 7-way Fischer 102 jack.

If the transmission line is idle, it is held onagilcal '1'".

The used connector is a 7-pin connector from FistB2 series. It is identical to the one on the BLidé.
The pin layout is given in Table 1. See also APPEINN(4).

Pin Function

Not connected

Not connected

Tx-

Tx+

Rx-

Rx+

N o o WN P

GND

Table 1: pin layout of RS-422 cable

The RS-422 cable is a cross-link-cable. It is poeduby Microgate and provided by MPIfR.
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6.2.2.3 Protocol Specification

Coding:

The data send to the BCU is converted into ASCdirabters. Therefore each byte is separated intdasp
and instead of these nibbles an 8-bit ASCII charasttransmitted, that represents the hexadeciataé
of the nibble. The table shows the mapping.

Nibble Character ASCII-Decimal- | ASCII-Binary
Value Value
0000 0 48 0011 0000
0001 1 49 0011 0001
0010 2 50 0011 0010
0011 3 51 0011 0011
0100 4 52 0011 0100
0101 5 53 0011 0101
0110 6 54 0011 0110
0111 7 55 0011 0111
1000 8 56 0011 1000
1001 9 57 0011 1001
1010 A 65 0100 0001
1011 B 66 0100 0010
1100 C 67 0100 0011
1101 D 68 0100 0100
1110 E 69 0100 0101
1111 F 70 0100 0110

Transmission Package:

All data is transmitted in one package. It is idtroed with the ASCII character 'T' (decimal 84pas
header. Next there are 33 characters of userwaiasharacters for a checksum, and a “CarriagarRét
(decimal 13) and a “Line Feed” (decimal 10) intiésathe completion of the transmission. The tahtens
the whole contents of the frame.
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Character No.

0 Header character ('T")
1 Status information
2-9 Frame number
10-13 X-coordinate

14 - 17 Y-coordinate

18-21 APD 1 counter value
22 -25 APD 2 counter value
26 — 29 APD 3 counter value
30-33 APD 4 counter value
34-35 Checksum

36 'CR'

37 End of package 'LF'

Table 2: contents of transmission packet

Calculation of checksum

The checksum is computed as the sum of charaet&®30of the related package. The lower 8 bit of the
result are extracted from the result, converteal ihé corresponding two ASCII characters and then
transmitted.

Character Transmission

Each character is transmitted independently asearatof 10 Bits, with a start- and stop-bit, eidata bits
and no parity bit. The data is transmitted with Li8Bt and MSB last. This is compliant to the seR&-
232 standard. Each bit is 100ns wide at a bitohi® Mbit/s.

Modification:
Each bit is 140ns wide at a bit rate of 7.1429Mbit/

Bit No. Description:

Start Bit (Logical '0")

Data LSB 0

Data Bit 1

Data Bit 2

Data Bit 3

Data Bit 4

Data Bit 5

Data Bit 6

Data MSB 7

© 0o N o o b~ W DN P O

Stop Bit (Logical '1")

© ARGOS Consortium
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Example

Status

= (00Q0)
Frame number =

(0000 0000 0011 0110 1110 1000 0009)
(0001 0100 1001 0901)
(1101 0110 1101 1301)
(0000 0011 1110 1900)
(0000 0101 1101 1300)
(0000 1001 1100 0300)
(0000 1111 1010 0QOO)

600000

g1 w
N
[o)]
ol

x-coordinate
y-coordinate
Counter 1 = 1000
Counter 2 = 1500
Counter 3 = 2500
Counter 4 = 4000

Frame:

1 character for header ('T")

1 character for status information
8 characters for the frame-number
4 characters for x-coordinate

4 characters for y-coordinate

4x4 characters for counter 1-4

2 characters for the checksum

1 character carriage return

1 character line feed

=> 38 Characters

Transmission:

Head | Stat. Frame-Number x-coordinate y-coordinate Cauhte Counter2 Counter 3 Counter 4 Checksum R

-er

Bi-nary 0000| 0000| 000! 001t 0110 1110 1110 100000Q00001| 0100/ 100 ooof 1191 0110 1101 1101 0000 1 Q01110 | 1000/ 000Q 0101 1101 1100 0001 0011 1POO 10000 | 1111| 101Q 00O

Char T 0 0 0 3 6 E E 8 0 1 4 9 1] D 6 0 D 8 pD 5 D C 0 9 C 4 0 F A 0 A 3 CR LF

7 49 8 b4 6868 48 51 69 56 48 53 68, 67 4 5 67 52 48 0 g5 14865 51 13 10

Ascii 84 48 48 48 51 54 69 69 56 4 4 5p §
Dec

Ascii 0101 | 0011 | 0011 | 0011 | 0011 | 0011 | 0100 | 0100 | 0011 | 0011 | 0011 | 0011 | 0011 | 0011 | 0100 | 0011 | 0100 | 0100 | 0011 | 0011 | 0100 | 0011 | 0011 | 0011 | 0100 | 0100 | 0011 | 0011 | 0100 | 0011 | 0011 | 0100 | 0100 | 0011 | 0100 | 0011 | 0000 | 0000
Bi-nary | 0100 | 0000 | 0000 | 0000 | 0011 | 0110 | 0101 | 0101 | 1000 | 0000 | 0001 | 0100 | 1001 | 0001 | 0100 | 0110 | 0100 | 0100 | 0000 | 0011 | 0101 | 1000 | 0000 | 0101 | 0100 | 0011 | 0000 | 1001 | 0011 | 0100 | 0000 | 0110 | 0001 | 0000 | 0001 | 0011 | 1101 | 1010

Checksum: 84+48+48+48+51+54+69+69+56+48+49+52+5¥88954+68+68+48+51+69+56+48+53+68+67+48+57+67+52F8865+48= 1955 = 0x7A3— Cheksum = A3
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Bitstream:

The LSB of each character is transmitted first.

! L L] ; X a %) !
IDLE T | 0 ! 0
I I I
[0 [ | [ | | | [
| ﬂ”j' | | f' | praee I ﬁ I | 5 |
LA ~ [ LA il o (LA
R DATA [ [ S DATA Tl I |
g [T [ T I, | [ T
b oo I o I @ 1 DATA
i | L5 D) | o D @
—( | ¢ |
0 0 0 1 0 1 4] 1 0 1 0 0 0 0 0 1 1 0 (4] 1 0 0
and so on...
e i e
At bit A[wai{

Figure 6: Low level protocol

Total package contains: 380 Bit = 38 character

Atpir = 100 ns @ 10 Mbit/s.

Atya = 100 ns@ 10 Mbit/s(the delay is one clock cycle).
Modification:

Atpir = 140 ns @ 7.1429 Mbit/s.

Atyair = 140 NS@ 7.1429 Mbit/sthe delay is one clock cycle).
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6.2.3 APD Module connectors

The APDs are connected to the Bonn TT Unit by M@Xrectors. They are placed on the FPGA-board. It
is only accessable if the TT System is disassembled

6.2.4 RS-232 interface

The Bonn TT Unit provides a RS-232 interface féogin to the Linux CPU board by a terminal program
(Minicom, HyperTerminal...). This interface canumed for maintenance when the unit is unreachable b
network. It is placed on the front panel of the BA Unit. In normal operation the front panel ceotors
are jumpered/bypassed to the internal wiring gointpe N-Port server inside the TT Cassette. For
debugging it is possible to pull the jumper andresant directly to the serial port.

The table below shows the cabling from the CPU th¢see RD3 connector J8) to the SUBD connector on
the front panel. The second shows the cable goorg the bypass port to the NPort server.

CPU board side J8 Colour Front panel (SUBD-9)
3 RXD1 white/black 3

5 TXD1 brown/black 2

9 GND Black 5

Front panel bypass colour RJ45 plug
3 RXD1 blue 4

2 TXD1 orange 5

5 GND violett 3

6.2.5 Ethernet interface

The ethernet interface placed on the front paneingper/bypassed to the internal ethernet switsldanthe
TT cassette. For debugging it is possible to fndljumper and connect directly to the ethernet gare
table below shows the cabling from the CPU boaed D3, J11) to the RJ45 connector on the front
panel.

CPU board side J11 | Colour Front panel RJ45
1TX+ orange/white 1
2 TX- Orange 2
4 RX- Green 6
5 RX+ green/white 3

6.2.6 USB interface

To read out the RS-422 data packages without uss@CU, the Bonn TT Units provides an USB
interface which sends the same contents. The tiasiem speed is 2 MBit/s. It is placed on the frpanel
of the Bonn TT Unit and can be connected for demgydhe receive process source code is not part of
the official software but can be found in “/rodt/toft/src/tts_receive process_rs422.c” on the CPU
board's filesystem. Copy it from there to the reoeg computer, modify your local copy if you warnrtca
compile it. Run the receive process with the USRE pich is connected to the Bonn TT Unit.

The table below shows the cabling from the FPGAdtacannector J316 to the RS-422 to USB converter.
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FPGA board side J316 colour| RS-422 to USB convertside
10 TX- grey SUBD-9: 4
9 TX+ grey SUBD-9: 3
6 GND grey SUBD-9: 5

6.2.7 Power Supply

The Potsdam power supply, which powers the APD nesdwalso offers 5V/2A to the Bonn TT Unit. It
will be connected by a terminal clamp which is plhon the backside of the module. From there thepo
supply is connected to the CPU board (see RD3,axionJ4).

FPGA board side J602 colour

1+5V red

2 GND black

FPGA board side J603 colour CPU board side J4
1+5V red 145V

2 GND black 2 GND

6.2.8 JTAG Interface
To update the FPGA firmware version there is a JT@rface accessible from the backside of the Bonn
TT Unit.

6.2.9 Power supply measurements

The power supplies of the APD module (+30V/GND,+2WMD,+5V/GND) are measured by a 12C ADC
device on the FPGA board. The connectors on theAHR§ard side are MCX. It is mandatory to connect
the right voltage to the right input connector teyent damage to the ADC inputs!

6.2.10 Additional signals

Certain of the digital /O signals of the CPU board used to monitor and control the power managmen
of the APD module. Therefore the port D is defiivethe BIOS settings as output port. Port E isrdslias
an input port in the BIOS settings. The output$ont D are 3.3V at a logic ‘1’ and 0V at a logi¢. The
input on port E is a high impedance. The tablewedbows the cabling of the additional signals.

CPU board side J7 Colour
1 DO, output APDpower Green
2 D1, output APDreset Yellow
9 EO, input APDovercurrent Blue
17 +5V Red

18 GND Black

APDpower switches the powersupply of the APD modafeer powering the TT Unit cassette the APD
module power supply is off but the Bonn TT Unipmwered and booting. After boot the APDpower signal
has to be set to “on” to switch on the APD modyleser supply.

In case of overillumination of the APDs the modslswitched off by a hardware circuit and resiaes i
safe state until reset. The APDovercurrent bietss ‘1’. Software can poll this bit at low frequey to
indicate overcurrent.
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When overcurrent/overillumination has occurreditinenination of the APD module has to be reduced.
Then the APD can be reseted via software (see)6&ter calling the reset function the APDreset piill
go to ‘0’ for 1 second.

6.3 Behavioral description

The Bonn TT Unit supports three operational modes; stop and idle. It does not need any infornmatio
about the closed-loop or anything else of ARGOSpkthe current rotation angle.

6.3.1 Mode “run”

After power-on or after setting the mode to “ruh&tBonn TT Unit enters the run-mode. In this siate
counts, calculates and transmits the results,aWwecounting values and the status infomation vigdRSto

the BCU. The device gets the de-rotation angle fthm telescope in a constant interval of 10 s and
includes it in the calculation.

If the sum of counts of all four APDs is below tminimum counting value”, the “low count” bit of ¢h
status nibble is set to ‘1'. If there is an ovenflof one counter the “overflow” bit of the statubble is set

to ‘1. The x- y-coordinates are send anyway.

In run-mode the device allows the user to set aqdest all parameters. The latency for those paeasie
to take effect is below 3s. A change of the integretime takes effect on all four APDs synchrorigasd
may take effect on a running integration interval.

If the mode is set from run to stop or idle, theide will always complete the last integration mtd and
send the last package before it leaves the run mode

During run mode the user has the ability to swhiehween different data sources. By default the Bbhn
Unit takes the counting values of the APD countercompute the centroid, but it can also generate
random counting values for testing purposes. Intiatdthe test counts can be set to dummy valuethéy
user.

6.3.2 Mode “stop”

After setting the mode to “stop” the Bonn TT Uniiters the stop-mode. In this state the device does
count pulses and it does not send anything vi&kbBel22 interface. It allows the user to set andesgall
parameters. If no parameters are set the defdukvare used.

6.3.3 Mode “idle”

After setting the mode to “idle” the Bonn TT Unitters the idle-mode. In this mode the device séimels
corrected counts but constantly sends the cooeln@ 0] after each integration time. The devideved
the user to set and request all parameters.
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6.4 Arithmetic error

As seen in chapter 4 the counting value of one AB®to be corrected with this formula:

C —
_1-co,
Cc Pd

Cdark

C

As described in chapter 5.1.2 each APD has a maadicharacteristic, which is a result of the daad t;.
The termL is used to correct this.
- d
This division is unfavourable to be calculated o EPGA. The following approximation is used indtea
C __ci+cm) c, <<1
1-C [,

Because of this the Bonn TT Unit always makes tairearithmetic error, which is affected by the ren
of counts and the integration time. In additionnmdg errors may occure, because the Bonn TT WS u
only integer arithmetics.

Figure 7 shows the Bonn TT Unit compensation coeghém no compensation. And Figure 8 shows the
corresponding arithmetic error of one single APDdn integration time of 1ms. The right side diagsa
show zoomed areas of the left side diagrams.

For all plots the following parameters are used:

+ Deadtime: d=50ns
+ Darkcount; Gark = 500/s
e Photon detection efficiency: 4B 100%

The error E in Figure 8 is:

E= Cc _CC,B'I'I'U 100
CC
Cc = properly corrected number of counts

Ccerru = number of counts, corrected by the Bonn TT Unit
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Figure 7: Compensation of a single APD at 1 ms inggation time
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Figure 8: Arithmetic error of a single APD at 1 msintegration time

Figure 8 shows that about 10 counts are needeeko the error below 5%.

The green uncompensated curve shows at 100 ctnatthe error produced by deadtime compensates the
error produced by darkcount. Therefore the caledlatror there is zero. Below 100 counts the afuerto
uncompensated dark counts dominates while aboved@its the error due to dead time dominates.

The ripple seen in the blue curve Figure 8 (rigii¢)sresults from the integer arithmetics of thexBaT
Unit. The error rise to 100 % if counts drop to 1.

The error made by the calculation of the centroid #he rotation is neglegible.
7 Use cases sunny

7.1 Remote startup

Power-on APDs

Power-on Bonn TT Unit

Bonn TT Unit will start sending frames
Wait until getMode-function replies “run”
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7.2 Remote shutdown

e The Bonn TT Unit can be rebooted with the rebostwe@nd

e The Bonn TT Unit can be shutdown with the shutdogowmand

e Power can be switched off via the Potsdam poweplgupthe Bonn TT Unit is unreachable. This
should only be used in emergency case to prevenageato the CPU board’s Linux system.

7.3 Set parameters

Dark count for APD 1-4

Dead time for APD 1-4

Photon detection efficiency for APD 1-4
Integration time

Minimum count value

Rotation angle

Zero angle

All parameters can be set and changed at any time.

The parameters dark count, dead time, photon effayi and integration time are necessary for opperali
they are not set, default parameters are used.

The parameters zero angle, dead time and photmreeffy should be more or less static. A change of
these parameters should not be necessary undércusuastances.

The rotation angle will be cyclicaly provided tetBonn TT Unit.
The parameter dark count might vary with tempegatur

The delay of parameters to take effect in run-medds. In between or during the running integratio
time interval the Bonn TT Unit uses the last valadameters.

The parameters dark count, dead time and photanesfty have to be set synchronously for all folrDs
to prevent illegal states. Thus the setParametanand (see6.2.1) always sets all parameters, nemat
whether they were changed or not.

7.4 Get parameters
These parameters can be requested at any timenbdingehe related command via ICE

Dark count for APD 1-4

Dead time for APD 1-4

Photon detection efficiency for APD 1-4
Integration time

Minimum count value

Zero angle

Rotation angle

Current state
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7.5 Stop

To stop the Bonn TT Unit the mode is set to “stdffie Unit can be set to idle-mode before to enthate
the last coordinates send are [0, 0]. The relatadtion is the setMode function.

7.6 Data dump

The Bonn TT Unit transmits the raw counting valogall four APDs to the slope BCU. At the beginning
of each observation, and after each change of gaessithe Bonn TT Unit stores a set of parameters
together with the first framenumber from which thale effect in a local file on the Linux machine

(/root/tts/soft/tmp/tts_setup_dump.txt). These ddliaw a complete reconstruction of all computelliga
of the Bonn TT Unit.

7.7 Dark count calibration

<To be clarified by Jesper Storm>

7.8 Dead time calibration

<To be clarified by Jesper Storm>

7.9 Photon detection efficiency calibration

<To be clarified by Jesper Storm>

7.10Zero angle calibration

<To be clarified by Jesper Storm>

7.11 Acquisition

e Calibration and usage of APD parameters
e Bonn TT Unit must be in run-mode

e Adjustment of APD count rate with integration time

8 Use cases rainy

8.1 Bonn TT Unit sending bad values

e Check if APD module is powered/reseted

e Check if Low Count Bit or Overflow bit is set

e Check if parameters are right

e Switch unit from start- mode to stop-mode and kacktart-mode

e Reboot
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e Shutdown and Power cycle

8.2 Bonn TT Unit unreachable via network

e Connectvia RS-232 and login as user “root” togiimblems on the Linux machine.
O Check interface configuration (command: “ifconfig”)
O Check configuration files (file: “/etc/network/infaces”)
O Restart ICE command server (command: “/etc/intsdéstart”)

e Reboot

e Shutdown and Power cycle

8.3 Bonn TT Unit gets no rotation angle via network

e Unit will use the last valid rotation angle until actual one is set.
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APPENDIX (1): List of acronyms

APD Avalanche Photo Diode

ARGOS Advanced Rayleigh guided Ground layer adep@iptics System
ASCII American Standard Code for Information licteainge
BCU Basic Computational Unit

BIOS Basic Input Output System

CPU Central Processing Unit

FDR Final Design Report

FPGA Field Programmable Gate Array
HF High Frequency

ICE Internet Communication Engine
ISA Industry Standard Architecture

LBT Large Binnocular Telescope

LSB Least Significant Bit

MCX Miniature CoaX

MSB Most Significant Bit

PROM Programmable Read Only Memory
SSH Secure Shell

TBD To Be Defined

TT Tip Tilt

TTL Transistor-Transistor Logic

USB Universal Serial Bus
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APPENDIX (2): PCB layout and jumper settings
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Figure 9: Assembly diagram including jumper setting (red=closed), component side
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Figure 10: Assembly diagram with jumper settings (ed=closed), solder side
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APPENDIX (3): Schematics
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APPENDIX (3): Crossed Cable to BCU
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APPENDIX (4): RS422 Fischer 7p connector pinout (@ BCU and
Bonn TT Unit the same)

Doc.: LBT-MIC-TRE-00910-0001 ?‘ MlCROGATE

Issue: draft pag.: 83 0f83 ENGINEERING
Date: 02.05.2011
Title: ARGOS BCU mini-crate SYSTEM DESIGN

LBT PROJECT
2x8.4m TELESCOPE

11 ANNEXES

11.1 Connector pin-out for MPIfR serial interface

vee vee vee cc cc

c
S oS )
us7 RNS21A RNS218
RNS21C RNS21D
Q NET 1K NET 1K
o
>

NET 1K NET 1K

var0 bd serv (] 16 RS485/RS-232

DIT1IN

ZmiouT =

uo0 oo J Y D

232tad/4 85
5 -C L
vmaout HE—] 55
art0_rxd_serv 335
“ £ romzout 232
AR2IN
uat) cts_serv 1 riour j d A i
BRI

FAST
HOPLX

3
-

g
+——41 6no

1 maxaieocar 100nF vee

1
2
. 3
JUMPER SMD 3 (GND)

v
GND

Figure 15 — RS232/485 Serial connector pin-out
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APPENDIX (5)
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