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ElectroMagnetic Calorimeter (EMC)
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EMC Forward Endcap

Integrated single crystal rate for the forward endcap for
an energy threshold of E>3 MeV at 15 GeV/c incident
beam momentum.
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* In outer region: event rate 10 kHz
to 100 kHz expected.

* Ininner region: event rate upto
500 kHz.



EMC Forward Endcap

Integrated single crystal rate for the forward endcap for
an energy threshold of E>3 MeV at 15 GeV/c incident
beam momentum.
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* In outer region: event rate 10 kHz
to 100 kHz expected.
Each crystal is equipped with 2 APDs.
* Ininner region: event rate upto — 6176 APDs
500 kHz.
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* APDs have internal gain mechanism and the gain (M) of APDs shows dependency on the
temperature and the input high voltages.

* For constant gain M=200, high voltage of ~370 V required.



A\ d DIS

Determined gain values M of the APD before shown in blue and after shown in red exposure with a 60Co source.
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Radiation exposure causes shift in the high voltages of ~20 V for M=200.



A\ d DIS

Determined gain values M of the APD before shown in blue and after shown in red exposure with a 60Co source.
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Radiation exposure causes shift in the high voltages of ~20 V for M=200.

For a constant gain, the high voltages need to be regulated!
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High Voltage Regulation

6176 high voltage lines — Not feasible.



High Voltage Regulation

6176 high voltage lines — Not feasible.

Solution:

e 8 APDs grouped together with AV =7 V.

— realised by a High Voltage Board.



High Voltage Board

' APD~HU-Regul at1on

H|gh Vo|tage Cs 11716 " Rev.3
Connectors =

= 4 input high voltages = 32 output
S high voltage channels.
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Developed by F. Grifka and upgraded by Dr. C. Schmidt
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High Voltage Board
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" APD-HU-Regul at1on ®
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Connectors r.:;““"""%’;’f . .
A 4 input high voltages — 32 output

high voltage channels.
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High voltages of each channel are
regulated by the potentiometers.
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High Voltage Board

" APD-HU-Regul at1on ®

| High Voltage CS 1118~ Rev.3
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ADCs: monitors high voltages.
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High Voltage Board
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: APD~HU-Regul at1on

| High Voltage CS 1118~ Rev.3
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4 input high voltages — 32 output
high voltage channels.
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High voltages of each channel are
regulated by the potentiometers.
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ADCs: monitors high voltages.
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High Voltage Board
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4 input high voltages — 32 output
high voltage channels.
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High Voltage Board
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4 input high voltages — 32 output
high voltage channels.

High voltages of each channel are
regulated by the potentiometers.

ADCs: monitors high voltages.

Components are 12C bus
compatible

For all APDs, 772 high voltage
lines are required.




EMC Forward Endcap

APD+
PbWOQO, crystal
APD»>
32 channels
Alveole high voltage board
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EMC Forward Endcap

APD/
PbWOQO, crystal
APD»>
32 channels
Alveole high voltage board
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e Build the interface between the PANDA Experiment Slow Control (based
on the CAN bus) and the High Voltage Boards (based on the I2C bus).
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Build the interface between the PANDA Experiment Slow Control (based
on the CAN bus) and the High Voltage Boards (based on the I2C bus).

Inspiration from Temperature and Humidity Monitoring board for PANDA
(THMP) module.

 Microcontroller provides 12C and CAN bus interface.

 Microcontroller, CAN transceiver and voltage regulators tested for
radiation hardness.

— Controller Board
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EMC Forward Endcap

APD;
PbWOQO, crystal
APD»
32 channels
Alveole high voltage board
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EMC Forward Endcap

APD1
PbWOQO, crystal
APD»>
32 channels S}*
Alveole high voltage board
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Controller Board

Differential — 1 ]
e . 1°C Bus
s . -
Current Temperature Current TOWeT oI Gonnector 1« , Power J—r ——
| Sensor (4.5V) Sensor Sensor (5V) :
T A T Differential
. I | |
| 2 MOSFET fcBus |
. ] Controller 1=C Bus : i
= : ﬁ ’—) Switch : High Voltage Board
£ | | Differential CAN Differential
8 | L CAN Bus CAN Bus —>  12C Bus '
X | &> : D — :
LLi + 7| Transceiver < 12C Bus Buffer :
£ ' '
2 s, Microcontroller
o : Serial Bus (AT90CANG4) ;
@ ; .
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< : Programmer ; >
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S Schmitt trigger PC
: S Inverter :
1 = 1
s [ 1 .
o< 2 ¢ :
@ . Rotary Rotary
\—l(i Serial Switch 1 Switch 2
: Transceiver ;
A Controller Board
\/ """""""" 7S5 : :
O & * Programmed via JTAG or ISP using
£ £ ATMEL studio.
\/ \/

* Microcontroller operates at 16MHz.
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Controller Board
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T A T Differential
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e : Controller 1=C Bus : i
E : ﬁ ’—) Switch : High Voltage Board
£ | | Differential CAN Differential
8 | L CAN Bus CAN Bus —>  12C Bus '
X | &> : S :
LLi + 7| Transceiver < 12C Bus Buffer :
£ ' '
2 s, Microcontroller
2 : Serial Bus (AT90CANG4) : R
@ ; i
pd ] ¢ | .
2:) . Programmer : >
| | | | -\
: < Schmitt trigger : PC
: Q Inverter :
'  © 1
- ES : v ! s
@ i Rotary Rotary
E i_IU/ Serial Switch 1 Switch 2 E
: Transceiver !
A Controller Board
\/ """""""" o @I _ _ _
g g e Differential 12C signal and power
n o .
£ for the high voltage boards.
\4 \4

* |2C bus speed 400kHz.
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Controller Board

Differential — 1 ]
e 1 IZC Bus
i +
Current Temperature Current POL) Connector |« Power > | | ‘
Sensor (4.5V) Sensor Sensor (5V) :
T A T Differential
. : I I R
| 2 MOSFET Foks
- ' Controller 1=C Bus ; i
= : ﬁ ’—) Switch : High Voltage Board
£ | | Differential CAN Differential
8 | | CAN Bus CAN Bus —>  12C Bus '
X | > : N EE— :
LLi + 7| Transceiver < 12C Bus Buffer :
E 1
2 s, Microcontroller
2 : Serial Bus (AT90CANG4) : R
@ ; E
pa ! y | .
2:) : Programmer : >
§ ! | | -\
: < Schmitt trigger ; PC
: Q Inverter :
1  © 1
. 3 ¢ v v ;
3 i Rotary Rotary
g Serial Switch 1 Switch 2 :
; Transceiver
5 A Controller Board i ® Current and temperature sensors
D g g connected with software 12C bus.
< &
5%
=  Hardware 12C bus solely for
v M High Voltage board.

* Controller 12C bus speed 27kHz.
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Controller Board

Differential — 1 ]
e . 1°C Bus
1 : +
Current Temperature Current POL) Connector  |«———FoWer y— ——
| Sensor (4.5V) Sensor Sensor (5V) !
T A T Differential
. | | |
| 2 MOSFET G Bus :
- ] Controller 1=C Bus : i
= : ﬁ ’—) Switch : High Voltage Board
£ B Differential CAN Differential
8 | | CAN Bus CAN Bus —>  12C Bus '
X | > : N :
L ; Transceiver < 12C Bus Buffer ;
£ ' .
2 s, Microcontroller
@ Serial Bus (AT90CANG4) R
m : :
pa ! ¢ | .
6 : Programmer ; >
| ! | | -\
: S Schmitt trigger ; PC
: S Inverter :
1 = 1
s [ 1 .
o< 2 ¢ :
@ P Rotary Rotary
\—l(i Serial Switch 1 Switch 2
: Transceiver ;
A Controller Board
---------------- Lr_) _a)---------------_-_-----------------__------------------_-_---------l
’ © 3 * CAN bus speed 125kbps.
0 8
(A=
\ 4 \
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Controller Board

Differential — 1 ]
e ' 12C Bus
1 1 +
Current Temperature Current POL) Connector  |«———FoWer y— ——
. Sensor (4.5V) Sensor Sensor (5V) :
T A T Differential
! I _ |
: 2 MOSFET RS
= : Controller 1=C Bus : i
E : ﬁ ’—) Switch : High Voltage Board
£ B Differential CAN Differential
8 | | CAN Bus CAN Bus —>  12C Bus '
X | &> : o S— :
LLi + 7| Transceiver < 12C Bus Buffer :
£ ' '
2 s, Microcontroller
2 : Serial Bus (AT90CANG4) : R
@ ; i
pd ] ¢ | .
zt) : Programmer : >
| | | | -\
: S Schmitt trigger : PC
: Q Inverter :
'  © 1
- ES : v ! s
@ i Rotary Rotary
E i_IU/ Serial Switch 1 Switch 2 E
: Transceiver !
A Controller Board
A2 T
© 3 * CAN bus speed 125kbps.
0 8
<
v v * 16 bit rotary switches for providing

unique identity to controller board.
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Controller Board

Differential — 1 ]
e ' 12C Bus
| . s
Current Temperature Current TOWeT oI Gonnector 1« , Power J—r ——
. Sensor (4.5V) Sensor Sensor (5V) :
T A T Differential
. : L L |
: 2 MOSFET RS
e : Controller 1=C Bus : i
E : ﬁ ’—) Switch : High Voltage Board
£ | | Differential CAN Differential
8 | L CAN Bus CAN Bus —>  12C Bus '
X | &> : S :
LLi + 7| Transceiver < 12C Bus Buffer :
£ ' '
2 s, Microcontroller
2 : Serial Bus (AT90CANG4) : R
@ | i
Z - ¢ | .
zt) : Programmer : >
| V= | | -\
: < Schmitt trigger : PC
: Q Inverter :
' - © 1
- ES . v ! s
- i Rotary Rotary
\_,‘i Serial Switch 1 Switch 2
: Transceiver ;
A Controller Board
-\ /- """""""" S )
@ g e Lab Interface (USART) with 115200
£ baud rate using SCPl commands.
\4 \4

* RS-485 for future purposes.
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Readout Scheme

. : 5
B :Request Data!
— E > ] _
§ i Controller Board | e |
R
o J—r—J 1 1 |
Differential
PANDA Slow Control CAN Bus
Sytem
€ >

High Voltage Boards

* The PANDA Slow Control system issues readout request via Can Bus .
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Readout Scheme

— 5 5
B :Request Data! 12C
— i > Commands — —
§ § Controller Board |« > | aes
—/==\
g 1|
Differential
PANDA Slow Control CAN Bus
Sytem
<€ >

High Voltage Boards

* The PANDA Slow Control system issues readout request via Can Bus .

* Microcontroller issues 12C commands to the particular high voltage board.
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Readout Scheme

1 E E
| 'Request Data: 12C
— E > ] _
L < § Controller Board |« Commands} | aes |
Readout Data

Differential
PANDA Slow Control CAN Bus
Sytem

High Voltage Boards

* The PANDA Slow Control system issues readout request via Can Bus .
* Microcontroller issues 12C commands to the particular high voltage board.

* The readout value is sent back to the microcontroller which is processed and sent further to
the Detector Slow Control.
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Readout Scheme

1 E E
| 'Request Data: 12C
— E > ] _
L < § Controller Board |« Commands} | aes |
Readout Data

Differential
PANDA Slow Control CAN Bus
Sytem

High Voltage Boards

* The PANDA Slow Control system issues readout request via Can Bus .
* Microcontroller issues 12C commands to the particular high voltage board.

* The readout value is sent back to the microcontroller which is processed and sent further to
the Detector Slow Control.

* Forreading all ADC values, the process repeats until all channels of the particular high
voltage board are read.
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Readout Scheme

5 5
il 'Request Data! 2C
= § Controller Board <C0mmands> —
‘Readout Data' I —
I e B S e R e Y e B
Differential
PANDA Slow Gontrol CAN Bus

Sytem

High Voltage Boards

* The PANDA Slow Control system issues readout request via Can Bus .
* Microcontroller issues 12C commands to the particular high voltage board.

* The readout value is sent back to the microcontroller which is processed and sent further to
the Detector Slow Control.

* Forreading all ADC values, the process repeats until all channels of the particular high
voltage board are read.

* (Can also be set as a background task (Similar to THMP) — Read ADC values from the
mentioned High Voltage boards every N minutes.

17



Readout Scheme

5 5
il 'Request Data! 2C
= § Controller Board <C0mmands> —
‘Readout Data' I —
I e B S e R e Y e B
Differential
PANDA Slow Gontrol CAN Bus

Sytem

High Voltage Boards

* The PANDA Slow Control system issues readout request via Can Bus .
* Microcontroller issues 12C commands to the particular high voltage board.

* The readout value is sent back to the microcontroller which is processed and sent further to
the Detector Slow Control.

* Forreading all ADC values, the process repeats until all channels of the particular high
voltage board are read.

* (Can also be set as a background task (Similar to THMP) — Read ADC values from the
mentioned High Voltage boards every N minutes.

* For CAN bus speed 250kbps, the total readout time for one High Voltage board is
105.833 ms.
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Preliminary Connection Scheme for the

High Voltage Regulation Boards

R AR * |ntotal, 13 controller boards required.
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Preliminary Connection Scheme for the
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High Voltage Regulation Boards
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In total, 13 controller boards required.

Upto 20 high voltage boards can be
connected to one 12C bus.

A controller board box can hold 4
controller boards + 1 power board
for powering all controller boards).

e Power Board utilises similar
power connectors like THMP.




Preliminary Connection Scheme for the

F—
-
oo oo
%o o
[

High Voltage Regulation Boards

@

o
N ES
R I
2 -
&1
fo o«
o
o

o0

f

\

© 0

0

£ 0

X

o olpchcp op

o o

#5085 +1
o
s '
s EE o + ° bz il h 2 o
o - o flo
° (N g | — |/ | |/ L/ ° o
o ° 8o go ] ° ° ° o
o ° og J ° 2o 20 a0 2
. . f Y ™ B ~ p
E N |-X
B+ ol Es & e AT u X+ -XI Xy
O o © Y o O
Ed o 9 p- g p- AN— L/ |/ |/ |/ o o
o $o ° 8o 3 o8 o % o o
s os ° og J ° oe os os s r’w
I h b "t — s nilidle aildila
§ SIS SCAPPRNC CAVRRC oavsec hy RECIL AP LEPWRIC: CaVRC Chyny |
° 90 Qo q 9 9 o9 °
ofl © r r r IS B — B B R B o o
o of > f° o
k2 | | ks AL %411 il -xin| -xfion X
|- B
N U Y N -y ¥ ) » )
5 0 ° 1) o so ° so 8
o Q0 Qo Q0 q ° ° o
ofl o . = = 1 B — B R R o o
ofl ~ o fe
o 4 oo e 2| a2 Rt I qo Qs op ° ° A a
g & EB —
o o 0% 0% oo so 3o 3o
o = = a0 g0 as op ° o
> o) an o
B Y W0-Y3) X0 1Y3 -X1-Y3|
: } - ) -
° ob oo 3o 3
q Q0 90 ° 29 o9 °
r S B r ~— A ~—
B Y |5 } LY 4 XD 4Ya -X1-Y4) -X2 =Y
¥ | U U - ) -
° ° 5 0d 0d 00 8o ° 8
° Q Qo Q0 ap op
ﬁ S B S B s ~— — ~— z@"
3 & 5 oecllvs| e Lol vs( ] Y5 X0 {Y5 _X1vg| -x
y i ) N - » - ) - Y
ot I3 ) 0 o ° 30 8o
Qo 90 Q0 90 Q ° o
S B = B S B A ~— — r‘\ r
S DY 6 B Al | -Y & e skl E B w}k‘Yﬁ mﬁ Y6 _X% ) -
N | N N - N - U t‘J U )
1 ° o8 o® o® od od oo so ° 8o ° ° °
° Q0 g0 30 g0 g0 ap op op ° °
@a B 2 B a B 2 B = B s B s B ﬁ B B
°© Y7 [olt-Y7| Y7 -7 -l 7| X7 -xiv7| xﬂ X3 7| EW E}
2 C N N I LJ N - N N Y N »
% ) o® ot ob oo 3o 3o so 3o 8
Q0 Qo Qo g0 ap op °p op o8 °
B S B B i B B s N B
@}9 E;E
3 ® °  |«dvg £ X ooll-vgl aflva| va E SC -xfi-v R & xdl ° 8
- .y .y .y u u CJ - B
s o o ob 8o ° 8o so 8
D ° g0 Q0 Q8 °p °g °
él @:ﬁ g B B s 9
o o vl xdllvo ; do 8 q
~— | L) | =
° 5 so °
5 6 o o o o 7 18

In total, 13 controller boards required.

Upto 20 high voltage boards can be
connected to one 12C bus.

A controller board box can hold 4
controller boards + 1 power board
(for powering all controller boards).

e Power Board utilises similar
power connectors like THMP.

Require 2.12 seconds for reading
ADC values of all channels of 20
boards.




Summary And Outlook

Summary
* High voltages provided to APDs need to be regulated — High voltage board.

e The controller board provides interface between the PANDA Experiment Slow
control and the High Voltage boards.

 Approx. 20 high voltage boards can be connected to one controller board.

* Require 2.12 seconds for reading ADC values of all channels of 20 boards.

Outlook

e Tests need to be performed with the controller board in order to monitor its performance of the
|2C signals under radiation.

— being performed, waiting for results. — Mass Production.

 |n order to check for 12C address conflicts, tests need to be performed with the full chain of
high voltage boards connected to the controller board.

e Controller readout needs to be integrated into EPICS framework of the PANDA experiment's
Slow Control.
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Thank You!






Address Mapping for the High Voltage Board

LTC4316
TCA9548A
0x20 (5)i 0x01 (O)i 0x04 (2)i 0x08 (B)l 0x02 (1) l 0x10 (4)i
MCP4461 ADS1115 TMP1 1
] SRl 1 ADG728; ADG728, %2
MCP44615 MCP44615 ADS1115,
ADG728 ADG728s
MCP44615 MCP44615 TMP116;
ADG728
MCP4461, MCP4461, ?
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|2C Bus Address Translation

Original I2C address = 0x70 ,

Modifier byte = 0x10,

New I2C address = (Original 12C address) ~ (Modifier byte)
= (0111 0000) " (0001 000)

= 0110 0000 (0x60) .
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Readout

| Total readout time (t;) I

sending data

CAN/USART CAN/USART 29 times CAN/USART
12C 12C 12c 28 times 12C : :
| e t 5
ty t, t, te
Start Read I°C value  Start sending End
transmission O I2C|) commands transmission
\Wi
[ I
Preparation
time for
sending
CAN frame
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Total Readout Time

USART baud rate [Baud] | tg, [ms]
CAN bus speed [kbps] | tg; [ms] 9600 339.85
125 106.265 14400 260.799
250 105.853 38400 163.648
500 105.442 57600 143.294
1000 105.157 115200 124.105
Total readout time for varying CAN Total readout time for varying USART
baud rates.

bus speeds.
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Reading ADC Value of One Channel
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Controller Board Box




