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General Electronics for TPC

Proposed global architecture (from Bordeaux Workshop to Caen Workshop)

Details of the communication

Clock distribution and synchronisation

MUTANT module features

Role of Back End Module (BEM)

Remarks and Conclusion
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This module could be in
the  acquisition room near
the pc and the scope or
inside the external trigger
system (with GMT,
CENTRUM, …

33

Aget

Aget

Aget

Aget

ADC

Aget

Aget

Aget

Aget

ADC

2
3

1

4
35

34
36

9 NIM “COBO”s
With 1 COBO for 4 ASADs

12 slots NIM Crate
with good power supply

and cooling

9 duplex optical fiber

10000 channels = 144 ASICS
=> 36 ASAD boards (if 4 asics/ASAD)

to 3 commercial
PCI Express boards in 1 PC

(Data acquisition)

Fr
on

t E
nd

B
ac

k 
E

nd

Ethernet link for slow control

Multiple 
fibers in 
the same 
link

LVDS readout signals @ 150Mbit/s
(ADC 12bits-25MHz) + slow control and
monitoring bus over 2 meters

TI ADS6422

SWITCH
Ethernet Network 

EXTERNAL DISK
USB or IEEE1394

ASAD

BEM

MUTANT for
-MUltiplicity
-Trigger(s)
-ANd
-Time

ASAD

Counting Rate
Up to 1 KHz

Global architecture (1)
Bordeaux

N10

?

?
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Global architecture (2)
CAEN

Up to 32256 channels
with 448 AGET (asics) on

112 ASAD boards

N13

Ethernet Network

SWITCH

Ethernet Network 

Master
MUTANT

To 32
ASAD

SWITCH

Ethernet Network 
Slave

MUTANT

SWITCH

Ethernet Network 

Slave
MUTANT

10 CoBo’s

Front End

Back End

10 CoBo’s

8 CoBo’s

To 40
ASAD

To 40
ASAD

BEM
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Communication links

Considering Master MUTANT as the root node:

One “4 bits” synchronous serial link from each CoBo
One synchronous “16 bits” link from slave(s) MUTANT

Uplink (multiplicity, bit patterns):

Downlink (selective bit patterns, event number, time stamp):

One synchronous serial link from MUTANT (M or S)
to CoBo’s
Two synchronous serial links from master MUTANT
to slave MUTANT(s)

2 x 15 points MDSM ITT-Canon or Molex connectors (used in parallel)

64 points HDRA connector from Honda connectors (used in daisy chain)
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Part of ASAD a

AGET 1

AGET 2

AGET 3

AGET 4

m1

m2

m3

m4

Part of COBO 1

ASAD b

ASAD d

ASAD c

Part of BEM

data bits and clock, over 
differential  pairs with
all the other signals from the 
ASAD board

Mb Mc

MdMa

FPGA

M1 M2 ……………………M10

FPGA

4 data bits and clock also
over differential  pairs

FØ/4

100/200 
MHz local

XTAL
oscillator

To SCA write clock

Clock distribution & Multiplicity data path

4 channel ADC

2 LVDS links @ 150Mbit/s

Clock Manager

Internal logic

Clock Manager

Part of master MUTANT

Part of slave MUTANT

Part of slave MUTANT

FØ=100MHz

Clock Manager

Mezzanine
Coupling board

External world

11 bits Σ
+ parity bit

inter-crate sum
15 bits used
+  parity bit 

XO-200 MHz

R
L

2 LVDS links @ 150Mbit/s

2 LVDS links @ 150Mbit/s

2 LVDS links @ 150Mbit/s
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Synchronisation
2x16 channel FAN OUT

N638 from
CAEN

NIM Reset/Sync pulse
from Master MUTANT

to the fan out common input

TDC chip
Resolution 50 ps (typ.)

Measurement range 0 to 1,8 μs

START
STOP

10

In
Each

MUTANT

10 CoBo’s
(one reset/sync input by CoBo)

10 CoBo’s
10 CoBo’s

“ORed”
T frame

Skew better than 1 ns

Master Clock 100MHz 
@ MUTANT  level

Synchronous Multiplicity 
Frame from  CoBo N

Master Clock 100MHz 
@ CoBo level

Adjusted Master Clock
100MHz @ CoBo level

Synchronous Multiplicity 
Frame from  CoBo N+1

The CoBo Multiplicity 
Frame signals N &N+1

are synchronized

NIM reset/sync pulse
from  Master MUTANT

T frame

30 ns typ.
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Level 1 trigger timing 

ASAD
OUT

CoBo
IN

CoBo
OUT

Slave
MUTANT

IN

Slave
MUTANT

OUT

Master
MUTANT

IN
Multiplicity

Sample
every 40 ns

10 ns 20 ns40 ns 5 ns 20 ns50 ns

Multiplicity
Sliding window

with
programmed threshold

≥

<
Data treatment
Data transmission

40 ns

≈ 185 ns to take a decision

WRITE SCA

ASAD
IN

CoBo
OUT

CoBo
IN

Slave
MUTANT

OUT

Slave
MUTANT

IN

Master
MUTANT

OUT

20 ns2,5 ns5 ns2,5 ns10 ns5 ns

≈ 50 ns to send the « STOP_WRITE_SCA » to the AGET(s)

Σ Σ2 x 6 bits
@

150Mbit/s
(11 bits + parity) (15 bits + parity)

Conclusion: a total of ≈ 230 ns, an equivalent of 23 SCA cells @ 100 MHz 
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Level 2 trigger timing 

AGET
address

CoBo
Full address BIT PATTERN in memory

72 bits4 bits 4 bits

BIT PATTERN (to read)

72 bits

AGET
address

CoBo
address PATTERN to write0

72 bits3 bits 4 bits

Master
MUTANT
Processing

? μs

PATTERN to write

72 bits

Added identifiers

800 x 16 bit FIFO

Reduced
Because

2 RX lanes:
Odd & even

2,88 μs

2,88 μs 8 μs

2,88 μs

64 μs

Slave MUTANT

ASAD level

CoBo level

PATTERN to write

BIT PATTERN (to read)
2,88 μs

ASAD level

CoBo level
2,88 μs
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Ethernet jack
RJ45

FPGA

Stacked
9 pts

micro D

PHY
driver

Dual
RS232
driver

Voltage

Regulators
DDR2

SDRAM

FPGA

FLASH
MEMORY

Stacked LEMO 00

Stacked LEMO 00

ZARLINK or AVAGO
Optical coupler

(4 TX/ 4 RX)
NIM

drivers

GP I/O
- 32 bit id
- voltage, temp.
- MAC add
- …

DP – BRAM
& registers

Xilinx
Platform

flash

EMC

generic specific

10
Stacked
2 x 15

Pts
Connectors

(Micro D)

Stacked
2 x 68

pts
IN/OUT

(HDRA)

200 MHz
XTAL oscillator

LVPECL
And

LVDS
drivers

Xilinx
Platform

flash

Individual

NIM 
I/O

(LEMOØØ)

LEMO ØB

LEMO ØB

MUTANT simplified block diagram

NIM
drivers
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Role of Back End Module (BEM) 

Distributes a remote master clock over fibber (i.e. 200 MHz)
to Master MUTANT

Is able to synchronise the Master MUTANT time stamp counter

Manage an external Trigger request / Trigger validation

Gives remote logic inspections for the GET system

is designed to host mezzanine boards to be coupled with
CENTRUM @ GANIL, BUTIS@ GSI, …
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Remarks and Conclusion

Final information to broadcast or to transmit selectively in case
of  "free running" CoBo’s

Level 0  local I/O also available for trigger or coincidence (with L1)

CoBo
address TIME STAMP EVENT NUMBER1

3 bits 48 bits
Also reduced

2 RX lanes: Odd & even

32 bits (optional)

So, MUTANT- BEM a couple of module indispensable
for the GET system !


	General Electronics for TPC
	Global architecture (1)
	Global architecture (2)
	Communication links
	Clock distribution & Multiplicity data path
	Synchronisation
	Level 1 trigger timing 
	Level 2 trigger timing 
	MUTANT simplified block diagram
	Role of Back End Module (BEM) 
	Remarks and Conclusion

