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Introduction

Front-End Electronics

- Digitizer e
direct acquisition, FPGA (Altera Cyclone lIll) [
acquires data from ADCs and TDCs

« ReadOut Controller
collection, FPGA (Microsemi SmartFusion?2)
handles data flow from the digitizers (6 boards) to
the next stages towards the data center (DAQ).
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Digitizer
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high speed and low power #

* 50 MHz clock frequency . C_
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ReadOut Controller

HDMI cable
LVDS input channels

- 5 Problem:
B, = ‘ USB-Serial speed << LVDS speed (50 Mhz for now)
(~kH2)
—>How to test this?

The Digitizer sends data patterns (incremental)
and the ReadOut Controller stops reading the
inputs when the memory is full.

Then it flushes it to the PC to allow verification.

Serial to PC communication

SeriallnBit

Serial In

FIFO
Serial virtualization
—> >

through USB cable

Syncin

Clock_50MhzIn

It's also important to have the USB communication as fast as
— possible in order to acquire large amount of data for Bit Error
Rate analysis in reasonable time (920 kHz Standard Max)
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Communication — Step 1

— | SerialOutBit == Information lane
>
)
é P
FIFO 'g SyncOut = Packet Synchronization lane (12 bit)
N
o
L SerialClock =) Clock Synchronization lane
5
o
SerialOutBit NN M7 NI 1 NN_N UL 1 UL
SyncOut | I | I I I [
SerialClock

* Flow control needed for streaming data out of the FIFO
 What happens in case of FIFO overflow?

« How fast can the single lane go (Mbit/s)?

 Is this structure resource efficient?

2= Fermilab

5 Tommaso Vincenzi | Serial Communication for Mu2e Tracker Electronics 23/09/2015



* Flow control needed for streaming data out of the FIFO

> As soon as the FIFO block sends a NOTEMPTY signal, the ReadForSerialOut
block starts reading the packets out of it and setting the communication
towards the ReadOut Controller (ROC)

fifo_empty ﬁ\
N\ L

read_request [ []
fifo_data_out 04c X 025 ¥ 026 b o
serial_bit M_J L1 M M
sync | | |
packet_to_USB_serial coic X7\ w0z ¥ :
write_req_to_USB_ serial \D} [

: T Here data is valid
« What happens in case of FIFO overflow?

) The packet is composed of 13 bits instead of 12 and the 13t is the error flag.
As soon as the word number in the FIFO goes over a THRESHOLD, the error flag
goes up and the FIFO is disabled. It stays disabled (and the error flag is kept
high) until the FIFO is empty and every packet written before the error triggering is
streamed out towards the ROC.

error_sig | ' |
written_packets so X s ¥ 52 Y s X s X s X W X 0 O
fifo_write_req | i |
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Communication — Step 2
— Multiple Clocks

I
I : = SerialOutBit
: ! data @)
. ©
: global _statemachine Dlla| = SyncOut
N
| 50 Mhz Clgck L |
: FIFO [T % SerialClock
I : ©
I | @
D e e s e s e e s I
;reﬁiuﬁnf y l::> The system writes in the FIFO slower
HHHple than the output communication frequency.
sysclk PLL serial_fast_clock

> Target:

—» Testing how fast the single 200 Mbit/s .
communication lane can go Nnot WOrkmg!
i‘. Critical Warning (332148): Timing regquirements not met
Fmax Restricted Fmax Clock Mame Mote
1 122,73 MHz 122,73 MHz dk
2 142.73MHz 142,73 MHz inst3|digi_1|pll_for_communication |altpll_component|auto_generated |pll 1]dk[0]
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Communication — Step 2

Launch Clock Launcil

Latch Clock

Data Arriwal

Slack

Oata Required

Time Crhsl

JAN

T — R
Reg Combinatorial €g
logic
/\
_J Latchl
=2 .005 ns |
LI ] 0 .G25 1.25 1.875 2.5 3.125 3.75 4 375 5.0 5625 G.25 5..875 7.5

Tommaso Vincenzi | Serial Communication for Mu2e Tracker Electronics

23/09/2015

2= Fermilab



Communication — Step 2

= New firmware structure to have intelligent synthesis

= Worst path analysis to understand where to change it
-2.006  custommaster:inst3|digi:digi_1 ReadFDrﬁeriali}ut:ﬁﬁ:u_han@munt_cur@

S St
/
3> 9@,» le ,, JIC
bigg type change th /Oé? Q ct
3). ~¢Op
44
y,
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Communication — Step 2

= New firmware structure to have intelligent synthesis

= Worst path analysis to understand where to change it
-2.006  custommaster:inst3|digi:digi_1 ReadFDrﬁeriali}ut:ﬁﬁ:u_han@munt_cur@

/ Sty not enough!
Ztege o 9ic
2 bjgs r type change “idl, (logy, l'eC‘z‘
3). ~¢Op
o S4q b/I'
Inc,.e,h S)
C,
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Communication — Step 2

= New firmware structure to have intelligent synthesis

= Worst path analysis to understand where to change it
-2.006  custommaster:inst3|digi:digi_1 ReadFDrﬁeriali}ut:ﬁﬁ:u_han@munt_cur@

/ Sty not enough!
'3’1‘@9@ “ag / /e
2 bjgs r type change “idl, //oé? l’eC‘z‘
3). ~¢Op
o = 46/['
Ihc,.e S)
n not enough!

e .
Cary,, h’a/ core operation /G;Sblﬂe
i, PO, change S oy |
%y, n ’Gr g ™in o,
Vs FIFO resyzin 0/
l’l/OfO,S \M s l’l/O/'OIS

Fmax Restricted Fmax Clock Mame
1 142,39 MHz 142,39 MHz ck
2  2283.99MHz  228.99 MHz inst3|digi_1|b2v_inst1|altpll_component|auto_generated|pll1|dk[0]
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Communication — Step 3
= Optical fiber to PCle board

- = F
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Communication — Step 3
= Optical fiber to PCle board

&

%%m *@@i
4
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Communication — Future Steps

Is this structure resource efficient?

SerialOutBit

SyncOut

SerialClock
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Communication — Future Steps

Is this structure resource efficient?

SerialOutBit
SyncOut
SerialClock _
* 8b/10b encoding:
data encoding that includes clock information
Example:
000 00000 === 1011 011000 or 0100100111
8 bits 10 bits
Advantages:

« additional unused words (reserved words for commands, e.g. error)
« DC free signals (very important for differential amplifiers)
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Communication — Future Steps

Is this structure resource efficient?
* 8b/10b encoding

SerialOutBit
SyncOut
ock -
« Packet head and tail bits
packet synchronization is obtained inserting determined patterns
that are recognized by the receiver
Example:
01 01

information bits
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Communication — Future Steps

Is this structure resource efficient?

* 8b/10b encoding

SerialOutBit
eralouti « Packet head and tail bits

Swecut__

falClock . . .
M « Alllanes are reserved for information transmission

resources saved thanks to intelligent coding are now available
for information transmission
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Communication — Future Steps

Is this structure resource efficient?

* 8b/10b encoding
« Packet head and tail bits
 All lanes for information

SerialOutBit_1

SerialOutBit_2

PROBLEM:
timing recovery on ROC side

SerialOutBit_3

Example

* If sis the maximum speed of the single lane
« Words of 12 bits
« Sending synchronization bits every two words

3b  8b/10b 8b/10b 8b/10b 3b

24 information bits
36 bits

s =2s

Sfinar = (3 lanes)
3% Fermilab
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Radiation tests

= Soft error due to radiation-induced particle ionization

n+ [lon track Lgeinr g

=: D e\
N 3 b charge | ——
" - Lips WL — | collection i ¢.) Diffusion
* N- AN NG | charge
_‘:'_'- N =it S, collection
R B =
£y - + - - =
+ == 5o = + 5
- - e S o 14 a)Onset
3 Pk + - - of event
- S + - .
s -+ = +*, + 1
- I -
s S O oo v e na Naggac,
103 102 101" 10° 109
Time (seconds
a) R. C. B&rkann, IEEE Trans. Device Marer. Feliab., e )

vol. 5{3), p. 305-318, Sept. 2005

= Serious problem in memories (especially SRAM)

o {>= ,’T A track in the point shown in the picture
L 1=~ Y] could cause a change of state and so a
“' 1<} “' permanent error.
word line
pit bit
3% Fermilab
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Radiation tests

—> Adequate firmware structure to test the code

|

patterm_generator_0

CE_200Mhzin WiriFfoData
Res et restart FIFO!
empty restart patiern
ful FioDatah[15:0)

COREFIFO_1

OR2 0

emor_counter_0 A -

pok ReadFifcDatal B
— Reset WriFifoDsta <
empty_fifo FifoDsta_out[15:0]
ful fifo
FifaCataln_1[15:0
FifoDataln_2{15:0]
&

pattem_em_generator_0

Clk_200MhzIn WriFfoDatal
Res et FfoDatah[15:0)
err_gen

COREFIFO_0 -

13

Extensive memory usage in the code:

92.75% 15t type : 1K18
88.89% 2" type : 64x18
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