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Drift Tube Track Finder overview |=#KS¢(®;
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Pairwise Matching Track
- Extrapolation Assembler

¢ muon station 4
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e At the CMS TDR for the L1 trigger g‘ P,
upgrade (1.Aug.2013) have been : A
decided that the DTTF will be upgraded ‘N e
as follows d / —

* 12 VME Crates will be replace by 3 uTCA - (51752153150 -
* Old trigger cards will be replaced by new o oy
R

which hosts the state of art of Xilinx FPGAs o e-el [

(Imperial MP7) \ :
* The input bandwidth will be increased by 6 \ ! :

from 1.6Gb/s of GOL links to 9.6Gb/s \i.if /

e At the first state of the DTTF upgrade until
the and of 2015 the same algorithms will
run in the new FPGA framework

Input
. . Receiver Track
e At the second state RPC hits will be [Deseﬁa"m [;":;'{:;‘“ Linker ]_'Trac“dmss
2 Muons

included in the track finding algorithms unit

Readout
memory




Trigger input needs 2
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Drift Tube trigger data will run on 9.6Gb/s (192bits@40MHz).

Hence two DT links are enough for one Sector (384 bits). %

Hence 10 DT links will be used for one full wedge L

The new sector collector (TwinMux) will fan-out data from 06 2@
neighbor wedges @D 7 DT Sectors 1| |=>
Hence every DTTF processor will receive data from 3 wedges 3 12

(30 DT links at 9.6Gb/s)

After 2015 RPC data will be also used by 23 links at 9.6Gb/s /
Hi-speed U
CMS L1 TDR_ 2000 Drift Tube data DetaLnks && %%;

g up track 2 signed Z--':l:::ila Optics fiber

oy U track igned, 1-compl TF PFOCGSSOFS

Quality up toaeke sor table 3.4 Wedge
:'u | m rI::.u 80 blltS fﬂr\ Ened, [-commp

hl.ul AL | signed, l-compl.

3 tingon One $tatlon see table 3.4 4 Muon Stations
17 2 doarndrack
TiEEe 8
0 qiiality - H /L for each trigger bit N
Bunch Crossing [ b From up, down and & 3 2@) b _]trS
Bunch Crossing count r 2 LSbits of the bunch counter I':
Parity ¢ data 2 Up and down \ ﬁ@f I @NE;
|.':I|‘i rifi 1 "._l_ CrALS i ntral |L|.||l| FlATLS ~) g
Irigge l Chamber autotrigger S)@@E@If

Sector
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Some of the most suitable rates in CERN experiments

&

e Synchronous — all suitable with the 40 MHz

e 1.6Gb/s(GOL), 3.2Gb/s(Spartan6-Virtex5), 4.8Gb/s(Virtex6), 6.4Gb/s(all 7series),
9.6Gb/s(only Virtex7 with GTH), 11.2Gb/s(7series with speed grade 3)

e Self-synchronous — clock domains bad for the 40 MHz
e 3.125Gb/s(Spartan6-Virtex5), 5Gb/s(Virtex6), 8Gb/s and 10Gb/s (All 7series FPGASs)
12Gb/s(7series with speed grade 3)

e Asynchronous (channel rate with a lower payload)
* In the past rates of ~ 2 Gb/s have been used in CMS
e 10Gb/s with a payload of 9.6Gb/s (All 7series FPGAs) Done!
e 12Gb/s with a payload of 11.2Gb/s (7series with speed grade 3)
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0/S at CERN |

o
ez

Dev. card SERIAL DATA

-

QPLL

CIO(.:k —Low Jitter
oscil. =

iIXILLNX""'_ 2 ey ‘ -:1; i
1 e = LI =S rtan-Gﬁtlanmna

B AR

||||||

Virtex-5 in
Athens

on board SFp+ - ¥

1 GTX for
SGMII

Virtex-7 at loannina
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Loopback tests for Kintex7 N IE:
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64 bit bus @ 80 MHz
Channel latency 20 clock cycles 12.5ns (250ns)

@ Waveform - DEV:0 MyDevice0 (XCTK325T) UNIT:1 MyILA1 {ILA)

. 06 107 108 109 110 111 112 M3 114 115 116 117 118 119 120 11 122 123 124 125 126 127 128 129 130 131 132 133 134
Busi/Signal X o il
| | | | | | | | | | | | | | | | | | | | | | | | | | |

o= gt0_rxbufstatus i a o
o= rx data r3_out 463544434241403F GEADGCEBERGIGERT |, E.. b E..
o gt0_rxcharisk i (i)
o gt0_rxbyterealign i 0 Rece iVe r o a
o= gt0_rxclkcorcnt i . a 0 1]

_ _ [Transmitter
o gt0_rxmotintable i af 00 i)
o= gtD_rxdisperr i 00
o gt0_txdata i 6E4DECEBEAG26367[) 1EGDLCIBIAL1817 . 06.. JeE.. J@B. JOE.
o gt0_txcharisk i [i]4] oo
o= gt0_error count i 185 185
[l L[] [o] 4] [o] 4] Lm ] ]

Waveform #75 captured 26-May-2013 18:29:39

130EE| A(X-0): (7203

link;
= o B 'S stapye

' 128 bit bus @ 40 MHz * 'O @pp,
ANz | g | B2 | i Total Channel latency 15 bx (375ns)

or,

@ Waveform - DEV:0 MyDevice0 (XCTK325T) UNIT:2 MyILA2 (ILA)

Bus/Signal

(4]

36 356 357 358 350 360 361 362 363 364 365 366 367 368 3690 370 31

372 373 374 3IF5 376 377 378 379 380 I

3t
| |

o rx ex unit input

o tx ex unit_input

GE3DECEBEAGIERETTE35T4T737271706

> 6ESDECEBEAGIERETTES5574737271706

T T Iy A A A AN NN A N
FIA 4. £ i

)

(I [o]4]

[ v

Waveform #32 captured 26-May-2013 18:29:06

Transmitted word

Received word
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Synchronous links
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Total FPGA to FPGA latency
of 32bits 72 ns (< 3bx)

Implementation of 10 Gb/s links
for Kintex-7 and Virtex-7 FPGAs

Tx, Rx buffers bypassed

One common clock source
32bit bus at 250 MHz

2 Days running, no data error

10Gb/s
Virtex-7 —SERIAL DATA—» Kintex-7
Dev. card < SERIAL DATA™— Dev. card
[QPLL | QPLL
T Jitter < 1ps rms T
Im
et Texas
1 ’het er Off;b Instruments
er Of ¢ er clock gen.
%pe

Synchronous links at 6.4Gb/s
have been used in order to
test DTTF algorithms last year

32bit bus at 160MHz
128bit bus at 40MHz
PHTF need 110 bits

21 March 2014
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CMS,/ ! . N RE: g
g% Self - synchronous links %E?

We cannot just use one oscillator in each card because they wont have exactly the
same frequency (best case +50ppm).

The LHC clock is not always stable to drive transceivers running at 10Gb/s.

To avoid losing the links we need to drive the QPLLs of the GTX with very good
Jitter Performance clocks (about ~1ps RMS)

There is a need for a common clock source.

. Ry,
TwinMux 10Gb/s c DTTF /7/},
—SERIAL DATA=» N
CARD r| CARD 4/06 "aw
Rip, 6
QF;LL | QAPLL | Qoe ,{,e”d

Low jitter
l Sib324

Local
Oscil.

In self - synchronous communication we are using a local oscillator which drives
the Transmitter of the first board.

The receiver of the second board recovers the clock from serial data.

The clock has to be cleaned in order to driver the QPLLs.




Self - synchronous links o
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* The receiver starts from a local

oscillator and when detects a CDR R AL Dl 5 AR
lock switch to the recovered clock. CARD - | CARD
[ QpLL ] 2 | QpLL |
e The clock from CDR goes to a jitter ouhiter 8
cleaner module. The Si5324 is fully | 5324 [y
configurable by a vhdl package. Local

e A bash script generates code with
registers values to be written to the
Jitter cleaner device.

* An I2C interface does the rest.

* The recovered and cleaned clock
can drive 12 receivers without

errors
e As aresult the receiver FPGA is e e e e
synchronous the transmitter. = T ——

when 2
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CMS /1 : 0 )
%ég? Asynchronous links ool gt
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* |n asynchronous communication the ,
TwinMux 10Gb/s c|] DTTF

GTX and fiber runs in a differenced —SERIAL DATA—»
CARD r| CARD

speed than the rest FPGA logic. -
QPLL 2 | QPLL |
 Forinstance the GTX runs at 10Gb/s ouhiter &
while the FPGA is processing at 9.6Gb/s. | S —
Local
e As in case of the self-synchronous the Oscil
receiver use the CDR to get
synchronized with the transmitter
e Every FPGA use additional logic to e RX and TX elastic FIFOs are used and
merge deferent clock domains they implement a padding method
XXX b eCeoe0e0
~ The architecture \v‘
. This is a idle char recognize theidle
e . Increase the speed character and S
~ thrown away =

Padding word




9.6Gb/s Asynchronous Protocol %[
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I
TwinMux DTTF
. RX
logic Alg.

TX Elastc FiFo RX Elastc FiFo

21 March 2014 N. Loukas- Workshop on FPGAs for H.E.P. Slide 12
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Simulation results

<2 bx time
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This word is padding soman | ™™ &
_J Float (P.58f) - [Defaultwcfg*] \ / L X
A N - RX

[ Fle Edit View Simulation Window Layout Help

02 d AR =B M E AN

2 | 1.00us [»] 6= J Redaunch

i
=
i |
!
E)
L3
=
a8

920 ns 1925 ns

1 etk
lE, reset
» B data_in[191:0)
» B data_outB1:0]
1 char is_idle
18 cik_40m_period

0m_period

_ I X1:944.000ns  X2:900.000ns  AX: 44.000 ns
B

« K

1 Default.wefg®
Sim Time: 1,000,000 ps

A similar code for rates of ~2Gb/s was kindly given by Greg lles

<3 bx time prv .
Char_is_k signal from the receiver o
] Float (P.58f) - [Defaultwcfg*] 1 - e S
\ |

'—JE\IE Edit  View Simulation indow Layout Help

O2a £ ®|o &M iw mE O E| LR BB 2@ | e 2r 3 Re-launch

1N B r pE| o0 [A]

3 310ns 315ns 320 ns 330 n: 34ons
» B4 data in31:0] + 0000004c ;

-LE; char_is_idle

—
data_out[191:0] 0 3 3al)
—
, .20 [ [ I .
I L =

‘25 ns ‘ED ns ‘35 ns |4D ns |45 ns |ED ns |55 ns ‘ED ns ‘65 rs |7D ns
... . /..., . .. . /. -". ., .. /. . . .. .. /. . . /- .||

3| Default.wcfg™ x
Sim Time: 1,000,000 ps
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Real world — The setup 1 [
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e
TP

e Both the cards send and receives
one optical link at 9,6Gb/s

* They use the on board oscillators
to drive the GTX and a common
40 MHz source (represent the
LHC clock)

e The design use on board jitter
cleaner which “clean” the
recovered clock

S _ e |IPbus has been implemented to
em== || spy data that have been received

Virtex-7 : :
AN * Oscilloscope shows commas that

4 /= have been received
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Vienna University
HEPHY  of Athens
] VIO Console - DEV:0 MyD... == @ X1 [/[| £} VIO Console -DEV:.. @ @[] [j ¥4 INQ0ET SETup - UEV:U WYUEVICEU (AL/KSZ5 1) UNI.. T 14 I [ 1MIQQEr Setup - UEV:U MyUeviceu 7
Bus/Sianal val Bus/Sianal val Z|[ match Unit [Functi... Value R.| counter | ||}l Z|[atcn unit[Funct.. Value
us/Signa alue us/Signa alue o : <= :
° —— g/ = CImoT Il &) =3 moT
rsclk lock elect_refclk
S¥SCLE_Mmem_Loc s ct_rere » Trigger Conditions |b Capture Settings | » Trigger Conditions » Capture Se
Iheelk_mmem lock bl conz 515924 || 0 I ¢ sample Bufferis fulapture, before editing Trigger Setup EMll @ sampie suferis fun
mmem reset lil 315324 _reset | 0 |
frame_gen reset III i2c_reset | 0 | @ Waveform - DEV:0 MyDevice0 (XCTK325T) UNIT:0 MyILAO (ILA;
. 79 -778 i -T76 -f7h
frame che reset lII soft_reset_gtx | 0 | Busi/Signal X (0] | | | |
o delay select 0101 | o= gt0_rxcharisk i 0 a i 1 "
@ gtl_rxdisperr i a a
@ gt0_rimotintable i 0 0
a 7
Ru nNniNg for 2 d ays o gt0_rxdata_r3 99939993 93999329 EEEE-'44444444)(33333333)(777777@2)(00050480)@
(K Dellal Dol ol L] P —

Waveform #3 captured 25 @ 2014 3:18:07 mp

Waveform - DEV:0 MyDevice0 (XCTK325T) UNIT:2 MylLAZ (ILA)

Bus/Signal

347 346 345

£ | | |

o]

344

343
] ]

342

341
]

340

-339
| |

-338
|

o register rx 240domain

@ register tx 240domain

RRARLRARD

00000 FFFFFFFF_4 EEEEEEEE 4 DDDDDDDD, oCocCoCd 27232227 % 11111111 4 00000000 % FFFFFFFF_4 EEEEEEEE

EEEEEFEE ( 66666666

l44444 ) 33333333 ¢ 22222222 % 11111111 ¥ 00000000 % FFFFFFFF ) 55555565 % 44444444 % 33333333 ¥ 22222322

[l

[ »

[l Dfal [ofd]

Wavefo

@ Waveform - DEV:0 MyDevice0 (XCTK325T) UNIT:1 MyILA1 (ILA)

rm #25 captured 25 ©zf 2014 5:52:02 mu

Bus/Signal X 0 -%3 -4|?3 -4?3 -3?3 -3;53 -3|13 -2|?3 -2?3 -1?3 -1|53 -1|13 -?|3 -3|3
O twinmux frame TT7777776666666655555555444444443333333322222222(7777 o o 0o 0o o 0O ® 0O 0 @O 0 0 O 0 0 0O 0 0 0@ 0 0 O o 0
O twinmux frame ré 1111111100000000FFFFFFFFEEEEEEEEDDDDDDDDCCCCCCCC(1111 o o 0o 0o 0o 0O ¥ 0O 0 @O0 0 0 O O 0 0 0 0 0 0 0 o0 o o
o twinmux frame r7 00000000FFFFFFFFEEEEEEEEDDDDDDDDCCCCCCCCBBBEEBRR| 0000
o twinmu_x_frame_ra FFFFFFFFEEEEEEEEDDDDDDDDCCCCCCCCEBEBEEEBARARARLE |FFFF ' ' ' ' ' ' ! ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
o= twinmu_x_frame_rg EEEEEEEEDDDDDDDDCCCCCCCCEEEBEBEBARARRRRRD9999999 |EEEE ' ' ' ' ' ' ! ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
o twinmux frame rl0 DDDDDDODCCCCCCCCBEBEBBEBBAARRRRRAG999999988888888 (DDOD o o 0o 0o 0o 0O ¥ 0O 0 @O0 0 0 O O 0 0 0 0 0 0 0 o0 o o
O twinmux frame rll CCCCCCCCEEBBEBBERARRARRARGGO999998888888E8TTTTTT7TT|CCCO o o 0o 0o o 0O ® 0O 0 @O 0 0 O 0 0 0O 0 0 0@ 0 0 O o 0
& twinmux frame rl2 ARMRRRRRO999999988888888T7T7T7T7T7T77766666666| BBEB
@ twinmux frame rl3 ARRRRRARRGO99999088888888TTTTTTTT70660666655555555 (AARR ¢ o 0o o © 0O ® 0 0 @O 0 0O O © 0 © 0 0 0@ 0 0 ¢ o o
O dttf frame 1111111100000000FFFFFFFFEEEEEEEEDDDDDDDDCCCCCCCC(1111 o o 0o 0o 0o 0O ¥ 0O 0 @O0 0 0 O O 0 0 0 0 0 0 0 o0 o o
| - error_counter 1} 0 ;
<] [»]4 [ DD
Waveform #8 bl
Eé]'i”]i_ifu ..................................................................................................................................................................................................................................................................
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How the logic works NS 9
Why to choose asynchronous links | s vy wiea

9.6Gb/s-->10Gb/s A
240MHz | 250MHz '46}/7 O/O}}.
1| a2 40 W, 4, ’0,7&
2| 83 80 e Asynchronous links has the 7 /@*
e advantage that it will kee Woe, Sy )
4 167 160 g P o or A
5| 208 200 running even if the LHC clock 75, 56,
Qo2 20 completely collapse %5 %
.g 7] 292 280 P y P
8 33,3 32,0 9
B o 378l 360 * To avoid delays of startup GTX 11.2Gb/s-->12Gb/s
& [0 47 400 after TTC problems 280VHz | 300V1Hz
+ 11 45,8 44,0
f 12| 500 480 e The idle characters are used for
o— 13 54,2 52,0 c .
> [ ss3 se0 padding and contain K characters
X 15| 625 60,0 . .
9L T * The disadvantage is that the
Q - - :
g |17l 708 680 elastic FIFOs need to use
S b4 nc additional resources
w 19 79,2 76,0
< 20 83,3 80,0
= F o: o e Latency has to be checked!
< 22| 91,7 880
23 95,8 92,0
24 100,0 96,0
25 PAD| 100,0
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AMC - MP7 #1
. 32bit10G 260 192bit
| . | DTTF input
r() TX (€ TX_Elastic_fifo (€ R €| IPbus
250MHz 40MHz (110bit)

o

Ll

l_

|: |

—

& MCH

A
LI AMC - MP7 #2
o o
— a
O 32b'rtloG .66 192bit '
. ] DTTF input +—)»
RX [—J»| TX_Elastic_fifo +——P Checker ¢ | IPbus
250MHz 40MHz (110bit)
_C) POWER - ~ JA A

Select DTTF inputs

METER | s
kLSeveraI differenced patterns J ( ‘

P ~ python

Bit Error Rate Test s = |
L o '
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The end

| thank Greg lles for the help
given during the past year
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