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1. OOPMBE history

v Documentation of prototype versions

v Gives an idea of how a project is carried out

2. ODME design

v How to read schematics/layout
v How to find components on board

v Main hardware blocks
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ODME history

Today

| Runl LS1 | Run 2 LS2 Run 3 LS3 Run 4
(2010 2011 2012 2013 2014{2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029




Motivation for the OH>MB “Iallo

No space on DMB front panel for 7 copper connectors
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~ ME1/1a was unganged during LS1 (2013-2014) (R
= 5 CFEBs replaced with 7 DCFEBs e A

~ New O2oMB designed to handle for 7 DCFEBs

= (Can save front panel space with optical connections
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ODMBN1 design e

~ Design of the OoME started in 2010, led by Guido Magazzu at UCSB
~ Full optical path to DCFEBs both for data and TTC

VME (control)
< >

2xFibers 12 OD Mg ) CCB (clock)

5 2xFibers 12
DDU (data) <TMB (trigger/anod}es)

PC (monitoring)

. TTC path
~ Optical TTC required design of FF-EMU

= Rad-hard deserializer ASIC 1@
~ 1st FF-EMU prototype (May 2011) major problems 0.2 Ol
~ 2nd prototype in March 2012 — Copper
— Fiber
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OD>MBN 1 board ls] s

i

~ 1st prototype in April 2012 LVMB (low 88 by R Folta e slatoro )

voltage control Clock

= [
< > distribution

VME
(control)

>

Band TWO Snaplz TX fOl‘ TTC = B translators/
= 14 fibers to DCFEBs, 10 spares l L

Tamaim
-----
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~ Two snap12 RX for data Voltage 4 11| CCB

: £ - translators/! | |
, 5% Bot E 8 L (clock)
= Also for TTC return 2 W ... QUEETSSYels] ) «
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'
!
:
‘
n
;
[

g
i
=
!
g

~ Significant bugs with the ) ’
clocks patched up with bCFEBs (1TC) || ;L
soldered board « .

: m;):unted
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) (moni ormg)> s
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ODMBN 1 problems “1ls] s

~ VME communication with O>M2 did not work at UCSB

= Trying to emulate VME crate with FPGA inside computer, connection
through a test port

= Communication did work at B904 test stand at CERN, but needed test stand at
UCSB for development

~ 2nd FF-EMU prototype did not work

= Guido said 1t was due to the testing procedure, not the chip

D ~ OD>MAEfell in critical path of LS1 upgrade

First O>M A test stand = No time for more FF-EMU chip submissions
= Time short for board, firmware, and software development

In December 2012 decided to abandon FF-EMU and switch to copper TTC
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ODMBNV?2 design ls]le

~ Designed in January 2013 between Guido Magazzu, Ben Bylsma (OSU),
Mike Matveev (Rice), Jason Gilmore (Texas A&M), Ray Gerhart (UC Davis)

= Assisted by Frank Golf and Manuel Franco Sevilla (UCSB) who joined the project in November 2012

Two HD50 connectors to OOMA

g ) VME (control)
< >

DCFEB1 FEB5)

+K)(K+|+

Fibers 12
: C Copper ODME < CCB (clock)
<

Patch panel 50
<TMB (trigger/anod}es)

DDU (data)
PC (monitoring)

~ Required a Patch Panel Interconnecting Board (PPIB)
to distribute signals to all 7 DCFEBs

= Designed by Mike Matveev at Rice

Seven HD50 connectors to DCFEBs
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ODMB lab (V1) “1ls] 5

~ Set up an actual 1ab in early 2013

= Frank and Manuel got trained at Rice

= Borrowed partial VME crate, VCC, LVMB,
internet card

~ With this setup, VME
communication worked like at CERN

IR

Linux machine:
web server to VME

S
-

ff even helped sweeping the
floor of the O ME lab!
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Manuel Franco Sevilla

Production
VME crate

Set up with patch panel, |
4 DCFEBs, and LVMB [ s

ODME 1ab (V2)

S J—

JpE—

Linux machine:
web server to VME

The O /2 history and design

Later in 2013, borrowed a full VME

crate from Florida
= OSU sent 4 DCFEBs
= Rice sent PPIB
= Northeastern sent skewclear cables

Robust set up for production tests
= Needed to test 90 ODMBs in short period of time

.

Adam, Alex, Jack, and Tom
joined the O2>/ME team!
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R . © ES ~ Systematically tested
functionality and
connections

i

= Bugs were small enough that
ODMB.V2 could be patched
and show full functionality
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- Checked linearity of
s [
t o Vvoltage reads from
5L LVMB
5 e
(DJ |
L Fixed short with front
= 4 .
5 r panel by moving
S I Vineas = (0.997 £ 0.002)V anc connections farther
i +(0.006 £ 0.012) [V]
o

Voltage on ADC (V)
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Lots of testing and debugging Jlslle

1y

Measuring
temperature
. dependence of
' voltage readings

r— s
[ T - g
S . e

~_“ ,. .

”1\'
-
s Wife’s |
~y hair—drier

Slide 11



Example: problems 1n optical transmission | s

~ Optical transmission to DDU some times worked, but there were persistent errors
~ Measured low voltage swing on inputs to transceivers — FPGA not generating enough swing

~ After poring over the documentation, found we were missing 100 €2 resistor and 1.2V connection!

Quad
Loopback test to check data transmission to DDU 1 OV
(uses RX/TX 1n Finisar transceivers and FPGA) |
MGTAVCC 1T
N TE e .
' _ I 1
R R L = =
¥ 4 N 4 1.2V
. MGTAVTT |1 i
e —3 Buried in the 322-page
D, Gi & Virtex-6 GTX manual!
— 1, I II'IIII(I:LIJ‘II:'I’ ,‘
Lol > Finisariemecnend 0000000000000 e —————— -
| | MGTAVTTRCAL
| Gmosneeci g =
S o "“”é =
MGTRREF
GTX Column RCAL \_ W,
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ODPMBN?2 board sl

e

P .

I

VME
(control)

= 12 input fibers for DCFEB data voltage control
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~ Showed full functionality
with O2>MB V2 e Bl 0
= Fixed JTAG to DCFEBs .‘ l e Nh ! | CCB
= Fixed JTAG to ODMB < " | g | i 2 (clock)

< >
= Fixed opt. TX (mussing resistor/voltage)  pcppgs (data) 1
> -

TMB
, i trigger/anodes
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ODMBEN 3 boards
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~ Developed software and
firmware to systematically
test functionality of each

board

With special FW in
the DCFEBs/OTMBs,
we could stress test

inputs to OOMB

Manuel Franco Sevilla

Production tests

O DM B website with all tests

ODMB Production Tests

|Main Page]

Default slot number: 7

Qutput log Enter your intials:

[ One button to rule them all

LVMB test

V1 V2: 45 3.0

DCFEB JTAG Control  Repeal 0

DCFEB Fiber Test

DCFEB

Virtex-6 GTX

PRBS

generator

— 8B/10B

Repeat 100

Save Test Log

tol: 0.05 N: 100

Output log | Clear Log

**%*%% ODMB Vitals: QPLL locked #*##*x%*

R 4100 4050
R 4200 30p
R 4300 1

Unique ID
FW version. Date 7/11/2016
FW build

*xkxxxkkxt* DCFER JTAG Control %xtxsxsxkxx

DCFEB 1: read UserCode.
DCFEB 3: read UsercCode.
DCFEB 5: read UserCode.
DCFEB 7: read UserCode.

Pirmware version
Firmware version
Pirmware version
Firmware version

(PURIS I PURIS|

**kkr*xk%k%4t% DCFER fiber tests ***tx&xixx*
DCFEB 1: Received 100/100 packets, 100/100 CRCs, 100 L1A. RESYNC worked.
DCFEB 3: Received 100/100 packets, 100/100 CRCs, 100 L1A. RESYNC worked.
DCFEB 5: Received 100/100 packets, 100/100 CRCs, 100 L1A. RESYNC worked.
DCFEB 7: Received 100/100 packets, 100/100 CRCs, 100 L1A. RESYNC worked.

.

ODME

Virtex-6 GTX

PRBS

checker

10B/8B

DMB_RX[5:0]

PASSED

PASSED

OTMB firmware

DMB_TX[48:0]

The O /2 history and design

OTMB
E standard
N

VME R
block

ODMB
block

Slide 14




Final moditications lslle

made one more design (O2/MBV4) to

CERN store
sent wrong improve robustness and monitoring
art (too tall : .
part ) = Separation of P1V0 power planes to reduce noise in
FPGA optical banks (GTXs or MGTs)
= Addition of capacitors, ground vias
= Addition of PPIB/LVMB current monitoring (fire hazard)
Removed
heat sinks P3V6_ PP
to lower JAN I1C62
snap-12 5MAX4372TEUK+
profile Current | [; RS-
SENSOT o > » 1 (2224 ,IPPIB SM P
;-"q K ouT 1k ?
REGZi3V6 o, >_L = Signals to
S RSt 5TS  FPGA
Improved T%l ! 12?01?' SOT23 , R195
ground/power v [+ ' VECTEIVS. Lk I~ %¥PPTB SM N
planes O3 o
layout, and L a o
added thieving GND -
GND
Slide 15
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ODPMBN4: final board s lb

XCF128X Virtex-6

~ Produced by Pactron in Santa Clara 5 PROM  FPGA
= 5 pre-production boards on February 2014 '
= 85 production boards on March-April 2014 HD>0 to vME
LVMB7 backplane
~ Last minute fixes connector
= Added 22 AWG wire to reduce voltage drop 1n | = _ 3
new P1VO MGT and bus bar to unconnected vias B - g
: - 3 )’f‘; 2B
P e T i S HDS50 to DCFEBs sy
i R (TTC) Backplane
Snapl2 RX from connector to
DCFEBs (data) OTMB/CCB
Q—mim,; =8 B | zenseroman |
Eﬂ“;’- H B e | "= HD50 to DCFEBs
TXs to DDU/

~ All 90 boards tested/fixed in 2 weeks  PC (data)

= 85 boards good, 4 fixed later
= Heroic efforts by Frank, Sicheng, Alex

Manuel Franco Sevilla The ODME history and design Slide 16



Installation in May 2014 sl

~ Adam, Jack, Manuel,
and Jeff installed 72
boards into the peripheral
crates in CMS 1n ~4 days

Manuel Franco Sevilla The ODME history and design Slide 17
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|
|

1. Concept

< Ideas in the engineer’s mind

% If designer different from
engineer, ideas communicated |
via email and Word documents

.+

Board development

|

Guido, Ben, Mike, Ray, Jason, Manuel

-_.,L.________________________________J__
4. PCB fabrication | |

|

for the O>MB

|

|

2. Schematics

< Abstract representation of all
connections on the board

< Done 1n Cadence Allegro
(O2MB), Altium, Kicad, etc.

% Look at 1t in pdf form

pep—

Jean-Marc Combe at CERN
for the OH>MB

_— N

N

< Actual geometric representation
of all connections on the board

< Done 1n Cadence Allegro
| (O2>MB), Altium, Kicad, etc.

% Look at 1t in pdf form

- ——

Jean-Marc Combe at CERN
for the ODPMEB

S. Assembly |

|+ Uses gerber files produced by design
software

+

Pactron in Santa Clara
for the OO>MB

Manuel Franco Sevilla

< Fabrication of bare Printed Circuit Board

+ Stufts components on bare PCBs

| *+ Components defined in Bill Of
Materials (BOM) in Excel form

Pactron in Santa Clara
for the OO>MB

The O M E history and design

A+

H
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O DMB schematics overview
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£ 7 A24 :g? %\‘ D17 4 E =] % B<l>  1a<l> Zlg 1;1) LSC 10E 1DIR| 1
= 6 A25 |06 <n3f<DI5_3 | VCCB=P5V;VCCA=P2V5 L B0z A< L L
> : het A05 GA2 233 2 © NE = SSOP GND 48 ~|10E 1DIR 1 2 R1l 1 GND Ssop GND
4 A27 |04 <[Pl 1 = GND —=( ‘L'_K'j_ VCCB=P5V; VCCA=P2V5
O 3 A28 |03 <ao [P0 o
2 A29 202 &b D9 c VME GAP 74ALVC164245DL SSOP GED A A
1 A30 |01 377 [D27 - - VCCB=P5V; VCCA=P2V5 4 o
5 Cld |ans T170< D29 - REG_P3V3 P3V3 . .
4 A23 | ag revn D5 g y . :
I~ =z ) N
3 BLO | s rsvo [ D8 @ 0 IC21 Vv
2 215 {am rsva (213 ~ RG2 o , [o] P4 2 23 23 [oreegmr] 26 23 =
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§ ¢ B ¥ 8 3 1 1

9 page .pdf file

omponent naming convention

IC: integrated circuit (eg. IC14)

J: connector (eg. J7)

R: resistor (eg. R87)

C: capacitor (eg. C17)

L: inductor (eg. L5)

QZ: quartz oscillator (eg. QZ3)

RG: voltage regulator (eg. RG2
OT/RX: optical transcerver (eg. OT1)

~ Signal naming convention
C : at the connector (eg. C VME ADDR)

§ 1 1

PxVy: voltage level at x.y V (eg. P2V5)

_P: positive LVDS signal (eg. IPPIB SM_P)
~N: negative LVDS signal (eg. IPPIB SM N)

Slide 20


http://hep.ucsb.edu/cms/odmb/hardware/odmb_v4_schematics.pdf
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The O M E history and design

~ Describes all 12 layers of the board

= Including ground and power planes

swzo[ ]

~ Mask layer useful to locate components

|s

. %0
s :]+:]ﬁ5 ™ o I -
@ Dﬁm P1VO_MGT . 1c18
8 .
S QPLL-FOS1 o © -
5
QPLL-FOSO a =Db o2
QPLL-EXT 81 & —
QPLL-FOS3 | §8 D — =D D;IN MOS
NIEIERERE . OPLL-F0S2- 18 25 . - o
N I | = X
DO " D
382853 83855 5 SHIT= CLK_N/P [J -
‘ 2 E] [JE—F48
1c33 X
o T ST15
0T == 1c28
me ] [wmes . = = %]
RG1 Res ]  [Jmo
e ] mes =
s [ [CJwmos pez =
o [] Cwe
o ] Cmes
o ] Cue 22
g 89 m ] [ = o C13
=45 & . DD TP13 P14
DQ%PWB LU | b P15 P16
@ s moz ] [Jaus gmﬂgDD: P17 P18
= o A0slk aai
y sT16 MO !
. TP23 P24
7 tros ML 4+ P25 P26
ana Mz w2 L Dm P27 P28
134 S e £ @ - P29 P30
198 o a D:] P10 8 +
_ U0 [Je
rv E] & - o«
P8
9 = +DW12 8 o
1c35, g &] VES .
o -
az4
P31 P32
P33 P34
P35, P36
EDA_02415—V4 P37 TP38
TP39) P40
TP41 P42
TP43 TP44
TP45 P45
TP47 P48
TP49) P50
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http://hep.ucsb.edu/cms/odmb/hardware/odmb_v4_layout.pdf

C VME ADDR<23..1>

Backplane VME connector

*

* 00 *
*

-
.
— -

!

"2

YE. P2

i
¢.

e 4

s R R X ‘Xeo
‘0‘0 0‘0’0‘0‘ , 4 ‘
L 3K BRI IR IXS
0’0‘ ‘0‘0‘0‘0 - .
S RAARARNN, -
C VME DATA<15..0> XXX renteete.
R
o o -
37 Schematics % :
CONVMEG6 4 X o Seadaseiee 257
Pl
15 C8 —_— Bl
15 S
14 C7T |p1s e [ B2 TUHE LT
13 C6 B3 Bej M TTIITIY T
12 c5 |P12  ACERIML )y C VME BGO Ly (8 Lt
T c1— P22 BGOIN [ o ? i O X
10 C3 gié ng?gg%% . C VME BGI1 e = —_/L,L/.—/. Lay()ut wi0.3585888
9 8% 009 BGlOUTHg; | C VME BG2 Uy 11vt99e
Az D0 _BGN|[ gy gp—— iy
mw 33 :
A7 10; pegm| B10, C_VME BG3 C T iy eesens
DO5 BG30UT | M
5 A3 |0t _STSCIK|—grg CVME—SY5 inidig) . ibaiiai
3 D03 SYSFAIL — o el
2 A3 Cl2 fefeeey 999999%
A5 —|D02 ~SYSRESET| y=s%
1 ¢ po1 BERR 13 — A errpp
0 Al 1ho0 TWORD | S : , ) war. 3333588 ™ 3555343
23 Cl5 |.,3 wrrre~AL4 ¢ VME WRITE B sresner ssevvry
22 Clé A22 DTACK ><A16 C_VME_DTACK:B
21 Cl7 lao1 as[AL8  C VME AsS D W 2225538 ™S 505555
20 Cl8 220 TACK ><A2 0 C:VME_IAC.K_B eeeeee
19 C%g A19 TACKIN A%% -,
18 C21 A18 TACKOUT otetetetet T
x G727 sERAlpo) A 0 (RN :
Ale6 SERB |— 3OO e
o ’0‘000.0’0 0’0 N
A 12 Sg 2 Al5 MPR — g é . :2‘3 """" : :o:0:o:0:o:ozozo‘ozoz::::o:i::o:: )ooo‘o‘: K.
o o5 Al4 MCLK—Z5 . 2 BOOOOOOOOORAE KK
. 13 26 Al3 MSD |— 7 <t KOS
. 12 C Al2 MMD Z \Y :0 LN »:0:0:01
o) 11 C27 A1l MCTL 79 < OOOOOOOOOOCN ‘o‘:x
\ 10 g%g A10 RESP | ) Z%é LD| . ’ 29252 f
E ) S5 200 SBB}— Z31 ] P3y3 |
8 C AQ08 SBA Z E: RO ——
=) 7 A24 207 ©al D17 4 > S : :::‘::::: -g.
E: 2 A25 A06 GA3 3 Ul <N RANNAE -
> 5 A26 205 V) 2 b= DO
4 A27 laoa TAl 1 i
O 3 A28 |,03 =55 0
i igg 202 St Do C VME GAP .
201 LI/I
: il HAl o 1~ VME tor (J7/ |
: Rz3|s TPl = 1 conncecclor 1S Ol PALC
3 B19 | au3 Al T &
2 BI8 | eval_ 213 ~
1 BI7T | aui el 215 1
e L " ~ Brines VME ADDR (in 1on) and VME DATA sienal ODMB
— — DS1 RSVB |—
WE maal rngs Instruction) a signals to
12 BR3 RSVB |— 2% — —
B13 BR2 RSVB—Z27
B12 BR1 RSVB—Z19 .
I8 BT = These define the VME protocol, together with DTACK, WRITE, VME AM, BG, AS, IACK, ...
ng TRO6 RSVB —Dgg
B2 2 (| Ro5 RSVB _Dl
e E ~ Also | VME_GA hical add
TRO3 vPC |—
A SO 1mportant geographical address
B30 {fher  tva|_Dd —
| svstpoBY  -v1|—
_v2 D7

P3V3=VME P3V3;VCC=VME P5V
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= Number that indicates which crate slot the board is plugged into

The O /2 history and design
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Voltage level translators

PéVS IZiVS

F m S| e

olX| 2 | . Al Xl

=S| E m Schematics ] il =

5 O ] 2

S = 2

L > =
N E: A
o o

R ® ——

: IC8 .
ﬂ ~_ 0 23 B<7> 2A<7> 26 0O 4w
V ~__1 22 B<6> 2A<6> 27 1 ‘\_/I
,<[: ~__ 2 20 B<5> 2A<5> 29 2 4
I 3 1 9 B<4> 2A<4> 3 O 3 e H
<ﬂ ~_ 4 17 B<3> 2A<3> 32 4 K[:
A N~ D 16 B<2> 2A<2> 33 5 A
ml\ 6 14 B<1> 2A<1> 35 6 - LT-.Il
z ~__/ 13 B<0> 2A<0> 36 7 - 2
:L>)I 25 | 20E| | 2DIR 24 | >

~_95 12 1B<7> 1A<7> 37 8
~__9 11 1B<6> 1A<6> 38 9
~_10 9 1B<5> 1A<5> 40 10
~11 8 1B<4> 1A<4> 41 11 _~
~_L2 6 1B<3> 1A<3> 43 12
~_13 S 1B<2> 1A<2> 44 13
~_14 3 1B<1> 1A<1> 46 14
~15 2 1B<0> 1A<0> 47 15 _~
R7 R11
TOR .48\/10E 1DIR I ToR 1.
= 74ALVC164245DL SSOP =
GND [VCCB=P5V; VCCA=P2V5 | GND

Manuel Franco Sevilla

L IR R IRARRARAARARARARRRRRIRIRS
IRARARARAARARARRRIRR R IR
L R R IARARRAR R ARARRRXRRARIRS
““000’00000’006
/

L IR 4

o BE= N (= 1 =
Mask layer : Aar
B oo 3= |22
:": L t 3 = | =12
AYOUL Y Jauid =1 & "-51
© I~

o - - I " _
= L N

o

X & &

o

~ Level translators (74ALVC164245DL) transform digital signals to

different voltage level

= VCCB and VCCA determine the two voltage levels
= DIR determines the direction of the signals

= OE i1s the Output Enable
* Active low — output enabled 1f grounded, output 1s high-impedance (Z) 1if OE 1s at VCC

~ Numerous translators througout the design

The O /2 history and design
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https://www.nexperia.com/products/logic/asynchronous-interface-logic/voltage-translators-level-shifters/74ALVC164245DL.html

Backplane OTMB/CCB connectors | s

VREFGTLP
P15V
J9 Jl 0 JA R144 o
{100 - S
Cl4 C13 C_TMB<14> D1 Cl1 DN
cl4 Cl3 Dl Cll R145 0’0.000‘0.0“
J_ C 1 5 C 1 5 C 1 2 C l 2 J_ C ALC T< 3> D2 D2 C l 0 C l O 2 @1—" IQOv‘v‘0:0:0:0:0:0:0:0:4
= Cl6 1 cie c11 |-&il = C_ALCT<T7> D3 |p3 co |-€2 - R -
GND C17 |17 1o |—C€lo GND C_ ALCT<11> D4 | 2 o8 C8 1 RSRRRRRRRRN E
C18 Cc9 C_TMB<15> D5 Cc7 N Sle SRR NN XA + E
C18 C9 D5 C7 GND o = QOO0 ;g
12 fcig cs S8 C_RAWLCT<0> D6 | pp c6 |-C6 =l - I R " £
C2 0 C 7 C RAWLCT<4> D7 C5 5O S /_;_ﬁ »:0:0:0:0:0:0:0:0:0:4 e §§
C2 0 C 7 D7 C5 ¢ ¢ 5 : ISSBBOOBOOS : ==
c21 Cé6 C ALCT<17> D8 C4 N d |= RSN ARARANARANNN rp s,
C2 2 C 2 ]_ C 6 C 5 D 8 C 4 — DI jis . =
C RSVTD<0> D9 C3 o SCS00025¢90508 = 3 g =
C22 C5 D9 C3 GND DO = = =
C23 C23 ca C4 C RSVTD<3> D10 D10 C2 C2 = QRRRNN 3 : E
C_CCB _DONE Dl |p7 cl C1l C_ALCT<0> El |pq g11 |-Bll C RSVTD<6> Q £ L
D2 | D2 B25 B25 C TMB<9> C ALCT<4> E2 E2 B10 B10 C RSVTD<2> s
C _CCB _EVCNTRES D4 D4 B23 B23 C TMB<1> C ALCT<12> E4 F4 B8 B8 C LCTRQST<2> E 5 4
C_CCB_L1ACC D5 |ps B22 | -B22 C_TMB<16> E5 |g5 B7 B7 C RAWLCT<3> = oo = £ i
C CCB DATA<2> D6 D6 B21 B21 C CCB RSVI<0> C RAWLCT<1> E6 E6 B6 B6 C TMB<17> ,E:'_ = £ %
C CCB DATA<6> D7 D7 B20 B20 C CCB RSVO<1> C RAWLCT<5> E7 E7 O B5 B5 C ALCT<14> : = @ 5 Jsa
C_CCB_CRSV<2> D8 | pg B19 | BL9 C CCB CAL<I> C ALCT<15> E8 |rpg o B2 B4 C ALCT<10> ‘ == = -
D9_| pg B1g [ BL8 C CCB DRSV<0> C_ALCTDAV E9 |59 = B3 B3 C ALCT<6> ? S H=M3| = E°'3°F 3
D10_| {7¢ B17 |_B17 C_RSVTD<4> E1I0 |Rig &N B> B2 C_ALCT<2> R 4 = B Z %’. = S E : E S
D12 B15 A =S TE" 2 | = L_é B\l =R ] £
— D12 B15 — O AR & =0 | E——=. | =2 = E a0 3
D13_ D13 B14 _Bl4 m All All C RSVTD<5> RNNNNN § =— .__—J——=, =:.’¢ = _-,‘3 2
D14 B13 o < Al1Q0 C RSVTD<1> NXNANNXL  FonsOh - — E : £ 3
p15 | P12 Bl3 1733 Schematics A0 29 —c arcr<ies R N = . Bi3. . 1
pi6 | D12  Bl2 ["Bil A% [[A8  C TMBFECLK i) =y E- JSEi§
D17 _{p17  B1lo |-BlO A7 A7 C RAWLCT<2> IR € B EE LIS E .8
C CCB DRSV<1> D18 D18 B9 _B9 A6 A6 C TMBDAV ::::::::::::::::::::::::::::::::::: E f: :" = -
C CCB CAL<2> D19 D19 B8 B8 C CCB CRSV<1> A5 A5 C ALCT<13> 500505¢5252525252925¢5¢5¢5¢5¢5292%4 - B = g 3 £ E 1
C_CCB_RSVO<2> D20 |p> 0 B7 B7 C CCB DATA<5> A Ad C ALCT<9> e ettt te s == P i ' e 3
C_CCB_RSVI<1> D21 |p5q B6 B6 C CCB_DATA<I1> A3 A3 C_ALCT<5> e ettt ten “= R § % : %
C TMB<2> D23 D23 B4 B4 C CCB CMD<5> Al Al C TMB<12> B K RRRRARAARK =4, £ = e
C_TMB<6> D24 |poa B3 B3 C CCB _CMD<1> B A RN RAANN il - Bl
C _TMB<10> D25 B2 C CCB LI1ARST 2O R R AN AN
D2 5 B2 OO BBOBBBBBOBBBBBBOBBBBBOBBB
E 1 ] E 1 B 1 B l CLK N 0‘0‘0‘0’0’0’0’0’0’0.0‘0‘0‘0‘0’0.0’0‘0 0‘ ‘0‘0’0‘0‘0’0’0‘0’0‘0’0 0%0%0%0%0%0%0%0%%0 %% "% "
E2_[g> A25 A25 C TMB<8> 20 R KRN
C_CCB_CMD<3> E3 | g3 Aoa | A24 C_TMB<4> 2O AN NN AARXXNNNNARAAANNY P ¥ _ N
C_CCB_BXRST E4 (g2 A23 | A23 C TMB<0> ettt tatatetatel I;I;I;I;I;Z;Z;iﬁm,
C_CCB DATA S E5 |gs Aoy | _A22 SRR SRR E BB S BBEEBEEEEEBEEEED wrer Drar e
C CCB DATA<3> E6 E6 A21 A21 C CCB RSVO<4>
C CCB DATAL7> E7 E7 A20 A20 C CCB RSVO<0>
C _CCB CRSV<3> E8 ES A19 Al9 C CCB CAL<0>
OTMB/CC 9 and J10 2 and 3
s10 22, A1 AT ~ OTMB/CCB connectors (J9 and J10) are on pages 2 an
EI2 71515 als [ AL
E13 Al4 1
E15 | E15  al> | 212
El6_1E16 a1l |21l . o
E17 Al0
B ~ F CCB, b CMS 40 MHz clock (CLK P/N), L1t L1ACC), BXO0
Cc_ccB SOFTRST EI18|E14  AgC [[A9 rom , OI'1NgZ Z C10C . rigger . .
C CCB LI1RLS E19 E19 A8 A8 C CCB CRSV<0> —_
C CCB RSVO<3> E20 A7 C CCB DATA<4> * *
220 & hard t (CCB HARDRST B librat CCB CAL
C_CCB RSVI<2> E21 |Rp5] ag | A6 C CCB DATA<O> arqa rese . caliporation
E22 E22 A5 A5 C CCB CMD S — — —
C_TMB<3> E23 |g953 Al A4 C_CCB_CMD<4>
C_TMB<7> E24 |52 A3 A3 C_CCB_CMD<0> .
L ~ From OTMB, bring OTMB data (TMB), ALCT data (ALCT), LCTs (RAWLCT
£25  nz [ A2 CCCH rom , bring ata : ata : S
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DCFEB connector A

Schematics
P3V6 PP P3V6 PP
VAN J3 JAY
1 L 26 26 BCO P
L2 5 27 27 BCO N
3 3 28 28
4 4 29 29
2 5 30 30
6 6 31 31
TMS N 7 2 30 32 TDI P
TMS P 8 s 33 33 TDI N
9 o 34 34 TDO 1 P
[ 10 o 25|35 TDO 1 N
TDO 2 N 11 11 36 36 TDO 3 P
TDO 2 P 12 12 37 37 TDO 3 N
TDO 4 N 13 13 38 38 TDO 5 P
TDO 4 P 14 112 39 39 TDO 5 N
TDO 6 N 15 15 40 40 TDO 7 P
TDO 6 P 16 16 41 41 TDO 7 N
TCK 1 N 17 17 42 42 TCK 2 P
TCK 1 P 18 18 43 43 TCK 2 N
TCK 3 N 19 19 a4 44 TCK 4 P
TCK 3 P 20 20 45 45 TCK 4 N
TCK 5 N 21 21 46 46 TCK 6 P
TCK 5 P 22 vy 47 47 TCK 6 N
TCK 7 N 23 23 48 48 C DONE 2
TCK 7 P 24 04 49 49 C DONE 3
¢ 25 25 50 50

Manuel Franco Sevilla

TYCO 787083-5
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* o0
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Tnnlilifitdutntn

1 -

 —
L —
| —
 —
| —
—

| —

| ——

. —
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e
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el
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-
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Photo

29729722

~ DCFEB connector A (J3) 1s on page 7
~ Carries JTAG signals that control DCFEBs

= TCK: JTAG clock (to t
= TMS: mode select (to tl

he DCFEBS)
he DCFEBS)

= TDI: data input (to the |

= TDO: data ouput (from the DCFEBsS)

DCFEBS)

We'll become very tamiliar
with the JTAG protocol once
we start doing firmware

~ Also PPIB power (P3V6 PP), BCO, and some DONE

The O /2 history and design
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DCFEB connector B lslle

Schematics ol ==g | . 7
3V6 -
F VA—PP J5 od;jum lﬁlﬂlﬂl"@ Layout Photo
o_0 _—
o_0 —
1 [T 26 CMSCLK_P o0os-ue-_luliiil J!l!l”'@ =
2 27 CMSCLE_N o 0 A1y —= rrrsrsrs
REPROG B N T3 |2 2/ 28 2es . (f =
REPROG_B_P TR DO T ecse it *|| il E
> 5 30 30 O OHE- A1LINII] —
: 6 31 E :\&: Illli ii SRRXXX —:::
T M soee 1| RS =
8 33 " w %o’ —
9 9 34 34 L1A P “ 0:0 0:< —
RESYNC_N : VO b T INIPLS B o3e3  pitbai s =
RESYNC P 12|, 2|37 INJPLS N i BRR
EXTPLS N 13,5 .| 38 ‘
EXTPLS P 14 |1, ol 39 | ) .
C DONE 4 15 40 C DONE
C_DONE 5 16 |, o] 41 ———-C DONE 7
LIA MATCH 1 N | 17 42 LIA MATCH 2 P :
LIA MATCH 1 P | 18 |,. .| 43 L1A MATCH 2 N ~ DCFEB connector B (J5) 1s on page 7 Swabbin
LIA MATCH 3 N | 10 |, ..|__44 L1A MATCH 4 P cableslz\pangd 5
LIA MATCH 3 P | 20 45 L1A MATCH 4 N : .
LIA MATCH 5N |21 % ‘[ e LIA NATCH 6 ¢ ~ Carries clock and triggers to DCFEBs Sinesstees
L1A MATCH 5 P 22 47 L1A MATCH N o .
LIA MATCH 7 N | 25 |22 /[ s "SEL_SKW B = CMSCLK: 40 MHz CMS clock
L1A MATCH T P 28 1oy 4op 29 1 - C DONE 1 = L1A: CMS L1 trigger accept
! 2 > ¥ =4 I = L1A MATCH _n: coincidence between L1A and LCT
TYCO 787083-5 R = INJPLS, EXTPLS: commands for calibration pulses

= RESYNC: DCFEB reset
IC52 GND  GND = DONE: DCFEB FPGA ready signal

Q
2|=
o

1
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VDS < CMOS conversion lslle

A J w
(% 30000000000
i I ii O
’00000000>0000

mindi 9 pifiiii |
LTI THITTLIDN

IC52
DS90LV032ATM/NOPB Mask layer

TDO 3 P 10

Layout

+

11 C TDO 3 o |
IC50

9 = .
g C - VCC=P3V3 R132 R133

N
~ Uiy §
TDO 3 N =i o 1c51.° IC52.° mﬂ . ....-k

R133

LVDS — CMOS 2
converter GND o
1c53l2 1¢54 2
[ Irt3s
IC53 ‘ J3 cau :
Schematics DS9OLVO31ATM/NOPB Kl ‘ ‘ L 532 . ' 29329 gesTLILIYS
10 TDI P - a333asas 22aaaa
5 - -
11 TDI N
N
VCC=P3V3
C_DCFEB_TDI SOIC ~ We use two standards
ﬁ_v Vi = LVDS (low-voltage differential signaling): voltage swing ~ 700 mV
. q P3V3 - :
CMccz)osnvertIéYDS GND = CMOS/TTL: single ended with respect to ground

~ It 1s more robust to send LVDS signals through copper cables
= Converters before DCFEB connectors
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Optical recervers for DCFEBs

RX1
SN-R12-C00501-000-0-12
Receiver 100NF
pouri+] G8 c54 ORX2-01 P
I pouri-| G7 C55 ORX2-01 N
Schematics pouri- G Cab Ll
DOUT2 - F6 C50 ORXZ—OZ_N
pour3+| E6 c48 ORX2-03 P
pour3-| ES C49 ORX2-03 N
pouT4+| G5 c53 ORX2-04 P
pour4-| G4 Ch52 ORX2-04 N
DOUT5+ F4 C56 ORX2—O5___P
pouts-| F3 c57  ORX2-05_N
poure+| E3 c34 ORX2-06 P
pouT6-| E2 C35 ORX2-06 N
pouT7+| DS Cc41 ORX2-07 P
pour7-| D4 c40  ORX2-07 N
DOUTS8+ C4 C39 ORX2-08 P
pours-| C3 C38 ORX2-08 N
pouT9o+| B3 Cc37 ORX2-09 P
pout9-| B2 C36  ORX2-09 N
pouT10+| BS C42 ORXZ—OlO_P
pouT10-|_B6 Cc43 ORX2-010_N
pourii+| C6 Cc45 ORX2-011 P
pour1ii-l C7 C44 ORXZ—Oll_N
pour12+| D7 c47 ORX2-012 P
DOUT12- D8 C46 ORXZ—O].Z_N
ORX2-RX EN I9 RX EN
ORX2-EN_SD H9 |ex sp
ORX2-SQ EN  J10 |[so Ex sp| H7  ORX2-SD
P3.3VORX . 39 |VPP[4]
g S
o Iy GND[33..0]
Il =
S p—
(17) — SN-R12
1 . SOCKET
GND SKT1

Manuel Franco Sevilla

84512-102LF

Layout

» 0

{

al [T

=
»
e J
¥
L.
-
o
i
L
L
e
e
‘-
[
“
<2
=

TITITL

~ Snap12 optical recerver from DCFEB (RX1) 1s on page 7
= Uses MTP12 connector

= Only 7 of the 12 signals used 1n practice

~ Converts the 3.2 GHz optical signals into copper signals
= Input: light from DCFEBs

= Qutput: ORX2-nn, 3.2 GHz copper signals that go to the FPGA

The O /2 history and design
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Optical transceivers for DDU/PC [k

Schematics Layout
VCCR VCCT RO I o 3
i T LRXRX %
OT1 3C 3C
FTLF8524E2GNL * :’:::::::’ e :::
D__ |[RESERVED SDA| & 220 ‘:‘:’.‘.’:‘:‘. . ":‘
B *’0‘0<‘ 4 0’0
GLO TX P ~ |C|4 >0 raTESELRCTL C Cd32 GLO RX N e N
™ T 1. oxF 1.0NF “+%4 %4 R
MOUNTED=NO : a3l 1(9) TD+ RD- c433 GLO RX P IO ¢
GLo Tx N "™ I TD_ o 1.ONF e "
) 1 .IOINF E D TpIsf—2 . 0‘0 OO :::: ::
| 2 Lo veerl6 1| e .’.’I’I’Ii*I’I* e X
< ! WEER VEET |—_—¢ IO O e
™ | N | e o200 2
o S=—= 5 CAGE CAGE|— 4 —— 3 O OOCR .
LEDs showing if 3 © 1 3 e R o
fibers connected T XX e &
LDl | R64 GND GND . PS ol o
(470 }— ol -
C p/yp/ ‘11 470
L (770}
¢V - 2 4 Iml VCCR VCCT
= 1G'§‘D A\ FTLF82§§E2GNL TAY ~ * . : f / 1
> [resemves—ama]_» Finisar transceivers for DDU/PC (RX1) are on page 7
C436 scL| _B
GL1 TX P o — Cd39 GL1 RX N -
=5 ow 9 RATESELECT—Z o = Each transceiver has one TX and one RX
= — -
e ‘r?'a C437 2 - ror| 3 9% oLl Rx P = Uses LC connector
GL1 TX N | | 1.0NF
- T 1. onF 3 &p TDIS|—2
¢ 2 VCCR VCCT 6 ® ° ® ° °
o e v el ~ Convert the 1.6/1.25 GHz optical signals into copper signals
<_L_ 2MS2 Ms}ﬁ'__ ]
O— © CAGE CAGE O—— © R
= = = In normal operation, we only use TX (GL0 TX) to DDU
Il 1 * RX could be used to tell the O2ME to stop sending data to DDU because buffers full
GND GND
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= TX to PC 1s for debugging, and possibly monitoring
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i sym 3/5 e al s sym 4/5
[a] BANK 24 BANK 26 | m‘ m‘ BANK 33 BANK 35
= 123 |10 100 cc 24 10_rop 26| 519 gl £| | g 10 top 33 10 rop 35| D14 ORX2-EN SD
S M22 |10 LoN_cc_24 10 LON 26| _H20 2| Al &332 10 LON 33 10 LoN 35| _C ORX2-SD
4 K24_ |10 112 6C 24 10_L1p 26 K22 { TP33 5] 10 L1 33 10 L1 35 C ORX2-RX EN
A k23 _|10_L1N_GC_24 10_LIN 26| _H22 o TP34 [5] 10_LIN 33 10_LIN_35] G ORX2-SQ _EN
u; 10_L2P_D15_24 10_12pP_26| 621 TP35 5] 10_L12P_33 10_12pP_sMoP_35| H HERM1 P
L. 10_L2N_D14_24 10_L2N_26| 622 TP36 [o] 10_L2N_33 TO_L2N_SMON_35| I HERM!
£24 |10 13p D13 24 10 L3P 26 L21 TP37 5] 10 L3P 33 10 L3P smip 35| E PPIB SM P
F23 |10 13n p12_24 10_L3N_26 K21 TP38 5] 10_L3N_33 To_L3N_sMIN_35[ E PPIB SM N
N; 10 L4P_D11_24 10_14P_26| 20 TP39 [ 10_L4P_33 10_14pP_35| K CK_7
w24 |10 Lan VREF D10_24 10_LAN_VREF 26 A TP40 5] 10_L4N_VREF_33 10_LAN_VREF 35 L
H; 10_L5P_D9_24 10_15P_26| B: TP41 [O] 10_L5P_33 10_15P_sM2P_35| K. 6_PP_SM P
623 |10 15N D8_24 10_L5N_26[ A TP42 [5] 10_LSN_33 10_L5N_sm2n_35] G 6_PP_SM N
R24_ |10 n6p D7 24 T0_16P_26| A TP43 [g] T0_L6P_33 T0_T6P_sM3p_35| E LVMB_SM_P
224 |10 LN _D6_24 10_L6N_26[ B! TP44 5] 10_L6N_33 10 L6N_sm3N_35[ E LUMB_SM_N
H25 )10 17p_D5_24 10_L7P_26[ A TP45 5] 10_L7P_33 10_L7P_sM4p_35[ A SM_P
H24 |10 17N D4_24 10_L7N_26| _B: TP46 [O] 10 L7N_33 TO_L7N_sM4N_35| 2 5V_SM N
T24 _|10_18p_srcC_24 10_18P_srcc_26| B TP47 (5] 10_L8P_SRCC_33 10_18P_srcc_35|_D: 0 IT_
723 _|10_1.8N_SRCC_24 T0_L8N_SRCC_26| F: TP48 [O] 8 10_L8N_SRCC_33 T0_18N_SRCC_35| _D: 2
925_110_19p_MRCC_24 10_L9P_MRCC_26] 21 TP49 (5] 9 10_L9R_MRCC_33 10_19p_MrRCC_35[ F 0_3
924 |10 LoN_MrCC 24 To_toN_mRCC_26[ 120 TP50 [g] 0 T0_L9N_MRCC_33 To_L9N_MRCC_35[ ELL 0 4
U23_ |10 _L10P_MRCC_24 10_L10P_MRCC 26| F21 = ) L10P_MRCC_33 10 _L10P_MRCC 35| M13 DCFEB_TMS
v23 |10 L10N_MRCC 24 To_110N_MRCC 26| G20 aF13 |10 r10w_MRoc 33 To_L10N_MRCC_35| _AEL
AD24_ |10 111P_SrRcC_24 T0_L11P_SRCC_26| D: 0 H13_ |10 r11P_srcc_33 T0_L11P_Srcc_3s5| M15 DCFEB_TDI
AE24 |10 L11n_SRoC_24 T0_ L11N_SrCC 26| D: 113 |10 1118 srec 33 T0 111N SreC_ 35| L4
3 v24_ |10 112P_D3_24 10_L12P_VRN 26| C: K17 _|10_112P_VRN_33 10_L12P_smsp_3s5| Gl1 LV P3V3 SM P
2 w24 |10 L12N D2 FS2_24 10_L12N_VRP_26| D: Ap12_ |10 112N VRP_ 33 10_L12N_susy_3s| F1l LV P3V3 SM N
1 AF25 110 113 D1_FS1 24 " 10_1137_26 C L1A MATCH 1  aL13 |10 r13p_33 To_r13p_smep_3s| B2  PIV5 SM P
0 AE: 10_L13N_DO_FS0_24 10 113N 26| D 616 _|10 113N 33 10 113N _smen 35| B13 P2V5 SM N
PROM CS B ¥24_ |10 r.1ap FCS_B_24 10_L14P 26 C AEL4_ |10 1147 33 10_L14p_35 Gl TDO 5
PROM OE B AA: T0_L14N_VREF_FOE B MOSI 24 10_L14n_vREF 26| _J: Pavs AF14_ |10 114N_VREF_33 T0_L14N_VREF_35| Cl!
PROM WE B AF23 |10 L15p FWE_B_24 10_L15P_ 26 E L1A MATCH 2 aG13 |10 r1sp 33 10 L15p_su7p_3s[ A1l PLVO SM P
NC  2G23_|10 r15N RS1 24 10_115N_26] E: AG10_ 10 1158 33 To_L15N_su7n_3s[ Bll PIVO SM N
NC  AA23_|10 L16P RS0 24 10 116P_26| E: L1A MATCH 3  aMm12 |10 r16p_ 33 101167 vRN 35| E12  TDO_6
NC  2B23_ |10 r16N_CSO_B_24 10_L16N_26| E €12_ l10 L16N_33 10_L16N_VRP_35| K12
AE23 |10 117P_VRN 24 10 117P_26| _F. L1A MATCH 4  AH14 |10 117P_ 33 10_T17p 35| 911 TDO_7
AE22 |10 117N VR 24 T0 117N 26| _C RELL |10 117N 33 To L17n 35| H15
PROM LE B AC23 |10 r18P_24 10_118P_26| B: L1A MATCH 5 AJ1l |10 118P 33 10_118P_Gc_3s5| L16  BCO
AC24_ |10 L18N_24 T0_L18N_26| C D16_l10_L18N_33 To_L18N_Gc 35| K19
ac22_ |10 119p 24 10_L19p_26[ 224  PON LOAD H17 )10 1199 33 101197 6C_35[ B1S
AD22_ |10 _L19N_24 To_L19N_26| A23 PON_OE A15_ 110 _L19N_33 T0_L19N_Gc 35| J10
';:qivccqzum VCCO_26(5] 4‘>‘§ §<]7 veco_33(5) vCCo_35(5\] 4‘>E
B BANK 25 BANK 32 A B BANK 34 BANK 36
LVMB_SCLK E28 |10 nop 25 10 Lop 32| AL1a L1A_MATCH 6 < 39_l10 vop e 3a 10 Lop 36| E18 PBO
LVMB_SDIN E29 |10 non_25 10_LoN_32[ AD16 R H9 |10 vow_cc_34 T0_LON 36| F18 PBL
LVMB_SDOUT 225 |10 n1p 25 10 L1 32| _Ac15 L1A MATCH 7 | 210 |10 11p e 34 10 L1 36| _E17
F25_|10 11N 25 To 11N 32| ADL7 N B10_|10 11N GC 34 To L1n 36| D17
s25 Tromr 2 el e 11a v e Lo ar s 051 34 o se s
QPLL AUTORESTART B30 |10 ran 25 10_L2n_32 2E18 F10 |10 12N a14 D30 34 10_L2n_36[ €17
QPLL_ERROR 628 |70 13p 25 Tosp 32| _AM17  INJPLS = €10 |70 13 a13 D29 34 To_n3p_36|_G15
10 L3N_25 10_L3N_32| AG17 [e] D1i 10 _L3N_Al2_D28_34 I0_L3N_36f 617
OPLL RESET 827 |10 L4p 25 0 Lap 32| 2616 | €9 |10 rar_al11 _p27_34 10 4P 36| L19
F29_|10_L4N_VREF_25 To_LAN_VREF_32| AF16 A D9_ |10 L4N_VREF_A10_D26_34 I0_LAN_VREF 36| L18
QPLL FOSEL<0> 625" |10 L5p 25 16_Lsp 32| AK18 EXTPLS 29 |10 15p_a09_D25_34 10_15p_36|_AC12
QPLL_FOSEL<1> E 10_LSN_25 10_LsN_32[ AD1S 28|10 15w A08_D24_34 10_L5N_36[ _J19
QPLL_FOSEL<2> D: 10_L6P_25 1I0_L6P_3 AJLT RESYNC E 10_L6P_A07_D23_34 I0_L6P_36| M16
OPLL_FOSEL<3> 626 |10 nen 25 T0_T6N_32[ ACIS E9 |10 r6N_n06_p22_34 T0_T6N 36 I14
p24_ 10 177 25 10 L7p_32[ ALLS TCK_1 B8 |10 L7p_A05 D21 34 10_L7p 36| K14
26 |10 1M 25 To 17N 32| _au1S €8 |10 178 A04 D20 34 T0_L7N_36|_AC13
B26 |10 L8P_SRCC 25 T0_L8P_SRCC_32| AJ19 L9_ |10 L8P _srcC_34 T0_L8P_SRCC 36| G18
825_ |10 LeN_srcc_25 10 L8N srcc 32| AE17  ODMB HARDRST B K9_ |10 L8N srcc_34 10_L8N_srcC_36 H18
B27_|10_1.9P_MRCC_25 10_19P_MRCC_32| AP17 ONE_1 L10 |10 19p_MRCC_34 10_19P_MRCC_36|__M12
A26 |10 LoN_MReC_25 T0_L9N MRCC 32| AJLE DONE_2 10 |10 LoN_Mrcc 34 T0_L9N_MRCC_36 M1l
828 |70 1107_MRCC. 25 To_L10p_MRCC 32| AH DONE_3 AC10 |10 1.108_MRCC. 34 To_T10p_MRCC 36| _L15
A30 |10 110N _MRCC_25 10_L10N_MRCC 32| AN ONE_4 ABL0 |10 110N MRCC_34 I0_L10N_MRCC_36 L14
A28_ |10 L11p_srcc_25 10 L11P_SRCC_32| AP DONE 5 a9 _ 110 1112 srcc_34 10_L11P_SRCC_36[ AD1L
229 _ |10 L11N_SRcc_25 T0_L11N_SRCC_32| 2P: ONE_6 AJ9_ |10 L11N_SRcC_34 TO_L11N_SRCC_36| 915
E27_ |10 112 25 10_L12P_VRN 32| AN DONE 7 3 AD10 |10 r12P 03 D19 34 10_L12P_VRN_36| _AG11
E26_ 110_L12N_25 10_L12N_VRP_32| AG 2 AC9_ |10 112N_A02_D18_34 T0_L12N_VRP_36| _J16
D26 |10 L13p 25 10 L13p 32| AKLT TCK_2 1 AKE |10 113 A01 D17 34 To_L13p 36|17
D25 |10 113N 25 10 113N 32| AF15 0 ALE |10 113N A00 D16 34 To 113N 36| K13
€24 110 L14P 25 10 _L14P_32| AEL6 NC AD9_ |10 L14P_A25 34 I0_L14P_36| ACl4
f €25 |10 L14n_vREF 25 To_L14N_vREF 32| ALY NC AES |10 L14N VREF A24_34  To_L14N VREF 36| Bl7
€27 |10 115P_25 10_115P_32| AJ15 TCK_3 NC 2K9_|10 r15P_A23_34 10_L15P_36| AD14
c I0_L15N_25 I0_L15N_32| AC17 AL 10_L15N_A22 34 I0_L15N_36] D15
29|70 1167 vRN_25 To_niee 32| _AMs  TCK 4 AFY |10 1167 A21 34 To_n16p 36| A6
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QPLL 40MHZ P H; 10_L18P_GC_25 10_L18p_32| AK14 TCK 6 AG8 |10 18P A17 34 10_L18p_36] F16
QPLL_40MHZ N H29 |10 n18N_cc_25 10_118N_32| AHIB RH8 |10 118N_Al6_34 T0_L18N_36| E16
B31_l10_L19P_GC_25 I0_L19p_32| AL16 AN10 110 L19P_VRN_34 I0_L19p_36| M18
A31_ 1o r198_6c_25 T0_119N_32[ AK16 ] AP10_ |10 119N vRE_34 T0_T19N_36[ M17
0 o5 w0
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TP12 VES ¥8_lvrsTo 10_112N_vRp_13[ AC! K T0_L12N_SMI3N_15 10_L12N_VRP_: AN:
T0_L13p_13[ 2D 12610 L13p _sui4p_15 10_L13p 22| AN:
To_L13n 13 AF 12810 13N _suian_15 10 113N _22| BP:
L ToL14p 13| AG 129 |10 1142 15 To L14p 22| AN:
D T0_r14N_vREF_13[ AR 28|10 L14N_vREF_15 T0_L14N_VREF 22| AP:
Alal [alal (A T0_L15p_13[ A7 4 M27_ |10 L15p smise_15 10 L15¢ 22| AN:
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To_Lon_12 Tonon 14| BE2T 5 _J 1 w32 ronomis To_LoN_ 23| AG26
10_L1P_12 10_11p_14[ AC34 CCB_SOFTRST ~2 N30 liorLip 16 10_L1P_23[ AJ26
T0_LIN_12 I0_LIN_14| T30 CCB_HARDRST B P32 110 _LIN_16 10_LIN_23 J27
10_12p_12 10_12p_14| BG27 TMBDAV P30 |10 2P 16 10_L2p_23| AH28
10_L2N_12 10_L2N_14[ AE26 ALCTDAV R32 |10 12w 16 10_L2N_23[ AK28
10_L3P_12 10_13p_14| BD26 TMBFFCLK P31_ 110 13P_16 10_L3p_23| AK29
10_L3N_12 10_L3N_14[ 131 DONE VME_SYSFAIL B 10_L3N_16 10_L3N_23[ AL18
1o Lap 12 10 L4p 14| K32 _LCTROST<I> VME_SYSRESET B 1o Lap 16 To Lap 23| _ALs
10_L4N_VREF_12 10_n4N_vREF 14| T34  LCTROST<2> 10_LAN_VREF_16 10_L4N_VREF_23| 2K19
o L5 12 10_15P 14| W26 P13 VME_LWORD B To L5 16 10_Lsp 23| AJ2l
To_LsN_12 To L5 14| 026 TP14 To_LsN 23| AJ2z
10 L6P_12 1o t6p_14] U27 TP15 T0_L6p 23| AH23
T0 16N 12 To_neN_14[ 028 TP16 To_LeN 23| AH2d
0 725 |10 172 12 10 L7p_14] Y27 TP17 10 L7 23| AJ2d
1 128 |10 L7812 To_L7N_14[ W27 28 TP18 10_L7N_23[ AH2S
2 729 |10 18p_srcc_12 10_18P_SRCC_14[ W30 0__ VME_BGO 633 |10 18p_srcc_16 10_18P_SRcC_23[ N27
3 10 L8N SRCC_12 To_LaN_srcc_14] V28 VMETBGL L33 |10 ven_srcc_16 T0_18N_srec_23[ P27
T0_L9P_MRCC_12 T0_L9P_MRCC_14| AC25 VMETBG2 L34 |10 vopMRcC_ 16 10_L9p_MRcC_23[ K26
T0_L9N_MRCC_12 T0_L9N_MRCC 14| AK31 VMETBG3 433 |10 Low_MRCC_16 To_LoN_Mrcc_23[AC20
T0_1105_MRCC_12 T0_L10p_MRCC_14[ AL3L Al WME_CIK €33 |10 1108 RCC_16 T0_L10p_MRCC_23| _AH20
T0_L10N MRCC 12 T0_L10N MRCC 14 AM32 2 AD21 |10 110N MRCC_16 To_L10N_MRCC_23[AH27
T0_L11p SRCC 12 To_L11p_sRCC 14| AM3L . AC19 110 111p_SRCC 16 T0_L11P_sRCC_23[_N25
10_L11N_SRCC_12 10_L11N_SRCC_14| AL30 RAWLCT<6> M P25_ |10 111N_SRCC_16 I0_L1IN_sRcc_23[ ap19
0 10_L12P_VRN_12 10_L12P_VRN_14[ V32 V| v6 VME DIR 10_L12P_VRN_16 10_L12P_VRN 23| AM20
1 25|10 r12n vRe 12 To_L12N vRE 14| V33 &| vevMEOE B To 1128 VRP 16 To 1128 vRP 23| _AMZL
2 V30 |10 1130 12 To 1136 14[ 128 TP29 5 el | V6 TDI 101138716 T0_L138 23[ AL2L
0 aD25 |10 L13N_12 10_L13N_14] U32 TP30 o] TP20 V6 TCK A 10_L13N_16 T0_L13N_23] AM22
1 AF28 |10 L14p 12 10_L14p_14] V29 TP31 o] TP21 § V6_TMS 10_L14P_ )_L14p_23[ AM23
2 AF26 |10 114N_VREF_12 10_L14N_VREF_14[ V25 > TDO 10_L14N_VREF_16 10_L14N_VREF 23| AL23
U1 |10 Lise 12 "~ 1o L1sp 1a[ 033 32 TP22 0 L151 " 10 115 23| AL2M
AP32 |10 115N 12 To_L15N 14| W20 33 TP23 10 L15N 16 10 L15N 23| AMI5
CB LIRLS AG28 |10 116P_12 10_L16p_14] Y29 34 TP24 10_L16P_16 10 L16P_23[ AL25
CB L1ACC 2833 |10 L16N_12 10_L16N_14] W31 35 TP25 10_L16N_16 To_L16N_23[ AM26
CB DATA S 10_L17P_12 10 L17P_14[ W32 6 TP26 10_L17P_16 10_L17p_23| AL26
CCB CMD 10_L17N_12 10_L17N_14] ¥32 7 Tp27 V6 JTAG SEL Al T0_L17N_16 To 117N _23[ AM27
CB_CLKEN 10 1187 12 10_L18p_14] ¥33 8 Tp28 VME DTACK V6 B 10_L18P_16 10_L18p_23| AM28
CB_BXO A2 10_L18N_12 10 L18N_14] ¥34 9 Tp29 VME SYSFAIL OUT T0_L18N_16 1o L18N_23[ AL28
CB BXRST 10_L19P_12 10_L19p_14] ¥31 0 TP30 VME BERR OUT 10_L19P_16 10 L19p_23[ AL29
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Virtex-6 FPGA

IC33
XC6VLX130T-1FFG1156CES

BANK 112

Sym 5/5

BANK 115

ORX2-07_N

RK2 _luGTTXN3_112 MGTTXN3_115 QPLL 160MHZ P
AJ4 _|MGTRXN3_112 MGTRXN3_115
AK1 _ |MGTTXP3_112 MGTTXP3_115|
AJ3 _|MGTRXP3_112 MGTRXP3_115|
GL1_CLK_P AKZ MGTTXN2_112 MGTTXN2_115[
AL4 _|MGTRXN2_112 MGTRXN2_115
GLO_RX P 263 |ugrTxXP2_112 MGTTXP2_115[ QPLL 160MHZ N
AH6 __|MGTREFCLK1P_112 MGTREFCLK1P_115 10nF P1v2
AH5 _|MGTREFCLKIN_112 MGTREFCLKIN 115 PS5
AL3 _|uGTRXP2_112 MGTRXP2_115| 63  ORX2-07 P
AF2 _|MGTREFCLKOP_112 MGTAVTTRCAL_115| AP7 ©] Tp10
GL1_CLK_N AK5 |MGTREFCLKON_112 MGTRREF_115| AN7
AN4 _MGTTXNI_112 MGTREFCLKOP_115[ V6 R]le
AM6 _|MGTRXN1_112 MGTREFCLKON_115| V5 =3
AN3 _MGTTXP1_112 MGTTXN1_115 7K§ ~
AM5__IMGTRXP1_112 MGTRXN1_115| B
AF1_|uGTTXNO_112 MeTTXP1_115[ K1 © re11
GLO TX N 282 |ugTRXNO_112 MGTRXP1_115| BS
AM1_luGTTXPO_112 MGTTXNO_115| M2
GLO_TX P AHL |MGTRXPO_112 MGTRXNO_115| AAd
N MGTTXPO_115[ M1 ODMB_CMSCLK
BANK 113 MGTRXPO_115| A3 ODMB_CMSCLK
AB2 _ |MGTTXN3_113 BANK 116
AC4 _|MGTRXN3 113 MGTTXN3_116| A4
ABl_|MGTTXP3_113 MGTRXN3_116| M5
AC3 _|MGTRKP3_113 MGTTXP3_116| A3
AE4 _|MGTTXN2_113 MGTRXP3_116| M6
AD2 _|uGTRXN2_113 MGTTXN2_116| B2
AE3 _|merrxp2_113 MGTRXN2_116| L4 ORX2-011 N
AB6 _|MGTREFCLK1P_113 MGTTXP2_116 Bl
AB5 _|MGTREFCLKIN_113 MGTREFCLK1P_116| K5 ORX2-010
201 _|ugrRxp2_113 MGTREFCLKIN_116| K6 ORX2-010
AM2 _|MGTREFCLKOP_113 MGTRXP2_116| L3 ORX2-011
GLO CLK N AD5 _|MGTREFCLKON_113 MGTREFCLKOP_116| J3 ORX2-012
GLO_CLK_P AD6 |mGTTXN1_113 MGTREFCLKON_116[ J4 ORX2-012
AF6 _|MGTRXN1_113 MGTTXN1_116| C4
GLO_RX N 264 |ugrTxXP1_113 MGTRXN1_116[ H5
AF5 _|MGTRXP1_113 MGTTXP1_116| C3
GL AP2  |ugrTano_113 MGTRXP1_116| H6
GL AP6  |MGTRXNO_113 MGTTXNO_116| D2
GL 2P1_ |uGTTXPO_113 MGTRXNO_116| D6 ORX2-09 N
GL AP5 |MGTRXPO 113 MGTTXPO_116| D1
MGTRXPO_116[ DS ORX2-09 P
BANK 114 pLv2
22 |uermans 114 NA JAY P1VO_MGT
ORX2-04 N U4 |MGTRYN3 114 MGTAVTT_N[5..0] [r
P1_|MGTTXP3_114
ORX2-04 U3 |MGTRXP3_114 MGTAVCC_N([5..0]
T2 _|MGTTXN2_114
ORX2-03 N N4 |MGTRXN2_114 MGTAVTT_S[9..0] 9 2
T1_|ugrTxP2 114 ) 2
T6 _|MGTREFCLK1P_114 MGTAVCC_S[9..0] <} S
T5 _|MGTREFCLKIN_114 a
ORX2-03_P N3 |ugTRXP2 114
ORX2-08"P E3 |MGTREFCLKOP_114 GND
ORX2-08 N E4 |MGTREFCLKON_114 P2VS5 P1V0
V2 _lueTTXN1_114 A P2VS
ORX2-02_N R4 |mMGTRXN1 114
V1_|merTXP1_114
ORX2-02_P R3 |ugTRXP1_114 VCCAUX[12..0]
Y2 _|MGTTXNO_114
ORX2-01 N W4 |ugTRXNO_114 VCCINT[54..0]
Y1 _ IMGTTXPO_114 o ~ o
ORX2-01 P w3 |ueTRXPO 114 GND[252..0] - [T By ~ B
— " 20 2 i 2
HmZ= S5 BIZ S 4 3
Bl 7 aI E v,I &
BGA
GND  GND GND GND -
P2V5 @l
073
C26 FX0-LC725-80
GLO CLK P || 0SC_GLO_CLK P e R A P =0 P2VS
F1one B ||:|| €307 P2V5S
GLO CLK N | 0SC_GLO_CLK_N 27 sjour-
1T1onF
Cc25 = 80MHZ = 10nF
VDD=P2V5 GND -
0z4 P
€33 FX0-LC725-125 &
GL1_CLK P I} 0SC_GL1_CLK_P p— ol L P2V5
GL1_CLK_N T 0SC_GL1_CLK_N out- ll:ll c308
c32 125MHz
VDD=P2V5 G 100F

~ Virtex-6 FGPA (IC33) 1s on pages 4, 5, and 6

300O000000O00C
2000000000
OO

\\' ’.......:.

LI R IR IR IR IR IR IR
LIRS * 6 00 v v O 0 v v vveoosoooo é
LI IR I I I IR I I IR IK S o
LK I I I I IR I I IR IR IR
LI IE IR IR IRXRIRS
LI I I LI IR
LXK IR RARRIRINR S LR R AR AR AR K IR R R AR X X IR X X K
0%0%0%6%0%0%0 %0 %% %’ * WSAIITRRRRI
LRI IR IR IR XXX 000000 00 000000 * 0
LIX I I I IE IR IR I IR . * o ¢
LIRS
LK I IR I IR IR IR IR
LR I I IR I IR IR
LIE IR I I I I IR IR
LI 2R K R IR IR IR \
L K4 AR IR RIS
* L IR IR IR
LK LRI IR IR
* *
o & &6 o

4

L IR 4

LIRS

L IR 4

L IR 4

(Y X o0

* o 0

RIS

LRI IS

LR IR IR 4
LRI
* o0
LR IR IS
* 600\

LR IR IR IR TR

LI R IR IS .
L R IRIRAINRL
LI IR IR
LR IR AR
LI IR IR IR
LR IR IRARARRRIAL
LRI IR RN 4
LR 2R 2R 2R AR 2R 2R 2R 2

~ It is the heart of the O>M B

= Handles logic, memory, and high-speed serializers/deserializers for optical transmission

= Also system monitoring (voltages, currents, temperatures)

~ Main cost driver at ~$800 per FPGA

The O /2 history and design

OPLL-FOS0
OPLL-EXT

OPLL-FOSS
OPLL-FOSZ
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Virtex-6 FPGA GTX

IC33
XC6VLX130T-1FFG1156CES
Sym 5/5 ORX2-07_N
BANK 112 BANK 115
AK2 _ IMGTTXN3_112 MGTTXN3_115| F2 C|2|80 QPLL 160MHZ P P2V5
AJ4 _ IMGTRXN3 112 MGTRXN3 115| _F5 11
AKl _ IMGTTXP3 112 MGTTXP3 115) F1 10nF o N
AJ3 _ IMGTRXP3 112 MGTRXP3 115| F6 Mo
GL1 CLK P AK6  |MGTTXN2 112 MGTTXN2 115| H2 E 1
e nerTRN 11917 c278 Lo “ 80/125 MHz oscillators
GLO_RX P AG3 |MGTTXP2 112 MGTTXP2 115| H1 H QPLL MHz 0 C26 Qz3 =
AH6 _ |MGTREFCLK1P_112 MGTREFCLK1P_115| P6 10nF piv2 ~ FX0-1C725-80 P2V5 for DDU/PC
AH5 _ |MGTREFCLKIN 112 MGTREFCLKIN 115| PS5 ORX2-07 P Z‘l GLO_CLK_P OSC_GLO_CLK P Tl P 4 OouT+ E/D 1
AL3 _ IMGTRXP2_112 MGTRXP2_115| G3 - 10NF ~ C307 - 2
AF2 _ |MGTREFCLKOP_112 MGTAVTTRCAL_ 115| AP7 ~ O] 710 GLO CLLK N 0OSC GLO CLLK N 23 5 ~our I I P2V5 transmlSSlOn
GL1 CLK N AK5 |MGTREFCLKON 112 MGTRREF 115| AN7 — -
AN4 _ IMGTTXN1 112 MGTREFCLKOP_ 115| V6 Sle 10NF .
AM6 _ |MGTRXN1 112 MGTREFCLKON 115| V5 ] C25 ¢ 80MHz oRD 10nF
AN3 _ IMGTTXP1 112 MGTTXN1 115| K2 ORX2-06 N . VDD=P2V5
AM5 _ IMGTRXP1 112 MGTRXN1 115| B6 - -
AF1l _ |MGTTXNO 112 MGTTXP1 115| K1 O rp11 FXO ngézlS 125
GLO_TX_N AH2 |MGTRXNO 112 MGTRxP1 115 B5  ORX2-06_P C33 e - -
AM1 __ IMGTTXPO 112 MGTTXNO 115| M2 GL1 CLK P OSC GL1 CLK P © 4 |our+ E/D P2V5
GLO_TX_ P AH1 |MGTRXPO 112 MGTRXNO 115 AA4 ORX2-05_N ODMB CMSCLK 10NF ~|S II:II
MGTTXPO 115| M1 —
woTRxP0 115| _AA3  ORX2-05 P ODMB_CMSCLK GL1 CLK_N OSC_GL1 CLK N |”| 3 four-
BANK 113 - 10NF
C32 —¢ 125MHz
AB2 _ |IMGTTXN3 113 BANK 116 VDD=P2V5
AC4 _ IMGTRXN3 113 MGTTXN3 116]| A4
ABl _ |MGTTXP3 113 MGTRXN3_116| M5
AC3 _ |MGTRXP3_113 MGTTXP3 116| A3
AE4 _ |MGTTXN2 113 MGTRXP3_ 116 M6
AD2 _ |MGTRXN2_ 113 MGTTXN2 116) B2
AE3 _ |MGTTXP2 113 MGTRXN2 116| L4 ORX2-011 N ° °
AB6 _ |MGTREFCLK1P_ 113 MGTTXP2 116| Bl
Bl el m om0 e ~ The optical banks of the Virtex-6 FPGA are called GTX
ADl _ |MGTRXP2_ 113 MGTREFCLKIN_ 116| K6 ORX2-010 N
AM2 _ |MGTREFCLKOP 113 MGTRXP2 116| L3 ORX2-011 P
8%8 gii 11\)1 AD5 |MGTREFCLKON 113 MGTREFCLKOP_116| J3 8&%%-8%% 11\31 - . . . . . . .
AD6 |MGTTXN1 113 MGTREFCLKON 116| J4 - S f 1 fM 1 _G b T MGT
206 Jucrmons 113 seccxon 116/ pecific implementation of Multi-Gigabit Transceivers
GLO_RX N AG4 |meTTXP1 113 MGTRXN1 116| HS
AF5 _ |IMGTRXP1 113 MGTTXP1 116 C3
g%% 1'£§ g AP2 |meTTXNO 113 MGTRXP1 116| H6 . . . . . .
AP6 |MGTRXNO 113 MGTTXNO 116| D2
e m S i s omooos ~ High-speed signals serialized (16 — 1) or deserialized (1 — 16
GL1 RX P AP5 |MGTRXPO 113 MGTTXPO 116| D1
MGTRXPO_116| DS ORX2-09_P
ORX2-nn: 12 signals coming from Snap12 RX (DCFEBs) at 3.2 GH
22 |uorms 11a NA A P1V0_MGT - -N0. S1Znals Coming 1rom sSnap S) at 5. Z
ORX2-04 N U4 |MGTRXN3 114 MGTAVTT N[5..0] JA
ORX2-04 P Pl_ |MeTTXP3_ 114 - . . t . . t
- Rt B GL0 RX/TX: signal o from/to Finisar RX/TX (DDU) at 1.6 GH
Sy - . S5121ndl Coming 11rom/to r'inisar al 1. 4
ORX2-03 N N4 [MGTRXN2 114 MGTAVTT S[9..0] 0 o
T1_ |MGTTXP2 114 | = & . . o
% omsrciaz s womice s ST e = GL1 RX/TX: signal coming from/to Finisar RX/TX (PC) at 1.25 GHz
| 3 ' S[9..0]
TS5 _IMGTREFCLKIN_114 a - — ° g g *
ORX2-03 P N3 |MGTRXP2 114 L
ORX2-08 P E3 |MGTREFCLKOP 114 GND
ORX2-08_N E4 |MGTREFCLKON_114 P2V5 P1V0 . .
V2 _ |MGTTXN1 114
omanz n s e £ ~ Clocks can only be distributed one bank over
V1_ |MGTTXP1 114
ORX2-02 P R3  |McTRXP1 114 VCCAUX[12..0]
Y2 _ |MGTTXNO 114 -
OR¥2-01 N s oo 114 eg. GL LK on ban can only reach banks an
Yl_ IMGTTXPO_114 o ~ o —_ 2 2
ORX2-01 P W3 |MGTRXPO 114 GND[252..0] ~ B o By N y
1 = 1 = Il =
N—e— S B/ S Sp—
c';'] — c';') — E —
BGA
GND  GIND GND GND

nAovYTe
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