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Radiation Hard Optical Link

Development of an high speed bidirectional radiation hard optical

link: 0 :
" Versatile link project:

Off-Detector
Commercial Off-The-Shelf (COTS)

On-Detector
Radiation Hard Electronics

" GBT project: *  Opto-electronics
* ASIC design * Radiation hardness
* Verification *  Functionality testing
* Functionality testing * Packaging
* Packaging
GBT 1 GBT
& & 1 ] S—0
. Vers:atlle Link . f FPGD
Timing & Trigge ) Timing & Trigger
—@6- PD Q > E e
= GBTX 15 | je——»on
BLD > LD | ®
Slow Control e/ : K_}SIOW Control
Custom ASICs : )
|
|
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GBTX Chip Set

« The GBT chipset comprises:

— GBTIA:
* 4.8 Gb/s Transimpedance Amplifier

* Amplifies the weak photo-current
detected by the PIN diode

— GBLD:

* 4.8 Gb/s Laser Driver

 Modulates laser current to achieve
electro-optical conversion

— GBTX:
* 4.8 Gb/s Transceiver

*« Manages the communications
between the counting room and the

— GBT - SCA

frontend modules GBT - SCA | GBTX |

* Slow Control Adapter

* Experiment control and
environment monitoring

« GBTIA, GBLD and GBTX:
— Have been successfully prototyped

— Radiation tolerance proved to >
100 Mrad

 GBT - SCA:

— Prototypes currently being tested

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch 3



Versatile Link

* Small Form Factor (SFP) Transceiver:

1 Fib
— andcomecors | TP — Data rate: 5 Gb/s
TOSA
Singlemode ser Diode . — .
EEL/InGaAs "-_'_.— u — -5 Wave length:
Multimod . ! + 850 nm, Multimode
Fi e e ] |
ROSA * 1310 nm, Single mode
On-Detector Off-Detector — Fun Ctl on:
Radiation zone Radiation-free zone ° Point—to—p oint
VTTx DRx12 * Point-to-multipoint
TOsA
b bgﬂ.ﬂ. /] @ |>  Development of pluggable modules.
VCSEL ke Ny s o — Two versions:
PCB 1054 * Transceiver (VTRX)

* Double transmitter (VTTXx)
— Compatible with the commercial
counterparts
— LC connectors
— Length reduced to 43.5 mm
— Contains:
* The GBTIA & GBLD
* Radiation qualified PIN diodes and
Lasers
— Radiation tolerant:
* 50 Mrad
* 5x 1014 n/cmz2
— Prototyping phase concluded:
* Prototypes available
* Production planed for 2015
* Target LS2 upgrades

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch 4



The GBT System

Phase - Shifter CLK Reference/xPLL

External clock reference
Clock[7:0] _| . |_
|

FE

Module
GBTIA 2

data-down

42Sa/d3d

data-up

clock
80, 160 add 320 Mb/s ports

Jlabeuey 1D

GBLD

DN3/dDS

S1U0d - 3 J10J S2/J9S + Suaubi|y - aseyd

One 80 Mb/s port__~ Configuration
Control Logic (e-Fuses + reg-
Bank)

GBT - SCA I12C Slave 12C Master

| 12C (light)

v

data |
I trol JTAG 12C
control | Port Port
| clocks |
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GBTX Data Bandwidth

The GBTX supports three frame
types:

“GBT” Frame

“Wide Bus” Frame

— “8B/10B” Frame

« “GBT” Mode

— User bandwidth: 3.28 Gb/s

* Up/down-links

 “Wide Bus” and
“8B/10B"frames are only
supported for the uplink

— The downlink always uses the
“GBT” frame.

« “8B/10B” Mode

— Downlink data 8B/10B encoded

— No FEC

— User bandwidth: 3.52 Gb/s
 “Wide Bus” Mode:

— Uplink data scrambled

— No FEC

— User bandwidth: 4.48 Gb/s

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch

GBT Frame (for up and down links)

EC G4 G3 G2 G1 GO

Wide Bus Frame (for up-links only)
EC G4 G3 G2 G1 GO G6 G5

D(79:64) D(63:48) D(47:32 D(31:16) D(15:0) D(111:96) D(95:80,
“Out of order” bit sequence for compatibility with the GBT frame

8B/10B Frame (for up-links only)

G6 (not used) G5 (1/2) Ga G3 G2 G1 GO

GBT Frame:
* Frame Synchronization:

— DC balanced and “redundant” header
* Forward Error Correction:

— Interleaved Reed-Solomon double
error correction

— 4-bit symbols (RS(15,11))
— Interleaving: 2

— Error correction capability:

* 2 Interleaving X 2 RS = 4 symbols =
16-bits

— Code efficiency: 88/120 = 73%

6



GBTX Frames

GBT Frame (for up and down links)
EC G4 G3 G2 G1l GO

H(3:0) IC(1:0) EC(1:0) D(79:64) D(63:48) D(15:0) FEC(31:16) FEC(15:0)

Wide Bus Frame (for up-links only)
EC G4 G3 G2 Gl GO G6 G5

H(3:0) IC(1:0) EC(1:0) D(79:64) D(63:48) D(47:32) D(31:16) D(15:0) D(111:96) D(95:80)

“Out of order” bit sequence for compatibility with the GBT frame /|\
8B/10B Frame (for up-links only)
G6 (not use@p (1/2) G4 G3 G2 Gl GO

8B/10B  8B/10B  8B/10B  8B/10B  8B/10B 8B/10B 8B/10B 8B/10B 8B/10B 8B/10B 8B/10B  8B/10B

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch 7



GBTX Functionality (1/4)

e-Links
* 40 bi-directional e-Links
— Up to 40 @ 80 Mb/s
— Up to 20 @ 160 Mb/s
— Up to 10 @ 320 Mb/s Phase - Shifter CLK Reference/xPLL
* e-Port data rate can be set
independently for:
— each group
— Input / output ports
* 1 bi-directional e-Link:
— 80 Mb/s
* 40 e-Link clocks (fixed phase)
programmable in frequency:
— 40/80/160/320 MHz (per group)
— (independently of the bit rate)
* Automatic, semi-automatic or user
controlled phase alignment of the
incoming serial data embedded in the

42Sa/d3d

Jlabeuey 1D

DN3/dDS

o
>
Q
n
®

|
>

5
>
o
=
n
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o
=
m

|
o
o
=
+
n

e-Ports Configuration
. . Control Logic (e-Fuses + reg-
— Automatic alignment S
» Tracks temperature and voltage
variations 12C Slave I2C Master

* Transparent to the user
* Works on any type of data:
— DC balanced / un-balanced

— A few “occasional” transition enough to
ensure correct operation

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch 8



GBTX Functionality (2/4)

e-Links Special cases

« 8B/10B mode:
— 44 input (max @ 80 Mb/s)

Phase - Shifter CLK Reference/xPLL
— 36 output (max @ 80
Mb/s)
* (Four outputs reused as x’é
inputs) i

42Sa/d3d

« Wide-Bus mode:
— 56 input (max @ 80 Mb/s)
— 24 output (max @ 80 Mb/s)

(16 “outputs” reused as
inputs)

Jlabeuey 1D
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e-Links electrical i
characteristics ;

Configuration
° D”Ve rs. Control Logic (e-Fusgs +treg-

Bank)

— SLVS signaling

* Receivers:
— SLVS/LVDS signaling

I12C Slave 12C Master
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GBTX Functionality (3/4)

Phase-Shifter

8 independent clocks

 Programable in frequency:
- 40/80/160/ 320 MHz

* Programable in phase:
— 0 to 360°

— Phase resolution: 50 ps
« (for all frequencies)

* (Clock driver electrical
levels:

— SLVS
Reference clock:
 On package crystal

Phase - Shifter CLK Reference/xPLL

42Sa/d3d

Jlabeuey 1D

DN3/dDS
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Configuration

* Built-in crystal oscillator Control Logic BRI
e Built-in VCXO based PLL e e s
(xPLL)

» External reference can used
as well
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GBTX Functionality (4/4)

Chip Control

e e-Fuse register bank for burn
in configuration
— Standalone operation Phase - Shifter CLK Reference/xPLL
— Ready at power up

« Dynamic configuration and
control
— 12C Slave interface
— IC control channel trough the

optical link

« Watchdog circuit for chip
operation supervision.

GBLD Control

e GBLD dedicated 12C master

42Sa/d3d

labeuey Y10

DN3/dDS
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i nte rfa ce : Configuration
— Copies configuration burned CONOEEogic e
in the GBTX into the GBLD at
sta rt-up 12C Slave 12C Master

— Allows to program the GBLD
either through the IC channel
or through the 12C slave port

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch 11



GBTX In Numbers

% million gates

Approximately:

— 300 8-bit programable registers
(all TMR)

— 300 8-bit e-Fuse memory
Clock tree (chip wide):

— 9 clock trees (all TMR)

— Frequencies: 40/80/160/320 MHz
7 PLLs:

— RX: CDR PLL + Reference PLL (2.4 GHz)
Serializer PLL (4.8 GHz)
Phase-Shifter PLL (1.28 GHz)
xPLL (VCXO based PLL, 80 MHz)
(2x) ePLL (320 MHz)

17 master DLLs:

— 9 for phase alignment of the e-links

— 8 for clock de-skewing
56 replica delay lines:

— For phase alignment of the e-links
7 power domains:

— Serializer (1.5V)

— DESerializer (1.5V)

— Clock Manager (1.5V)

— Phase shifter (1.5V)

— Core digital (1.5V)

- 1/0 (1.5V)

— Fuses (3.3V)

4.3 mm

17 mm

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch 12



GBTX package

Bottom View, looking at BGA balls
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The GBTX up-link

« FEach elLink is associated with
a specific set of bits in the

frame
elLinks: 80 /160 / 320 Mbps  Front-end modules are thus
ata and clock line (optional) " I ” .
PR l‘/é P geographlcally. addressed:
Module ) — By being physically connected
to an eLink
— No module address is required
Module
Frontend GBTX GBT-Frame
Module
P
\ L) |

YyvyYy

I 4.8 Gbps
>
optical-fibre link

: I
Frontend
Module

GBT-SCA

http://cern.ch/proj-gbtd Paulo.Moreira@cern.ch 14



The GBTX down-link

 As for the up link, each eLink
IS associated with a specific
set of bits in the frame

eLinks: 80 /160 / 320 Mbps *  Front-end modules are thus

d clock fine {optional) “geographically” addressed:
HISEI — By being physically connected
to an eLink
— No module address is required

GBTX

Frontend

Module GBT-Frame

———
[

\_ L)

I 4.8 Gbps
optical-fibre link

|

: I
Frontend
Module

GBT-SCA

http://cern.ch/proj-gbtd Paulo.Moreira@cern.ch 15



Serializer: Architecture

Serializer:
- 4.8 Gb/S txinput<119:0>
— 120-bit shift register S t ------------------------ |
* 3 x 40-bit shift register = | | : |
(f=1.6 GHZ) %-f-: ‘—-‘> I'Iput reglster :
* 3-to-1 fast multiplexer © | o b A |
(f=4.8 GHz) ! <0 v |
Data path: | DQJ? Shift register [ %__* %_i
. I 5
—  No SEU protection ! | s ; g!
— SEUs handled by the Reed- | DQIT™ . Shift register ° H'—q
Solomon CODEC | ﬁ | I 1
Clock divider: | DQ me o« o1 g
—  Divide by 120 | — | |
| I
- T=4.8GHz A Qo0|Q1|q2 Q1 @2| Qo |
— Triple voted for SEU 1y — :
robustness : Scdiiger ‘R
PLL: | i
= |
— SEU hardened VCO S | > forr !
. Q| PLL !
— o |
SEU hardened Clock Divider E‘a—’ |
* Based on “custom” . T I I N D I
dynamic flip-flop % sl &l &l &8 5| g ¢ k: =4 B 4
. Vool el sl Bl 8| = g 2l 2| !
— The PLL clock is used a the €l 3| 5| 3| 5| & 8 = 2| gl Datapath |
transmitter master clock (and gl 3 g sy £ v OV —— Conolgtest ]
not the reference clock) s 7 B '
http://cern.ch/proj-gbt Paulo.Moreira@cern.ch 16



Phase Aligner

:X wtar X catapne) X aany X gl X
~ 1100 RH A4 EE e HE490 4040000

0123456738 91011121314 012345678 91011121314

:X aae X ey waey X X
RN N L A S R R SR TN

0123456738 91011121314 012345678 91011121314

X data[n] X data[n+1] data[n-1] X data[n] x unknown phase

data

°© 111114488000008 e 1449900000 40000

0123456738 91011121314 012345678 91011121314

X st X e X aaan) X datan X:
o P1EHEEEEIAEA0E v 1 daa Rt i e

012345678 91011121314 01234567 891011121314

(The above picture is just for “easy representation”. In reality
the sampling clock phase is fixed and the data phase is adjusted.)

« The total delay line delay is equal to 7/4 T,
» The delay line is divided into 14 equal delay intervals T,, /8
« In the automatic mode the circuit can tolerate jitter which is +3/8 T,

<l
-

114 pm

4 data delay lines °

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch

PD |— cP || LPF |—

bit rate
clock

logic

. retimed
T data

__________________________
__________________________

__________________________

* One master DLL and eight replica delay lines
* Three modes of operation:

— Static phase selection:
* A system calibration must be done
— Training with learned static phase:
* 1st a training pattern is sent to the GBTX over the e-
Link
* 2nd after training the phase is fixed:
— Automatic phase tracking:
* No system calibration required
* No need for DC balanced data
Unused channels can be powered Off

Power: 4 mW (for 8 channels)

17



ePLL

A 4

ePllinstantLock

A 4

40/80/160 MHz

h 4
~

feedbackClock

h 4
N

ePlI320MHzA/B/C

F O

ePlI160MHzA/B/C

ePliReference (0/40/80/160 MHz)

ePllIcpA/B/C[3:0]

ePlICapA/B/C[1:0]

ePlIResA/B/C[3:0]

ePlIResetA/B/C
ePllIEnablePhaseA/B/C[7:0] T

ePlIReferenceFrequencyA/B/C[1:0]

ePlIPhase320MHzA/B/C[3:0]
ePlIPhase160MHzA/B/C[4:0]

* Two ePLLs are used to generate the 160 and 320 MHz clocks needed to run the
ePorts at 160 and 320 Mb/s respectively

* |t allows phase shifting the internal clocks with 200 ps resolution
— This is only for internal timing, can’t be used for phase adjust of the eLink clocks
* The operation of the ePLLs is transparent to the users.
* The performance of the device is reflected on the ePort clocks at 160 and 320 MHz

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch 18



Controlling the GBTX

Copied into the configuration
registers if the eFuses are enabled Configuration registers

‘ /ére TMR protected

eFuse Register Configuration
Bank Registers

(~300 8-bit (~300 8-bit
words) registers)

A “special” eFuse indicates if
the 12C or eFuse bank are in use

If the eFuses are not
enable then the configuration
registers must be written through

the 12C slave interface /

Use of the IC channel to control the
ASIC requires duplex operation

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch 19



Interfacing with the GBLD

data

_

12€ (light)

GBTIA P

+

data

12C (light)

%@ﬁ

12C
master

GBT-SCA

master

GBT-SCA

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch
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Built-in Test Features

st de Bypass et Ggenpdad § Bypass B L
0 . 0] 4 ] i i
I_. = Zuiysol
Frame 1 E FEC L E . 1 g Rudata [T
el 0 E- Decoder os2 B De-scrambler 02 B | calect
> [he-Interdeawvdr —+i3 E —#{3 E
N -
; : : 2 e g
-] -] ] -] ]
§ QO s i o s L < |
Q | . e - -
: O | i 0 |3 : 0 |z
o0 | i O |z P O |2
5 1 |3 - g g R
E Bypas - Bypass = =
5 |
o E O Cje=0 gin [115:0
LLE ] | FEC Sy < 1 Tndata [eowavses
data = E 2|40 Encoder e Scrambler a4 3 2|0
synch) 12 gl Interleaver é 3l & 3l Stlect
7 F ¥
bt lominidd S Swtrhlortniatilal I Hmtrloreo Al O

* A series of “loopbacks” allow to test the chip with different levels of depths:
— Fast-serial to fast-serial
— ePort to ePort
— ePort - driver to ePort - receiver
* Tx high speed test patterns:
— Header + AAA BBBB_AAAA BBBB AAAA BBBB AAAA BB
— Header + counter[25:0] + counter[29:0] + counter[29:0] + counter[29:0]
— Header + 4'h0 + prbs[6:0] x 16
 RXx bit error counter:
— Works with the fixed pattern

» ePort patterns to validate the GBTX to Frontend timing

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch 21



GBTX Power Consumption (1/2)

All power supplies voltages = 1.5V except EfusePower = 3.3V

* |/O (gndlO/vddIO):
— P =41 x 8.2 mW (Data SLVS-Tx) + 41 x 8.2 mW (CLK SLVS-Tx) + 41 x 0.65 mW (SLVS-Rx) =
698 mW, | = 466 mA

e  TX (gndTx/vddTx):

- P=456 mW, | = 304 mA
« RX (gndRx/vddRx):

- P=330mW, | =220 mA
« CORE (GND/VDD):

— P =305 mW (Standard cells) + 8 x 3.5 mW (Phase-Aligners) = 333 mW, | = 222 mA
* PS (gndPS/vddPS):

- P=42 mW (PLL) + 8 X 16 mW (channel) + 8 x 8.2 mW (SLVS-Tx) = 236 mW, | = 157 mA
* CM (gndCm/vddCm):

— P=2x41.5 mW (E-PLL) + 100 mW (XPLL) = 183 mW,

| =122 mA

e E-Fuses (EfusePower):

~ P=465mW, | =141 mA /0
—  (Only during e-fuse programming. Not added to the BTX
total power figure below.)
« Total:
C P=22W m CORE

— (This is worst case power consumption:
all functions ON, worst case simulations)

W CM

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch 22



GBT-SCA

x16
. . ' E-PORT
ASIC dedicated to slow control functions i
bu 4 12C Master 21 RX FIFO clock
System Upgrades for SLHC detectors. s x 16 ’ R
Replacement for the CCU & DCU ASICs TXFIFO E
. . Pl . L e -
(Communication Control Unit & had it —
Detector Control Unit in CMS). — i |
= |
ill i ' ITAG o
It V;,jllllc |mp!ement multiple protocol busses o, e % E- PORT (Auxiliary)
and functions: S
= R FIFD lock
0 12C, JTAG, SPI, parallel-port, etc... § RX b= =7
L . o General purpose If0 i i R
It will implement environment monitoring ?? 'g TX FIFO 5
and control functions: il = Sl 3&
9 Temperature sensing = | confie |
a M.ultl-channel ADC e ADC E
9 Single channel DAC i 3 SDA
Flexible enough to match the needs of a | Serial expansion Port | ¢’
different FE systems. M - '
Technology: CMOS 130nm using
radiation tolerant techniques. e i e ruses S
l_|:!:'I E ¢ Clock and reset
+*| DACx4 ME—= £
T,
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GBT-SCA final product package

" Package Type: LFBGA

Bottom view

9 Low Profile Fine Pitch BGA
(Chip Scale Package)

Ball Pitch: 0.8 mm
Size: 12 x 12 mm
Height: 1.2-1.7 mm
Pin count: 196

o O O O

http://cern.ch/proj-gbt Kostas.Kloukinas@cern.ch
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GBT-FPGA

GBT I GBT

ek
:

L 4

¢ [
Versatile Link

On-Detector Off-Detector
Radiation Hard Electronics I Commercial Off-The-Shelf (COTS)

Started in 2009 as a simple proof-of-concept,
Code implemented on an Altera SIIGx and a Xilinx V5
Interoperability validated, link characterized
Presented at TWEPP2009

Core made available, studies conducted on determinism, used to test the GBT
prototype

Many requests from various teams and for various usages

Project launched in 2013, Manoel started to work on it extensively

http://cern.ch/proj-gbt Sophie.Baron@cern.ch 25



GBT-FPGA 2015 status

* Available Package on svn: https://svn.cern.ch/reps/ph-ese/be/gbt_fpga
— Core code (VHDL)
— Example Designs
— Documentation & tutorials
— TCL Scripts
— Targeting
 Xilinx : Kintex 7 (FC7, KC705) , Virtex 7 (VC707), Virtex 6 (GLIB)

 Altera: Cyclone V (SAT, Cyclone V GT Devkit), Stratix V (AMC40), Arria V
GT (coming)

— Additional Unsupported Cores (GBTx and SCA slow control)
 Website: nhttps://espace.cern.ch/GBT-Project/GBT-FPGA/default.aspx
* egroup : GBT-FPGA-users
« 120 users

— Some of them contributing very actively

http://cern.ch/proj-gbt Sophie.Baron@cern.ch 26
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Engineering Run

 Tapeout:
— June 2014

 Three metalization options
— GBTX:
- LM6-2,C4
— GBTIA:
- LM6-2,WB
— GBLD & GBT - SCA:
« DM3-2-3,WB
 Wafers:
— October & November 2014

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch
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Available Quantities and Status

« GBTIA:
— Chips/wafer: 2144
— 4 wafers (8576 chips)
— Chips will be wafer probed at CPPM
« GBLD:
— Chips/wafer: 1340
— 3 wafers (4020 chips) wafers shared with GBT - SCA
— 2650 parts packaged by NovaPack
— A small sample already tested
« GBTX:
— Chips/wafer: 536
— 4 wafers (2136 chips)
— 180 parts packaged by ASE
— All packaged parts tested (yield 97.8%)
« GBT - SCA
— Chips/wafer: 268
— 3 wafers (804 chips) wafers shared with GBLD
— 208 parts packaged by NovaPack
— First samples to be tested soon

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch 28



ASICs Production

e Production wafers:

— Lead time 4 months
* Earliest availability: June/July 2015
— Still to be ordered

 Quantities:

— GBTX: ~60k
— GBLD: ~60k
— GBTIA: ~15k

— GBT - SCA: ~15k
« (GBTX) Crystal production:
— Pre-production: March 2015 (contract + 6 weeks)
— Production follows in batches of 15k
— Complete October 2015 (contract + 34 weeks)
« GBTX packaging:
— To start June/July
 GBLD packaging:
— Start June/July 2015
« GBTIA:
— Integrated in the VTRX

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch 29



Cost for the User

« GBTX
— 50 CHF
« GBT-SCA
— 24 CHF
* VTRX (MM)
— 200 CHF
e VITX (MM)
— 150 CHF

http://cern.ch/proj-gbt Paulo.Moreira@cern.ch
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Users and Quantities

GBT Chipset & VL Components Needed Quantities (1 Dec. 2014)

(Options)
TOSA ROSA Latch VTRx VTTx
User SM MM SM MM SM MM SM MM MM GBTX |GBT-SCA| GBLD | GBTIA
LHCb 16000 2000 9000 2000 7000 14000 6000 16000 2000
CMS HCAL 200 5690 200 270 200 2980 200 270 2710 5700 5890 470
PixPhasel 3000 3000
ATLAS SmallWh 3500 1200 2350 1200 1150 2300 3500 1200
IATLAS SmallWh option 1200
ATLAS LArg 600 600 600 600 600 600 600
|\ATLAS LArg Option 6000 3000 3000 6000 6000
ALICE 10000 3600 6800 3600 3200 10000 5000 10000 3600
BE-BI-BL 500 500 500 500 500 500
BE-BI-QP 500 500 500 500 500 500
BE-CO-FE
CBM@FAIR 6700 2500 4600 2500 2100 6700 2500 6700 2500
PANDA@FAIR 250
Total 4200 || 42490 | 1200 | 10170 | 1200 | 29330 | 1200 | 10170 | 16160 | 39550 | 13500 || 52690 | 11370
Option 0 6000 0 0 0 3000 0 0 3000 7200 0 6000 0
Total with option 4200 || 48490 | 1200 | 10170 | 1200 | 32330 | 1200 | 10170 | 19160 | 46750 | 13500 || 58690 | 11370
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The Low-power GBT (LpGBT)

Low Power Dissipation and Small

Footprint:

Target: 500 mW

(GBTX: 2W)

Critical for pixel detectors

Critical for tracker/triggering detectors

Bandwidth:

Low-Power mode

2.56 Gb/s for the optical down link

5.12 Gb/s for the optical up link

High-Speed mode:

2.56 Gb/s for the optical down link

10.24 Gb/s for the optical up link

Functionality:

“Replica” of the GBTX

Reduced subset of the GBT Slow Control
Adapter (GBT - SCA) functionality will be

included

http://cern.ch/proj-gbt

e-Links:
- Down-links:
80, 160 and 320 Mb/s
- Up-Links, Low-Power Mode:
160, 320 and 640 Mb/s
- Up-Links, High-Speed Mode:

320, 640 and 1280 Mb/s

2.56Gb/s

5.12/10.24Gb/s
—

refClk4a0MHz

— analog
— data

mm— control

— clock

SEOES

rxData[31:0] elinkOut[15:0]

cdrOut [63:0] rxEc[1:0] =

rxic[1:0]
40/.../320 MHz

Phase
Shifter

—e
12C (x3)
xIc[1:0] ¢ SCA adcin[3:0]
LU (Reduced set) pio[7:0]
—

eLinkin[27:0]

psClk[3:0]
40/.../1280 MHz

Control

txData[159:0] ecin

eClock[27:0]

serin [255:0]

ePortRx

txEc[3:0]

40/.../1280 MHz

40/80/ 160/ 320 / 640 /1280 MHz

v

LpGBTX

Paulo.Moreira@cern.ch
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