SAMTECH |
asp-122953-01.pdf

GTK demonstrator

GTK-DEMO
“carrier board"

SAMTECH
asp-122952-01.pdf

CERN GOL chip

GTK-DEMO
“proximity card”

MARVELL Ethernet
MAC-PHY Alaska88E1111

Testing of the GTK demonstrators

CERN - 07/08 Oct 2008, GKT design review

A.Cotta Ramusino INFN-FE



Testing of the GTK demonstrators

Summary:

- specifications for the "GTK proximity card”

- a proposal for the GTK demonstrators DAQ

* ALTERA FPGA resources: I/0 standards, SER-DES units, memory and more
* XILINX FPGA resources: I/0 standards, SER-DES units, memory and more
- ACTEL FPGA resources (brief)
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Specifications for the "6TK proximity card”
The "GTK proximity” card must:

- provide a low-jitter clock to the GTK ASIC (160MHz to the INFN-TO GTK demonstrator ASIC, 320 MHz
to the CERN GTK demonstrator ASIC) starting from a low-jitter 40MHz clock. The "GTK proximity” card should have
an input port for a "system-wide"” 40MHz clock in a test (beam) setup with multiple GTK ASICs and GTK proximity
cards (eventually one board could have an on-board oscillator and act as a timing master for the others)

- provide a "RESET" signal to the GTK ASIC; the "RESET" timing could be determined by an_external source
(like the "Trigger Logic Unit-TLU" discussed later on) or by an internal source. Eventually one board could act as a
"RESET" master for the other boards in a test (beam) setup with multiple "GTK proximity” cards

- provide regulated power supplies to the 6TK ASIC

- provide all programmable bias voltages needed by the GTK ASIC. Remote controlled of these
programming voltages is provided via an Ethernet "SLOW CONTROL" port

- provide a "CALIBRATE" signal to the GTK ASIC: the "CALIBRATE" timing could be determined by an
external source or by an internal one (a "*SLOW CONTROL" command for instance). Eventually one board could act as a
"CALIBRATE" master for the other boards in a test beam setup with multiple "GTK proximity” cards

* read out the GTK ASIC (+provide temporary data storage and trigger matching if a triggered
DAQ is foreseen)

- foresee a trigger input interface and resources for trigger matching if the test (beam) setup
foresees an experimental trigger (generated for instance by the "Trigger Logic Unit" introduced later on)

* transfer readout data via a Gigabit Ethernet port (MORE THAN 1 are needed?) to the test(beam)
CPU farm

- drive (optionally) the output data also through a CERN GOL chip + laser + fiber to a TELL1
board (if there is enough ftime to attempt reading out the GTK demonstrator already with the LHCb's
TELL1 board)
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Specifications for the "GTK proximity card"”

GTK-DEMO "proximity card” block diagram

LVDS "CLK",
"RESET",
"CALIBRATE"

LVDS interface to the
"TLU" board

Optical Link to a
TELL1! board

(optional)

Ethernet port for
"SLOW Control" /

RJ45

RJ45

Dual Port RAM

40MHz clock _

CERN GOL chip

FPGA

MARVELL Ethernet

MAC-PHY Alaska88E1111
A.Cotta Ramusino 08 Oct 2008

Data readout
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Specifications for the "6TK proximity card”

Summary (as of last meeting) of the I/0 signals for basic GTK operation and readout

#bit tipo della porta direz. nome della porta freq. operativa per 6TK ASIC note
per porta per la FPGA
1 diff LvDs / IN NA62CIk_IN @40.04MHz
HyperTransport
(LDT_25)
1 HyperTransport ouT GTK_CLK = NA62CIk_IN * 4 =~ 160MHz sfruttando PLL inferna a FPGA
(LDT_25)
1 diff LVDS ouT GTK_CLK = NA62CIk_IN * 8 =~ 320MHz GTK-CERN sfruttando PLL interna a FPGA
1 diff LVDS/ ouT GTK_SYNCH entrambi
HyperTransport
(LDT_25)
16 HyperTransport IN _data @ = 160MHz
(LDT_25)
1 HyperTransport IN _DataValid @ ~ 160MHz
(LDT_25)
1 HyperTransport IN _Full @ =~ 160MHz
(LDT_25)
1 HyperTransport IN _EOC @ = 160MHz (End Of Column Readout Enable) (?)
(LDT_25)
1 s.e. (LVCMOS?) ouT _BackPressure
2 HyperTransport ouT _OE @ ~ 160MHz
(LDT_25)

1*9 diff LVDS IN GTK-CERN _data @ > 320MHz GTK-CERN lettura alla velocita' massima consentita
dal registro di uscita dellASIC o
dall' FPGA

1*9 diff LVDS ouT GTK-CERN _ReadClk @ > 320MHz GTK-CERN lettura alla velocita’ massima consentita
dal registro di uscita dellASIC o
dall' FPGA

1*9 s.e. (LVEMOS?) IN GTK-CERN _DataValid GTK-CERN

1*9 s.e. (LVCMOS?) ouT GTK-CERN _ReadoutDone GTK-CERN

I just figured out a couple days ago that the HyperTransport (alias LDT_25) is probably compatible with the signal levels
expected by the INFN-TO GTK ASICs which has a 1.2V supply also for the I/0 cells.
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Specifications for the "6TK proximity card”

‘Q: Do we need a "rad-hard" FPGA?
A: T assume not, until proven wrong, in which case:

+ ALTERA provides an indication that the configuration memory was upset by radiation >
possible to detect the event and fix the upset by re-configuration > dead time).

« XILINX does not seem to have a similar feature but makes rad-hard chips (Virtex-4Q at 14K€
according to 6.Mazza)

* ACTEL makes the RTAX-S/SL familyfeaturing SEU-hardened flip-flops implemented without
any user intervention: it offers the benefits of user-implemented friple module redundancy
(TMR) without the associated overhead. (I have no price information). An antifuse device such as
the AX2000-1FG1152 costs about 570%

* Q: What FPGA should we use to accomodate the standard and the quantities
of signals involved in handling the GTK-DEMO ASICs?

* A T was not able to find one FPGA which could interface to the INFN-TO chip directly,

due to the 1.2V supply chosen for the I/0 cells.

For instance: the ALTERA STRATIX IT / STRATIX IT GX and XILINX VIRTEX-4 support
HyperTransport (alias LDT_25) which is fine for the differential lines to/from the INFN-TO G6TK
but they don't support a s.e. standard LVEMOS @1.2V ( only HSTL_12 which is a voltage referenced
standard ).

The ALTERA Cyclone TIT devices support LVEMOS @1.2V but do not support LDT 25.

Similarly the VIRTEX-4Q support LDT_25 but only the GTL-DCI standard (1.2V supply, voltage
referenced at 0.8V)...
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Specifications for the "6TK proximity card”

Question to the TORINO GTK Designer: IS IT POSSIBLE TO BRING THE 1/O
SUPPLY to 2.5V on the GTK demonstrator ???

ADG3308: Low Voltage, 1.15 V to 6.5 V, 8-Channel Bidirectional Logic Level Translator

The ADG3308/ADG3308-1/ADG3308-2 are bidirectional level translators containing On This Page:

eight bidirectional channels. They can be used in multivoltage digital system
applications, such as a data transfer _More » + Data Sheet + Specifications

If not we could:

- Use a Cyclone ITIT, for instance, not Resoures Lo e Precus
supporting the Hypertransport standard *Diagrams et

but suppor'ﬁng the LVCMOS @1.2V, CYCIOHZ Features

ITI supports the LVDS standard and this Dt et ., G010y | 7 Ecochons ool st [ Lo avescert curert < 114

could be possibly translated to match the .o i

1.2V voltage compliance of the INFN-TO Dagrams _ _
GTK as explained in details in the paper by~ foewen S o e
Stefano Chiozzi, INFN-FE. S

Or:

- use a Stratix IT / Stratix ITI GX /
Virtex-4 device supporting the e |
Hypertransport-LDT_25 standard for high FunctionalBlock Diagram for ADG3308
speed differential connections to the 6TK
demonstrator and use a bus switch such as,

Specifications

for instance, the (slow!) AnalogDevices DMW(:,,, z::qbps mmu :ZPT::OP
ADG3308 TO TF‘GHSIGTZ The 15V'LVCMOS Bus Enable Time (typ) 1us Ve 2 (V) 1.65V - 5.5V
down to 1.2 fOf‘ non Tlmmg critical single Ve 1 (v) 115.55 Bus Width 8
ended connections to the GTK ASIC IcC2 (ax A
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a proposal for the GTK demonstrators DAQ
The EUDET "TLU" (Trigger Logic Unit): a candidate (?) Trigger unit for the GTK demonstrator readout

13 Trigger Data Handshake

1) TLU receives trigger from beam scintillators
2) TLU asserts TRIGGER
3) Onreceipt of TRIGGER going high, the detector asserts BUSY

4) Onreceipt of BUSY going high, TLU de-asserts TRIGGER and switches the TRIGGER
line to the output of a shift register holding the trigger number/data.

5) The DUT clocks data out of the shift register by toggling TRIGGER_CLOCK. Data
changes on the rising edge of TRIGGER. CLOCK. The least significant bit of the
trigger data 15 shafted out first.

6) After clocking out the trigger number { and the defector being ready to take more data.

the DUT de-asserts BUSY) Clock input
7) System s ready for tnggers agam. (LVDS or
LVPECL)
A I A THN A R IO A N Trlgger
By RJ45
- - Trigzer-Clock
9  LVDS Interfaces Lemo

Six BJ45 connectors on front panel. LWVDS levels. Pin out Tl"lg/BUSY/RST

1. Trnigger+
Trigger-
Busw—+—
Reset+
Reset-

BowonN

Busw-
Data-clock—+
Data-clock-

I

David Cussans, Geneva, May 2008

NIM outputs

Fixed threshold discriminators

tol HEF

TTL outputs USB 2.0

= [ University of
AL BRISTOL

Source: http://indico.cern.ch/getFile.py/access?contribId=74&sessionId=1&resId=0&materialId=slides&confId=34050
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a proposal for the GTK demonstrators DAQ

Gb ETH

Gb ETH
-+

Trigger
Logic Unit & PC

A simple DAQ system for a beam test could be based on:

* a clock distribution network (not shown)

- a TLU, generating triggers from PMTs and distributing triggers along with trigger numbers

* two (or more) "GTK proximity” cards connected to the TLU (to get the trigger number and set
the BUSY signal) and connected to the DAQ PC: data is transferred via the GigabitEthernet. To
improve ethernet throughput more events could be accumulated in a "Multievent” packet (as in
the TELL1 board) to form a " jumbo” ethernet Frame. In that case the BUSY is not set ona
event-by-event bases
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ALTERA FPGA resources: 1/0 standards, SER-DES units, memory and more
Pricing (approximate)
Stratix Ill: minimum size currently available according to ALTERA web site: 150K logic elements

Minimum Quantity | Quantity Available Uniltlfrl;ic&

F Y v | |
EP3SL150F780C3M IC STRATEX I FPGA 150K 7B0FBGA | FP1 17 2,840.00000
EP3SL150F7E0C2N IC STRATEX I FPGA 150K 7E0FBGA | EP Stratin® [l '@ 4 Mon-Stock 2.691.99250

Stratix |l: prices for chips with 30K logiC elements
fm E[ Quantity Avaitable

EP2S30F672C4 IC STRATIX | FPGA 30K 672-FBGA | FPGAS (Field Programmable Gate Array) | Stratixg |l @ 616.00000
EP2330F672CH IC STRATEC I FPGA 30K 672-FBGA | EPGAS (Field Programmable Gate Array) | Stratix® || ‘@ 1 [ 495.00000
EP2S30F672C3 IC STRATIX | FPGA 30K 672-FBGA | FPGAS (Field Programmable Gate Array) | Stratixg |l @ 1 8 792.00000

Stratix Il GX: prices for chips with 30K logic elements
Manufacturer Part Number| ___ Descripion | Category [ Series

Minimum Quanti Quantity Available %

EP25GX30CFTE0C3 IC STRATIX Il GX 30K 7T30-FBGA | ERPGAsS (Field Programmable Gate Array) | Stratixg 1| Gx @ 1 7 814.00000
EP25GX30CFTE80C4 IC STRATIX Il GX 30K 780-FBGA | EPGAS (Field Programmable Gate Array) | Stratind |1 GX 8 Mon-Stock 637.9987V5
EP25GX30CF780C5 IC STRATIEX I GX 30K 780-FBGA | FPGAS (Field Programmable Gate Array) | Stratin® 11 GX 1 8 517.00000

Cvyclone llI: prices for chips with 40K logic elements
Manufacturer Part Number| — Descripon | Categoy | Series |
- - | A - . - . - USD

EP3C40F7BOCE IC CYCLOMNE Il FRGA 40K 780FBGA | EPGAs (Field Programmable Gate Array) | Cyclong™ || @ 166.50000

Cvyclone llI: prices for chips with 80K logic elements
Manufacturer PartNumber|  Descripton | categoy | Series | m Quantity Available
- - - b - A - USD

EP3CE0FTE0CH IC CYCLOME Il FPGA BOK 7TB0FBGA | FPGAS (Field Programrmable Gate Array) | Cyclone™ I @ 268 50000
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ALTERA FPGA resources: 1/0 standards, SER-DES units, memory and more

Stratix II/Stratix II 6X SUPPORTED I/0O STANDARDS (with orange background Stratix II/6X specific)

SingleEnded Differential JEDEC IN Reference IN: Vo LEVEL OUT: V(o LEVEL Board term.
support LEVEL [V] [V] vl Voltage [V]
3.3V-LVTTL/LVCMOS JESD8-B - 33 3.0 -
3.0V-LVTTL/LVCMOS 3.0
(PCT clamp must be enabled) 25
2.B5V-LVTTL / LVCMOS JESD8-5 - 3.3;30:25 25 -
1.8V-LVTTL / LVCMOS JESD8-7 - 18:15 18 -
1.5V-LVCMOS JESD8-11 - 1.8;15 15 -
SSTL-2 classI/classIT SSTL-2 classI/classII (**) JESD8-9A 1.25 25 25 1.25
SSTL-18 classI/classIT SSTL-18 classI/classII (**) JESD8-15 0.9 1.8 1.8 0.9
HSTL-18 classI/classIT HSTL-18 classI/classII (**) JESD8-6 0.9 1.8 1.8 0.9
HSTL-15 classI/classIT HSTL-15 classI/classII (**) JESD8-6 0.75 15 15 0.75
HSTL-12 classI/classIT (****) JESD8-16a 0.6 1.2 1.2 0.6
PCT (3.3V) / PCI-X (3.3V mode 1) - 3.0 3.0 -
LVPECL (*) - 33
LVDS - 2.5 (***) -
25

HyperTransport technology

(*): I/0 standard available only for input and output column clocks pins for StratixII devices

(**): This I/0 standard is only available on input clock pins and DQS pins in I/0 banks 3, 4, 7, and 8, and output clock pins in I/0 banks 9,10, 11, and 12.

(***): VCCIO is 3.3 V when using this I/0 standard in input and output column clock pins (in I/0 banks 9, 10, 11, and 12). The clock input pins supporting LVDS on banks 3, 4, 7,
and 8 use VCCINT=1.2Vfor LVDS input operations and have no dependency on the VCCIO level of the bank. With a 1.2-V VCCINT level, input pins are 1.5-, 1.8-, 2.5-, and 3.3-

V tolerant.

(****): 1.2-V HSTL is only supported in I/0O banks 4,7, and 8.
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ALTERA FPGA resources: 1/0 standards, SER-DES units, memory and more

CYCLONE III SUPPORTED I/O STANDARDS (with yellow background Cyclone III specific)

SingleEnded Differential JEDEC IN Reference IN: Vo LEVEL OUT: Vo Board term.
support LEVEL[V] V] LEVEL[V] Voltage [V]

3.3V-LVTTL/LVCMOS JESD8-B - 33 3.0 -
3.0V-LVTTL/LVCMOS 3.0
(PCT clamp must be enabled) 25
25V-LVTTL / LVCMOS JESD8-5 - 3.3;3.0:25 25 -
1.8V-LVTTL / LVCMOS JESD8-7 - 1.8;15 1.8 -
1.5V-LVCMOS JESD8-11 - 1.8;:15 15 -
1.2V-LVCMOS JESD8-12A - 1.2 1.2 -
SSTL-2 classI/classIT SSTL-2 classI/classII (*),(**) JESD8-9A 1.25 2.5 25 1.25
SSTL-18 classI/classIT SSTL-18 classI/classIT (*),(**) JESD8-15 0.9 1.8 1.8 0.9
HSTL-18 classI/classII HSTL-18 classI/classII (*),(**) JESD8-6 0.9 1.8 1.8 0.9
HSTL-15 classI/classII HSTL-15 classI/classII (*),(**) JESD8-6 0.75 15 15 0.75
HSTL-12 classI/classIT HSTL-12 classI/classIT (*),(**) JESD8-16a 0.6 12 12 0.6
PCT (3.3V)/PCI-X (3.3V mode 1) - 3.0 30 -
(PCT LocalBus Rev 2.2/1.0A)

LVPECL (***) - 25

LVDS 25 25

BLVDS (BusLVDS) 25 25

PPDS (****) 25

RSDS (****) 25

mini-LVDS (****) 25

(*): Differential HSTL and SSTL outputs use two single-ended outputs with the second output programmed as inverted. Differential HSTL and SSTL inputs treat differential
inputs as two single-ended HSTL and SSTL inputs and only decode one of them.

(**): Differential HSTL and SSTL are only supported on CLK, DQS inputs or PLL_OUT ouputs pins.

(***): I/0 standard available only on CLK,DQS INPUTS for Cyclone III devices

(****):PPDS, mini-LVDS, RSDS only supported on output pins; registered trade marks of National Semiconductors

(*****): BLVDS output uses two single-ended outputs with the second output programmed as inverted. BLVDS input uses LVDS input buffer.
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ALTERA FPGA resources: 1/0 standards, SER-DES units, memory and more

I/0 STANDARDS

Applications

SingleEnded

Differential

SingleEnded

Differential

3.3V-LVTTL/LVCMOS
3.0V-LVTTL/LVCMOS

General Purpose

(PCT clamp must be enabled)

General Purpose
(PCT clamp must be enabled)

2.5V-1.8V-15V-1.2V LVTTL/LVCMOS

General Purpose

General Purpose

SSTL-2 classI/classIT

SSTL-2 classI/classIT

DDR SDRAM

DDR SDRAM

SSTL-18 classI/classIT

SSTL-18 classI/classIT

DDR SDRAM

DDR2 SDRAM

HSTL-18 classI/classIT

HSTL-18 classI/classIT

QDRII SRAM/RLDRAM II/SRAM

Clock Interfaces

HSTL-15 classI/classIT

HSTL-15 classI/classIT

QDRII SRAM/RLDRAM II/SRAM

Clock Interfaces

HSTL-12 classI/classIT

HSTL-12 classI/classIT

General Purpose (*)

Clock Interfaces (*)

PCT (3.3V) / PCI-X (3.3V mode 1)

PC /embedded systems
@33/66MHz for PCI,

@133MHz for PCI-X Spec Rev 1.0A

LVPECL (**) Video graphics and clock distribution
LVDS High-speed communications
HyperTransport technology PCB interfaces

BLVDS:Bus LVDS bidirectional backplanes

RSDS: (***) reduced swing diff. signaling (***)
mini-LVDS (***) smaller voltage swing than LVDS (****)
PPDS: (***) point-to-point differential signaling

(*): single ended 1.2-V HSTL is only supported in I/0 banks 4,7, and 8 in STRATIX II devices; Differential HSTL and SSTL are only supported on CLK, DQS inputs or PLL_OUT

ouputs pins in Cyclone III devices

(**): available only for input and output column clocks pins for StratixII devices and only on CLK,DQS INPUTS for Cyclone III devices

(***): PPDS, mini-LVDS, RSDS only supported on output pins: registered trade marks of National Semiconductors

(****): National Semiconductor Corporation and Texas Instruments introduced the RSDS and mini-LVDS specifications, respectively. Currently, many designers use these
specifications for flat panel display links between the controller and the display column drivers.
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ALTERA FPGA resources: I/0 standards, SER-DES units, memory and more
Termination schemes: S.E. SSTL/HSTL

Source: "Stratix IT device handbook”, vol.2 - section: "Stratix IT and Stratix IT 6X I/O Standards Support”

Output Buffer

Output Buffer
g Input Buffer

Vit Vi = xx/2[V] Vit Vir
Vrer = XX 1 2[V] Output Buffer

Output Buffer

x.XV-HSTL Class | termination x.XV-HSTL Class Il termination

Single ended standards requiring reference (Vrg) and termination (V,;) voltages

0 10, - Although there is no EIA/JEDEC standard
Figure 4-9. 1.2: HSTL Terminafion available for the 1.2-V HSTL standard, Altera

ﬂuzgmﬂV On chip termination supports it for applications that operate in the

mputButr 0.0 to 1.2-V HSTL logic nominal switching range.
1.2-V HSTL can be terminated through series or
parallel on-chip termination (OCT).
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ALTERA FPGA resources: I/0 standards, SER-DES units, memory and more

Termination schemes/voltaq
Source: "Stratix IT device handbook”

e levels: diff. SSTL/HSTL, LVPECL, H

perTransport

2 - section: "Stratix IT and Stratix IT 6X I/O Standards Suppor“r”

Vit

] Differantial
500 = 50 € i Siknatvar

Differantial

Differential standards

requiring termination
(V;7) voltages
Vi = XX /12[V]

Transmitter B
2541
—AAN— Zg=500 —e
= .. =
W Zo=w0n)
x.XV-SSTL Class | termination
VT VT
i ©aE  w l i
- Zy=500

x.XV-HSTL Class | termination

Ditterential
Transmitter

Ditferantial
Receivar

>

250

M

=

X.XV-SSTL Class Il termination

Vrr Wit Vit Vit
Ditferential l = ; - £ = I Differential
Transmitter soa T ns 50.0 =R $ Receaiver
) ) ]
: {l Zg=s500 : :
'u Zp=504 b *

X.XV-HSTL Class Il termination

LVPECL DC Coupled Termination

Altera Corporation

The Evolution of High-Speed Transceiver Technology

Figure 2. Differential /O Technologies

Qutput Buffer Input Buffer 7
—iy?\ﬁ: 33V
30 — AR N 30V
. . Voita, zo0 — ! A =
compatible with INFN-TO " i WO
0
HyperTransport Termination GTK ASIC's I/0 levels Ay ey
| wos —_— ————— —— .15V
Output Buffer Input Buffer PRI (S A ",I I." \f
Z=500 0.8V — \ ." "'.I f _\i’ p— }'; 085\
:': T';E-pespwr -:‘:. y;l |; I|' i
P e o
' ‘_ 0.0
Z-500
Technolegy
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ALTERA FPGA resources: 1/0 standards, SER-DES units, memory and more

Termination schemes (most relevant): LVDS

Source: "Cyclone III device handbook". vol.l - section: "Hiah-Speed I/0 Standards Support”
Typical LVDS Application

Transmitting Device

— >

boout +

tout -

NOTE on LVDS in Cyclone lll devices:
You can use I/0 pins and internal logic o implement the LVD

rxin +

Cyclone Il Device

teout +

X { %8 =

1009-5;

X s0e X

rxin -

receiver and transmitter in
Cyclone IIT devices.

Cyclone III devices do not contain dedicated serialization

“‘“‘V

Cyclone I
Logic
Array

tout -

N
\\

Input Buffer

or de-serialization circuitry.

Therefore, shift registers, internal PLLs, and IOEs are used to perform

Qutout Buffar

rxin +

i !

compatible with CERN

Receiving Device

>

4] 500 —|ZI—T—
> 1000
4 50 {Xe—

rxin -

GTK ASIC's I/0 levels

LVDS Inferface with Dedicated Ouiput Buffer on the Leff and Right I/0 Banks

serial-to-parallel conversions on incoming data and parallel-to-serial
conversion on outgoing data.

Table 5-10. 2.5-V LVDS I/0 Specificafions

Source: "Stratix II d

Symbol /Pa‘m'll'mﬂ\ Conditions Minimum Typical Maximum | Unit

Vecio VO supply voltage for left and\ 2375 2.500 2.625 vV
right 10 banks (1, 2, 5, and
6)

Vip ut differential voltage 100 350 900 mV
SN Yei

Vicm Input common mode voltage 200 1,250 1,800 mV

Voo Output differential voltage R =100 250 450 mV
(single-ended)

Vacm Qutput common mode R =100 1.1285 1.375 v
voltage

AL Receiver differential input 90 100 110 Q
discrete resistor (external to
Stratix |l devices)
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levice handbook”, vol.1

LVDS Receiver

Cyclone Il Device
Dedicated LVDS
Trasnmitter
{ E00 *
‘&: 10002 %
500

=

Cyclone 11l Device

Non-Dedicated

Rs =120 R =170Q

LVDS interface with External Resistor Network on the Top and Bottom 1/0 Banks

LVDS Transmitter . .
Resistor Network LVDS Becewer
Rs
\ 5040 1
— Rp 1000=
(0 soa »— &1
Rs
Table 5-11. 3.3-V LVDS I/0 Specilications
Symbol ﬁam Conditions Minimum Typical Maximum | Unit
Veao (T V'O supply voltage for top 3.135 3.300 3.485 v
and bottom PLL banks (9,
| 10, 11, and 12}
Vio Inprsei i ] 100 350 a00 mY
swing (single-endad)
Viem Input common mode voltage 200 1,250 1,800 m\
Voo Output differential voltage RL=1000 250 710 mY
(single-endad)
Vacm Output common mode R =1000Q 840 1,570 m\
veltage
R Receiver differantial input 90 100 110 Q
discrete resistor (external to
Stratix Il devices)
A. Cotta Ramusino, INFN-FE 17




ALTERA FPGA resources: 1/0 standards, SER-DES units, memory and more
Source: "Stratix IT device handbook”, pages 766

Max Toggle rate for a -3 STRATIX II device
MAX clock toggle rate is different from MAX data bit rate. If MAX clock toggle rate on a regular
There adic:ated high-speed PLLs in the EF2515 to EP2530 I/0 pinis 300 MHz, MAX data bit rate for dual data rate (DDR) could be potentially as high as 600
devices aieight dedicated high-speed PLLs in the EP2S60 to EP25180 Mbps on the same 1/0 pin.
devices to multiply reference clocks and drive high-speed differential COLUMN [MHz] ROW [MHz] DEDICATED CLOCK [MHz]
SERDES channels.
IN ouT IN ouT IN ouT
SingleEnded Differential (@ OpF load) (@ OpF load) (@ OpF load)
3.3V-LVTTL/LVCMOS 500 1030 500 580 500 1100
3.0V-LVTTL/LVCMOS (3.3VLVCMOS)
2.5V-1.8V-15V LVTTL/LVCMOS 500 1131(1.8V) 500 660(1.8V) 500 1131(1.8V)
SSTL-2 classI/classIT SSTL-2 classI/classII 500 | 500 400 | 400 500 | - | 400(T) | 400(I) | 500 | 500 400 | 400
SSTL-18 classI/classIT SSTL-18 classI/classIT 500 | 500 700(T) | 700(T) 500 | - | 500(T) | 350(T) | 500 | 500 650(I) | 650(I)
HSTL-18 classI/classII HSTL-18 classI/classIT 500 | 500 700(T) | 700(T) 500 | - 700(T) | - 500 | 500 700(I) | 700(T)
HSTL-15 classI/classIT HSTL-15 classI/classII 500 | 500 700 | 700 500 | - 700(1) | - 500 | 500 700 | 700
HSTL-12 classI/classII 280 280 (OCT 500) - - 280 280 (OCT 500)
PCT (3.3V) / PCI-X (3.3V mode 1) 500 1000 - - 500 1000
LVPECL - - - - 450 450
LVDS L/R banks - - 520 500 717 450
LVDS T/B banks - - - 500 450 450
HyperTransport - - 520 500 717 -
Table 5-2. Differential Channels in Stratix Il Devices (Part1 of 2) Notes (1), (2), and (3) . . .
/ﬁ; For a 30K gate EP2S30F672C3 device in a 672 pin FBGA package
) 484-Pin  |484-PinHybrid |  672-Pin 780-Pin 1,020-Pin~{"FineLine BGA
Deviee | Fineline BGA | FineLine BGA | FineLine BGA | FineLine BGA | FineLine’§GA |  Within the CAVEATS:
1,508-pin Fin . ) . . .
- T T + Stratix IT devices offer a complete clock management solution with internal clock
42 receivers /m/ frequency of up to 550 MHz
EP2520 38 transmitters ( 56 transmitiges| ) *In Stratix IT devices, the LVDS I/0 standard requires a 2.5-V VCCIO level for the side
42 receivers - 62 recelvers | I/0 pinsinbanks 1, 2,5, and 6. The top and bottom banks have different VCCIO
EPeSE0 | a8 ransminers [se-ansimiers” Be ransminers requirements for the LVDS I/0 standard. The LVDS clock I/0 pins in banks 9 through 12
EPz590 35 bansmitiors el require a 3.3-V VCCIO level. Within these banks, the PLL[5,6,11,12]_OUTI[1,2] pins support
42 receivers 6 receivers | o4 receivers | 118 receivers output only LVDS operations. The PLL[5,6,11,12] FB/OUT2 pins support LVDS input or output
EP25130 &4 transmitters | &6 ransmitters | 156ransmitters operations but cannot be configured for bidirectional LVDS operations. The LVDS clock input
66 receivers 22 receivers 156 receivers

pins in banks 4, 5, 7, and 8 use VCCINT and have no dependency on the VCCIO voltage level.
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Source: "Stratix IT GX device handbook", pages 1484

0 o ledlicated high-speed PLLS in the EP2SGX30 device and
four dedicated high-speed PLLs in the EP25GX60, EP25GX90, and
EP25GX130 devices to multiply reference clocks and drive high-speed

ALTERA FPGA resources: 1/0 standards, SER-DES units, memory and more

Max Toggle rate for a -3 STRATIX II GX device

MAX clock toggle rate is different from MAX data bit rate. If MAX clock toggle rate on a regular I/0
pin is 300 MHz, MAX data bit rate for dual data rate (DDR) could be potentially as high as 600 Mbps on

the same I/0 pin.

COLUMN [MHz]

ROW [MHz]

DEDICATED CLOCK [MHz]

differential SERDES channels
IN ouT IN ouT IN ouT
SingleEnded Differential (@ OpF load) (@ OpF load) (@ OpF load)
3.3V-LVTTL/LVCMOS 500 1030 500 580 500 1100
3.0V-LVTTL/LVCMOS (3.3VLVCMOS)
2.5V-1.8V-15V LVTTL/LVCMOS 500 1131(1.8V) 500 660(1.8V) 500 1131(1.8V)
SSTL-2 classI/classII SSTL-2 classI/classIT 500 | 500 400 | 400 500 | 400(T) | 400(T) 500 | 500 400 | 400
SSTL-18 classI/classIT SSTL-18 classI/classIT 500 | 500 700(T) | 700(T) 500 | 500(I) | 350(I) 500 | 500 650(I) | 650(I)
HSTL-18 classI/classII HSTL-18 classI/classIT 500 | 500 700(I) | 700(T) 500 | 700(I) | - 500 | 500 700(I) | 700(T)
HSTL-15 classI/classII HSTL-15 classI/classIT 500 | 500 700 | 700 500 | 700(I) | - 500 | 500 700 | 700
HSTL-12 classI/classIT 280 | 280 - - - 280 -
PCT (3.3V) / PCI-X (3.3V mode 1) 500 1000 - - 500 -
LVPECL - - - - 717H/450V 450
LVDS L/R banks - - 520 717 717 450
LVDS T/B banks - - - 717 450 450
HyperTransport = - 520 717 717H/450V -
Table 11-3. Differential Ch Is in Stratix I GX Devi Notes (1), (2, . . .
@ e RS IR /'i only!!!l For a 30K gate EP2SGX30F672C3 device in a 780 pin FBGA package
. 780-Pin FineLine | 1,152-Pin FineLine Jéﬂ%-’l’in FineLine
Device BGA BGA CAVEATS:
EP2SGX30 ( 20 transmitters *The LVDS I/0 standard is a differential high-speed, low-voltage swing, low-power, general-purpose I/0
Hreceivers 4] interface standard. In Stratix IT devices, the LVDS I/0 standard requires a 2.5-V VCCIO level for the side
EP2SEXE0 | P0Tamsmiere | 42 transmitters I/0 pinsinbanks 1, 2,5, and 6. The top and bottom banks have different VCCIO requirements for the LVDS
31 recaivers 42 recaivers I/0 standard. The LVDS clock I/0 pins in banks 9 through 12 require a 3.3-V VCCIO level. Within these banks,
EP2SGX00 45 transmitters 50 transmitters the PLL[5,6,11,12] _OUT[1,2] pins support output only LVDS operations. The PLL[5,6,11,12] FB/OUT2 pins
47 raceivers 50 recaivers support LVDS input or output operations but cannot be configured for bidirectional LVDS operations. The LVDS
EP25GX130 71 transmitters clock input pins in banks 4, 5, 7, and 8 use VCCINT and have no dependency on the VCCIO voltage level.
73 receivers
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ALTERA FPGA resources: 1/0 standards, SER-DES units, memory and more

" . X " Max Toggle rate for a -6 Cyclone III device: MAX clock toggle rate is different from MAX
Source: CYC'One ITIL device handbook , data bit rate. If MAX toggle rate on a regular I/0 pin is 300 MHz, MAX data bit rate for dual data rate
pages 468 (DDR) could be in principle as high as 600 Mbps on the same I/O pin.
COLUMN [MHZz] ROW [MHZz] DEDICATED CLOCK [MHz]
SingleEnded Differential IN OUT(@ OpF load) IN OUT(@ OpF load) IN OUT(@ OpF load)
3.3V-LVTTL/LVCMOS 250 250 250 250 250 250
3.0V-LVTTL/LVCMOS
2.5V-1.8V-15V-1.2V 250 250 250 250 250 250
LVTTL/LVCMOS (200@1.2V) (200@1.2V) (200@1.2V) (200@1.2V) (200@1.2V) (200@1.2V)
SSTL-2 classI/classIT SSTL-2 classI/classIT 250 | - 250 | - 250 | - 250 | - 250 | 250 250 | 250
SSTL-18 classI/classIT SSTL-18 classI/classIT 300 | - 300 | - 300 - 300 | - 300 | 300 300 | 300(1)
HSTL-18 classI/classIT HSTL-18 classI/classIT 300 | - 300 | - 300 - 300 | - 300 | 300 300 | 300(1)
HSTL-15 classI/classIT HSTL-15 classI/classIT 300 | - 300 | - 300| - 300 | - 300 | 500 300 | 300(1)
HSTL-12 classI/classIT HSTL-12 classI/classIT 125 | - 125 125(1) | - - 125 | 125 125 | 125(1)
PCT (3.3V) / PCI-X (3.3V mode 1) 250 250 250 250 250 250
LVPECL - - - - 438 -
LVDS / LVDS_E_3R 438 -/ 320 438 420 / 320 438 -/ 320
BLVDS:Bus LVDS 438 250 438 250 -
RSDS / RSDSE_3R - 180 / 180 - /180
mini-LVDS/mini-LVDS_E_3R -/ 155 200 / 200 -/ 155
PPDS / PPDS_E_3R 220 220/ 220 -/ 220

Tahie 8-2. Cyelone lii Device Differential Channels Nofes (1), (1) 4
Number of Differential Channels A/
Device Package Pin Count
User 10 Clock Pin Total //
EP32C40 EQFP 240 14 8 £/
FBGA 224 19 8 /7
FEGA 404 115 a / /23
FEGA 780 215 a > / 223
UBGA 484 115 8 / 123
EP3C80 FBGA 404 101 8 T
FBGA 780 169 8 5 177
UBGA 484 101 8 109
07 Oct 2008 CERN: GTK ASIC design review

223 total differential 1/O channels for a EP3C40F780C6 device
177 total differential I/0O channels for a EP3C80F780C6 device
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Stratix® II and Stratix® II GX device family offers up to 1-Gbps differential I/O capabilities to support source-

ALTERA FPGA resources: 1/0 standards, SER-DES units, memory and more

Source: "Stratix II device handbook”, vol.IT, section:" High-Speed Differential I/0 Interfaces with DPA in Stratix IT and Stratix IT 6X Devices"

synchronous communication protocols such as HyperTransport™ fechnology, RapidI/O, XSBI, and SPI.
There are four dedicated high-speed PLLs in the EP2S15 to
EP2530 devices and eight dedicated high-speed PLLs in the
EP2560 to EP25180 devices to multiply reference clocks and
drive high-speed differential SERDES channels.

Stratix IT and Stratix IT 6X devices can accommodate the

high-speed differential I/0 standards:

The “slow” reference

m LVDS clock is transmitted along
m HyperTransport technology with data: NO NEED FOR
m HSTL (*) CLOCK RECOVERY
m SSTL () FROM DATA
m LVPECL (*)
(*) for PLL clock differential inputs and outputs only.
Figure 2-60. Fast PLL & Channel Layout in the EP2515 & EP2530 Devices Note (1)
~ ¢ LVDS DPA DPA wos | Y
_{+ Clock Clock - - Clock Clock H}_
N 2 2 )
Fast Fast
PLL1 L LI FLL4
Fast E— —i Fast
A PLLZ il PLL3 2
VDS DPA Cuadrart Cuadrart DPA LVDS
_(74& Clock Clock Clock Clock ﬁ’_

Note to Figure 2-60:

(L

See Table 2-21 for the number of channels each device supports.

For a 30K gate EP2S30F672C3 device in a 672 pin FBGA pac

Notes to Tables 2-21 to 2-26:

(1) The total number of receiver channels includes the four non-dedicated clock channels that can be optionally used
as data channels.

This is the maximum number of channels the PLLs can directly drive.

This is the maximum number of channels if the device uses cross bank channels from the adjacent center PLL.
The channels accessible by the center fast PLL overlap with the channels accessible by the corner fast PLL.
Therefore, the total number of channels is not the addition of the number of channels accessible by PLLs 1, 2, 3, and
4 with the number of channels accessible by PLLs 7, 8,9, and 10.

07 Oct 2008

(2)
(3)
4)
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-]
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—t»  Circuitry
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Interfacs
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PLL

load_en

Dt to A4, A24, G4, or
direct link interconnect

o Regional or

= global clock

Data from R4, RZ4, T4, or

direct link interconnect
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Intarconnect
diffioclk
refetlc — Fast load_en
PLL —

—_

=

Dedvcated

[~— Transmwiter
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Strafix I Transmifter Channel

Up to 1 Gbps

n Fegicnal or

7 global clock

age

Table 2-22. EP25830 Device Differential Chann els

Note (1)

—
A PLL1 PLL 2 PLL 3 PLh\
672-pin FineLine BGA Transmitter, 58 (2) 16 13 13 16
/ (3) 29 29 29 29
Receiver 62 (2) 17 14 14 17
(3) 21 21 31 a A
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ALTERA FPGA resources: 1/0 standards, SER-DES units, memory and more

Source: "Stratix I GX device handbook”

Stratix® II and Stratix® II GX device family offers up to 1-Gbps differential I/O capabilities to support source-
svnchronous communication protocols such as HvoerTransport™ fechnology, RapidI/O, XSBI, and SPI.

There are four dedicated high-speed PLLs in the EP2S15 to
EP2530 devices and eight dedicated high-speed PLLs in the
EP2560 to EP25180 devices to multiply reference clocks and
drive high-speed differential SERDES channels.

Stratix IT and Stratix IT 6X devices can accommodate the
high-speed differential I/0 standards:

m LVDS

m HyperTransport technology

m HSTL (*)
m SSTL ()
m LVPECL (*)

(*) for PLL clock differential inputs and outputs only.

The “slow” reference
clock is transmitted along
with data: NO NEED FOR
CLOCK RECOVERY
FROM DATA

Uptod abps:[f, .

dlata

A

Ot Phase Clocks ~/|(
-]

retimed_data
DP& Synchronizer
DFA_clk }

refidk —] Fast
PLL

difficzlk

Stratix Il Receiver Channel

A Data Realignrmark

—t»  Circuitry

Dadicatad

Interfacs

Recaivar —=|

Dt to A4, A24, G4, or
direct link interconnect

]

load_en

o Regional or

= global clock

Strafix I Transmifter Channel

—_

Up to 1 Gbps

Dedicated
[— Transmiiler
Infarface

n Fegicnal or

7 global clock

Note to Tables 2-38 through 1-41:

as data channels.
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Figure 2-90. Fast PLL and Channel Layout in the EP2SGX30C/D and EP2SGXE0C/D Devices  Note (1)
— LVDS CPA Data from Bd, RZd, &4, or
_[ 7 Clock Clock direct link interconnect
Quadrant Cluadrant
4 -
Fast e -
PLLA I_ 10 10 -
Fast ’—iz“ J_ I
PLLZ [T L —
LvDS OPA CQuadrant Cluadrant Local —
_l 7y | Cleck Clock Interconnect
Note to Figure 2-00;
(1} See Table 2-38 for the number of channels each device suppaorts. diffioclk
] ] ] - refollk —f-| Fast
Table 2-38. EP25GX30 Device Differential Channels  Note (1) BLL load_en
Center Fast PLLs Package
Package Transmitter/Receiver |  Total Channels
PLL1 . . .
: For a 30K gate EP2SGX30F672C3 device in a 780 pin
Transmitter /’ 29 13
780-pin Fineline BGA . FBGA package
Recaiver \\ | 14
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ALTERA FPGA resources: 1/0 standards, SER-DES units, memory and more

Source: "Stratix I GX device handbook”

Stratix® IT GX devices incorporate dedicated embedded circuitry on the right side of the device, which contains up to
20 high-speed 6.375-Gbps serial fransceiver channels.

Each Stratix IT 6X transceiver block contains four full-duplex channels and supporting logic. The transceivers deliver
bidirectional point-to-point data transmissions, with up to 51 Gbps (6.375 Gbps per channel) of full-duplex data
transmission per transceiver block.

Figure 2-1. Stratix Il GX Transceiver Block Diagram

PMA Analog Section PCS Digital Section EPEA Fabric
n
- .| Word - .
Deserializer > .
1) Aligner -
f Rate Phase -
Ciock Matcher DBB/1(C)IB Byte Compensation ) g
R o XAUI ecoder Deserializer Byte FIFO Buffer @
ey Lane Ordering
Uﬁn“ Deskew
Reference Receiver

Clock —®| PLL

Reference Transmitter
Clock PLL

y 1=810,16, or20. m =810, 16, 20, 32, or 40.

n .
K]* Serializer : Ql Phase m
(1) Byte

8B/10B Compensation <&
Encoder FIFO Buffer @)

Serializer

The transceiver channels can be configured in one of the following functional modes:

m PCI Express (PIPE)

m OIF CEI PHY Interface

m SONET/SDH

m Gigabit Ethernet (GIGE)

m XAUI

m Basic (600 Mbps to 3.125 Gbps single-width mode and 1 Gbps to 6.375 Gbps double-width mode)
m SDI (HD, 36)

m CPRI (614 Mbps, 1228 Mbps, 2456 Mbps)

m Serial RapidIO (1.25 Gbps, 2.5 Gbps, 3.125 Gbps)
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ALTERA FPGA resources: 1/0 standards, SER-DES units, memory and more
Ethernet MACs: internal (IP cores) vs external

Source: www.altera.com

10/100/1000 Mbps Ethernet MAC from MorethanlIP

« TEEE 802.3 specification fully implemented

+ Configuration dynamically supports 10-Mbps, 100-Mbps, or 1-
Gbps operation.

* Interface connects seamlessly to commercial Gigabit
Ethernet physical layer (PHY) device via a 8-bit gigabit medium
independent interface (GMII) @ 125 MHz

* Interface connects seamlessly to commercial Fast Ethernet
PHY device via a 4-bit medium independent interface (MIT)
operating at 25 MHz

* Integrated 1000Base-X physical coding sub-layer (PCS) and
physical medium attachment (PMA) (optional) when
implemented in Altera® Stratix™ 6X devices with 8b/10b
coding decoding and frame encapsulation

*Serial 1.25-Gbps medium dependent interface (MDI)
(optional) implemented with Altera Stratix GX-embedded
serializer/deserializer (SERDES)

* First-in first-out (FIFO) interface to user application
Figure 1. 10/100/1000 Mbps Ethernet MAC Block Diagram

The Marvell "Alaska” single-port 88E1111 transceiver leads the industry
with the lowest power consumption (only 0.75W), as well as the smallest
package footprint option - only 9 mm x 9 mm. The Alaska single-port
88E1111 product performs all of the physical layer (PHY) functions for
half- and full-duplex 10BASE-T Ethernet on CAT 3, 4 and 5 cable, and
half- and full-duplex 100BASE-TX and 1000BASE-T Ethernet on CAT 5
twisted pair cable. Additionally, the 88E1111 device offers additional
support of 1000BASE-X through an integrated 1.25 GHz SERDES.
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Fig 1. Alaska Single-Port GbE Transceiver (B8E1111) Block Dlagra-FPGA Connec.hvrry
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ALTERA FPGA resources: 1/0 standards, SER-DES units, memory and more
internal memory blocks

Table 1-1 Stratix Il FPGA Family Features

Feature EP2S15 EP2S30
ALMs 6,240 13,552
Adaptive lock-up tables (ALUTs) (7) 12,480 27,104
Equivalent LEs (2) 15,600 33,880
M512 RAM blocks 104 7 202N\
M4K RAM blocks s [ 144
M-RAM blocks o | 1
Total RAM bits 419,328 \\\1 69, T2
DSP blocks 12 S~
18-bit = 12-bit multipliers (3) 48 B4
Enhanced PLLs 2 2
Fast PLLs 4 4
Maximum user /O pins 266 500

Notes to Table 1-1:

(2)  This is the equivalent number of LEs in a Stratix device (four-input LUT-based architecture).
(3)  These multipliers are implemented using the DSP blocks.

(1)  One ALM contains two ALUTs. The ALUT is the cell used in the Quartus® Il software for logic synthesis.

M512 RAM blocks are simple dual-port memory blocks with 512 bits plus
parity (576 bits). These blocks provide dedicated simple dual-port or
single-port memeory up to 18-bits wide at up to 500 MHz. M512 blocks are
grouped into columns across the device in between certain LABs.

M4E RAM blocks are true dual-port memory blocks with 4K bits plus
parity (4,608 bits). These blocks provide dedicated true dual-port, simple
dual-port, or single-port memory up to 36-bits wide at up to 550 MHz.
These blocks are grouped into columns across the device in between
certain LABs.

M-RAM blocks are true dual-port memory blocks with 512K bits plus
parity (589,824 bits). These blocks provide dedicated true dual-port,
simple dual-port, or single-port memory up to 144-bits wide at up to
420 MHz. Several M-FAM blocks are located individually in the device's
logic array.

Table 7—7. Sfratix Il GX Device Feafures

EFPZSGX3I0C,/D
Feature
c | b
ALMs 12,552
Equivalent LEs ZFE.280

Transceaiver =1 =
channels

Transceiver data rate G000 Mbhps to

5375 Gbhps

Source-synchronous =1
receive channels (7))
Source-synchronous =
transmit channels

rMsS12 RAM blocks 202

(32 = 12 bits)

Pk RAM blocks R

(128 = 2 bits)

rM-RAM blocks 1

(4K 2 144 bits)

Table 1-1 Cyclone Nf FPGA Device Family Fealures

N\ /N

Feature EP3C5 | EP3C10| EP3C16 | EP3c2s | EP3cd0\ EPacss | EPace\| EPacize
Logic Elements 542 [ 10220 | 15408 | 24,624 [( 20,600 ) 55856 81,264 | 110,008
Memory (Kbits) 414 114 504 504 114 2,40 2745 2,000
Multipliers 23 22 = =15 126 156 244 200
PLLs 2 2 4 4 4 4 4 4
Global Clock Metworks | 10 10 20 20 \ 2 /| 20 IEES

Memory Blocks: each Cyclone III FPGA M9Ktremory block-pfovides
up to 9 kbits of on-chip memory capable of operation at up to 260
MHz. The embedded memory structure consists of columns of M9K
memory blocks (configurable as RAM, FIFO buffers, or ROM).

Total RAM bits \1.2e2.728/ Tabile 4-2. Number of M3K Blocks in Gyclone IIl Devices
Embedded G - - Number of
multipliers (18 = 12) Device HNumber of MIK Blocks Total RAM Bits .
DSP blocks 1 EFa05 15 123836 MK blocks:
PLL= <+ EP3C10 I 423,238
Macimum user O 2E
Bl EP3C18 58 518,006
Package i ?Bg—pin EP3C25 -] 208,258
FinsLine BGA I_EPGC-W 128 1,181,216 l 126
Note to Table 1-1: EP3C55 260 2,306,160
(1) Includes two sets of dual-purpose differential pins that can be used as two additional channels for the differential I EF3CE0 05 2,210,880 l 305
receiver or differential clock inputs. EFsCi20 Az To8],312
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ALTERA FPGA resources: 1/0 standards, SER-DES units, memory and more
Radiation: hardness issues / fault detection (SEU mitigation)

From: "Radiation Results of the SER Test of Actel, Xilinx and Altera FPGA instances” - iRoC Technologies, SA,World Trade Center,
PO Box 1510 38025 Grenoble France, www.iroctech.com - pp.114

" 1 Executive summary:

+ Cosmic-ray and alpha-particle soft error rates were measured for five different architectures of FPGAs, from three different vendors, using
three different programming technologies.

* Test methodology was compliant with JESD-89.

* SRAM-based FPGAs are liable to configuration SEU and SEFI when exposed to high-energy neutrons and alpha particles.

* Antifuse-based and Flash-based FPGAs did not exhibit any configuration SEU or SEFI when exposed to high-energy neutrons and alpha particles.
* Test results allowed the calculation of the ratio of SEFIs to SEUs."

ALTERA's SEU mitigation approach:

User Mode (i.e. after the FPGA configuration is over) Error Detection:
+ Soft errors are changes in a configuration random-access memory (CRAM) bit state due to an ionizing particle.

« Stratix II, Stratix IT 6X and Cyclone series devices have built-in error detection circuitry to detect data
corruption by soft errors in the CRAM cells. This error detection capability continuously computes the CRC of the
configured CRAM bits based on the contents of the device and compares it with the pre-calculated CRC value obtained at
the end of the configuration.

* The Cyclone IIT device error detection feature does not check memory blocks and I/0 buffers. These device
memory blocks support parity bits that are used to check the contents of memory blocks for any error. The I/0 buffers
are not verified during error detection because these bits use flip-flops as storage elements that are more resistant
to soft errors. Similar flip-flops are used to store the pre-calculated CRC and other error detection circuitry
option bits.

* You can implement the error detection CRC feature with existing circuitry in Stratix II, Stratix IT 6X and Cyclone
IIT devices, eliminating the need for external logic. The CRC is computed by the device during configuration and checked
against an automatically computed CRC during normal operation. The CRC_ERROR pin reports a soft error when
configuration CRAM data is corrupted, and you must decide (by means of an independent configuration controller,
for instance) whether to reconfigure the FPGA by strobing the nCONFIG pin low or ignore the error.
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XILINX FPGA resources: 1/0 standards, SER-DES units, memory and more
Pricing (approximate)

Summary of Virtex-4 Family Features

¢ Three Families — LX/SX/FX .

* Xesium™ Clock Technology

* Smart RAM Memory Hierarchy

Virtex-4 LX; High-performance logic applications solution
Virtex-4 SX: High-performance solution for digital signal
processing (DSP) applications

Virtex-4 FX: High-performance, full-featured solution for
embedded platform applications .

Digital clock manager (DCM) blacks
Additional phase-matched clock dividers (PMCD)

- Differential global clocks '
XtremeDSP™ Slice .
18 x 18, two's complement, signed Multiplier Cho

Optional pipeline stages
Built-in Accumulator (48-bit) and Adder/Subtracter

Distributed RAM '
Dual-port 18-Kbit RAM blacks
Optional pipeline stages
Optional programmable FIFO logic automatically '
remaps RAM signals as FIFO signals
High-speed memory interface supports DDR and DDR-2

SDRAM, QDR-II, and RLDRAM-II.

Table 1: Virtex-4 QPro-V FPGA Family Members

ices

SelectlO™ Technology

1.5V t0 3.3V /0 operation

Built-in ChipSync™ source-synchronous technology
Digitally controlled impedance (DCI) active termination
Fine grained I/O banking (configuration in one bank)

Flexible Logic Resources
* Secure Chip AES Bitstream Encryption
* 90-nm Copper CMOS Process
1.2V Core Voltage

PowerPC 405 (PPC405) Core

Virtex-4 Q Pro-V: radiation tolerant devices

Flip-Chip Packaging including Pb-Free Package

* RocketlO™ 622 Mb/s to 6.5 Gh/s Multi-Gigabit
Transceiver (MGT) [FX only]

IBM PowerPC RISC Processor Core [FX only]

Auxiliary Processor Unit Interface (User Coprocessor)
Multiple Tri-Mode Ethernet MACs [FX only]

Virtex-4 FX: 20K logic cells
XC4VFX60-11FF672CS1 $ 1070,0000

XC4VFX60-10FF672CS1 $ 856,2500

Virtex-4 FX: 40K logic cells
XC4VFX40-12FF672CS1 $ 866,2500

XC4VFX40-11FF672CSs1 $ 618,7500
XC4VFX40-10FF672CS1 $ 495,0000

Virtex-4 FX: 20K logic cells
XC4VFX20-12FF672CS1 $ 433,7500

XC4VFX20-11FF672Cs1 $ 310,0000
XC4VFX20-10FF672CSs1 $ 247,5000

Configurable Logic Blocks (CLB) Block RAM
PowerPC Total Max
) Max Ethernet
Device f Max DCMs |.PMCDs | Processor 1’0 User
Arra Logic . i XtremeDSP | 18-Kb | Block 6 MACs
Row x Col Cells Slices | Distributed Slices Blocks | RAM f Blocks Banks | /O
RAM (Kb) (Kb) 9)
XQR4VSX55 128 x 48 55,296 | 24,576 384 512 320 5,760 8 b 4 - 13 640
XQR4VFX60 128 x 62 56,880 | 25,280 395 128 232 4,176 12 p 8 4 13 576
XQR4VFX140 192 x84 | 142,128 | 63,168 987 192 552 9,936 20 8 4 17 896
XQR4VLX200 | 192 x 116 | 200,448 | 89,088 1392 96 336 6,048 12 8 o - 17 960
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Virtex-4 QPro-V: radiation hardness issues

Radiation- Hardened Virtex-4 QPro-V FPGAs provide unprecedented integration with Advanced Silicon Modular Block
(ASMBL™) architecture, including high-performance logic, PowerPC® embedded processors, XtremeDSP™ signal processing
solution and tri-mode Ethernet MACs all in a single device. Radiation-Hardened Virtex-4 QPro-V FPGAs are a powerful

alternative to ASIC and antifuse technologies.

Radiation-Hardened Virtex-4 QPro-V FPGAs are based on commercial Virtex-4 fechnology, providing enhancements to the
popular Virtex and Virtex-II families — making previous-generation designs upwards compatible. Radiation-Hardened
Virtex-4 QPro-V FPGAs offer over 350 MHz performance with TID of 250 krad.

From: "Radiation-Hardened Virtex-4 QPro-V Family Overview" - XILINX - pages 7 - March 31, 2008

Radiation-Hardness Assurance

The radiation-hardened Virtex™-4 QPro-V FPGAs are
guaranteed for total ionizing dose (TID) life and single-event
latch-up (SEL) immunity. Extensive single-event upset
(SEU) characterization is performed and reported by the
SEE Consortium.

Total lonizing Dose

Each wafer lot is sampled and tested per Method 1019 to
assure that device performance meets or exceeds the
guaranteed DC electrical specification requirements, as
well as AC and timing parameters at maximum guaranteed
total dose levels.

Single-Event Latch-Up

The radiation-hardened Virtex-4 technology incorporates a
thin epitaxial layer in the wafer manufacturing process for

Table 2: Radiation Tolerances(1)

latch-up immunity assurance. The qualified mask set is
verified in a heavy ion environment under vacuum, and
tested at maximum Voo and maximum operating

temperature, to a fluence exceeding 1E7 particles/cm?2.

Single-Event Upset

Additional experiments are conducted in heavy ion, proton,
and neutron environments in order to measure and
document the susceptibility and consequence of SEU(s).
An industry consortium oversees and validates the test
methods, empirical data collected, and resulting analysis.

Conclusions are published on the website as well as
international conferences. The Single-Event Effects
Consortium Reports can be found at:

http://parts.jpl.nasa.gov/resources.htm

Symbol Description Min Typical Max Units
Total lonizing dose .
TiD Method 1019, dose rate ~50.0 rad(Si)/sec 250 - - krad(Si)
SEL Single-event latch-up immunity 100 _ _ LET
Heavy ion linear energy transfer (LET) (MeV-cmZ2/mg)
Single-event functional interrupt _ _ _ .
SEFI GEO 36,000 km typical day 1.5E—6 Upsets/device/day
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XILINX FPGA resources: 1/0 standards, SER-DES units, memory and more
Virtex-4: supported I/O standards

Table 7: SelectlO DC Input and Qutput Levels

|0STANDARD : i : Vi Vo "'O'f lor | low GTL (Gunning Transceiver Logic)

Attribute | V. Min | V. Max V. Min V. Max_ |V, Max V. Min mA | mA The Gunning Transceiver Logic (GTL) standard is a high-speed bus standard (JESDE.3)
LVTTL 0.2 0.8 2.0 345 04 24 Note(@) | Note(s) | | invented by Xerox. Xilinx has implemented the terminated variation for this standard. This
tﬁggggm 02 08 20 45 04 | Vego-04 | Notef | Notegy | | Standard requires a diffm‘untia] amp]jfierl input but't'er. and an open-drain output bu ffer.

The negative terminal of the differential input buffer is referenced to the Vygp pin.
Vemoszs, | .| - | sa v aal oA v A e e | e
LVDCI25 -0.3 0.7 1.7 Vecg+03| 04 Vecag—-04 | Note(3) | Note(3) 6 V=12V Vopet2v i o8
| :
LVCMOS18, , , } Ap=Zp=500 -érﬂp=2c-=5m'
LVDCHB -0.3 35% Voo 85% Veoo | Voo +0.3 0.4 Vooo— 0.45 | Note(4) | Note(4) Veco = Unccl’nnmd g % ::ZD = g N
_|. | W =0.8V -
tﬁg 'gl?? 5, -03 | 25%Voep | 65%Veoo |Vooo+03| 04 | Vogo— 045 | Note(d) | Note(4) 1 | | REF
PCI33_al¥l 02 | 3%V, 50% V v, 10%V 0%V, 15 il T R
- - ~ eco * Teeo ceo © Teco * Teeo i e Figure 6-35: GTL with External Parallel Termination and Unconnected Veeg
PCIﬁel_aii' 02 | 20%Voeo | 50%Vego | Voco | 10%Veeo | 90%Vego | 15 | -05 T emaziav o] T8 yogoq=12v
PCL-X(5) —02 | 3V, 0% Veea V. 10%Y 0% V. 15 | -05 £ Rypp = 2o = 500! ! £ Rypp=2zo=s0a
GTLP 0.3 VHEF— 0.4 VHEF+0.1 - 0.6 /A 36 N/A ‘ _|j —E— Zp =50 E 1 +
GTL 03 | Vgr-005 | Vpgp+0.05 - 0.4 N/A 2 | NA 1 : I
_____________ 4 L — o — e ——— .
HSTL [ 0.3 Vpgr—- 0.1 Vpep+04 | Veoop+03 0.4 Veep-04 ] -8 EATD_8_34_om=0s
— Figure 6-36: GTL_DCI with Intermal Parallel Driver and Receiver Termination
HSTL 1@ =03 VHEF_ 041 VHEF+0-1 Vcco+ 0.3 0.4 Vcco—0.4 16 -16
HSTL 1@ 03 | Vgr-0. VRgr+0.1 | Vggo + 0.3 0.4 Voco-04 | 24 3 Table 8-10:  GTL DC Voltage Specifications
HSTL V(2 03 | V=04 | Vagr+04 |Veco+03| 04 | Voeo-04 | 48 | -8 Parameter Min Typ Max
; V, - MN/A -
DIFFHSTLNIR | —03 | , 5% 0%  eo+03| 04 | Vgeo-04| - | - s
Vepo—- 0.1 | Vego+ 0.1 Vipgp = N = V(U 0.74 0.8 086
SETL2 | 0.3 Vaer=0.15 | Vpgp+ 015 | Voo +03 | Vyr—0.61 | Vyr+ 0.61 8.1 -84 Vo 1.14 2 1.26
SsTL211 0.3 VHEF—0.15 "'rF!EF"' 0145 Vcco+0.3 Vrr—o.81 V‘|'|'+ 0.81 16.2 | -16.2 1'-']]_] - ""'FRE]-' + 005 Ta .85 -
50% 50% - - - Vi = Vg - 0.05 - 0.75 0.81
DIFF SSTL2 11 0.3 Voo =015 | Vego + 0.15 Vepo + 03 0.5 Vepo-05 IL REF !
'l\..' —_ —_ -
SSTL1g| 03 | Vpge-0.125 | Vpgr+0.125 | Vggo+ 0.3 | Vyp-0.47 | Vqr+047 | 67 | -67 oH
v, - 02 0.4
SSTLig 03 | Vpep- 0125 | Vpgp+ 0125 | Voo + 0.3 | Ver=0.60 | Vip+ 0.60 13.4 | —134 oL
50% 50% Iop at Voi (ma) - - _
DIFFSSTLE I | 08 | 70 e | yogosoazs | Voco# 03| 04 [ Veo=04 | = | - Tog at Vo (mA) at 04V - - -
Netes:

Tasted according to relevant specifications.
Applies to both 1.5V and 1.8V HSTL.

1.
2
3. Using drive strengths of 2, 4, 6, 8,12, 16, or 24 mA.
4
5

Using drive strengths of 2, 4, 6 8,12, or 16 mA.
For more information on PCI33_3, PCIEE_3, and PCI-X, refer to the Virtax-4 FPGA Usar Guide, Selectid Resources, Chapter 6.
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XILINX FPGA resources: 1/0 standards, SER-DES units, memory and more
Virtex-4: supported I/0 standards

LDT DC Specifications (LDT _25) % H",I’DE-I'TI'HI"IS[JGH Protocol {LDT}

Table 8 LDT DC Specifications

The H'., perTra nbpnrt' M pro tocol or turmnlh known as L]bhtnmg Data Tra nsport { iLDTsa

1. Recommended input maximurn voltage not to exceed Vg, + 02V
2. Recommended input minimum voltage not to go below 0.5V,

Symbol DC Parameter Conditions Min | Typ | Max | Units low-v o]mgv standard for high-speed interfaces. It differential signaling based interface is
Voco | Supply Voltage 238 | 25 | 263 | V very similar to LVDS. Virtex-4 FI’C}E\ [OBs are equipped with LDT buffers, Table 6-35
Vop | Differential Output Voltage"® | Ry = 100Q.across Q and Q'signals | 495 | 600 | 745 | mV Sy }f‘;“;ﬁ“ ﬂﬂ, fﬂiﬂﬂ‘i‘ﬂﬂfﬂ o?tfil }_d[ille;gnSdt S:E,]E:gﬁ supported.
op | ChangenVop Megnitde i AL Attnibutes IBUFDS/IBUFGDS P"‘“‘l““’es OBUFDS/OBUFTDS
Vocy | Output Common Mode Voltage | Ry=1000across Qand Qsignals | 495 | 600 | 745 | mV TOETANDATRD TOT 55
AVocy | Change in Vg Magnitude -15 15| mV CAPACTTANCE L%'»;,[\I n_Jr-:::R:Ii:EsL NORMAL
VID Input Differential \."oltage 200 600 | 1000 | mV DIFF_TERM TRUE, FALSE Unused
AVip | Change inVip Magnitude -15 15 | mV . . .
Compatible with INFN-TO 6TK ASIC's diff. I/0
View | Input Commen Mods Voltage 440 | 600 | 780 | mV l | @ 12 |
AVicw | Change in Vipy Magnitude -15 15 | mV evels ( .2V SUPP Y)
Notes:
1. Recommended input maximum voltage not to exceed Vi + 0.2V,
2. Recommencled input minimurn voltage not to go below 0.5V,
[LVDS DC Specifications (LVDS_25)
Table 9: LVDS DC Specifications compatible with CERN
Symbol DC Parameter Conditions Min | Typ | Max | Units GTK A SIC'S d Iff I/O
Vego | Supply Voltage 238 |25 [288 | Vv | |evels
Vo | Output High Voltage for QandQ | Ry= 100Qacross Q and Q signals 1602 | V
Vg, | Output Low Voltage for Qand @ | Ry=1002across Qand U signals | 0.898 v
Differential Output Voltage(1 2 _ =
Vooire (Q-0),Q.= High (0 - ), 0= High Rr=1000Qacross Qand Osignals | 247 | 350 | 454 | mV
Vioey | Output Common-Mode Voltage | Ry = 10002across Qand Qsignals | 1125 | 1.250 | 1375 |
Differential Input Voltage (Q - G),
VioFF | Q.= High (@- ), 0 = High 100 | 350 | 600 | mV
View | Input Gommon-Mode Valtage 03 |12 |22 | V
Notes:
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XILINX FPGA resources: 1/0 standards, SER-DES units, memory and more
Virtex-4: supported I/O standards

compatible with CERN
Extended LVDS DC Specificaions (LVDSEXT 25 @ TK ASIC's diff. I/0

RocketlO DC Input and Output Levels

Table 12 summarizes the DC input and output specifica-
tions of the Virtex-4 FPGA RocketlO Multi-Gigabit Serial
Transceivers. Figure 1 shows the single-ended output volt-

age swing. Figure 2 shows the peak-to-peak differential out-
put voltage. Consult the Virex-4 RocketlO Mult-Gigabit
Transceiver User Guide for further details.

|evels Table 12: RocketlO DC Specifications
Table 10: Extended LVDS DC Specifications DC Parameter Symbol Conditions Min| Typ | Max | Units
Symbol DC Parameter Conditions Min Typ Max | Units Peak-to-Peak Differential Input Voltage DViy Internal AC Coupled 110 2400 my
UCCO Suppl\,f Volt age 238 | 25 | 263 V Single-Ended Input Range SEym Internal AC Coupled 0 ViR mV
- p— — Internal AC Coupled 100 Vigg =100 | mV
Vou | Output High Voltage for Qand Q| Ry=100Qacross Q and Q signals - | - (178 ]V Gommon Mode Input Vokage Range Viw | Bypassed intornal AC - »
Vo | Output Low Voltage for Qand Q@ | Ry=100Qacross Qand Qsignals | 0745 | - | - | V Coupled (! "
‘ . = Single-Ended Output Voltage Swing'® 2 Vour 450 725 mV
Differential Output Voltage (Q - Q), =
Voorre Q= High {ﬁ_ 8] Q= Hgigh( b Fir=100Qacross Q and Q signale 440 - 80 | mv Common Mode Output Voltage Range®! Ve 1000 mV
; Peakc-to-Peak Differential Output Voltage3) | DV, 900 | 1050 | 1400 \
Voey | Qutput Common-Mode Voltage | Ry=100Qacross Q and Qsignals | 1.125 | 1.250 | 1.375 |V o T T T aactll i
Signal detect threshold RXO0Bypee | RX TED
i i 2 , — ,
VioEr [gf_er%nn;l 1nﬁiuth\-"taﬂa_gg T Hich Common-mode input voltage =125V | 100 | - [ 1000 | mV Elestrical idle amplitude TXO0Byppe | TX 65 mV
( )’ =Hign| ) =g RocketlO MGT Clock DC Input Levels
View | Input Common-Mode Voltage Differential input voltage = £350mV | 03 | 12 | 22 | V Peak-to-Peak Differential Input Voltage Vore | 2% Viaroue - Ve | | 100 | 600 | 2000 my
Notes: Differential Input Resistance Rin 7 | 108 124 Q

1. Recommendad input maximurn voltage not to exceed Ve, + 0.2V,
2. Recommended input minimurm voltage not to go below 0.5V,

LVPECL DC Specifications (LVPECL 25)

These values are valid when driving a 10002 differential load
only, i.e., a 1008 resistor between the two receiver pins. The
Viu levels are 200 mV below standard LVPECL levels and

mon-mode ranges. Table 11 summarizes the DC output
specifications of LVPECL. For mare information on using
LVPECL, see the Virtex-d FPGA User Guide: Chapter 6,

are compatible with devices tolerant of lower com-  SelectlO Resources.
Table 11: LVPECL DC Specifications
Symbol DC Parameter Min Typ Max Units

Vo Output High Veltage Vg -1.025 1545 Vee-088 v
VoL Output Low Voltage Veg—1.81 0.7%5 Vop-1.62 v
Vicw Input Common-Mode Voltage 0.8 22 v
Vo Differential Input Voltagel12) 0.100 15 v
Notes:

1. Recommendad inpLt maximurm voltage not o axcesd Ve + 0.2V,
2. Recommendad input minimum voltage not to go below 0.5V,

07 Oct 2008

Notes:

1. The maximum Vrpy is 1.26V when bypassing the internal AC couplad Vo, Vrx must be less than or equal to AVCCALXRX.

2. The cutput swing and pre-emphasis lavels are selectad using the atfributes discussed in Chapter 4: PMA Analog Considerations in the Virtax-4
RocketfO Multi-Gigabit Transcaiver User Guide for details.

3. Vppyis 15+5%; differant amplitudes possible with adjustad DAC valuas.

+V 7 TXP
f
DV
TN e
0 | DEsz_m QaiTie
Figure 1: Single-Ended Output Voltage Swing
+V —_—

R Y

V= TXP-TXN

Figure 2: Peak-to-Peak Differential Output Voltage
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Virtex-4: switching performances

I have not found, in the Virtex-4 datasheet, a quote on the maximum toggle frequency at the I/O pins for
each standard, as in the ALTERA data sheets.
The only maximum toggle rate quoted were:

Clock Buffers and Networks

Speed Grade
Symbol Description -12 ‘ -11 | -10 Units

Maximum Frequency

Fumax Global clock tree 500 450 400 MHz
Block RAM and FIFO Switching Characteristics
Maximum Frequency
Fraax Wrrite first and no change mode 500.00 450.45 400.00 MH=z=
Fraax Read first mode 500.00 450.45 400.00 MH=z
CLK-to-CLK Read first mode 500.00 450.45 400.00 MHz

Maximum Frequency

Faax \ FIFO in all modes ‘ 500.00 ‘ 450.45 ‘ 400.00 MHz

Switching characteristics of I/0 block pads are given in terms of propagation delays only:

Table 27: 10B Switching Characteristics(1:2)

IOSTANDARD spel"o:rade sp;'jg':ade Spe::;)z:ade uie | TEOPI is described as the delay from IOB pad through the
Attributet™ T T oo T o T a7 T o0 T T T =0 input buffer to the I-pin of an IOB pad. The delay varies
LVDS_25 1.00 | 115 | 128 | e 171 1.85 | 1.61 171 1.85 ns depending on the CGPGmeY of the SelectIO ianIT buffer.
RSDS_25 1.00 1.15 1.28 1.61 171 1.85 1.61 171 1.85 ns TIOORP is described as the delay from the O pin to the IOB
LVDSEXT 25 1.01 1.18 1.30 1.65 1.75 1.91 1.65 175 1.91 ns de Thl"OUgh the OUTpLIT buffer of an IOB pC(d The delay varies
| LDT_25 1.00 115 1.28 158 1.68 1.82 158 1.68 182 ns ] depending on the capabili‘ry of the SelectIO output
BIVDS_25 7.00 iR 728 795 | 215 | 234 789 | 215 254 ns buffer.

ULVDS_2s5 1.00 115 1.28 1.69 1.68 1.83 159 1.68 1.83 ns

TIOTP is described as the delay from the T pin to the IOB

pad through the output buffer of an IOB pad, when 3-state is
LVCMOS25, Fast, 16 mA 0.69 0.80 0.88 1.89 2.03 221 1.82 2.03 221 ns dlsabled The delay Var‘les dependlng on the SeleCTIO Capablllty
LVCMOS25, Fast, 24 mA o6s | o@o | oss | 183 | 186 | 213 | 183 | 188 | 273 ns | of the output buffer.
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1.3) Product Tahle
XC XC XC XC XC XC Ethernet MAC Overview
JVEX1? 4VEX2) 4VEX40 4VEXGD 4VEX100 4VEX140
Logic Cells 12312 1924 41904 56,280 04,396 142,128 Physical Client Data
Block RAMEIFQ : |nte|_rf|ace |ntelﬁce
wECC (18 1bitseach) 36 63 14 pi) 376 552 Pracessor Block ls;';, [k ]_| ,_l
Total Block RAM l““" Control I
. | T |
g;:)l Pt 648 1224 2392 4176 6,768 9036 ,;—jprit :;,:n;;r: J— cﬁﬁtl:o | MR 1SOCH i — . g:ietmf
4 4 3 12 12 20 ' ! Interiace
gsemmatched Clock IS-PLE Port |] T ! ISPLB : {

S DS-PLB Port |1 | ! pspLg PC405 | Host | ) Generic
Dividers (PMCD) 0 0 4 8 g g ol | ; Processor | | [5G ") _Interace | Host Bus
Max Differential 10 —— oen PR | |Bus i |
Pais | 0 180 @ ®om M i contl | R i
XtremeDSPT™ Slices 32 32 43 128 160 192 [ DSCCH Interface
PowerPC Processor [ Test — T I _____

Blocks 1 1 2 2 2 2 Control | "7 ~[ Dsocu }
10/100/1000 Ethernet /4 ! O |
MAC Blocks 2 2 4 4 4 Physical ~ Client Data
RocketlO Serial Interface Irﬂf:rfacun:e‘m“1 e
Transceivers 0 8 12 16 0 4 Figure 1-1: Virtex-4 FPGA Embedded Tri-Mocde Ethernet MAC
Configuration Memory
Bits 5017088 7641088 15838464 22262016 35122240 350,900332
Max Selectl0 320 320 448 576 768 806
User User User User User User

age 10 10 10 10 110 10
SF363 = 240
FF668 - 320
FF1148 = s - - ,
FF1313 = - - - -
FF6T 12 0@ 302 3202
FF1132 20 - MBI STE(I6* ST6(0)
FF1317 bl - T68 (200%* 768 (24)**
FF1760 bl 806 (24)

**Number of available RocketIO Multi-Gigabit Transceivers.
Table (1): Virtex-4 Products
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ACTEL FPGA resources (brief)

pActel Rt Tt pocument

Axcelerator Family FPGASs L

Voltage-Referenced U0 Standards: GTL+, HSTL Tabie 1-7 « Axcelerator Family Product Profile

Leading-Edge Performance

o 30+ MHZS}’S‘LEI’H Perfomance Clss 1: SSTL2 Class 1 and 2: SSTL3 Class 1and 2 g::alcclfyrr_ln EqUvalent System Gates) :‘2);111)%% ;5%2050% ;J)C{JSO%% 1%%03(?0_ 2,000,000
v 500+ MHz Internal Performance - Registered /05 M(:EEEI Gates 52,000 154,000 286,000 612,000 1,060,000
+High-Performance Embedded FIFOs - Hot-Swap Compliant /Os (except PC) Register (R-cells) 672 1,408 2,688 6,048 10,752
700 Mbis LYDS Capable 10s - Programmable Slew Rate and Drive Strength on | EORNeTe et e 280 23z 1205 21208
o Qutputs Erbedded RAMIFFO - - - - -

Speclflcatlﬁns | - Programmable Delay and Weak PUll-UpPUIDOWN | Sty miren core Rt " 15 432 e 206 e O R S
¢ Upto 2 Million Equivalent Circuits on Inputs Clclj:fdfjrgergentableh ) , ; ) .
* Upto684110s + Embedded Memory: Routed 4 4 4 4 4
 Upto 10,752 Dedicated FlipG - Variable-AspEt?d,ﬁﬂﬂ-bit RAM Blocks (x1, 12, W, [Fes g 5 £ £ 5
v Upto 295 kbits Empedded SRAMJFIFO X9, x18, 336 Organizations Available) VOBanks 8 8 8 8 8
o Manufactured of Advanced 0.15 um CMOS Antiuse) - ndependent, WikhConiquratle Read and Wil Ports | Misimurm (05 C hnnets o 124 i 58 2

Process TechnologhLajers of Metal - Programmable Embedded FFO ConrolLogic ~~|_Total vO Reaisters 504 744 1,008 1548 2,052
; + Segmentable Clock Resources csp 180

eatures o + Embedded Phase-Locked Loop: Pory 208 208 .
! 5'”9|9{h|i} Nom’mat”?s”m(’n. . - 14-200 MHz Input Range FEGA 256, 324 256, 484 484,676 | 434,676,896 | 895, 1152
' %J%o(w{]%HesourceUhlmatmnwﬁh 100%Pin Locking FequencySynthesis Capabites p 1 1 Gz car 208, 352 208, 352 2 2
e e el e + Deterministic, User-Conrollable Timin
) . . . g :

* Footprint Compatole Packaging + Unique In-System Diagnostic and Debug Capaily S e
¢ Flexible, Multi-Standard 1105 Core10/100

with Actel Slicon Explorer I 107100 Mbps
Boundary-Scan Testing Compliant with [EEE Stagard ~ Ethernet mac with

Communications Fusion « Register your Design
Ethernet IGLOO « Conformance Test Report

- 15V, 1.8V, 25, 3.3V Mixed Voltage Operation

= Baﬂk-se‘ettame |)IOS-SBaﬂ|(S per‘:h\p Hdg‘l(JTAG) Host Controller ProASIC3L e Brochure .
) gié"g'e's”}dgg gg )S(tandards: LVTIL LVEMOS, 3V s pugelock™ Secure Progiamming Technology ~ DirectCore ProASICR: = o
and 3. b - : axcelerator « DirectCore IP Cores
: Prevents Reverse Engineering and Design Theft Uirect-ore | Lores
- Diferential 1O Standards: VPECL and VDS GEETNg af Best wA + P Application Notes
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Antifuse configuration elements cannot be altered by high-energy atmospheric
neutrons and are therefore suitable for high reliability applications at ground level

Neutron  and at aviation altitudes. » More
Immune
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ACTEL FPGA resources (brief)

[7) Avnet PartBuilder ™ - Home Page » Products » Programmable Logic » FPGA » [ AX2000-1FG1152

. LIVE HELP
Mciel AX2000-1FG1152 P {'
: S Leave a message.
POWER MATTERS e sl
Purchase this Part View Details or Cross to Alternate Parts
This part is available in small order quantity: Actel AX2000-1FG1152
Avnet part number: AX2000-1FG1152 FPGA Axcelerator Family 1.06M Gates 21504 Cells 763MHz Commercial 0.15um (CMOS) Technology 1.5V 1152-Pin FBGA

“ Cross to Alternate Parts by selecting most important features and values below and then search again

8576.7550 Mo Jtock  Call Trays  Lead Free: No Search within this cateqory onl
RoHS: No ey
Green: No 0 Search within this manufacturer only

Quantity Add to Cart Add to BOM Feature Description Feature Value

amily Name celerator

D Family N Axcelerat
evice Logic Gates

D D Logic Gat 1060000
evice em Gates

D D Systern Gat 2000000
umber of Registers

D Number of Regist 21504

0 Maximum Internal Frequency

ical Operating Su oltage .

[0 T | Operating Supply Voltag 1.5V

0 Package 1152FBGA

0 Maximum Number of User I/Qs 634

0 Maximum Propaagation Delay Time 0.85 ns

D RAM Bits 294912
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