AIE“EA . White Paper

Using I/O Standards in the Quartus Software

This document shows how to implement and view the selectable 1/O standards fOMARIKE devices in the
QuartusM software and give placement and assignment guidelines. The following topics will be discussed in detail.

APEX 20KE /O Standard Support

Device & Pin Options Dialog Box (Compiler Settings Dialog Box)

Pin Assignments Dialog Box

Representation of I/0O Banks and 1/0O Standards in the Floorplan Editor
Guidelines for Selectable 1/0O Standards

I/O & Vgigp Pin Placement Guidelines

APEX 20KE I/O Standard Support

The I/O banks in APEX 20KE devices support 13 I/O standards and are the first programmable logic devices (PLDs)
in the industry with dedicated circuitry supporting low-voltage differential signaling (LVDS). Altera’s revolutionary
APEX 20KE devices offer the highest density, highest performance programmable logic solution with the necessary
I/O standards for the communication and computer industries.

The I/0O buffers in APEX 20KE devices are designed to meet the voltage, drive strength, and AC characteristics
necessary to be compliant with the I/O standards list@dbie 1

Table 1. APEX 20KE Supported I/O Standards
I/0O Standard Type Input Output Board Termination
Reference Supply Voltage
Voltage Voltage V1) (V)

(Vrer) (V) | (Vccio) (V)

LVTTL Single-ended N/A 3.3 N/A

LVCMOS Single-ended N/A 3.3 N/A

2.5V Single-ended N/A 25 N/A

1.8V Single-ended N/A 1.8 N/A

3.3-V PCI Single-ended N/A 3.3 N/A

LVDS Differential N/A 3.3 N/A

GTL+ Voltage referenced 1.0 N/A 15

SSTL-2 Class | and Il Voltage referenced 1.125 25 1.125

SSTL-3 Class | and Il Voltage referenced 15 3.3 15

AGP Voltage referenced 1.32 3.3 N/A

CTT Voltage referenced 15 3.3 15

APEX 20KE devices in FineLine BGA and BGA packages have eight programmable 1/0 banks and two LVDS 1/O
blocks (one transmitter block and one receiver block). The programmable input/output element (IOE) banks in
APEX 20KE devices have individual power planes with separate I/O supply vot@ga@) pins for each 1/0 bank.
TheVcco supply supports 3.3-V, 2.5-V, and 1.8-V levélgyure 1shows the representation of the 1/0O banks.
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Figure 1. APEX 20KE I/O Banks
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Notes:

(1) If the LVDS transmitter and reogr blocks are not used fowDS, they can support all of the 1/O standards and can be used as input, output,
or bidirectional pins with/cc o set to 3.3/, 2.5V, or 1.8V.

(2) The frst two I/O pins that border thevDS blocks can only be used for input to maintaiitage stability on th¥¢,g plane.

Device & Pin Options Dialog Bo x (Compiler Settings Dialog Bo  x)

TheVoltagetab in theDevice & Pin Options dialog box contains Befault I/0O Standard drop-davn menu, which
is used to set the dwilt I/O standard for a giee.All I/O pins without a speciéi I/O standard assignment will dedt
to the I/0 standard spe@fi in this drop-den menuThe drop-den menu is populated with the folling items for
APEX 20KE deices:

LVTTL (default setting)
LVCMOS

3.3-V PCI
LVDS

2.5-V

1.8-V

GTL+

SSTL-2 Class |
SSTL-2 Class
SSTL-3 Class |
SSTL-3 Class I
AGP

CTT
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For APEX 20K deices, three possible entriegst in the drop-den menu:

m  LVTTL/LVCMOS(default setting)
2.5V
3.3-V PCI

Figure2 shavs theDevice & Pin Options dialog box when tgeting am$APEX 20KE deice.

Figure 2. Device & Pin Options Dialog Box (APEX 20KE Devices)

Device & Pin Options
General] Eonfiguralion] Pragramming Files] Unused Fing  Yoltage l

Specify valtage options for the device.

Changes apply to Compiler seftings 'cht_caomp’

Default 140 standard:  |LYTTL ﬂ

33 PO -
Core vaoltage: 1.8Y LvDS

254

1.84

GTL+

S5TL-3 Classz |

S55TL-3 Clasz I
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Description:
Specifies the default 1/0 standard to be uzed for ping on the target device. J

Reset
Ok | Cancel |

Pin Assignments Dialog Bo X

In thePin Assignmentsdialog box, designers mealpin assignments, specify /O standards,eVgl:r assignments,
and viev the settings made to each pin.

Figure3 shavs thePin Assignmentsdialog box.The Number column corresponds with the pin number on the
specifed packagelThe Name column contains the uspecifed pin name in the desighhere are tw nev columns
to note: 1/0O Bank and I/O Standaiithe Type column in thévailable Pins & Existing Assignmentslist box

displays the follwing pin types: Ray I/O, Column I/O Vg g, Resered, and dual-purpose pin nameéke list box is

sortable on ancolumn by clicking on the column heading.

There are drop-den menus for making I/0O Standard and Resdri?in assignments on a pin-by-pin bajg:r pins
are assigned the samaynas reseed pins.To select the I/O standard for I/O aViggg pins, choose an 1/O standard
from thel/O Standard drop-davn menu.To assign a pin to beVggr, enter a pin name (reserpin names are not
declared in the desigrid), check thd&Resewre pin box, and select reserasVygr from the drop-den menu.



Using I/O Standards in the Quartus Software White Paper Altera Corporation

Figure 3. Pin Assignments Dialog Box

: Pin Assignments

Select a device pin and the bype of assighment you wish to make. You cah also make pin
azzignments in the Aszignment Organizer and the Floorplan Editor. Y'ou can reserve
unuzed ping on a device-wide basiz with the Unuged Fing tab in the Device & Pin Options
dialog box.

Changes apply to Compiler settings 'board_|wds'

Avallable Ping & Existing Aszignments:

Mu... | Narne: | 1/0 Bank: | 1/0 Standard: | Type: ﬂ

D28 address[1] 2 S5TL-3Clazz . Column 1/0

D30 WREF_PIMN[1] 2 S5TL-3Clasz Il Calurmn 1/0, YREF

D23 FRAMEnN 2 3.3 PCI Calurmn /0

A430  |COMP_RX_RIGHT 4 LWTTL Row 140, LOCKY

A43  |LYDSCLEOUT 7 VDS Row 40, LVDSTOUTCL

RATA I ATSERANTTT ] 1N P L0 1 USRS

1] F LH
[~ Show 'ho connect’ ping

Aszignment

Pin name: |FFIAMEn J

1/0 standard:  |3.3% PCI =] Delete

™ Beserve pin [even if it doss nob exist in the design fle):
|As input tri-stated ﬂ

QK | Cancel |

Follow the steps beld to male pin assignments, designate 1/0 standard types, andegsesv Designers should
resene I/O pins that may be needed in the future.

1.If you have not already done so, open or create the project that outevmodify
2. ChooseCompiler Settings (Processing menu).

3. Click theChips & Devicestah

4. Select the tayet deice in theAvailable deviceslist.

5. Click Assign Pins

6. In thePin Assignmentsdialog box, to shw the pins for which you cannot assign a node name iAvhiéable
pins & existing assignmentdist, turn onShow 'no connect' pins.

7.1n theAvailable pins & existing assignmentdist, select the pin number for the pin to which yantto assign,
change, or delete a node name assignment.

8. To delete the node name assignment from the pin, dsdégnment,click Delete

9. To assign a ne hode name to the pin, or change tkisttng node name assignment for the pin, uddsignment
type a node name in tiRin namebox.

or
10. Copy the node name to thin Assignmentsdialog box with the Node Finder

11.If you added or changed the node name assignment for the pin andyow assign ariO Standard to the pin,
underAssignment select a standard from thH® Standard list.
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12.1f you added or changed the node name assignment or I/O standard arahytueser® the pin for future use,
underAssignment turn onResewre pin (even if it does not exist in the designl8), and selecAs input tri-stated,
As output driving ground, As output driving an unspecifed signal orAs VREF from the list.

13.To save a ngv assignment and add the assignment té\tladlable pins & existing assignmentdist, under
Assignment click Add.

14.To save the changed assignment and add the assignmenteeifable pins & existing assignmentdist, under
Assignment click Change

15.Repeat steps 7 to 15 for each additional assignment gotitavmalk, change, or delete.
16.Click OK.

Representation of /0 Banks and I/O Standar ds in the Floorplan Editor

Several enhancementsyebeen made to the Floorplan Editor to suppost features ilrAPEX 20KE deices:
multiple I/O standards, the PLL, and théDS transmitter and recsdr block.

I/0O Bank Coloring & Numbering

The Floorplan Editor slves membership in 1/0 banks by using a unique backgrolimsifor around each pin for

each 1/O bank. In addition, the bank number issshdhe Floorplan editor has 2 packagewsgPackageTop,

Package Bottom) and three internalwge(Interior MgaLABs™, Interior LABs, Interior Cells). In the package

views the 1/0O bank number is labeled abahe pin for pin-grid array (PGA) and BGA packages, or on the inside of
the deice for quad #t pack (QFP) packages. In the interiomaeit will be outside the package as a background
around the pin name.

Only I/0 andvCCIOpins hae the colored backgroun@NDINT, GNDIQ andVCCINT pins do notFigure4 shavs
the coloring in the Floorplan Editor for the EP20K400EBC652-1%o#ein package vig.
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Figure 4. Package View with Show I/O Banks On

hip: chiptrip [Current Azsignments]

Chip name: |chipt[ip [EP20FA00EBCESZ-1] ﬂ

The display of I/O bank colors is controlled by 8igov I/O Banks command, which is under thgew pull-dovn
menu when the Floorplan Editor is op&his command also turns on the display of both the 1/0O bank colors and
bank numbers in the three interiorwie

The Floorplan Editos Color Lggend has an entry for each 1/0 bank ¢ahdsrshan in Figure5. The output clock and
feedback pins for PLL1 and PLL2 reside in I/0O Bank 9 and I/O Bank 10 and can suppoirttzen1/O standards
supported foAPEX 20KE deices.TheColor Legendwindow is located under théiew pull-down menu when the
Floorplan Editor is open.
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Figure 5. Pin Color Legend Window for the Floorplan Editor
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Figure6 shawvs a portion of tw I/0O Banks of the EP20K100E\dee in package vie of a QFP package in the
Floorplan Editor

In the QFP packages, the eight I/O Bankgehaeen meyed into 4 maged 1/O BanksThe VCCIO planes on meed

I/O banks are internally connected in the QFP packddesnaming covention for meged 1/O banks lists the real
I/0 bank that the pin belongs to and then lists the 1/0O bank with which it 3haf©. The I/O Bank, Bank6 (and
Bank7), shares itg CCIOwith Bank7 (and Bank6)ut has a dierentVygp bus.This allovs Bank6 (and Bank7) to

be used for oneoltage-referenced I/O standard and Bank7 (and Bank6) for another becgusae¢rseparate
VREF kuses. Br example, Bank6 (and Bank7) can implement GTL+ while Bank7 (and Bank6) implements SSTL-3
Class I.
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Figure 6. Top View of the 240-Pin Plastic Quad Flat Pack (PQFP) Package
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Figure7 shawvs the same boundary between I/O Bank 6 and 7 in the BGA package vie

Figure 7. Top View of the 652-Pin BGA Package
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Figure8 shaws the Interior Cells vig of theAPEX 20KE deices with an “X” sufix in the part number indicating
PLL supportThe diamond nd to the dedicated clocks indicates that the PLL is used.
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Figure 8. View of Internal Cells in Floorplan Editor
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LVDS Paired Pin Labeling

Information on the dual-purpose pairedDS pins are displayed in the samgttgtring as the other information on a
pin, similar to other pins that & secondary functions suchlB8T_DONE. For example, inFigure9 on pagel 1,
Row I/O is nav shawn as Rwv 1/0, LVDSRXINCLK1p

LVDS pins hae a specifi naming cowention; all VDS pin names lggn with LVDS. The net two characters for
data pins indicate whether thbelong to the receér (RX) or transmitter (TX), foliwed by the tw-digit channel
<numbeP which ranges from 01 to 18he last character at the end of the pin name indicates popafity positve
polarity and n for ngative polarity
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Table2 summarizes names for aWDS pins.

Table 2. LVDS Pin Naming Convention

Pin Names Function
LVDSRXnumber>p Receiver positive data pin
LVDSRXnumber>n Receiver negative data pin
LVDSTXnumber>p Transmitter positive data pin
LVDSTXnumber>n Transmitter negative data pin

LVDSRXINCLK1p

Receiver input clock positive pin

LVDSRXINCLK1n

Receiver input clock negative pin

LVDSTXINCLK1p

Transmitter input clock positive pin

LVDSTXINCLK1n

Transmitter input clock negative pin

LVDSTXOUTCLK1p Transmitter output clock positive pin
LVDSTXOUTCLK1n Transmitter output clock negative pin

CLK1p Dedicated clock 1 positive pin (PLL 1)

CLK1n Dedicated clock 1 negative pin (PLL 1)

CLK2p Dedicated clock 2 positive pin (PLL 2)

CLK2n Dedicated clock 2 negative pin (PLL 2)

CLK3p Dedicated clock 3 positive pin (PLL 3)

CLK3n Dedicated clock 3 negative pin (PLL 3)

CLK4p Dedicated clock 4 positive pin (PLL 4)

CLK4n Dedicated clock 4 negative pin (PLL 4)

CLKLK_FB1p Dual-purpose ClockLock feedback positive pin (PLL 1)
CLKLK_FB1n Dual-purpose ClockLock feedback negative pin (PLL 1)
CLKLK_FB2p Dual-purpose ClockLock feedback positive pin (PLL 2)
CLKLK_FB2n Dual-purpose ClockLock feedback negative pin (PLL 2)

CLKLK_OUT1p

Dual-purpose ClockLock output positive pin (PLL 1)

CLKLK_OUT1n

Dual-purpose ClockLock output negative pin (PLL 1)

CLKLK_OUT2p

Dual-purpose ClockLock output positive pin (PLL 2)

CLKLK_OUT2n

Dual-purpose ClockLock output negative pin (PLL 2)

The dedicated clock pin€[K1p, CLK2p, CLK3p, CLK4p) support VDS and hae optional dual-purpose getive

polarity pins associated with thefithe PLL feedback pinsLKLK_FB1p, CLKLK_FB2p) and the PLL output pins
(CLKLK_OUT1p CLKLK_0OUTZ2p also support DS following the same caention as the dedicated clock pins.

Figure9 shavs the VDS recever in the Floorplan Editoilhe recerer data channel, representeddMDSRX01p
andLVDSRXO01n feeds the dedicated serial-to-parallehaster The LVDS clock LVDSRXINCLK1p
LVDSINCLK1n) clocks the serial-to-parallel cegrter The serial-to-parallel caerter is shan by the filed
rectangle adjacent to the |IOEigter associated with each postpolarity VDS data and clock pin.

10
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Figure 9. LVDS Receiver
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Guidelines f or Selectab le I/O Standar ds

The follonving guidelines should be used when designing for the selectable 1/O standdP&3(20KE deices.The
guidelines defie which standards are compatible based on input, output, and bidirectional types within an I/O bank.

= When an VDS pin is used, non\{DS output pins cannot be placed in or withimtldO pins of the ¥DS
recever and transmitter blocks in the same 1/O bdihks only applies for the neighboring 1/0 bank that shares
the samé&/CCIlObus. Switching outputs on these pins coufd@fthe VDS pins and dgrade performanc@he
only exception is the PLL LOCK pin, because it rarely changesshavn in Figure10, output pins must be at
least 2 padsveay from the VDS recever and transmitter block$he Shav Padsview in the Floorplan Editor
can be used to see the pad arder

Figure 10. I/O Pin Placement in the I/O Bank Adjacent to the LVDS Blocks

-
Other Pads May Be
Regular I/0 Bank < Inputs Or Outputs
Two Pads Next To LVDS
L.
Shared VCCIO _y, May Be Inputs
Bus - Pads In LVDS Block May
Transmitter Block LVDS Pads
e
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No two input pins can be placed in the same I/O bank if their /O standards requiezentifz¢ voltage.
However, non-wltage-referenced standards canxéstenith wltage-referenced standards; e.g. one bank can
support GTL+ and UTTL. For QFP packages, theavmeged 1/O banks still support separ#igeg inputs for
each bank. & example, if bank 1 and bank 8 are el togethemank 1 can support GTL+ while bank 8 can
support SSTL-3.

No two push-pull standard output pins can be placed in the same I/O bankrédiaée a diierentVCCIO volt-
age leel. All output pins hae the sam&CClOlevel for meged I/O banks in the QFP packages. GTL+ is an
open-drain 1/O standard and therefore can be assigned to 1/0 banks with a 2.5-V MG@3Mevel.

The clamp diode &cts input toleranc&Vhen the PCI clamp diode is turned on, an I/O pin is clamped to
VCCIO. For example, a 2.5-WCCIO bank without the clamp diode is tolerant to 3.3-V inputsvéer, when
the clamp is turned on, the 2.5MCClObank is not 3.3-V toleranAn LVTTL input that does not ke its clamp
diode turned on can be placed in a bank that has a 266/0 level.

Bidirectional pins hae to satisfy both input and output guidelines.

All output drivers between tayGNDIOpins should not sink more current than 273 mA in total. Pins using the
1.8-V standard are not current limitéithe current requirement for 1/0O standards with 3.3-V and 28210
levels are defied as follovs:

For VCCIO= 3.3V

((# of GTL+ * 36) + (# of VTTL * | |\/77.) + # of PCI * 1.5) + (# of UCMOS * I, ycmog) + (# of SSTL-3
class | * 8) + (SSTL-3 class Il * 16) + (# o¥/DS * 4.5) + (# ofAGP * 1.5) + (# of CTT * 8)) mA <= 273 mA

Where |11 (4 mA debult value) and | ycmos (0.1 mA dedult value) are the current sink on theTTL and
LVCMOSins, respectely. If your system requires highesd for LVTTL or LVCMOSins (for éample, due to
termination) then adjust the equation accordingly

For VCCIO= 2.5V
((# of 2.5V * 2) + (# of SSTL-2 class | * 7.6) + (# of SSTL-2 class Il * 15.2) mA <= 273 mA

In practice, this rule applies only to SSTL-2 Class Il, SSTL-3 Class Il, GTLH,M6MOSRndLVTTL pins
which can sink more than 14 mA per output pior. 8ther standardsyery pin can be used without violating this
requirement.

The APEX 20K Pogrammable Lgic Device Family Data Sheethavs the relationship of I/O pins B8NDIO
pins to enable correct pin placemerttis is also shan in the Quartus softave’s Floorplan Editor and in
Quartus Help.

When placing/ggg pins follov these guidelines. Output pins that can switch while an input is usipgghave
to be placed a distance of 2 pad&g from theVggg pin, or a distance of 1 paday from theVggg pin if the
pad between them is ayer (VCCor GND pad. Example 1 in Figure 11 si®both cases. Multip®rgg pins

may be used in an I/O bank that usesléage-referenced input standards, depending on the quantity and place-
ment of the input pins as shio in Example 2 in Figure 11. Furtiéggg guidelines are discussed in tH& &

VREF Placement Guideliné®n pagel3.

Figure 11. Examples of Vg Placement

12

Exarple 1: One Veer for 16 Rgoats Example 2: hIultiple Wesrpine should be considersd.
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Automatic Placement & Verifi cation of Selectab le I/O Standar ds With Quar tus

The Quartus softare \erifies correct placement of all I/O ad&EF pins, follaving the same rules outlined in the
Guidelines for Selectable 1/0O Standards section.

m  Designers must assiyREF pins for all wltage-referenced I/O pins. Quartus automatically places I/O pins of
differentVREF standards without pin assignments in separate 1/0O banks.

m  The Quartus softare \erifies that no tw wltage-referenced 1/O pins requiringfdilentVREF levels are placed
in one bank.

m  The Quartus softare ensures that an I/O pin requiringREF pin is no more than 16 pins froREF pin.All
16 wltage-referenced I/O pins may be placed on only one side YREE pin or staggered on both sides of the
VREF pin.

m  The Quartus softare reports an error message if the current limitatiordeezled betweeBNDIOpins. It uses
the equations documented in th&uidelines for Selectable 1/0 Standdrds pagell.
The Quartus softare ensures that no more than diage referenced I/O standard pins are using a SifiRfie=
The Quartus softare does not all@ you to place an output pin within éwpins of &/REF if a paver pin does
not separate thero view pad orientation, use the shpads vigv in the Floorplan Editor

m  The Quartus softare will resere the unused\!DS channels in theMDS transmitter and reogdr blocks when
ary of the VDS channels are being used. It will also resghe tvo I/O pins adjacent to the/DS blocks that
share a/CCIO pin with the VDS blocks.

m  The Quartus softare will not allav placement of non\¥DS output pins in or within 2 1/O pins (with a common
VCCIOpin) of the IVDS blocks.

I/0 & Vreg Placement Guidelines
This section discuss@ggr and /O pin placement guidelines when designing with U€eb. EacN g pin can
support up to 8asltage-referenced input pins on each side, 16 input pins in total,vas shBigure12. The Quartus

software will give an error message if altage-referenced input pin is placed more than 16 pads fkoga@=pin.

Figure 12. Each Vypr Can Support 16 Input Pins

VRE
(T I T T T T T T TTTTTTTI[T]
> < > <

Output pins should be placed 2 or more pinayafromVygy pins, except when th& zgr is net to a paver pin. In

that case the peer pin isolates th€zgr pin from the switching output. Output pins can be placed on the other side of

the paver pin, as shan in Figure13,

13
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Figure 13. Vppr Pin Placement Guidelines
VlREF
L L

Two Pads On Either Other Pads Are
Side Are Inputs Inputs Or Outputs

YCC or GND Pad

Voltage-referenced bidirectional$es that share a single tri-state control signal can be placed aroipg then,

as shavn in Figure14. This works because thaub is only operating in one direction at a timéhen the bidirectional
pins are dring out, no inputs are using tNggr pin. When the bidirectional pins are accepting input signals, there
are no output pins thatould interfere with the input pingbility to use th&/pgr level.

Figure 14. Placement of Bidirectional Buses with Single OE Control
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Output pins can be placed outside the tvithout afiecting the use df gegin the bidirectional bs, as shon in

Figurel15. Furthermore, an unrelated output pin may be placed withittage-referenced bidirectionaldif the
output pin is more than mpads from th¥ geepin or separated by aer pin.
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Figure 15. Placement of Output Pins Outside the Bidirectional Buses
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Output pins can also be placed inside the ibthey are more than tevpins avay from theVygr pin, as shan in
Figurel6.

Figure 16. Output Pin Placement in a Bidirectional Bus
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Summary

TheAPEX 20KE deices support 13 programmable I/O standardswatigp customization for a wideaviety of
applications. Input, output, and bidirectional pins ofedént I/O standards can be intergixwith 1/0 banks by
following the guidelines in this document.
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