|/O standards supported by Altera Stratix

Talle 4-1. Y0 Standard Applications & Performance (Part 1of 2} Nota (1)

I/0 Standard Application Performance
3.3 WTTLLVCMOS General purpose 350 MHz
2.5 IWTTLLVCMOS General purpose 350 MHz
1.8 WTTLLVCMOS General purpose 250 MHz
1.6V LWVCMOS General purpose 225 MHz
PClICompact PCI PClembedded systems &5 MHz
PCI-X 1.0 PClembedded systems 133 MHz
AGP 1 and 2 Graphics processors 66 to 133 MHz
S5TL-3 class land |l SDRAM 167 MHz

S5TL-2 class | and I

DDR [ SDRAM

160 to 400 Mbps

HSTL class |

QDR SRANISRAMICSIX

150 to 225 MHz

HETL class |l

QDR SRAMISRAMICSIX

150 to 250 MHz

Differential HSTL

Clock interfaces

180 to 225 MHz

GTL Backplane dnver 200 MHz

GTL+ Pentium processor inteface 133 to 200 MHz

DS Communications 240 Mbps

HyperTransport Motherboard interfaces 200 Mbps

technology

WMPECL PHY interface 840 Mbps

PCML Communications 240 Mbps

Differential S5TL-2 DDR | SDRAM 160 to 400 Mbps

CTT Back planes and bus 200 MHz
interfaces

Note to Table 4-1:

(1) These performance values are dependent on device speed grade, package type

(Hip-chip or wirebond) and location of 1/Os (top/bottom or left/right). See the
DiC & Swewtehing Characteristics chapter of the St Device Handbook, Volume 1.

Explanation for some general purpose |I/O standards

3.3-V Low Voltage Transistor-Transistor Logic (LVTTL) -

EIA/JEDEC Standard JESD8-B

The 2.3-V INTTL 1/ O standard is a general-purpose, single-ended
standard used for 3.3-V applications. The INTTL standard defines the [BC
.

interface parameters for digital circuits operating from a 2.0-V or 3.2-V
power supply and driving or being driven by LVTTL-compatible devices.

The LVTTL input standard specifies a wider input voltage range of
0.5V =W 228 V. Altera allows an input voltage range of
0.5V =V =41 V. The IVTTL standard does not require input reference

violtages or board terminations.

Stratiz and Stratix GX devices support both input and cutput levels for
2EVINTTL operation.
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3.3-V LVCMOS - EIA/JEDEC Standard JESD8-B

The 2.3-V low voltage complementary metal oxide semiconductor
(LVCMOS) 10 standard is a general-purpose, single-ended standard
used for 2.3-V applications. The IVCMOS standard defines the TC
interface parameters for digital circnits operating from a 2.0-V or 3.3-V
power supply and driving or being driven by IVCMOS-compatible

|_‘||_"-.' Ices,

The LVCMOS standard specifies the same input voltage requirements as
LVTTL (-0.5V =V 3.8 V). The output buffer drives to the rail to meet
the minimum high-level output voltage requirements. The 3.3-V 1/0
standard does not require input reference voltages or board terminations.

Stratix and Stratix GX devices support both input and output levels for
2.3V LVEMOS operation.

2.5-V LVTTL Normal Voltage Range - EIAJEDEC 3tandard
EIA/JESD8-5

The 2.5-V 1/ 0 standard is used for 2.5-V IVTTL applications. This
standard defines the DO inter face parameters for high-speed, low-
voltage, non-terminated digital civeuits driving or being driven by ather

25V devices. The input and output voltage ranges are:

B The 25V normal range input standards specify an input voltage
range of — 0.3V =V =30V

B The normal range minimum high-level output voltage requirement
WVoplis 21V

Stratix and Stratix GX devices support both input and cutput levels for
25V IVTTL operation.

2.5-V LVCMOS Normal Voltage Range - EIA/JEDEC Standard
EIA/JESD8-5

The 2.5-V 1/ O standard is used for 2.5-V IVCMOS applications. This
standard defines the DC interface parameters for high-speed, low-
voltage, non-terminated digital civeuits driving or being driven by other

25V parts. The input and output voltage ranges are:

B The 25V normal range input standards specify an input voltage
range of - 0.5 V=V =30 V.
B Thenormal range minimum Vo requirementis 2.1 V.
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Stratix and Stratix GX devices support both input and output levels for
25-V IVCMOS operation.

1.8-V LVTTL Normal Voltage Range - EIA/JEDEC Standard
EIA/JESD8-7

The 18-V 1/ O standard is used for 18-V IVTTL applications. This
standard defines the D interface parameters for high-speed, low-
voltage, non-terminated digital civeuits driving or being driven by other
L5V parts. The input and cutput voltage ranges are:

B The 1.5V normal range input standards specify an input voltage
range of 05V =V, =23V

B The normal range minimum Vg requirement is Vegjg— 045 W

Stratix and Stratix GX devices support both input and output levels for
L&V IVTTL operation,

1.8-V LVCMOS Normal Voltage Range - EIAJEDEC Standard
EIA/JESDS8-7

The 18-V 1/ O standard is used for 18-V LVCMOS applications. This
standard defines the DC interface parameters for high-speed, low-
voltage, non-terminated digital civeuits driving or being driven by other
|5V devices. The input and output valtage ranges are:

B The 1.8V normal range input standards specify an input voltage
range of - 0.5V =V =25V,
B The normal range minimum Vg requirement is Vegjg— 0453 W

Stratix and Stratix GX devices support both input and output levels for
L&V IVERMOS operation.

1.5-V LVCMOS Normal Voltage Range - EIA/JEDEC Standard
JESDS8-11

The 1.5-¥ 1/ 0 standard is used for 1.5-V applications. This standard
defines the DC interface parameters for high-speed, low-voltage, non-
terminated digital circuits driving or being driven by ather 1.5-V devices.
The input and output voltage ranges are:

B The 1.5V normal range input standards specify an input voltage
range of - 0.5V =V =20V,
B The normal range minimum Voy requirement is 105V,
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Stratix and Stratix GX devices support both input and output levels for
L5V LYV CMOS operation.

1.5-VHSTL Class | & Il - EIA/JEDEC Standard EIA/JJESDS-6

The high-speed transceiver logic (HSTLY 1Oy standard is used for
applications designed to operate in the 0.0- to 1.5-V HSTL logic switching
range. This standard defines single ended inputand cutputspecifications
for all HSTL-compliant digital integrated circuits. The single ended input
standard specifies an input voltage range of = 03V =V 2V + 0.2V,
Stratix and Stratix GX devices support both input and output levels
specified by the 1.5-V HSTL 1/0 standard. The input clock is

implemen ted using dedicated differential input buffers. Two single-
ended output buffers are automatically programmed to have opposite
polarity so as to implement a differential output clock. Additionally, the
L.5-% HSTL I/ O standard in Stratix and Stratix GX devices is compatible
with the 18-V HSTL 1/O standard in APEX™ 20KE and APEX 20KC
devices because the inputand output voltage thresholds are compatible.
See Figures 4-1 and 4-2. Stratix and Stratix GX devices support both
mput and cutput levels with Vg and Vg

Figure 4-1. HSTL Class | Tennination
UTT =075V

Guntput Buifer

Inpust Buffer

UHEF =075 V—

Figure 4-2. H8TL Class Il Tennination

V=075V V=075V

itput Burffar
Input Bunffer

VREF =0.75
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1.5-V Differential HSTL - EIA/JEDEC Standard EIA/JESD8-6

The differential HSTL 1/ O standard is usad for applications designed to
operate in the 0.0- to 1.5-V HSTL logic switching range such as quad data
rate (DR memory clock interfaces, The differential HSTL specification
is the same as the single ended HSTL specification. The standard specities

an input voltage range of - 0.2V =V = Voo + 0.2 V. Differential HSTI
does not require an input reference voltage, however, it does require a
5002 resistor termination resistor to Vrp at the input buffer (see

Figure 431, Stratix and Stratix GX devices support both input and cutput
clock levels for 1.5-V differential HSTL. The input clock is implemen ted
using dedicated differential input butfer. Two single-ended output
butfers are automatically programmed to have opposite polarity so as to
implement a differential output cock

Figure 4-3. 1.5-V Differential HSTL Class | Termination

II.l"]"r =075V I"'rTT =075V

Differartial P <= Differantial
Transmitter U2 <7 500 = Recaiver

— Zo=s0w 1

—[ Ly =500




Drive Strength

Fachl/Ostandard supported by Stratix and Stratix GX devices drives out
a minimum drive strength. When an /0 s configured as LVTTL or
LVOMOS 1/0 standards, yvou can specity the current drive strength, as
summarized in Table 47

Standard Current Drive Strength

Fach /O standard supported by Stratix and Stratix GX devices drives out
a minimum drive strength. Table 4-0 summarizes the minimum drive
strength of each /O standard.

Table 4-6. Minimum Current Drive Strength of Each 170 Standard
1/0 Standard Current Strength, loyTon (MA)

GTL 40 1)

GTL+ 34 M

S5TL-3 Class | 8

SSTL-2 Class |l 1

SSTL-2 Class | 2.1

SSTL-2 Class |l 16.4

S5TL-18 Class | &7

S5TL-18 Class 1l 134

1.5-V HSTL Class | g

1.5-V HSTL Class |l 16

CTT 8

AGP 1X lo = 1.5, lgy = -0.5

Note to Table 4-6:

i1y Since this [/O standard uses an open drain butfer, this value refers ol .
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Programmable Current Drive Strength

The Stratix and Stratix GX device [/0 pins support various output
current drive settings as shown in Table 4-7. These programmable drive
strength settings help decrease the effects of simultaneously switching
outputs (S50 in conjunction with reducing system noise. The supported
settings ensure that the device driver meets the gy and Igp specifications
for the corresponding 1/0 standard.

Table 4-7. Programmable Drive Strengih
1/0 Standard lgy /1g, Current Strength Setting (mA)
3.3V LVTTL 24(1),16, 12,8, 4
3.3V LVCMOS 24/2),12¢1), 8,4, 2
25V WWTTLAVCMOS 16 (1),12, 8, 2
1.8-V WWTTLAVCMOS 12/1), 8,2
1.5V LWCMOS 81,42

Notes to Table 4-7:
(13 This is the Quartus Il software default current setting.
(2)  1/Obanks1, 2,5, and & do notsupport this setting.

These drive-strength settings are programmable on a per-pin basis (for
outputand bidirectional pins only) using the Quartus 11 software. T
modify the current strength of a particular pin, see “Programmable Dirive
Strength Settings” on page 4-40.




Altera Stratix |1
Below is the I/O standards supported by Stratix II. For general purpose 1/0

standards, refer to Stratix on the above.

Table 4-1. 10 Standard Appiications

170 Standard Application
LWTTL General purposa
LWCMOS General purposa
25V General purposa
1.8V General purposa
1.6V General purposa
3.3V PCI PC and embedded system
3.3V PCLX PC and embedded system
S5TL-2 class | DDR SDRAM
S5TL-2 class || DDA SDRAM
S5TL-18 class | DDR2 SDRAM

S8TL-18 class Il

DDR2 SDRAM

1.8V HSTL class |

QDRI SRAM/ALDRAM 11/SHARM

1.8V HSTL class Il

QDRI SRAMALDRAM I1/SRAM

1.5V HSTL class |

SRAM

1.5V HSTL class I

QDRI SRAMSRAM

Differential S5TL-2 class | DDR sDRAM

Differantial 35TL-2 class || DDR SDRAM

Differantial SSTL-18 class | DDR2 SDRAM

Differantial SSTL-18 class || DDRZ SDRAM

1.8-V differantial HSTL class | Clock interfaces

1.8-V differential HSTL class 1l Clock interfaces

1.5-V differential HSTL class | Clock interfaces

1.5V differantial HSTL class || Clock interfaces

LWDS High-spead communications
HyperTransport™ technology PCE interfaces

Differantial LVPECL Video graphics and clock distribution
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=

Tabie 4-2. 140 Standard Performance Target  Nofes (1), (2), (3)

1/0 Standard SirﬁJF&EEaHE:EH;HE Double Data Rate
(MHz) (Mbps)

LYTTL 300 GO0
LVCMOS 300 G00
25V 300 GO0
1.8 250 500
1.5V 200 400
3.3V PCI GE

3.2V PCLX 133 266
S5TL-2 class | 200 400
S5TL-2 class || 200 400
S5TL-18 class | 267 523
S5TL-18 class Il 267 533
1.8V HSTL class | 300 G00
1.8V HSTL class 1 300 G00
1.5V HSTL class | 280 500
1.5-W HSTL class Il 250 500
Differantial 35TL-2 class | 200 400
Diffarantial S5TL-2 class || 200 400
Differential SSTL-18 class | 267 533
Differantial 3STL-18 class I 267 533
1.8-\ differantial HSTL class | 300 GO0
1.8\ differantial HSTL class |1 300 G000
1.5\ differential HSTL class | 300 GO0
1.5\ differantial HSTL class |1 300 GO0
oS 500 1000
HyparTransport technol ogy 500 1000
Differantial LVPECL 450 Q00




|/O Standards and voltage level

Tabie 4-6. Stratix i I/0 Standards & Voltage Levels (Part10of 2)  Noie (1)
Ve (V)
0 Standan Input Operation Output Operation nput Termination
Top & Left & Top & Lett & | Ve (V) Vyr (V)
Bottom 1/0 Right ;0 Bottam 10 Right 1/
Banks Banks Banks Banks

LVTTL 3.3/25 3425 33 33 A NA
LVCMOS 1325 325 33 a3 NA NA
25V 3325 3425 25 25 A NA
18Y 1.81.5 1.8 5 1.8 1.8 NA NA
15V 184.5 1815 15 156 A NA
3.3V PCI a3 A 33 NA A NA
3.3V PCI-X a3 A 33 NA A NA
S5TL-2 class | 25 25 25 25 125 1.25
S55TL-2 class Il 25 25 25 25 125 1.25
S55TL-18class | 18 18 1.8 1.8 040 0.0
S5TL-18class |l 18 18 1.8 NA 040 0.0
18- HSTL class | 18 18 1.8 NA 090 0.90
18-V HSTL class Il 18 18 1.8 NA 0.90 0.90
15-W HSTL class | 15 15 15 NA 075 0.75
15V HSTL class Il 15 15 15 NA 075 0.75
Differartial S5TL-2 25 25 25 25 125 1.25
class |

Differartial S5TL-2 25 25 25 25 125 1.25
class Il

Differartial S5TL-18 18 18 1.8 1.8 040 0.0
class |

Differantial SSTL-18 18 18 1.8 NA 090 0.90
class Il

1.8-V differential HSTL 18 18 1.8 NA 090 0.90
class |

1.8-V differential HSTL 18 18 1.8 NA 090 0.90
class Il

Selectable 'O Standards in Stratix || Devices

Tabie 4-6. Strafix W I/0 Standards & Voltage Levels (Part 2 of 2)  Nofe (1)
Ve (V)
40 Standart Input Operation Dutput Operation Input Termination
Top & Left & Top & Left & | Veer(V) VitV
Bottom 1/0 Right 10 Bottam I/0 Right 170
Banks Banks Banks Banks
1.5-V differential HSTL 1k 15 1.5 NA 075 0.75
class |
1.5-V differontial HSTL 18 15 1.5 NA 075 0.75
class I
VDS (2 2251815 25 243 25 A HA
HyperTransport 3.251.415 25 33 25 A MA
tachnology (2}
Differential LWPECL (20 | 3.3/251.8M1.5 MNA 33 NA A WA

Notes to Table 4-6:

i1y .-\n:.' i|1put pin." with PCI-c I.1|11|'~in;_-|-dim1t'- enabled force the Vip-n o33 W

(2) VDS, HyperTransport, and LVPECL output operation in the top and botbom banks is only supportad in PLL
banks 9-12. The Vo level for differential output operation in the PLLbanks is 2.3 ¥ The Voo level for output
operation in the leftand right 1/0 banks is 2.5 V.



Xilinx Virtex 1
I/O Standards, see Altera Stratix on the above for general purpose standards LVTTL
and LVCMOS

Virtex-ll Features
This section briefly describes Virtex-l| features.

Input/Output Blocks (IOBs)

IOBs are programmable and can be categorized as follows:

* |nput block with an optional single-data-rate or
double-data-rate (DDR) register

*  Output block with an optional single-data-rate or DDR
register, and an optional 3-state buffer, to be driven
directly or through a single or DDR register

+ Bidirectional block {any combination of input and cutput
configurations)

These registers are either edge-triggered D-type flip-flops
or level-sensitive latches.

|OBs support the following single-ended |/O standards:
« LVTTL, LVCMOS (3.3V, 2.5V, 1.8V, and 1.5V)

* PCI-X compatible (133 MHz and 66 MHz) at 3.3V
+« PCl compliant (66 MHz and 33 MHz) at 3.3V

* CardBus compliant (33 MHz) at 3.3V

» GTLand GTLP



EUXILINX®

« HSTL (Class I, I, lll, and IV)
« S5TL (3.3V and 2.5V, Class | and I1)
« AGP-2X

The digitally controlled impedance (DCI) /O feature auto-
matically provides on-chip termination for each /O element.

The OB elements also support the following differential sig-
naling I/O standards:

.« LVDS
«  BLVDS (Bus LVDS)
« ULVDS

« LDT

. LVPECL

Two adjacent pads are used for each differential pair. Two or
four 10B blocks connect to one switch matrix to access the
routing resources.



\oltage level

Table 1: Supported Single-Ended I/O Standards

Board
IOSTANDARD | Output Input Input | Termination
Attribute Veeo Veeo Vpee | Voltage (Vy7)

LVTTL 2.2 3.3 M/R(3) M/R
LVCMOSA3 33 3.3 N/R MR
LVCMOS25 2.5 2.5 MR MR
LVCMOS18 18 1.8 N/R M/R
LYCMOS15 15 1.5 N/R M/R
PCI33_2 33 3.3 N/R MR
PCIEE_2 3.3 3.3 MN/R MR
PCI-X 2.z 3.3 N/R M/R
GTL Mote (1) | Nota (1) 0.8 1.2
GTLP Mote (1) | Mote (1) 1.0 1.5
HSTL_| 1.5 M/R 0.75 0.75
HSTL_II 15 M/R 0.75 0.75
HSTL_lII 15 M/R ] 1.5
HSTL_IV 15 MN/R 0.9 1.5
HSTL_I_18 18 M/R 0.9 0.9
HSTL_II_18 18 M/R 0.9 0.9
HSTL_III _18 1.8 M/R 1.1 1.8
HSTL_IV_18 18 M/R 1.1 1.8
S5TL18 |12 18 M/R ] 0.9
SSTL1E_ I 1.8 MN/R 0.9 0.9
SSTL2_| 2.6 M/R 1.26 1.26
SETL2_1I 2.5 M/R 1.25 1.25
SSTL3_| 3.3 M/R 1.5 1.5
SSTLA_II 3.3 MN/R 1.5 1.5
AGP-2X/AGP 2.3 M/R 1.32 M/R

MNotes:

1. Vepg of GTL or GTLP should not be lower than the terminaticn
x-'ﬁ?age or the voltage seen atthe /0 pad. Example: If the pin High
level is 1.5V, connect Voo 10 1.5V,

2. SSTL1B lis not a JEDEC-supported standard.

2. MN/R = no requirement.




Table 2. Supported Differential Signal I/O Standards

Output | Input | Input Output

VO Standard Veea | Veco | Veer Voo
LVFECL_33 33 MR M/R 0.490-1.220
LDT 25 25 MR MR 0.500 - 0.700
LVDS 33 33 MN/R M/R 0.250 - 0.400
LVDS_ 25 2.5 MR MR 0.250 - 0.400
LVDSEXT 33 33 MN/R M/R 0.440 - 0.820
LVDSEXT 2% 2.5 MR MR 0.440 - 0.820
BLVDS 25 25 MN/R M/R 0.250 - 0.450
LLVDS 25 2.5 MR MR 0.500 - 0.700
Motes:

1. WA = no requirement.

Table 3. Supported DCI I/O Standards

VO Output | Input | Input | Termination

Standard Veeo | Veco | Veee Type
LVDCl 331 3.3 33 | NRE Seres
LVDCl D2 a3il 33 33 N/R Series
LVDCl 251 25 25 N/R Serles
LVDCI Dv2 25il 25 25 N/R Series
LvDCl 18l 1.8 1.8 N/R Serles
LVDCl D2 1gili 1.8 1.8 N/R Series
LVDCl 1501 1.5 1.5 N/R Serles
LVDCl D2 15i0 15 1.5 N/R Series
GTL_DCI 12 1.2 0.8 single
GTLP Cal 15 1.5 1.0 Single
HSTL | DG 1.5 1.5 0.75 Split
HSTL Il DCI 15 1.5 0.75 Split
HSTL Ill_DCI 1.5 1.5 0.9 single
HSTL IV_DCl 1.5 1.5 0.9 Single
HSTL | DCI 18 1.8 1.8 0.9 Split
HSTL Il DCl 18 1.8 1.8 0.9 Split
HSTL Il DCI 18 1.8 1.8 1.1 Single
HSTL IV_DCI_18 1.8 1.8 1.1 Single
SSTL1E | Dol 1.8 1.8 0.9 Split
SSTLAB_II DTl 1.8 1.8 0.9 Split
SSTLZ | DCli 25 25 1.25 Split
SSTL2 11 DR 25 25 1.25 Split
SSTL3 | DCli 3.3 3.3 1.5 Split
SSTL3 11 Dol 3.3 a3 1.5 Split
LVDS 25 DCl 25 25 N/R Split
LVDSEXT 25 DCI 25 25 N/R Split
Notes:

1. LVDCI XX and LVDCI_DWV2_ XX are LVCMOS controlled
impedance buffers, matching the reference resistars or half of
the reference resistors.

These are S5TL compatible.

S5TL1& |is not a JEDEC-supported standard,

MR = no requirement.

F=Lana




Table 5: Summary of Voltage Supply Requirements for
All Input and Qutput Standards

Table 5 Summary of Voltage Supply Requirements for
All Input and Output Standards (Continued)

Veeo Veer | Termination Type Veeo Vrer | Termination Type

IO Standard OQutput | Input | Input | OQutput Input IO Standard Qutput | Input | Input | Output Input
LVDS 33 N/R NR N/R HSTL_III_18 1.1 MR NR
LVDSEXT 33 MR N/R N/R HSTL IV 18 1.1 MN/R MR
LVPECL 33 . MR N/R N/R HSTL 1 18 MR 0.9 MR MR
SSTL3 | 15 MR N/R HSTL I 12 0.9 MN/R N/R
SSTL 15 MR N/R SETL1E | 0.9 MR NR
AGP 1.32 OH=1 MN/R SETL1E I 0.9 MR MR
LVTTL =] MR N/R LVCMOS18 MN/R MN/R NR
LVCMOS33 33 NR MR N/R LVDCI 18 1.8 M/R Series MN/R
LVDCI 33 N/B Saries N/R LvDCI_Dv2 18 M/R Series N/R
LVDCl DV2 23 o=} Saries MN/R HSTL_NI_DC1 18 1.1 MR Single
PCI33 3 33 =] =] N/R HSTL IV _DCI 18 1.8 11 single Single
PCIGE 3 NR NR N/R HSTL | DCI 18 0.9 MR Split
PCIX = N/R MR HSTL_II_DCI 18 0.9 Split Split
SSTL3 | DCI 15 =1 Split S5TL18. 1 _DCl 0.9 MR Split
S3TL3_11.DCI 1.5 Split Split SSTL18 11 DCI 0.9 Split Split
LVDS_28 N/R N/R M/R HSTL I 0.9 MN/A N/R
LVDSEXT 25 NR N/R N/R HSTL_IV wr L NR N/A
LDT 25 N/ N/ H/R HSTL_I 0.76 N/R NR
ULVDS_25 NR | NR N/R N/R HSTL I 0.78 NR N/R
BLVDS 25 N/B MR N/R LVCMOS15 MN/R MN/R MR
SSTL2 | 1.5 MR N/R LVDCI_ 15 iy M/R Series MR
SSTLE | 1.05 =1 MN/R LWDCI_Dv2 15 MR Series MR
LYCMOS2E 2.5 MR = /R GTLP_DCI . 1 Single Single
LVDCI 25 MR Saries N/R HSTL_III_DCI 0.9 MN/R Single
LVDCl DV2 25 N/R Series MN/R HETL_IV_DCI 0.9 single Single
LVDS 25 DC o | NR N/R Split HSTL_ | DCI 0.75 N/A Spiit
Il_"JDEiE){T 25 DC NA NR Spit HSTL I DCI 0.75 Split Split

GTL Dl 1.2 1.2 0.8 Single Single
SSTL2 | DCI 1.25 MR Split aTLP 1 MR MR
SSTL2 Il _DCI 125 | split Split p— NR - NR =TT E R

Notes:

1. MN/R = no requirement.
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Figure 5: LVTTL, LVCMOS or PCI Selectl/O-Ultra

Drive Current

Standards

Input/Output Individual Options

Each device pad has optienal pull-up and pull-dewn in all
Selectl/O-Ultra  configurations. Each device pad has
optional weak-keeper in LVTTL, LVCMOS, and PCI
Selectl/O-Ultra configurations, as illustrated in Figure 5.
Values of the optional pull-up and pull-down resistors are in
the range 10 - 60 KL, which is the specification for Ve
when operating at 3.2V (from 3.0 to 3.6V only). The clamp
diode is always present, even when power is not.

The optional weak-keeper circuit is connected to each user
/O pad. When selected, the circuit monitors the valtage on
the pad and weakly drives the pin High or Low. If the pin is
connected to a multiple-source signal, the weak-keeper
holds the signal in its last state if all drivers are disabled.
Maintaining a valid logic level in this way eliminates bus
chatter. An enabled pull-up or pull-down overrides the
weak-keeper circuit.

LVTTL sinks and sources current up to 24 mA. The current
is programmable for LVTTL and LVCMOS Selectl/O-Ultra
standards (see Table 4). Drive-strength and slew-rate con-
trols for each output driver, minimize bus transients. For
LVDC! and LVDCI_DVZ2 standards, drive strength and
slew-rate controls are not available.

Table 4: LVTTL and LVCMOS Programmable Currents (Sink and Source)

Selectl/O-Ultra Programmable Current {(Worst-Case Guaranteed Minimum)

LVTTL 2 mA 4 mA G mA 8 maA 12 mA 16 mA 24 mA
LVCMOS33 2 mA 4 mA 6 mA 8 ma 12 mA 16 mA 24 mA
LVCMOS25 2 mA 4 mA & mA Bma 12 mA 16 mA 24 mA
LVCMOS18 2 mA 4 mA G mA 8 maA 12 mA 16 mA nia
LVCMOS15 2 mA 4 mA G mA 8 maA 12 mA 16 mA nia




Input Path

The Vitex-ll IOB input path routes input signals directly to
internal logic and / ar through an optional input flip-flop or
latch, or through the DDR input registers. An optional delay
element at the D-input of the storage element eliminates
pad-to-pad hold time. The delay is matched to the internal
clock-distribution delay of the Virtex-1l device, and when
used, assures that the pad-to-pad held time is zero.

Each input buffer can be configured to conform to any of the
low-voltage signaling standards supported. In some of
these standards the input buffer utilizes a user-supplied
threshold voltage, Vger. The need to supply Vygp imposes
constraints on which standards can be used in the same
bank. See /O banking description.

Output Path

The output path includes a 3-state output buffer that drives
the output signal onto the pad. The output and / or the
3-state signal can be routed to the buffer directly from the
internal logic or through an ocutput / 3-state flip-flop or latch,
or through the DDR output / 3-state registers.

Each output driver can be individually programmed for a
wide range of low-voltage signaling standards. In most sig-
naling standards, the output High voltage depends on an
externally supplied Vero voltage. The need to supply Veco
imposes constraints on which standards can be used in the
same bank. See /O banking description.



Xilinx Spartan 3

Input/QOutput Blocks (I0OBs)

IOB Overview

The Input/Cutput Block (IOB) provides a programmable,
unidirectional or bidirectional interface betwesen a package
pin and the FPGA's internal logic. The IOB is similar to that
of the Spartan-3 family with the following differences:

* Input-only blocks are added
= Programmable input delays are added to all blocks
«  [DDR flip-flops can be shared between adjacent |OBs

The unidirectional input-only block has a subset of the full
IOB capabilities. Thus there are no connections or logic for
an output path. The following paragraphs assume that any
reference to output functionality does not apply to the
input-only blocks. The number of input-only blocks varies
with device size, butis never more than 25% of the total IOE
count.

Figure 1, page 2 is a simplified diagram of the IOE's internal
structure. There are three main signal paths within the |OB:
the output path, input path, and 3-state path. Each path has
its own pair of storage elements that can act as either regis-
ters or latches. For more information, see Storage Element
Functions. The three main signal paths are as follows:

= Theinput path carries data from the pad, which is
bonded to a package pin, through an opticnal
programmable delay element directly to the | line. After

the delay element, there are alternate routes through a
pair of storage elements to the 121 and 132 lines. The
IOB outputs |, 121, and 102 lead to the FPGA's internal
logic. The delay element can be set to ensure a hold
time of zero (see Input Delay Functions).

*  The output path, starting with the O1 and 02 lines,
carries data from the FPGA's internal logic through a
multiplexer and then a three-state driver to the IOB
pad. In addition to this direct path, the multiplexsar
provides the option to insert a pair of storage elements.

»  The 3-state path determines when the output driver is
high impedance. The T1 and T2 lines carry data from
the FPGA's internal logic through a multiplexer to the
output driver. In addition to this direct path, the
multiplexer provides the option to insert a pair of
storage elements.

» All signal paths entering the 1OB, including those
associated with the storage elements, have an inverter
option. Any inverter placed on these paths is
automatically absorbed into the OB,
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Figure 1; Simplified 10B Diagram



Input Delay Functions

Each I0OB has a programmable delay block that can delay
the input signal from 0 to nominally 4000 ps. In Figure 2, the
signal is first delayed by either 0 or 2000 ps (nominal) and is
then applied to an 8 tap delay line. This delay line has a
nominal value of 250 ps pertap. All 8 taps are available via
a multiplexer for use as an asynchronous input directly into
the FPGA fabric. In this way, the delay is programmable
from O to 4000 ps in 250 ps steps. Four of the 8 taps are
also available via a multiplexer to the D inputs of the syn-
chronous storage elements. The delay inserted in the path
to the storage element can be varied from 0 to 4000 ps in
500 ps steps. The first, coarse delay element is common to
both asynchronous and synchronous paths, and must be
either used or not used for both paths.

PAD

The delay values are set up in the silicon once at configura-
tion time—they are non-madifiable in device operation.

The primary use for the input delay element is as an ade-
quate delay to ensure that there is no hold time requirement
when using the input flip-flop(s) with a global clock. The
necessary value for this function is chosen by the Xilinx soft-
ware tools and depends on device size. If the design is
using a DCM in the clock path, then the delay element can
be safely set to zero in the user's design, and there is still no
hold time requirement.

Bath asynchronous and synchronous values can be modi-
fied by the user, which is useful where extra delay is
required on clock ordata inputs, for example, in interfaces to
various types of RAM.

See Module 2 of the Spartan-2E data sheet for exact values
for the delay elements.

Synchronous input (121)

Synchronous input (1Q2)

SN

S~

Asynchronous input () pesias 18 oes

Figure 2: Input Delay Elements



Supported Standards

Functional Description

&L XILINX®

Table 3: Single-Ended IOSTANDARD Bank Compatibility

Veeo Supply/Compatibility Input Requirements
Board
Veer f —_
Single-Ended |ﬁEFut§r Termination
IOSTANDARD 12V 1.5V 1.8V 25V Jov 33v P Voltage (V1)
LVTTL : - - - ; Input NIR N/R
Output
LVCMOS33 £ - - - - Input N/R N/R
Cutput
T e Input/
LVCMOS25 - - - Output Input Input MN/R M/R
LVCMOS18 [T Input Input Input N/R N/R
o : . Output P P P
Ty = Input/
LVCMOS15 - Output Input Input Input Input N/R N/R
R [nput/ ]
LVCMOS12 o Input Input Input Input Input N/R( N/R
Dutput
. Input/
PCI33_3 - - - - Output Input MN/R MN/R
. Input/
PCIGE_3 - - - - Output Input MN/R MN/R
- Input/
PCIX Output Input N/R N/R
Input/ e
HSTL_| 18 - - Output Input Input Input 0.9 0.9
Input/
HSTL_IIl_18 - - Output Input Input Input 1.1 1.8
Input/ -
S5 o o (AR
S5TL18 | Output Input Input Input 0.9 0.9
caT| 9 Input/ - _
SSTLZ_| - - - Output Input Input 1.25 1.25
Notes:

1. MN/R - Mot required for input operation.



Keeper Circuit

Each /O has an optional keeper circuit (see Figure 9) that
keeps bus lines from floating when not being actively
driven. The KEEPER circuit retains the last logic level on a
line after all drivers have been turmmed off. Apply the
KEEPER attribute or use the KEEPER library primitive to
use the KEEPER circuitry. Pull-up and pull-down resistors
override the KEEPER settings.

Weak Pull-up

Output Path D—
Input Path {]—

- -
___:_.r.‘.-\'n,_|

0

v

Keapar
< Weak Pull-down

j—: DEMZ2 25 (2806

Figure 9: Keeper Circuit

Drive Current

Table &5 Programmable Output Drive Current

Cutput Drive Current (mA)
4 6 8 12 16

Signal
Standard

LVTTL

LVCMOS33
LYCMOS25
LVCMOS18
LVCMOS15
LVCMOS12
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(\
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Storage Element Functions

There are three pairs of storage elements in each 10E, one
pair for each of the three paths. It is possible to configure
each of these storage elements as an edge-triggered
O-type flip-flop (FD) or a level-sensitive latch (LD).

The storage-element pair on either the Output path or the
Three-State path can be used together with a special multi-
plexer to produce Double-Data-Rate (DDR) transmission.

Table 1. Storage Element Signal Description

This is accomplished by taking data synchronized to the
clock signal's rising edge and converting it to bits syn-
chranized on both the rising and the falling edge. The com-
bination of two registers and a multiplexer is referredto as a
Double-Data-Rate D-type flip-flop (ODDRZ).

Table 1 describes the signal paths associated with the stor-
age element.

Storage
Element
Signal Description Function

D Data input Data at this input is stored on the active edge of CK and enabled by CE. For latch
operation when the input is enabled, data passes directly to the cutput Q.

Q Data output The data on this output reflects the state of the storage element. For operation as a latch
in transparent mode, Q mirrors the data at D.

CK Clock input Data is loaded into the storage element on this input's active edge with CE asserted.

CE Clock Enable input | When asserted, this input enables CK. If not connected, CE defaults to the asserted
state.

SR Set/Reset input This input forces the storage element into the state specified by the SRHIGH/SRLOW
attributes. The SYNC/ASYNC attribute setting determines if the SR input is
synchronized to the clock or not. If both SR and REVY are active at the same time, the
storage element gets a value of 0.

REY Reverse input This input is used together with SR. It forces the storage element into the state opposite
from what SR does. The SYNC/ASYNC attribute setting determines whether the REW
inputis synchronized to the clock or not. If both SR and REY are active atthe same time,
the storage element gets a value of 0.

As shown in Figure 1, the upper registers in hoth the output
and three-state paths share a commeon clock. The OTCLK1
clock signal drives the CK clock inputs of the upper registers
on the output and three-state paths. Similarly, OTCLKZ
drives the CK inputs for the lower registers on the output
and three-state paths. The upper and lower registers on the
input path have independent clock lines: ICLK1 and ICLKZ.

The OCE enable line controls the CE inputs of the upper
and lower registers on the output path. Similarly, TCE con-

References

trols the CE inputs for the register pair on the three-state
path and ICE does the same for the register pair on the
input path.

The Set/Reset (SR) line entering the 10B controls all six
registers, as is the Reverse (REV) line.

In addition to the signal polarity controls described in 10B
Overview, sach storage element additionally supports the
controls described in Table 2.
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[4] Spartan-3E Data Sheetsat
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