Libraries Guide

Chapter 8
Design Elements (OAND2 to OXOR2)

This chapter describes design elements included in the Unified Libraries. The elements are organized in alphanumeric
order with all numeric suffixes in ascending order.

Information on the specific architectures supported by each of the following libraries is contained under the Applicable
Architectures section of the Unified Libraries Chapter.

» XC3000 Library
e XCA4000E Library

»  XC4000X Library

» XC5200 Library
» XC9000 Library

» Spartan Library
e SpartanXL Library

» Virtex Library

Note: WhereverXC4000is mentioned, the information applies to all architectures supported by the XC4000E and
XC4000X libraries.

Note: WhereverSpartansor Spartan seriegs mentioned, the information applies to all architectures supported by
the Spartan and SpartanXL libraries.

Schematics are included for each library if the implementation differs. Design elements with bused or multiple 1/0O pins
(2-, 4-, 8-, 16-bit versions) typically include just one schentatigenerally the 8-bit version. When only one schematic

is included, implementation of the smaller and larger elements differs only in the number of sections. In cases where an
8-bit version is very large, an appropriate smaller element serves as the schematic example.

OAND2
2-Input AND Gate with Invertible Inputs

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

N/A N/A Primitive N/A N/A N/A Primitive N/A
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OAND?2 is a 2-input AND gate that is implemented in the output multiplexer of the XC4000X IOB. The F pin is faster
than 10. Input pins can be inverted even though there is no library component showing inverted inputs. The mapper will
automatically bring any inverted input pins into the 10B.

OBUF, 4, 8, 16
Single- and Multiple-Output Buffers

Eleme XC300 XC400 XC400 XC520 XC900 Sparta Spartan Virtex
nt 0 OE (0).4 0 0 n XL
OBUF Primiti Primiti Primiti Primiti Primiti Primiti Primitive Primiti
ve ve ve ve ve ve ve

OBUF Macro Macro Macro Macro Macro Macro Macro Macro
41
OBUF
81
OBUF
16

OBUF

X3res

OBUF4

X3792
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OBUF8

P

X3804
OBUF1&

X3816

OBUF, OBUF4, OBUF8, and OBUF16 are single and multiple output buffers. An OBUF isolates the internal circuit and
provides drive current for signals leaving a chip. OBUFs exist in input/output blocks (IOB). The output (O) of an OBUF
is connected to an OPAD or an IOPAD.

For XC9000 CPLDs, if a high impedance (Z) signal from an on-chip 3-state buffer (like BUFE) is applied to the input of
an OBUF, it is propagated to the CPLD device output pin.

For Virtex, refer to th€OBUF _selectlO" section for information on OBUF variants with selectable I/O interfaces. The

I/0O interface standard used by OBUF, 4, 8, and 16 is LVTTL. Also, Virtex OBUF, 4, 8, and 16 have selectable drive and
slew rates using the DRIVE and SLOW or FAST constraints. The defaults are DRIVE=12 mA and SLOW

slew.

Figure 8-10BUF8 Implementation XC3000, XC4000, XC5200, XC9000, Spartans, Virtex
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0[7:0]
10 ::: 00
OBUF
T 01
OBUF
I2 — 02
L~ OBUF
13 03
OBUF
14 '--..,x 0
L~ OBUF
15 05
OBUF
16 — 06
L~ OBUF
17 07
I[7:0] OBUF
=765 4

OBUF_selectlO
Single Output Buffer with Selectable I/O Interface

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL
N/A N/A N/A N/A N/A N/A N/A Primitive
X3830

OBUF and its variants (listed below) are single output buffers whose 1/O interface corresponds to a specific I1/0
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standard. The name extensions (LVCMOS2, PCI33_3, PCI33_5, etc.) specify the standard. The S, F, and 2, 4, 6, 8, 12,
16, 24 extensions specify the slew rate (SLOW or FAST) and the drive power (2, 4, 6, 8, 12, 16, 24 mA) for the LVTTL
standard variants. For example, OBUF_F_12 is a single output buffer that uses the LVTTL I/O-signaling standard with a
FAST slew and 12mA of drive power.

OBUF has selectable drive and slew rates using the DRIVE and SLOW or FAST constraints. The defaults are
DRIVE=12 mA and SLOW slew.

An OBUF isolates the internal circuit and provides drive current for signals leaving a chip. OBUFs exist in input/output
blocks (I0B). The output (O) of an OBUF is connected to an OPAD or an IOPAD.

The hardware implementation of the 1/0O standard requires that you follow a set of usage rules for the Selectl/O buffer
components. Refer to tHi€electl/O Usage Rules" sectionunder the IBUFselectlOsection for information on using
these components.

Component I/O Standard VCCO
OBUF LVTTL 3.3
OBUF_S 2 LVTTL 3.3
OBUF_S_4 LVTTL 3.3
OBUF_S 6 LVTTL 3.3
OBUF_S 8 LVTTL 3.3
OBUF_S_12 LVTTL 3.3
OBUF_S_16 LVTTL 3.3
OBUF_S_24 LVTTL 3.3
OBUF_F 2 LVTTL 3.3
OBUF_F_4 LVTTL 3.3
OBUF_F_6 LVTTL 3.3
OBUF_F_8 LVTTL 3.3
OBUF_F_12 LVTTL 3.3
OBUF_F_16 LVTTL 3.3
OBUF_F_24 LVTTL 3.3
OBUF_LVCMOS2 LVCMOS2 2.5
OBUF_PCI33_3 PCI33_3 3.3
OBUF_PCI33_5 PCI33_5 3.3
OBUF_PCI66_3 PCI66_3 3.3
OBUF_GTL GTL N/A

5 - libguide



Libraries Guide

OBUF_GTLP GTL+ N/A
OBUF_HSTL_| HSTL_| 1.5
OBUF_HSTL_IIl HSTL_III 1.5
OBUF_HSTL_IV HSTL_IV 1.5
OBUF_SSTL2_| SSTL2_| 2.5
OBUF_SSTL2_I SSTL2_II 2.5
OBUF_SSTL3_| SSTL3 | 3.3
OBUF_SSTL3_I SSTL3 Il 3.3
OBUF_CTT CTT 3.3
OBUF_AGP AGP 3.3

OBUFE, 4, 8, 16
3-State Output Buffers with Active-High Output Enable

Eleme XC300 XC400 XC400 XC520 XC900 Sparta Spartan Virtex
nt 0 OE (0).4 0 0 n XL
OBUF Macro Macro Macro Macro Primiti  Macro Macro Macro
E ve
OBUF Macro Macro Macro Macro Macro Macro Macro Macro
E4,
OBUF
ES,
OBUF
El6
OBUFE
E
x3rar
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OBUFE4
E

X3794
OBUFES

m

X3806

OBUFE16
E

X3818

OBUFE, OBUFE4, OBUFES, and OBUFE16 are 3-state buffers with inputs-Il0317 = 10, and 115-10, respectively;
outputs O, O3 00, O7- 00, and O15-00, respectively; and active-High output enable (E). When E is High, data on
the inputs of the buffers is transferred to the corresponding outputs. When E is Low, the output is High impedance (off
or Z state). An OBUFE isolates the internal circuit and provides drive current for signals leaving a chip. An OBUFE
output is connected to an OPAD or an IOPAD. An OBUFE input is connected to the internal

circuit.

Inputs Outputs
E I @)
0 X z
1 1 1
1 0 0
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Figure 8-20BUFE Implementation XC3000, XC4000, XC5200, Spartans, Virtex

i o T T

! INV L\L o .
OBUFT
X7ae0
Figure 8-30BUFES8 Implementation XC3000, XC4000, XC5200, XC9000, Spartans, Virtex
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OBUFT, 4, 8, 16

Single and Multiple 3-State Output Buffers with Active-Low Output
Enable

Eleme XC300 XC400 XC400 XC520 XC900 Sparta Spartan Virtex
nt 0 OE 0X 0 0 n XL

OBUF Primiti Primiti Primiti Primiti Primiti Primiti Primitive Primiti

T ve ve ve ve ve ve ve
OBUF Macro Macro Macro Macro Macro Macro Macro Macro
T4,
OBUF
T8,
OBUF
T16
OBUFT
T
X3ree
OBUFT4
T
X3793
OBUFTS
T
i Of7:0]
X3805
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OBUFT1E

T

I[15:0] O[15:0]

xae7

OBUFT, OBUFT4, OBUFT8, and OBUFT16 are single and multiple 3-state output buffers with inputd@, I3 -

10, 115-10, outputs O, O3F O0, O7- 00, 015~ OO0, and active-Low output enables (T). When T is Low, data on the
inputs of the buffers is transferred to the corresponding outputs. When T is High, the output is high impedance (off or Z
state). OBUFTs isolate the internal circuit and provide extra drive current for signals leaving a chip. An OBUFT output
is connected to an OPAD or an IOPAD.

For Virtex, refer to theOBUFT selectlO" section for information on OBUFT variants with selectable /O interfaces.
OBUFT, 4, 8, and 16 use the LVTTL standard. Also, Virtex OBUFT, 4, 8, and 16 have selectable drive and slew rates
using the DRIVE and SLOW or FAST constraints. The defaults are DRIVE=12 mA and SLOW slew.

Inputs Outputs
T I @)
1 X z
0 1 1
0 0 0

Figure 8-40BUFT8 Implementation XC3000, XC4000, XC5200, XC9000, Spartans, Virtex
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OBUFT _selectlO

Single 3-State Output Buffer with Active-Low Output Enable and
Selectable 1/O Interface

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL
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N/A N/A N/A N/A N/A N/A N/A Primitive
$
XBT20

OBUFT and its variants (listed below) are single 3-state output buffers with active-Low output Enable whose 1/O
interface corresponds to a specific I/O standard. The name extensions (LVCMOS2, PCI33_3, PCI33_5, etc.) specify the
standard. The S, F, and 2, 4, 6, 8, 12, 16, 24 extensions specify the slew rate (SLOW or FAST) and the drive power (2,
4,6, 8,12, 16, 24 mA) for the LVTTL standard. For example, OBUFT_S_4 is a 3-state output buffer with active-low
output enable that uses the LVTTL I/O signaling standard with a SLOW slew and 4mA of drive

power.

OBUFT has selectable drive and slew rates using the DRIVE and FAST or SLOW constraints. The defaults are
DRIVE=12 mA and SLOW slew.

When T is Low, data on the input of the buffer is transferred to the output. When T is High, the output is high impedance
(off or Z state). OBUFTs isolate the internal circuit and provide extra drive current for signals leaving a chip. An
OBUFT output is connected to an OPAD or an IOPAD.

The hardware implementation of the 1/0O standards requires that you follow a set of usage rules for the Selectl/O buffer
components. Refer to tHi8electl/O Usage Rules" sectionunder the IBUFselectlOsection for information on using
these components.

Inputs Outputs

T | @)

1 X Z

0 1 1

0 0 0
Component I/O Standard VCCO
OBUFT LVTTL 3.3
OBUFT_S 2 LVTTL 3.3
OBUFT_S_4 LVTTL 3.3
OBUFT_S_6 LVTTL 3.3
OBUFT_S_8 LVTTL 3.3
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OBUFT_S_12 LVTTL 3.3

OBUFT_S_16 LVTTL 3.3

OBUFT_S_24 LVTTL 3.3

OBUFT_F_2 LVTTL 3.3

OBUFT_F_4 LVTTL 3.3

OBUFT_F_6 LVTTL 3.3

OBUFT_F_8 LVTTL 3.3

OBUFT_F_12 LVTTL 3.3

OBUFT_F_16 LVTTL 3.3

OBUFT_F_24 LVTTL 3.3

OBUFT_LVCMOS?2 LVCMOS?2 2.5
OBUFT_PCI33_3 PCI33_3 3.3
OBUFT_PCI33_5 PCI33_5 3.3
OBUFT_PCI66_3 PCI66_3 3.3
OBUFT_GTL GTL N/A
OBUFT_GTLP GTL+ N/A
OBUFT_HSTL_| HSTL_| 1.5

OBUFT_HSTL_III HSTL_III 1.5

OBUF_HSTL_IV HSTL_IV 1.5

OBUFT_SSTL2_| SSTL2_| 2.5
OBUFT_SSTL2_II SSTL2_II 2.5
OBUFT_SSTL3_| SSTL3 | 3.3
OBUFT_SSTL3_I SSTL3 Il 3.3
OBUFT_CTT CTT 33

OBUFT_AGP AGP 3.3
OFD, 4, 8, 16

Single- and Multiple-Output D Flip-Flops

Eleme XC300 XC400 XC400 XC520 XC900 Sparta Spartan Virtex
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D[15:0] OFD16 Q[15:0]
] | ]
€I

X3834

OFD, OFD4, OFD8, and OFD16 are single and multiple output D flip-flops except for XC5200 and XC9000. The
flip-flops exist in an input/output block (I0B) for XC3000, XC4000, and Spartans. The outputs (for exampl@03
are connected to OPADs or IOPADs. The data on the D inputs is loaded into the flip-flops during the Low-to-High clock

(C) transition and appears on the Q outputs.

The flip-flops are asynchronously cleared with Low outputs when power is applied. For CPLDs, the power-on condition
can be simulated by applying a High-level pulse on the PRLD global net. FPGAs simulate power-on when global reset
(GR) or global set/reset (GSR) is active. GR for XC3000 is active-Low. GR for XC5200 and GSR (XC4000, Spartans,
Virtex) default to active-High but can be inverted by adding an inverter in front of the GR/GSR input of the STARTUP

or STARTUP_VIRTEX symbol.

Inputs Outputs
D C Q
D 1 dn

dn = state of referenced input one setup time prior to active clock
transition

Figure 8-50FD Implementation XC4000, Spartans

VCC
QFDX
D
u D Q m
CE
C
B [

Figure 8-60FD Implementation XC5200, Virtex
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Figure 8-70FD Implementation XC9000

FD
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OBUF
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Figure 8-80FD8 Implementation XC3000, XC4000, XC5200, Spartans, Virtex
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Figure 8-90FD8 Implementation XC9000
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OFD_1
Output D Flip-Flop with Inverted Clock

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL
Macro Macro Macro Macro N/A Macro Macro Macro
D OFD 1 Q
C
—]
X377a

OFD_1 is located in an input/output block (I0B) except for XC5200. The output (Q) of the D flip-flop is connected to
an OPAD or an IOPAD. The data on the D input is loaded into the flip-flop during the High-to-Low clock (C) transition

and appears on the Q output.

The flip-flop is asynchronously cleared, output Low, when power is applied. FPGAs simulate power-on when global
reset (GR) or global set/reset (GSR) is active. GR for XC3000 is active-Low. GR for XC5200 and GSR (XC4000,
Spartans, Virtex) default to active-High but can be inverted by adding an inverter in front of the GR/GSR input of the

STARTUP or STARTUP_VIRTEX symbol.

Inputs Outputs
D C Q
D ! d

d = state of referenced input one setup time prior to active clock
transition

Figure 8-100FD_1 Implementation XC3000, XC4000, Spartans
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OFD
D Q
I D Q i
C cB
n Do—‘> C
INV
=F700
Figure 8-110FD_1 Implementation XC5200, Virtex
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OFDE, 4, 8, 16

D Flip-Flops with Active-High Enable Output Buffers

Eleme XC300 XC400 XC400 XC520 XC900 Sparta Spartan Virtex
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OFDE Macro Macro Macro Macro Macro Macro Macro Macro
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D[15:0] [ OFDE16 | QI15:0]

c |

X3836

OFDE, OFDE4, OFDES, and OFDE16 are single or multiple D flip-flops whose outputs are enabled by tristate buffers.
The flip-flop data outputs (Q) are connected to the inputs of output buffers (OBUFE). The OBUFE outputs (O) are
connected to OPADs or IOPADs. These flip-flops and buffers are contained in input/output blocks (I0B) for XC3000
and XC4000. The data on the data inputs (D) is loaded into the flip-flops during the Low-to-High clock (C) transition.
When the active-High enable inputs (E) are High, the data on the flip-flop outputs (Q) appears on the O outputs. When E
is Low, outputs are high impedance (Z state or Off).

The flip-flops are asynchronously cleared with Low outputs when power is applied. For CPLDs, the power-on condition
can be simulated by applying a High-level pulse on the PRLD global net. FPGAs simulate power-on when global reset
(GR) or global set/reset (GSR) is active. GR for XC3000 is active-Low. GR for XC5200 and GSR (XC4000, Spartans,
Virtex) default to active-High but can be inverted by adding an inverter in front of the GR/GSR input of the STARTUP
or STARTUP_VIRTEX symbol.

Inputs Outputs
E D C @)

0 X X Z, not off
1 1 1 1

1 0 1 0

Figure 8-120FDE Implementation XC3000, XC4000, Spartans
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Figure 8-130FDE Implementation XC5200, Virtex
vCcC

mE DC T
INV FDCE T
Q ouT o

- D D Q |
CE I"E;BUFT
. G
CLR
|
OUTREG (XC5200) XBE02

IOB=TRUE (VIRTEX)

GND

Figure 8-140FDE Implementation XC9000
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FD

Figure 8-150FDES8 Implementation XC3000, XC4000, XC5200, XC9000, Spartans, Virtex
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OFDE_1

D Flip-Flop with Active-High Enable Output Buffer and Inverted
Clock

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL
Macro Macro Macro Macro N/A Macro Macro Macro
E
p | OFDE_1 |qg
C
—_f
X3re3

OFDE_1 and its output buffer are located in an input/output block (I0B) except for XC5200. The data output of the
flip-flop (Q) is connected to the input of an output buffer or OBUFE. The output of the OBUFE is connected to an
OPAD or an IOPAD. The data on the data input (D) is loaded into the flip-flop on the High-to-Low clock (C) transition.
When the active-High enable input (E) is High, the data on the flip-flop output (Q) appears on the O output. When E is
Low, the output is high impedance (Z state or Off).

The flip-flop is asynchronously cleared with Low output when power is applied. FPGAs simulate power-on when global
reset (GR) or global set/reset (GSR) is active. GR for XC3000 is active-Low. GR for XC5200 and GSR (XC4000,
Spartans, Virtex) default to active-High but can be inverted by adding an inverter in front of the GR/GSR input of the
STARTUP or STARTUP_VIRTEX symbol.

Inputs Outputs
E D C O
0 X X z
1 1 ! 1
1 0 ! 0
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Figure 8-160FDE_1 Implementation XC3000, XC4000, Spartans
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Figure 8-170FDE_1 Implementation XC5200, Virtex
vCcC

mE DC T
INV FDCE T
Q ouT o

D
- D a D> -
cE OBUFT
m’ [>o cB hC
INV CLR
|
OUTREG (XC5200)
IOB=TRUE (VIRTEX) Xg692

GND

OFDEI

D Flip-Flop with Active-High Enable Output Buffer (Asynchronous
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XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

N/A Macro Macro N/A N/A Macro Macro N/A
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OFDEI

|ﬁ
.

X4382

OFDEl is a D flip-flop whose output is enabled by a 3-state buffer. The data output (Q) of the flip-flop is connected to
the input of an output 3-state buffer or OBUFE. The output of the OBUFE (O) is connected to an OPAD or an IOPAD.
These flip-flops and buffers are contained in input/output blocks (I0OB). The data on the data input (D) is loaded into the
flip-flop during the Low-to-High clock (C) transition. When the active-High enable input (E) is High, the data on the
flip-flop output (Q) appears on the O output. When E is Low, the output is high impedance (Z state or off).

The flip-flop is asynchronously preset, output High, when power is applied. FPGAs simulate power-on when global
set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an inverter in
front of the GSR input of the STARTUP symbol.

Inputs Outputs
E D C @)
0 X X z
1 1 1 1
1 0 1 0

Figure 8-180FDEI Implementation XC4000, Spartans
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D Flip-Flop with Active-High Enable Output Buffer and Inverted Clock
(Asynchronous Preset)

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL
N/A Macro Macro N/A N/A Macro Macro N/A
E
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X4383

OFDEI_1 and its output buffer exist in an input/output block (I0B). The data output of the flip-flop (Q) is connected to
the input of an output buffer or OBUFE. The output of the OBUFE is connected to an OPAD or an IOPAD. The data on
the data input (D) is loaded into the flip-flop on the High-to-Low clock (C) transition. When the active-High enable

input (E) is High, the data on the flip-flop output (Q) appears on the O output. When E is Low, the output is high
impedance (Z state or off).

The flip-flop is asynchronously preset, output High, when power is applied. FPGAs simulate power-on when global
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set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an inverter in
front of the GSR input of the STARTUP symbol.

Inputs Outputs
E D C @)
0 X X z
1 1 ! 1
1 0 ! 0

Figure 8-190FDEI_1 Implementation XC4000, Spartans
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XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

N/A Macro Macro N/A N/A Macro Macro N/A
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OFDEX, OFDEX4, OFDEXS8, and OFDEX16 are single or multiple D flip-flops whose outputs are enabled by tristate
buffers. The flip-flop data outputs (Q) are connected to the inputs of output buffers (OBUFE). The OBUFE outputs (O)
are connected to OPADs or IOPADs. These flip-flops and buffers are contained in input/output blocks (IOB). The data
on the data inputs (D) is loaded into the flip-flops during the Low-to-High clock (C) transition. When the active-High
enable inputs (E) are High, the data on the flip-flop outputs (Q) appears on the O outputs. When E is Low, outputs are
high impedance (Z state or Off). When CE is Low and E is High, the outputs do not change.

The flip-flops are asynchronously cleared with Low outputs when power is applied. FPGAs simulate power-on when
global set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP symbol.

Inputs Outputs
CE E D C ]

X 0 X X Z, not off
1 1 1 1 1

1 1 0 1 0

0 1 X X No Chg

Figure 8-200FDEX Implementation XC4000, Spartans
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Figure 8-210OFDEX8 Implementation XC4000, Spartans
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OFDEX_1

D Flip-Flop with Active-High Enable Output Buffer, Inverted Clock, and
Clock Enable
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OFDEX_1 and its output buffer are located in an input/output block (IOB). The data output of the flip-flop (Q) is
connected to the input of an output buffer or OBUFE. The output of the OBUFE is connected to an OPAD or an
IOPAD. The data on the data input (D) is loaded into the flip-flop on the High-to-Low clock (C) transition. When the
active-High enable input (E) is High, the data on the flip-flop output (Q) appears on the O output. When E is Low, the
output is high impedance (Z state or Off). When CE is Low and E is High, the output does not

change.

The flip-flop is asynchronously cleared with Low output when power is applied. FPGAs simulate power-on when global
set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an inverter in
front of the GSR input of the STARTUP symbol.

Inputs Outputs
CE E D C @]
X 0 X X 4
1 1 1 ! 1
1 1 0 ! 0
0 1 X X No Chg
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Figure 8-220FDEX_1 Implementation XC4000, Spartans
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OFDEXI is a D flip-flop whose output is enabled by a tristate buffer. The data output (Q) of the flip-flop is connected to
the input of an output buffer or OBUFE. The output of the OBUFE (O) is connected to an OPAD or an IOPAD. These
flip-flops and buffers are contained in input/output blocks (IOB). The data on the data input (D) is loaded into the
flip-flop during the Low-to-High clock (C) transition. When the active-High enable input (E) is High, the data on the
flip-flop output (Q) appears on the O output. When E is Low, the output is high impedance (Z state or Off). When CE is

Low and E is High,

the output does not change.

The flip-flop is asynchronously preset, output High, when power is applied. FPGAs simulate power-on when global
set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an inverter in
front of the GSR input of the STARTUP symbol.
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Inputs Outputs
CE E D C ]
X 0 X X 4
1 1 1 1 1
1 1 0 1 0
0 1 X X No Chg

Figure 8-230FDEXI Implementation XC4000, Spartans
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XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

N/A Macro Macro N/A N/A Macro Macro N/A

38 - libguide



Libraries Guide

m

OFDEXI_1| g

0|0 |e
m

X4999

OFDEXI_1 and its output buffer are located in an input/output block (I0B). The data output of the flip-flop (Q) is
connected to the input of an output buffer or OBUFE. The output of the OBUFE is connected to an OPAD or an
IOPAD. The data on the data input (D) is loaded into the flip-flop on the High-to-Low clock (C) transition. When the
active-High enable input (E) is High, the data on the flip-flop output (Q) appears on the O output. When E is Low, the
output is high impedance (Z state or Off). When CE is Low and E is High, the output does not change.

The flip-flop is asynchronously preset, output High, when power is applied. FPGAs simulate power-on when global
set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an inverter in
front of the GSR input of the STARTUP symbol.

Inputs Outputs
CE E D C @]
X 0 X X 4
1 1 1 ! 1
1 1 0 ! 0
0 1 X X No Chg

Figure 8-240FDEXI_1 Implementation XC4000, Spartans
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OFDI is contained in an input/output block (I0B). The output (Q) of the D flip-flop is connected to an OPAD or an
IOPAD. The data on the D input is loaded into the flip-flop during the Low-to-High clock (C) transition and appears at
the output (Q).

The flip-flop is asynchronously preset, output High, when power is applied. FPGAs simulate power-on when global

set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an inverter in
front of the GSR input of the STARTUP symbol.

Inputs Outputs

D C Q
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D 1 d

d = state of referenced input one setup time prior to active clock
transition

Figure 8-250FDI Implementation XC4000, Spartans
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Figure 8-260FDI Implementation Virtex
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OFDI_1 exists in an input/output block (I0B). The D flip-flop output (Q) is connected to an OPAD or an IOPAD. The
data on the D input is loaded into the flip-flop during the High-to-Low clock (C) transition and appears on the Q output.

The flip-flop is asynchronously preset, output High, when power is applied. FPGAs simulate power-on when global
set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an inverter in
front of the GSR input of the STARTUP symbol.

Inputs Outputs
D C Q
D ! d

d = state of referenced input one setup time prior to the active clock
transition

Figure 8-270FDI_1 Implementation XC4000, Spartans
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Figure 8-280FDI_1 Implementation Virtex
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OFDT, 4, 8, 16

Single and Multiple D Flip-Flops with Active-Low 3-State Output Enable

Buffers
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OFDT, OFDT4, OFDT8, and OFDT16 are single or multiple D flip-flops whose outputs are enabled by a tristate buffers.
The data outputs (Q) of the flip-flops are connected to the inputs of output buffers (OBUFT). The outputs of the
OBUFTSs (O) are connected to OPADs or IOPADs. These flip-flops and buffers are located in input/output blocks (I0OB)
for XC3000 and XC4000. The data on the data inputs (D) is loaded into the flip-flops during the Low-to-High clock (C)
transition. When the active-Low enable inputs (T) are Low, the data on the flip-flop outputs (Q) appears on the O
outputs. When T is High, outputs are high impedance (Off).

The flip-flops are asynchronously cleared with Low outputs, when power is applied. For CPLDs, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net. FPGAs simulate power-on when
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global reset (GR) or global set/reset (GSR) is active. GR for XC3000 is active-Low. GR for XC5200 and GSR (XC4000,
Spartans, Virtex) default to active-High but can be inverted by adding an inverter in front of the GR/GSR input of the
STARTUP or STARTUP_VIRTEX symbol.

Inputs Outputs
T D C @)
1 X X z
0 D 1 d

d = state of referenced input one setup time prior to active clock
transition

Figure 8-290FDT Implementation XC4000, Spartans
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Figure 8-300FDT Implementation XC5200, Virtex
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Figure 8-320FDT8 Implementation XC3000, XC4000, XC5200, XC9000, Spartans, Virtex
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OFDT 1

D Flip-Flop with Active-Low 3-State Output Buffer and Inverted
Clock

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
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OFDT_1 and its output buffer are located in an input/output block (IOB). The flip-flop data output (Q) is connected to
the input of an output buffer (OBUFT). The OBUFT output is connected to an OPAD or an IOPAD. The data on the
data input (D) is loaded into the flip-flop on the High-to-Low clock (C) transition. When the active-Low enable input (T)
is Low, the data on the flip-flop output (Q) appears on the O output. When T is High, the output is high impedance
(Off).

The flip-flop is asynchronously cleared with Low output when power is applied. FPGAs simulate power-on when global
reset (GR) or global set/reset (GSR) is active. GR for XC3000 is active-Low. GR for XC5200 and GSR (XC4000,

Spartans, Virtex) default to active-High but can be inverted by adding an inverter in front of the GR/GSR input of the
STARTUP or STARTUP_VIRTEX symbol.

Inputs Outputs
T D C O
1 X X z
0 1 ! 1
0 0 ! 0
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Figure 8-330FDT_1 Implementation XC3000, XC4000, Spartans
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Figure 8-340FDT _1 Implementation XC5200, Virtex
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OFDTI and its output buffer are contained in an input/output block (IOB). The data output of the flip-flop (Q) is
connected to the input of an output buffer (OBUFT). The output of the OBUFT is connected to an OPAD or an IOPAD.
The data on the data input (D) is loaded into the flip-flop on the Low-to-High clock (C) transition. When the active-Low
enable input (T) is Low, the data on the flip-flop output (Q) appears on the output (O). When T is High, the output is
high impedance (off).

The flip-flop is asynchronously preset, output High, when power is applied. FPGAs simulate power-on when global
set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an inverter in
front of the GSR input of the STARTUP symbol.

Inputs Outputs
T D C @)

1 X X

0 1 1 1

0 0 1 0

Figure 8-350FDTI Implementation XC4000, Spartans
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OFDTI_1

D Flip-Flop with Active-Low 3-State Output Buffer and Inverted Clock
(Asynchronous Preset)
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OFDTI_1 and its output buffer are contained in an input/output block (IOB). The data output of the flip-flop (Q) is
connected to the input of an output buffer (OBUFT). The OBUFT output is connected to an OPAD or an IOPAD. The
data on the data input (D) is loaded into the flip-flop on the High-to-Low clock (C) transition. When the active-Low
enable input (T) is Low, the data on the flip-flop output (Q) appears on the O output. When T is High, the output is high
impedance (off).

The flip-flop is asynchronously preset, output High, when power is applied. FPGAs simulate power-on when global
set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an inverter in
front of the GSR input of the STARTUP symbol.

Inputs Outputs
T D C O
1 X X z
0 1 ! 1
0 0 ! 0

Figure 8-360FDTI_1 Implementation XC4000, Spartans
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OFDTX, OFDTX4, OFDTX8, and OFDTX16 are single or multiple D flip-flops whose outputs are enabled by a tristate
buffers. The data outputs (Q) of the flip-flops are connected to the inputs of output buffers (OBUFT). The outputs of the
OBUFTSs (O) are connected to OPADs or IOPADs. These flip-flops and buffers are located in input/output blocks (I0OB)
for XC4000E. The data on the data inputs (D) is loaded into the flip-flops during the Low-to-High clock (C) transition.
When the active-Low enable inputs (T) are Low, the data on the flip-flop outputs (Q) appears on the O outputs. When T
is High, outputs are high impedance (Off). When CE is Low and T is Low, the outputs do not

change.
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The flip-flops are asynchronously cleared with Low output when power is applied. FPGAs simulate power-on when
global set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP symbol.

Inputs Outputs
CE T D C Q
X 1 X X z
1 0 D 1 d
0 0 X X No Chg

d = state of referenced input one setup time prior to active clock
transition

Figure 8-370FDTX8 Implementation XC4000, Spartans
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Clock Enable
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OFDTX_1 and its output buffer are located in an input/output block (IOB). The flip-flop data output (Q) is connected to
the input of an output buffer (OBUFT). The OBUFT output is connected to an OPAD or an IOPAD. The data on the
data input (D) is loaded into the flip-flop on the High-to-Low clock (C) transition. When the active-Low enable input (T)
is Low, the data on the flip-flop output (Q) appears on the O output. When T is High, the output is high impedance
(Off). When CE is High and T is Low, the outputs do not change.

The flip-flop is asynchronously cleared with Low output when power is applied. FPGAs simulate power-on when global
set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an inverter in
front of the GSR input of the STARTUP symbol.

Inputs Outputs
CE T ) C Q
X 1 X X 4
1 0 1 ! 0
1 0 0 ! 0
0 0 X X No Chg

Figure 8-380OFDTX_1 Implementation XC4000, Spartans
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OFDTXI and its output buffer are contained in an input/output block (IOB). The data output of the flip-flop (Q) is
connected to the input of an output buffer (OBUFT). The output of the OBUFT is connected to an OPAD or an IOPAD.
The data on the data input (D) is loaded into the flip-flop on the Low-to-High clock (C) transition. When the active-Low
enable input (T) is Low, the data on the flip-flop output (Q) appears on the output (O). When T is High, the output is

high impedance (Off). When CE is Low and T is Low, the output does not change.

The flip-flop is asynchronously preset with High output when power is applied. FPGAs simulate power-on when global
set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an inverter in

front of the GSR input of the STARTUP symbol.
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Inputs Outputs
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OFDTXI_1 and its output buffer are contained in an input/output block (IOB). The data output of the flip-flop (Q) is
connected to the input of an output buffer (OBUFT). The OBUFT output is connected to an OPAD or an IOPAD. The
data on the data input (D) is loaded into the flip-flop on the High-to-Low clock (C) transition. When the active-Low
enable input (T) is Low, the data on the flip-flop output (Q) appears on the O output. When T is High, the output is high
impedance (Off). When CE is Low and T is Low, the output does not change.

The flip-flop is asynchronously preset with High output when power is applied. FPGAs simulate power-on when global
set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an inverter in
front of the GSR input of the STARTUP symbol.
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Inputs Outputs
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Figure 8-390FDTXI_1 Implementation XC4000, Spartans
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OFDX, OFDX4, OFDX8, and OFDX16 are single and multiple output D flip-flops. The flip-flops are located in an
input/output block (I0B) for XC4000E. The Q outputs are connected to OPADs or IOPADs. The data on the D inputs is
loaded into the flip-flops during the Low-to-High clock (C) transition and appears on the Q outputs. When CE is Low,
flip-flop outputs do not change.

The flip-flops are asynchronously cleared with Low outputs, when power is applied. FPGAs simulate power-on when
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global set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP symbol.

Inputs Outputs
CE D C Q
1 D 1 dn
0 X X No Chg

dn = state of referenced input one setup time prior to active clock
transition

Figure 8-400FDX Implementation Virtex
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Figure 8-410FDX8 Implementation XC4000, Spartans, Virtex
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OFDX 1
Output D Flip-Flop with Inverted Clock and Clock Enable

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL
N/A Macro Macro N/A N/A Macro Macro Macro
D OFDX_1 Q
CE
[
=
X4992

OFDX_1 is located in an input/output block (IOB). The output (Q) of the D flip-flop is connected to an OPAD or an
IOPAD. The data on the D input is loaded into the flip-flop during the High-to-Low clock (C) transition and appears on

the Q output. When the CE pin is Low, the output (Q) does not change.

The flip-flop is asynchronously cleared with Low output when power is applied. FPGAs simulate power-on when global
set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an inverter in

front of the GSR input of the STARTUP symbol.

Inputs Outputs
CE D C Q
1 D ! d
0 X X No Chg

d = state of referenced input one setup time prior to active clock
transition

Figure 8-420FDX_1 Implementation XC4000, Spartans
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OFDX
[ D Q m
= EE CB ¢f
n {>O C
NV -
Figure 8-430FDX_1 Implementation Virtex
FDCE
D a_ouTt Q
n D Ql— [
mCE CE OBUF
c cB
PC cLR
INV
IO0B=TRUE
GND
XEBTGE
OFDXI

Output D Flip-Flop with Clock Enable (Asynchronous Preset)

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

N/A Primitive Primitive N/A N/A Primitive Primitive Macro
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OFDXI | q

PR P
m

Xe000

OFDXIl is contained in an input/output block (IOB). The output (Q) of the D flip-flop is connected to an OPAD or an
IOPAD. The data on the D input is loaded into the flip-flop during the Low-to-High clock (C) transition and appears at
the output (Q). When CE is Low, the output does not change.

The flip-flop is asynchronously preset with High output when power is applied. FPGAs simulate power-on when global
set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an inverter in
front of the GSR input of the STARTUP symbol.

Inputs Outputs
CE D C Q
1 D 1 d
0 X X No Chg

d = state of referenced input one setup time prior to active clock
transition

Figure 8-440FDXI Implementation Virtex

D Q
= o PRE g Q ouT s =
.gE CE OBUF
[ DT

FDPE
1 IOB=TRUE
GND
X8756
OFDXI_1
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Output D Flip-Flop with Inverted Clock and Clock Enable (Asynchronous
Preset)

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL
N/A Macro Macro N/A N/A Macro Macro Macro
p | OFDXI_1 | o
CE
€
Xe001

OFDXI_1 is located in an input/output block (IOB). The D flip-flop output (Q) is connected to an OPAD or an IOPAD.
The data on the D input is loaded into the flip-flop during the High-to-Low clock (C) transition and appears on the Q
output. When CE is Low, the output (Q) does not change.

The flip-flop is asynchronously preset with High output when power is applied. FPGAs simulate power-on when global
set/reset (GSR) is active. GSR (XC4000, Spartans) default to active-High but can be inverted by adding an inverter in
front of the GSR input of the STARTUP symbol.

Inputs Outputs
CE D C Q
1 D ! d
0 X X No Chg

d = state of referenced input one setup time prior to active clock
transition

Figure 8-450FDXI_1 Implementation XC4000, Spartans
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OFDX|
[ D Q ‘m
= EE cB ¢f
n {>O C
NV .
Figure 8-460FDXI_1 Implementation Virtex
D a
B D PRE Q Q ouT & -
mCE = CE OBUF
= pC
INW
FDPE
1 IOB=TRUE
GND
XBTLT
OMUX2

2-to-1 Multiplexer

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL
N/A N/A Primitive N/A N/A N/A Primitive N/A
Do
— (8]
D1
S0
X4026

The OMUX2 multiplexer chooses one data bit from two sources (D1 or DO) under the control of the select input (S0).
The output (O) reflects the state of the selected data input. When Low, SO selects DO and when High, SO selects
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D1.

Inputs Outputs
SO D1 DO @)

1 1 X 1

1 0 X 0

0 X 1 1

0 X 0 0
ONAND?2

2-Input NAND Gate with Invertible Inputs

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL
N/A N/A Primitive N/A N/A N/A Primitive N/A
F (8]
s o
Xe063

ONAND?2 is a 2-input NAND gate that is implemented in the output multiplexer of the XC4000X I0B. The F pin is
faster than 10. Input pins can be inverted even though there is no library component showing inverted inputs. The
mapper will automatically bring any inverted input pins into the 10B.

ONOR2
2-Input NOR Gate with Invertible Inputs

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

N/A N/A Primitive N/A N/A N/A Primitive N/A
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F
o

o) o
X6956

ONOR?Z2 is a 2-input NOR gate that is implemented in the output multiplexer of the XC4000X I0B. The F pin is faster
than 10. Input pins can be inverted even though there is no library component showing inverted inputs. The mapper will
automatically bring any inverted input pins into the 10B.

OOR2
2-Input OR Gate with Invertible Inputs

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL
N/A N/A Primitive N/A N/A N/A Primitive N/A
Q0OR2
X8191

OORZ2 is a 2-input OR gate that is implemented in the output multiplexer of the XC4000X IOB. The F pin is faster than
10. Input pins can be inverted even though there is no library component showing inverted inputs. The mapper will
automatically bring any inverted input pins into the 10B.

OPAD, 4, 8, 16
Single- and Multiple-Output Pads

Eleme XC300 XC400 XC400 XC520 XC900 Sparta Spartan Virtex
nt 0 OE 0X 0 0 n XL

OPAD Primiti Primiti Primiti Primiti Primiti Primiti Primitive Primiti
ve ve ve ve ve ve ve

OPAD Macro Macro Macro Macro Macro Macro Macro Macro
41
OPAD

OPAD
16
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OPAD

X3829
OPAD4

X3839

OPADS

X3842
OPAD16

X3846

OPAD, OPAD4, OPADS8, and OPAD16 are single and multiple output pads. An OPAD connects a device pin to an
output signal of a PLD. It is internally connected to an input/output block (I0OB), which is configured by the software as
an OBUF, an OBUFT, an OBUFE, an OFD, or an OFDT.

Refer to the appropriate CAE tool interface user guide for details on assigning pin location and
identification.

Figure 8-470PAD8 Implementation XC3000, XC4000, XC5200, XC9000, Spartans, Virtex
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OR2-9
2- to 9-Input OR Gates with Inverted and Non-Inverted Inputs

00

Libraries Guide
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o7
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OR4B2
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OR4B4
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ORS5, Primiti Primiti Primiti
OR5B1 ve ve ve

OR5B2
ORS5B3
OR5B4

ORS5B5

Primiti Primiti Primitive

ve ve

Macro

Primiti
ve

ORG6, Macro Macro
ORY7,
ORS,

OR9

Macro

Primiti  Macro Macro

ve

Macro

Macro

Figure 8-480R Gate Representations
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OR2 OR3 OR4 ORs ORs
ORZB1 OR3B1 OR4B1 ORSB1 ]

> 4 §

OR2B2 0OR3B2 0OR4B2 0ORsB2

> PP

OR3B3 OR4B3 ORSB3 _D—

.

OR7

0OR4B4 0OR5B4 —
X7863 ORsBs OR9
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The OR function is performed in the Configurable Logic Block (CLB) function generators for FPGAs. OR functions of
up to five inputs are available in any combination of inverting and non-inverting inputs. OR functions of six to nine
inputs are available with only non-inverting inputs. To invert some or all inputs, use external inverters. Since each input
uses a CLB resource, replace functions with unused inputs with functions having the necessary number of

inputs.

Refer to the' OR12, 16" section for information on additional OR functions for the XC5200 and
Virtex.

Figure 8-490R5 Implementation XC5200

14
13
12

"

10 JE—

OR3

135

gl J

X8110

Figure 8-500R8 Implementation XC3000

147

13 OR4

ORS

X7364

Figure 8-510R8 Implementation XC4000, XC5200, Spartans
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Figure 8-520R8 Implementation Virtex
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OR12, 16
12- and 16-Input OR Gates with Non-Inverted Inputs

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL
N/A N/A N/A Macro N/A N/A N/A Macro

OR12
X8198

OR1e6
X8199
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Refer to the' OR2-9" section for information on OR functions.

Figure 8-530R16 Implementation XC5200

(e L]

==

¥ INT
Rl ALl

Figure 8-540R16 Implementation Virtex
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MUXCY
114 / RLOC=ROC0.51
33 S
113 ) 7 0
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2 -1
MNOR4
—
111
MUXCY L
110 =
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19 0
[ £
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15 RLOC=R1C0.51
5 ) 51 S 0
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Crystal Oscillator Amplifier
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XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

Primitive N/A N/A N/A N/A N/A N/A N/A

0sC

[
|

X3885
The OSC element's clock signal frequency is derived from an external crystal-controlled oscillator. The OSC output can
be connected to an ACLK buffer, which is connected to an internal clock net.

Two dedicated input pins (XTAL 1 and XTAL 2) on each FPGA device are internally connected to pads and
input/output blocks that are connected to the OSC amplifier. The external components are connected as shown in the

following example. Refer tdhe Programmable Logic Data Boéik details on component selection and
tolerances.

0SC4
Internal 5-Frequency Clock-Signal Generator

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL
N/A Primitive Primitive N/A N/A Primitive Primitive N/A
0SC4 FEM
FEOOK
F16K
F490
Fi5&
X3o12

OSC4 provides internal clock signals in applications where timing is not critical. The available frequencies are
determined by FPGA device components, which are process dependent. Therefore, the available frequencies vary from
device to device. Nominal frequencies are 8 MHz, 500 kHz, 16 kHz, 490 Hz, and 15 Hz. Although there are five
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outputs, only three can be used at a time, with 8 MHz on one output and one frequency each on any two of the remaining
four outputs. An error occurs if more than three outputs are used simultaneously.

0OSC5
Internal Multiple-Frequency Clock-Signal Generator

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL
N/A N/A N/A Primitive ~ N/A N/A N/A N/A
0SC5 |osc1
0sc2

@DIVIDE1_BY=
@DIVIDEZ_BY=

X4971

OSC5 provides internal clock signals in applications where timing is not critical. The available frequencies are
determined by FPGA device components that are process dependent. Therefore, the available frequencies vary from

device to device. Use only one OSC5 per design. The OSCS5 is not available if the CK_DIV element is
used.

The clock frequencies of the OSC1 and OSC2 outputs are determined by specifying the DIVIDE1at¥rrte for
the OSC1 output and the DIVIDE2_BYattribute for the OSC2 output; and n are integer numbers by which the

internal 16-MHz clock is divided to produce the desired clock frequency. The available frequency options are shown in
the table.

n, 0sc1 n, 0sc2
Frequency Frequency
4 4 MHz 2 8 MHz
16 1 MHz 8 2 MHz
64 250 kHz 32 500 kHz
256 63 kHz 128 125 kHz
1,024 16 kHz
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4,096 4 kHz
16,384 1 kHz
65,536 244 Hz

0OSC52
Internal Multiple-Frequency Clock-Signal Generator

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL
N/A N/A N/A Primitive N/A N/A N/A N/A
0SC5h2
0sC1 |—
—bc osc2 |—
X8051

OSC52 provides internal clock signals in applications where timing is not critical. The available frequencies are

determined by FPGA device components, which are process independent. Therefore, the available frequencies vary from
device to device. Only one OSC52 may be used per design.

The oscillator frequencies of the OSC1 and OSC2 outputs are determined by specifying theDIVIDE laBitete
for the OSC1 output and DIVIDEZ_BYzmittribute for the OSC2 output, and ) are integer numbers by which

internal 16-MHz clock is divided to produce the desired clock frequency. The available frequency options appear in the
table that follows.

n, 0sc1 n, 0sc2
Frequency Frequency
4 4 MHz 2 8 MHz
16 1 MHz 8 2 MHz
64 250 kHz 32 500 kHz
256 63 kHz 128 125 kHz
1,024 16 kHz
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4,096 4 kHz
16,384 1 kHz
65,536 244 Hz

OXNORZ2
2-Input Exclusive-NOR Gate with Invertible Inputs

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL
N/A N/A Primitive N/A N/A N/A Primitive N/A
F 3 o
o )}
.
XB965

OXNORZ2 is a 2-input exclusive NOR gate that is implemented in the output multiplexer of the XC4000X and
SpartanXL I0B. The F pin is faster than 10. Input pins can be inverted even though there is no library component
showing inverted inputs. The mapper will automatically bring any inverted input pins into the

IOB.

OXOR2
2-Input Exclusive-OR Gate with Invertible Inputs

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL
N/A N/A Primitive N/A N/A N/A Primitive N/A
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5D

~6964

OXOR2 is a 2-input exclusive OR gate that is implemented in the output multiplexer of the XC4000X IOB. The F pin is
faster than 10. Input pins can be inverted even though there is no library component showing inverted inputs. The
mapper will automatically bring any inverted input pins into the 10B.
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