






Chapter 3: About Design Elements

OSERDES
Primitive: Dedicated IOB Output Serializer

Introduction
Use the OSERDES primitive to easily implement a source synchronous interface. This device helps you by
saving logic resources that would otherwise be implemented in the FPGA fabric. It also avoids additional
timing complexities that you might encounter when you are designing circuitry in the FPGA fabric. This
element contains multiple clock inputs to accommodate various applications, and will work in conjunction
with SelectIO™ features.

Port Descriptions
Port Type Width Function
OQ Output 1 Data Path Output - This port is the data output of the OSERDES

module. This port connects the output of the data parallel-to-serial
converter to the data input of the IOB pad. In addition, this output
port can also be configured to bypass all the submodules within the
OSERDES module.

SHIFTOUT1-2 Output 1 (each) Carry Out for data input expansion. Connect to SHIFTIN1/2 of
master.

TQ Output 1 3-State Path Output - This port is the 3-state output of the OSERDES
module. This port connects the output of the 3-state parallel-to-serial
converter to the control input of the IOB pad.

CLK Input 1 High Speed Clock Input - This clock input is used to drive the
parallel-to-serial converters. The possible source for the CLK port is
from one of the following clock resources:

• Ten global clock lines in a clock region

• Four regional clock lines
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Port Type Width Function

• Four clock capable I/Os (within adjacent clock region)

• Fabric (through bypass)

CLKDIV Input 1 Divided High Speed Clock Input - This clock input is used to drive
the parallel-to-serial converter. This clock must be a divided down
version of the clock connected to the CLK port. One of the following
clock resources can be used as a source for CLKDIV:

• Ten global clock lines in a clock region

• Four regional clock lines

D1-D6 Input 1 Parallel Data Inputs - Ports D1 to D6 are the location in which all
incoming parallel data enters the OSERDES module. This port is
connected to the FPGA fabric, and can be configured from 2 to 6 bits.
In the extended width mode, this port can be expanded up to 10 bits.

OCE Input 1 Parallel to serial converter (data) clock enable - This port is used
to enables the output of the data parallel-to-serial converter when
asserted High.

SR Input 1 Set/Reset Input - The set/reset (SR) pin forces the storage element
into the state specified by the SRVAL attribute. SRVAL = “1”
forces a logic 1. SRVAL = “0” forces a logic "0." The reset condition
predominates over the set condition.

SHIFTIN1-2 Input 1 (each) Carry Input for Data Input Expansion. Connect to SHIFTOUT1/2
of slave.

T1 - T4 Input 1 (each) Parallel 3-State Inputs - Ports T1 to T4 are the location in which all
parallel 3-state signals enters the OSERDES module. This port is
connected to the FPGA fabric, and can be configured from 1 to 4 bits.
This feature is not supported in the extended width mode.

TCE Input 1 Parallel to serial converter (3-state) clock enable - This port is used
to enable the output of the 3-state signal parallel-to-serial converter
when asserted High.

Design Entry Method
Instantiation Recommended

Inference No

CORE Generator™ and wizards No

Macro support No

The data parallel-to-serial converter in the OSERDES module takes in 2 to 6 bits of parallel data and converts
them into serial data. Data input widths larger than 6 (7, 8, and 10) are achievable by cascading two OSERDES
modules for data width expansion. In order to do this, one OSERDES must be set into a MASTER mode, while
another is set into SLAVE mode. You must connect the SHIFTOUT of "slave" and SHIFTIN of "master" ports
together. The "slave" only uses D3 to D6 ports as its input. The parallel-to-serial converter is available for both
SDR and DDR modes.

This module is designed such that the data input at D1 port is the first output bit. This module is controlled
by CLK and CLKDIV clocks. The following table describes the relationship between CLK and CLKDIV for
both SDR and DDR mode.
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SDR Data Width DDR Data Width CLK CLKDIV
2 4 2X X

3 6 3X X

4 8 4X X

5 10 5X X

6 - 6X X

7 - 7X X

8 - 8X X

Output of this block is connected to the data input of an IOB pad of the FPGA. This IOB pad can be configured to
a desired standard using SelectIO.

Parallel-to-Serial Converter (3-state)

The 3-state parallel-to-serial converter in the OSERDES module takes in up to 4 bits of parallel 3-state signals and
converts them into serial 3-state signal. Unlike the data parallel-to-serial converter, the 3-state parallel-to-serial
converter is not extendable to more than 4-bit, 3-state signals. This module is primarily controlled by CLK and
CLKDIV clocks. In order to use this module, the following attributes must be declared: DATA_RATE_TQ and
TRISTATE_WIDTH. In certain cases, you can also need to declare DATA_RATE_OQ and DATA_WIDTH. The
following table lists the attributes needed for the desired functionality.

Mode of Operation DATA_RATE_TQ TRISTATE_WIDTH
4-bit DDR* DDR 4

1-bit SDR SDR 1

Buffer BUF 1

Output of this block is connected to the 3-state input of an IOB pad of the FPGA. This IOB pad can be configured
to a desired standard using SelectIO.

Width Expansion

It is possible to use this element to transmit parallel data widths larger than six. However, the 3-state output is
not expandable. In order to use this feature, two of these elements need to be instantiated, and the two must be an
adjacent master and slave pair. The attribute MODE must be set to either "MASTER" or "SLAVE" in order to
differentiate the modes of the OSERDES pair. In addition, you must connect the SHIFTIN ports of the MASTER
to the SHIFTOUT ports of the SLAVE. This feature supports data widths of 7, 8, and 10 for SDR and DDR mode.
The table below lists the data width availability for SDR and DDR mode.

Mode Widths
SDR Data Widths 2,3,4,5,6,7,8

DDR Data Widths 4,6,8,10

Available Attributes
Attribute Type Allowed Values Default Description
DATA_RATE_OQ String "SDR", "DDR" "DDR" Defines whether the data changes at every

clock edge or every positive clock edge
with respect to CLK.

DATA_RATE_TQ String "BUF", "SDR",
"DDR"

"DDR" Defines whether the 3-state changes at
every clock edge, every positive clock
edge, or buffer configuration with respect
to CLK.
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Attribute Type Allowed Values Default Description
DATA_WIDTH Integer 2, 3, 4, 5, 6, 7, 8, or 10 4 If DATA_RATE_OQ = DDR, value

is limited to 4, 6, 8, or 10. If
DATA_RATE_OQ = SDR, value is
limited to 2, 3, 4, 5, 6, 7, or 8.

INIT_OQ Binary 0, 1 0 Defines the initial value of OQ output

INIT_TQ Binary 0, 1 0 Defines the initial value of TQ output

SERDES_MODE String "MASTER”,
"SLAVE"

"MASTER" Defines whether the OSERDES module is
a master or slave when width expansion
is used.

SRVAL_OQ Binary 0, 1 0 Defines the value of OQ output when
reset is invoked.

SRVAL_TQ Binary 0, 1 0 Defines the value of TQ output when
reset is invoked.

TRISTATE_WIDTH Integer 1, 2, 4 4 If DATA_RATE_TQ = DDR, value is
limited to 2 or 4. The value can only be
set to 1 when DATA_RATE_TQ = SDR or
BUF.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- OSERDES: Output SERDES
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

OSERDES_inst : OSERDES
generic map (

DATA_RATE_OQ => "DDR", -- Specify data rate to "DDR" or "SDR"
DATA_RATE_TQ => "DDR", -- Specify data rate to "DDR", "SDR", or "BUF"
DATA_WIDTH => 4, -- Specify data width - For DDR: 4,6,8, or 10

-- For SDR or BUF: 2,3,4,5,6,7, or 8
INIT_OQ => ’0’, -- INIT for Q1 register - ’1’ or ’0’
INIT_TQ => ’0’, -- INIT for Q2 register - ’1’ or ’0’
SERDES_MODE => "MASTER", --Set SERDES mode to "MASTER" or "SLAVE"
SRVAL_OQ => ’0’, -- Define Q1 output value upon SR assertion - ’1’ or ’0’
SRVAL_TQ => ’0’, -- Define Q1 output value upon SR assertion - ’1’ or ’0’
TRISTATE_WIDTH => 4) -- Specify parallel to serial converter width

-- When DATA_RATE_TQ = DDR: 2 or 4
-- When DATA_RATE_TQ = SDR or BUF: 1 "

port map (
OQ => OQ, -- 1-bit output
SHIFTOUT1 => SHIFTOUT1, -- 1-bit data expansion output
SHIFTOUT2 => SHIFTOUT2, -- 1-bit data expansion output
TQ => TQ, -- 1-bit 3-state control output
CLK => CLK, -- 1-bit clock input
CLKDIV => CLKDIV, -- 1-bit divided clock input
D1 => D1, -- 1-bit parallel data input
D2 => D2, -- 1-bit parallel data input
D3 => D3, -- 1-bit parallel data input
D4 => D4, -- 1-bit parallel data input
D5 => D5, -- 1-bit parallel data input
D6 => D6, -- 1-bit parallel data input
OCE => OCE, -- 1-bit clcok enable input
REV => ’0’, -- Must be tied to logic zero
SHIFTIN1 => SHIFTIN1, -- 1-bit data expansion input
SHIFTIN2 => SHIFTIN2, -- 1-bit data expansion input
SR => SR, -- 1-bit set/reset input
T1 => T1, -- 1-bit parallel 3-state input
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T2 => T2, -- 1-bit parallel 3-state input
T3 => T3, -- 1-bit parallel 3-state input
T4 => T4, -- 1-bit parallel 3-state input
TCE => TCE -- 1-bit 3-state signal clock enable input

);

-- End of OSERDES_inst instantiation

Verilog Instantiation Template

// OSERDES: Source Synchronous Output Serializer
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

OSERDES #(
.DATA_RATE_OQ("DDR"), // Specify data rate to "DDR" or "SDR"
.DATA_RATE_TQ("DDR"), // Specify data rate to "DDR", "SDR", or "BUF"
.DATA_WIDTH(4), // Specify data width - For DDR: 4,6,8, or 10

// For SDR or BUF: 2,3,4,5,6,7, or 8
.INIT_OQ(1’b0), // INIT for OQ register - 1’b1 or 1’b0
.INIT_TQ(1’b0), // INIT for OQ register - 1’b1 or 1’b0
.SERDES_MODE("MASTER"), // Set SERDES mode to "MASTER" or "SLAVE"
.SRVAL_OQ(1’b0), // Define OQ output value upon SR assertion - 1’b1 or 1’b0
.SRVAL_TQ(1’b0), // Define TQ output value upon SR assertion - 1’b1 or 1’b0
.TRISTATE_WIDTH(4) // Specify parallel to serial converter width

// When DATA_RATE_TQ = DDR: 2 or 4
// When DATA_RATE_TQ = SDR or BUF: 1

) OSERDES_inst (
.OQ(OQ), // 1-bit data path output
.SHIFTOUT1(SHIFTOUT1), // 1-bit data expansion output
.SHIFTOUT2(SHIFTOUT2), // 1-bit data expansion output
.TQ(TQ), // 1-bit 3-state control output
.CLK(CLK), // 1-bit clock input
.CLKDIV(CLKDIV), // 1-bit divided clock input
.D1(D1), // 1-bit parallel data input
.D2(D2), // 1-bit parallel data input
.D3(D3), // 1-bit parallel data input
.D4(D4), // 1-bit parallel data input
.D5(D5), // 1-bit parallel data input
.D6(D6), // 1-bit parallel data input
.OCE(OCE), // 1-bit clock enable input
.REV(1’b0), // Must be tied to logic zero
.SHIFTIN1(SHIFTIN1), // 1-bit data expansion input
.SHIFTIN2(SHIFTIN2), // 1-bit data expansion input
.SR(SR), // 1-bit set/reset input
.T1(T1), // 1-bit parallel 3-state input
.T2(T2), // 1-bit parallel 3-state input
.T3(T3), // 1-bit parallel 3-state input
.T4(T4), // 1-bit parallel 3-state input
.TCE(TCE) // 1-bit 3-state signal clock enable input

);

// End of OSERDES_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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PMCD
Primitive: Phase-Matched Clock Divider

Introduction
This design element is one of the clock resources available in the Virtex®-4 architecture. It provides the following
clock management features:

Phase-Aligned Divided Clocks

The phase-aligned divided clocks create up to four frequency-divided and phase-aligned versions of an input
clock, CLKA. The output clocks are a function of the input clock frequency: divided-by-1 (CLKA1), divided-by-2
(CLKAD2), divided-by-4 (CLKA1D4), and divided-by-8 (CLKA1D8). CLKA1, CLKA1D2, CLKA1D4, CLKA1D8
output clocks are rising-edge aligned.

Matched-Clock Phase

The matched-clock phase preserves edge alignments, phase relations, or skews between the input clock CLKA
and other PMCD input clocks. Three additional input clocks (CLKB, CLKC, and CLKD) and three corresponding
delayed output clocks (CLKB1, CLKC1, and CLKD1) are available. The same delay is inserted to CLKA,
CLKB, CLKC, and CLKD; thus, the delayed CLKA1, CLKB1, CLKC1, and CLKD1 clock outputs maintain edge
alignments, phase relations, and the skews of the respective inputs.

This design element can be used with other clock resources, including global buffers and the digital clock
management feature. Together, these clock resources provide flexibility in managing complex clock networks
in designs

Port Descriptions
Port Direction Function
CLKA Input CLKA is a clock input to the PMCD. The CLKA frequency can be divided by

1, 2, 4, and 8.

CLKB CLKC
CLKD

Input CLKB, CLKC, and CLKD are clock inputs to the PMCD. These clock are not
divided by PMCD, however, they are delayed by the PMCD to maintain the
phase alignment and phase relationship to CLKA.

RST Input RST is the reset input to the PMCD. Asserting the RST signal asynchronously
forces all outputs Low. Deasserting RST synchronously allows all outputs to
toggle.

REL Input REL is the release input to the PMCD. Asserting the REL signal releases the
divided output synchronous to CLKA.

CLKA1 Output The CLKA1 output has the same frequency as the CLKA input. It is a delayed
version of CLKA.

CLKA1D2 Output The CLKA1D2 output has the frequency of CLKA divided by two. CLKA1D2 is
rising-edge aligned to CLKA1.
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Port Direction Function
CLKA1D4 Output The CLKA1D4 output has the frequency of CLKA divided by four. CLKA1D4 is

rising-edge aligned to CLKA1.

CLKA1D8 Output The CLKA1D8 output has the frequency of CLKA divided by eight, CLKA1D8
is rising-edge aligned to CLKA1.

CLKB1 CLKC1
CLKD1

Output The CLKB1 output is has the same frequency as the CLKB input, a delayed
version of CLKB. The skew between CLKB1 and CLKA1 is the same as the skew
between CLKB and CLKA inputs. Similarly, CLKC1 is a delayed version of
CLKC, and CLKD1 is a delayed version of CLKD.

Design Entry Method
Instantiation Recommended

Inference No

CORE Generator™ and wizards No

Macro support No

Available Attributes
Attribute Type Allowed Values Default Description
EN_REL Boolean FALSE, TRUE FALSE This attribute allows for CLKA1D2,

CLKA1D4, and CLKA1D8 outputs to be
released at REL signal assertion.

Note REL is synchronous to CLKA input.

RST_DEASSERT_
CLK

String "CLKA," "CLKB",
"CLKC", "CLKD”

"CLKA” This attribute allows the deassertion of the
RST signal to be synchronous to a selected
PMCD input clock.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- PMCD: Phase-Matched Clock Divider Circuit
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

PMCD_inst : PMCD
generic map (

EN_REL => FALSE, -- TRUE/FALSE to allow synchronous deassertion of RST
RST_DEASSERT_CLK => "CLKA") -- Reset syncronization to which clock: CLKA, CLKB, CLKC or CLKD

port map (
CLKA1 => CLKA1, -- Output CLKA divided by 1
CLKA1D2 => CLKA1D2, -- Output CLKA divided by 2
CLKA1D4 => CLKA1D4, -- Output CLKA divided by 4
CLKA1D8 => CLKA1D8, -- Output CLKA divided by 8
CLKB1 => CLKB1, -- Output phase matched CLKB
CLKC1 => CLKC1, -- Output phase matched CLKC
CLKD1 => CLKD1, -- Output phase matched CLKD
CLKA => CLKA, -- Input CLKA
CLKB => CLKB, -- Input CLKB
CLKC => CLKC, -- Input CLKC
CLKD => CLKD, -- Input CLKD
REL => REL, -- PCMD release input
RST => RST -- Active high reset input
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);

-- End of PMCD_inst instantiation

Verilog Instantiation Template

// PMCD: Phase-Matched Clock Divider Circuit
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

PMCD #(
.EN_REL("FALSE"), // TRUE/FALSE to allow synchronous deassertion of RST
.RST_DEASSERT_CLK("CLKA") // Reset syncronization to which clock: CLKA, CLKB, CLKC or CLKD

) PMCD_inst (
.CLKA1(CLKA1), // Output CLKA divided by 1
.CLKA1D2(CLKA1D2), // Output CLKA divided by 2
.CLKA1D4(CLKA1D4), // Output CLKA divided by 4
.CLKA1D8(CLKA1D8), // Output CLKA divided by 8
.CLKB1(CLKB1), // Output phase matched CLKB
.CLKC1(CLKC1), // Output phase matched CLKC
.CLKD1(CLKD1), // Output phase matched CLKD
.CLKA(CLKA), // Input CLKA
.CLKB(CLKB), // Input CLKB
.CLKC(CLKC), // Input CLKC
.CLKD(CLKD), // Input CLKD
.REL(REL), // PCMD release input
.RST(RST) // Active high reset input

);

// End of PMCD_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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PPC405_ADV
Primitive: Primitive for the Power PC Core

Introduction
This design element is a 32-bit implementation of the PowerPC® embedded environment architecture that is
derived from the PowerPC architecture. Specifically, the PowerPC 405 is an embedded PowerPC 405F6, for
Virtex®-4 devices, processor core. The processor core also contains on-chip memory logic (OCM), an APU
controller (Virtex-4 devices only), and the gasket logic and interface.

The PowerPC architecture provides a software model that ensures compatibility between implementations of the
PowerPC family of microprocessors. The PowerPC architecture defines parameters that guarantee compatible
processor implementations at the application-program level, allowing broad flexibility in the development
derivative PowerPC implementations that meet specific market requirements.

Design Entry Method
Instantiation Yes

Inference No

CORE Generator™ and wizards Recommended

Macro support No

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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PULLDOWN
Primitive: Resistor to GND for Input Pads, Open-Drain, and 3-State Outputs

Introduction
This resistor element is connected to input, output, or bidirectional pads to guarantee a logic Low level for
nodes that might float.

Port Descriptions
Port Direction Width Function
O Output 1 Pulldown output (connect directly to top level port)

Design Entry Method
Instantiation Yes

Inference No

CORE Generator™ and wizards No

Macro support No

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- PULLDOWN: I/O Buffer Weak Pull-down
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

PULLDOWN_inst : PULLDOWN
port map (

O => O -- Pulldown output (connect directly to top-level port)
);

-- End of PULLDOWN_inst instantiation
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Verilog Instantiation Template

// PULLDOWN: I/O Buffer Weak Pull-down
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

PULLDOWN PULLDOWN_inst (
.O(O) // Pulldown output (connect directly to top-level port)

);

// End of PULLDOWN_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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PULLUP
Primitive: Resistor to VCC for Input PADs, Open-Drain, and 3-State Outputs

Introduction
This design element allows for an input, 3-state output or bi-directional port to be driven to a weak high
value when not being driven by an internal or external source. This element establishes a High logic level for
open-drain elements and macros when all the drivers are off.

Port Descriptions
Port Direction Width Function
O Output 1 Pullup output (connect directly to top level port)

Design Entry Method
Instantiation Yes

Inference No

CORE Generator™ and wizards No

Macro support No

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- PULLUP: I/O Buffer Weak Pull-up
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

PULLUP_inst : PULLUP
port map (

O => O -- Pullup output (connect directly to top-level port)
);

-- End of PULLUP_inst instantiation
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Verilog Instantiation Template

// PULLUP: I/O Buffer Weak Pull-up
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

PULLUP PULLUP_inst (
.O(O) // Pullup output (connect directly to top-level port)

);

// End of PULLUP_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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RAM16X1D
Primitive: 16-Deep by 1-Wide Static Dual Port Synchronous RAM

Introduction
This element is a 16-word by 1-bit static dual port random access memory with synchronous write capability.
The device has two address ports: the read address (DPRA3:DPRA0) and the write address (A3:A0). These two
address ports are asynchronous. The read address controls the location of the data driven out of the output pin
(DPO), and the write address controls the destination of a valid write transaction. When the write enable (WE) is
Low, transitions on the write clock (WCLK) are ignored and data stored in the RAM is not affected.

When WE is High, any positive transition on (WCLK) loads the data on the data input (D) into the word selected
by the 4-bit write address. For predictable performance, write address and data inputs must be stable before a
Low-to-High (WCLK) transition. This RAM block assumes an active-High (WCLK). (WCLK) can be active-High
or active-Low. Any inverter placed on the (WCLK) input net is absorbed into the block.

The SPO output reflects the data in the memory cell addressed by A3:A0. The DPO output reflects the data
in the memory cell addressed by DPRA3:DPRA0.

Note The write process is not affected by the address on the read address port.

You can use the INIT attribute to directly specify an initial value. The value must be a hexadecimal number, for
example, INIT=ABAC. If the INIT attribute is not specified, the RAM is initialized with all zeros.

Logic Table
Mode selection is shown in the following logic table:

Inputs Outputs

WE (mode) WCLK D SPO DPO
0 (read) X X data_a data_d

1 (read) 0 X data_a data_d

1 (read) 1 X data_a data_d

1 (write) ↑ D D data_d

1 (read) ↓ X data_a data_d

data_a = word addressed by bits A3-A0

data_d = word addressed by bits DPRA3-DPRA0
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Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

Available Attributes
Attribute Type Allowed Values Default Description
INIT Hexadecimal Any 16-Bit Value All

zeros.
Initializes RAMs, registers, and look-up
tables.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- RAM16X1D: 16 x 1 positive edge write, asynchronous read dual-port distributed RAM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

RAM16X1D_inst : RAM16X1D
generic map (

INIT => X"0000")
port map (

DPO => DPO, -- Read-only 1-bit data output for DPRA
SPO => SPO, -- R/W 1-bit data output for A0-A3
A0 => A0, -- R/W address[0] input bit
A1 => A1, -- R/W address[1] input bit
A2 => A2, -- R/W address[2] input bit
A3 => A3, -- R/W ddress[3] input bit
D => D, -- Write 1-bit data input
DPRA0 => DPRA0, -- Read-only address[0] input bit
DPRA1 => DPRA1, -- Read-only address[1] input bit
DPRA2 => DPRA2, -- Read-only address[2] input bit
DPRA3 => DPRA3, -- Read-only address[3] input bit
WCLK => WCLK, -- Write clock input
WE => WE -- Write enable input

);

-- End of RAM16X1D_inst instantiation

Verilog Instantiation Template

// RAM16X1D: 16 x 1 positive edge write, asynchronous read dual-port distributed RAM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

RAM16X1D #(
.INIT(16’h0000) // Initial contents of RAM

) RAM16X1D_inst (
.DPO(DPO), // Read-only 1-bit data output for DPRA
.SPO(SPO), // Rw/ 1-bit data output for A0-A3
.A0(A0), // Rw/ address[0] input bit
.A1(A1), // Rw/ address[1] input bit
.A2(A2), // Rw/ address[2] input bit
.A3(A3), // Rw/ address[3] input bit
.D(D), // Write 1-bit data input
.DPRA0(DPRA0), // Read address[0] input bit
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.DPRA1(DPRA1), // Read address[1] input bit

.DPRA2(DPRA2), // Read address[2] input bit

.DPRA3(DPRA3), // Read address[3] input bit

.WCLK(WCLK), // Write clock input

.WE(WE) // Write enable input
);

// End of RAM16X1D_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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RAM16X1D_1
Primitive: 16-Deep by 1-Wide Static Dual Port Synchronous RAM with Negative-Edge
Clock

Introduction
This is a 16-word by 1-bit static dual port random access memory with synchronous write capability and
negative-edge clock. The device has two separate address ports: the read address (DPRA3:DPRA0) and the write
address (A3:A0). These two address ports are asynchronous. The read address controls the location of the data
driven out of the output pin (DPO), and the write address controls the destination of a valid write transaction.

When the write enable (WE) is set to Low, transitions on the write clock (WCLK) are ignored and data stored in
the RAM is not affected. When (WE) is High, any negative transition on (WCLK) loads the data on the data input
(D) into the word selected by the 4-bit write address. For predictable performance, write address and data inputs
must be stable before a High-to-LowWCLK transition. This RAM block assumes an active-Low (WCLK). (WCLK)
can be active-High or active-Low. Any inverter placed on the (WCLK) input net is absorbed into the block.

You can initialize RAM16X1D_1 during configuration using the INIT attribute.

The SPO output reflects the data in the memory cell addressed by A3:A0. The DPO output reflects the data
in the memory cell addressed by DPRA3:DPRA0.

Note The write process is not affected by the address on the read address port.

Logic Table
Mode selection is shown in the following logic table:

Inputs Outputs

WE (mode) WCLK D SPO DPO
0 (read) X X data_a data_d

1 (read) 0 X data_a data_d

1 (read) 1 X data_a data_d

1 (write) ↓ D D data_d

1 (read) ↑ X data_a data_d

data_a = word addressed by bits A3:A0

data_d = word addressed by bits DPRA3:DPRA0
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Port Descriptions
Port Direction Width Function
DPO Output 1 Read-only 1-Bit data output

SPO Output 1 R/W 1-Bit data output

A0 Input 1 R/W address[0] input

A1 Input 1 R/W address[1] input

A2 Input 1 R/W address[2] input

A3 Input 1 R/W address[3] input

D Input 1 Write 1-Bit data input

DPRA0 Input 1 Read-only address[0] input

DPRA1 Input 1 Read-only address[1] input

DPRA2 Input 1 Read-only address[2] input

DPRA3 Input 1 Read-only address[3] input

WCLK Input 1 Write clock input

WE Input 1 Write enable input

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

Available Attributes

Attribute Type
Allowed
Values Default Description

INIT Hexadecimal Any 16-Bit Value All zeros Initializes RAMs, registers, and look-up
tables.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- RAM16X1D_1: 16 x 1 negative edge write, asynchronous read dual-port distributed RAM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

RAM16X1D_1_inst : RAM16X1D_1
generic map (

INIT => X"0000")
port map (

DPO => DPO, -- Read-only 1-bit data output for DPRA
SPO => SPO, -- R/W 1-bit data output for A0-A3
A0 => A0, -- R/W address[0] input bit
A1 => A1, -- R/W address[1] input bit
A2 => A2, -- R/W address[2] input bit
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A3 => A3, -- R/W ddress[3] input bit
D => D, -- Write 1-bit data input
DPRA0 => DPRA0, -- Read-only address[0] input bit
DPRA1 => DPRA1, -- Read-only address[1] input bit
DPRA2 => DPRA2, -- Read-only address[2] input bit
DPRA3 => DPRA3, -- Read-only address[3] input bit
WCLK => WCLK, -- Write clock input
WE => WE -- Write enable input

);

-- End of RAM16X1D_1_inst instantiation

Verilog Instantiation Template

// RAM16X1D_1: 16 x 1 negative edge write, asynchronous read dual-port distributed RAM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

RAM16X1D_1 #(
.INIT(16’h0000) // Initial contents of RAM

) RAM16X1D_1_inst (
.DPO(DPO), // Read-only 1-bit data output
.SPO(SPO), // Rw/ 1-bit data output
.A0(A0), // Rw/ address[0] input bit
.A1(A1), // Rw/ address[1] input bit
.A2(A2), // Rw/ address[2] input bit
.A3(A3), // Rw/ address[3] input bit
.D(D), // Write 1-bit data input
.DPRA0(DPRA0), // Read-only address[0] input bit
.DPRA1(DPRA1), // Read-only address[1] input bit
.DPRA2(DPRA2), // Read-only address[2] input bit
.DPRA3(DPRA3), // Read-only address[3] input bit
.WCLK(WCLK), // Write clock input
.WE(WE) // Write enable input

);

// End of RAM16X1D_1_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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RAM16X1S
Primitive: 16-Deep by 1-Wide Static Synchronous RAM

Introduction
This element is a 16-word by 1-bit static random access memory with synchronous write capability. When the
write enable (WE) is set Low, transitions on the write clock (WCLK) are ignored and data stored in the RAM is
not affected. When WE is set High, any positive transition on WCLK loads the data on the data input (D) into the
word selected by the 4-bit address (A3:A0). This RAM block assumes an active-High WCLK. However, WCLK
can be active-High or active-Low. Any inverter placed on the WCLK input net is absorbed into the block.

The signal output on the data output pin (O) is the data that is stored in the RAM at the location defined by the
values on the address pins. You can initialize RAM16X1S during configuration using the INIT attribute.

Logic Table
Inputs Outputs

WE(mode) WCLK D O
0 (read) X X Data

1 (read) 0 X Data

1 (read) 1 X Data

1 (write) ↑ D D

1 (read) ↓ X Data

Data = word addressed by bits A3:A0

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

Available Attributes
Attribute Type Allowed Values Default Description
INIT Hexadecimal Any 16-Bit Value All zeros Specifies initial contents of the

RAM.
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VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- RAM16X1S: 16 x 1 posedge write distributed (LUT) RAM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

RAM16X1S_inst : RAM16X1S
generic map (

INIT => X"0000")
port map (

O => O, -- RAM output
A0 => A0, -- RAM address[0] input
A1 => A1, -- RAM address[1] input
A2 => A2, -- RAM address[2] input
A3 => A3, -- RAM address[3] input
D => D, -- RAM data input
WCLK => WCLK, -- Write clock input
WE => WE -- Write enable input

);

-- End of RAM16X1S_inst instantiation

Verilog Instantiation Template

// RAM16X1S: 16 x 1 posedge write distributed (LUT) RAM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

RAM16X1S #(
.INIT(16’h0000) // Initial contents of RAM

) RAM16X1S_inst (
.O(O), // RAM output
.A0(A0), // RAM address[0] input
.A1(A1), // RAM address[1] input
.A2(A2), // RAM address[2] input
.A3(A3), // RAM address[3] input
.D(D), // RAM data input
.WCLK(WCLK), // Write clock input
.WE(WE) // Write enable input

);

// End of RAM16X1S_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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RAM16X1S_1
Primitive: 16-Deep by 1-Wide Static Synchronous RAM with Negative-Edge Clock

Introduction
This element is a 16-word by 1-bit static random access memory with synchronous write capability and
negative-edge clock. When the write enable (WE) is Low, transitions on the write clock (WCLK) are ignored
and data stored in the RAM is not affected. When (WE) is High, any negative transition on (WCLK) loads the
data on the data input (D) into the word selected by the 4-bit address (A3:A0). For predictable performance,
address and data inputs must be stable before a High-to-Low WCLK transition. This RAM block assumes an
active-Low (WCLK). However, (WCLK) can be active-High or active-Low. Any inverter placed on the (WCLK)
input net is absorbed into the block.

The signal output on the data output pin (O) is the data that is stored in the RAM at the location defined by
the values on the address pins.

You can initialize this element during configuration using the INIT attribute.

Logic Table
Inputs Outputs

WE(mode) WCLK D O
0 (read) X X Data

1 (read) 0 X Data

1 (read) 1 X Data

1 (write) ↓ D D

1 (read) ↑ X Data

Data = word addressed by bits A3:A0

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No
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Available Attributes
Attribute Type Allowed Values Default Description
INIT Hexadecimal Any 16-Bit Value All zeros Specifies initial contents of the

RAM.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- RAM16X1S_1: 16 x 1 negedge write distributed (LUT) RAM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

RAM16X1S_1_inst : RAM16X1S_1
generic map (

INIT => X"0000")
port map (

O => O, -- RAM output
A0 => A0, -- RAM address[0] input
A1 => A1, -- RAM address[1] input
A2 => A2, -- RAM address[2] input
A3 => A3, -- RAM address[3] input
D => D, -- RAM data input
WCLK => WCLK, -- Write clock input
WE => WE -- Write enable input

);

-- End of RAM16X1S_1_inst instantiation

Verilog Instantiation Template

// RAM16X1S_1: 16 x 1 negedge write distributed (LUT) RAM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

RAM16X1S_1 #(
.INIT(16’h0000) // Initial contents of RAM

) RAM16X1S_1_inst (
.O(O), // RAM output
.A0(A0), // RAM address[0] input
.A1(A1), // RAM address[1] input
.A2(A2), // RAM address[2] input
.A3(A3), // RAM address[3] input
.D(D), // RAM data input
.WCLK(WCLK), // Write clock input
.WE(WE) // Write enable input

);

// End of RAM16X1S_1_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.

Virtex-4 Libraries Guide for HDL Designs
226 www.xilinx.com UG619 (v 13.2) July 6, 2011

http://www.xilinx.com/cgi-bin/SW_Docs_Redirect/sw_docs_redirect?locale=en&topic=user+guides&sub=ug070.pdf
http://www.xilinx.com/cgi-bin/SW_Docs_Redirect/sw_docs_redirect?locale=en&topic=data+sheets&sub=ds302.pdf


Chapter 3: About Design Elements

RAM16X2S
Primitive: 16-Deep by 2-Wide Static Synchronous RAM

Introduction
This element is a 16-word by 2-bit static random access memory with synchronous write capability. When the
write enable (WE) is Low, transitions on the write clock (WCLK) are ignored and data stored in the RAM is not
affected. When WE is High, any positive transition on WCLK loads the data on the data input (D1:D0) into the
word selected by the 4-bit address (A3:A0). For predictable performance, address and data inputs must be stable
before a Low-to-High WCLK transition. This RAM block assumes an active-High WCLK. However, WCLK can
be active-High or active-Low. Any inverter placed on the WCLK input net is absorbed into the block.

The signal output on the data output pins (O1:O0) is the data that is stored in the RAM at the location defined by
the values on the address pins.

You can use the INIT_xx properties to specify the initial contents of a wide RAM. INIT_00 initializes the RAM
cells corresponding to the O0 output, INIT_01 initializes the cells corresponding to the O1 output, etc. For
example, a RAM16X2S instance is initialized by INIT_00 and INIT_01 containing 4 hex characters each. A
RAM16X8S instance is initialized by eight properties INIT_00 through INIT_07 containing 4 hex characters
each. A RAM64x2S instance is completely initialized by two properties INIT_00 and INIT_01 containing
16 hex characters each.

Except for Virtex-4 devices, the initial contents of this element cannot be specified directly.

Logic Table
Inputs Outputs

WE (mode) WCLK D1:D0 O1:O0
0 (read) X X Data

1(read) 0 X Data

1(read) 1 X Data

1(write) ↑ D1:D0 D1:D0

1(read) ↓ X Data

Data = word addressed by bits A3:A0
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Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

Available Attributes
Attribute Type Allowed Values Default Description
INIT_00 to INIT_01 Hexadecimal Any 16-Bit Value All zeros Initializes RAMs, registers, and

look-up tables.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- RAM16X2S: 16 x 2 posedge write distributed (LUT) RAM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

RAM16X2S_inst : RAM16X2S
generic map (

INIT_00 => X"0000", -- INIT for bit 0 of RAM
INIT_01 => X"0000") -- INIT for bit 1 of RAM

port map (
O0 => O0, -- RAM data[0] output
O1 => O1, -- RAM data[1] output
A0 => A0, -- RAM address[0] input
A1 => A1, -- RAM address[1] input
A2 => A2, -- RAM address[2] input
A3 => A3, -- RAM address[3] input
D0 => D0, -- RAM data[0] input
D1 => D1, -- RAM data[1] input
WCLK => WCLK, -- Write clock input
WE => WE -- Write enable input

);

-- End of RAM16X2S_inst instantiation

Verilog Instantiation Template

// RAM16X2S: 16 x 2 posedge write distributed (LUT) RAM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

RAM16X2S #(
.INIT_00(16’h0000), // Initial contents of bit 0 of RAM
.INIT_01(16’h0000) // Initial contents of bit 1 of RAM

) RAM16X2S_inst (
.O0(O0), // RAM data[0] output
.O1(O1), // RAM data[1] output
.A0(A0), // RAM address[0] input
.A1(A1), // RAM address[1] input
.A2(A2), // RAM address[2] input
.A3(A3), // RAM address[3] input
.D0(D0), // RAM data[0] input
.D1(D1), // RAM data[1] input
.WCLK(WCLK), // Write clock input
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.WE(WE) // Write enable input
);

// End of RAM16X2S_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.

Virtex-4 Libraries Guide for HDL Designs
UG619 (v 13.2) July 6, 2011 www.xilinx.com 229

http://www.xilinx.com/cgi-bin/SW_Docs_Redirect/sw_docs_redirect?locale=en&topic=user+guides&sub=ug070.pdf
http://www.xilinx.com/cgi-bin/SW_Docs_Redirect/sw_docs_redirect?locale=en&topic=data+sheets&sub=ds302.pdf


Chapter 3: About Design Elements

RAM32X1S
Primitive: 32-Deep by 1-Wide Static Synchronous RAM

Introduction
The design element is a 32-word by 1-bit static random access memory with synchronous write capability. When
the write enable is Low, transitions on the write clock (WCLK) are ignored and data stored in the RAM is not
affected. When (WE) is High, any positive transition on (WCLK) loads the data on the data input (D) into the
word selected by the 5-bit address (A4-A0). For predictable performance, address and data inputs must be stable
before a Low-to-High (WCLK) transition. This RAM block assumes an active-High (WCLK). However, (WCLK)
can be active-High or active-Low. Any inverter placed on the (WCLK) input net is absorbed into the block.

The signal output on the data output pin (O) is the data that is stored in the RAM at the location defined by the
values on the address pins. You can initialize RAM32X1S during configuration using the INIT attribute.

Logic Table
Inputs Outputs

WE (Mode) WCLK D O
0 (read) X X Data

1 (read) 0 X Data

1 (read) 1 X Data

1 (write) ↓ D D

1 (read) ↑ X Data

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

Available Attributes
Attribute Type Allowed Values Default Descriptions
INIT Hexadecimal Any 32-Bit Value All zeros Specifies initial contents of the RAM.
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VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- RAM32X1S: 32 x 1 posedge write distributed (LUT) RAM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

RAM32X1S_inst : RAM32X1S
generic map (

INIT => X"00000000")
port map (

O => O, -- RAM output
A0 => A0, -- RAM address[0] input
A1 => A1, -- RAM address[1] input
A2 => A2, -- RAM address[2] input
A3 => A3, -- RAM address[3] input
A4 => A4, -- RAM address[4] input
D => D, -- RAM data input
WCLK => WCLK, -- Write clock input
WE => WE -- Write enable input

);

-- End of RAM32X1S_inst instantiation

Verilog Instantiation Template

// RAM32X1S: 32 x 1 posedge write distributed (LUT) RAM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

RAM32X1S #(
.INIT(32’h00000000) // Initial contents of RAM

) RAM32X1S_inst (
.O(O), // RAM output
.A0(A0), // RAM address[0] input
.A1(A1), // RAM address[1] input
.A2(A2), // RAM address[2] input
.A3(A3), // RAM address[3] input
.A4(A4), // RAM address[4] input
.D(D), // RAM data input
.WCLK(WCLK), // Write clock input
.WE(WE) // Write enable input

);

// End of RAM32X1S_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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RAM32X1S_1
Primitive: 32-Deep by 1-Wide Static Synchronous RAM with Negative-Edge Clock

Introduction
The design element is a 32-word by 1-bit static random access memory with synchronous write capability. When
the write enable is Low, transitions on the write clock (WCLK) are ignored and data stored in the RAM is not
affected. When (WE) is High, any negative transition on (WCLK) loads the data on the data input (D) into the
word selected by the 5-bit address (A4:A0). For predictable performance, address and data inputs must be stable
before a High-to-Low (WCLK) transition. This RAM block assumes an active-Low (WCLK). However, (WCLK)
can be active-High or active-Low. Any inverter placed on the (WCLK) input net is absorbed into the block.

The signal output on the data output pin (O) is the data that is stored in the RAM at the location defined by the
values on the address pins. You can initialize RAM32X1S_1 during configuration using the INIT attribute.

Logic Table
Inputs Outputs

WE (Mode) WCLK D O
0 (read) X X Data

1 (read) 0 X Data

1 (read) 1 X Data

1 (write) ↓ D D

1 (read) ↑ X Data

Data = word addressed by bits A4:A0

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

Available Attributes
Attribute Type Allowed Values Default Descriptions
INIT Hexadecimal Any 32-Bit Value 0 Initializes RAMs, registers, and look-up

tables.
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VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- RAM32X1S_1: 32 x 1 negedge write distributed (LUT) RAM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

RAM32X1S_1_inst : RAM32X1S_1
generic map (

INIT => X"00000000")
port map (

O => O, -- RAM output
A0 => A0, -- RAM address[0] input
A1 => A1, -- RAM address[1] input
A2 => A2, -- RAM address[2] input
A3 => A3, -- RAM address[3] input
A4 => A4, -- RAM address[4] input
D => D, -- RAM data input
WCLK => WCLK, -- Write clock input
WE => WE -- Write enable input

);

-- End of RAM32X1S_1_inst instantiation

Verilog Instantiation Template

// RAM32X1S_1: 32 x 1 negedge write distributed (LUT) RAM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

RAM32X1S_1 #(
.INIT(32’h00000000) // Initial contents of RAM

)RAM32X1S_1_inst (
.O(O), // RAM output
.A0(A0), // RAM address[0] input
.A1(A1), // RAM address[1] input
.A2(A2), // RAM address[2] input
.A3(A3), // RAM address[3] input
.A4(A4), // RAM address[4] input
.D(D), // RAM data input
.WCLK(WCLK), // Write clock input
.WE(WE) // Write enable input

);

// End of RAM32X1S_1_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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RAM32X2S
Primitive: 32-Deep by 2-Wide Static Synchronous RAM

Introduction
The design element is a 32-word by 2-bit static random access memory with synchronous write capability. When
the write enable (WE) is Low, transitions on the write clock (WCLK) are ignored and data stored in the RAM is
not affected. When (WE) is High, any positive transition on (WCLK) loads the data on the data input (D1-D0)
into the word selected by the 5-bit address (A4-A0). For predictable performance, address and data inputs must
be stable before a Low-to-High (WCLK) transition. This RAM block assumes an active-High (WCLK). However,
(WCLK) can be active-High or active-Low. Any inverter placed on the (WCLK) input net is absorbed into the
block. The signal output on the data output pins (O1-O0) is the data that is stored in the RAM at the location
defined by the values on the address pins.

You can use the INIT_00 and INIT_01 properties to specify the initial contents of RAM32X2S.

Logic Table
Inputs Outputs

WE (Mode) WCLK D O0-O1
0 (read) X X Data

1 (read) 0 X Data

1 (read) 1 X Data

1 (write) ↑ D1:D0 D1:D0

1 (read) ↓ X Data

Data = word addressed by bits A4:A0

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No
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Available Attributes
Attribute Type Allowed Values Default Descriptions
INIT_00 Hexadecimal Any 32-Bit Value All zeros INIT for bit 0 of RAM.

INIT_01 Hexadecimal Any 32-Bit Value All zeros INIT for bit 1 of RAM.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- RAM32X2S: 32 x 2 posedge write distributed (LUT) RAM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

RAM32X2S_inst : RAM32X2S
generic map (

INIT_00 => X"00000000", -- INIT for bit 0 of RAM
INIT_01 => X"00000000") -- INIT for bit 1 of RAM

port map (
O0 => O0, -- RAM data[0] output
O1 => O1, -- RAM data[1] output
A0 => A0, -- RAM address[0] input
A1 => A1, -- RAM address[1] input
A2 => A2, -- RAM address[2] input
A3 => A3, -- RAM address[3] input
A4 => A4, -- RAM address[4] input
D0 => D0, -- RAM data[0] input
D1 => D1, -- RAM data[1] input
WCLK => WCLK, -- Write clock input
WE => WE -- Write enable input

);

-- End of RAM32X2S_inst instantiation

Verilog Instantiation Template

// RAM32X2S: 32 x 2 posedge write distributed (LUT) RAM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

RAM32X2S #(
.INIT_00(32’h00000000), // INIT for bit 0 of RAM
.INIT_01(32’h00000000) // INIT for bit 1 of RAM

) RAM32X2S_inst (
.O0(O0), // RAM data[0] output
.O1(O1), // RAM data[1] output
.A0(A0), // RAM address[0] input
.A1(A1), // RAM address[1] input
.A2(A2), // RAM address[2] input
.A3(A3), // RAM address[3] input
.A4(A4), // RAM address[4] input
.D0(D0), // RAM data[0] input
.D1(D1), // RAM data[1] input
.WCLK(WCLK), // Write clock input
.WE(WE) // Write enable input

);

// End of RAM32X2S_inst instantiation
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For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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RAM64X1S
Primitive: 64-Deep by 1-Wide Static Synchronous RAM

Introduction
This design element is a 64-word by 1-bit static random access memory (RAM) with synchronous write capability.
When the write enable is set Low, transitions on the write clock (WCLK) are ignored and data stored in the RAM
is not affected. When WE is set High, any positive transition on WCLK loads the data on the data input (D)
into the word selected by the 6-bit address (A5:A0). This RAM block assumes an active-High WCLK. However,
WCLK can be active-High or active-Low. Any inverter placed on the WCLK input net is absorbed into the block.

The signal output on the data output pin (O) is the data that is stored in the RAM at the location defined by
the values on the address pins.

You can initialize this element during configuration using the INIT attribute.

Logic Table
Mode selection is shown in the following logic table

Inputs Outputs

WE (mode) WCLK D O
0 (read) X X Data

1 (read) 0 X Data

1 (read) 1 X Data

1 (write) ↑ D D

1 (read) ↓ X Data

Data = word addressed by bits A5:A0

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No
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Available Attributes

Attribute Type
Allowed
Values Default Description

INIT Hexadecimal Any 64-Bit Value All zeros Initializes ROMs, RAMs, registers, and look-up
tables.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- RAM64X1S: 64 x 1 positive edge write, asynchronous read single-port distributed RAM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

RAM64X1S_inst : RAM64X1S
generic map (

INIT => X"0000000000000000")
port map (

O => O, -- 1-bit data output
A0 => A0, -- Address[0] input bit
A1 => A1, -- Address[1] input bit
A2 => A2, -- Address[2] input bit
A3 => A3, -- Address[3] input bit
A4 => A4, -- Address[4] input bit
A5 => A5, -- Address[5] input bit
D => D, -- 1-bit data input
WCLK => WCLK, -- Write clock input
WE => WE -- Write enable input

);

-- End of RAM64X1S_inst instantiation

Verilog Instantiation Template

// RAM64X1S: 64 x 1 positive edge write, asynchronous read single-port distributed RAM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

RAM64X1S #(
.INIT(64’h0000000000000000) // Initial contents of RAM

) RAM64X1S_inst (
.O(O), // 1-bit data output
.A0(A0), // Address[0] input bit
.A1(A1), // Address[1] input bit
.A2(A2), // Address[2] input bit
.A3(A3), // Address[3] input bit
.A4(A4), // Address[4] input bit
.A5(A5), // Address[5] input bit
.D(D), // 1-bit data input
.WCLK(WCLK), // Write clock input
.WE(WE) // Write enable input

);

// End of RAM64X1S_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.
• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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RAM64X1S_1
Primitive: 64-Deep by 1-Wide Static Synchronous RAM with Negative-Edge Clock

Introduction
This design element is a 64-word by 1-bit static random access memory with synchronous write capability. When
the write enable is Low, transitions on the write clock (WCLK) are ignored and data stored in the RAM is not
affected. When (WE) is High, any negative transition on (WCLK) loads the data on the data input (D) into the
word selected by the 6-bit address (A5:A0). For predictable performance, address and data inputs must be stable
before a High-to-Low (WCLK) transition. This RAM block assumes an active-Low (WCLK). However, (WCLK)
can be active-High or active-Low. Any inverter placed on the (WCLK) input net is absorbed into the block.

The signal output on the data output pin (O) is the data that is stored in the RAM at the location defined by
the values on the address pins.

You can initialize this element during configuration using the INIT attribute.

Logic Table
Inputs Outputs

WE (mode) WCLK D O
0 (read) X X Data

1 (read) 0 X Data

1 (read) 1 X Data

1 (write) ↓ D D

1 (read) ↑ X Data

Data = word addressed by bits A5:A0

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

Available Attributes
Attribute Type Allowed Values Default Description
INIT Hexadecimal Any 64-Bit Value All zeros Initializes ROMs, RAMs, registers, and look-up

tables.
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VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- RAM64X1S_1: 64 x 1 negative edge write, asynchronous read single-port distributed RAM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

RAM64X1S_1_inst : RAM64X1S_1
generic map (

INIT => X"0000000000000000")
port map (

O => O, -- 1-bit data output
A0 => A0, -- Address[0] input bit
A1 => A1, -- Address[1] input bit
A2 => A2, -- Address[2] input bit
A3 => A3, -- Address[3] input bit
A4 => A4, -- Address[4] input bit
A5 => A5, -- Address[5] input bit
D => D, -- 1-bit data input
WCLK => WCLK, -- Write clock input
WE => WE -- Write enable input

);

-- End of RAM64X1S_1_inst instantiation

Verilog Instantiation Template

// RAM64X1S_1: 64 x 1 negative edge write, asynchronous read single-port distributed RAM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

RAM64X1S_1 #(
.INIT(64’h0000000000000000) // Initial contents of RAM

) RAM64X1S_1_inst (
.O(O), // 1-bit data output
.A0(A0), // Address[0] input bit
.A1(A1), // Address[1] input bit
.A2(A2), // Address[2] input bit
.A3(A3), // Address[3] input bit
.A4(A4), // Address[4] input bit
.A5(A5), // Address[5] input bit
.D(D), // 1-bit data input
.WCLK(WCLK), // Write clock input
.WE(WE) // Write enable input

);

// End of RAM64X1S_1_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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RAMB16
Primitive: 16K-bit Data and 2K-bit Parity Single-Port Synchronous Block RAM with
Configurable Port Widths

Introduction
In addition to distributed RAM memory, Virtex®-4 and above devices feature a large number of 18 kB block
RAM memories. This block RAM memory is a True Dual-Port RAM, offering fast, discrete, and large blocks
of memory in the device. The memory is organized in columns, and the total amount of block RAM memory
depends on the size of the device. The 18 kB blocks are cascadable to enable a deeper and wider memory
implementation, with a minimal timing penalty incurred through specialized routing resources.

Read Operation The read operation uses one clock edge. The read address is registered on the read
port, and the stored data is loaded into the output latches after the RAM access
interval passes.

Write Operation A write operation is a single clock-edge operation. The write address is registered on
the write port, and the data input is stored in memory.

Write Operating Modes

There are three options for the behavior of the data output during a write operation on its port. The "read during
write" mode offers the flexibility of using the data output bus during a write operation on the same port. Output
behavior is determined by the configuration. This choice increases the efficiency of block RAM memory at each
clock cycle and allows designs that use maximum bandwidth.

Three different modes are used to determine data available on the output latches after a write clock edge.
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WRITE_FIRST or Transparent Mode (Default) The input data is simultaneously written into memory and
stored in the data output (transparent write).

READ_FIRST or Read-Before-Write Mode Data previously stored at the write address appears on
the output latches, while the input data is being stored in
memory (read before write).

NO_CHANGE Mode The output latches remain unchanged during a write
operation.

Mode selection is set by configuration. One of these three modes is set individually for each port by an attribute.
The default mode is WRITE_FIRST.

Port Descriptions
Output Latches Synchronous Set/Reset - SRVAL (SRVAL_A & SRVAL_B)

The SRVAL_A and SRVAL_B (dual-port) attributes define output latch values when the SSR input is asserted.
The width of the SRVAL (SRVAL_A and SRVAL_B) attribute is the port width, as shown in the following table:

Port Width Values
and Data Width DOP Bus DO Bus SRVAL
1 NA <0> 1

2 NA <1:0> 2

4 NA <3:0> 4

9 <0> <7:0> (1+8) = 9

18 <1:0> <15:0> (2+16) = 18

36 <3:0> <31:0> (4 + 32) = 36

Optional Output Register On/Off Switch - DO[A/B]_REG

This attribute sets the number of pipeline register at A/B output of RAMB16. The valid values are 0 (default) or 1.

Clock Inversion at Output Register Switch - INVERT_CLK_DO[A/B]_REG

When set to TRUE, the clock input to the pipeline register at A/B output of RAMB16 is inverted. The default
value is FALSE.

Extended Mode Address Determinant - RAM_EXTENSION_[A/B]

This attribute determines whether the block RAM of interest has its A/B port as UPPER/LOWER address when
using the cascade mode. In the cascading mode, READ_WIDTH_[A/B] and WRITE_WIDTH_[A/B] should be set
to 1. When the block RAM is not used in cascade mode, the default value is NONE.

Read Width - READ_WIDTH_[A/B]

This attribute determines the A/B read port width of the block RAM. The valid values are: 0 (default), 1, 2, 4, 9,
18, and 36. The READ_WIDTH_[A/B] for both the ports should not be set to zero at the same time.

Write Width - WRITE_WIDTH_[A/B]

This attribute determines the A/B write port width of the block RAM. The valid values are: 0 (default), 1, 2, 4, 9,
18, and 36.

Write Mode - WRITE_MODE_[A/B]

This attribute determines the write mode of the A/B input ports. The possible values are WRITE_FIRST (default),
READ_FIRST, and NO_CHANGE.

RAMB16 Location Constraints
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Block RAM instances can have LOC properties attached to them to constrain placement. Block RAM placement
locations differ from the convention used for naming CLB locations, allowing LOC properties to transfer easily
from array to array. The LOC properties use the following form: LOC = RAMB16_X#Y#

The RAMB16_X0Y0 is the bottom-left block RAM location on the device.

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards Yes

Macro support No

Available Attributes
Attribute Type Allowed Values Default Description
DOA_REG Integer 0, 1 0 Optional output registers on A port

DOB_REG Integer 0, 1 0 Optional output registers on B port.

INIT_00 to INIT_39 Hexa-
decimal

Any 256-Bit Value All zeros To change the initial contents of
the RAM to anything other than all
zero’s.

INIT_0A to INIT_0F Hexa-
decimal

Any 256-Bit Value All zeros To change the initial contents of
the RAM to anything other than all
zero’s.

INIT_1A to INIT_1F Hexa-
decimal

Any 256-Bit Value All zeros To change the initial contents of
the RAM to anything other than all
zero’s.

INIT_2A to INIT_2F Hexa-
decimal

Any 256-Bit Value All zeros To change the initial contents of
the RAM to anything other than all
zero’s.

INIT_3A to INIT_3F Hexa-
decimal

Any 256-Bit Value All zeros To change the initial contents of the
RAM to anything other than all zeros.

INIT_A Hexa-
decimal

Any 36-Bit Value All zeros Initial values on A output port.

INIT_B Hexa-
decimal

Any 36-Bit Value All zeros Initial values on B output port.

INITP_00 to INITP_07 Hexa-
decimal

Any 256-Bit Value All zeros Applied for the parity bits.

INVERT_CLK_DOA_
REG

Boolean FALSE, TRUE FALSE Invert clock on A port output
registers.

INVERT_CLK_DOB_
REG

Boolean FALSE, TRUE FALSE Invert clock on B port output registers.

RAM_EXTENSION_A String "LOWER",
"NONE"
or "UPPER”

"NONE” Allowed value when cascaded.

RAM_EXTENSION_B String "LOWER",
"NONE"
or "UPPER”

"NONE” Allowed value when cascaded.

READ_WIDTH_A Integer 0, 1, 2, 4, 9, 18 or 36 0 Determines the A read port width of
the block RAM.
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READ_WIDTH_B Integer 0, 1, 2, 4, 9, 18 or 36 0 Determines the B read port width of
the block RAM.

SIM_COLLISION_
CHECK

String "ALL",
”WARNING_
ONLY“,
GENERATE_X_
ONLY”, or
“NONE”

"ALL” Allows modification of the simulation
behavior if a memory collision occurs.
The output is affected as follows:

• "ALL" - Warning produced and
affected outputs/memory location
go unknown (X).

• "WARNING_ONLY" - Warning
produced and affected
outputs/memory retain last
value.

• "GENERATE_X_ONLY" - No
warning. However, affected
outputs/memory go unknown
(X).

• "NONE" - No warning and
affected outputs/memory retain
last value.

Note Setting this to a value other
than "ALL" can allow problems in
the design go unnoticed during
simulation. Care should be taken
when changing the value of this
attribute. Please see the Synthesis
and Simulation Design Guide for more
information.

SRVAL_A Hexa-
decimal

Any 36-Bit Value. All zeros Use to set/reset value for A port
output.

SRVAL_B Hexa-
decimal

Any 36-Bit Value. All zeros Use to set/reset value for B port
output.

WRITE_MODE_A String "WRITE_FIRST",
"READ_FIRST" or
"NO_CHANGE”

"WRITE_FIRST” Configures Port A (Sn) of a dual-port
RAMB16 to support one of three write
modes.

WRITE_MODE_B String "WRITE_FIRST",
"READ_FIRST" or
"NO_CHANGE”

"WRITE_FIRST” Configures Port B (Sn) of a dual-port
RAMB16 to support one of three write
modes.

WRITE_WIDTH_A Integer 0, 1, 2, 4, 9, 18 or 36 0 Determines the A write port width of
the block RAM.

WRITE_WIDTH_B Integer 0, 1, 2, 4, 9, 18 or 36 0 Determines the A write port width of
the block RAM.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- RAMB16: 16k+2k Parity Paramatizable BlockRAM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

RAMB16_inst : RAMB16
generic map (

DOA_REG => 0, -- Optional output registers on the A port (0 or 1)
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DOB_REG => 0, -- Optional output registers on the B port (0 or 1)
INIT_A => X"000000000", -- Initial values on A output port
INIT_B => X"000000000", -- Initial values on B output port
INVERT_CLK_DOA_REG => FALSE, -- Invert clock on A port output registers (TRUE or FALSE)
INVERT_CLK_DOB_REG => FALSE, -- Invert clock on B port output registers (TRUE or FALSE)
RAM_EXTENSION_A => "NONE", -- "UPPER", "LOWER" or "NONE" when cascaded
RAM_EXTENSION_B => "NONE", -- "UPPER", "LOWER" or "NONE" when cascaded
READ_WIDTH_A => 0, -- Valid values are 1,2,4,9,18 or 36
READ_WIDTH_B => 0, -- Valid values are 1,2,4,9,18 or 36
SIM_COLLISION_CHECK => "ALL", -- Collision check enable "ALL", "WARNING_ONLY",

-- "GENERATE_X_ONLY" or "NONE"
SRVAL_A => X"000000000", -- Port A output value upon SSR assertion
SRVAL_B => X"000000000", -- Port B output value upon SSR assertion
WRITE_MODE_A => "WRITE_FIRST", -- WRITE_FIRST, READ_FIRST or NO_CHANGE
WRITE_MODE_B => "WRITE_FIRST", -- WRITE_FIRST, READ_FIRST or NO_CHANGE
WRITE_WIDTH_A => 0, -- Valid values are 1,2,4,9,18 or 36
WRITE_WIDTH_B => 0, -- Valid values are 1,2,4,9,18 or 36
-- The following INIT_xx declarations specify the initial contents of the RAM
INIT_00 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_01 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_02 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_03 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_04 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_05 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_06 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_07 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_08 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_09 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_0A => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_0B => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_0C => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_0D => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_0E => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_0F => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_10 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_11 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_12 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_13 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_14 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_15 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_16 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_17 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_18 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_19 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_1A => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_1B => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_1C => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_1D => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_1E => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_1F => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_20 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_21 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_22 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_23 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_24 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_25 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_26 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_27 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_28 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_29 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_2A => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_2B => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_2C => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_2D => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_2E => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_2F => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_30 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_31 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_32 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_33 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_34 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_35 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_36 => X"0000000000000000000000000000000000000000000000000000000000000000",
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INIT_37 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_38 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_39 => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_3A => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_3B => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_3C => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_3D => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_3E => X"0000000000000000000000000000000000000000000000000000000000000000",
INIT_3F => X"0000000000000000000000000000000000000000000000000000000000000000",
-- The next set of INITP_xx are for the parity bits
INITP_00 => X"0000000000000000000000000000000000000000000000000000000000000000",
INITP_01 => X"0000000000000000000000000000000000000000000000000000000000000000",
INITP_02 => X"0000000000000000000000000000000000000000000000000000000000000000",
INITP_03 => X"0000000000000000000000000000000000000000000000000000000000000000",
INITP_04 => X"0000000000000000000000000000000000000000000000000000000000000000",
INITP_05 => X"0000000000000000000000000000000000000000000000000000000000000000",
INITP_06 => X"0000000000000000000000000000000000000000000000000000000000000000",
INITP_07 => X"0000000000000000000000000000000000000000000000000000000000000000")

port map (
CASCADEOUTA => CASCADEOUTA, -- 1-bit cascade output
CASCADEOUTB => CASCADEOUTB, -- 1-bit cascade output
DOA => DOA, -- 32-bit A port Data Output
DOB => DOB, -- 32-bit B port Data Output
DOPA => DOPA, -- 4-bit A port Parity Output
DOPB => DOPB, -- 4-bit B port Parity Output
ADDRA => ADDRA, -- 15-bit A port Address Input
ADDRB => ADDRB, -- 15-bit B port Address Input
CASCADEINA => CASCADEINA, -- 1-bit cascade A input
CASCADEINB => CASCADEINB, -- 1-bit cascade B input
CLKA => CLKA, -- Port A Clock
CLKB => CLKB, -- Port B Clock
DIA => DIA, -- 32-bit A port Data Input
DIB => DIB, -- 32-bit B port Data Input
DIPA => DIPA, -- 4-bit A port parity Input
DIPB => DIPB, -- 4-bit B port parity Input
ENA => ENA, -- 1-bit A port Enable Input
ENB => ENB, -- 1-bit B port Enable Input
REGCEA => REGCEA, -- 1-bit A port register enable input
REGCEB => REGCEB, -- 1-bit B port register enable input
SSRA => SSRA, -- 1-bit A port Synchronous Set/Reset Input
SSRB => SSRB, -- 1-bit B port Synchronous Set/Reset Input
WEA => WEA, -- 4-bit A port Write Enable Input
WEB => WEB -- 4-bit B port Write Enable Input

);

-- End of RAMB16_inst instantiation

Verilog Instantiation Template

// RAMB16: 16k+2k Parity Paramatizable BlockRAM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

RAMB16 #(
.DOA_REG(0), // Optional output registers on A port (0 or 1)
.DOB_REG(0), // Optional output registers on B port (0 or 1)
.INIT_A(36’h000000000), // Initial values on A output port
.INIT_B(36’h000000000), // Initial values on B output port
.INVERT_CLK_DOA_REG("FALSE"), // Invert clock on A port output registers ("TRUE" or "FALSE")
.INVERT_CLK_DOB_REG("FALSE"), // Invert clock on A port output registers ("TRUE" or "FALSE")
.RAM_EXTENSION_A("NONE"), // "UPPER", "LOWER" or "NONE" when cascaded
.RAM_EXTENSION_B("NONE"), // "UPPER", "LOWER" or "NONE" when cascaded
.READ_WIDTH_A(0), // Valid values are 1, 2, 4, 9, 18, or 36
.READ_WIDTH_B(0), // Valid values are 1, 2, 4, 9, 18, or 36
.SIM_COLLISION_CHECK("ALL"), // Collision check enable "ALL", "WARNING_ONLY",

// "GENERATE_X_ONLY" or "NONE"
.SRVAL_A(36’h000000000), // Set/Reset value for A port output
.SRVAL_B(36’h000000000), // Set/Reset value for B port output
.WRITE_MODE_A("WRITE_FIRST"), // "WRITE_FIRST", "READ_FIRST", or "NO_CHANGE"
.WRITE_MODE_B("WRITE_FIRST"), // "WRITE_FIRST", "READ_FIRST", or "NO_CHANGE"
.WRITE_WIDTH_A(2), // Valid values are 1, 2, 4, 9, 18, or 36
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.WRITE_WIDTH_B(0), // Valid values are 1, 2, 4, 9, 18, or 36

// The following INIT_xx declarations specify the initial contents of the RAM
.INIT_00(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_01(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_02(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_03(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_04(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_05(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_06(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_07(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_08(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_09(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_0A(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_0B(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_0C(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_0D(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_0E(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_0F(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_10(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_11(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_12(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_13(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_14(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_15(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_16(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_17(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_18(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_19(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_1A(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_1B(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_1C(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_1D(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_1E(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_1F(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_20(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_21(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_22(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_23(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_24(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_25(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_26(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_27(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_28(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_29(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_2A(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_2B(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_2C(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_2D(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_2E(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_2F(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_30(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_31(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_32(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_33(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_34(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_35(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_36(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_37(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_38(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_39(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_3A(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_3B(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_3C(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_3D(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_3E(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INIT_3F(256’h0000000000000000000000000000000000000000000000000000000000000000),

// The next set of INITP_xx are for the parity bits
.INITP_00(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INITP_01(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INITP_02(256’h0000000000000000000000000000000000000000000000000000000000000000),
.INITP_03(256’h0000000000000000000000000000000000000000000000000000000000000000),
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.INITP_04(256’h0000000000000000000000000000000000000000000000000000000000000000),

.INITP_05(256’h0000000000000000000000000000000000000000000000000000000000000000),

.INITP_06(256’h0000000000000000000000000000000000000000000000000000000000000000),

.INITP_07(256’h0000000000000000000000000000000000000000000000000000000000000000)
) RAMB16_inst (

.CASCADEOUTA(CASCADEOUTA), // 1-bit cascade output

.CASCADEOUTB(CASCADEOUTB), // 1-bit cascade output

.DOA(DOA), // 32-bit A port data output

.DOB(DOB), // 32-bit B port data output

.DOPA(DOPA), // 4-bit A port parity data output

.DOPB(DOPB), // 4-bit B port parity data output

.ADDRA(ADDRA), // 15-bit A port address input

.ADDRB(ADDRB), // 15-bit B port address input

.CASCADEINA(CASCADEINA), // 1-bit cascade A input

.CASCADEINB(CASCADEINB), // 1-bit cascade B input

.CLKA(CLKA), // 1-bit A port clock input

.CLKB(CLKB), // 1-bit B port clock input

.DIA(DIA), // 32-bit A port data input

.DIB(DIB), // 32-bit B port data input

.DIPA(DIPA), // 4-bit A port parity data input

.DIPB(DIPB), // 4-bit B port parity data input

.ENA(ENA), // 1-bit A port enable input

.ENB(ENB), // 1-bit B port enable input

.REGCEA(REGCEA), // 1-bit A port register enable input

.REGCEB(REGCEB), // 1-bit B port register enable input

.SSRA(SSRA), // 1-bit A port set/reset input

.SSRB(SSRB), // 1-bit B port set/reset input

.WEA(WEA), // 4-bit A port write enable input

.WEB(WEB) // 4-bit B port write enable input
);

// End of RAMB16_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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RAMB32_S64_ECC
Primitive: 512 Deep by 64-Bit Wide Synchronous, Two-Port Block RAM with Built-In Error
Correction

Introduction
Two vertically adjacent block RAMs can be configured as a single 512 x 64 RAM with built in Hamming error
correction, using the extra eight bits in the 72-bit wide RAM. The operation is transparent to you. The eight
protection bits are generated during each write operation, and are used during each read operation to correct any
single error, or to detect (but not correct) any double error. Two status outputs indicate the three possible read
results: No error, single error corrected, double error detected. The read operation does not correct the error in
the memory array, it only presents corrected data on DOUT.

This error correction code (ECC) configuration option is available with any block RAM pair, but cannot use the
one block RAM immediately above or below the Virtex®-4 PowerPC®™ blocks.

Port Descriptions
Port Direction Function
DIN<63:0> Input Data input bus

WRADDR<8:0> Input Write address bus

RDADDR<8:0> Input Read address bus

WREN Input Write enable. When WREN = 1, data will be written into memory. When
WREN = 0, write is disabled.

RDEN Input Read enable. When RDEN = 1, data will be read from memory. When RDEN
= 0, read is disabled.

SSR Input Set/Reset output registers (not the memory content)

WRCLK Input Clock for write operations

RDCLK Input Clock for read operations

DOUT<63:0> Output Data output bus

STATUS<1:0>(1) Output Error status bus

Note Hamming code implemented in the block RAM ECC logic detects one of three conditions: no detectable
error, single-bit error detected and corrected on DOUT (but not corrected in the memory), and double-bit error
detected without correction. The result of STATUS<1:0> indicates these three conditions.
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STATUS[1:0] Function
0 No bit error.

1 Single-bit error. The block RAM ECC macro detects and automatically corrects a single-bit error.

10 Double-bit error. The block RAM ECC macro detects a double-bit error.

11 Indeterminate state. The Hamming code implemented in the block RAM ECC cannot generate a
predictable status if STATUS<1:0> is equal to three. Designers must ensure that the data has at
most double-bit errors for the STATUS<1:0> to generate the proper indicator.

Design Entry Method
Instantiation Recommended

Inference No

CORE Generator™ and wizards No

Macro support No

Available Attributes
Attribute Type Allowed Values Default Description
DO_REG Integer 0, 1 0 Optional output registers on A port .

SIM_COLLISION_
CHECK

String “ALL”, "NONE",
"WARNING_ ONLY" or
"GENERATE_X_
ONLY”

"ALL” Allows modification of the simulation
behavior if a memory collision occurs.
The output is affected as follows:

• "ALL" - Warning produced and
affected outputs/memory location
go unknown (X).

• "WARNING_ONLY" - Warning
produced and affected
outputs/memory retain last
value.

• "GENERATE_X_ONLY" - No
warning. However, affected
outputs/memory go unknown (X).

• "NONE" - No warning and
affected outputs/memory retain
last value.

Note Setting this to a value other
than "ALL" can allow problems in
the design go unnoticed during
simulation. Care should be taken
when changing the value of this
attribute. Please see the Synthesis
and Simulation Design Guide for more
information.
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VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- RAMB32_S64_ECC: 512 x 64 Error Correction BlockRAM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

RAMB32_S64_ECC_inst: RAMB32_S64_ECC_inst
generic map(

DO_REG => 0, -- Optional output registers (0 or 1)
SIM_COLLISION_CHECK => "ALL") -- Collision check enable "ALL", "WARNING_ONLY", "GENERATE_X_ONLY"

port map (
DO => DO, -- 64-bit output data
STATUS => STATUS, -- 2-bit status output
DI => DI, -- 64-bit data input
RDADDR => RDADDR, -- 9-bit data address input
RDCLK => RDCLK, -- 1-bit read clock input
RDEN => RDEN, -- 1-bit read enable input
SSR => ’0’, -- Always tie to ground
WRADDR =>WRADDR, -- 9-bit write address input
WRCLK => WRCLK, -- 1-bit write clock input
WREN => WREN -- 1-bit write enable input

);

-- End of RAMB32_S64_ECC_inst instantiation

Verilog Instantiation Template

// RAMB32_S64_ECC: 512 x 64 Error Correction BlockRAM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

RAMB32_S64_ECC #(
.DO_REG(0), // Optional output registers (0 or 1)
.SIM_COLLISION_CHECK("ALL") // Collision check enable "ALL",

//"WARNING_ONLY", "GENERATE_X_ONLY"
) RAMB32_S64_ECC_inst (

.DO(DO), // 64-bit output data

.STATUS(STATUS), // 2-bit status output

.DI(DI), // 64-bit data input

.RDADDR(RDADDR), // 9-bit data address input

.RDCLK(RDCLK), // 1-bit read clock input

.RDEN(RDEN), // 1-bit read enable input

.SSR(1’b0), // Always tie to ground

.WRADDR(WRADDR), // 9-bit write address input

.WRCLK(WRCLK), // 1-bit write clock input

.WREN(WREN) // 1-bit write enable input
);

// End of RAMB32_S64_ECC_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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ROM128X1
Primitive: 128-Deep by 1-Wide ROM

Introduction
This design element is a 128-word by 1-bit read-only memory. The data output (O) reflects the word selected by
the 7-bit address (A6:A0). The ROM is initialized to a known value during configuration with the INIT=value
parameter. The value consists of 32 hexadecimal digits that are written into the ROM from the most-significant
digit A=FH to the least-significant digit A=0H. An error occurs if the INIT=value is not specified.

Logic Table
Input Output

I0 I1 I2 I3 O
0 0 0 0 INIT(0)

0 0 0 1 INIT(1)

0 0 1 0 INIT(2)

0 0 1 1 INIT(3)

0 1 0 0 INIT(4)

0 1 0 1 INIT(5)

0 1 1 0 INIT(6)

0 1 1 1 INIT(7)

1 0 0 0 INIT(8)

1 0 0 1 INIT(9)

1 0 1 0 INIT(10)

1 0 1 1 INIT(11)

1 1 0 0 INIT(12)

1 1 0 1 INIT(13)

1 1 1 0 INIT(14)

1 1 1 1 INIT(15)
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Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

Available Attributes
Attribute Type Allowed Values Default Description
INIT Hexadecimal Any 128-Bit Value All zeros Specifies the contents of the ROM.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- ROM128X1: 128 x 1 Asynchronous Distributed (LUT) ROM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

ROM128X1_inst : ROM128X1
generic map (

INIT => X"00000000000000000000000000000000")
port map (

O => O, -- ROM output
A0 => A0, -- ROM address[0]
A1 => A1, -- ROM address[1]
A2 => A2, -- ROM address[2]
A3 => A3, -- ROM address[3]
A4 => A4, -- ROM address[4]
A5 => A5, -- ROM address[5]
A6 => A6 -- ROM address[6]

);

-- End of ROM128X1_inst instantiation

Verilog Instantiation Template

// ROM128X1: 128 x 1 Asynchronous Distributed (LUT) ROM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

ROM128X1 #(
.INIT(128’h00000000000000000000000000000000) // Contents of ROM

) ROM128X1_inst (
.O(O), // ROM output
.A0(A0), // ROM address[0]
.A1(A1), // ROM address[1]
.A2(A2), // ROM address[2]
.A3(A3), // ROM address[3]
.A4(A4), // ROM address[4]
.A5(A5), // ROM address[5]
.A6(A6) // ROM address[6]

);

// End of ROM128X1_inst instantiation
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For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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ROM16X1
Primitive: 16-Deep by 1-Wide ROM

Introduction
This design element is a 16-word by 1-bit read-only memory. The data output (O) reflects the word selected by
the 4-bit address (A3:A0). The ROM is initialized to a known value during configuration with the INIT=value
parameter. The value consists of four hexadecimal digits that are written into the ROM from the most-significant
digit A=FH to the least-significant digit A=0H. For example, the INIT=10A7 parameter produces the data stream:
0001 0000 1010 0111 An error occurs if the INIT=value is not specified.

Logic Table
Input Output

I0 I1 I2 I3 O
0 0 0 0 INIT(0)

0 0 0 1 INIT(1)

0 0 1 0 INIT(2)

0 0 1 1 INIT(3)

0 1 0 0 INIT(4)

0 1 0 1 INIT(5)

0 1 1 0 INIT(6)

0 1 1 1 INIT(7)

1 0 0 0 INIT(8)

1 0 0 1 INIT(9)

1 0 1 0 INIT(10)

1 0 1 1 INIT(11)

1 1 0 0 INIT(12)

1 1 0 1 INIT(13)

1 1 1 0 INIT(14)

1 1 1 1 INIT(15)
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Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

Available Attributes
Attribute Type Allowed Values Default Description
INIT Hexadecimal Any 16-Bit Value All zeros Specifies the contents of the ROM.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- ROM16X1: 16 x 1 Asynchronous Distributed (LUT) ROM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

ROM16X1_inst : ROM16X1
generic map (

INIT => X"0000")
port map (

O => O, -- ROM output
A0 => A0, -- ROM address[0]
A1 => A1, -- ROM address[1]
A2 => A2, -- ROM address[2]
A3 => A3 -- ROM address[3]

);

-- End of ROM16X1_inst instantiation

Verilog Instantiation Template

// ROM16X1: 16 x 1 Asynchronous Distributed (LUT) ROM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

ROM16X1 #(
.INIT(16’h0000) // Contents of ROM

) ROM16X1_inst (
.O(O), // ROM output
.A0(A0), // ROM address[0]
.A1(A1), // ROM address[1]
.A2(A2), // ROM address[2]
.A3(A3) // ROM address[3]

);

// End of ROM16X1_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.
• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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ROM256X1
Primitive: 256-Deep by 1-Wide ROM

Introduction
This design element is a 256-word by 1-bit read-only memory. The data output (O) reflects the word selected by
the 8-bit address (A7:A0). The ROM is initialized to a known value during configuration with the INIT=value
parameter. The value consists of 64 hexadecimal digits that are written into the ROM from the most-significant
digit A=FH to the least-significant digit A=0H.

An error occurs if the INIT=value is not specified.

Logic Table
Input Output

I0 I1 I2 I3 O
0 0 0 0 INIT(0)

0 0 0 1 INIT(1)

0 0 1 0 INIT(2)

0 0 1 1 INIT(3)

0 1 0 0 INIT(4)

0 1 0 1 INIT(5)

0 1 1 0 INIT(6)

0 1 1 1 INIT(7)

1 0 0 0 INIT(8)

1 0 0 1 INIT(9)

1 0 1 0 INIT(10)

1 0 1 1 INIT(11)

1 1 0 0 INIT(12)

1 1 0 1 INIT(13)

1 1 1 0 INIT(14)

1 1 1 1 INIT(15)
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Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

Available Attributes
Attribute Type Allowed Values Default Description
INIT Hexadecimal Any 256-Bit Value All zeros Specifies the contents of the ROM.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- ROM256X1: 256 x 1 Asynchronous Distributed (LUT) ROM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

ROM256X1_inst : ROM256X1
generic map (

INIT => X"0000000000000000000000000000000000000000000000000000000000000000")
port map (

O => O, -- ROM output
A0 => A0, -- ROM address[0]
A1 => A1, -- ROM address[1]
A2 => A2, -- ROM address[2]
A3 => A3, -- ROM address[3]
A4 => A4, -- ROM address[4]
A5 => A5, -- ROM address[5]
A6 => A6, -- ROM address[6]
A7 => A7 -- ROM address[7]

);

-- End of ROM256X1_inst instantiation

Verilog Instantiation Template

// ROM256X1: 256 x 1 Asynchronous Distributed (LUT) ROM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

ROM256X1 #(
.INIT(256’h0000000000000000000000000000000000000000000000000000000000000000) // Contents of ROM

) ROM256X1_inst (
.O(O), // ROM output
.A0(A0), // ROM address[0]
.A1(A1), // ROM address[1]
.A2(A2), // ROM address[2]
.A3(A3), // ROM address[3]
.A4(A4), // ROM address[4]
.A5(A5), // ROM address[5]
.A6(A6), // ROM address[6]
.A7(A7) // ROM address[7]

);

// End of ROM256X1_inst instantiation
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For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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ROM32X1
Primitive: 32-Deep by 1-Wide ROM

Introduction
This design element is a 32-word by 1-bit read-only memory. The data output (O) reflects the word selected by
the 5-bit address (A4:A0). The ROM is initialized to a known value during configuration with the INIT=value
parameter. The value consists of eight hexadecimal digits that are written into the ROM from the most-significant
digit A=1FH to the least-significant digit A=00H.

For example, the INIT=10A78F39 parameter produces the data stream: 0001 0000 1010 0111 1000 1111 0011 1001.
An error occurs if the INIT=value is not specified.

Logic Table
Input Output

I0 I1 I2 I3 O
0 0 0 0 INIT(0)

0 0 0 1 INIT(1)

0 0 1 0 INIT(2)

0 0 1 1 INIT(3)

0 1 0 0 INIT(4)

0 1 0 1 INIT(5)

0 1 1 0 INIT(6)

0 1 1 1 INIT(7)

1 0 0 0 INIT(8)

1 0 0 1 INIT(9)

1 0 1 0 INIT(10)

1 0 1 1 INIT(11)

1 1 0 0 INIT(12)

1 1 0 1 INIT(13)

1 1 1 0 INIT(14)

1 1 1 1 INIT(15)
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Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

Available Attributes
Attribute Type Allowed Values Default Description
INIT Hexadecimal Any 32-Bit Value All zeros Specifies the contents of the ROM.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- ROM32X1: 32 x 1 Asynchronous Distributed (LUT) ROM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

ROM32X1_inst : ROM32X1
generic map (

INIT => X"00000000")
port map (

O => O, -- ROM output
A0 => A0, -- ROM address[0]
A1 => A1, -- ROM address[1]
A2 => A2, -- ROM address[2]
A3 => A3, -- ROM address[3]
A4 => A4 -- ROM address[4]

);
-- End of ROM32X1_inst instantiation

Verilog Instantiation Template

// ROM32X1: 32 x 1 Asynchronous Distributed (LUT) ROM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

ROM32X1 #(
.INIT(32’h00000000) // Contents of ROM

) ROM32X1_inst (
.O(O), // ROM output
.A0(A0), // ROM address[0]
.A1(A1), // ROM address[1]
.A2(A2), // ROM address[2]
.A3(A3), // ROM address[3]
.A4(A4) // ROM address[4]

);

// End of ROM32X1_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.
• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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ROM64X1
Primitive: 64-Deep by 1-Wide ROM

Introduction
This design element is a 64-word by 1-bit read-only memory. The data output (O) reflects the word selected by
the 6-bit address (A5:A0). The ROM is initialized to a known value during configuration with the INIT=value
parameter. The value consists of 16 hexadecimal digits that are written into the ROM from the most-significant
digit A=FH to the least-significant digit A=0H. An error occurs if the INIT=value is not specified.

Logic Table
Input Output

I0 I1 I2 I3 O
0 0 0 0 INIT(0)

0 0 0 1 INIT(1)

0 0 1 0 INIT(2)

0 0 1 1 INIT(3)

0 1 0 0 INIT(4)

0 1 0 1 INIT(5)

0 1 1 0 INIT(6)

0 1 1 1 INIT(7)

1 0 0 0 INIT(8)

1 0 0 1 INIT(9)

1 0 1 0 INIT(10)

1 0 1 1 INIT(11)

1 1 0 0 INIT(12)

1 1 0 1 INIT(13)

1 1 1 0 INIT(14)

1 1 1 1 INIT(15)
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Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

Available Attributes
Attribute Type Allowed Values Default Description
INIT Hexadecimal Any 64-Bit Value All zeros Specifies the contents of the ROM.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- ROM64X1: 64 x 1 Asynchronous Distributed (LUT) ROM
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

ROM64X1_inst : ROM64X1
generic map (

INIT => X"0000000000000000")
port map (

O => O, -- ROM output
A0 => A0, -- ROM address[0]
A1 => A1, -- ROM address[1]
A2 => A2, -- ROM address[2]
A3 => A3, -- ROM address[3]
A4 => A4, -- ROM address[4]
A5 => A5 -- ROM address[5]

);

-- End of ROM64X1_inst instantiation

Verilog Instantiation Template

// ROM64X1: 64 x 1 Asynchronous Distributed (LUT) ROM
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

ROM64X1 #(
.INIT(64’h0000000000000000) // Contents of ROM

) ROM64X1_inst (
.O(O), // ROM output
.A0(A0), // ROM address[0]
.A1(A1), // ROM address[1]
.A2(A2), // ROM address[2]
.A3(A3), // ROM address[3]
.A4(A4), // ROM address[4]
.A5(A5) // ROM address[5]

);

// End of ROM64X1_inst instantiation
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For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.

Virtex-4 Libraries Guide for HDL Designs
264 www.xilinx.com UG619 (v 13.2) July 6, 2011

http://www.xilinx.com/cgi-bin/SW_Docs_Redirect/sw_docs_redirect?locale=en&topic=user+guides&sub=ug070.pdf
http://www.xilinx.com/cgi-bin/SW_Docs_Redirect/sw_docs_redirect?locale=en&topic=data+sheets&sub=ds302.pdf


Chapter 3: About Design Elements

SRL16
Primitive: 16-Bit Shift Register Look-Up Table (LUT)

Introduction
This design element is a shift register look-up table (LUT). The inputs A3, A2, A1, and A0 select the output
length of the shift register.

The shift register can be of a fixed, static length or it can be dynamically adjusted.

• To create a fixed-length shift register -Drive the A3 through A0 inputs with static values. The length of
the shift register can vary from 1 bit to 16 bits, as determined by the following formula: Length = (8 x A3)
+(4 x A2) + (2 x A1) + A0 +1 If A3, A2, A1, and A0 are all zeros (0000), the shift register is one bit long. If
they are all ones (1111), it is 16 bits long.

• To change the length of the shift register dynamically -Change the values driving the A3 through A0
inputs. For example, if A2, A1, and A0 are all ones (111) and A3 toggles between a one (1) and a zero (0), the
length of the shift register changes from 16 bits to 8 bits. Internally, the length of the shift register is always 16
bits and the input lines A3 through A0 select which of the 16 bits reach the output.

The shift register LUT contents are initialized by assigning a four-digit hexadecimal number to an INIT attribute.
The first, or the left-most, hexadecimal digit is the most significant bit. If an INIT value is not specified, it defaults
to a value of four zeros (0000) so that the shift register LUT is cleared during configuration.

The data (D) is loaded into the first bit of the shift register during the Low-to-High clock (CLK) transition. During
subsequent Low-to-High clock transitions data shifts to the next highest bit position while new data is loaded.
The data appears on the Q output when the shift register length determined by the address inputs is reached.

Logic Table
Inputs Output

Am CLK D Q
Am X X Q(Am)

Am ↑ D Q(Am - 1)

m= 0, 1, 2, 3

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No
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Available Attributes

Attribute Type
Allowed
Values Default Description

INIT Hexadecimal Any 16-Bit Value All zeros Sets the initial value of Q output after
configuration.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- SRL16: 16-bit shift register LUT operating on posedge of clock
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

SRL16_inst : SRL16
generic map (

INIT => X"0000")
port map (

Q => Q, -- SRL data output
A0 => A0, -- Select[0] input
A1 => A1, -- Select[1] input
A2 => A2, -- Select[2] input
A3 => A3, -- Select[3] input
CLK => CLK, -- Clock input
D => D -- SRL data input

);

-- End of SRL16_inst instantiation

Verilog Instantiation Template

// SRL16: 16-bit shift register LUT operating on posedge of clock
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

SRL16 #(
.INIT(16’h0000) // Initial Value of Shift Register

) SRL16_inst (
.Q(Q), // SRL data output
.A0(A0), // Select[0] input
.A1(A1), // Select[1] input
.A2(A2), // Select[2] input
.A3(A3), // Select[3] input
.CLK(CLK), // Clock input
.D(D) // SRL data input

);

// End of SRL16_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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SRL16_1
Primitive: 16-Bit Shift Register Look-Up Table (LUT) with Negative-Edge Clock

Introduction
This design element is a shift register look-up table (LUT). The inputs A3, A2, A1, and A0 select the output
length of the shift register.

The shift register can be of a fixed, static length or it can be dynamically adjusted.

• To create a fixed-length shift register -Drive the A3 through A0 inputs with static values. The length of
the shift register can vary from 1 bit to 16 bits, as determined by the following formula: Length = (8 x A3)
+(4 x A2) + (2 x A1) + A0 +1 If A3, A2, A1, and A0 are all zeros (0000), the shift register is one bit long. If
they are all ones (1111), it is 16 bits long.

• To change the length of the shift register dynamically -Change the values driving the A3 through A0
inputs. For example, if A2, A1, and A0 are all ones (111) and A3 toggles between a one (1) and a zero (0), the
length of the shift register changes from 16 bits to 8 bits. Internally, the length of the shift register is always 16
bits and the input lines A3 through A0 select which of the 16 bits reach the output.

The shift register LUT contents are initialized by assigning a four-digit hexadecimal number to an INIT attribute.
The first, or the left-most, hexadecimal digit is the most significant bit. If an INIT value is not specified, it defaults
to a value of four zeros (0000) so that the shift register LUT is cleared during configuration.

The data (D) is loaded into the first bit of the shift register during the High-to-Low clock (CLK) transition. During
subsequent High-to-Low clock transitions data shifts to the next highest bit position as new data is loaded. The
data appears on the Q output when the shift register length determined by the address inputs is reached.

Logic Table
Inputs Output

Am CLK D Q
Am X X Q(Am)

Am ↓ D Q(Am - 1)

m= 0, 1, 2, 3

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No
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Available Attributes
Attribute Type Allowed Values Default Description
INIT Hexadecimal Any 16-Bit Value All zeros Sets the initial value of Q output after

configuration

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- SRL16_1: 16-bit shift register LUT operating on negedge of clock
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

SRL16_1_inst : SRL16_1
generic map (

INIT => X"0000")
port map (

Q => Q, -- SRL data output
A0 => A0, -- Select[0] input
A1 => A1, -- Select[1] input
A2 => A2, -- Select[2] input
A3 => A3, -- Select[3] input
CLK => CLK, -- Clock input
D => D -- SRL data input

);

-- End of SRL16_1_inst instantiation

Verilog Instantiation Template

// SRL16_1: 16-bit shift register LUT operating on negedge of clock
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

SRL16_1 #(
.INIT(16’h0000) // Initial Value of Shift Register

) SRL16_1_inst (
.Q(Q), // SRL data output
.A0(A0), // Select[0] input
.A1(A1), // Select[1] input
.A2(A2), // Select[2] input
.A3(A3), // Select[3] input
.CLK(CLK), // Clock input
.D(D) // SRL data input

);

// End of SRL16_1_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.

Virtex-4 Libraries Guide for HDL Designs
268 www.xilinx.com UG619 (v 13.2) July 6, 2011

http://www.xilinx.com/cgi-bin/SW_Docs_Redirect/sw_docs_redirect?locale=en&topic=user+guides&sub=ug070.pdf
http://www.xilinx.com/cgi-bin/SW_Docs_Redirect/sw_docs_redirect?locale=en&topic=data+sheets&sub=ds302.pdf


Chapter 3: About Design Elements

SRL16E
Primitive: 16-Bit Shift Register Look-Up Table (LUT) with Clock Enable

Introduction
This design element is a shift register look-up table (LUT). The inputs A3, A2, A1, and A0 select the output
length of the shift register.

The shift register can be of a fixed, static length or it can be dynamically adjusted.

• To create a fixed-length shift register -Drive the A3 through A0 inputs with static values. The length of
the shift register can vary from 1 bit to 16 bits, as determined by the following formula: Length = (8 x A3)
+(4 x A2) + (2 x A1) + A0 +1 If A3, A2, A1, and A0 are all zeros (0000), the shift register is one bit long. If
they are all ones (1111), it is 16 bits long.

• To change the length of the shift register dynamically -Change the values driving the A3 through A0
inputs. For example, if A2, A1, and A0 are all ones (111) and A3 toggles between a one (1) and a zero (0), the
length of the shift register changes from 16 bits to 8 bits. Internally, the length of the shift register is always 16
bits and the input lines A3 through A0 select which of the 16 bits reach the output.

The shift register LUT contents are initialized by assigning a four-digit hexadecimal number to an INIT attribute.
The first, or the left-most, hexadecimal digit is the most significant bit. If an INIT value is not specified, it defaults
to a value of four zeros (0000) so that the shift register LUT is cleared during configuration.

When CE is High, the data (D) is loaded into the first bit of the shift register during the Low-to-High clock (CLK)
transition. During subsequent Low-to-High clock transitions, when CE is High, data shifts to the next highest bit
position as new data is loaded. The data appears on the Q output when the shift register length determined by
the address inputs is reached. When CE is Low, the register ignores clock transitions.

Logic Table
Inputs Output

Am CE CLK D Q
Am 0 X X Q(Am)

Am 1 ↑ D Q(Am - 1)

m= 0, 1, 2, 3
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Port Descriptions
Port Direction Width Function
Q Output 1 Shift register data output

D Input 1 Shift register data input

CLK Input 1 Clock

CE Input 1 Active high clock enable

A Input 4 Dynamic depth selection of the SRL

• A=0000 ==> 1-bit shift length

• A=1111 ==> 16-bit shift length

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

Available Attributes
Attribute Type Allowed Values Default Description
INIT Hexa-

decimal
Any 16-Bit Value All zeros Sets the initial value of content and output of shift

register after configuration.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- SRL16E: 16-bit shift register LUT with clock enable operating on posedge of clock
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

SRL16E_inst : SRL16E
generic map (

INIT => X"0000")
port map (

Q => Q, -- SRL data output
A0 => A0, -- Select[0] input
A1 => A1, -- Select[1] input
A2 => A2, -- Select[2] input
A3 => A3, -- Select[3] input
CE => CE, -- Clock enable input
CLK => CLK, -- Clock input
D => D -- SRL data input

);

-- End of SRL16E_inst instantiation
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Verilog Instantiation Template

// SRL16E: 16-bit shift register LUT with clock enable operating on posedge of clock
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

SRL16E #(
.INIT(16’h0000) // Initial Value of Shift Register

) SRL16E_inst (
.Q(Q), // SRL data output
.A0(A0), // Select[0] input
.A1(A1), // Select[1] input
.A2(A2), // Select[2] input
.A3(A3), // Select[3] input
.CE(CE), // Clock enable input
.CLK(CLK), // Clock input
.D(D) // SRL data input

);

// End of SRL16E_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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SRL16E_1
Primitive: 16-Bit Shift Register Look-Up Table (LUT) with Negative-Edge Clock and
Clock Enable

Introduction
This design element is a shift register look-up table (LUT) with clock enable (CE). The inputs A3, A2, A1,
and A0 select the output length of the shift register.

The shift register can be of a fixed, static length or it can be dynamically adjusted.
• To create a fixed-length shift register -Drive the A3 through A0 inputs with static values. The length of

the shift register can vary from 1 bit to 16 bits, as determined by the following formula: Length = (8 x A3)
+(4 x A2) + (2 x A1) + A0 +1 If A3, A2, A1, and A0 are all zeros (0000), the shift register is one bit long. If
they are all ones (1111), it is 16 bits long.

• To change the length of the shift register dynamically -Change the values driving the A3 through A0
inputs. For example, if A2, A1, and A0 are all ones (111) and A3 toggles between a one (1) and a zero (0), the
length of the shift register changes from 16 bits to 8 bits. Internally, the length of the shift register is always 16
bits and the input lines A3 through A0 select which of the 16 bits reach the output.

The shift register LUT contents are initialized by assigning a four-digit hexadecimal number to an INIT attribute.
The first, or the left-most, hexadecimal digit is the most significant bit. If an INIT value is not specified, it defaults
to a value of four zeros (0000) so that the shift register LUT is cleared during configuration.

When CE is High, the data (D) is loaded into the first bit of the shift register during the High-to-Low clock (CLK)
transition. During subsequent High-to-Low clock transitions, when CE is High, data is shifted to the next highest
bit position as new data is loaded. The data appears on the Q output when the shift register length determined
by the address inputs is reached. When CE is Low, the register ignores clock transitions.

Logic Table
Inputs Output

Am CE CLK D Q
Am 0 X X Q(Am)

Am 1 ↓ D Q(Am - 1)

m= 0, 1, 2, 3

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

Virtex-4 Libraries Guide for HDL Designs
272 www.xilinx.com UG619 (v 13.2) July 6, 2011



Chapter 3: About Design Elements

Available Attributes

Attribute Type
Allowed
Values Default Description

INIT Hexadecimal Any 16-Bit
Value

All zeros Sets the initial value of content and output of shift
register after configuration.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- SRL16E_1: 16-bit shift register LUT with clock enable operating on negedge of clock
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

SRL16E_1_inst : SRL16E_1
generic map (

INIT => X"0000")
port map (

Q => Q, -- SRL data output
A0 => A0, -- Select[0] input
A1 => A1, -- Select[1] input
A2 => A2, -- Select[2] input
A3 => A3, -- Select[3] input
CE => CE, -- Clock enable input
CLK => CLK, -- Clock input
D => D -- SRL data input

);

-- End of SRL16E_1_inst instantiation

Verilog Instantiation Template

// SRL16E_1: 16-bit shift register LUT with clock enable operating on negedge of clock
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

SRL16E_1 #(
.INIT(16’h0000) // Initial Value of Shift Register

) SRL16E_1_inst (
.Q(Q), // SRL data output
.A0(A0), // Select[0] input
.A1(A1), // Select[1] input
.A2(A2), // Select[2] input
.A3(A3), // Select[3] input
.CE(CE), // Clock enable input
.CLK(CLK), // Clock input
.D(D) // SRL data input

);

// End of SRL16E_1_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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SRLC16
Primitive: 16-Bit Shift Register Look-Up Table (LUT) with Carry

Introduction
This design element is a shift register look-up table (LUT) with Carry. The inputs A3, A2, A1, and A0 select the
output length of the shift register.

The shift register can be of a fixed, static length or it can be dynamically adjusted.
• To create a fixed-length shift register -Drive the A3 through A0 inputs with static values. The length of

the shift register can vary from 1 bit to 16 bits, as determined by the following formula: Length = (8 x A3)
+(4 x A2) + (2 x A1) + A0 +1 If A3, A2, A1, and A0 are all zeros (0000), the shift register is one bit long. If
they are all ones (1111), it is 16 bits long.

• To change the length of the shift register dynamically -Change the values driving the A3 through A0
inputs. For example, if A2, A1, and A0 are all ones (111) and A3 toggles between a one (1) and a zero (0), the
length of the shift register changes from 16 bits to 8 bits. Internally, the length of the shift register is always 16
bits and the input lines A3 through A0 select which of the 16 bits reach the output.

The shift register LUT contents are initialized by assigning a four-digit hexadecimal number to an INIT attribute.
The first, or the left-most, hexadecimal digit is the most significant bit. If an INIT value is not specified, it defaults
to a value of four zeros (0000) so that the shift register LUT is cleared during configuration.

The data (D) is loaded into the first bit of the shift register during the Low-to-High clock (CLK) transition. During
subsequent Low-to-High clock transitions data shifts to the next highest bit position as new data is loaded. The
data appears on the Q output when the shift register length determined by the address inputs is reached.

Note The Q15 output is available for you in cascading to multiple shift register LUTs to create larger shift
registers.

Logic Table
Inputs Output

Am CLK D Q
Am X X Q(Am)

Am ↑ D Q(Am - 1)

m= 0, 1, 2, 3

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No
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Available Attributes
Attribute Type Allowed Values Default Description
INIT Hexadecimal Any 16-Bit Value All zeros Sets the initial value of content and output of shift

register after configuration.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- SRLC16: 16-bit cascadable shift register LUT operating on posedge of clock
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

SRLC16_inst : SRLC16
generic map (

INIT => X"0000")
port map (

Q => Q, -- SRL data output
Q15 => Q15, -- Carry output (connect to next SRL)
A0 => A0, -- Select[0] input
A1 => A1, -- Select[1] input
A2 => A2, -- Select[2] input
A3 => A3, -- Select[3] input
CLK => CLK, -- Clock input
D => D -- SRL data input

);

-- End of SRLC16_inst instantiation

Verilog Instantiation Template

// SRLC16: 16-bit cascadable shift register LUT operating on posedge of clock
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

SRLC16 #(
.INIT(16’h0000) // Initial Value of Shift Register

) SRLC16_inst (
.Q(Q), // SRL data output
.Q15(Q15), // Carry output (connect to next SRL)
.A0(A0), // Select[0] input
.A1(A1), // Select[1] input
.A2(A2), // Select[2] input
.A3(A3), // Select[3] input
.CLK(CLK), // Clock input
.D(D) // SRL data input

);

// End of SRLC16_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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SRLC16_1
Primitive: 16-Bit Shift Register Look-Up Table (LUT) with Carry and Negative-Edge Clock

Introduction
This design element is a shift register look-up table (LUT) with carry and a negative-edge clock. The inputs A3,
A2, A1, and A0 select the output length of the shift register.

The shift register can be of a fixed, static length or it can be dynamically adjusted.

• To create a fixed-length shift register -Drive the A3 through A0 inputs with static values. The length of
the shift register can vary from 1 bit to 16 bits, as determined by the following formula: Length = (8 x A3)
+(4 x A2) + (2 x A1) + A0 +1 If A3, A2, A1, and A0 are all zeros (0000), the shift register is one bit long. If
they are all ones (1111), it is 16 bits long.

• To change the length of the shift register dynamically -Change the values driving the A3 through A0
inputs. For example, if A2, A1, and A0 are all ones (111) and A3 toggles between a one (1) and a zero (0), the
length of the shift register changes from 16 bits to 8 bits. Internally, the length of the shift register is always 16
bits and the input lines A3 through A0 select which of the 16 bits reach the output.

The shift register LUT contents are initialized by assigning a four-digit hexadecimal number to an INIT attribute.
The first, or the left-most, hexadecimal digit is the most significant bit. If an INIT value is not specified, it defaults
to a value of four zeros (0000) so that the shift register LUT is cleared during configuration.

Note The Q15 output is available for your use in cascading multiple shift register LUTs to create larger shift
registers.

Logic Table
Inputs Output

Am CLK D Q Q15
Am X X Q(Am) No Change

Am ↓ D Q(Am - 1) Q14

m= 0, 1, 2, 3

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No
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Available Attributes
Attribute Type Allowed Values Default Description
INIT Hexadecimal Any 16-Bit Value All zeros Sets the initial value of content and output of shift

register after configuration.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- SRLC16_1: 16-bit cascadable shift register LUT operating on negedge of clock
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

SRLC16_1_inst : SRLC16_1
generic map (

INIT => X"0000")
port map (

Q => Q, -- SRL data output
Q15 => Q15, -- Carry output (connect to next SRL)
A0 => A0, -- Select[0] input
A1 => A1, -- Select[1] input
A2 => A2, -- Select[2] input
A3 => A3, -- Select[3] input
CLK => CLK, -- Clock input
D => D -- SRL data input

);

-- End of SRLC16_1_inst instantiation

Verilog Instantiation Template

// SRLC16_1: 16-bit cascadable shift register LUT operating on negedge of clock
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

SRLC16_1 #(
.INIT(16’h0000) // Initial Value of Shift Register

) SRLC16_1_inst (
.Q(Q), // SRL data output
.Q15(Q15), // Carry output (connect to next SRL)
.A0(A0), // Select[0] input
.A1(A1), // Select[1] input
.A2(A2), // Select[2] input
.A3(A3), // Select[3] input
.CLK(CLK), // Clock input
.D(D) // SRL data input

);

// End of SRLC16_1_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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SRLC16E
Primitive: 16-Bit Shift Register Look-Up Table (LUT) with Carry and Clock Enable

Introduction
This design element is a shift register look-up table (LUT) with carry and clock enable. The inputs A3, A2, A1,
and A0 select the output length of the shift register.

The shift register can be of a fixed, static length or it can be dynamically adjusted.

• To create a fixed-length shift register -Drive the A3 through A0 inputs with static values. The length of
the shift register can vary from 1 bit to 16 bits, as determined by the following formula: Length = (8 x A3)
+(4 x A2) + (2 x A1) + A0 +1 If A3, A2, A1, and A0 are all zeros (0000), the shift register is one bit long. If
they are all ones (1111), it is 16 bits long.

• To change the length of the shift register dynamically -Change the values driving the A3 through A0
inputs. For example, if A2, A1, and A0 are all ones (111) and A3 toggles between a one (1) and a zero (0), the
length of the shift register changes from 16 bits to 8 bits. Internally, the length of the shift register is always 16
bits and the input lines A3 through A0 select which of the 16 bits reach the output.

The shift register LUT contents are initialized by assigning a four-digit hexadecimal number to an INIT attribute.
The first, or the left-most, hexadecimal digit is the most significant bit. If an INIT value is not specified, it defaults
to a value of four zeros (0000) so that the shift register LUT is cleared during configuration.

The data (D) is loaded into the first bit of the shift register during the Low-to-High clock (CLK) transition.
When CE is High, during subsequent Low-to-High clock transitions, data shifts to the next highest bit position
as new data is loaded. The data appears on the Q output when the shift register length determined by the
address inputs is reached.

Note The Q15 output is available for you in cascading to multiple shift register LUTs to create larger shift
registers.

Logic Table
Inputs Output

Am CLK CE D Q Q15
Am X 0 X Q(Am) Q(15)

Am X 1 X Q(Am) Q(15)

Am ↑ 1 D Q(Am - 1) Q15

m= 0, 1, 2, 3
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Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

Available Attributes
Attribute Type Allowed Values Default Description
INIT Hexadecimal Any 16-Bit Value All zeros Sets the initial value of content and output of shift

register after configuration.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- SRLC16E: 16-bit cascable shift register LUT with clock enable operating on posedge of clock
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

SRLC16E_inst : SRLC16E
generic map (

INIT => X"0000")
port map (

Q => Q, -- SRL data output
Q15 => Q15, -- Carry output (connect to next SRL)
A0 => A0, -- Select[0] input
A1 => A1, -- Select[1] input
A2 => A2, -- Select[2] input
A3 => A3, -- Select[3] input
CE => CE, -- Clock enable input
CLK => CLK, -- Clock input
D => D -- SRL data input

);

-- End of SRLC16E_inst instantiation

Verilog Instantiation Template

// SRLC16E: 16-bit cascadable shift register LUT with clock enable operating on posedge of clock
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

SRLC16E #(
.INIT(16’h0000) // Initial Value of Shift Register

) SRLC16E_inst (
.Q(Q), // SRL data output
.Q15(Q15), // Carry output (connect to next SRL)
.A0(A0), // Select[0] input
.A1(A1), // Select[1] input
.A2(A2), // Select[2] input
.A3(A3), // Select[3] input
.CE(CE), // Clock enable input
.CLK(CLK), // Clock input
.D(D) // SRL data input

);

// End of SRLC16E_inst instantiation
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For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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SRLC16E_1
Primitive: 16-Bit Shift Register Look-Up Table (LUT) with Carry, Negative-Edge Clock,
and Clock Enable

Introduction
This design element is a shift register look-up table (LUT) with carry, clock enable, and negative-edge clock. The
inputs A3, A2, A1, and A0 select the output length of the shift register.

The shift register can be of a fixed, static length or it can be dynamically adjusted.

• To create a fixed-length shift register -Drive the A3 through A0 inputs with static values. The length of
the shift register can vary from 1 bit to 16 bits, as determined by the following formula: Length = (8 x A3)
+(4 x A2) + (2 x A1) + A0 +1 If A3, A2, A1, and A0 are all zeros (0000), the shift register is one bit long. If
they are all ones (1111), it is 16 bits long.

• To change the length of the shift register dynamically -Change the values driving the A3 through A0
inputs. For example, if A2, A1, and A0 are all ones (111) and A3 toggles between a one (1) and a zero (0), the
length of the shift register changes from 16 bits to 8 bits. Internally, the length of the shift register is always 16
bits and the input lines A3 through A0 select which of the 16 bits reach the output.

The shift register LUT contents are initialized by assigning a four-digit hexadecimal number to an INIT attribute.
The first, or the left-most, hexadecimal digit is the most significant bit. If an INIT value is not specified, it defaults
to a value of four zeros (0000) so that the shift register LUT is cleared during configuration.

When CE is High, the data (D) is loaded into the first bit of the shift register during the High-to-Low clock (CLK)
transition. During subsequent High-to-Low clock transitions data shifts to the next highest bit position as new
data is loaded when CE is High. The data appears on the Q output when the shift register length determined by
the address inputs is reached.

Note The Q15 output is available for your use in cascading multiple shift register LUTs to create larger shift
registers.

Logic Table
Inputs Output

Am CE CLK D Q Q15
Am 0 X X Q(Am) No Change

Am 1 X X Q(Am) No Change

Am 1 ↓ D Q(Am -1 ) Q14

m= 0, 1, 2, 3
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Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

Available Attributes

Attribute Type
Allowed
Values Default Description

INIT Hexadecimal Any 16-Bit
Value

All zeros Sets the initial value of content and output of shift register
after configuration.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- SRLC16E_1: 16-bit shift register LUT with clock enable operating on negedge of clock
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

SRLC16E_1_inst : SRLC16E_1
generic map (

INIT => X"0000")
port map (

Q => Q, -- SRL data output
Q15 => Q15, -- Carry output (connect to next SRL)
A0 => A0, -- Select[0] input
A1 => A1, -- Select[1] input
A2 => A2, -- Select[2] input
A3 => A3, -- Select[3] input
CE => CE, -- Clock enable input
CLK => CLK, -- Clock input
D => D -- SRL data input

);

-- End of SRLC16E_1_inst instantiation

Verilog Instantiation Template

// SRLC16E_1: 16-bit shift register LUT with clock enable operating on negedge of clock
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

SRLC16E_1 #(
.INIT(16’h0000) // Initial Value of Shift Register

) SRLC16E_1_inst (
.Q(Q), // SRL data output
.Q15(Q15), // Carry output (connect to next SRL)
.A0(A0), // Select[0] input
.A1(A1), // Select[1] input
.A2(A2), // Select[2] input
.A3(A3), // Select[3] input
.CE(CE), // Clock enable input
.CLK(CLK), // Clock input
.D(D) // SRL data input

);
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// End of SRLC16E_1_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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STARTUP_VIRTEX4
Primitive: Virtex®-4 User Interface to Configuration Clock, Global Reset, Global 3-State
Controls, and Other Configuration Signals

Introduction
This design element lets you activate Global Set/Reset (GSR), Global Tristate (GTS) control, and your
configuration clock. It also allows you to control the DONE and CLK pins after configuration.

Port Descriptions
Port Direction Width Function
EOS Output 1 EOS signal

CLK Input 1 Clock input

GTS Input 1 Global Tristate (GTS) control

GSR Input 1 Global Set/Reset (GSR)

USRCCLKO Input 1 Allows you to drive external CCLK pin.

USRCCLKTS Input 1 Tristates CCLK pin when asserted

USRDONEO Input 1 Allows you to drive eternal DONE pin.

USRDONETS Input 1 Tristates DONE pin when asserted.

Design Entry Method
Instantiation Recommended

Inference No

CORE Generator™ and wizards No

Macro support No

Note Block RAM content, LUT RAMs, the Digital Clock Manager (DCM), and shift register LUTs (SRL16,
SRL16_1, SRL16E, SRL16E_1, SRLC16, SRLC16_1, SRLC16E, and SRLC16E_1) are not set/reset.

Following configuration, the Global Tristate (GTS), when High--and when BSCAN, is not enabled and executing
an EXTEST instruction--forces all the IOB outputs into high-impedance mode, which isolates the device outputs
from the circuit but leaves the inputs active.

CLK input allows you to clock through configuration startup sequence with a user-specified IO, rather than
having to provide clock on JTAGs TCK or CCCLK pin. To enable this, Bitgen must also have the startup clk set to
userclk when generating your bitstream.
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USRCLKO/TS and USRDONEO/TS are used to control the external DONE and CCLK pins. Using the
STARTUP_VIRTEX4 in combination with the USR_ACCESS_VIRTEX4 primitive supports a variety of
applications, such as loading PROM data into the FPGA for various uses. Refer to USR_ACCESS_VIRTEX4 for
more information.

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- STARTUP_VIRTEX4: Startup primitive for GSR, GTS or startup sequence
-- control.
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

STARTUP_VIRTEX4_inst : STARTUP_VIRTEX4
port map (

EOS => EOS, -- End of Startup 1-bit output
CLK => CLK, -- Clock input for start-up sequence
GSR => GSR_PORT, -- Global Set/Reset input (GSR cannot be used for the port name)
GTS => GTS_PORT, -- Global 3-state input (GTS cannot be used for the port name)
USRCCLKO => USRCCLKO, -- USRCCLKO 1-bit input
USRCCLKTS => USRCCLKTS, -- USRCCLKTS 1-bit input
USRDONEO => USRDONEO, -- USRDONEO 1-bit input
USRDONETS => USRDONETS -- USRDONETS 1-bit input

);

-- End of STARTUP_VIRTEX4_inst instantiation

Verilog Instantiation Template

// STARTUP_VIRTEX4: Startup primitive for GSR, GTS or startup sequence
// control.
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

STARTUP_VIRTEX4 STARTUP_VIRTEX4_inst (
.EOS(EOS), // End Of Startup 1-bit output
.CLK(CLK), // Clock input for start-up sequence
.GSR(GSR_PORT), // Global Set/Reset input (GSR can not be used as a port name)
.GTS(GTS_PORT), // Global 3-state input (GTS can not be used as a port name)
.USRCCLKO(USRCCLKO), // USERCLK0 1-bit input
.USRCCLKTS(USRCCLKTS), // USERCLKTS 1-bit input
.USRDONEO(USRDONEO), // USRDONE0 1-bit input
.USRDONETS(USRDONETS) // USRDONETS 1-bit input

);

// End of STARTUP_VIRTEX4_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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USR_ACCESS_VIRTEX4
Primitive: 32-Bit Register with a 32-Bit DATA Bus and a DATAVALID Port

Introduction
This design element is a 32-bit register that allows data from the bitstream to be directly accessible by the FPGA
fabric. This module has two outputs: the 32-bit DATA bus and DATAVALID. The configuration data source
clock can be CCLK or TCK.

The use model for this block is that it allows data from a bitstream data storage source (e.g., PROM) to be
accessed by the fabric after the FPGA has been configured. To accomplish this the STARTUP_VIRTEX4 block
should also be instantiated. The STARTUP_VIRTEX4 block has inputs that allow you to take over the CCLK
and DONE pins after the EOS (End-Of-Startup) signal has been asserted. These pins are USR_CCLK_O,
USR_CCLK_TS, USR_DONE_O, and USR_DONE_TS. The Bitgen option -g DONE_cycle: 7 should be used to
prevent the DONE pin from going high since that would reset the PROM. The USR_CCLK_O pin should be
connected to a controlled clock in the fabric. The PROM should contain a packet of data with the USR_ACCESS
register as the target. After EOS has been asserted, the data packet can be loaded by clocking the USR_CCLK_O
pin while keeping USR_CCLK_TS low (it can be tied low in this usage).

Alternatively, the USR_ACCESS register can be used to provide a single 32-bit constant value to the fabric as an
alternative to using a BRAM or LUTRAM to hold the constant.

Port Descriptions
Port Direction Width Function
DATA Output 32 The 32-bit register that allows the FPGA fabric to access data

from bitstream data storage source.

DATAVALID Output 1 Indicates whether the value in the DATA bus is new or valid.
When this condition is true, this port is asserted HIGH for one
cycle of the configuration data source clock.

Design Entry Method
Instantiation Recommended

Inference No

CORE Generator™ and wizards No

Macro support No

When using this module to access data from bitstream data storage source (e.g., PROM) to FPGA fabric after
configuration, the STARTUP_VIRTEX4 block should also be instantiated. This element contains inputs that allow
the designer to utilize the CCLK and DONE pins after the EOS (End-Of-Startup) signal have been asserted. These
pins are USR_CCLK_O, USR_CCLK_TS, USR_DONE_O, and USR_DONE_TS.

The USR_CCLK_O pin should be connected to a controlled clock in the fabric. The data storage source should
contain a packet of data with the USR_ACCESS_VIRTEX4 register as the target. After EOS has been asserted, the
data packet can be loaded by clocking the USR_CCLK_O pin while keeping USR_CCLK_TS to logic Low. The
USR_CCLK_TS can be tied to logic Low when using this application.

In addition, when using this module, the bitgen option -g DONE_cycle: 7 should be used to prevent the High
assertion of DONE pin. Should the DONE pin be asserted High, the PROM will be reset.
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VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- USR_ACCESS_VIRTEX4: Configuration Data Memory Access Port
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

USR_ACCESS_VIRTEX4_inst : USR_ACCESSS_VIRTEX4
port map (

DATA => DATA, -- 32-bit config data output
DATAVALID => DATAVALID -- 1-bit data valid output

);

-- End of USR_ACCESS_VIRTEX4_inst instantiation

Verilog Instantiation Template

// USR_ACCESS_VIRTEX4: Configuration Data Memory Access Port
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

USR_ACCESS_VIRTEX4 USR_ACCESS_VIRTEX4_inst (
.DATA(DATA), // 32-bit config data output
.DATAVALID(DATAVALID) // 1-bit data valid output

);

// End of USR_ACCESS_VIRTEX4_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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XORCY
Primitive: XOR for Carry Logic with General Output

Introduction
This design element is a special XOR with general O output that generates faster and smaller arithmetic
functions. The XORCY primitive is a dedicated XOR function within the carry-chain logic of the slice. It allows
for fast and efficient creation of arithmetic (add/subtract) or wide logic functions (large AND/OR gate).

Logic Table
Input Output

LI CI O
0 0 0

0 1 1

1 0 1

1 1 0

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- XORCY: Carry-Chain XOR-gate with general output
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

XORCY_inst : XORCY
port map (

O => O, -- XOR output signal
CI => CI, -- Carry input signal
LI => LI -- LUT4 input signal

);

-- End of XORCY_inst instantiation
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Verilog Instantiation Template

// XORCY: Carry-Chain XOR-gate with general output
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

XORCY XORCY_inst (
.O(O), // XOR output signal
.CI(CI), // Carry input signal
.LI(LI) // LUT4 input signal

);

// End of XORCY_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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XORCY_D
Primitive: XOR for Carry Logic with Dual Output

Introduction
This design element is a special XOR that generates faster and smaller arithmetic functions.

Logic Table
Input Output

LI CI O and LO
0 0 0

0 1 1

1 0 1

1 1 0

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- XORCY_D: Carry-Chain XOR-gate with local and general outputs
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

XORCY_D_inst : XORCY_D
port map (

LO => LO, -- XOR local output signal
O => O, -- XOR general output signal
CI => CI, -- Carry input signal
LI => LI -- LUT4 input signal

);

-- End of XORCY_D_inst instantiation

Virtex-4 Libraries Guide for HDL Designs
290 www.xilinx.com UG619 (v 13.2) July 6, 2011



Chapter 3: About Design Elements

Verilog Instantiation Template

// XORCY_D: Carry-Chain XOR-gate with local and general outputs
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

XORCY_D XORCY_D_inst (
.LO(LO), // XOR local output signal
.O(O), // XOR general output signal
.CI(CI), // Carry input signal
.LI(LI) // LUT4 input signal

);

// End of XORCY_D_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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XORCY_L
Primitive: XOR for Carry Logic with Local Output

Introduction
This design element is a special XOR with local LO output that generates faster and smaller arithmetic functions.

Logic Table
Input Output

LI CI LO
0 0 0

0 1 1

1 0 1

1 1 0

Design Entry Method
Instantiation Yes

Inference Recommended

CORE Generator™ and wizards No

Macro support No

VHDL Instantiation Template
Unless they already exist, copy the following two statements and paste them before the entity declaration.

Library UNISIM;
use UNISIM.vcomponents.all;

-- XORCY_L: Carry-Chain XOR-gate with local => direct-connect ouput
-- Virtex-4
-- Xilinx HDL Libraries Guide, version 13.2

XORCY_L_inst : XORCY_L
port map (

LO => LO, -- XOR local output signal
CI => CI, -- Carry input signal
LI => LI -- LUT4 input signal

);

-- End of XORCY_L_inst instantiation
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Verilog Instantiation Template

// XORCY_L: Carry-Chain XOR-gate with local (direct-connect) output
// Virtex-4
// Xilinx HDL Libraries Guide, version 13.2

XORCY_L XORCY_L_inst (
.LO(LO), // XOR local output signal
.CI(CI), // Carry input signal
.LI(LI) // LUT4 input signal

);

// End of XORCY_L_inst instantiation

For More Information
• See the Virtex-4 FPGA User Guide.

• See the Virtex-4 FPGA Data Sheet DC and Switching Characteristics.
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