i: XILINX" rgici7e

Sine/Cosine Look-Up Table
v5.0

DS275 April 28, 2005

Product Specification

Features

* Drop-in module for Virtex™, Virtex-E, and Virtex-1I,
Virtex-1II Prg, Virtex-4, Spartan™-1I, Spartan-IIE,

ion for table value storage in

Wory
input widths of 3 to 10 bits for
Distributed R a 0 16 bits for Block ROM

* Supports outputfSineACasine widths of 4 to 32 bits

* Supports negativelSine/ utputs

* Symmetric Output opti@h uses an extra integer bit
in the output so that the iv, -1.0to

is
+1.0
e Automatically selects from qua € e

and 360° wave storage for optimum
implementation

® Variable pipelining option to improve overall
rates
¢ Incorporates Xilinx Smart-IP™ technology for

utmost parameterization and optimum
implementation

¢ Uses relationally placed macro (RPM) mapping and
placement technology, for maximum and
predictable performance

¢ To be used with Xilinx CORE Generator™ system
7.1i and later

Functional Description

The Sine/Cosine module accepts an unsigned input
value THETA and produces two’s complement outputs
of SINE (THETA) and/or COSINE (THETA). The user
controls the input THETA width and output SINE and
/or COSINE width values.

Equation 1 defines the relationship between the integer
input angle THETA supplied to the core (refer to
Figure 1) and the actual radian angle @

6 = THETA 211

-z-i_mradlans Eq. 1

The core computes sin(®) and cos(©) and presents the
two’s complement on the output ports SINE and
COSINE  respectively. Expressed as
fixed-point values, the output samples are in the inter-
val (refer to equation 2) when the non-symmetrical out-

t option is selected or (refer to equation 3) when the

fractional

ymmetrical output option is selected.

PUT_WIDTH -1 OUTPUT_WIDTH -1

i) +2 1 Eq.2

UT_ _WIDTH-1" OUTPUT_WIDTH -1

2

OUTPUT_WIDTH -2

+2 1 Eq. 3

2OUTPUT_WIDTH -2

The values ael cosine wave are stored in an
internal RO hat the user specifies
for the THETA inp and SINE and/or COSINE

arter wave is
er wave is

additional internal logic. The
wave storage is performed auto
the most efficient implementation.
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Figure 1: Core Schematic Symbol

Latency

The performance of t

of input and output registeri
higher the clock performanée’
from fully combinatorial to full

internal ROM table. Latency is reporte

Pinout

Signal names for this core are shown in Figure 1 a

Table 1: Core Signals

lining. In general, the higher the number of pipeline stages, the

Memory implementations, the output can be anywhere

y dhe GUI

descui

d in Table 1.

it'lp to five clock cycles of latency. Block ROM imple-
of latency and a maximum of five. For both distributed

ximum latency is dependent on the depth of the
r any given parameter settings.

. . . Optional/ Active
Signal Direction P .
Required Level
THETA Input Required N/A generated.
Synchronous Clear
SCLR Input Optional' High are cleared to logic Low lg
active (High) and a clock edge is detected.
ACLR Input Optional’ High Asynchronous le_ear input. All module registers
are cleared to logic Low level.
CE Input Optional? High Clock enable signal, Active High.
CLK Input Optional? Rising edge | Clock input value, rising edge Active.
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Table 1: Core Signals

. . . Optional/ Active Lo
Signal Direction P . Description
Required Level
New Data input signal. Indicates to the module
that a new THETA value is being input on the
ND Input Optional* High THETA input port. Assertion of ND initiates the
generation of the Sine and/or the Cosine output
value.
Output Optional® N/A Sine value output for the THETA input value.
Output Optional® N/A Cosine value output for the THETA input value.
. . Ready For Data output signal indicates that the
4
Optional High module can accept new THETA input values.
Ready output signal indicates that a valid Sine
Optional* High and/or Cosine value is available on the output
ports.
Notes:
1. Clear options are vhen the output is registered.
2. A CLK signal is req implementation is specified, or when input or output registering is requested.
3. Either the Sine, Cosine, or poth outputsimust be specified.
4. ND, RFD, and RDY are signals which ifated as a group when the Handshaking Options setting is enabled.

%
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CORE Generator Parameters

Component Name: User defined name for component

Output Width: Specify an output width for both the Sine and Cosine output values. The valid range is
4 to 32.

Theta Input Width: Specify an output width for the input THETA value from which the Sine/Cosine is
taken. The valid range is 3 to 10 for Distributed Memory and 3 to 16 for Block ROM.

Layout: When create RPM is selecte
ing higher clock frequencies.

Table 2: Virtex Core Resource Utilization for Va izes)(Distributed ROM Implementation)
Theta Output
. . Sine and Cosine
Width Width

8 34
12 50

6*
16 66
32 130
8 29 7
12 40

8
16 50
32 90 179
8 80 159
12 118 235

10
16 157 313
32 309 617

* Fullwave gets stored.
Note: Slice count is an approximation.
4 www.xilinx.com DS275 April 28, 2005
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Handshaking Options: The Sine/Cosine module supports a system-level interface consisting of the
signals ND, RFD, and RDY. The interface provides status information regarding the state of the mod-
ule. The signals are used to start the processing of a THETA value and to indicate when the module can
accept a new THETA value, or to indicate when the outputs have valid results.

- ND is used to start the processing of a New Data value on the THETA port.
- RFD indicates that the module is Ready For Data on the input THETA port.
DY indicates that the output SINE and COSINE output ports have valid values.

dshaking logic is optional.

ti(‘s: Whenever an output register is requested for the module, two additional user-select-
ins become available for resetting the module’s internal flip-flops to a known, all-zeros state

LR High results in an immediate asynchronous clearing of the internal flip-flops to
f the state of the clock.

SCLR initiatesf@ synch¥onous clearing of the internal flip-flops to zero, when this signal is asserted
High and a rismg cloc is detected.

Table 3: Virtex-ll Core Res or Various Table Sizes (Distributed ROM Implementation)
Theta
Sine and Cosine
Width
34
50
6*
66
130
130
194
8*
258
514
8 73
12 107 21
10
16 142
32 278 55
* Fullwave gets stored.
Note: Slice count is an approximation.
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Table 4: Virtex Core Resource Utilization for Various Table Sizes (Block ROM Implementation)

Theta Output Single Output Sine and Cosine
. . . No. of Block . No. of Block
Width Width No. of Slices ROMSs No. of Slices ROMSs
8 1 1* 2 1*
12 1 1* 2 1*
16 1 1* 2 1*
32 1 1* 49 2
8 1 1* 2 1*
12 1 1* 2 1*
8
1 1* 2 1*
55 2
33 1
37 1
10
43 1
59 2
42 4
46 6
13
50 8
32 34 16 68 16
8 24 47 28
12 26 51 44
16
16 28 60 55 60
32 37 124 124
Note: Slice count is an approximation.

Theta Output Single Output Sine"and
. . No. of No. of Block .
Width Width Slices ROMs No. of Slices ROMs
8 1 1* 2 1*
12 1 1* 2 1*
6
16 1 1* 2 1*
32 1 1* 2 1*
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Table 5: Virtex-ll Core Resource Utilization for Various Table Sizes (Block ROM Implementation) (Continued)

Theta Output Single Output Sine and Cosine
8 1 1* 2 1*
12 1 1* 2 1*
8
16 1 1* 2 1*
32 1 1* 2 1*
8 1 1* 2 1*
12 1 1* 2 1*
16 1 1* 2 1*
32 30 1 59 1
8 21 1 42 1
23 2 46 2
13
16 25 2 50 2
4 68 4
47 7
95 10
16
99 14
210 28

* Fullwave gets stored.

Note: Slice count is an approximation.

Table 6: XCO Parameters and Default Values

Parameter

BusFormat

Controls the notation employed for id
buses in the output edif netlist file.

SimulationOutputProdu

cts

Core HDL simulation selection — either V
Verilog

ViewlogicLibraryAlias

Pathname to Viewlogic directory

Default GUI Setting

{BusFormatAngleBracke |

sFormatParen

XilinxFamily The FPGA target device family
DesignFlow HDL flow specifier {VHDL | VERILOG}
{Other | Synplicity |
FlowVendor Design flow vendor information Exemplar | Synopsis |
Foundation}
ASCII text starting with a letter and containing
component_name only characters from the following character set: | blank

a..z,0..9and _

DS275 April 28, 2005
Product Specification

www.Xxilinx.com



www.xilinx.com

Sine/Cosine Look-Up Table v5.0

QIXILINX' ggic 77

Table 6: XCO Parameters and Default Values (Continued)

Default GUI Setting

Parameter XCO File Values
With distributed ROM option: integer in the range
. . 3to 10.
theta_input_width With block ROM option: integer in the range 3 to
16

One of the following keywords: registered,
non_registered

non_registered

With block ROM option: integer in the range 1 to 2

Integer in the range 4 to 32 16
One of the following keywords: sine, cosine, sine
sine_and_cosine,
One of the following keywords: dist_rom, .
dist_rom

block_rom
With distributed ROM option: integer in the range

pipeline S Oto3 0

output_options

non_registered

negative_sine false
negative_cosine false
sclr_pin false
aclr_pin false

output_symmetry

non-symmetric

clock_enable false
handshaking_enabled false
create_rpm false

Parameter Values in the XCO File

Names of XCO file parameters and their parameter values are ide
in the GUI, except that underscore characters (_) are used instead
case insensitive.

ames and values shown
S. The text in an XCO file is

Table 2 shows the XCO file parameters and values, as well as summarizing t | The fol-

lowing is an example of the CSET parameters in an XCO file:

# Xilinx CORE Generator 5.11

# Username = nyquist

COREGenPath = c:\visualcafe\projects
# ProjectPath = H:\newcore

# ExpandedProjectPath = H:\newcore
SET BusFormat = BusFormatParen

SET SimulationOutputProducts = VHDL
SET ViewlogicLibraryAlias = primary
SET XilinxFamily = Virtex

SET DesignFlow = VHDL

SET FlowVendor = Synplicity

8 www.Xxilinx.com

DS275 April 28, 2005
Product Specification


www.xilinx.com

X XILINX® ngiC‘@fRf Sine/Cosine Look-Up Table v5.0

CSET function = Sine_and_Cosine

CSET aclr_pin = false

CSET component_name = my_sin_cosine_table

CSET output_options = Non_Registered

CSET pipeline_stages = 1

CSET memory_type = Block_ROM

CSET negative_sine = false

CSET input_options = Registered

CSET negative_cosine = false

output_width = 4

sclr_pin = false

putput_symmetry = non_symmetric

heta_input_width = 9

clo&_enable = true
dshaking_enabled = true

CS r rpm = false
C a = false
Ordeti ation

This core may pe downlbaded from the Xilinx IP Center for use with the Xilinx CORE Generator system
v7.1i and later. erator system is bundled with all ISE Foundation series software at no
additional charge.

To order Xilinx softw.
representative.

he Xilinx Silicon Xpresso Cafe or contact your local Xilinx sales

Information on additional Xilinx Jd0giC mogules is available on the Xilinx IP Center.

Revision History

The following table shows the revision histo

Date Version Revision
4/28/05 1.1 Updated document ent Xilinx template. Added support for
Spartan-3E FPGA a e v7.1i
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