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Introduction

This technical note discusses how to access the features of the LatticeECP2™ and LatticeECP2M™ sysDSP™
(Digital Signal Processing) Block described in the LatticeECP2/M Family Data Sheet. Designs targeting the sys-
DSP Block can offer significant improvement over traditional LUT-based implementations. Table 14-1 provides an
example of the performance and area benefits of this approach:

Table 14-1. sysDSP Block vs. LUT-based Multipliers

LatticeECP2-50-7 LatticeECP2-50-7
Uses One sysDSP Block Uses LUTs
Multiplier Width Register Pipelining fuax (MHz)! LUTs fuax (MHz)! LUTs
9x9 Input, Multiplier, Output 404 0 124 192
18x18 Input, Multiplier, Output 420 0 95 698
36x36 Input, Multiplier, Output 371 0 61 2732

1. These timing numbers were generated using the ispLEVER® design tool. Exact performance may vary with design and tool
version.

sysDSP Block Hardware
The LatticeECP2/M sysDSP Blocks are located in rows throughout device. Below is a block diagram of one of the
sysDSP Blocks:

Figure 14-1. LatticeECP2/M sysDSP Block
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Note: Each sysDSP Block spans nine columns of PFUs.
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The sysDSP Block can be configured as:

¢ One 36x36 Multiplier
— Basic multiplier, no add/sub/accum/sum blocks

e Four 18x18 Multipliers
— Two add/sub/accum blocks
— One summation block for adding four multipliers

» Eight 9x9 Multipliers
— Four add/sub blocks
— Two summation blocks

Note that a sysDSP block can only be configured in one mode at a time.

sysDSP Block Software

Overview
The sysDSP Block of the LatticeECP2/M device can be targeted in a number of ways.

* The IPexpress™ tool in the ispLEVER or Lattice Diamond™ design software allows the rapid creation of mod-
ules implementing sysDSP elements. These modules can then be used in HDL designs as appropriate.

* The coding of certain functions into a design’s HDL and allowing the synthesis tools to Inference the use of a
sysDSP block.

» The implementation of designs in The MathWorks® Simulink® tool using a Lattice block set. The iSpLEVER sys-
DSP design tools will then convert these blocks into HDL as appropriate.

* Instantiation of sysDSP primitives directly in the source code

Targeting sysDSP Block Using IPexpress

IPexpress allows you to graphically specify sysDSP elements. Once the element is specified, a HDL file is gener-
ated, which can be instantiated in a design. IPexpress allows users to configure all ports and set all available
parameters. The following modules target the sysDSP Block in IPexpress:

e MULT (Multiplier)

e MAC (Multiplier Accumulate)

e MULTADDSUB (Multiplier Add/Subtract)

e MULTADDSUBSUM (Multiply Add/Subtract and SUM)

Note: See Appendix B for information about targeting a sysDSP Block using Lattice Diamond design software and
IPexpress.

MULT Module

The MULT Module configures elements to be packed into the sysDSP primitives. The Basic mode screen illustrated
in Figure 14-2 consists of an optional one clock, one clock enable and one reset tied to all registers. Multiple sys-
DSP Blocks can be spanned to accommodate large multiplications. Additional LUTs may be required if multiple
sysDSP blocks are needed. Select Area/Speed to determine the LUT implementation. The input data format can
be selected as Parallel, Shift or Dynamic. The Shift format can only be enabled if inputs are less than 18 bits. The
Shift format enables a sample/shift register, which is useful in applications such as the FIR filter. The Advanced
mode screen, illustrated in Figure 14-3, allows finer control over the register. In the Advanced mode, users can
control each register with independent clocks, clock enables and resets. MULT inputs can be from 2 to 72 bits.
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Figure 14-2. MULT Mode Basic Set-up
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Figure 14-3. MULT Mode Advanced Set-up
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MAC Module

The MAC Module configures multiply accumulate elements to be packed into the primitive MULT18X18MACB. The
Basic mode, shown in Figure 14-4, consists of an optional one clock, one clock enable and one reset tied to all reg-
isters. Because of the accumulator, the output register is automatically enabled. Multiple sysDSP Blocks can be
spanned to accommodate large multiplications. The accumulator of the sysDSP block is 52 bits deep and addi-
tional LUTs can be used if a larger accumulation is required. If sysDSP blocks are spanned, additional LUT logic
may be required. Select Area/Speed to determine the LUT implementation. The input data format can be selected
as Parallel, Shift or Dynamic. The Shift format can only be enabled if inputs are less than 18 bits. The Shift format
enables a sample/shift register. The Accumsload loads the accumulator with the value from the LD port. This is
required to initialize and load the first value of the accumulation. The Advanced mode, shown in Figure 14-5, allows
finer control over the registers. In the advanced mode, users can control each register with independent clocks,
clock enables and resets. MAC inputs can be from 2 to 72 bits.

Figure 14-4. MAC Mode Basic Set-up
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Figure 14-5. MAC Mode Advanced Set-up
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MULTADDSUB Module

The MULTADDSUB GUI configures multiplier addition/subtraction elements to be packed into the primitives
MULT18X18ADDSUBB or MULT9X9ADDSUBB. The Basic mode, shown in Figure 14-6, consists of an optional
one clock, one clock enable and one reset tied to all registers. Multiple sysDSP Blocks can be spanned to accom-
modate large multiplications. If sysDSP blocks are spanned, additional LUT logic may be required. Select
Area/Speed to determine the LUT implementation. The input data format can be selected as Parallel, Shift or
Dynamic. The Shift format can only be enabled if inputs are less than 18 bits. The Shift format enables a sam-
ple/shift register, which is useful in applications such as the FIR filter. The Advanced mode, shown in Figure 14-7,
provides finer control over the registers. In the advanced mode, users can control each register with independent
clocks, clock enables and resets. MULTADDSUB inputs can be from 2 to 72 bits.
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Figure 14-6. MULTADDSUB Mode Basic Set-up
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Figure 14-7. MULTADDSUB Mode Advanced Set-up
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MULTADDSUBSUM Module

The MULTADDSUBSUM GUI configures Multiplier Addition/Subtraction Addition elements to be packed into the
primitives MULT18X18ADDSUBSUMB or MULT9X9ADDSUBSUMB. The Basic mode, shown in Figure 14-8, con-
sists of an optional one clock, one clock enable and one reset tied to all registers. Multiple sysDSP Blocks can be
spanned to accommodate large multiplications. If sysDSP blocks are spanned, additional LUT logic may be
required. Select Area/Speed to determine the LUT implementation. The input data format can be selected as Par-
allel, Shift or Dynamic. The Shift format is can only be enabled if inputs are less than 18 bits. The Shift format
enables a sample/shift register, which is useful in applications such as the FIR filter. The Advanced mode, shown in
Figure 14-9, provides finer control over the registers. In the advanced mode, users can control each register with
independent clocks, clock enables and resets. MULTADDSUBSUM inputs can be from 2 to 72 bits.

Figure 14-8. MULTADDSUBSUM Mode Basic Set-up
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Figure 14-9. MULTADDSUBSUM Mode Advanced
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Figure 14-10. MULTADDSUBSUM Mode Advanced
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Targeting the sysDSP Block by Inference

The Inferencing flow enables the design tools to infer sysDSP Blocks from a HDL design. It is important to note that
when using the Inferencing flow, unless the code style matches the sysDSP Block, results will not be optimal. Con-
sider the following Verilog and VHDL examples:

// This Verilog example will be mapped into single MULT18X18MACB with the output register enabled
module mult_acc (dataout, dataax, dataay, clk);

output [16:0] dataout;

input [7:0] dataax, dataay;

input clk;

reg [16:0] dataout;

wire [15:0] multa = dataax * dataay; // 9x9 Multiplier
wire [16:0] adder_out;
assign adder_out = multa + dataout; // Accumulator
always @ (posedge clk)
begin
dataout <= adder_out; // Output Register of the Accumulator
end
endmodule

-- This VHDL example will be mapped into single MULT18X18MACB with all the registers enabled
library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;

entity mac is
port (clk, reset : in std_logic;
dataax, dataay : in std_logic_vector (8 downto 0);
dataout : out std_logic_vector (17 downto 0));
end;

architecture arch of mac is

signal dataax_reg, dataay_reg : std_logic_vector (8 downto 0);
signal multout, multout_reg : std_logic_vector (17 downto 0);
signal addout : std_logic_vector (17 downto 0);

signal dataout_reg : std_logic_vector (17 downto 0);

begin

dataout <= dataout_reg;

process (clk, reset)

begin

if (reset = '17) then
dataax reg <= (others => '07);
dataay_reg <= (others => '07);

elsif (clk event and clk="1") then
dataax reg <= dataax;
dataay_reg <= dataay;

end if;

end process;

multout <= dataax_reg * dataay_reg;

process (clk, reset)
begin
if (reset = '17) then
multout_reg <= (others => '07);
elsif (clk“event and clk="1") then
multout_reg <= multout;
end if;
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end process;
addout <= multout_reg + dataout_reg;

process (clk, reset)

begin

if (reset = '17) then
dataout_reg <= (others => '07);

elsif (clk event and clk="1") then
dataout_reg <= addout;

end if;

end process;

end arch;

The above RTL will infer the following block diagram:

Figure 14-11. MULT18X18MACB Block Diagram
Multiplier

Accumulator

This block diagram can be mapped directly into the sysDSP primitives. Note that if a test point were added between
the multiplier and the accumulator, or two output registers, etc. the code could not be mapped into a
MULT18X18MACB of a sysDSP Block. Therefore, options that could be included in a design are input registers,
pipeline registers, etc.
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Figure 14-12. MAC18X18MACB Packed into a sysDSP Block
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*These signals are optional.
**At least one clock is required.

sysDSP Blocks in the Report File

To check the configuration of the sysDSP Blocks in your design you can look at the MAP and Place & Route (PAR)
report files. The MAP report file shows the mapped sysDSP components/primitives in your design. The Place &
Route (PAR) report file shows the number of components in each sysDSP Block. The report files that follow show
how the inferred MAC was used.

MAP Report File

. MULT18X18MACB addout_17_0:

Multiplier

Operation Unsigned

Operation Registers CLK CE RST
Input
Pipeline

Operation Registers CLK CE RST
Input
Pipeline
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n
n Registers

Input
Pipeline

gisters

Pipe

Addsub
Operatio
Operatio
Data
Input Re
Pipeline
Other

3 3 3 3 3 I H

DSP Block
DSP Block
DSP Block
DSP Block
DSP Block
DSP Block
DSP Block
DSP Block

GSR

ENABLED

Number Of Mapped DSP Components:

MULT36X36B
MULT18X18B
MULT18X18MACB
MULT18X18ADDS
MULT18X18ADDS
MULT9X9B
MULT9X9ADDSUB
MULT9X9ADDSUB

0
0
1
UBB 0
UBSUMB 0
0
B 0
SUMB 0

Place & Route (PAR) Report File

DSP Utilization Summary:
DSP Block #: 1

of MULT36X36B
of MULT18X18B

2 3 4

of MULT18X18MACB
of MULT18X18ADDSUBB
of MULT18X18ADDSUBSUMB

of MULT9X9B

of MULT9X9ADDSUBB
of MULT9X9ADDSUBSUMB
DSP Block 1

W o g0 U W

R45C81

DSP Block 10
DSP Block 11
DSP Block 12
DSP Block 13
DSP Block 14
DSP Block 15
DSP Block 16
DSP Block 17
DSP Block 18

Component_Type
Component_Type
Component_Type
Component_Type
Component_Type
Component_Type
Component_Type
Component_Type
Component_Type
MULT18X18MACB

Component_Type
Component_Type
Component_Type
Component_Type
Component_Type
Component_Type
Component_Type
Component_Type
Component_Type

CE RST
CE RST
CEO RSTO
CEO RSTO
CE RST
CEO RSTO
CE RST
CEO RSTO
7 8

Instance_Name
Instance_Name
Instance_Name
Instance_Name
Instance_Name
Instance_Name
Instance_Name
Instance_Name
Instance_Name
addout_17_0
Instance_Name
Instance_Name
Instance_Name
Instance_Name
Instance_Name
Instance_Name
Instance_Name
Instance_Name
Instance_Name

15 16 17 18
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Targeting the sysDSP Block Using Simulink

Simulink Overview

Simulink is a graphical add-on (similar to schematic entry) for Matlab®, which is produced by The MathWorks. For
more information, refer to the Simulink web page at www.mathworks.com/products/simulink/.

Why is Simulink used?
* |t allows users to create algorithms using floating point numbers.

* |t helps users convert floating point algorithms into fixed point algorithms.
How does Simulink fit into the normal ispLEVER or Diamond design/process flow?

* Once you have converted have your algorithm working in fixed point. You can use the Lattice ispDSP block to
create HDL files, which can be instantiated in your HDL design.

What does Lattice provide?

* Lattice provides a library of blocks for the Simulink tool, which include Multipliers, Adders, Registers, and other
standard building blocks. Besides the basic building blocks there are a couple unique Lattice blocks:

Gateways In and Out

Everything between Gateways In and Out represents the HDL code. Everything before a Gateway In is the stim-
ulus your test bench. Everything after the Gateway Out are the signals you will be monitoring in the test bench.
Below is an example. The box on the left contains Gateway In blocks and the three boxes on the right contain
Gateway Out blocks in Figure 14-13.

Generate
The Generate block is used to convert Fixed point Simulink design into HDL files which can be instantiated in a
HDL design. The Generate block is identified by the Lattice logo and can be seen in Figure 14-13.
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Figure 14-13. Simulink Design
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Targeting the sysDSP Block by Instantiating Primitives

The sysDSP Block can be targeted by instantiating the sysDSP Block primitives into the design. The advantage of
instantiating primitives is that it provides access to all ports and sets all available parameters. The disadvantage of
this flow is that all this customization requires extra coding by the user. Appendix A details the syntax for the sys-
DSP Block primitives.

sysDSP Block Control Signal and Data Signal Descriptions

RST Asynchronous reset of selected registers

CE Clock Enable 1 = enabled, 0 = disabled
SIGNEDA Dynamic signal: 0 = unsigned, 1 = signed
SIGNEDB Dynamic signal: 0 = unsigned, 1 = signed
ACCUMSLOAD Dynamic signal: 0 = accumulate, 1 = load
ADDNSUB Dynamic signal: O = subtract, 1 = add
SOURCEA Dynamic signal: 0 = parallel input, 1 = shift input
SOURCEB Dynamic signal: 0 = parallel input, 1 = shift input
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Technical Support Assistance

e-mail: techsupport@latticesemi.com
Internet: www.latticesemi.com

Revision History

Date Version Change Summary
February 2006 01.0 Initial release.
September 2006 01.1 Updated table 1 with new software numbers.
Updated figure 1 summation size from 37 to 38
November 2008 01.2 Updated sysDSP Block Control Signal and Data Signal Descriptions.
June 2010 01.3 Updated for Lattice Diamond design software support.
June 2013 01.4 Updated document with new corporate logo.
Updated Technical Support Assistance information.
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Appendix A. DSP Block Primitives
MULT18X18B

input
input
input
input
input
input
input
input
output
output
output
output
output
output

Al7,Al6,A15,A14,A13,A12,A11,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0;
Bl17,B16,B15,B14,B13,B12,B11,B10,B9,B8,B7,B6,B5,B4,B3,B2,B1,B0;
SIGNEDA, SIGNEDB, SOURCEA, SOURCEB;
CEO,CE1l,CE2,CE3,CLKO,CLK1,CLK2,CLK3,RST0,RST1,RST2,RST3;
SRIA17,SRIAl6,SRIALl5,SRIAl4,SRIAL13,SRIAL12,SRIAL1l,SRIAL1Q0,SRIAY;
SRIA8,SRIA7,SRIA6,SRIAS5,SRIA4,SRIA3,SRIA2,SRIAL,SRIAO;
SRIB17,SRIB16,SRIB15,SRIB14,SRIB13,SRIB12,SRIB11,SRIB10,SRIBY;
SRIB8,SRIB7,SRIB6,SRIB5,SRIB4,SRIB3,SRIB2,SRIB1,SRIBO;
SROA17,SROA16,SROAL5, SROA14,SROAL13,SROA12,SROAL1l, SROAL10, SROAY;
SROA8, SROA7, SROA6, SROA5, SROA4, SROA3,SROA2, SROAL, SROAO;
SROB17,SROB16, SROB15, SROB14, SROB13,SR0OB12,SROB11, SROB10, SROBY;
SROB8, SROB7, SROB6, SROB5, SROB4, SROB3, SROB2, SROB1, SROBO;
P35,P34,P33,P32,P31,P30,P29,P28,P27,P26,P25,P24,P23,P22,P21,P20,P19,P18;
P17,pP16,P15,P14,P13,P12,P11,P10,P9,P8,P7,P6,P5,P4,P3,P2,P1,P0;

parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter

REG_INPUTA_CLK = “ NONE,
REG_INPUTA_CE = “ CEO,
REG_INPUTA_RST = “ RSTO,
REG_INPUTB_CLK = “ NONE,
REG_INPUTB_CE “ CEO,
REG_INPUTB_RST RSTO,
REG_PIPELINE_CLK
REG_PIPELINE_CE

REG_PIPELINE_RST
REG_OUTPUT_CLK NONE,
REG_OUTPUT_CE = “ CEO,
REG_OUTPUT_RST = “ RSTO,

REG_SIGNEDA CLK = “ NONE,
REG_SIGNEDA_CE = “ CEO,
REG_SIGNEDA_RST = “ RSTO,
REG_SIGNEDB_CLK = “ NONE,
REG_SIGNEDB_CE = “ CEO,
REG_SIGNEDB_RST = “ RSTO,

= u

“ CEO,

"

CE1,

“ RSTO,

CE1,

CE1,

CE1l,

CLKO,

RST1,
CLKO,
CE1l,

RST1,

“ NONE, CLKO,
CE2,
RST1,

CE1l,

CLKO,

RST1,
CLKO,

RST1,
CLKO,

RST1,

CE2,

CE2,

CE2,

CE2,

CE2,

GSR = “ Enabled, Disabled “;

CLK1,
CE3
RST2,
CLK1,
CE
RST2,
CLK1
CE
RST2
CLK1,
CE3
RST2,
CLK1,
CE3
RST2,
CLK1,
CE3
RST2,

CLK2, CLK3

" .
Iz

RST3
CLK2,
3 4
RST3
CLK2,
“

, RST3
CLK2,

" .
’

RST3
CLK2,

" .
I

RST3
CLK2,

.
I

RST3

" .
3

" .
I

CLK3

" .
I

" .
I

CLK3 ”;

7

3

.
7

CLK3

"
I

7N
I

CLK3

" .
7

CLK3

" .
I

MULT18X18ADDSUBB

input
input
input
input
input
input
input
input
input
input
input
input
input
input
output
output
output
output
output

A017,A016,A015,A014,A013,A012,A011,A010,A09;
AO08,A07,A06,A05,A04,A03,A02,A01,A00;
Al117,Al116,A115,A114,A113,A112,A111,A110,A19;
Al8,A17,A16,A15,A14,A13,A12,A11,A10;
B017,B016,B015,B014,B013,B012,B011,B010,B09;
B08,B07,B06,B05,B04,B03,B02,B01,B00;
B117,B116,B115,B114,B113,B112,B111,B110,B19;
B18,B17,B16,B15,B14,B13,B12,B11,B10;
SIGNEDA, SIGNEDB, SOURCEAO, SOURCEAl, SOURCEBO, SOURCEB1,
CEO,CE1l,CE2,CE3,CLKO, CLK1,CLK2,CLK3,RST0,RST1,RST2,RST3;
SRIA17,SRIAl6,SRIALl5,SRIAl4,SRIA13,SRIAL12,SRIAL1l,SRIAL1Q0,SRIAY;
SRIA8,SRIA7,SRIA6,SRIAS5,SRIA4,SRIA3,SRIA2,SRIAL,SRIAO;
SRIB17,SRIB16,SRIB15,SRIB14,SRIB13,SRIB12,SRIB11,SRIB10,SRIBY;
SRIB8,SRIB7,SRIB6,SRIB5,SRIB4,SRIB3,SRIB2,SRIB1,SRIBO;
SROA17,SROA16,SROAL5, SROA14,SROAL13,SROA12,SROAL1l, SROAL10, SROAY;
SROA8, SROA7, SROA6, SROA5, SROA4, SROA3,SROA2, SROAL, SROAO;
SROB17,SROB16,SROB15, SROB14, SROB13,SROB12,SROB11, SROB10, SROBY;
SROB8, SROB7, SROB6, SROB5, SROB4, SROB3, SROB2, SROB1, SROBO;

ADDNSUB;

SUM36,SUM35, SUM34, SUM33,SUM32, SUM31, SUM30, SUM29, SUM28, SUM27, SUM26, SUM25, SUM24 , SUM2 3, SUM22, SUM21, SU
M20,SUM19,SUM18,SUM17,SUM16, SUM15, SUM14,SUM13, SUM12, SUM11,SUM10, SUM9, SUM8, SUM7, SUM6 , SUM5, SUM4 , SUM3

,SUM2, SUM1, SUMO ;
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parameter REG_INPUTAO _CLK = “ NONE, CLKO, CLK1l, CLK2,
parameter REG_INPUTAO_CE = ” CEO, CEl, CE2, CE3 ”;
parameter REG_INPUTAO_RST = “ RSTO, RST1, RST2, RST3
parameter REG_INPUTAl CLK = “ NONE, CLKO, CLK1l, CLK2,
parameter REG_INPUTAl CE = ” CEO, CEl, CE2, CE3 “;
parameter REG_INPUTA1l_RST = “ RSTO, RST1, RST2, RST3
parameter REG_INPUTBO_CLK = “ NONE, CLKO, CLK1l, CLK2,
parameter REG_INPUTBO_CE = ” CEO, CEl1, CE2, CE3 “;
parameter REG_INPUTBO_RST = “ RSTO, RST1l, RST2, RST3
parameter REG_INPUTB1_CLK = “ NONE, CLKO, CLK1, CLK2,
parameter REG_INPUTB1_CE = “ CEO, CEl1, CE2, CE3 “;
parameter REG_INPUTB1_RST = “ RSTO, RST1l, RST2, RST3

parameter

parameter REG_PIPELINEO_CE = “ CEO, CEl, CE2, CE3 “;
parameter REG_PIPELINEO_RST = “ RSTO, RST1l, RST2, RST3 ”;

parameter

parameter REG_PIPELINE1l_CE = “ CEO, CEl1l, CE2, CE3 “;
parameter REG_PIPELINE1l_RST = “ RSTO, RST1, RST2, RST3 “;
parameter REG_OUTPUT_CLK = “ NONE, CLKO, CLK1, CLK2,
parameter REG_OUTPUT_CE = “ CEO, CEl, CE2, CE3 “;

parameter REG_OUTPUT_RST = “ RSTO, RST1l, RST2, RST3 “;

CLK3 ”;

CLK3 ”;

u

REG_PIPELINEO_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3

REG_PIPELINE1l_CLK = “ NONE, CLKO, CLKl1l, CLK2, CLK3

CLK3 ”;

I

parameter REG_SIGNEDA O0_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3
parameter REG_SIGNEDA O0_CE = “ CEO, CEl1l, CE2, CE3 “;

parameter
parameter

parameter REG_SIGNEDA 1 CE = “ CEO, CEl, CE2, CE3 “;

parameter
parameter REG_SIGNEDB_0_CLK

parameter REG_SIGNEDB 0_CE = “ CEO, CEl1l, CE2, CE3 “;

parameter
parameter REG_SIGNEDB_1_CLK

parameter REG_SIGNEDB 1 CE = “ CEO, CEl1l, CE2, CE3 “;

parameter REG_SIGNEDB_1_RST
parameter REG_ADDNSUB_O0_CLK

parameter REG_ADDNSUB 0_CE = “ CEO, CEl1l, CE2, CE3 “;

parameter

REG_SIGNEDA O_RST = “ RSTO, RST1l, RST2, RST3 ”“;
REG_SIGNEDA 1 _CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3

REG_SIGNEDA 1_RST = “ RSTO, RST1l, RST2, RST3 ”;
“ NONE, CLKO, CLK1l, CLK2, CLK3

REG_SIGNEDB_O_RST = “ RSTO, RST1l, RST2, RST3 ”;
“ NONE, CLKO, CLK1l, CLK2, CLK3

“ RSTO, RST1, RST2, RST3 “;
“ NONE, CLKO, CLK1l, CLK2, CLK3

REG_ADDNSUB_O0_RST = “ RSTO, RST1l, RST2, RST3 ”“;

parameter REG_ADDNSUB_1 CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3
parameter REG_ADDNSUB 1 CE = “ CEO, CEl, CE2, CE3 “;
parameter REG_ADDNSUB_1 RST = “ RSTO, RST1l, RST2, RST3 ”;
parameter GSR = “ Enabled, Disabled “;

MULT18X18ADDSUBSUMB

input
input
input
input
input
input
input
input
input
input
input
input
input
input
input
input
input
input
input

A017,A016,A015,A014,A013,A012,A011,A010,A09;
AO08,A07,A06,A05,A04,A03,A02,A01,A00;
Al117,Al1l16,A115,A114,A113,A112,A111,A110,A19;
Al8,A17,A16,A15,A14,A13,A12,A11,A10;
A217,A216,A215,A214,A213,A212,A211,A210,A29;
A28,A27,A26,A25,A24,A23,A22,A21,A20;
A317,A316,A315,A314,A313,A312,A311,A310,A39;
A38,A37,A36,A35,A34,A33,A32,A31,A30;
B017,B016,B015,B014,B013,B012,B011,B010,B09;
B08,B07,B06,B05,B04,B03,B02,B01,B00;
B117,B116,B115,B114,B113,B112,B111,B110,B19;
B18,B17,B16,B15,B14,B13,B12,B11,B10;
B217,B216,B215,B214,B213,B212,B211,B210,B29;
B28,B27,B26,B25,B24,B23,B22,B21,B20;
B317,B316,B315,B314,B313,B312,B311,B310,B39;
B38,B37,B36,B35,B34,B33,B32,B31,B30;
SIGNEDA, SIGNEDB,ADDNSUB1,ADDNSUB3;
SOURCEAO, SOURCEAl, SOURCEA2, SOURCEA3;
SOURCEBO, SOURCEB1l, SOURCEB2, SOURCEB3;

" .

7N

" .

" .

7N

" .

" .

" .
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input
input
input
input
input
output
output
output
output
output
SUM37,SUM36,SUM35, SUM34, SUM33, SUM32,SUM31, SUM30, SUM29, SUM28, SUM27, SUM26, SUM25, SUM24 , SUM23, SUM22, SU
M21,sUM20,SUM19,SUM18,SUM17,SUM16,SUM15, SUM14,SUM13,SUM12,SUM11, SUM10, SUM9, SUM8, SUM7, SUM6, SUM5, SUM
4,SUM3, SUM2, SUM1, SUMO;

CEO,CE1l,CE2,CE3,CLKO,CLK1,CLK2,CLK3,RST0,RST1,RST2,RST3;
SRIA17,SRIAl16,SRIAL15,SRIAl4,SRIA13,SRIAL12,SRIAL1l,SRIAL1O0,SRIAY;
SRIA8,SRIA7,SRIA6,SRIA5,SRIA4,SRIA3,SRIA2,SRIAL,SRIAQ;
SRIB17,SRIB16,SRIB15,SRIB14,SRIB13,SRIB12,SRIB11,SRIB10,SRIBY;
SRIB8,SRIB7,SRIB6,SRIB5,SRIB4,SRIB3,SRIB2,SRIB1,SRIBO;
SROA17,SROA16,SROAL15, SROA14,SROAL13,SROA12,SROAL11l, SROAL10, SROAY;
SROA8, SROA7,SROA6, SROA5, SROA4, SROA3, SROA2, SROAL, SROAQ;
SROB17,SROB16, SROB15, SROB14, SROB13,SROB12,SROB11, SROB10, SROBY;
SROB8, SROB7, SROB6, SROB5, SROB4, SROB3, SROB2, SROB1, SROBO ;

parameter REG_INPUTAO_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_INPUTAO_CE = “ CEO, CEl1, CE2, CE3 “;

parameter REG_INPUTAO_RST = “ RSTO, RST1l, RST2, RST3 “;
parameter REG_INPUTAl CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_INPUTAl_CE = ” CEO, CEl, CE2, CE3 ”;

parameter REG_INPUTAl_RST = “ RSTO, RST1l, RST2, RST3 “;
parameter REG_INPUTA2_CLK = “ NONE, CLKO, CLK1, CLK2, CLK3 “
parameter REG_INPUTA2 CE = ” CEO, CEl, CE2, CE3 “;

parameter REG_INPUTA2_RST = “ RSTO, RST1, RST2, RST3 “
parameter REG_INPUTA3_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 ”
parameter REG_INPUTA3_CE = ” CEO, CEl1, CE2, CE3 “;

parameter REG_INPUTA3_RST = “ RSTO, RST1l, RST2, RST3 “;
parameter REG_INPUTBO_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_INPUTBO_CE = “ CEO, CEl1, CE2, CE3 “;

parameter REG_INPUTBO_RST = “ RSTO, RST1l, RST2, RST3 “;
parameter REG_INPUTB1l_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_INPUTB1_CE = “ CEO, CEl, CE2, CE3 ”;

parameter REG_INPUTB1_RST = “ RSTO, RST1l, RST2, RST3 “;
parameter REG_INPUTB2_CLK = “ NONE, CLKO, CLK1, CLK2, CLK3 “
parameter REG_INPUTB2_CE = ” CEO, CEl, CE2, CE3 “;

parameter REG_INPUTB2_RST = “ RSTO, RST1, RST2, RST3 “
parameter REG_INPUTB3_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_INPUTB3_CE = “ CEO, CEl1, CE2, CE3 “;

parameter REG_INPUTB3_RST = “ RSTO, RST1l, RST2, RST3 “;
parameter REG_PIPELINEO_CLK = “ NONE, CLKO, CLK1, CLK2, CLK3 “;
parameter REG_PIPELINEO_CE = “ CEO, CE1l, CE2, CE3 “;

parameter REG_PIPELINEO_RST = “ RSTO, RST1l, RST2, RST3 “;
parameter REG_PIPELINE1l_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_PIPELINE1l_CE = “ CEO, CEl1l, CE2, CE3 “;

parameter REG_PIPELINE1_RST = “ RSTO, RST1, RST2, RST3 “;
parameter REG_PIPELINE2_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_PIPELINE2 CE = “ CEO, CEl, CE2, CE3 “;

parameter REG_PIPELINE2_ RST = “ RSTO, RST1l, RST2, RST3 “;
parameter REG_PIPELINE3_CLK = “ NONE, CLKO, CLK1, CLK2, CLK3 “;
parameter REG_PIPELINE3_CE = “ CEO, CE1l, CE2, CE3 “;

parameter REG_PIPELINE3_RST = “ RSTO, RST1l, RST2, RST3 ”“;
parameter REG_OUTPUT_CLK = “ NONE, CLKO, CLKl1l, CLK2, CLK3 “;
parameter REG_OUTPUT_CE = “ CEO, CEl, CE2, CE3 “;

parameter REG_OUTPUT_RST = “ RSTO, RST1l, RST2, RST3 “;
parameter REG_SIGNEDA 0_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_SIGNEDA 0_CE = “ CEO, CEl1l, CE2, CE3 “;

parameter REG_SIGNEDA 0_RST = “ RSTO, RST1, RST2, RST3 “;
parameter REG_SIGNEDA_1_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_SIGNEDA 1 CE = “ CEO, CEl1l, CE2, CE3 “;

parameter REG_SIGNEDA 1 RST = “ RSTO, RST1l, RST2, RST3 “;
parameter REG_SIGNEDB_O0_CLK = “ NONE, CLKO, CLK1, CLK2, CLK3 “;
parameter REG_SIGNEDB_O_CE = “ CE0, CEl1, CE2, CE3 “;

parameter REG_SIGNEDB_O0_RST = “ RSTO, RST1l, RST2, RST3 ”“;
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parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter

REG_SIGNEDB_1 CLK = “ NONE,
REG_SIGNEDB_1 _CE = “ CEO,
REG_SIGNEDB_1 RST = “ RSTO,
REG_ADDNSUB1_0_CLK = “ NONE,
REG_ADDNSUB1_0_CE = “ CEO,
REG_ADDNSUB1_0_RST = “ RSTO,
REG_ADDNSUB1_1_CLK = “ NONE,
REG_ADDNSUB1_1_CE = “ CEO,
REG_ADDNSUB1_1 RST = “ RSTO,
REG_ADDNSUB3_0_CLK = “ NONE,
REG_ADDNSUB3_0_CE = “ CEO,
REG_ADDNSUB3_0_RST = “ RSTO,
REG_ADDNSUB3_1_CLK = “ NONE,
REG_ADDNSUB3_1_CE = “ CEO,
REG_ADDNSUB3_1_RST = “ RSTO,
GSR = “” Enabled, Disabled “;

CE1,

CE1,

CE1l,

CE1,

CE1,

CLKO,

RST1,
CLKO,

RST1,
CLKO,

RST1,
CLKO,

RST1,
CLKO,

RST1,

CE2,

CE2,

CE2,

CE2,

CE2,

CLK1,
CE3
RST2,
CLK1,
CE3
RST2,
CLK1,
CE3
RST2,
CLK1,
CE3
RST2,
CLK1,
CE3
RST2,

CLK2,

" .
7

RST3 “;

CLK2,
" .

’
RST3
CLK2,

.
’

RST3
CLK2,

" .
’

RST3
CLK2,

" .
Iz

RST3

CLK3

’

CLK3

" .

I

" .

" .

" .

.

MULT18X18MACB

input
input
input
input
input
input
input
input
input
input
input
input
input
input
input
input
output
output
output
output
output

Al7,A16,A15,A14,A13,A12,A11,A10,A9;
A8,A7,A6,A5,A4,A3,A2,A1,A0;
B17,B16,B15,B14,B13,B12,B11,B10,B9;
B8,B7,B6,B5,B4,B3,B2,B1,B0;
ADDNSUB, SIGNEDA, SIGNEDB,ACCUMSLOAD;
SOURCEA, SOURCEB;
CEO,CE1l,CE2,CE3,CLKO,CLK1,CLK2,CLK3,RST0,RST1,RST2,RST3;
LD51, LD50, LD49, LD48, LD47, LD46, LD45, LD44, LD43, LD42,
LD39, LD38, LD37, LD36, LD35, LD34, LD33, LD32, LD31, LD30
LD29, LD28, LD27, LD26, LD25, LD24, LD23, LD22, LD21, LD20
LD19, LD18, LD17, LD1l6, LD15, LD14, LD13, LD12, LD1l1l, LD10O
Lp9, LD8, LD7, LD6, LD5, LD4, LD3, LD2, LD1, LDO;
SRIA17,SRIAl6,SRIALl5,SRIAl4,SRIA13,SRIAL12,SRIAL1l,SRIALQ0,SRIAY;
SRIA8,SRIA7,SRIA6,SRIAS5,SRIA4,SRIA3,SRIA2,SRIAL,SRIAO;
SRIB17,SRIB16,SRIB15,SRIB14,SRIB13,SRIB12,SRIB11,SRIB10,SRIBY;
SRIB8,SRIB7,SRIB6,SRIB5,SRIB4,SRIB3,SRIB2,SRIB1,SRIBO;
SROA17,SROA16,SROAL5, SROA14,SROAL13,SROA12,SROAL1l, SROAL10, SROAY;
SROA8, SROA7, SROA6,SROA5, SROA4, SROA3,SROA2, SROAL, SROAO;
SROB17,SROB16, SROB15, SROB14, SROB13,SROB12,SROB11, SROB10, SROBY;
SROB8, SROB7, SROB6, SROB5, SROB4, SROB3, SROB2, SROB1, SROBO;

LD41,

LD40

ACCUM51,ACCUM50,ACCUM49,ACCUM48,ACCUM47,ACCUM46,ACCUM45, ACCUM44,ACCUM43,ACCUM42,ACCUM41,ACCUM40,AC
CUM39,ACCUM38,ACCUM37,ACCUM36,ACCUM35, ACCUM34,ACCUM33,ACCUM32,ACCUM31,ACCUM30,ACCUM29, ACCUM28, ACCU
M27,ACCUM26,ACCUM25,ACCUM24,ACCUM23, ACCUM22, ACCUM21, ACCUM20,ACCUM19,ACCUM18,ACCUM17,ACCUM16, ACCUML
5,ACCUM14,ACCUM13,ACCUM12,ACCUM11,ACCUM10,ACCUM9, ACCUM8, ACCUM7, ACCUM6, ACCUMS5, ACCUM4 , ACCUM3, ACCUM2,

ACCUM1, ACCUMO, OVERFLOW;

parameter REG_INPUTA CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_INPUTA CE = “ CEO, CEl1, CE2, CE3 ”;

parameter REG_INPUTA_RST = “ RSTO, RST1, RST2, RST3 “;
parameter REG_INPUTB_CLK = “ NONE, CLKO, CLKl1l, CLK2, CLK3 ”;
parameter REG_INPUTB_CE = “ CEO, CEl, CE2, CE3 “;

parameter REG_INPUTB_RST = “ RSTO, RST1l, RST2, RST3 “;
parameter REG_PIPELINE CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_PIPELINE CE = “ CEO, CEl, CE2, CE3 “;

parameter REG_PIPELINE RST = “ RSTO, RST1, RST2, RST3 “;
parameter REG_OUTPUT_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_OUTPUT_CE = “ CEO, CEl, CE2, CE3 “;

parameter REG_OUTPUT_RST = “ RSTO, RST1l, RST2, RST3 ”;
parameter REG_SIGNEDA 0_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_SIGNEDA O0_CE = “ CEO, CEl1l, CE2, CE3 “;

parameter REG_SIGNEDA_ 0_RST = “ RSTO, RST1, RST2, RST3 “;
parameter REG_SIGNEDA_1_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_SIGNEDA 1 CE = “ CEO, CEl1, CE2, CE3 “;
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" .
I

CLK3 ”;

.
’

CLK3

" .
I

" .
’

K2, CLK3 “;

T3
K2,

"
I

CLK3 ”;

T3 #;
CLK3 ”;

.
’

CLK3

" .
I

" .
’

parameter REG_SIGNEDA 1 RST = “ RSTO, RST1l, RST2, RST3

parameter REG_SIGNEDB_O0_CLK = “ NONE, CLKO, CLK1, CLK2,

parameter REG_SIGNEDB_O_CE = “ CE0, CEl1, CE2, CE3 “;

parameter REG_SIGNEDB_0_RST = “ RSTO, RST1l, RST2, RST3

parameter REG_SIGNEDB_ 1 CLK = “ NONE, CLKO, CLK1l, CLK2,

parameter REG_SIGNEDB_1_CE = “ CE0, CE1, CE2, CE3 “;

parameter REG_SIGNEDB_1_RST = “ RSTO, RST1, RST2, RST3

parameter REG_ACCUMSLOAD_O0_CLK = “ NONE, CLKO, CLK1l, CL

parameter REG_ACCUMSLOAD O_CE = “ CEO, CEl, CE2, CE3 “;

parameter REG_ACCUMSLOAD_O_RST = “ RSTO, RST1, RST2, RS

parameter REG_ACCUMSLOAD_1_CLK = “ NONE, CLKO, CLK1l, CL

parameter REG_ACCUMSLOAD 1 _CE = “ CEO, CEl, CE2, CE3 “;

parameter REG_ACCUMSLOAD 1 RST = “ RSTO, RST1, RST2, RS

parameter REG_ADDNSUB_O_CLK = “ NONE, CLKO, CLK1, CLK2,

parameter REG_ADDNSUB_O_CE = “ CE0, CEl1, CE2, CE3 “;

parameter REG_ADDNSUB 0_RST = “ RSTO, RST1l, RST2, RST3

parameter REG_ADDNSUB 1 CLK = “ NONE, CLKO, CLK1l, CLK2,

parameter REG_ADDNSUB_1_CE = “ CE0, CEl1, CE2, CE3 “;

parameter REG_ADDNSUB_1_RST = “ RSTO, RST1, RST2, RST3

parameter GSR = “ Enabled, Disabled ~;

MULT36X36B

input A35,A34,A33,A32,A31,A30,A29,A28,A27,A26,A25,A24,A23,A22,A21,A20,A19,A18;
input A17,A16,A15,A14,A13,A12,A11,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0;
input B35,B34,B33,B32,B31,B30,B29,B28,B27,B26,B25,B24,B23,B22,B21,B20,B19,B18;
input B17,B16,B15,B14,B13,B12,B11,B10,B9,B8,B7,B6,B5,B4,B3,B2,B1,B0;
input SIGNEDA, SIGNEDB;

input CEO,CE1l,CE2,CE3,CLKO,CLK1l,CLK2,CLK3,RST0,RST1,RST2,RST3;

output P71,P70,P69,P68,P67,P66,P65,P64,P63,P62,P61,P60,P59,P58,P57,P56,P55,P54;
output P53,P52,P51,P50,P49,P48,P47,P46,P45,P44,P43,P42,P41,P40,P39,P38,P37,P36;
output P35,P34,P33,P32,P31,P30,P29,P28,P27,P26,P25,P24,P23,P22,P21,P20,P19,P18;
output pP17,P16,P15,P14,P13,P12,P11,P10,P9,P8,P7,P6,P5,P4,P3,P2,P1,P0;

parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter

REG_INPUTA_CLK
REG_INPUTA CE
REG_INPUTA_RST
REG_INPUTB_CLK
REG_INPUTB_CE
REG_INPUTB_RST
REG_PIPELINE CLK
REG_PIPELINE CE
REG_PIPELINE RST
REG_OUTPUT_CLK
REG_OUTPUT CE = ”
REG_OUTPUT_RST =
REG_SIGNEDA_0_CLK
REG_SIGNEDA_0_CE
REG_SIGNEDA_0_RST
REG_SIGNEDA_1_CLK
REG_SIGNEDA_1_CE
REG_SIGNEDA_1_RST
REG_SIGNEDB_0_CLK
REG_SIGNEDB_0_CE
REG_SIGNEDB_O0_RST
REG_SIGNEDB_1_CLK
REG_SIGNEDB_1_CE
REG_SIGNEDB_1_RST
GSR “ Enabled,

"

"

“ NONE, CL
CEO0, CE1,

KO,
CE2,

CLK1,

"

CE3 “;

CLK2,

CL

" .

K3 “;

“ RSTO, RST1l, RST2,
“ NONE, CLKO, CLK1,
CEO, CEl1l, CE2,
“ RSTO, RST1l, RST2,

CE3

RST3
CLK2,

" .
I

RST3

I

CLK3 “;

" .
I

“ NONE, CLKO,
“ CEO, CE1,
“# RSTO, RST1,
NONE, CLKO,
CEO, CE1, CE2,
“ RSTO, RST1,
= “ NONE, CLKO,
= #” CEO, CE1,
= “ RSTO, RST1,
“ NONE, CLKO,
“ CEO, CE1,
“ RSTO, RST1,
“ NONE, CLKO,
“ CEO, CE1,
“ RSTO, RST1,
“ NONE, CLKO,
= # CEO, CE1,
= “ RSTO, RST1,
Disabled “;

"

CE2,

CLK1,

RST2,

CE2,

CE2,

CE2,

CE2,

CLK1,
CE3
RST2,

CE3 “;
RS
CLK1,
CE3
RST2,
CLK1,
CE3
RST2,
CLK1,
CE3
RST2,
CLK1,
CE3
RST2,

CLK2,

CLK2,

7
7

RST3
CL

T3 #;
CLK2,

.
7

RST3
CLK2,

“u .
7

RST3
CLK2,

" .
7

RST3
CLK2,

" .
7

RST3

CLK3 ”;

“u .

7

K3

" .
3

CLK3 ”;

" .
Iz

CLK3 ”;

" .
I

CLK3 ”;

" .
’

u"

CLK3 ;

" .
’
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MULT9X9B

input
input
input

A8,A7,A6,A5,A4,A3,A2,A1,A0;
B8,B7,B6,B5,B4,B3,B2,B1,B0;
SIGNEDA, SIGNEDB, SOURCEA, SOURCEB;

input CEO,CE1,CE2,CE3,CLKO,CLK1,CLK2,CLK3,RST0,RST1,RST2,RST3;

input SRIA8,SRIA7,SRIA6,SRIA5,SRIA4,SRIA3,SRIA2,SRIAL,SRIAO;
input SRIB8,SRIB7,SRIB6,SRIB5,SRIB4,SRIB3,SRIB2,SRIB1,SRIBO;
output SROA8,SROA7,SROA6,SROA5,SROA4,SROA3, SROA2, SROAL, SROAOD
output SROB8,SROB7, SROB6,SROB5, SROB4, SROB3, SROB2, SROB1, SROBO

output P17,P16,P15,P14,P13,P12,P11,P10,P9,P8,P7,P6,P5,P4,P3,P2,P1,PO0;

parameter REG_INPUTA_CLK = “ NONE, CLKO, CLKl1l, CLK2, CLK3 ”;
parameter REG_INPUTA CE = “ CEO, CEl, CE2, CE3 “;

parameter REG_INPUTA_ RST = “ RSTO, RST1l, RST2, RST3 “;
parameter REG_INPUTB_CLK “ NONE, CLKO, CLK1, CLK2, CLK3 “;
parameter REG_INPUTB_CE = “ CEO, CEl, CE2, CE3 “;

parameter REG_INPUTB_RST = “ RSTO, RST1l, RST2, RST3 “;
parameter REG_PIPELINE CLK = “ NONE, CLKO, CLK1, CLK2, CLK3
parameter REG_PIPELINE CE = ” CEO, CEl1, CE2, CE3 “;
parameter REG_PIPELINE RST = “ RSTO, RST1, RST2, RST3 “;
parameter REG_OUTPUT_CLK = “ NONE, CLKO, CLKl1l, CLK2, CLK3 ”;
parameter REG_OUTPUT_CE = “ CEO, CEl, CE2, CE3 “;

parameter REG_OUTPUT_RST = “ RSTO, RST1l, RST2, RST3 “;

7

7

.
’

parameter
parameter
parameter
parameter
parameter
parameter
parameter

REG_SIGNEDA CLK =
REG_SIGNEDA_CE =
REG_SIGNEDA RST =
REG_SIGNEDB_CLK
REG_SIGNEDB_CE =
REG_SIGNEDB_RST =
GSR = “ Enabled,

“ NONE, CLKO, CLK1,
“ CEO, CE1, CE2, CE3
“ RSTO, RST1, RST2,
“ NONE, CLKO, CLK1,
“ CEO, CEl1, CE2, CE3
“ RSTO, RST1l, RST2,

Disabled #;

CLK2,

" .
I

RST3
CLK2,

" .
I

RST3

CLK3 ”;

" .
I

CLK3 ”;

" .
7

MULT9X9ADDSUBB

input
input
input
input
input
input
input
input
input
output
output
output

AO08,A07,A06,A05,A04,A03,A02,A01,A00;

Al8,Al17,A16,A15,A14,A13,A12,A11,A10;

B08,B07,B06,B05,B04,B03,B02,B01,B00;

B18,B17,B16,B15,B14,B13,B12,B11,B10;

SIGNEDA, SIGNEDB,ADDNSUB;

SOURCEAO, SOURCEAl, SOURCEBO, SOURCEB1;
CEO,CE1l,CE2,CE3,CLKO,CLK1,CLK2,CLK3,RST0,RST1,RST2,RST3;
SRIA8,SRIA7,SRIA6,SRIAS5,SRIA4,SRIA3,SRIA2,SRIAL,SRIAQ;
SRIB8,SRIB7,SRIB6,SRIB5,SRIB4,SRIB3,SRIB2,SRIB1,SRIBO;
SROA8, SROA7, SROA6,SROAS5, SROA4, SROA3,SROA2, SROAL, SROAO;
SROB8, SROB7, SROB6, SROB5, SROB4, SROB3, SROB2, SROB1, SROBO ;

suM18,SUM17,SUM16,SUM15,SUM14,SUM13,SUM12,SUM11, SUM10, SUM9, SUM8, SUM7, SUM6, SUM5, SUM4, SUM3, SUM2, SUM1

,»SUMO ;

parameter REG_INPUTAO_CLK = “ NONE, CLKO, CLK1, CLK2, CLK3 “;
parameter REG_INPUTAO _CE = ” CEO, CEl, CE2, CE3 “;

parameter REG_INPUTAO_RST = “ RSTO, RST1, RST2, RST3 “;
parameter REG_INPUTAl_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_INPUTAl _CE = ” CEO, CEl1, CE2, CE3 “;

parameter REG_INPUTA1l RST = “ RSTO, RST1l, RST2, RST3 “;
parameter REG_INPUTBO_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_INPUTBO_CE = “ CEO, CEl1, CE2, CE3 “;

parameter REG_INPUTBO_RST = “ RSTO, RST1l, RST2, RST3 “;
parameter REG_INPUTB1_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;
parameter REG_INPUTB1_CE = “ CEO, CEl, CE2, CE3 ”;

parameter REG_INPUTB1_RST = “ RSTO, RST1l, RST2, RST3 “;

parameter REG_PIPELINEO_CLK = “ NONE, CLKO, CLK1l, CLK2, CLK3 “;

parameter REG_PIPELINEO_CE = “ CEO, CEl, CE2, CE3 “;
parameter REG_PIPELINEO_RST = “ RSTO, RST1, RST2, RST3 “;
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parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter

REG_PIPELINE1l_CLK = “ NONE, CLKO,

REG_PIPELINE1l_CE

REG_PIPELINE1l_RST = “ RSTO,

= " CEO,

CE1,

REG_OUTPUT_CLK = “ NONE, CLKO,

REG_OUTPUT CE =
REG_OUTPUT_RST =
REG_SIGNEDA_O_CLK
REG_SIGNEDA_ 0_CE
REG_SIGNEDA_O_RST
REG_SIGNEDA_1_CLK
REG_SIGNEDA_1_CE
REG_SIGNEDA_1_RST
REG_SIGNEDB_0_CLK
REG_SIGNEDB_0_CE
REG_SIGNEDB_0_RST
REG_SIGNEDB_1_CLK
REG_SIGNEDB_1_CE
REG_SIGNEDB_1_RST
REG_ADDNSUB_0_CLK
REG_ADDNSUB_0_CE
REG_ADDNSUB_0_RST
REG_ADDNSUB_1_CLK
REG_ADDNSUB_1_CE

CEO,
“ RSTO,

= " CEO,

= “ RSTO,
“ NONE, CLKO,

= " CEO,

= “ RSTO,

CE1,
RST1,
= “ NONE, CLKO,

CE1l,

CE1,

RST1,

CE2,

RST1,

RST1,

CE2,
RST
CLK1,
CE3
RST2,

CE2, C
RST

CE2,
RST

CLK1,

CE3 “;

CLK1,

CLK1,
CE3 “;

CLK2,

2, RST3
CLK2,
ll;

RST3 “;
CLK2,
E3 “;

2, RST3
CLK2,

2, RST3

“ NONE, CLKO,
= “ CEO, CE1,

= “ RSTO, RST1,
“ NONE, CLKO,
= “ CEO, CE1,

= “ RSTO, RST1,
“ NONE, CLKO,
= “ CEO, CE1,
“ RSTO, RST1,
“ NONE, CLKO,

CE2,

CE2,

CE2,

CLK1,
CE3
RST2,
CLK1,
CE3
RST2,
CLK1,
CE3
RST2,
CLK1,

= " CEO,

CE1,

CE2,

CE3

CLK2,

" .
7

RST3
CLK2,

.
7

RST3
CLK2,

.
7

RST3
CLK2,

" .
7

CLK3 “”;

" .
’

CLK3 ”;

CLK3 ”;

" .
I

CLK3 ”;

.
’

CLK3 ”;

" .
’

CLK3 ”;

" .
Iz

CLK3 ”;

" .
I

CLK3 ”;

parameter
parameter

MULT9X9ADDSUBSUMB

REG_ADDNSUB_1_RST = “ RSTO, RST1l, RST2, RST3 “;

GSR = ” Enabled, Disabled #;

input
input
input
input
input
input
input
input
input
input
input
input
input
input
output
output
output

A08,A07,A06,A05,A04,A03,A02,A01,A00;
Al8,A17,A16,A15,A14,A13,A12,A11,A10;
A28,A27,A26,A25,A24 ,A23,A22,A21,A20;
A38,A37,A36,A35,A34,A33,A32,A31,A30;
B08,B07,B06,B05,B04,B03,B02,B01,B00;
B18,B17,B16,B15,B14,B13,B12,B11,B10;
B28,B27,B26,B25,B24,B23,B22,B21,B20;
B38,B37,B36,B35,B34,B33,B32,B31,B30;
SIGNEDA, SIGNEDB,ADDNSUB1,ADDNSUB3;
SOURCEAO, SOURCEAl, SOURCEA2, SOURCEA3;
SOURCEBO, SOURCEB1l, SOURCEB2, SOURCEB3;
CEO,CE1,CE2,CE3,CLKO, CLK1,CLK2,CLK3,RST0,RST1,RST2,RST3;
SRIA8,SRIA7,SRIA6,SRIAS5,SRIA4,SRIA3,SRIA2,SRIAL,SRIAQ;
SRIB8,SRIB7,SRIB6,SRIB5,SRIB4,SRIB3,SRIB2,SRIB1,SRIBO;
SROA8, SROA7, SROA6,SROAS5, SROA4, SROA3,SROA2, SROAL, SROAO;
SROB8, SROB7, SROB6, SROB5, SROB4, SROB3, SROB2, SROB1, SROBO;

SsuUM19,SUM18,SUM17,SUM16,SUM15, SUM14,SUM13,SUM12, SUM11, SUM10, SUM9, SUM8, SUM7, SUM6 , SUM5, SUM4 , SUM3, SUM

2,SUM1

, SUMO ;

parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter

REG_INPUTAO_CLK =
REG_INPUTAO_CE =
REG_INPUTAO_RST =
REG_INPUTA1_CLK =
REG_INPUTA1_CE =
REG_INPUTA1_RST =
REG_INPUTA2_CLK =
REG_INPUTA2_CE =
REG_INPUTA2_RST =
REG_INPUTA3_CLK =
REG_INPUTA3_CE =
REG_INPUTA3_RST =
REG_INPUTBO_CLK =
REG_INPUTBO_CE =
REG_INPUTBO_RST =

“ NONE, CLKO,

CLK1,

CLK2,

CLK3 ”;

“ CEO,

CE1,

CE2,

CE3

“ RSTO,
“ NONE,
“ CEO,
“ RSTO,
“ NONE,
“ CEO,
“ RSTO,
“ NONE,
“ CEO,
“ RSTO,
“ NONE,
“ CEO,
“ RSTO,

CE1,

CE1l,

CE1l,

CE1,

RST1,
CLKO,

RST1,
CLKO,

RST1,
CLKO,

RST1,
CLKO,

RST1,

CE2,

CE2,

CE2,

CE2,

RST2,
CLK1,
CE3
RST2,
CLK1,
CE3
RST2,
CLK1,
CE3
RST2,
CLK1,
CE3
RST2,

" .
I

RST3 “;
CLK2,

" .
I

RST3 “;
CLK2,

" .
I

RST3 ”;
CLK2,

N
I

RST3 “;
CLK2,

" .
I

RST3 “;
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parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter

REG_INPUTB1_CLK =
REG_INPUTB1_CE = “
REG_INPUTB1_RST =
REG_INPUTB2_CLK =
REG_INPUTB2_CE = “
REG_INPUTB2_RST =
REG_INPUTB3_CLK =
REG_INPUTB3_CE = “
REG_INPUTB3_RST
REG_PIPELINEO_CLK
REG_PIPELINEO_CE =
REG_PIPELINEO_RST
REG_PIPELINEL_ CLK
REG_PIPELINEl CE =
REG_PIPELINE1_RST
REG_PIPELINE2_CLK
REG_PIPELINE2 CE =
REG_PIPELINE2_RST
REG_PIPELINE3_CLK
REG_PIPELINE3_CE =
REG_PIPELINE3_RST
REG_OUTPUT CLK = “
REG_OUTPUT CE = *
REG_OUTPUT_RST = “
REG_SIGNEDA_O_CLK
REG_SIGNEDA_O0_CE =
REG_SIGNEDA_O_RST
REG_SIGNEDA_1_CLK
REG_SIGNEDA_1 CE =
REG_SIGNEDA_1_RST
REG_SIGNEDB_0_CLK
REG_SIGNEDB_0_CE =
REG_SIGNEDB_0_RST
REG_SIGNEDB_1_CLK
REG_SIGNEDB_1_CE =
REG_SIGNEDB_1_RST

REG_ADDNSUB1_0_CLK = “ NONE, CLKO,
CE2,
RST1,
“ NONE, CLKO,

REG_ADDNSUB1_0_CE
REG_ADDNSUB1_0_RST
REG_ADDNSUB1_1_CLK
REG_ADDNSUB1_1_CE

REG_ADDNSUB1_1_RST
REG_ADDNSUB3_0_CLK
REG_ADDNSUB3_0_CE

REG_ADDNSUB3_0_RST
REG_ADDNSUB3_1_CLK
REG_ADDNSUB3_1_CE

REG_ADDNSUB3_1_RST
GSR = “ Enabled, D

“ NONE, CLKO,
CEO, CEl1l, CE2,
“ RSTO, RST1,
“ NONE, CLKO,
CEO, CEl1l, CE2,
“ RSTO, RST1,
“ NONE, CLKO,
CEO, CEl1, CE2,
“ RSTO, RST1,
= “ NONE, CLKO,
“ CEO, CE1,
= “ RSTO, RST1,
“ NONE, CLKO,
“ CEO, CE1,
= “ RSTO, RST1,
= “ NONE, CLKO,
“ CEO, CE1,
= “ RSTO, RST1,
= “ NONE, CLKO,
“ CEO, CE1,
= “ RSTO, RST1,
NONE, CLKO,
CEO, CEl1l, CE2,
RSTO, RST1,
= “ NONE, CLKO,
“ CEO, CE1,
= “ RSTO, RST1,
= ” NONE, CLKO,
“ CEO, CE1,
= “ RSTO, RST1,
“ NONE, CLKO,
“ CEO, CE1,
“ RSTO, RST1,
“ NONE, CLKO,
“ CEO, CE1,
= “ RSTO, RST1,

= “ CEO, CE1,
= “ RSTO,

= “ CEO, CE1,
“ RSTO,

= “ CEO, CE1,
= “ RSTO,

= “” CEO, CE1,
= # RSTO,
isabled “;

CLK1,

RST2,
CLK1,

RST2,
CLK1,

RST2,

CE2,

CE2,

CE2,

CE2,

CLK1,
CE3 “;
RST2,

CE2,

CE2,

CE2,

CE2,

CE2,
RST1,
“ NONE, CLKO,
CE2,
RST1,
= “ NONE, CLKO,
CE2,
RST1,

CLK2,
CE3 ”;
RST3 “;

CLK2, CLK3 “;
CE3 ”;

RST3 ”;

CLK2, CLK3 “;
CE3 ”;

RST3 “;
CLK1l, CLK2,
CE3 “;
RST2, RST3 “;
CLK1l, CLK2, CLK3
CE3 “;

RST2, RST3 “;
CLK1l, CLK2, CLK3
CE3 “;

RST2, RST3 “;
CLK1, CLK2, CLK3
CE3 “;

RST2, RST3 “;
CLK2, CLK3 “;

CLK3 ”;

CLK3

RST3 “;
CLK1l, CLK2,
CE3 “;
RST2, RST3 “;
CLK1l, CLK2, CLK3
CE3 “;
RST2, RST3 “;
CLK1l, CLK2, CLK3
CE3 “;
RST2, RST3 “;
CLK1l, CLK2, CLK3
CE3 “;
RST2, RST3 “;
CLK1, CLK2,
CE3 “;
RST2, RST3 “;
CLK1, CLK2,
CE3 “;
RST2, RST3 “;
CLK1, CLK2,
CE3 “;
RST2, RST3 ”;
CLK1, CLK2,
CE3 “;
RST2, RST3 “;

CLK3

CLK3

"

"

"

"

"

"

"

"

.

" .

" .

" .

14-23



LatticeECP2/M
sysDSP Usage Guide

= LATTICE

Appendix B. Using IPexpress for Diamond

Invoking IPexpress for Diamond
There are several ways IPexpress can be invoked. To invoke IPexpress from the Start menu, select:

Start > Programs > Lattice Diamond 1.0 > Accessories > IPexpress

To invoke IPexpress from within Diamond, a project must be opened, then invoke the IPexpress icon or select:
Tools > IPexpress

The IPexpress interface appears as shown in Figure 14-14.

Figure 14-14. IPexpress Interface

B

<* Lattice Diamond - IPexpress
File Edit View Project Design  Process Tools  Window Help

AE-HIE rakInieE B Q

= 1 :
2 &8

= @

PECELCHGOEEGE B3 B E &
File List [ Xi E_-D Start Page [ | [B# Reports [ | BE‘IPEKPfEﬂm | g x
= [ rest_p | NI
Wi LFE2-355E-7F484C |=“ “ % ¥ =% —
=] ~
=13 Strategies Narne Module/1F Name
[ area {n subtractor
[ 10 Assistant = 2 DSP_Modules Macra Type; ‘ | version: | |
[ coick. G ADDER_TREE : : '
S = IP N i
Tiring {n} BARREL_SHIFTER. e [ J
Strategy1 {nf mac Project Path: ‘ ‘ Browse. .,
= [IH TesT_1p Tk Mmac
I Input Files @ MULT File Mame: ‘ |
=) Constraint Files ik MULTADDSUE -
E |T_"| TEST_IP.Ipf E MULTADDSLUBSLIM Module Qukput: ‘ |
9 Dal?ug |.=|Ies E zﬂ SLICE Dievice Family! ‘ |
I Seript Files - ik wiDE_mux
I Analysis Files = & Memory_Modules Part Mame: ‘ |
= &% Distributed_RAM
i E Distributed_DPRAM Please enter a project directory!
Ik pistributed_ROM RO
ok Distributed_SPRAM =
= 4§ EBR_Components
RAM_DFP 1
ik RAM_DP_TRUE i
Ik ram_po
I rom P | ¥
B mre e — — -
| Process | File List ‘ < | > %Configuration | @Ahnut |

Cutput q X
dtarting: "pri_project new -name "TEST_IP" -impl "TEST_IP" -dew LFE2-358E-7F484C"

C: /MyDesign/TEST_IP.ldf

Ready Mem Usage: 106,008 K

Scroll to the modules and left-click on the module you wish to use. Enter the information into the IPexpress inter-
face as shown in the example Figure 14-15.

14-24



= LATTICE

LatticeECP2/M

sysDSP Usage Guide

Figure 14-15. Creating the Module Instance

i @ ediffrev_1/countd.edn
g source;topcount.y
E source/typepackage. vhd [work]
E source/count 16, vhd [work]
-3 Constraint Fles
5 mixedcounter . |pf
B mixedcounter _ww.Ipf

~Ank pule_pdd_sub_sum

d E Mulkiplier .

5 E Multiply_Accumulate =
i E Sin-Cos_Table

H : E Subtractor

= 2§ DsP_Modules

- I ADDER_TREE B
4 @ BARREL_SHIFTER

File Edit Wiew Project Design  Process  Tools  Window Help
: e— i e z = = |+ =
D-E-Ha8ira ¥ P @ R s de E:E ;L E
|
E = = Tl = ;
ZEGE B B EEE HE|@
File List 8 x | 6% Startpage [0 h_ Reports (1] | BY rexpress [ :_. HDL Diagram [ ‘ g x
= @ mixedcounter | - . | @
s h LFEEZMZ0E-6F454C : @ H % '2 ! 2;1
123 Strategies Hame T
|2 Area Eﬁ Adder_Subtractor
0 Assistant - I Comparatar Macra Type! | Module |\'\9V5'°”’ |“-D |
Cuick, ok Complex_Mulkiplier
Timing : T Module Name:; ‘MULT |
Strategyl ok counter Project Path: ‘C:;’MyDeswgn ‘ [ Browse. ., ]
25| Strategyz E FFT_Butterfly
FH verlag vhd fk LFsh File Name: [MULT_Design |
= [fH verilog_vhdl_edif And puke_add_sub ;
o0 Inpt Files Module Oubput: ‘\n\an\ng Vl

Device Famiy: | LatticeECPZM

Part Mame: ‘ LFEZMZ0E-6F434C

Customize

: mizedcounter_vve.lpf E MAC
=10 Debug Files I - Mmac
: 'E] Reveall.rvl E MULT
-+ I Seript Files Aok MULTADDSUE
=10 Analysis Filles b Aok MULTADDSUBSUM : ¢ | B
< | # Tk qce ¥
_|! Dicti... |! Modul... || Process | File.. “ P (i b3 %Configuration |m|
Cutput F X
~
Time to process design: Z.355 seconds b |
Drawing...
Finished drawing Design ¥iew.
Computing statistics...
Entities/Modulea: 178, Root Entities/Modules: 1. Undefined Entities/Modules: 0. Instances: 36, Nuwber 0f Lewels: 3.
Drawing...
Finished drawing Design View.
Funtiing BEM Check
BEM Check finished with (0) errors, and (0) warnings.
w

Reeady

Mem Usage: 39,720 kK

Select Customize.

An example of a MULT Module Dialog window appears as shown in Figure 14-16. Select Help for information

about the fields in this window.
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Figure 14-16. MULT Mode Basic Set-up

f Lattice FPGA Module -- MULT

Configuration | Generate Lag

MULT Basic \ tdvanced |

Size of the DSPMULT block Select Block Dpbons
Multiplicand & bit size |3 [(2-72) Area/Speed = Area " Speed

Muliplier B bitsize  [3 (272)
Product bit size r——
Drata Format-
J e Input & [Faralel ] I~ Select Shift Out &
Input B Paalel ] I™ Select Shift Out B
Signed/Unsigned A W!j

— RSTO F70] Signed/Unsigned B FS\gned 11

—| CLKD

Select Pipelining

Aa0) ¥ Enable Input Registers ¥ RST on all registers
¥ Enable Pipeline Registers W CE on all registers
¥ Enable Dutput Register
T

Estimat=d A u
RS EAT

Bus Ordering Style: |Big Endsan [MSB:LSE] Xj

I~ Import IPX to Diamond project Generate Close Help

When you are finished selecting your options, select Generate. A log window will appear similar to what is shown
in Figure 14-17.

14-26



= L ATTICE LatticeECP2/M

sysDSP Usage Guide

Figure 14-17. IP Generation Log Window

Configuration ~ Generate Log I

Generated Log I Ermors/wfarnings Mg ]

Copyright [c] 1995-2001 Lucent Technologies Inc. All ights reserved.
Copyright [c] 2001 Agere Systems Al rights reserved.
Copyright [=) 2002-2010 Lattice Semiconductor Corporation, &l rights reserved.

BEGIM SCUBA Module Synthesis

|>

lssued command : C:Mscc\Diamond. 1 344diamonds 1. D\ispfpgatbintnt\scuba.exe -w -n MULT_TEST Hang werilog -synth spnplify -bus_exp 7 -bb -arch eph:
Circuit name  : MULT_TEST

Moduls tvpe dspmult

Module Version : 4.0

Poits
Inpute CLED, CEQ, RSTO, 020, B[&:0]
Outputs F70]

140 buffer @ natingered

EDIF cutput  : suppressed

Werilog output - MULT_TEST.w

“erilog template : MULT_TEST_tplw

Werilog testbench: tb_MULT_TEST_tmplyw

“erilog purpose : far synthesis and simulation

Bug notation  : big endian

Fepart output - MULT_TEST.arp

E stimated Fezource Usage:

DS5P_3:9:1

END SCUBA Module Synthesis
File: MULT_TEST Ipc created.

End process: completed successfully,

Total Warnings: 0

Tatal Erors: 0

<

[l [

Cloze Help
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