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Avant DSP Arithmetic Modules - Lattice Radiant Software

.I.I.LATT’CE User Guide

1. Introduction

The IP Catalog provides a variety of modules. These modules cover a variety of common functions and can be customized.
They are optimized for Lattice FPGA devices built on the Lattice Avant™ platform. Use these modules to speed up your
design work and to produce the most effective results.

This guide describes the DSP Arithmetic modules that comes with the IP Catalog. These modules serve as the building block
to realize a more complex or user-defined function. The descriptions mainly cover the ports, attributes and sample

functional timing diagrams of the modules.

©2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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2. DSP Arithmetic Modules

2.1. Multiplier

A two-input multiplier performs signed/unsigned multiplication of the data from inputs data_a_i and data_b_i. The output
result_o carries the Product of the multiplication operation.

The shaded portions of the Multiplier Schematic Diagram, as shown in Figure 2.1, are optional and are removed/ignored in
certain configurations.

Function formula:

data_a_i—r

data_b_i —r

result_o

Figure 2.1. Multiplier Schematic Diagram

2.1.1. Multiplier Operation
Table 2.1. Multiplier Operation

Configuration Operation

Default result_o =data_a_i*data_b_i

2.1.2. Ports

Table 2.2. Multiplier Ports

Signal Name Direction Width (bits) Description

clk_i IN 1 This signal connects to the clock pin of the input, and output
Unused when neither Input A, Input B or Output is set to
Registered

ce_a_i IN 1 This signal is an active HIGH synchronous clock enable for input A

1'b0 — retain the previous state
1'b1 —toggle on the rising edge of the clock as per the logic
Unused when Input A is not set to Registered.

ce_b_i IN 1 This signal is an active HIGH synchronous clock enable for input B
1'b0 - retain the previous state

1'b1 —toggle on the rising edge of the clock as per the logic
Unused when Input B is not set to Registered

ce_o_i IN 1 This signal is an active HIGH synchronous clock enable for Output
1'b0 - retain the previous state

1'b1 —toggle on the rising edge of the clock as per the logic
Unused when Output is not set to Registered

rst_i IN 1 It is an active HIGH reset. Unused when neigther REGINPUTA,
REGINPUTB, or REGOUTPUT is not set to Registered. Reset mode
depends on RST_MODE.

data_a_i IN A_WIDTH This signal contains an input for multiplication operation.

www.latticesemi.com/legal
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Signal Name Direction Width (bits) Description
data_b_i IN B_WIDTH This signal contains an input for multiplication operation.
result_o ouT OUT_WIDTH This signal carries the product value of the multiplication.

Core functionality is represented below.
data_a_i *data_b_i

2.1.3. Attributes

Table 2.3. Multiplier Attributes

Configuration

Range

Default Value

Description

A_WIDTH

2-72

9

This configuration controls the width of the input data_a.

B_WIDTH

2-72

9

This configuration controls the width of the input data_b.

OUT_WIDTH

4-144

18

This parameter is uneditable and only gets the sum of
A_WIDTH and B_WIDTH.
InputA Width + InputB Width = Result Width

RST_MODE

SYNC or ASYNC

SYNC

This configuration controls the reset mode, either
asynchronous reset or asynchronous reset. When set to
synchronous reset, the reset value occurs at the preceding
clock edge.

A_SIGNED

Signed, Unsigned

Signed

This configuration controls the sign interpretation of the
input data_a_i, either signed or unsigned.

B_SIGNED

Signed, Unsigned

Signed

This configuration controls the sign interpretation of the
input data_b_i, either signed or unsigned.

REGINPUTA

on, off

off

This configuration controls the registering of input
data_a_i before routing them to the multiplication
operation.

off — Unregistered. Inputs are directly routed.

on — Registered. Inputs are registered before routing.

REGINPUTB

on, off

off

This configuration controls the registering of the inputs,
data_b_i before routing them to the multiplication
operation.

off — Unregistered. Inputs are directly routed.

on — Registered. Inputs are registered before routing.

REGOUTPUT

on, off

off

This configuration controls the registering of the multiplier
result onto the output, result_o.

off — Unregistered. Result is directly routed to the output.
on — Registered. Result is registered at the output.

Internal Parameters

A_WDT

A_WDT =A_WIDTH

B_WDT

B_WDT = B_WIDTH

www.latticesemi.com/legal
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2.1.4. Timing Diagram

clk_i
data_a i
data_b_i

result_o

ce_ai

ce b i
data_a i
A_reg(internal)
data_b_i
B_reg(intenal)

result_o

ce_a i
ce b i
ce oi

data_a i
A_reg(intemnal)
data_b_i
B_reg(intenal)

result_o

REGINPUTA = off,

REGINPUTB = off,

REGOUTPUT = off

= LATTICE

0 A0

X

Al

a2 A Y

A4 X A5 Aas a7 X Aas X A a0 X

A X

A12

X

A3 A4 X a5 ) A6 N AIT

0 X__Bo

X

B1

B2 B3 [

B4  B5 ¥ B6 X B7 X B8 Y B8 J B1IO [

811 |

B12

X

B13 ) B14 Y B15 X B16 K BIT

0 W AoxB0 | ADB1 ) A2B2  A3xB3  A4xB4 ) A5B5 ) A6xB6 ) A7xB7 ) ABXB8 ) AOXB9 ) A10XB10 { A11xB11 J(A12XB12 { A13XB13 ) A14XB14 | A15XB15 | A16XB16 f A17XB17

REGINPUTA =on,

REGINPUTB =on,

REGOUTPUT = off
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0 {_AmBO J AtxB1T J( A1xB2 J A1xB3 ) Ad4xB4 ) ASxB5 ) AG6xB5 ) A7xB5 ) ABXB8 | A9XB9 | A10XB10 N A11xB11 J(A12XB12 J(A13XB13

Table 2.4. Multiplier Timing Table

Figure 2.2. Multiplier Timing Diagram

Attribute Latency from Input to Output
REGINPUT* REGOUTPUT
0 0 0
0 1 1
1 0 1
1 1 2
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2.2. Multiply-Accumulate

A two-input multiplier with accumulate performs signed/unsigned multiplication of the data from inputs data_a_i and
data_b_i and accumulates the result. The output result_o carries the Accumulation of Products.

data_a_i—r

data_b_iT

accumsload

result_o

Figure 2.3. Multiply-Accumulate Schematic

2.2.1. Multiply-Accumulate Operation

Table 2.5. Multiply-Accumulate Operations

Operation Dependency

Operation

addnsub_i =0, accumsload =0

result_o = result_prev + (data_a_i*data_b_i)

addnsub_i =0, accumsload = 1

result_o =Id + (data_a_i*data_b_i)

addnsub_i =1, accumsload =0

result_o =result_prev - (data_a_i*data_b_i)

addnsub_i =1, accumsload =1

result_o =1Id - (data_a_i*data_b_i)

2.2.2. Ports

Table 2.6. Multiply-Accumulate Ports

Signal Name Direction Width (bits) Description
clk_i IN 1 This signal connects to the clock pin of the input, and output.
ce_a_i IN 1 This signal is an active HIGH synchronous clock enable for input A
1'b0 - retain the previous state
1'b1 —toggle on the rising edge of the clock as per the logic
Unused when Input A is not set to Registered.
ce_b_i IN 1 This signal is an active HIGH synchronous clock enable for input B
1'b0 - retain the previous state
1'b1 —toggle on the rising edge of the clock as per the logic
Unused when Input B is not set to Registered
ce_i IN 1 This signal is an active HIGH synchronous clock enable for Pipeline
and Output
1'b0 — retain the previous state
1'b1 —toggle on the rising edge of the clock as per the logic
rst_i IN 1 It is an active HIGH reset. Reset mode depends on RST_MODE.
data_a_i IN A_WIDTH This signal contains the multiplicand value of the multiplication.
data_b_i IN B_WIDTH This signal contains the multiplier value of the multiplication.
accumsload IN 1 This signal destates if the Id input or the previews result_o is
added/subtracted from the product of the two multipliers.
Id IN ACC_WIDTH This signal is added or subtracted from the product of the two
multiplier when accumsload is high.
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Signal Name Direction Width (bits) Description

addnsub_i IN 1 This signal dictates the operation to be used by the accumulator —
1'b0 for addition and 1'b1 for subtraction.

result_o ouT ACC_WIDTH This signal carries the accumulated value of the product of inputs

data_a_iand data_b_i. Core functionality is represented below.
Result = LD + (DataA; = DataB;) ; accumsload =1,

addnsub_i =0
Result = LD — (DataA; * DataB;) ; accumsload =1,
addnsub_i=1
Result = Resultyye, + (Datad; x DataB;) ; accumsload =1,
addnsub_i=0
Result = Resulty,,., — (DataA; * DataB;) ; accumsload =1,
addnsub_i=1

2.2.3. Attributes

Table 2.7. Multiply-Accumulate Attributes

Configuration Range Default Value Description

A_WIDTH 2-72 9 This configuration controls the width of the input data_a_i.

B_WIDTH 2-72 9 This configuration controls the width of the input data_b_i.

OUT_WIDTH 5-145 19 This configuration controls the accumulator width.

A_SIGNED Signed, Unsigned Signed This configuration controls the sign interpretation of the input
data_a_i, either signed or unsigned.

B_SIGNED Signed, Unsigned Signed This configuration controls the sign interpretation of the input
data_b_i, either signed or unsigned.

RST_MODE SYNC or ASYNC ASYNC This configuration controls the reset mode, either asynchronous
reset or synchronous reset. When set to asynchronous reset, the
reset value occurs at the preceding clock edge.

REGINPUTA on, off off This configuration controls the registering of the inputs, data_a_i
before routing them to the multiplication operation.
off — Unregistered. Inputs are directly routed.
on — Registered. Inputs are registered before routing.

REGINPUTB on, off off This configuration controls the registering of the inputs, data_b_i
before routing them to the multiplication operation.
off — Unregistered. Inputs are directly routed.
on — Registered. Inputs are registered before routing.

REGPIPE on, off off This configuration controls the insertion of pipeline into the
multiplier operation.

REGOUTPUT on on This configuration controls the registering of the result onto the

output, result_o. This is not editable. Result is registered at the
output.
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2.2.4. Timing Diagram

REGINPUTA = off, REGINPUTB = off, REGPIPE = off
clk_i
accumsload
addnsub_i
id 0 Yo Yt ¥ id2 Y w63 N 4 J 5 ¥ ide Y 1d7  { 198 ( 1d9 {110 ¥ w11 Y 112 Y 1d13 J id14 {115 }_ 1d16 X 417 ) 1d18
data_a_i 0 a0 At X a2 YAz (At T A5 ¥ as N oar { aAas C As { Aat0 }C At a1z ) a3 a4 X a5 ) A8 N AT [ A8
data_b_i 0 Y B0 ¥ Bt ¥ B2 Y B3 Y B4 J B5 ¥ BS Y B7T X B8 Y B9 K B0 ¥ B11 N B12 Y B13 J B14 ) B15 ¥ B16 X BT B8
product(P*) 0 Y AoxBO J AxBT )\ A2xB2 ) A3xB3 ) AdxB4 ) ASxB5 ) ABxBS ) A7xB7 ) ABXBB  AOXBY ) A10XB10 J A11XB11  A12XB12 { A13XB13 J A14XB14  A15XB15 J(A16XB16  A17XB17 J(A18XB18
result_o(R") 0 X o ¥ 1d1+Po ) 1d2+P1 ¥ 1d3+P2 ¥ Id4-P3 ) 1d5-P4 ) Id6-P5 X Id7-P6 ) R7+P7 ) R8+P8 ) R9+P9 J R10+P10  R11+P11 J R12-P12 { R13-P13 ) R14-P14 J R15-P15 { R16-P16 ) R17-P17
REGINPUTA =on, REGINPUTB =on, REGPIPE =on
ce_ali
ce_b i
ce i
dataai__ 0 A0 N At ¥ a2} oAz oA YO a5 Y as N A7 N Aas N A9 a0 ¥ A ) oAtz ) a13 a4 YO A5 ) Aa16 X At A8
A_regfintemal) 0 Ym0 X Al YA X a5 X Aas a7 A8 N As ¥ a0 ) A A2 _ A3 N A4 J_ A15 N A6 [ AT
data_b_i 0 B0 X Bt ¥ B2 X B3 ¥ B4 ¥ B X B K BT Y B8 Y B9 Y B10 X B X B12 ¥ B13 Y B14 f BI5 ¥ B1W6 X BI7 S B1
B_reg(intemal) 0 ¥ B0 X Bt X B2 J B3 ¥ B4 X B5 X B8 X B9 ¥ B0 X B X B12 Y B13 X B14 ) B15 X B16 ) BI7
product(P*) 0 Y A0xBO ¥ A1xBT f_ ATxB2 ) A1xB3 ) Ad4xB4 J A5xB5 ) A6xB5 J A7xB5 ) ABXB8 J_A9XBY K A10XB10 J A11XB11 ) A12XB12 [ A13XB13 | A14XB14 f A15XB15 | A16XB16 J A17XB17
Pipeline(Pp*) 0 ¥_A0xBO J A1xB1 ) AxB2 J_ A1xB3 ) AdxB4 ) ASxB5 ) AGxBS ) A7TxB5 ) ASXB8B ) ASXBS ) A10XB10 ) ATIXB1T | A12XB12 X A15xB15  A16XB16
result_o(R*) 0 X__1d0 ¥ 1d1+Pp0 Y Id2+Pp1 ¥ 1d3-Pp2 ¥ Id4-Pp3 ) I1d5-Pp4 ¥ Id6-Pp5 | R7+Pp6 ) R8+Pp7 § R9+Pp8 J R10+Ppg R11+Pp10) R12-Pp11 Y R13-Pp12 {R14-Pp15

Figure 2.4. Multiply-Accumulate Timing Waveforms

Table 2.8. Multiply-Accumulate Timing Table

Attribute Latency from Input to Output
REGINPUT* REGPIPE REGOUTPUT
0 0 1 1
0 1 1 2
1 0 1 2
1 1 1 3
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2.3. Multiply-Add-Subtract

A pair of two-input multipliers that performs signed/unsigned multiplication of the data from inputs data_a and data_b
with addition/subtraction on the product pair. The output result_o carries the Sum/Difference of Products.

data_a0_i T

data_bO_i

data_al_i

data_b1_i

Figure 2.5. Multiply-Add-Subtract Schematic

2.3.1. Multiply-Add-Subtract Operation

Table 2.9. Multiply-Add-Subtract Operations

Operation Dependency Operation
addnsub_i=0 result_o = (data_a0_i*data_b0 _i) + (data_al_i *data_b1_i)
addnsub_i=1 result_o = (data_a0_i*data_b0 _i) - (data_al_i *data_b1_i)

2.3.2. Ports
Table 2.10. Multiply-Add-Subtract Ports

Signal Name Direction Width (bits) Description

clk_i IN 1 This signal connects to the clock pin of the input, and output
Unused when neither Input A, Input B or Output is set to
Registered

ce_a_i IN 1 This signal is an active HIGH synchronous clock enable for input A

1'b0 - retain the previous state
1'b1 —toggle on the rising edge of the clock as per the logic
Unused when Input A is not set to Registered.

ce_b i IN 1 This signal is an active HIGH synchronous clock enable for input B
1'b0 - retain the previous state

1'b1 —toggle on the rising edge of the clock as per the logic
Unused when Input B is not set to Registered

ce_i IN 1 This signal is an active HIGH synchronous clock enable for Pipeline
and Output

1'b0 - retain the previous state

1'b1 —toggle on the rising edge of the clock as per the logic
Unused when Output is not set to Registered
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Signal Name

Direction

Width (bits)

Description

rst_i

1

It is an active HIGH . Reset mode depends on RST_MODE.

data_a0_i

A_WIDTH

This signal contains the multiplicand value of the multiplication
pair data_a0_i and data_b0_i.

data_al i

A_WIDTH

This signal contains the multiplicand value of the multiplication
pair data_al_i and data_b1_i.

data_bO0_i

B_WIDTH

This signal contains the multiplier value of the multiplication pair
data_a0_i and data_bO_i.

data_b1_i

B_WIDTH

This signal contains the multiplier value of the multiplication pair
data_bO_iand data_b1_i.

addnsub_i

This signal dictates the operation to be used by the accumulator —
1'b0 for addition and 1'b1 for subtraction.

result_o

ACC_WIDTH

This signal carries the result_o of the addition/subtraction of the
multiplication products.

Core functionality is represented below.

MO = (data_a0_i * data_b0_i)

M1 = (data_al_i * data_b1l_i)

addnsub_i ==0: {M0 + M1}

addnsub_i ==1: {M0 - M1}

2.3.3. Attributes

Table 2.11. Multiply-Add-Subtract Attributes

Configuration

Range

Default Value

Description

A_WIDTH

2-72

9

This configuration controls the width of the inputs data_a0_i and
data_al_i.

B_WIDTH

2-72

This configuration controls the width of the inputs data_b0_i and
data_b1_i.

OUT_WIDTH

5-145

19

This parameter is uneditable and only gets the sum of A_WIDTH,
B_WIDTH + 1.

Input A Width + Input B Width + 1 = Result Width

A_SIGNED

Signed, Unsigned

Unsigned

This configuration controls the sign interpretation of the input
data_a0_i and data_al_i, either signed or unsigned.

B_SIGNED

Signed, Unsigned

Unsigned

This configuration controls the sign interpretation of the input
data_bO_i and data_b1_i, either signed or unsigned.

RST_MODE

SYNC or ASYNC

SYNC

This configuration controls the reset mode, either asynchronous
reset or synchronous reset. When set to asynchronous reset, the
reset value occurs at the preceding clock edge.

REGINPUTABO

on, off

on

This configuration controls the registering of the inputs, data_a0_i
and data_bO_i before routing them to the multiplication
operation.

off — Unregistered. Inputs are directly routed.

on — Registered. Inputs are registered before routing.

REGINPUTAB1

on, off

on

This configuration controls the registering of the inputs, data_al_i
and data_b1_i before routing them to the multiplication
operation.

off — Unregistered. Inputs are directly routed.

on — Registered. Inputs are registered before routing.
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Configuration Range Default Value Description

REGOUTPUT on, off on This configuration controls the registering of the output, result_o.
off — Unregistered. Result is directly routed to the output.
on — Registered. Result is registered at the output.

REGPIPE on, off on This configuration controls the insertion of pipeline into the
multiplier operation.

2.3.4. Timing Diagram

REGINPUTABO = off, REGINPUTABL = off, REGPIPE = off, REGOUTPUT =on
080 e N N s N W VY WY W WY Y W W W W W YA W W A W
addnsub_i
data_a0_i 0 X a0 X a1t} a2 X a3 X A U a5 YO me N At X A8 U A9 ¥ A10 X At A2 JC A13 § A4 X A5} A6 J_ A7
data_b0_i 0 X B0 X 81 ¥ B2 X B3 X B4 Y B Y B6 K Br K B8 Y B9 K B10 X B1 K B12 J B13 ¥ B14 X B15 )} B16 J B/
product0(P*) 0 X_AoxBO X A1xB1 J A2xB2 ) A3xB3 ¥ AdxB4 ) ASxB5 ) AGxB6 ) A7xB7 ) A8xB8 ) A9xBS ) A10xB10 \ A11xB11 J A12xB12 J A13xB13 f A14xB14 { A15xB15 J A16xB16 J A17xB17
data_a1_i 0 Xm0 T a1t a2 X a3 X A T a5 N me N At A8 U A9 X A10 X A1 A2 J A13 f A4 N A5} A6 f AT7
data_b1_i 0 X Bo X B1 X B2 ¥ B3 Y B4 ¥ B K BE X B7 X B8 X B9 K B10 ) B ) B12 N B13 f B14 ) B15 ) B16 ) BI7
product1(P*) 0 N_AoxBO ) AtxB1 J_A2xB2 ) _A3xB3 ) AdxB4 ) A5xB5 ) AGxB6 ) A7xB7 ) A8xBS ) A9xBI ) A10xB10 Y A11xBi1 ) A12xB12 J A13xB13 Y A14xB14 \ A15xB15 J A16xB16 Y A17xB1T
result_o(R*) 0 X_Po+Po Y P1+P1 )} P2+P2 X P3+P3 X P4+P4 J P5+P5 ) P6+P6 ) P7+P7_ Y R8P8 )} R9-P9 ) R10-P10 Y R11-P11 { R12-P12 J R13-P13  R14-P14 \ R15-P15 | R16-P16
REGINPUTABO = on, REGINPUTAB1 =on, REGPIPE =on, REGOUTPUT = on
ce_a_l
ce_b_i
ce_| \ /
data_a0_i 0 X a0 X a1 X a2 a3 A a5 N as X A7 X as X a9 a0 ) At ) a1z A1z A4 A5 A6 AI7
data_b0_i 0 X Bo X B1 X B2 Y B3 Y B4 ¥ B K B X B7 X B8 N B9 K B10 ) B ) B12 N B13 { B14 ) B15 )\ B16 ) BI7T
A0_reg(internal) 0 a0 X A1 XA A5 Y as Y A7 X A8 Y A9 Y at0 X At N A2 J A13 X At4 N A15J At6
BO_reg(intemal) 0 X _Bo Y Bt ¥ B2 X B ¥ B4 | B5 X _Be X B9 X B10 ¥ Bt ) B12 )} B13 Y B14 Y B15_ Y BI6
product0(P*) 0 ¥ AoxBO ¥ A1xB1 J A1xB2 ) A1xB3 ¥ AdxB4 ) ASxB5 ) AGxB5 ) A7xB5 J ASxB8 ) AOxBS ) A10xB10 Y A11xB11 } A12xB12 J A13xB13 f A14xB14 { A15xB15 } A16xB16!
Pipeline0(Fp*) [ Y_AoxBO ¥ A1xB1 J A1xB2 ) A1xB3 ¥ AdxB4 )} A6xBb ) A6xB5 ) A7xB5 J ASxBS | A9xB9Y Y A10xB10 { A13xB13 { A14xB14 J A15xB15
data_a1_i 0 X a0 X a1 X a2 a3 a4} a5 N as A7 N Aas X a9 a0 ) Amt ) a1z J a1z a4 f A5 N A6 { A17
data_b1_i 0 X Bo X B1 X B2 ¥ B3 ¥ B4 ¥ B K B X B7 X B8 X B9 K B10 K B ¥ B12 N B13 X B14 K B15 X B16 K BI7
A1_reg(internal) 0 X a0 X A1 X A a5} A N ar X as U A9 Y A0 N A1t { A2z L A13 N A4 X A5 | A16
B1_reg(intemal) 0 X B0 X B1 ¥ B2 X B3 ¥\ B4 B5 X B8 X B9 X B10 ¥\ B1 J B12 ) B13 J B14 )\ B15 ) BI16
product1(P*) 0 X_AoxBO ) A1xB1 J_A1xB2 )_A1xB3 ¥ AdxB4 ) A5xB5 ) A6xB5 ) A7xB5 ) A8xBS ) A9xBY ) A10xB10 Y A11xBi1 ) A12xB12 J A13xB13 Y A14xB14 \ A15xB15 J A16xB16.
Pipeline1(Pp*) 0 Y _AoxB0o )\ A1xB1 ) AixB2 f A1xB3 ) A4xB4 )} A5xB5 ) ASxB5 ) ATxB5 ) A8xBS ) A9xB9 Y A10xB10 { A13xB13 { A14xB14 J A15xB15
result_o 0 X Pp0+Pp0 ) Pp1+Pp1 | Pp2+Pp2 { Pp3+Pp3 ) Pp4+Pp4 | Pp5+Pp5 | Pp6+Pp6 ) Pp7-Pp7 X Pps-Pps | Pp9-Pp9 XPp10-Pp10)Pp13-Pp13{Pp14-Pp14

Figure 2.6. Multiply-Add-Subtract Timing Diagram

Table 2.12. Multiply-Add-Subtract Timing Table
Attribute Latency from Input to Output

REGINPUT * REGPIPE REGOUPUT
0 0

Rikr|kr|lO|lO|O]|R
Rrlkr|lO|lR|O|R]|O
ROl |IO|O|O
WN|N|IN[R|[R |~ |O
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2.4. Multiply-Add-Subtract-Sum

Two pair of two-input multipliers that performs signed/unsigned multiplication of the data from inputs data_a and data_b
with addition/subtraction on the product pair. The output result_o carries the Sumation of the results from the result of the
added/subtracted procut pair.

data_a0_i
data_bO0_i

@

data_al_i

data_b1_i
g— result_o

data_a2_i

data_b2_i

®

data_a3_i

data_b3_i

| o | | | | o | | ot |

Figure 2.7. Multiply-Add-Subtract-Sum Schematic

2.4.1. Multiply-Add-Subtract-Sum Operation

Table 2.13. Multiply-Add-Subtract-Sum Operation

Operation Dependency Operation

addnsub0_i=0 result_o = {(data_a0_i*data_bO_i) + (data_al_i *data_b1_i) } + {(data_a2_i*data_b2_i) +
addnsubl_i=0 (data_a3_i *data_b3_i)}

addnsub0_i=1 result_o = {(data_a0_i*data_bO_i) - (data_al_i *data_b1_i)} + {(data_a2_i*data_b2_i) -
addnsubl_i=1 (data_a3_i *data_b3_i)}}
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2.4.2. Ports

Table 2.14. Multiply-Add-Subtract-Sum Ports

Signal Name Direction Width (bits) Description

clk_i IN 1 This signal connects to the clock pin of the input, and output
Unused when neither Input A, Input B or Output is set to
Registered

ce_a_i IN 1 This signal is an active HIGH synchronous clock enable for input A

1'b0 — retain the previous state
1'b1 —toggle on the rising edge of the clock as per the logic
Un-used when Input A is not set to Registered.

ce_b_i IN 1 This signal is an active HIGH synchronous clock enable for input B
1'b0 — retain the previous state

1'b1 —toggle on the rising edge of the clock as per the logic
Un-used when Input B is not set to Registered

ce_i IN 1 This signal is an active HIGH synchronous clock enable for Pipeline
and Output

1'b0 — retain the previous state

1'b1 —toggle on the rising edge of the clock as per the logic
Unused when Output is not set to Registered

rst_i IN 1 It is an active HIGH . Reset mode depends on RST_MODE.

data_a0_i IN A_WIDTH This signal contains the multiplicand value of the multiplication
pair data_a0_i and data_bO_i.

data_al_i IN A_WIDTH This signal contains the multiplicand value of the multiplication
pair data_al_iand data_b1_i.

data_a2_i IN A_WIDTH This signal contains the multiplicand value of the multiplication
pair data_a2_iand data_b2_i.

data_a3_i IN A_WIDTH This signal contains the multiplicand value of the multiplication
pair data_a3_i and data_b3_i.

data_bO0_i IN B_WIDTH This signal contains the multiplier value of the multiplication pair
data_a0_i and data_b0_i.

data_b1_i IN B_WIDTH This signal contains the multiplier value of the multiplication pair
data_al_iand data_b1_i.

data_b2_i IN B_WIDTH This signal contains the multiplier value of the multiplication pair
data_a2_iand data_b2_i.

data_b3_i IN B_WIDTH This signal contains the multiplier value of the multiplication pair
data_a3_iand data_b3_i.

addnsub_i IN 1 This signal dictates the operation to be used by the accumulator —
1'b0 for addition and 1'b1 for subtraction.

result_o ouT ACC_WIDTH This signal carries the result_o of the addition/subtraction of the

multiplication products.

Core functionality is represented below.

MO = (data_a0_i * data_b0_i), M1 = (data_al_i * data_b1_i),
M2 = (data_a2_i * data_b2_i), M3 = (data_a3_i * data_b3_i)
addnsub0_i == 0: {MO0 + M1}, addnsub0_i == 1: {M0 — M1},
addnsubl_i ==0: {M2 + M3}, addnsubl_i==1: {M2 — M3}

©2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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2.4.3. Attributes

Table 2.15. Multiply-Add-Subtract-Sum Attributes

Configuration

Range

Default Value

Description

A_WIDTH

2-72

9

This configuration controls the width of the inputs data_a0 _i,
data_al_i, data_a2_i, and data_a3_i.

B_WIDTH

2-72

This configuration controls the width of the inputs data_b0_i,
data_b1_i, data_b2_i, and data_b3_i.

OUT_WIDTH

6-146

20

This parameter is uneditable, it only gets the sum of A_WIDTH,
B_WIDTH + 3.

Input A Width + Input B Width + 3 = Result Width

A_SIGNED

Signed, Unsigned

Unsigned

This configuration controls the sign interpretation of the input
data_a0_i, data_al_i, data_a2_i, and data_a3_i; either signed or
unsigned.

B_SIGNED

Signed, Unsigned

Unsigned

This configuration controls the sign interpretation of the input
data_bO _i, data_b1 i, data_b2_i, and data_b3_i; either signed or
unsigned.

RST_MODE

SYNC or ASYNC

SYNC

This configuration controls the reset mode, either asynchronous
reset or synchronous reset. When set to asynchronous reset, the
reset value occurs at the preceding clock edge.

REGINPUTA

on, off

on

This configuration controls the registering of the inputs, data_a0_i,
data_al i, data_a2_i, and data_a3_i before routing them to the
multiplication operation.

off — Unregistered. Inputs are directly routed.

on — Registered. Inputs are registered before routing.

REGINPUTB

on, off

on

This configuration controls the registering of the inputs, data_b0 _i,
data_b1_i, data_b2 i, and data_b3_i before routing them to the
multiplication operation.

off — Unregistered. Inputs are directly routed.

on — Registered. Inputs are registered before routing.

REGPIPE

on, off

on

This configuration controls the insertion of pipeline into the
multiplier operation.

REGOUTPUT

on, off

on

This configuration controls the registering of the output, result_o.
off — Unregistered. Result is directly routed to the output.
on — Registered. Result is registered at the output.
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2.4.4. Timing Diagram

REGINPUTA = off,

REGINPUTB = off,

REGPIPE = off,

REGOUTPUT =on

= LATTICE

da N\

addnsub0_i
addnsub1_i
data_a0_i 0 a0 X At X A2 N A3 A+ X a5 ¥ ae N\ A7 As Az ¥ a0 X At a1z ¥ a3 X A4 A15 f A8 K A7
data_bO0_i 0 X B0 Y Bt X B2 ¥ B3 ¥ B4 X B5 ¥ B6 N B7 K BE f BE ¥ B0 K BN K B1Z ¥ B3 K B14 K BI5 ) BB K BI7
product0(P%) 0 N A0xBO Y ATxB1 X A2xB2 )} A3xB3 ) A4xB4 ) AbxB5 ) ABxB6 ) APBT ) A8xBS J_ AIxBY J A10xB10 f At1xB11 { A12xB12 } A13xB13 X A14xB14 J A15xB15 [ A16xB16 Y A17xB17
data_a1_i 0 A0 X At X A2 N A3 A+ X A5 ¥ Aae N\ A7 As Az ¥ a0 X A A1z ¥ a3 X A4 A15 N A1 X A7
data_b1_i 0 X B0 X Bt X 82 ¥ B3 N B4 X 8BS ¥ B6 X B7 K BE f BS K B0 K B K B2 X B3 X B14 K B15 ) B16 X BI7
product1(P*) 0 N_A0xBO Y\ ATxB1 X AxB2 )} A3xB3 ) A4xB4 ) A5xB5 ) A6xB6 ) AMBT ) ASxBS J_ A9xBY J A10xB10 N A11xB11 Y A12xB12 ¥ A13xB13 Y A14xB14 J( A15xB15 [ A16xB16 Y A17xB17
data_a2_i 0 a0 X A1 X A2 X A3 X A+ X A5 ¥ a6 X A7 X A8 Az ¥ a0 X A1 A1z ¥ A3 X A4 A15 { A6 X A7
data_b2_i 0 X B0 X Bt X B2 X B3 K B4 X B5 ¥ B6 X B7 K BE \ BE K B0 K BM K B2 X B3 X B14 K BI5 ) BB K BI7
product2(P%) 0 N AxBO | A1xB1 ) A2xB2 )} A3xB3 ) A4xB4 ) ASxB5 ) AGxB6 ) APxB7 ) A8xBS ) A9xBY ) A10xB10 f A11xB11 ) A12xB12 { A13xB13 J A14xB14 J{ A15xB15 [ A16xB16 J A17xB17
data_a3_i 0 a0 X a1t X A2 N A3 A+ X A5 ¥ ae X A7 { A8 Aas ¥ a0 X A1 A2 §¥ A13 X A4 { A15 N A16 X A7
data_b3_i 0 { B0 X Bt X B2 X B3 Y B4 X B5 ¥ B6 X\ B7 K BS S BS K B0 K BM K B2 § B13 ) B14 J BI5 ) BI1S ) BI7
product3(P%) 0 {_AxBO | ATxB1 ) A2xB2 ) A3xB3 ) A4xB4 ) ASxB5 ) AGxB6 ) ATxB7 ) ABxBS ) A9xBY J A10xB10 f A11xB11 ) A12xB12 { A13xB13 J A14xB14 J A15xB15 [ A16xB16 J A17xB17
sum/sub0(S*) 0 X_PotP0_ Y\ P1+P1 Y P2+P2 J P3+P3 ) P4+P4 ) P5+P5 ) P6+P6 § Pr+P7 ) P8-P8 ) P9-P9 ) P10-P10 \ P11-P11 X P12P12 { P13-P13 | P14-P14 J P15-P15 { P16-P16 § P17-P17
sum/sub1(S*) 0 N PotP0_ Y\ P1+P1 X P2+P2 J P3+P3 ) P4+P4 ) P5+P5 ) P6+P6 ) PI+P7 ) P8P8 ) P9-P9 ) P10-P10 \ P11-P11 X P12P12 { P13-P13 | P14-P14 { P15-P15 \ P16-P16 X P17-P17
result_o(R") 0 N S0+s0 ¥ S1+#51 ¥ S2+#S2 ) S3+S3 | S4+S4 ) S5+S5 ) S6+S6 ) Sr+S7 ) 5858 [ 59-59 ) S10-510 f S11-S11 { S12.512 ¥ S13-513 ) S14-514 ) S15-515 } S16-516
REGINPUTA =on, REGINPUTB = on, REGPIPE =on, REGOUTPUT =on
ceal _
ce b i A /
ce i \—/—
data_a0 | 0 a0 X a1t X A2 X A3 X A+ X a5 ¥ ae X A7 X a8 { as ¥ a0 X A A1z §¥ A13 N A4 A15 { A6 X A7
data_b0_i 0 X B0 X Bt X B2 K B3 Y B4 X B5 ¥ B6 N B7 K B8 N\ BS ¥ B0 K B K B2 4 B13 ) B14 J BI5 ) BIE ) BI7
AQ_reg(internal) 0 X a0 X A1 /YD T A A A A T B D Y T D D
BO_regfintemal) 0 X_Bo X BT ¥ B2 ¥ B3 X B4 X B5 X B8 ¥ B9 X B0 ¥ B11 ¥ B12 ¥ B13 Y B14 X B15 X BI6
productd(P¥) 0 Y_AoxB0 ¥ A1xB1_ Y A1xB2 )} A1xB3 ) AdxB4 _A5xB5 ) A6xB5 ) A7xB5 J_A8xBS ) A9xBY N A10xB10 Y A11xB11 ¥ A12xB12 Y A13xB13 J{ A14xB14 J A15xB15 J A16xB16
Pipelined(Pp*) 0 ¥ AoxB0 Y AtxB1 Y A1xB2 ) A1xB3 Y AdxB4 ) A5xB5 ) A6xB5 ) A7xB5 )_AexB8 ) AxBI X A10xB10 { A11xB11 )\ A14xB14 Y A15xB15
data_al_i 0 A0 X At X A2 X A3 A4 X A5 Y Aae X A7 N Aas Y Aas X a0 N A A2 X a3 X a4 ) A5 N A8 X AT
data_b1_i 0 Y B0 X Bt X B2 X B3 Y B4 X B ¥ B X B7 ¥ B8 Y B8 ¥ B10 ¥ B1_ N B2 ¥ B13 ¥ B14 J BI5 \ BIS_ K BI7
A1_reg(intemal) 0 a0 X A1 X_ a4 ¥ a5 X Aas A7 ¥ A8 J_ A9 Y Aa10 XAt X a2 Y a13 Y A4 Y A5 X__Al6
B1_reg(intemal) 0 X_Bo ¥ Bl X B2 J B3 ) B4 [ B5 ¥ Be ¥ B9 X Bi0 N Bt X B12 X B13 ) B14 Y BI15_ ) BI6
product1(P¥) 0 Y_A0xBO ¥_A1xB1 N A1xB2 J A1xB3 ) Ad4xB4 ) _A5xB5 ) A6xB5 ) A7xB5 J_A8xBS ) A9xBY ) A10xB10 Y A11xB11 § A12xB12 { A13xB13 J{ A14xB14 J A15xB15 Y A16xB16
Pipeline1(Pp*) 0 Y AxB0 Y A1xB1  AnxB2 | A1B3 ) AdxB4 ) ASxB5 ) A6xB5 )\ A7xB5 ) AsxB8 f A9xBI | A10xB10 { A11xB11 Y A14xB14 X A15xB15
data_a2_i 0 a0 X At X A2 X Az A+ X Aas Y Aas X A7 X Aas Y Aas X a0 X A ) a2 X a3 X a4 ) A5 N A8 N AT
data_b2_i 0 X B0 X Bt X B X B3 Y B4 X B ¥ B X B7 K B8 \ B8 K B10 ¥ BN N B2 X B3 X B14 J BI5 ) BIS K BIT
A2_reg(intemal) 0 ) I { A1 Y a4 YA X A U AT Y a8 )T ae YT A10 X A X a2 X A3 Y A4 A5 X Al6
B2_reg(intemal) 0 Y B0 ¥ Bt X B2 J B3 ) B4 B5 ¥ Be ¥ B9 X B0 ¥ B11 ¥ B12 ¥ B13 Y B14 Y BI5 ) BI6
product2(P%) 0 Y AOxBO ¥ A1xB1 ¥ A1xBZ J A1xB3 ) AdxB4 )_A5xB5 ) A6xB5 J A7xB5 ) ASxB8 ) A9xBY ) A10xB10 Y A11xB11 ) A12xB12 ¥ A13xB13 J{ A14xB14 f A15xB15 } A16xB16
Pipeline2(Pp*) 0 Y AxBO Y A1xB1 ) ANxB2 f A1xB3 )} AdxB4 ) ASxB5 ) A6xB5 ) A7xB5 ) ASxB8 f AGxBY | A10xB10 { A11xB11 { A14xB14 ¥ A15xB15
data_a3_i 0 X A0 X At X A2 X a3 A+ X a5 ¥ ae N\ A7 As X Az ¥ a0 X A a1z ¥ a3 A4 A15 f A8 X A7
data_b3_i 0 X B0 X Bt X B2 ¥ B3 Y B4 \ B5 ¥ B6 X B7 K B&E { BS ¥ B0 K BN K B12Z ¥ B3 K B14 K BI5 ) BB K BI7
A3 _reg(internal) 0 a0 X A1 Y a4 ¥ A X Aas U A7 Y As )T a9 X A10 X A X a2 X A3 Y A4 A5 X Al6
B83_reg(intemal) 0 Y B0 ¥ Bt X B2 ¥ B3 N B4 B85 ¥ Be ¥ B9 X B0 N B11 ¥ B12 X B13 Y B14  BI5 ) BI6
product3(P%) 0 Y AOxBO ¥ A1xB1 X A1xBZ J A1xB3 ) AdxB4 )_A5xB5 ) A6xB5 J A7xB5 ) ASxB8 )} ASxBY ) A10xB10 ) A11xB11 ) A12xB12 ¥ A13xB13 J{ A14xB14 f A15xB15 } A16xB16
Pipeline3(Pp~) 0 YO AxBO ¥ AfxB1 ) ANxB2 | AD1B3 )} AdxB4 J ASxB5 ) A6xB5 ) A7xB5 ) ASxB8 X AOxBY | A10xB10 {A1B11 { A14xB14 § A15xB15
sumisub0(S*) 0 )} Pp0+Pp0 ) Pp1+Pp1 ) Pp2+Pp2 ) Pp3+Pp3 )} Pp4+Pp4 | Pp&+Pp5 ) Pp6+Pp6 ) Pp7+Pp7 X Pp8-Pp8 { Pp9-Ppa X Pp10-Pp10 {Pp11-Pp11)Pp12-Pp12)Pp13-Pp1
sumisub1(S*) 0 )} Pp0+Pp0 | Pp1+Pp1 )\ Pp2+Pp2 | Pp3+Pp3 )} Pp4+Pp4 | Pp&+Pp5 ) Pp6+Pp6 ) Pp7+Pp7 X Pp8-Pp8 { Pp9-Ppa X Pp10-Pp10 {Pp11-Pp11)Pp12-Pp12)Pp13-Pp1

result_o(!

X so+s0 ) S1+51 ) S2+52 ) S3+53 ) S4+54 ) S5+35 | S6+56 ) S7+57 ) 5858 X S9-59 )

510-510 \ s11-s11 ) S12-512

Figure 2.8. Multiply-Add-Subtract-Sum Timing Diagram

Table 2.16. Multiply-Add-Subtract-Sum Timing Table

Attribute Latency from Input to Output
REGINPUT * REGPIPE REGOUTPUT
0 0 0 0
1 0 0 1
0 1 0 1
0 0 1 1
0 1 1 2
1 0 1 2
1 1 0 2
1 1 1 3

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

2.5. Multiply-Multiply-Accumulate

A pair of two-input multipliers that performs signed/unsigned multiplication of the data from inputs data_a* and data_b*
with addition/subtraction of the product pair and an accumulator at the end. The output result_o carries the
Sum/Difference of Products added to the previews result_o or Id input depending on the accumsload value.

data_a0_i

data_b0_i

data_al_i

data_b1_i

2.5.1. Multiply-Multiply-Accumulate Operation

Table 2.17. Multiply-Multiply-Accumulate Operations

result_o

Figure 2.9. Multiply-Multiply-Accumulate Schematic

Operation Dependency

Operation

addnsub_i =0, accumsload =0 result_o = result_nxt + (data_a0_i*data_b0_i) + (data_al_i *data_b1_i)
addnsub_i =0, accumsload =1 result_o =Id + (data_a0_i*data_bO0_i) + (data_al_i *data_b1_i)
addnsub_i =1, accumsload =0 result_o = result_nxt + (data_a0_i*data_b0_i) - (data_al_i *data_b1_i)
addnsub_i=1, accumsload =1 result_o =1d + (data_a0_i*data_b0_i) - (data_al_i *data_b1_i)

2.5.2. Ports

Table 2.18. Multiply-Multiply-Accumulate Ports

Signal Name Direction Width (bits) Description

clk_i IN 1 This signal connects to the clock pin of the input, and output
Un-used when neither Input A, Input B or Output is set to
Registered

ce_a_i IN 1 This signal is an active HIGH synchronous clock enable for input A

1'b0 - retain the previous state
1'b1 - toggle on the rising edge of the clock as per the logic
Un-used when Input A is not set to Registered.
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Signal Name Direction Width (bits) Description

ce_b_i IN 1 This signal is an active HIGH synchronous clock enable for input B
1'b0 - retain the previous state
1'b1 - toggle on the rising edge of the clock as per the logic
Un-used when Input B is not set to Registered

ce_i IN 1 This signal is an active HIGH synchronous clock enable for Pipeline
and Output
1'b0 - retain the previous state
1'b1 —toggle on the rising edge of the clock as per the logic

rst_i IN 1 It is an active HIGH reset. Reset mode depends on RST_MODE.

data_a0_i IN A_WIDTH This signal contains the multiplicand value of the multiplication
pair data_a0_i and data_bO_i.

data_al i IN A_WIDTH This signal contains the multiplicand value of the multiplication
pair data_al_iand data_b1 _i.

data_bO_i IN B_WIDTH This signal contains the multiplier value of the multiplication pair
data_a0_i and data_bO_i.

data_b1_i IN B_WIDTH This signal contains the multiplier value of the multiplication pair
data_al_iand data_b1_i.

accumsload IN 1 This signal destates if the Id input or the previews result_o is
added from the product of the two multipliers.

Id IN ACC_WIDTH This signal is added or subtracted from the product of the two
multiplier when accumsload is high.

addnsub_i IN 1 This signal dictates the operation to be used on the product pair.
‘0’ for addition and ‘1" for subtraction.

result_o ouT ACC_WIDTH This signal carries the result_o of the addition/subtraction of the
multiplication products added to the previews result_o.
Core functionality is represented below.
MO = (data_a0_i * data_b0_i)
M1 = (data_al_i * data_b1_i)
result_nxt = previews result_o
addnsub_i == 0: {M0 + M1}
addnsub_i==1: {M0 - M1}

2.5.3. Attributes

Table 2.19. Multiply-Multiply-Accumulate Attributes

Configuration Range Default Value Description

A_WIDTH 2-72 9 This configuration controls the width of the inputs data_a0_i and
data_al_i.

B_WIDTH 2-72 9 This configuration controls the width of the inputs data_b0_i and
data_b1_i.

ACC_WIDTH 7-147 21 This parameter is uneditable, it only gets the sum A_WIDTH,
B_WIDTH + 3.
Input A Width + Input B Width + 3 = Result Width

A_SIGNED Signed, Unsigned Unsigned This configuration controls the sign interpretation of the input
data_a0_i and data_al_i, either signed or unsigned.

©2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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Configuration Range Default Value Description
B_SIGNED Signed, Unsigned Unsigned This configuration controls the sign interpretation of the input
data_bO0_i and data_b1_i, either signed or unsigned.
RST_MODE SYNC or ASYNC SYNC This configuration controls the reset mode, either asynchronous
reset or synchronous reset.
REGINPUTABO on, off on This configuration controls the registering of the inputs, data_a0_i
and data_b0_i before routing them to the multiplication
operation.
off — Unregistered. Inputs are directly routed.
on — Registered. Inputs are registered before routing.
REGINPUTAB1 on, off on This configuration controls the registering of the inputs, data_al_i
and data_b1_i before routing them to the multiplication
operation.
off — Unregistered. Inputs are directly routed.
on — Registered. Inputs are registered before routing.
REGPIPE on, off off This configuration controls the insertion of pipeline into the
multiplier operation.
REGOUTPUT on on Not Configurable
2.5.4. Timing Diagram
REGINPUTABO = off, REGINPUTABL = off, REGPIPE = off, REGOUTPUT =on
clk i
accumsload
addnsub_i
1d 0 X 1o X .t (" 1d2 ) w3 id4 X W65 16 X 17 X W8 1dg X w10 ) 1t X 112 N W12 ) id14 { 15} 1d16  1d1i7 N 1d18
data_a0_i 0 a0 X a1 X A ) A3 A X A5 As X AT X A8 A9 X a0 A a2 X A13 J A4 A5 X A6} AT X Al8
data_b0_i 0 X\ _Bo ¥ B1 X B2 ¥ B3 B4 X B N BS X BT X B8 N B9 X B0 ¥ B X B12 X B13 ¥ B14 ) B X B16 ) BT X BI8
productO(P*) 0 N A0xBO [ A1xB1 ) A2xB2 J A3xB3 ) AdxB4 ) A5xB5 | A6xB6 ) A7xB7 ) ABXB8 ) AGXB9 ) A10XB10 J A11XB11 } A12XB12 ) A13XB13 § A14XB14 J A15XB15 J A16XB16 ) A17XB17 ) A18XB18
data_a1_i 0 a0 X A a2 U A3 N A X A5 N Aas X A7 X A8 A9 X at0 At N a2 Y A13 ) A4 N A5 X A6 A7 Al8
data_b1_i 0 Y _Bo ¥ B1 B2 ¥ B2 Y B4 ¥ B Y B6 K BT Y Bz N B9  B10 N B1_ K 812  B13 X B4  B15 ) B16 X BT } BIS
product1(P*) 0 N A0xBO ) ATxB1 ) A2xB2 ) A3xB3 ) AdxB4 ) A5xB5 | ABxB6 ) A7xB7 ) ABXB8 ) AGXB9 ) A10XB10 J A11XB11 J(A12XB12  A13XB13 { A14XB14 { A15XB15 J A16XB16 ) AT7XB17 | A18XB18
sum/sub(S*) 0 Y Ppo+Pp0 ) Pp1+Pp1 X Pp2+Pp2 | Pp3+Pp3 ¥ Pp4+Pp4 { Pp5+Pp5 ) Pp6+Pp6 \ Pp7+Pp7 )} Pp8+Pp8 \ Pp9+Pp9 JPp10+Pp10{(Pp11-Pp11)Pp12-Pp12)Pp13-Pp13|Pp14-Pp14\Pp15-Pp15{Pp16-Pp16)Pp17-Pp17
result_o(R") 0 100 Y id1+s0 Y 1d2+51 ) 1d3+52 Y Id4+S3 ¥ 1d5+S4 ) Id6+S5 ¥ Id7+S6 ) R7+S7 J R8+S8 ) R9+S9 Y R10+510 f R11+S11 { R12+512 (R13+513  R14+514  R15+515 | R16+S16 | R17+S17
REGINPUTABO = on, REGINPUTAB1 =on, REGPIPE =on, REGOUTPUT =on
ce_ali
ce b i
ce i
data_a0_i 0 a0 X A X A U A3 N A X a5 Aas X AT X A8 X A9 X a0 A1 A2 X A13 J A4 A5 X A6} AT X Al8
data_b0_i 0 X _Bo ¥ B1 X B2 ¥ B3 Y B4 X B Y BS X BT X B8 X B9 ¥ B0 ¥ B ¥ B12 Y B13 ¥ B14 Y B X B16 ) BI7 X B1
A_regOfintemnal) 0 a0 X A1 X a4 a5 Y as A7 As N A9 a0 ) A A1z ¥ A3 A4 N A5 A6 N A7
B_reg0(intemnal) 0 "B X BT ¥ B2 B2 X B4 [ B5 N _Bs ¥ Bo  B10 ¥ Bt f B12 ) B13 Y B14 K BI5 )\ B16 X BI7
producto(P") 0 T Aoeo ) AtB1 X A1xB2 ) AxB3 )\ A4xB4 [ A5xBS ) AGxB5 ) A7TxB5 ) ASXB8 | A9XBY ) A10XB10 J(A11XB11 A12XB12  A13XB13 J(A14XB14  A15XB15 [ A16XB16 | A17TXB17
Pipeline0(Pp*) 0 N A0xBO ) A1xB1 Y AtxB2 ) A1xB3 ) AdxB4 ) A5xB5 ) A6xB5 ) A7xB5 ) ABXB8 ) AGXB9 ) A10XB10 J A11XB11 f A12XB12 Y A13xB13 ) A16XB16
data_a'_i 0 a0 ¥ a1 X A2 U A3 N A4 X a5 { As X AT X A8 X A9 X at0 X A1 A12 X A13 ¥ A4 N A5 X A16 ) AT X Al8
data_b1_i 0 X _Bo ¥ B1 X B2 ¥ B3 Y B4 X B N BS X BT X B8 ¥ B9 X B0 ¥ B ¥ B12 Y B13 ¥ B14 Y B X B16 ) BI7 X B1
A_regi(intemal) 0 a0 X A1 X a4 a5 Y as A7 As Y A9 a0 ) A A1z ¥ A3 A4 N A5 A6 A7
B_reg(intemal) 0 B0 X BT ¥ B2 B2 X B4 [ B5 Y _Bs ¥ Bo  B10o ¥ Bt f B12 Y B13 Y B14 K BI5 )\ B16 X BI7
product1(P") 0 {AoxBo ) AtxB1 X A1xB2 ) AxB3 )\ A4xB4  A5xBS ) AGxB5 ) A7TxB5 ) ASXB8 | A9XBY ) A10XB10 J(A11XB11 { A12XB12 K A13XB13 | A14XB14  A15XB15 [ A16XB16 | A1TXB17
Pipeline’(Pp*) 0 N A0xBO ) A1xB1 Y AtxB2 ) A1xB3 ) AdxB4 ) A5xB5 ) A6xB5 ) A7xB5 ) ABXB8 ) AGXB9 ) A10XB10 J A11XB11 A12XB12 Y A13xB13 ) A16XB16
sum/sub(S*) 0 A Pp0+Pp0 ) Pp1+Pp1 { Pp2+Pp2 | Pp3+Pp3 ) Ppd+Pp4 { Pp5+Pp5 ) Pp6+Pp6 { Pp7+Pp7 | Pp8+Pp8 ) Pp9+Pp9 KPp10-Pp10{Pp11-Pp11)Pp12-Pp12{Pp13-Pp13)Pp14-Pp14\Pp15-Pp15{Pp16-Pp1E
result_o(R”) 0 10 Y id1+s0 Y 1d2+51 ) 1d3+S2 Y Id4+53 ) 1d5+S4 ) Id6+S5 ) R6+S6 | R7+S7 ) R6+S8 X R9+S9 JR10+S10 ) R11+511 Y R12+512  R15+515

Figure 2.10. Multiply-Multiply-Accumulate Timing Diagram
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Table 2.20. Multiply-Multiply-Accumulate Timing Table

Attribute Latency from Input to Output
REGINPUT * REGPIPE REGOUTPUT
0 0 0 0
1 0 0 1
0 1 0 1
0 0 1 1
0 1 1 2
1 0 1 2
1 1 0 2
1 1 1 3
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3. IP Generation and Simulation

This section provides information on how to generate the IP Core using the Lattice Radiant software and how to run
simulation and synthesis. For more details on the Lattice Radiant software, refer to the Lattice Radiant software user guide.

3.1. Generating the IP
The following section shows an example of generating a 32-bit Multiplier module. This process is similar for all DSP
Arithmetic Modules.
To generate a 32-bit Multiplier module:
1. Double-click DSP Multiplier under DSP_Arithmetic_Modules. This opens the Module/IP Block Wizard.
2. Fill out the following information then click Next. An example is shown in Figure 3.1.
e language
e Instance name
e Createin

=] Module/IP Block Wizard s

Generate Component from Module dsp_multiplier Version 1.0.0
This wizard will guide you through the configuration, generation and instantiation of this Module/IP. Enter the following
information to get started.

Component name: | mult_32b

Create in: C:fRadiant_Projects/DSP_MULTIPLIER Browse...

MNext = Cancel

Figure 3.1. Example: Generating 32-bit Multiplier Using Module/IP Block Wizard

3. Inthe IP Configuration page, customize the Multiplier by selecting options as shown in Figure 3.2.
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=] Module/IP Block Wizard

Diagram mult_32b

mult_32b

data_a_i[31:0]
data_b_i[31:0]

result_o[63:0]

dsp_multiplier

Configure Component from Module dsp_multiplier Version 1.0.0
Set the following parameters to configure this component.

Configure mult_32b:
Property

~ Configuration of the DSPMULT block
Input & Width [2-72] |32

Input B Width [2-72]

~ Register Options
Reset Mode

~ Data Type
Input A Data Type
Input B Data Type

= Register Options
Registered Input A
Registered Input B
Registered Output

Mo DRC issues are found.

Value

32

SYNC

Signed
Signed

< Back Generate Cancel

When all the options are set, click Generate.

Click Finish.

Figure 3.2. Example: Generating 32-bit Multiplier in IP Configuration

Once this module is in the Lattice Radiant Software project, it can be instantiated in other modules within the project.

You can view the files and instance/s added in the File List tab.

3.2. Running Functional Simulation

Lattice Radiant Software also allows you to simulate configured arithmetic modules, so you can observe the conditions of
the output with a given stimuli. This section details the individual steps needed to run simulation through Simulation
Wizard. In the sample procedure, a Multiplier on default settings is generated, including an instance name for the

multiplier.

Table 3.1 provides a summary description of the files used in the project.

Table 3.1. File List

File Sim Synthesis Description
L L fi i i ion.
rtl/<instance_names.v Yes Ves Top ev.el RT. file with the selected configuration
- The main IP file

testbench/dut_params Yes — Top level parameters of the generated RTL file
testbench/dut_inst Yes . Ir.1$tanti.a\ted version of the <IP_name>.v file for

simulation use

Test bench template, this can be edited to match
tb_top.v Yes — e

your specific needs.

. — — This file contains the configuration options used to

<instance name>.cfg . .

recreate or modify the core in the IP Platform.
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File Sim Synthesis Description

<instance name>.ipx — — The IPX file holds references to all of the elements
of an IP or Module after it is generated from the IP
Platform GUI. The file is used to bring in the
appropriate files during the design implementation
and analysis. It is also used to re-load parameter
settings into the IP Platform when the IP/Module
is being regenerated.

component.xml — — Contains the ipxact:component information of the
IP.

design.xml — — Documents the configuration parameters of the IP
in IP-XACT 2014 format.

rlt/<instance name>_bb.v — — This file provides the synthesis black box.

misc/<Instance Name>_tmpl.v — — These files provide instance templates for the IP

misc /<instance name>_tmpl.vhd core.

eval/constraint.pdc — — This file contains the PDC constraints for this IP.

Refer to section 3.3 on how to use this file.

To run functional simulation:

1. Click the @ button located on the Toolbar to initiate the Simulation Wizard shown in Figure 3.3. The Simulation
Wizard window appears. Click Next. You are prompted to select the working folder and the test bench name. Enter
project name for simulation in this case rtl_sim.

Simulator Project Name and Stage
Enter name and directory for your simulation project. Choose simulator and the process stage you
wish to simulate, Available stages are automatically displayed.

Praject

Project name: ril_sim

Project location: | C:/Radiant_Projects/DSP_MULTIPLIER Browse...
Simulator

@ ModelSim

Process Stage
@ RTL

< Back Mext > Cancel
Figure 3.3. Simulation Wizard

Click Next.
In the prompt for folder creation, click Yes.

Moving to the processing stage, select RTL. Click Next.

LA o BN

The Source Files list appears. This shows the list of files included for simulation. Here, you can add or subtract any other
files that are missed. Leave the file order for now. Click Next.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

Avant DSP Arithmetic Modules - Lattice Radiant Software

User Guide

= LATTICE

Simulation Wizard ? >

Add and Reorder Source
Add HDL type source files and place test bench files under the design files.

Source Files: g lg U v +
C:/Radiant_Projects/DSP_MULTIPLIER/mult_32b/rtl/mult_32b.x
C:/Radiant_Projects/DSP_MULTIPLIER/mult_32b/testbench/tb_top.v

Automatically set simulation compilation file order.

Uncheck this if you want to follow the file order from "Input Files™ on File List.
< Back Mext = Cancel

Figure 3.4. Final Simulation Files

6. Inthe next section, the files as well as the other dependencies are parsed to check for final errors. We can also select
the top simulation module, before passing the files to a simulator for execution. Click Next for a summary view.

Simulation Wizard ? X

Parse HDL files for simulation
Parse HOL files for simulation.

Simulation top parsing finished.

== ANy ZNY VODL TS SIS0 auian | 3, £ 1SP1Pgay viiu_Dackages s yii_isc, il (vrns= 190 1) "

— Analyzing YHDL file C:/lsccjradiant/3. 2 ispfpgavhdl_packages/syn_misc.vhd

- Analyzing YHDL file 'C: flsce/fradiant/3. 2 fispfpga fvhd_packages/math_real vhd' (VHDL-1481)

- Analyzing YHDL file 'C: fsco/fradiant/3. 2fispfpga/vhd_packages/mixed_lang_vitype.vhd' (VHDL-1481)
— Analyzing YHDL fle C:flscc/radiant/3. 2 ispfpgafvhdl_packages mixed_lang_vitype.vhd

- Analyzing YHDL file 'C: lsccfradiant/3. 2fispfpoafvhd_packages/syn_arit.vhd' (VHDL-1481)

- Analyzing YHDL file C:flsccjradiant/’3. 2fispfpga fvhdl_packages/syn_arit.vhd

— Analyzing YHDL file 'C: lsccfradiant/3. 2fispfpgafvhd_packagesfsyn_sign.vhd' (VHDL-1451)

— Analyzing YHDL fle C:lscc/radiant/3. 2ispfpgafvhdl_packages/syn_sign.vhd

-~ Analyzing YHOL file 'C: flscc/fradiant/3. 2 fispfpga fvhd_packages/eyn_unsi.vhd (VHOL-1451)

- Analyzing YHOL file C:flscojradiant/3. 2/ispfpaafvhdl_packages/syn_unsi.vhd

— Analyzing YHDL file 'C: lsccfradiant/3. 2fispfpoa/vhd _packages/synattr.vhd' {VHDL-1481)

— Analyzing YHDL fle C:/lscc/radiant/3. 2ispfpga/vhdl_packages/synattr.vhd

-- Analyzing Verilog file 'C: flscc/fradiant/3. 2 fcae_library fsynthesis fuerilog latg 1.v' (VERI-1482)

-~ Analyzing Verilog file 'C: /Radiant_Projects/DSF_MULTIPLIER fmult_32b/rtl/mult_32b.v' (VERI-1482)
- Analyzing Verilog file 'C: /Radiant_Projects/DSP_MULTIPLIER fmult_32bjtestbench/tb_top.v' (VERI-1482)
- Analyzing YHDL file 'C: flecc/radiant/3. 2fcae_libraryfeynthesisfuhdllatgl. vhd' (VHDL-1481)

- Analyzing YHOL file C:flscojradiant/3. 2fcae_library/synthesis/vhdl latg 1.vhd

Hdl files parsing messages are saved at: C:/Radiant_Projects/DSP_MULTIPLIER /rH_sim/hdlparser.log =
Simulation Top Module: | th_top -
< Back MNext = Cancel

Figure 3.5. File Parsing and Top Module Selection

7. Click Finish. The ModelSim Lattice Edition software opens, which automatically compiles and runs the RTL simulation.
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Figure 3.6. Simulation Waveforms

When Modelsim opens, compiles the included RTL files and runs the simulation up to the first 100 ns. To view the rest of
the simulation, click the Simulate>Run>Run -All button on top and zoom out for the overview of the signals.

3.3. Constraining the IP

You need to provide proper timing and physical design constraints to ensure that your design meets the desired
performance goals on the FPGA. Add the content of the following IP constraint file to your design constraints:

<IP Instance_Path>/<IP Instance_Name>/eval/constraint.pdc

The constraint file has been verified during IP evaluation with the IP instantiated directly in the top-level module. You can
modify the constraints in this file with thorough understanding of the effect of each constraint.

Refer to Lattice Radiant Timing Constraints Methodology for details on how to constrain your design.
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Appendix A. Resource Utilization

This appendix provides resource utilization information for Lattice FPGAs using the Arithmetic Modules. The IP
configurations shown in this chapter are generated using the Lattice Radiant tool.

A.1. Multiplier

Table A.1. Performance and Resource Utilization

Configuration Clk Fmax (MHz) LUTs Registers DSP EBRs
2-bit Signed Multiplier with its input and output 250.000 0 0 1 0
registered

18-bit Signed Multiplier with its input and 250.000 0 0 1 0
output registered

72-bit Signed Multiplier with its input and 71.767 0 0 16 0
output registered

Note: Performance and utilization characteristics are generated targeting the LAV-AT-E70-3LFG1156C device using the Lattice Radiant
2023.1 Software and Synplify Pro Synthesis Tool. Performance may vary when using this IP in a different density, speed, or grade within
the LAV-AT family or in a different software version. Fmax is generated when the FPGA design contains only the DSP Multiplier Module

and the target frequency is 250 MHz.

A.2. Multiply-Accumulate

Table A.2. Performance and Resource Utilization

Configuration Clk Fmax (MHz) LUTs Registers DSP EBRs
2-bit Signed Mult-Acc with input, output, and 250.000 48 6 1 0
pipeline register

18-bit Signed Mult-Acc with input, output, and 190.078 48 38 1 0
pipeline register

72-bit Signed Mult-Acc with input, output and 55.782 145 146 16 0
pipeline register

Note: Performance and utilization characteristics are generated targeting the LAV-AT-E70-3LFG1156C device using the Lattice Radiant
2023.1 Software and Synplify Pro Synthesis Tool. Performance may vary when using this IP in a different density, speed, or grade within
the LAV-AT family or in a different software version. Fmax is generated when the FPGA design contains only the DSP Multiply-Accumulate

Module and the target frequency is 250 MHz.

A.3. Mult-Add-Subtract

Table A.3. Performance and Resource Utilization

Configuration Clk Fmax (MHz) LUTs Registers DSP EBRs
2-bit Signed Mult-Add-Sub with input, output, 250.000 0 0 2 0
and pipeline register

18-bit Signed Mult-Add-Sub with input, output, 250.000 0 0 2 0
and pipeline register

72-bit Signed Mult-Add-Sub with input, output, 62.590 0 0 32 0
and pipeline register

Note: Performance and utilization characteristics are generated targeting the LAV-AT-E70-3LFG1156C device using the Lattice Radiant
2023.1 Software and Synplify Pro Synthesis Tool. Performance may vary when using this IP in a different density, speed, or grade within
the LAV-AT family or in a different software version. Fmax is generated when FPGA design contains only the DSP Mult-Add-Subtract

Module and the target frequency is 250 MHz.
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A.4. Mult-Add-Subtract-Sum

Table A.4. Performance and Resource Utilization

output, and pipeline register

Configuration Clk Fmax (MHz) LUTs Registers DSP EBRs
2-bit Signed Mult-Add-Sub-Sum with input, 221.484 0 0 5 0
output, and pipeline register

18-bit Signed Mult-Add-Sub-Sum with input, 155.280 0 0 7 0
output, and pipeline register

36-bit Signed Mult-Add-Sub-Sum with input, 86.550 0 0 21 0

Note: Performance and utilization characteristics are generated targeting the LAV-AT-E70-3LFG1156C device using the Lattice Radiant
2023.1 Software and Synplify Pro Synthesis Tool. Performance may vary when using this IP in a different density, speed, or grade within
the LAV-AT family or in a different software version. Fmax is generated when FPGA design contains only the DSP Mult-Add-Subtract-Sum

Module and the target frequency is 250 MHz.

A.5. Mult-Mult-Accumulate

Table A.5. Performance and Resource Utilization

output, and pipeline register

Configuration Clk Fmax (MHz) LUTs Registers DSP EBRs
9-bit Signed Mult-Mult-Accumulate with input, 156.397 21 39 4 0
output, and pipeline register

18-bit Signed Mult-Mult-Accumulate with input, 177.117 39 39 4 0
output, and pipeline register

36-bit Signed Mult-Mult-Accumulate with input, 86.319 77 75 13 0

Note: Performance and utilization characteristics are generated targeting the LAV-AT-E70-3LFG1156C device using the Lattice Radiant
2023.1 Software and Synplify Pro Synthesis Tool. Performance may vary when using this IP in a different density, speed, or grade within
the LAV-AT family or in a different software version. Fmax is generated when FPGA design contains only the DSP Mult-Mult-Accumulate

Module and the target frequency is 250 MHz.
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Appendix B. Nexus to Avant Migration Guide

This section provides details about migrating current Nexus designs using the Lattice Radiant software generated DSP

Arithmetic Modules to Avant devices.

B.1. Multiplier

Table B.1. DSP_Multiplier PORT COMPATIBILITY

Nexus Radiant IP Catalog signal name

Avant Radiant IP Catalog signal name

clk_i clk_i

ce_a_i ce_a_i

ce_b_i ce_b_i

ce o ce_o_i

rst_a_i < no equivalent port >
rst_b_i < no equivalent port >
rst_o_i < no equivalent port >
< no equivalent port > rst_i

data_a_i data_a_i

data_b_i data_b_i

result_o result_o

B.2. Multiply-Accumulate

Table B.2. DSP_Mult_Accumulate PORT COMPATIBILITY

Nexus Radiant IP Catalog signal name

Avant Radiant IP Catalog signal name

clk_i clk_i

ce_a_i ce_a_i

ce_b_i ce_b_i

ce_p_i < no equivalent port >
ce o i ce_i

rst_a_i < no equivalent port >
rst_b i < no equivalent port >
rst_p_i < no equivalent port >
rst_o_i < no equivalent port >
< no equivalent port > rst_i

accumsload accumsload
addnsub_i addnsub_i

data_a_i data_a_i
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Nexus Radiant IP Catalog signal name

Avant Radiant IP Catalog signal name

data_b_i data_b_i
Id Id
result_o result_o

B.3. Mult-Add-Subtract

Table B.3. DSP_Mult_Add_Sub PORT COMPATIBILITY

Nexust Radiant IP Catalog signal name

Avant Radiant IP Catalog signal name

clk_i clk_i

ce_a_i ce_a_i

ce b i ce_b_i

ce_p_i < no equivalent port >
ce_o_i ce_i

rst_a_i < no equivalent port >
rst_b_i < no equivalent port >
rst_p_i < no equivalent port >
rst_o_i < no equivalent port >
< no equivalent port > rst_i

addnsub_i addnsub_i

data_a0_i data_a0_i

data_al i data_al i

data_bO_i data_bO_i

data_bl i data_b1 i

result_o result_o

B.4. Mult-Add-Subtract-Sum

Table B.4. DSP_Mult_Add_Sub_Sum PORT COMPATIBILITY

Nexus Radiant IP Catalog signal name

Avant Radiant IP Catalog signal name

clk_i clk_i

ce_a_i ce_a_i

ce b i ce b i

ce_p_i < no equivalent port >
ce o i ce_i

rst_a_i < no equivalent port >
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Nexus Radiant IP Catalog signal name Avant Radiant IP Catalog signal name
rst_b_i < no equivalent port >
rst_p_i < no equivalent port >
rst_o_i < no equivalent port >
< no equivalent port > rst_i

addnsubO_i addnsubO_i
addnsubl_i addnsubl_i
data_a0_i data_a0_i

data_al_i data_al_i

data_a2_i data_a2_i

data_a3_i data_a3_i

data_bO_i data_bO_i

data_b1l_i data_b1_i

data_b2_i data_b2_i

data_b3_i data_b3_i

result_o result_o

B.5. Mult-Mult-Accumulate

Table B.5. DSP_Mult_Mult_Accumulate PORT COMPATIBILITY

Nexus Radiant IP Catalog signal name

Avant Radiant IP Catalog signal name

clk_i

clk_i

ce_a_i ce_a_i

ce_b_i ce_b_i

ce_p_i < no equivalent port >
ce o i ce_i

rst_a_i < no equivalent port >
rst_b_i < no equivalent port >
rst_p_i < no equivalent port >
rst_o_i < no equivalent port >
< no equivalent port > rst_i

accumsload accumsload
addnsub_i addnsub_i

data_a0_i data_a0_i

data_al_i data_al_i
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Nexus Radiant IP Catalog signal name

Avant Radiant IP Catalog signal name

data_bO_i

data_bO_i

data_b1 i data_b1 i
Id Id
result_o result_o
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For more information refer to:

e Lattice Insights for Lattice Semiconductor training courses and learning plans
e Lattice Radiant Timing Constraints Methodology

e Lattice Avant Platform web page.

e Lattice Radiant Software web page.
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.

For frequently asked questions, refer to the Lattice Answer Database at www.latticesemi.com/Support/AnswerDatabase.
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