s LATTICE

SPI Slave IP Core - Lattice Radiant Software

User Guide

FPGAPUG0207G1.2

June 2020



SPI Slave IP Core - Lattice Radiant Software .':LATT’CE

User Guide

Disclaimers

Lattice makes no warranty, representation, or guar anhee es uietgalridliintgy tafe i
prodoctanfy particular purpose. Al information her ei nf oirsmaptrioovni diesd eAS ilr
with Buyer. Buyer shall not rely on any data adhuctperd olrdnaimy el stpteicd € i ftay
subject to | imited testing and it is the Buyer's mdegsmponeisthi laintdy vteo i if ryd
same. No Lattice products shookdf-dreiytuiseal iar camy) umntch @ ro na pvp't ihc ati issn oinn
product could create a situation where personal i njurny,ondeatotv,i deav dme t
document is pré&pmiebadyctorlaandceattice reserves the right to make an

products at any time without notice.

© 2020Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asvisietatticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificatifosraation herein are subject to change without notice

2 FPGAPUG020701.2


http://www.latticesemi.com/legal

= LATTICE

Contents
ACIONYMS IN THIS DOCUMEIL ...ttt e e ee e e e s s e e e e e e e et e e s sttt et e e e eeaeeesaaansantasteeereeaeaeeessaassntnnannneeeeaeesanss 5
I 111 0o [ o 1o o TR 6
1.1. (O 10 1 od 1 = Tt ST 6
1.2. T L0 (=S SO PP TUTURUPPPTTRPRRRRRRR 6.
1.3. (07e] 0\ V7=T o1 i o] 0 K3 PP TP RO PP PP PUPRPPPR 7
I 0 I o] 41T o Tod F= LU = U U PP PP O PP PPPSUPTT 7
R B0 T | o = | N = 0 =PSRRI 7
R R o (01 F TP P TP PR PPPPPPPPPPPPPPRY 4
B S AN 11 1 o U - PSR 7
P S U (ot 1o g F= I B T o o o [ o PSP PPT R TUPPPPN 8
2.1. L@ YT QYT PP URR PSPPI 8
A S [0 g oI B L= T ol ] o [0 ) 4 DU OPOTUPPPPPRPPPTP 9
2.3, AUMDULES SUIMIMAIY ... ettt ettt e e ettt et et e e e e e e e o e s st bbb ee et e e eeaaaaessaaaabbbbbeeeeaaaeaeaesaaaannn 10
2.4, =T oIS (=T g D T=TTod ] ] 1 [ SRR 12
p O N @ 1V 41 APPSR 12
2.4.2. Write Data Register (WR_DATA_REG) .....cciiuiiiiiitiiiee ettt e e e 12
2.4.3. Read Da Register (RD_DATA_REG). ..ottt st e e 13
2.4.4. Configuration RegiSter (CFG_REG)........ccuuutiiiiiiiiee ettt 13
2.45. Interrupt Status Register (INT_STATUS_REG)......cccoiiiiiiiiiiiiie et 14
2.4.6. Interrupt Enable Register (INT_ENABLE _REG).......cccuuuiiiiiiiiiiiaai e 15
2.47. Interrupt Set Register (INT_SET _REG) ...t 16
2.4.8. Word Count Register (WORD_CNT_REG)......uuuiiiiiiieiii it ee e e st e s e e e e e e e s nannaeseeees 17
2.4.9. Word Count Reset Register (WORD_CNT_RST.REG) ...ttt 18
2.4.10. Target Word Count Register (TGT_WORD_CNT.REQG)......cccoiiiiiiiiiiiiiiieiieiee e 18
2.4.11. FIFO Reset Register (FIFO_RST .REG)......cciiiiiiiiiieiiie ettt saeee e 18
2.4.12. FIFO Status Register (FIFO_STATUSLREG)......cccootiiiiiieniiie ittt ettt seee e 18
2.5, OPEratioNS DELAILS.......cetiiiieiiiiiiti ettt e e e e e e e e e st e e et e e e e e e e e e e bbb e e e e e e e e e e e e e e aannbnree e 20
T N B - = W I =T 11 01 £ o PP UT TR PUPP 20
2.5.2. Clocking Modes (Clock Polarity and CIOCK PRASE).........cccooiiiiiiiiiiiiiicee e 20
2.6. Independent Slave ConfigUIAtion..........ccc.uuiiiiiiiie e e e e e e s e s s s eeeeeeeeas 21
2.7. Daisy Chain CoNfigUIALIAN...........eiiiiiiiiee ettt e e ettt e e s aanr e e e s anbbe e e e e snnnneeaens 21
2.8.  Selectable MemoRMapPed INTEITACE. .........ooi it e 22
2.9. Programming FIOW..........ueiiiiiiiieiie ettt et e e s s bt e e s abb et e e s nbb e e e e e aaannneeas 22
2.9.1. TranSMit/RECEIVE OPEIALION. .. ....uuuiiiiiiiiae ettt e e e e e et eee e e e e e e e e e aabbbbeeeeeeeaaaeeeeaeaannnnes 22
3. [P Generation and BIUALION. . ..........ooi it e e e e e e bbb e e e e e e e e e 24
3.1 LICENSING ThE IRt e e e e e e e s e e e e e e ee e e e e e s s e s st b e baeereeeeaeeeesaasannnrnrenneees 24
3.2, Generation and SYNTNESIS........uuuiiiiiiie e e e e e e e e e s s s e e e e aaea e e s e e r———aaas 24
3.3. Running FUNCional SIMUIALION...........cooiiiiiii et e e e nnbe e e e e aaes 26
3.4. HArdware EVAIUGHIN. ...........oeeeiiiiiiiiiieeee e e e s st ee et e e e e e e s e s st eeeeaeeeeeesseanssstnsanneeaeeeeesssanannnns 28
APPENdiX ARESOUICE ULITIZATION. ..ottt ettt e e et e e e e e n e e e e s e nbb e e e e e enneee 29
APPENTIX B. LIMITATIONS ......eeeiiiiiiiie ettt e e e e a bt e e e e ekt bt e e e e aab et e e e e nbe e e e e e anbeeeeeennes 30
S (] C=] 1ot TP PP PPPRI 31
TEChNICAl SUPPOIT ASSISTANCE. .....ccc it ittt ee e e et e e e e e e e e e e et e et e e et eaeeeeseesaaasantbaaaeaeeeeaeeesssanasnnsnnanes 32
LAY 0] o T 115 o] oY PEEEEPR 33

waww.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Figures

Figure 2.1. SPI Slave IP Core FUNCLIONAl DIaQEam...........ccocuuiiuiieeieeiee e e e s s e e e e e e e e e e s e s st reeeeeeeeeesensnnnnnnes 8
Figure 2.2. Clocking Mode 0 (CPOL=0, CPHATQ) ... ...uttiiiiiiiiee ittt e et e e e e e s sieneeee s 20
Figure 2.3. Clocking Mode 1 (CPOL=0, CPHATL) ... .uti it itite ettt ettt sttt sbb et e sbbe e snnea s sanee e e 20
Figure 2.4Clocking Mode 2 (CPOL=1, CPHATQ)......c.uuttieiiiiiiie ettt e e e snnneeeeas 21
Figure 2.5. Clocking Mode 3 (CPOL=L, CPHATL)......uuiiiiiiiiiiieee ettt e e e e e e e e eeeeeeeas 21
Figure 2.6. Independent Slave CoNfigUIatiQIL...........oooiuiiiiiiiieiiiie et e e e e e e e e e e e e eee e 21
Figure 2.7. Daisg€hain ConfiQUIatioN.............uuuiiiiiiiee i r e e e e e e e s e s s s reeaereeaeeeessaannnnrenneees 22
Figure 3.1. MOdUIER BIOCK WIZAIM..........uuuiiiiiiiie ettt e e e e e e e s s s ettt e e e e e e e e e e e e e s e s nnnrereneeeees 24
Figure 3.2. Configure User Interface of SPI Slave IR.COMB.........ocoii i 25
Figure 3.3. Check Generating RESLIL...........ooo it e e st e e s bbbt e e e s nabbaeae s 25
Figure 3.4SIMUIAtION WIZAIM...........ooiiiiiii ettt et e e e s e et e e e e bt r e e e s aabbe e e e e sanreeeeeeanes 26
Figure 3.5. Adding and REOIAEING SOULCE.......ceiiiiii ittt e e e e e e e s e s bbb be e e e e eeaaaeeesaaannebereees 27
Figure 3.6. SImulation WaVETOLM..........uiiieeeeeee et e e e e e e et e e e e e e s e anebenneees 27
Tables

LI Lo L= I R O o < = o (PP 6.
Table 2.1. SPI Slave IP Core Signal DESCIPLON. ........uviiieiiiiiiee ettt tre et e e et e e e s sbbee e e e s sbreeeeeanes 9
Table 2.2, ARMDULES TADLE ... et e e s st et e e s s bt e e e e s snbbe e e e s annnee 10
Table 2.3, ANDULES DESCIIPIIS. ....ciiiiieiie ittt e e s ekt e e s s bt e e e e nr bt e e e e nbbe e e e s annbr e e e e e nnres 10
Table 2.4. Summary of SPI Slave [P COre REQISLELS.........ciiiiiiiiiie ittt 12
Table 2.5. ACCESS TYPE DEFINITION. ......ueiiiiiiiee ettt ettt e e e e e e e s b bt et e e e e e aa e e e e s s anbbbbeseeeeaaaaeas 12
Table 2.6. WIE Data REQISIEN........coi ittt e e e e et e et e e e e e e s e s s bbb bbb et e eeeaeeeesasaanbenraeeeeeas 12
Table 2.7. REAU DAtA REEIS. ........cueiiiieeeiiiiiiitieiee e e e e e e e s s s st e e e e e eeeeeessa s s s taraeeeteaaaaeesssaaanntrsterereeaeeesensannnsnes 13
Table 2.8. CONfIQUIAtION REQISIEL.......uuuiiiiiiiee et i i e e e e e e e e e ereeaeeeseesasa e st raerreeeeaeeesssaaasnsrrnneeeeeaaaes 13
Table 2.9. INterruPt StAtUS REGISLEE ... .ueiii et e e st e e e e s abb et e e e s sbbeeeeesabeeeeeesanes 14
Table 2.10. Interrupt ENABIE REGISTEL.........ooiiiiiiiii ittt e sttt e et e e e e annneeeenan 15
Table 2.11. INErTUPL SEE REGISLEN....... ettt e bt e e e et bt e e e et e e e e abbe e e e e e anbbeeeeeanees 16
Table 2.12. WOrd COUNE REGISIEL.......... ettt e e e e e e e e e ettt et e e e e e e e e e s e s aaabbbbeeeeeeeaeeeeesaaannnrnnneees 17
Table 2.13. WOrd CouNt RESEE REGISLEN.........uuiiiiiiii ittt et e e e e e e e s sab bbb e e eeeeeaaeeeesaaannnreeeeees 18
Table 2.14. Target WOrd COUNt REQISLEL.........ccc it eeee et e e e e e e e s e e s e e e eee e e s s ssessaanbrbreeeeaaaeeasesanns 18
Table 2.15. FIFO RESEE REGISIEL....uuuiiiiiiie e i ittt e e e e e e e s e s e st a e e e eeeaaeeesassansaabaaaaereaaaaaaaaans 18
TabIe 2.16. FIFO STAIUSHIEOT . .....ci ittt ittt ettt e sttt e e ettt e e s s aae et e e s s nb et e e e e an st ee e e s eanabeeeessanbbeeeeeanbbeeeeennreeas 18
Table 2.17. Clocking Modes (CPOL and CRHA)......o.uiiiiiiiiee ettt 20
Table 3.1. GeNErated File LISL........coui ittt e e e e e e e e ettt eeeeeaaeeeeesaaannnbesteeeeeeaeeeeansanannnes 26
Table A.LRESOUICE ULIHZALION. ........oiiiiiiiiee ettt ettt e e et e e e s s bt e e e s bbe e e e e s snreeeeesaae 29

wine fatticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

SPI Slave IP Core - Lattice Radiant Software
User Guide

Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition

SPI Serial Peripheral Interface

AHB Advanced Higiperformance Bus

APB Advanced Peripheral Bus

AMBA Advanced Microcontroller Bus Architecture
FPGA Field Programmable GaArray

RTL Register Transfer Level
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1. Introduction

The Serial Peripheral Interface (SPI) is a-Bjged synchronous, serial, fdlliplex interface that allows a serial bit
stream of configured length (8, 16, 24, and 32 bits) to be shifted into andfdbealevice at a programmed bit
transfer rate.

This design is implemented in Verilog. It can be targeted to Cro$¥hNiland CertuSMNXFPGA devices and
implemented using the Lattice Radi@software Place and Route tool integrated with the Synpifg® synthesis tool.

1.1. AQuick Facts

Tablel.1 presents a summary of th8PISlave IP Core

Table 1.1. Quick Facts

IP Requirements Supported FPGA Family CrossLiniNX Cetus-NX
Targeted Device LIFCi40, LIFGLL7, LFD2NXO0
Resource Utilization Supported User Interface LMMI (Lattice Memory Mapped Interfa;eAHBLite, APB
Resources SeeTableAl
Lattice Inplementation IP Core v1.0.xLatticeRadiantSoftware 21
. LatticeSynthesis Engine
X Synthesis - -
Design Tool Support Synopsys® Synplify Hap Lattice
Simulation For a list of supporteq simulators, see thattice Radiant
Software 21 User Guide

1.2. Features

Key katuresof the SPI Slave IP Canelude:

Backend LMMiIInterface

Clock Polaritand Clock Phasmodes—00,01, 10, 11
Configurable &ial Cloclkperiod

Configurable data width

Configurable Bad andWrite Data FIF(8, 16, 24, or 32 bitaide)

=A =4 =4 -4 A
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1.3. Conventions

1.3.1. Nomenclature
The nomenclature used in this document is based on Verilog HDL.

1.3.2. Signal Names

Signal Names thand with:

i _nare active low

9 _iare input signals

1 _oare output signals

1 _ioare bidirectional input/output signals

1.3.3. Host
The logic unit inside the FPGA interacts with the SPI Slave IP Core through eithéteANBB or LMMI.

1.3.4. Attribute
The names of attribies in this document are formatted in title case and italicizédripute Nama.

© 2020Lattice Semiconductor Corp. All Lattice trademarks, registered trademarksitpa@ad disclaimers are as listedwaww.latticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificaticiusraation herén are subject to change without notice
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2. Functional Description

2.1. Overview

The SPI Slave IP Core allows the host inside the FPGA to communicate with an external SPI Master devices. The data size
of the SPI transactiosan be configured to be 8, 16, 24, or 32 bits. This IP is designed to use an internal FIFO of
configurable depth to minimize the host intervention during data transfer. SPI Slave IP Core supports all SPI clocking
modes— combinations of Clock Polarity (GB) and Clock Phase (CPHA) to match the settings of external devices.

The SPI Slave IP provides a bridge between LMMHA#dB\PB and standard external SPI bus interfaces (functional
diagram is shown iRigure2.1). On the external of€hip side, the SPI Master Controller IP has a standard SPI bus
interface.

SPI Slave IP
APB INTERFACE ] SPI Top
LMMI2APB Bridge
(Optional) LMMI
: SPI Slave
Device
AHBLite INTERFACE / LMMI2AHB-Lite
(Optional) Bridge I SPI Master
CFG_REG | :
|
INT_STATUS_REG scki | I
Data Path I 1 |
[ INT_ENABLE REG o Clook .
INT_SET REG| [C_ LMMI/LINTR Generator :
= |
mosi_i | |
BYTE_COUNT_REG - I |
Sttt Regiter oo | \ '
miso_o | |
o [ TTTTTT]
I |
| |
Write : :
FIFO
LINTR WR_DATA_REG| [ — | Control |
< RD_DATA_REG| | | Read : Logic :
FFO<|l 0 T ____ S

Figure 2.1. SPI Slave IP Core Functional Diagram
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Signal Description

Port Name | 1/0 | Width Description
Clock and Reset
clk_i In 1 System clock.
rst n i In 1 Rese1_signaI.Resetsthe core, LMM/APB/AHBLIiteinterfacesand sets registers
- = to their default values
Interrupt Port
int_o Out 1 Interrupt signal.
Reset value is 1'boO.
SPI Interface
sdk_i In 1 Serial ClockGenerated by the SPI Master to synchronize data transfers.
order for the SPI Slave to operate properly, the system clock frezyushould
be at least four timeghat of the Serial Clock
mosi i In 1 Master Out, Slave Ifdata output from master) signalransfers data going
- from the Master to the Slave
S i In 1 Slave Select sign#isserted by the Master to begin data transfeplarity is
B determinedby Slave Select Polariggtribute.
miso o Out 1 Master In, Slave Out (data output from slave) sighednsfers data going to
- the Master from the Slave
LMMI Interface!
Immi_request_i In 1 Start transaction.
Immi_wr_rdn_i In 1 Write = 1"b1l, Read = 1'DbO
Immi_offset_i In 4 Register offset, starting at offset 0
Immi_wdata i In Data Widti? Output data bus
Immi_rdata_o Out Data Widtt? | Input data bus
Reset value is 0.
Immi_rdata_valid_o| Out 1 Read transaction is complete and Immdata_o contains valid data.
Reset value is 1’'b0O.
Immi_ready_o Out 1 I P is ready to receive a new tran
AHB-Lite Interface®
ahbl_hsel_i In 1 AHBLite Select signal. Indicates the device is selected amsfier is required.
ahbl_hready, | In 1 ?:ﬁrl;lz?elzleady Input signal. Indicates data phase of previous transfer is
ahbl_haddr_i In 6 AHBLite Address signal.
ahbl_hburst_i In 3 Q:rtBI(;;tg Sﬁrrsstt Type signahdicates if the transfer is a singkansfer or forms
ahbl hsize i In 3 AHBLite Transfer Size signaidicates the size of the transfer thatadyte,
- - halfword or word.
ahbl_hmastlock_i | In 1 AHBLite Lock signal. This signal is unused.
ahbl_hprot_i In 4 AHBLite Protecion Control signal. This signal is unused.
ahbl htrans | In 5 AHBLite Transfer Type signéihdicates the transfer type of the current
- - transfer.
Notes:
1. Only one of the three interfacdésavailable as selected by Interface attribute.

2.

The bit widthof some signals is set by the attribute. RefeiTtble2.3 for the description of these attributes.
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Attributes Summary

The configurable attributesf the SPISlave IP Core are shownTiable2.2 and are described ifable2.3. The
attributes can be configured throughtieP Cat al og’ s oMt daiticecRadiafoftwarez a r d

Table 2.2. Attributes Table

Attribute | Selectable Values | Default | Dependency on Other Attributes

General

Interface LMMI, APB, AHBL AHBL —

First Transmitted Bit MSB, LSB MSB —

DataWidth 8, 16, 24, 32 32 —

SPI ClocRolarity 0,1 0 —

SPI ClocRhase 0,1 0 —

Enable Daisy Chain Checked, Unchecked Unchecked —

Slave Select Polarity Active Low, Active High Active Low —

FIFO

FIFOWidth 8, 16, 24, 32 32 N(_)t editable value is the same as Data
Width.

FIFO Depth 16, 32, 64, 128, 256 16 —

Implementaton of FIFO EBR, LUT EBR —

TX FIFO Almost Empty Flag | 0—256 3 Less than or equal to FIFO Depth

RX FIFO Almost Full Flag 0-256 12 Less than or equal to FIFO Depth

Table 2.3. Attributes Descriptions

Attribute Description
General
Interface Selects memormapped interface for register access by the host. The unselected interfa

are notavailable in the generated IP.

First Transmitted Bit

Specifies the direction of shifting the data bits into and of the SPI interface by setting the
reset value of CFG_REG.Isb_first.

MSB: reset value is 1'bo0.

LSB: reset value is 1'b1.

DataWidth

Specifies the bit size of each SPI transaction. This also sets the value of FIFO width. Th
cannot be changed at rutime. The setting value of this attribute can be identified by read
the CFG_REG.ds.

8: CFG_REG.ds = 2'bo00
16: CFG_REG.ds = 2'bo01
24: CFG_REG.ds = 2'b10
32: CFG_REG.ds = 2'b1l1l

SPI ClocRolarity

Specifies the reset value of CFG_REG.cpol.

SPI ClocRhag

Specifies the reset value of CFG_REG.cpha.

Enable Daisy Chain

Specifies the reset value of CFG_REGy_chain

Slave Select Polarity

Specifies the polarity of ss_i.

Active Low: 1'bO0O
Active High: 1’'bl

FIFO

FIFOWidth Specifies the bit width of eadhata word of the internal FIFO. This is not editable; it takes
value fromDataWidth.

FIFO Depth Specifies the number of FIFO levels, only power of 2 values are allowed.

Implementation of FIFO

Selects the FPGA resource that are used to implemenElR©: EBR or LUT.

wine fatticesemi.com/legal
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Attribute Description

TX FIFO Almost Empty Flag | Specifies the trigger level for asserting INT_STATUSxREG.aempy_int. Refer to the
Interrupt Status Register (INT_STATUS_Ré&sHpn for more details.

RX FIFOl#ost Full Flag Specifies the trigger level for asserting INT_STATUSxXRIG.afull_int Refer to the
Interrupt Status Register (INT_STATUS_Ré&sHpn for more details.

© 2020Lattice Semiconductor Corp. All Lattice trademarks, registered trademarksitpa@ad disclaimers are as listedwaww.latticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificativfosraation heren are subject to change without notice
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2.4. Register Description

2.4.1. Overview

Table2.4 lists the address map and specifies the registers available to the user. The offset of each register is dependent
on the Interface attribute setting as follows:

1 Interface selected to be LMMI: the offset incremsiityone

1 Interface selected to be eithekHBLor APB the offset increments bfour to allow easy interfacing with the
Processor and System Buses. In this mode, each registebis\@i2le wherein the upper unused bits are reserved
and the lower bits arelescribed in the next section.

Table 2.4. Summary of SPI Slave IP Core Registers

Offset Offset Register Name Access Description

LMMI | APB/AHBL Type

0x0 0x00 WR_DATA_REG Wo Write Data Register

0x0 0x00 RD_DATAREG RO Read Data Register

ox1 0x04 CFG_REG RW Configuration Register

0x2 0x08 INT_STATUS_REG RwWLC Interrupt Status Register
0x3 0x0C INT_ENABLE_REG RW Interrupt Enable Register
0x4 0x10 INT_SET_REG WO Interrupt Set Register

0x5 0x14 WORDCNT_REG RO Word Count Register

0x6 0x18 WORDCNT_RST_REG wO Word Count Reset Register
ox7 0x1C TGT_WORD_CNT_REG RW Target Word Count Register
0x8 0x20 FIFO_RST_REG WO FIFO Reset Register

0x9 0x24 FIFO_STATUS_REG RO FIFO Status Register

TheRD_DATA_REABIWR_DAA REGhare the same offset. Write access to this offset goa&/o DATA_REhile
read access goes ®D_DATA_REG

The behavior of registers to write and read access is defined by its access type, which is d&fatdelib.

Table 2.5. Access Type Definition

Access Type Behavior on Read Access Behavior on Write Access

RO Returns register value Ignores write access

WO Returns 0 Updates register value

RwW Returns rgister value Updates register value

RwiC Returns register value Writing 1"bl on registe
Writing 1"b0 on registe

RSVD Returns 0 Ignores write access

2.4.2. Write Data Register (WR_DATA_REG)

The WR_DATA_REG is titeriface to Transmit FIFO. The bit width of this register is set bip#te Widthattribute as

shown inTable2.6. Writing to WR_DATA_REG pushes a word to Transmit FIFO. When Transmit FIFO has at least one
data wod, SPI Master initiate an SPI transaction, it pops one data word and sends it via SPI interface. It is
recommended to write to this register when other registarginitialized. When writing to WR_DATA_REG, the host
should ensure that Transmit FIFO is fudk This can be done by reading FIFO_STATUSWRIEG reset is performed,

the contents of Transmit FIFO is not reset but the FIFO control logic is reset. Thus, content is not guaranteed.

Table 2.6. Write Data Register
Field Name Access
[Data Width1:0] tx_fifo WO

Width
Data Width

Reset
Not-guaranteed
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2.4.3. Read Data Register (RD_DATA_REG)

The RD_DATA_REG is the interface to Receive FIFO. The bit width of this register is xthythdthattribute as

shownin Table2.7. After an SPI transaction, the received data is pushed to Receive FIFO. If there is at least one data
word available in Receive FIFO, INT_STATUS_REG.rx_fifo_ready_int asserts. Reading from RD pDpsT & WoEd>

from Receive FIFO. The host should ensure that Receive FIFO has data before reading RD_DATA_REG, data is not
guaranteed when this register is read during Receive FIFO empty condition. On the other hand, if Receive FIFO is full
but SPI Master atdinues to receive data, new datalost. Receive FIFO_STATUS_REG to determine the status of
Receive FIFGimilar to Transmit FIFO, the reset value is also not guaranteed.

Table 2.7. Read Data Register
Field Name Access Width Reset
[Data Width1:0] rx_fifo RO Data Width Not-guaranteed

2.4.4. Configuration Register (CFG_REG)

TheCFG_REEntrols the behavior of the SPI transaction. It is prohibited to modify this register during SPI transaction
or after datais written to WR_DATA_REG. You should set this register according to the requirement of thHEasleve.
2.8 presents the summary of Configuration Register.

Table 2.8. Configuration Register

Field Name Access Width Reset
[7] reserved RSVD 1 —
[6] ss_pol RW 1 Slave Select Polarity
[5:4] ds RO 1 Data Width
[3] Isb_first RwW 2 First Transmitted Bit
[2] daisy_chain RW 1 Enable Daisy Chain
[1] cpol RW 1 SPI Clock Polgyi
[0] cpha RW 1 SPI Clock Phase
Note: Refer toTable2.3 for the description of attributes that specifies the reset values of these fields.
1 ss_pol
Slave Select polarit$pecifies the active level of slave sekignal, ss_i.
Ib0O-Active Low
Ibl-Acti ve High
1 ds
Data Size. Data Width attribute defines the value of this field. This field specifies the size of data in each SPI
transaction.

2b0 -Dat a &hiiztes i s
2b0 +Dat al ®ii 2 &
2B 10Dat a2 dii 1 e
2bl +Dat a3 dii 1 &

T Isb_first
LSB First. Specifies the shifting order of data bits when transmitting/receiving data.
1I'b0-MSB is transmitted/received first.
1Ibl1-LSB is transmitted/received first.

waww.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

9 daisy_chain
Daisy Chain. Defines DaSkain operation mode.
I1BGEnables independent Refakveptepahdgnot atlsaencetniGodne ffiogrur a
more information.
1B FEnabl es Daisy Chakerd e®Danfoiyg Chat in® éCotmid d iy ufraart i mar e
i nformation.

T cpol
Clock Polarity. Specifies the logic level of sdlring idle.
1B Gscliks_ sl'®Gwhtean i dl e
1B s cliks_ sl'dlitwhtean i dl e

T cpha
Clock Phase. Spéies clock edge for shifting out data in miso_o and sampling data in mosi_i.
1b0-The first clock transition is the first data captu
1bl-The second clock transition is the first data capt

2.4.5. Interrupt Status Register (INT_STATUS_REG)

Table2.9 presents Interrupt Status Registdircontains all the interrupts currently pending in the SPI Slave IP Core.
When an interrupt bit asserts, i t r e mbltontse caresponding kitd unt i |

The interrupt status bits are independent of the interrupt enable bits; in other words, status bits may indicate pending
interrupts, even though those interrupts are disabled in the Interrupt Enable Register, skedhept Enable Register
(INT_ENABLE_RE8gtion for details. The logic which handles interrupts should mask (bitwise and logic) the contents
of INT_STATUS_REG and INT_ENABLE_REG registers to determine the interrvigts fbreemnt_o interrupt signal is
asserted whenever both an interrupt status bit and the corresponding interrupt enable bit are set.

Table 2.9. Interrupt Status Register

Field Name Access Width Reset
[71 tr_cmp_int RW1C 1 1" b0
[6] reserved RSVD 1 —

[5] tx_fifo_full_int RW1C 1 1" boO
[4] tx_fifo_aempty int RW1C 1 1" bo0
[3] tx_fifo_empty int RwW1C 1 1" boO
[2] rx_fifo_full_int RW1C 1 1" b0
[1] rx_fifo_afull int RW1C 1 1" b0
[0] rx_fifo_ready int RW1C 1 1" bo0

1 tr_cmp_int
Transfer Complete Interrupt Status. This interrupt status bit asserts when the number of transmitted words via SPI
interface reaches the TGT_WORD_CNT_REG.target_word_cnt setting value.
I'b0O-No i nterrupt
I'bl-I nterrupt pending

T tx_fifo_full_int

Transmit FIFO Full Interrupt Status. This interrupt status bit asserts when Transmit FIFO changes from not full state
to full state.

I'b0O—-No i nterrupt

Ibl-l nterrupt pending
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1 tx_fifo_aempty_int
Transmit FIFO Almost Empty Interrupt Status. Thigrpe status bit asserts when the amount of data words in
Transmit FIFO changes fra FIFO Almost Empty Hafyto TX FIFO Almost Empty Flag
I1BGNo interrupt
Ibl-l nterrupt pending

T tx_fifo_empty_int
Transmit FIFO Empty Interrupt Statliis interupt status bit asserts when the last data in Transmit FIFO is
poppedout, causing the FIFO to become empty.
I1BG6No interrupt
I'bl-I nterrupt pending

T rx_fifo_full_int
Receive FIFO Full Interrupt Status. This interrupt status bit asserts when RXIEfatis changes from not full to
full state.
I1BG6No interrupt
I'bl-Il nterrupt pending

T rx_fifo_afull_int

Receive FIFO Almost Full Interrupt Stafiis interrupt status bit asserts when the amount of data words in
Receive FIFO changes fr&X FIF@Imost Full Flag 1 to RX FIFO Almost Full Elag

IBbGNo interrupt

Ibl-l nterrupt pending

| rx_fifo_ready_int

Receive FIFO Ready Interrupt Status. This interrupt status bit asserts when Receive FIFO is empty and receives a
data word from SPI interface

I1BGNo interrupt

Ibl-l nterrupt pending

2.4.6. Interrupt Enable Register (INT_ENABLE_REG)

Table2.10 presents a summary of Interrupt Enable Registarorrespondto interrupts status bits in
INT_STATUS_RHGloes not affect the contents of the INT_STATUS_REG register. If one of the INT_STATUS_REG bits
asserts and the correspondi by thdintarupsignalinNdvillass¢A BLE REG i s 1°

Table 2.10. Interrupt Enable Register

Field Name Access Width Reset
[7] tr_cmp_en RW 1 1" b0
[6] reserved RSVD 1 —

[5] tx_fifo_full_en RW 1 1" boO
[4] tx_fifo_aempty_en RW 1 1" boO
[3] tx_fifo_empty_en RW 1 1" boO
[2] rx_fifo_full_en RW 1 1" b0
[1] rx_fifo_afull_en RW 1 1" b0
[0] rx_fifo_ready_en RW 1 1" bo0
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 tr_cmp_en
Transfer Complete Interrupt Enable. Interrupt enabled bit corresponded to Transfer Complete Interrupt Status.

O-l nterrupt disabl ed
l1-Interrupt enabl ed

1 tx_fifo_full_en
Transmit FIFO Full Interrupt Bxte. Interrupt enabled bit corresponded to Transmit FIFO Full Interrupt Status.

O-lnterrupt disabl ed
l1-Interrupt enabl ed

1 tx_fifo_aempty_en
Transmit FIFO Almost Empty Interrupt Enable. Interrupt enabled bit corresponded to Transmit FIFO Almost Empty
Interrupt Status.
O-lnterrupt disabl ed
-l nterrupt enabl ed

1 tx_fifo_empty_en
Transmit FIFO Empty Interrupt Enable. Interrupt enabled bit corresponded to Transmit FIFO Empty Interrupt
Status.
O-lnterrupt disabl ed
l1-Interrupt enabl ed

1 rx_fifo_full_en

Receive FIFO Full Interrupt Enable. Interrupt enabled bit corresponded to Receive FIFO Full Interrupt Status.
O-lnterrupt disabl ed
l1-Interrupt enabl ed

1 rx_fifo_afull_en

Receive FIFO Almost Full Interrupt Enable. Interrupt enabled bit correspondedeiodrEd-O Almost Full
Interrupt Status.

O-lnterrupt disabl ed

l1-Interrupt enabl ed

T rx_fifo_ready_en

Receive FIFO Ready Interrupt Enable. Interrupt enabled bit corresponded to Receive FIFO Ready Interrupt Status.
O-l nterrupt disabl ed
l1-Interruet enab

2.4.7. Interrupt Set Register (INT_SET_REG)

Table2.11 presents a summary of Interrupt Set RegisWritingl ' b 1 redisterbitin INT_SET_RESserts the
correspondingnterrupts status bit in INT_STATUS REGwhilei t i ng 1’ b0 is ignored. This i
purposes only.

Table 2.11. Interrupt Set Register

Field Name Access Width Reset
[7] tr_cmp_set WO 1 1" b0
[6] reserved RSVD 1 —

[5] tx_fifo_full set WO 1 1 b0
[4] tx_fifo_aempty set WO 1 1" b0
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Field Name Access Width Reset

[3] tx_fifo_empty set WO 1 1" bo0
[2] rx_fifo_full_set wo 1 1" b0
[1] rx_fifo_afull set WO 1 1" boO
[0] rx_fifo_ready set WO 1 1" boO

tr_cmp_set

Transfer Complete Interrupt Set. Interrupt set bit corresponded sn3ter Complete Interrupt Status.
0O-No action
1-Asserts I NT_STATUS_REG.tr _cmp_int

1 tx_fifo_full_set

Transmit FIFO Full Interrupt Set. Interrupt set bit corresponded to Transmit FIFO Full Interrupt Status.
0O-No action
1-Asserts | NT_$DOATWS IREG@G.tt x _f i

tx_fifo_aempty_set
Transmit FIFO Almost Empty Interrupt Set. Interrupt set bit corresponded to Transmit FIFO Almost Empty Interrupt
Status.

0O0-No action

1-Asserts I NT_STATUS_REG.tx_fifo_aempty_int

tx_fifo_empty_set

Transmit FIFO Empty Imtapt Set.Interrupt set bit corresponded to Transmit FIFO Empty Interrupt Status.
0O-No action
1-Asserts I NT_STATUS_REG.tx_fifo_empty_int

rx_fifo_full_set

Receive FIFO Full Interrupt Set. Interrupt set bit corresponded to Receive FIFO Full Intatuspt S
O-No action
1-Asserts I NT_STATUS_ REG.rx_fifo_full i nt

rx_fifo_afull_set

Receive FIFO Almost Full Interrupt Set. Interrupt set bit corresponded to Receive FIFO Almost Full Interrupt Status.
0-No action
l1-Asserts I NT_STATUStREG. rx_fifo_afull _

rx_fifo_ready_set

Receive FIFO Ready Interrupt Set. Interrupt set bit corresponded to Receive FIFO Ready Interrupt Status.
0-No action
1-Asserts I NT_STATUS_REG.rx_fifo_ready_int

2.4.8. Word Count Register ( WORD_CNT_REG)

Table2.12 presents a summary of Wordount RegisterThe number of words sent by SPI Master to the SPI Slave IP
Core is reflected in the Word Count Register. This register is updated after the entire data word is sent.

Table 2.12. Word Count Register

Field

Name

Access

Width

Reset

[7:0]

word_cnt

RO

8

8O
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2.4.9. Word Count Reset Register (WORD_CNT_RST_REG)

Table2.13 presents a summary &f/ord CountReset RegisteiNVr i t i ng 8  hFF to this register
WORDCNT REGwor d _cnt to 8’ h0O.

Table 2.13. Word Count Reset Register

Field Name Access Width Reset
[7:0] word_cnt rst wo 8 8'h00

2.4.10. Target Word Count Register (TGT_WORD_CNT_REG)

Table2.14 below presents a summary darget Word Count Registérhe Target Word Count Register is used for
Transfer Completeterrupt generation when the target word count is achieved.
Table 2.14. Target Word Count Register

Field Name Access Width Reset
[7:0] target word_cnt RW 8 8" hooO

2.4.11. FIFO Reset Register (FIFO_RST_REG)

Table2.15 presents a summary of FIRR&set Register. This is used for clearing the Transmit and Receive FIFO.

Table 2.15. FIFO Reset Register

Field Name Access Width Reset

[7:2] Reserved - 6 -

[1] tx_fifo_rst WO 1 1" boO

[0] rx_fifo_rst wo 1 1'0b
T tx_fifo_rst

Transmit FIFO Reset. This bit resets Transmit FIFO for 1 clock cycle only.
I1bGNo action
1b +Resets Transmit FIFO

1 rx_fifo_rst

Receive FIFO Reset. This bit resets Receive FIFO for 1 clock cycle only.
1B GNo acti on
1B +-Resetes vVRed | FO

2.4.12. FIFO Status Register (FIFO_STATUS_REG)
FIFO Status Register reflects the status of Transmit FIFO and Receive FIFO asTsidehlif.

Table 2.16. FIFO Status Register

Field Name Access Width Reset
[7:6] reserved RSVD 2 -

[5] tx_fifo_full RO 1 1'0b
[4] tx_fifo_aempty RO 1 1'1b
[3] tx_fifo_empty RO 1 1'1lb
[2] rx_fifo_full RO 1 1" b0
[1] rx_fifo_afull RO 1 1" b0
[0] rx_fifo_empty RO 1 1'1b
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tx_fifo_full

TransmitFIFCFull This bit reflects the full condition of Transmit FIFO.
I1BO-Transmit FI FO is not full
I'bl-Tr ansmit FIFO is full

tx_fifo_aempty

TransmitFIFO Almost Emptyhis bit reflects the almost empty condition of Transmit FIFO.
1beDaa words in Transti tCIFCH O fi 2 I retalf it & t Gfaln3
1bt+Data words in Transmit-FCEOhi sfasaérobbalieoctkegua

tx_fifo_empty

TransmitFIFO EmptyThis bit reflects the empty condition of Tramg FIFO.
1BGTransmit FI FI®as$ samoteampty data word
Ibl-Transmit FIFO is empty

rx_fifo_full

ReceiveFIFCFull This bit reflects the full condition of Receive FIFO.
1B -Receive FI FO is not full
1'bl-Receive FIFO is full

rx_fifo_afull

Receive FIF@uIL This bit reflects the almost full condition of Receive FIFO.
1beData words in Rewei @eCFI| FOXe&iiil EBdéetGaanh3
1bt+Data words in Receive WlIFOLChH bHfty¥BaEAr BUzZh&nCOE Jeq

rx_fifo_empty
Receive FIFBuIlL This bit reflects the empty condition of Receive FIFO.

1B GReceive FI Fhaiss antotl eecamsppt yIL data word
1bl-Receive FIFO is empty
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2.5. Operations Details

2.5.1. Data Transmission

To begin SPI transaction, te&ternal SPI Master Device sends the clock signal and select the slave by asserting the ss_
bit for the target SPI slave. Usually slave select is an active low signal but active high version also exists. Thus, it is
necessary to program Slave Select Rgl&egister with the slave select polarity of the corresponding SPI slave.-A four
wire SPI interface is fulluplex, both master and slave can send data at the same time via the MOSI and MISO lines
respectively. During SPI transaction, the data is simatasly transmitted (shifted out serially onto tih@so_osignal)

and received (the wsi i is sampled/shifteen). The serial clock (scik edge synchronizes the shifting and sampling of

the data. For more information, see tli@ocking Modes (Clock Polarity and Clock Plsasztlon. The bit size of each

data word transferred during SPI transaction is set byDh&a Widthattribute.

2.5.2. Clocking Modes (Clock Polarity and Clock Phase)

The external SPI Master Device catest the clock polarity and clock phase. The CPOL (CFG_REG.cpol) bit sets the
polarity of the clock signal during the idle states i bits are in inactive logic based on Slave Select Polarity Register.
Transitioning of ss bit(s) from inactive logic tactive logic marks the start of the transmission and transitioning from

active logic to inactive logic marks the end of the transmission. The CPHA (CFG_REG.cpha) bit selects the clock phase.
This bit selects the rising or falling clock edge used to saamuleshift the data. The external SPI Master Device must

select the clock polarity and clock phase, as per the requirement of the slave. There are four SPI clocking modes are
available based on the CPOL and CPHA bit selection, this is shbaiaR.17.

Table 2.17. Clocking Modes (CPOL and CPHA)
Clocking Mode | CPOL CPHA Action

0 0 0 The ssi bit transition to active logic shifts out a data bit. The first clock traositi
samples the data.

Data is sampled on the sclikising edge and is shifted out on the falling edge

1 0 1 The first clock transition shifts out a data bit and the second clock transition sarr
the data.
Data is sampled on the sclifalling edgeandis shifted outon the rising edge

2 1 0 The ssi bit transition to active logic shifts out a data bit. The first clock transition

samples the data.

Data is sampled on the sclifalling edgeand is shifted oubn the rising edge

3 1 1 The first clockransition shifts out the data and the second clock transition captur
the data.

Data is sampled on the sclikising edge and is shifted out on the falling edge

The sample waveforms for the SPI clocking modes are shokiguire2.2, Figure2.3, Figure2.4, and Figure2.5.

55| \ }‘ff /
sclk_ Ry A W A S A WY A W A W A
mosi_ A Tm X _Tm1 Y\ Tm2 ) X" T T 10 ¥Z
misc_o 7% Rm Y Rm1 ¥ Rm2 | J X R X RT ¥ RO X7

Figure 2.2. Clocking Mode 0 (CPOL=0, CPHA=0)

55 \ [f /
sclk_ Ly A W A U A WY A W A S A
mosi_ 7% Tm  { Tm1 ¥ Tm2 X J X 12 ¥ ™ X T0o X7
miso_o 74 rRm Y Rm1 Y Rm2 J X" R "Rt X RO Y7

Figure 2.3. Clocking Mode 1 (CPOL=0, CPHA=1)
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55 \ ﬂ( /

sclk_ Y A VA Y A W A sy A Y A W
mosi_ 7% Tm Tm1t X Tm2 J X 12 X ™ X To ¥
miso_o 70 _Rm Y Rm1 | Rm2 ) /X" R "Rt RO Y7

Figure 2.4. Clocking Mode 2 (CPOL=1, CPHA=0)

S5_| \ )T /

sclk_ L A A W A W A W A W A U
mosi 70 Tm N Tma1 { Tm2 T 1 X 10 Y7
miso_o 7% Rm_ Y Rm1 Y Rm2 J X R ¥ R1T X RO X

Figure 2.5. Clocking Mode 3 (CPOL=1, CPHA=1)

2.6. Independent Slave Configuration

In the independent slave configuration, there is an independent chip select line for each slave as shigwreh6.
This ighe way SPI is normally used. Teheernal SPI lelster Controllerasserts only one chip select at a time.

| SCLK | » »f sclk_i
: Mos! * *mosi_i gp| 5lave IP Core
: : i
. SPI Master MISO e——o miso_o
1 ssn[0] | :
‘ 1 ss_i
: ssn[1] !
: ssnl2)— | | | |
""""""""""""""" — scik :
~} Mosi SPI Sl i
{ MISO ave .
,: SSn i
1 )
L scik 3
" MOsI SPI Slave
. MISO :
» SSn i

Figure 2.6. Independent Slave Configuration

Since the MISO pins of the SPI slave devices are caahtegether, they are required to be tstate pins (high, low or
highrimpedance), where the higlmpedance output must be applied when the slave is not selected.

2.7. Daisy Chain Configuration

SPISlavelP Core also supports daisy chain configuration as sl®igure2.7, the first slave output is connected to

the second slave input, etc. The SPI port of each slave is designed to send out during the second group of clock pulses
an exact copy of the data it received thg the first group of clock pulses. The whole chain acts as a communication

shift register. Each slave copies input to output in the next clock cycle until active low SS line goes high.

© 2020Lattice Semiconductor Corp. All Lattice trademarks, registered trademarksitpadad disclaimers are as listedwaww.latticesemi.com/legal
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fffffffffffffffffffffffffffff

E SCLK > sclk_i
! Most *|mosl! SPI Slave IP Core
| A i
' SP| Master MISO ‘ miso_o
i ssn[0] |
' ) S5_1
: ssn[1] |
5 ssnl2] :— S
”””””””””””””” &— scik i
" Mos! SPI S|
{ MISO ave
» SSn }
——» SCLK
L MosI SPISlave |
| MISO :
; SSn i

Figure 2.7. Daisy-Chain Configuration

2.8. Selectable Memory-Mapped Interface

The memorymapped interface of SPI Slave IP Core is selected bgt#réaceattribute, it can be LMMI AHBite or
APB. These interfaces are not described in this user guide, references to theitinesppecifications are provided
below.

For LMMI interface, refer to theattice Memory Mapped Interfacand Lattice Interrupt Interface (FP&A502039)

document for information and for timing diagram of the LMMI. Take note of the following information when checking

LMMI timing diagram in the said document:

1 Immi_ready o is always asserted thus, write anddrgansactions have no wait state

1 Read latency is one clock cycle

For AHBLite interface, refer ttAMBA 3 AHR.ite Protocol Specificatidior informationand timing diagram of the APB
interface. Take note of the following information when checking Ai8timing diagram in the said document:

1 Write transaction has no wait state

1 Read transaction has one wait state

1 An outstanding write then read transaction, the read transactias2 wait states.

For APB interface, refer tAMBA 3 APB Protocol v1.0 Specificafmminformation and timing diagram of the APB
interface. Take note of the following information when checking APB timing diagrara gaith document:

1 Write transaction has one wait state
 Read transaction hame wait state

2.9. Programming Flow

2.9.1. Transmit/Receive Operation

Below are the recommended steps for performing SPI transaction, this assumes that the module is not currently
performingany operation.

1. Set the following CFG_REG fields according to th
2. Set TGT_WORD_CNT_REG according to the number of
3. Reset WORD_CNTS8HREK thy Waordi@gunt Reset Regi ster

wine fatticesemi.com/legal

e targ
words


http://www.latticesemi.com/legal
http://www.latticesemi.com/-/media/LatticeSemi/Documents/UserManuals/EI2/FPGA-UG-02039-1-1-LMMI-LINTR-User-Guide.ashx?document_id=52297
http://www.eecs.umich.edu/courses/eecs373/readings/ARM_IHI0033A_AMBA_AHB-Lite_SPEC.pdf
http://web.eecs.umich.edu/~prabal/teaching/eecs373-f12/readings/ARM_AMBA3_APB.pdf

= LATTICE

10.

11.

12.

13.

Write dat aowdMR_DATA_ REGLChAmMBSHhIiKng to <=

Optional: I f interrupt mode is desired, Enabl e target
I f number of woQld&h t50SsL8itka b slble mpi € n< =

I f number of we€t€s ,6&sldltEatheeive ngi st x1l'Hlahodo_tem@idy en =

Ot her interrupts not specified above are disabl ed.

I f total number CAfChwdrSddiikt of ¢ m afisdes mi>t FI FO Al most E
I f polling mode i s denstiirled,x rfeiafdo _laNTmpI TyATiUnSt_ RaESGs eur t s
I f interrupt mode is desired, simply wait for interr.:
tx_fifo_aempt _int is asserted.

Write data words to WR_DATA_REGLCh mSSGCAL ICh t 6 YR&SS 9trh
| f CFG_REG1bG) yreadtal E the data in RD_DATALREGE SWIK i

¢- CLCh ! f Y2140 &Onvddirt Cdfl 3dat a words. Read | NT_STATUS_
RD _BAREG is already empty.

Clear Transmit FIFO Al mbé&tt&EmpNYy_BMAETUBUREGDLtyx wiriift o na
i nterrupt8hFdFy twr iltNiThSTATUS _REG is also okay since we
recoemmed sequence.

I f there is remaining data to tr &osloeunt gRe giiasctke rt ot oSt

the number of words already transferred in SPI inter/f
Wait for Transfer Complete Interrupt.

I f polling emadel N _8¢ATUS®dREG until tr _cmp_int assert
I f interrupt mode is @680redenswai 1t NToENABLE&Er RE®t =5 i ¢
I NT _STATUS_ REG and check that tr_cmp_int is asserted.
Read all the data i n RDIREGATAX RfEIGf. 0 Rreeaadd i _NiTn tS TtAd USh e ¢ k
empty.

Clear all in8BlkFFutpd sl Wy_ STATUSH gREG.
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3. IP Generation and Evaluation

This section provides information on how to generate theS3&lelP Core using the Lattice Radianftwareand how
to run simulation and synthesis. For more details on the Lattice Rasliintare refer to theLattice Radiant Software
2.1 User Guide

3.1. Licensing theIP

An IP corespecific license string is required enable full use of theSBREP Core in a complete, tdpvel design. You

can fully evaluate the IP core through functional giation and implementation (synthesis, map, place and route)

without an I P |Iicense string. This | P core supports Latt
create versions of the IP core, which operate in hardware for a lintiteel (approximately four hours) without

requiring an IP license string. See Hardware Evaluation section for further details. However, a license string is required

to enable timing simulation and to generate bitstream file that does not include the hasdexaluation timeout

limitation.

3.2. Generation and Synthesis

ThelLattice Radiansoftwareallows you tocustomize and generate modules and IPs and integrate them into the
device’'s ar chit e cgenematiaghe SPhSlaviEp Come Laticel Radiantofiwareis described below.

To generateghe SPI SlaveP Core:
1. Oeate a newsbdttmwno@e Réoogpieamntan exi sting project.

2. Int hieCatalogt gdo udo Il € SHSlagem n dIB Processors_Controllers_and_Peripheralsc at egory. The
Module/IPBlock Wizardo p e ns a sFisd3drwenEn ther \Campanentsnamea n ¢ Ciedtedn
fieldsNetnd cl i ck

Module/IP Block Wizard *

Generate Component from IP spi_slave Version 1.0.0.07
This wizard will guide you through the configuration, generation and instantiztion of this Module/IP. Please enter the following
infarmation to get started.

Component name: | spi_slave 0|

Create in: C:/Radiant_Project/test Browise..

Next = Cancel

Figure 3.1. Module/IP Block Wizard
3. Il n thesmdidal e gModutedPBlock Witatlwi ndow, customBiPielSPa@esalgect ed

dramwn menus and check boxefigdZxZ e®ondmpglue at oodhe gipli atoins
Attribut esecSunmary
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Module/IP Block Wizard x
Configure Component from IP spi_slave
Please set the following parameters to configure this component.
Disgram spi_slave_0 Configure 1P
Property Value
. ~ General
spi_slave 0 — AR
4 ™ First Transmitted Bit MSB
Data Width 32
- H BL_SO SPI Clock Polarity 0
. SPI Clock Phase o
- Clk_l Enable Daisy Chain
Slave Select Polarity Active Low
—Imosi_i INT — | Hiro
—rst n i miso o FIFO Depth [16- 1024] 16
- - - Implementation of FIFO EBR
1 sclk i TX FIFO Almost Empty Flag [0-256] 3
- RX FIFO Almost Full Flag [0-256] 12
—SS_i
. vy
spi_slave
No DRC issues are found.
Generate Cancel
Figure 3.2. Configure User Interface of SPI Slave IP Core
4., C| iGendrate.  THedk GeneratingResultd il @ g olp®x shdweshgn bl ock massages a

showhi g3 e

Module/IP Block Wizard

Check Generated Result

X

5. CI

it bAgmishb ut tAd n .

Please check the generated componant results in the panel below. Uncheck option “Insert to project’ f you
don't want to add this component to your design.

Component 'spi_slave_0 is successfully generated,
IP: spi_slave Version: L.0.0.07

Vendor: latticesemi.com

Language: Verilog

Generated files:

IP-¥ACT_component: component.seml
IP-XACT_design: design.seml
black_box_wverilog: rtlfspi_slave 0 bb.v
ofg: spi_slawve_0.cfg

1P package file: spi_slave_Diipx
templzte_verilog: misc/spi_slave 0_tmplv
dependency_file: testbench/dut_inst.v
dependency_file: testbench/dut_params.v
templzte_vhdl: misc/spi_slave_0_tmpl.whd
top_level_verilog: rtlfspi_slave_0.v

Insert to project

= Back Finish

Figure 3.3. Check Generating Result

the ganer pladefdi Uaslier

Componentnamef i el ds Fd lg@&wre i n

t Cneate irdai nrde ctt hoer y
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The generated SBllavelP Core package includes the black box (<Component name>_bb.v) and instance templates
(<Component name>_tmpl.v/vhd) that can be used to instantiate the core in-ket@b design. An example RTL-+top

level reference source file (<Component name>.v) that can be used as an instantiation template for the IP core is also
provided. You may alagse this toplevel reference as the starting template for the ttgvel for their complete design.

The generated files are listed Trable3.1.

Table 3.1. Generated File List

Attribute Description

<Component name>.ipx This file contains the information on the files associated to the generated IP.
<Component name>.cfg This filecontains the attribute values used in IP configuration.
component.xml Contains the ipxact:coponent information of the IP.

design.xml Documents the configuration attributes of the IP iRXRCT 2014 format.
rti/<Component namex This file provides aexample RTL top file that instantiates ttiecore.
rtl/<Component name>bb.v This file proudes the synthesis black box.

misc/<Component name>_tmpl These files provide instance templatefor the IP core.

misc /<Component name>_tmpl.vhd

3.3. Running Functional Simulation

1. Cl i c@hmtet on | o Toalbaetdo o nb inShifidatioreWizards b wn Fi g3ir e

Simulation Wizard ? X

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

Project

Project name: spi_slave 0 rtl_sim|

Project location: C:/Radiant_Project/test Erowse...
Simulztor

@ Active-HDL

ModelSim/GQuesta Sim

Process Stage
@ RTL

= Back Nest = Canecel

Figure 3.4. Simulation Wizard
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2. Cl| iNextt o p e n Adt dndReorder Sourcew i n d oswh cavsh i @ 3br e

Source Files:

Simulation Wizard ? x

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

C:/Radiant_Project/test/spi_slave_0/rtl/spi_slave _D.v
C:/Radiant_Project/test/spi_slave_0/testbench/lscc_byte_countw
C:/Radiant_Project/test/spi_slave_0/testbench/lscc_lmmi2ahblyv
C:/Radiant_Project/test/spi_slave_0/testbench/lscc_lmmi2apb.v
C:/Radiant_Project/test/spi_slave_0/testbench/lscc_lmmi_initiatorv
C:/Radiant_Project/test/spi_slave_0/testbench/lscc_spi_master.v
C:/Radiant_Project/test/spi_slave_0/testbench/Iscc_spi_master_clk_en_gen.v
C:/Radiant_Project/test/spi_slave_0/testbench/Iscc_spi_master_fifo_readerv
C:/Radiant_Project/test/spi_slave_0/testbench/Iscc_spi_master_fifo_writer.w
C:/Radiant_Project/test/spi_slave_0/testbench/lscc_spi_master_lmmiwv
C:/Radiant_Project/test/spi_slave_0/testbench/Iscc_spi_master_Immi_device.v
C:/Radiant_Project/test/spi_slave_0/testbench/lscc_spi_master_ssn_gen.v
C:/Radiant_Project/test/spi_slave_0/testbench/lscc_spi_slave.w

PN VR LN SR SO SRR FUDU . USSR [ R PR TR S,

I:l Automatically set simulation compilation file order

= Back Nesdt = Cancel

3. Cl Nextk TBumenarywi

Figure 3.5. Adding and Reordering Source

ndow i s Fmkbhdawnor u@l it ke si mul ati
Note: It isnecessary to follow thprocedureabove untilit is fully automated in tke LatticeRadiantsoftware Quite.

The results of the simulation in our example grevidedin Figure3.6.
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arrstn_i
arscli i

wint_o

ar ahbl_hready_i
ar ahbl_hreadyout_o

ar anbl_hsel i
ar anbl_ntrans_i

ar ahbl_haddr_i

0
0
]
0
1
0
arss i ] 1
0
1
1
1
0
0

e

u00004T

O

Gua00u00

ar ahbl_hburst_i 0
ar ahbl_hmastiock_i 0

anbi_hprot i D

b000004C
ar ahbl_hresp_o 0

ar ahbl_hsize_i 0

ar ahbl_hwdata_i 00000000
ar ahbl_hwite_i []

Cursor 1

Figure 3.6. Simulation Waveform
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3.4. Hardware Evaluation

The SPSlavdd P Cor e supports Lattice’s | P hardware evaluati
possible to create versions of the IP core that operate in hardware for a limited period of time (approximately four
hours) without equiring the purchase of an IP license. It may also be used to evaluate the core in hardware in user
defined designs. The hardware evaluation capability may be enabled/disabled in the Strategy dialog box. It is enabled
by default. To change this settingy tb Project > Active Stradyy > LSE/Synplify Pro Settings.
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Appendix A. Resource Utilization

TableA.1 shows theresource utilizatiorof the SPI Slave IP Cdoe the LIFCi40-9BG400tevice,usingLattice Synthesis
Engineof Lattice Radiantoftware Default configuration is used and some attribues are changed from the default
value to show the effect on the resource utilization.

Table A.1. Resource Utilization

Configuration Clk Fmax (MHz)” Slice Registers LUTs EBRs
Default 112.892 486 605 2
InterfaceAPB Others = Default 113.792 404 468 2
InterfaceLMMI, Others = Default 130.976 329 453 2
Data Width= 16;0thers = Default 103.488 373 487 2
Implementation of FIF© LUTOthers =Default 115.594 550 707 0

*Note: Fmax is generated when the FPGA design only contains SPI Slave IP Core and the target frequency is 50MHz. These values
may be reduced when user logic is added to the FPGA design.
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Appendix B. Limitations

The following are tie known limitatiors:

1 Daisy Chaitiest is not yet supported in the testbenc¥ou arerecommended to addaisy chain test in the
testbench.

T DeviAtkesct e4dd, LITFECLFD2 NX
1 BulMumber -4 3B/WI |
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References

For complete information on Lattice Radiant ProjBeted Environment, Design Flow, Implementation Flow and Tasks,
as well as on the Simulation Flow, dke Lattice Radiant Software PUser Guide
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Technical Support Assistance

Submita technical support case throughww.latticesemi.com/techsupport
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