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Disclaimers

Lattice makes no warranty, representation, or guarantee regarding the accuracy of information contained in this document or the suitability of its
products for any particular purpose. All information herein is provided AS IS, with all faults, and all associated risk is the responsibility entirely of the
Buyer. The information provided herein is for informational purposes only and may contain technical inaccuracies or omissions, and may be otherwise
rendered inaccurate for many reasons, and Lattice assumes no obligation to update or otherwise correct or revise this information. Products sold by
Lattice have been subject to limited testing and it is the Buyer's responsibility to independently determine the suitability of any products and to test
and verify the same. LATTICE PRODUCTS AND SERVICES ARE NOT DESIGNED, MANUFACTURED, OR TESTED FOR USE IN LIFE OR SAFETY CRITICAL
SYSTEMS, HAZARDOUS ENVIRONMENTS, OR ANY OTHER ENVIRONMENTS REQUIRING FAIL-SAFE PERFORMANCE, INCLUDING ANY APPLICATION IN
WHICH THE FAILURE OF THE PRODUCT OR SERVICE COULD LEAD TO DEATH, PERSONAL INJURY, SEVERE PROPERTY DAMAGE OR ENVIRONMENTAL
HARM (COLLECTIVELY, "HIGH-RISK USES"). FURTHER, BUYER MUST TAKE PRUDENT STEPS TO PROTECT AGAINST PRODUCT AND SERVICE FAILURES,
INCLUDING PROVIDING APPROPRIATE REDUNDANCIES, FAIL-SAFE FEATURES, AND/OR SHUT-DOWN MECHANISMS. LATTICE EXPRESSLY DISCLAIMS
ANY EXPRESS OR IMPLIED WARRANTY OF FITNESS OF THE PRODUCTS OR SERVICES FOR HIGH-RISK USES. The information provided in this document
is proprietary to Lattice Semiconductor, and Lattice reserves the right to make any changes to the information in this document or to any products at
any time without notice.

Inclusive Language

This document was created consistent with Lattice Semiconductor’s inclusive language policy. In some cases, the language in underlying tools and
other items may not yet have been updated. Please refer to Lattice’s inclusive language FAQ 6878 for a cross reference of terms. Note in some cases
such as register names and state names it has been necessary to continue to utilize older terminology for compatibility.

www.latticesemi.com/legal


http://www.latticesemi.com/legal
https://www.latticesemi.com/support/answerdatabase/6/8/7/6878

= LATTICE

Contents
(6o 01 4= o | 3PP PPPPPPUPPRPPR 3
ADDBreviations iN THiS DOCUMENT.....ccicutiiiie ittt stee ettt ettt e sr e e s bt e s bee s beesabeesabaesabeesabeesaseesabaesabeesabeesaseesabaesnseessaesseesn 6
O 1 4 o T [¥ ot o TP 7
1.1. OVEIVIEW OF The TP ..ttt e ettt e s sttt e e st te e e saaee e e s beeeesabaeesasaeeesnsbeesesseeesassaeessnsseeennes 7
1.2. @ [0 ol - o1 £ OSSP 7
1.3. [ YU o] o Lo T YU 0 T2 4 T-1 2SSOSR 7
1.4. =T LU =SSP PPN 8
1.5. Licensing and Ordering INFOrmMation ..........ccociiieieiiii e e re e e et e e e ata e e e ensae e e stteeeennsaeeesanneas 9
1.6. [ e LYY LI YUT o o Yo 9
1.7. Minimum Device REQUIFEMENTS ..c..eiiiiiiiiiiiiiee et era e s s e e s e sre e sanneas 9
1.8. NAMING CONVENTIONS ...ttt s sb et e s e b e e e s b e e e s s b bt e e s aab e e et aaba e e s sbaeeseanraeesannneas 9
0 B Vo] o =T Tol - AU 1 T PRSP 9
1.8.2.  SIBNAIINGIMES .ttt ettt ettt ettt s at e e bt e e s ae e e e bt e e shb e e ebe e e sa b e e eat e e sabeeeabeesabeeeabeesabeeeabeesbeeeanee s 9
N S V| Vot o o F=1 I D =Ty ol T o] 4 o o FS SRR 10
2.1. IP ArCRILECTUIE OVEIVIEW ..uviiiiiieiiiieite ettt ertte ettt site sttt e sit et e e st e e e sbe e e sateesbaeesabeessteesabeesssaesabeesateesabeesaseesnsaesnseesn 10
2.2. (010 Yol (1 V-SSR 11
2.2. 1. ClOCKING OVEIVIEW ..uvtiiiieeiiteiiteeitt ettt ettt set ettt stte sttt e ate s bt e s bee s bt e s bt e s abe e e beesabeeenteeabeeeneeeabeeeseesbeeennnennn 11
2.3. [T PRSPPI 12
2.3.1.  RESET OVEIVIEW .eivvvruiuiuiurururererererereresesesssesesesessreretereresssssesesssssssssssssssssssssssssssssssssssssnsssssssssssssssssssnsssssnnnsnnnnnne 12
2.3.2.  ReSEt TiMING DIABIam ..ccocuiiiiiiiieiiiiiee ettt sttt e e s e s e e e e sme e e e s sab e e e s e br e e e smsneessaneeesenreeesannneas 12
2.4, (8 Y=Y [0 1 = o - ol YRS 12
O Y o 2 E I TP RPPRROPRROt 13
2.8.2. AXIA oottt h ettt h et h et b et e hte bt e e hte e b et e h e e e beeeahae e b be e hte e beeenhee e beeebaeenbaeenaee et 13
. T 1 © TSP ROOPRRUPRROt 13
D AV ) o 1= - o PP UPPPPTPRR 13
2.5. MeEMOrY IMPIEMENTATION .....eiiiiiet ettt ettt e sab e e be e e sab e e sab e e s b e e sabeesabeesaseesabeesaneesn 13
2.6. System Memory Error INfOrMation ........uii et e e e e st e e e st ae e e s sate e e esnaaeeesnsteeeennsaeesannneas 15
2.7. JAN g oT1d =Y i o IO O O PO PSP P PR U PP OTOPPPPROTPPRIORE 16
2.8. INIETAlIZAtION FOMMAT ..ttt ettt et e e e s bt e e e e bt e e e saabeeeesabbeeesabeeesabbeessabbeeennnns 18
T | e T T 0 U=y =Y gl D= T ol o) o] o FO PPN 20
3.1. [CT=TaT=] -1 DO PO T PO PO PPUPRRUPTPTRP 20
3.2. POIT SO SEEEINES ..vvvveeetiieiiiiieet ettt e sttt et e e e st e et e e e se et it e e e e e s sessbabaaeeesssasssssbaaeeessessssssnaaeessasssssnnaeeesenan 20
3.3. POIT ST SOEEINES ..vvvrieetiieiiiieeee ettt e sttt et e e e sttt et e e e se ettt e e e e s sesbabaaeeesssassssbbaaeeessensssanaaeessessnssnnaeeesenan 21
3.4. IP Parameter Settings for EXamPle USE CaSES....ccccuiiiiiuiieiiiieeeeiieeeestteeestteesesaeee e ssnaeeeestaeeesnteesssnsneessnssessnnnes 22
Y 1= = T D1t o 1] 4 Lo o JP USSP 24
4.1. [0lo Yol [ [} =T =T T OO SORUPTR 24
4.2. RESET INTEITACE 1eiiuvieitii it ettt ettt ettt et e sab e e bt e e s bt e e bee e sateesbeeesabeessteesabeesaseesabaesaseesnteenaseesnsaesnsesan 24
4.3. (8 Y=Yl [0 =Y o - ol I PSR UUPPR 24
LT (=Y =Tl D LYY ol o) i o o O PP PPPPPPRRRPIN 29
Lo = Y2 Y o] SN LT = o TSRS 30
6.1. Example Design Supported CONfIGUIAtioN ........eiiiiiiieiciee st eeee et e e e e e e st e e e s tae e e snteeeesnnneeesnnseeeennes 30
6.2. Overview of the Example Design and FEAtUIES ..........oiicuiiie e eciiee et srre et e eae e s e e e sta e e e eneeeesnneeeens 31
6.3. EXampPle DeSigN COMPONENES. ... uiiiiiieeeieicite e e e e e eecitr e e e e e e s et e e e e e e e seeaataeseeeeeeasassbaeeaesseasastsassaeeeeasstsaneaaeseanas 32
6.4. B =] RO =L SO PP O PP PUPPPTN 32
6.5. Lattice RISCV IMICIOCONTIOIIEE «...eeiiiiiie ettt sttt e e sttt e e st e e sttt e e e sabaeeesabeeesabaeessnbeeeenanee 32
6.6. SYSTEM IMEIMONY IP ettt ettt et et et et et et et et et et et etetetetetesererer et ereseseserererererererererenenenens 32
6.7. SiMulation the EXamPle DESIZN.......eiiiiiiieieiie et e sttt e ee e e e e e e s e e e ente e e sssaeeeesssaeeeasssseeesnseeeesnsseeeanseeesnnnnes 33
7. DESIZNING WIth TRE P ..eeieeiiieeeee ettt e et e e s et e e e st e e e e st et e seaeeeeesanseaeesnseeeeassseesanseeeesnsseeeannsaneeannens 35
7.1. Generating and iNStaNtiating the IP .......evi i e e e e st e e e te e e e seteeeesnsaeeennneeas 35
7.1.1.  Generated Files and File STrUCTUIE .....cooiiiii ettt s tte e s st e e ssaba e e s eanaeas 37
7.2. (DI Fed oI FaY o] (=T g =T o) = 1 4 Lo o OSSR USUPN 37
7.3. LT =@ 4 1) =TT ) XN 37

www.latticesemi.com/legal


http://www.latticesemi.com/legal

System Memory Module :..LATTICE

User Guide
7.4. PRYSICAl CONSTIAINTS ...eiiutiiiiiieiie ettt ettt ettt e bt e s et e e bt e e s ab e e bt e e st e e sabeesabeesabeesabeesabeesabeesaneenn 37
7.5. Y o1 Toll A VA L0 T d T o =Y =T = SRS 37
7.6. RUNNING FUNCLIONAI SIMUIATION ..eeiiiiiiie et e et e e e tr e e s eate e e e stbeeeentseesnnaeeesnsseeeannns 38
7.6. 1. SIMUIGEION RESUILS 1eouviiiiiieitiieiie ettt ettt ettt e saa e st e s sb e e s bt e s sbaesabe e s ateesbaeesaeeenbaeensaesbaesnaneenss 39
S =Y o 10 = {1 V-SSP 40
8.1. DEDUG IMEENOMS ...ttt ettt et e b et e s at e e bt e s a b e e sat e e sabeesab e e sabeesabeesabeesabeesbeesaneenn 40
8.1.1.  Hardware DeteCtion FAIlUIe .......coiiiiiiiiiiie ettt ettt s bt e e st e e e st te e e ssabe e e sabaeessnbeeeesnntaeesnnsaeas 40
8.2. DEBUEG TOOIS. ..ttt ettt ettt et e s bt e bt e s bt e e b et e shb e e bt e e sab e e ea bt e sa b e e eab e e s b e e eabee s beeeabeesbeeearee s 40
9. DESIGN CONSIAEIATIONS .euueiiiiiieiie ittt ettt et s e e bt e s bt e e bt e s b et e bt e s b et e be e e bt e e sabe e bt e e sseesneeesabeennteesnneennees 41
9.1. Design Considerations for External Programming .......cc..eeeiciieeeiieeeiiiieeeseieeeeetreessveeeestreeessnseeeesnsaeeesnsreeeennns 41
9.2. Design Considerations for MEMOIY STOFAZE .....cccccuiieiiiieeeiiiie e ettt e eetre e e st e e e etreeesetteeeestseeesntseessnsaeesssseeeanns 41
AppendixX A. RESOUICE UTIIZATION ......viiiiiiie ettt e et e e te e e st e e e e et e e e seaeaeeesatbeeeenstseeeansseeesnsseeeannsseesannnes 42
[ 02] =T T ol YOO PRRPN 43
TeChNIiCal SUPPOIT ASSISTANCE . .eeeitiiiiieeiee ettt et ettt s bt e bt e s bt e bt e s bt e e bt e e be e e bt e s beeesee e baeeseesbeeennneenne 44
REVISION HISTOTY ..ttt ettt s et e s et e s s bt e e s e b bt e e snae e e s s b et e s e sr e e e s nse e e e snaeesenreeesannneeesneeeeeas 45

© 2020-2025 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

FPGA-IPUG-02073-2.3 4


http://www.latticesemi.com/legal

= LATTICE

Figures

Figure 2.1 System Memory Module IP Core BIOCK DIagram .........cccuieeeiciiieieiieeesrieeeeeireeeesee e e ssreeeessreeesnsaesssnseeeesssesesnnes 10
Figure 2.2. System Memory Module IP Clock Domain Block DIiagram ........cccceeeicieeeeiiiieieiieeecrieeeesree st e e esivee e eree e 11
FIBUre 2.3. RESET TiMING Diaram e e ieieieieieeeieieeeeeeeeeee e se e e se s e s e s e s e sese e e s e sesesesesesesesesesssesasasasesasesssssssesesssesesssnsnsnsnsesnnnns 12
Figure 2.4. Dual Port AXI Interface (Write Arbitration) .......coccuieiiiiiee et e e e s re e e eaee e e s saaeeeesrreeeennes 17
Figure 2.5. Dual Port AXI Interface (Read Arbitration) ......cccccueecieiiiie ettt e et e e sae e e sba e e saee e baeenaneenes 18
Figure 6.1. System Memory [P in Propel SOC ProjECE.....ccceiiiiiiiiiiiiie ettt ettt sttt s b e e saeesbeeennee e 31
Figure 6.2. System Memory Example Design BlOCK DIagram ........c.ceeiieiiiiiieiieniiieeiee et esiee sttt st siee s e s sneesbeessnee s 32
FIgUre 6.3. Create SOC PrOJECT .. ..eviiiiiiieiectee ettt e e e st e e s s b e e e s snbe e e senbeeeesnbeessanns 33
FIBUIE B.4. Create SOC PrOJECT cooeii et re e s e s e s e s e s e se s e se s e s e s e s e s e s e sesesesesesasasesasasesesesesesesnsnsnsnsnnnnnns 33
Figure 6.5. Instantiating System Memory [P MOGUIE .........ooiiiiii ettt et e e st e e e st r e e e s nne e e ssnaeeeessbeeeennes 34
FIGUIE 6.6, DEfINING INSTANCES. ... .viiiiiieeeeiiieeeetee e stee e et e e e et e e e sttt e e e ttaeeeesseeeessbeaeasstaeeaassseesasseeeeansseeessseessanseseesnssesennnes 34
Figure 7.1. MOdUle/IP BIOCK WiZAI .......oouieuieieiesiie sttt ettt sttt ettt et et e st et e sae bt et et e besaesbesaeeneeneensenes 35
FIGUIE 7.2. 1P CONTFIGUIALION «..eiiutiiiiiieie ettt ettt et e st e st e st e st e skt e s bt e s beesabee s beeebeesabeeeneeebeeenneenane 36
Figure 7.3. Check GENErated RESUIL .....ccouiiiiieiiieeee ettt sttt e st s bt e st e s be e s b e e e bt e sabeeeneesabeeenneenane 36
Figure 7.4. Timing Constraint File (.pdc) for the System MemOry IP........ccoiiiiiiiiiiiie ettt 37
FIgUre 7.5. SIMUIGTION WIZAI.......ooiiiiieieciiiee ettt e et e e ettt e e et e e e e eatte e e s abeee e staeeeeasaaeesaabaeeeassseseassaeesassesaeasseeennnes 38
FIgure 7.6. Add @nNd REOITEI SOUICE .....uuiiiiiieeiciiiieee e e ettt e e e e e st e e e e s e st aae e e e e e e s s bataaeeeeesassstaeseeessassassrareaeseessnrerreeeens 38
Figure 7.7. SIMUIGtion WaVefOrmM ........uei ittt e e st e e e e tte e e s tbe e e e ttaeeeesteeesabeeeeansaeeeassaeesassesaeansseeennnes 39
Figure 8.1. Hardware Detection Failure DEDUZEING FIOW ....cccuuviiiiiiie ettt e e e tv e e e e ate e e s sabae e e erbeeeennes 40
Tables

Table 1.1. Summary of the System Memory MOTUIE IP .......c...uiii it e e st e e e aae e e s tre e e e ataeeeeanaeas 7
Table 1.2. System Memory Module IP SUPPOIt REAAINESS .......uiiiiiuiieeeiiieeceiee e stiee e estte e esere e stae e s e srae e s saee e e snaeeeesnsaeeennneeas 7
Table 2.1. User Interfaces and SUPPOIted ProtOCOIS .......uuiiieiiiiiceiiee ettt et e st e s e e e st e e e s saae e s ssnaeeeesnnreeeennns 12
Table 2.2, SYStEM COre IMEMOTY TY P .uuiiiiiiieeeiieieeetteeestteeeestteeeesaeeeestteeesssteeeesssaeeessseeeeassseeesssseeeesssseesansseesssssneessnsseesannes 13
Table 2.3. System Core Memory IMpPlemMENtAtioN.........oiciii i e s e et e e e s bt e e e esaaeessssaneeessreeesnnes 14
Table 2.4. Features Supported per Memory BIOCK .......co i e e e st e e e e e e raaree e s 14
Table 2.5. ECC Implementation per Memory BIOCK........c.uuiiiieii ittt e e e et ar e e e e e e st aar e e e s e e e nsaareeee s 14
Table 2.6. Allowable Combination of Features for System Memory when INTERFACE = AHBL........ccceeeeiiieeiciieeeciieeeens 15
BRI L] LI A A=Y o I\ =Y 0 Lo T oY 1 4 o T SRR 15
Table 3.1, GENEIal ATEIDULES ...eeeieii et ettt b e e rb e s bt e e bt e e be e e bt e e beeesaeeebaeebeesbeeennneenns 20
I o] (T 0 o T A Y=Y g V43P SRS 21
LI o (T 2 TR o T A Y=Y g V3PS SPURNE 21
Table 3.4 IP Parameter Settings for EXamPle USE CASES ....cccccuiiiiciieeeiiieeeeiieeeeeiiteeestteeeetteeessateeeeetbeeeesssaesenssasesessesesnns 22
TADIE 4.1, ClOCK POIES ...ttt ettt ettt ettt e e ettt e sttt e e e s bt e e e e aabeeesubaeeesabbeeeeasbaeesaabteeesabbeeesabaeesnsaeessabbeennnnee 24
TADIE 4.2, RESET POIES ...etiiiiiieeeeiet ettt ettt ettt sttt e e ettt e s ab e e e s a bt e e e eanbeeesubaeeesabbeeeeasbaeesabteeesabbeeeeabaeesnsaeesaabbeeennnee 24
TADIE 4.3, AHBL POIES «.uitiiiiiiieieiiee ettt ettt s bt e e sttt e s s bte e e s atteessabeeeeeasbeeesabaeeesabbeeeeasbaeesabeeeesabbeeesnbaeesssaeessnbeeesnnnns 24
TABIE 4.4 AXI POIES.ceuiiiitieetet ettt ettt ettt ettt ettt e ettt e sbe e s be e s bt e s abe e s btesabe e s beesabeeeateeabeeesaee s be e e bt e e beeeaee e beeebee s beeenneeeans 25
Table 4.5. FIFO StrEamEr POIMS ..coeviiiiuieeitieiiite ettt ettt sttt et e bttt e st e s bt e sttt s beesabeesbeesbeesaeesabaeesseesabeeensaeenbaeeseesbeeennnennns 28
TablE 4.6. AXIA SErEAMIET POITS ...eiiiiiiitieeitee ettt ettt et e ettt et e s bt e s bt e sttt s bt e sabe e s b eesbeesaeesabeeeseesabeeensaesabaeeseesbeeennneenns 28
TADIE 4.7, ECC POIES c.uteiiiteetee ettt ettt et ettt e sttt s rtt e sttt s bt e s bt e s bt e s bt e s b eesabeesbeesabeeeste e bt e e saeesabeeeseeeabeeeseesabaeenaeesnbaeennnenans 28
Table 6.1. System Memory IP Configuration Supported by the Example DesSign .......cccuvvvieeiieciiiiiieee e, 30
Table 7.1, GENEIAtEA File LISt .ecieiiiiiiiiiiiiiiee ettt ettt e e sttt e s ettt e e s s bt e e s sabbteesaabteeesabbeeesnbaeesaasaeessbbeeennee 37
Table A L. RESOUICE ULIlIZAtION c....uiiiieiee ettt ettt et te e e st e e s s bt e e e saabteeesabbeeesabaeesssaeessabbeeennnee 42

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Abbreviations in This Document

A list of abbreviations used in this document.

Abbreviation Definition

AHB-L Advanced High-Performance Bus — Lite
AMBA Advanced Microcontroller Bus Architecture
AXI Advanced eXtensible Interface

EBR Embedded Block RAM

FIFO First In, First Out

FPGA Field Programmable Grid Array

LRAM Large Random Access Memory

RAM Random Access Memory

ROM Read-Only Memory
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1. Introduction

This document provides technical information about System Memory Soft IP and aims to provide essential information
for IP/system developers in verification, integration, testing, and validation.

1.1. Overview of the IP

The System Memory Module is designed to support external source programming, offering user-interface options such
as AHBL and AXI for efficient instruction fetching of the microcontroller.

1.2. Quick Facts
Table 1.1. Summary of the System Memory Module IP

iCE40 UltraPlus™, MachX02™, MachX03™, MachXO3D™,
Subborted FPGA Famil ECP5™, ECP5-5G™, Crosslink™-NX, Certus™-NX,
) PP ¥ CertusPro™-NX, Mach™.-NX, MachXO5™-NX, Lattice Avant™,
IP Requirements Certus™-N2.
For a list of changes to the IP, refer to the System Memory
IP Changes
Module IP Release Notes (FPGA-RN-02065).
L Targeted Devices Refer to Table A.1
Resource Utilization
Supported User Interface AXI, AHBL
IP Core v2.4.0 - Lattice Radiant™ Software 2025.1
Lattice Implementation IP Core v2.4.0 - Lattice Propel™ Builder Software 2025.1
IP Core v2.4.0 - Lattice Diamond™ Software 3.13
Design Tool Support . Lattice Synthesis Engine (LSE)
Synthesis . .
Synopsys® Synplify Pro for Lattice
. . For a list of supported simulators, see the Lattice Radiant
Simulation .
Software User Guide

1.3. IP Support Summary

Table 1.2. System Memory Module IP Support Readiness

Device User- . Memory Type Data Ra'\dl.a nt Hardware
Famil P Interface Rer Rate Timing Validated
v (Mbps) Model

X8 EBR 1400 Preliminary No

AHBL X16 EBR 2800 Preliminary No

Lattice System X32 EBR 6000 Preliminary No

Avantl Memory X8 EBR 1950 Preliminary No

Module AXld X16 EBR 3900 Preliminary No

X32 EBR 7800 Preliminary No

X64 EBR 15600 Preliminary No

X8 EBR 700 Preliminary No

X16 EBR 1400 Preliminary No

AHBL
%32 EBR 3000 Preliminary No
System LRAM 3000 Preliminary No
CertusPro- —

NX2 Memory X8 EBR 975 Preliminary No

Module X16 EBR 1950 Preliminary No

AXI4 %32 EBR 3900 Preliminary No

LRAM 3900 Preliminary No

X64 EBR 7800 Preliminary No
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Device User- . Memory Type Data R?di.a nt Hardware
Family P Interface Data Width Rate Timing Validated
(Mbps) Model

X8 EBR 700 Preliminary No

AHBL X16 EBR 1400 Preliminary No

EBR 3000 Preliminary No

System X32 LRAM 3000 Preliminary No

Certus-NX2 Memory X8 EBR 975 Preliminary No

Module X16 EBR 1950 Preliminary No

AX14 EBR 3900 Preliminary No

X32 LRAM 3900 Preliminary No

X64 EBR 7800 Preliminary No

X8 EBR 700 Preliminary No

AHBL X16 EBR 1400 Preliminary No

%32 EBR 3000 Preliminary No

System LRAM 3000 Preliminary No

Mach-NX2 Memory X8 EBR 975 Preliminary No

Module X16 EBR 1950 Preliminary No

AX14 EBR 3900 Preliminary No

X32 LRAM 3900 Preliminary No

X64 EBR 7800 Preliminary No

X8 EBR 700 Preliminary No

AHBL X16 EBR 1400 Preliminary No

System X32 EBR 3000 Preliminary No

ECP5? Memory X8 EBR 975 Preliminary No

Module Axld X16 EBR 1950 Preliminary No

X32 EBR 3900 Preliminary No

X64 EBR 7800 Preliminary No

Notes:

1. The Lattice Avant data rate was tested using 200 MHz clock frequency.
2. The CertusPro-NX, Certus-NX, ECP5, Mach-NX data rate was tested using 100 MHz clock frequency.

1.4. Features

Key features of the System Memory Module IP include:

e Compliant with AMBA 3 AHB-Lite Protocol v1.0

e  Compliant with AMBA AXI4 Protocol

e  Configurable as single or dual port memory, utilizing 1 or 2 AHB-Lite or AXI4 Interfaces

e Core memory can be implemented as EBR, Distributed RAM, or Large RAM

e  Supports ROM and RAM mode

e  Supports byte writes when used with compatible hardware

e  Supports up to 1 Mb maximum memory (maximum varies per device and per memory implementation)
e  Supports 8, 16, or 32-bit data word transfers

e  Supports 64-bit data word transfers for AXI interface

e  Uses Little-endian bit structure

e Has a dedicated high-speed interface for fast memory initialization using either FIFO Interface or AXI4-Stream
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1.5. Licensing and Ordering Information

The System Memory Module IP is included at no additional cost with the Lattice Radiant software.

1.6. Hardware Support

Refer to the Example Design section for more information on the boards used.

1.7. Minimum Device Requirements

There is no speed grade limitation for using the System Memory IP. However, the maximum clock frequency of the IP
depends on the device used.

1.8. Naming Conventions

1.8.1. Nomenclature

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

1.8.2. Signal Names

e _nisactive low (asserted when value is logic 0)
e _jareinput signals

e _oareoutputsignals
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2. Functional Description

2.1. IP Architecture Overview

AXI4 / AHBL
Subordinate
Interface (S0)

CORE MEMORY

(EBR/ LRAM / Distributed RAM)

FIFO or AXI4-Stream
(Optional)

AX14 / AHBL
Arbiter Subordinate
Interface (S1)

AXI14 Interconnect / AHBL Interconnect

Figure 2.1 System Memory Module IP Core Block Diagram

The System Memory Module IP includes the following blocks:

e Core Memory

e  AXI4/AHBL Subordinate Interface

e Arbiter

e  FIFO or AXI4-Stream (Optional)

FIFO / AXI4 Stream Interface

>
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2.2. Clocking

AX14 / AHBL
Subordinate
Interface (S0)

CORE MEMORY

(EBR/ LRAM / Distributed RAM)

Arbiter

FIFO or AXI4-Stream

(Optional)

FIFO / AXI4 Stream Interface >

AXI4 / AHBL
Subordinate
Interface (S1)

AXI4 Interconnect / AHBL Interconnect

LEGEND
D User-Interface Clock

D System Clock

Figure 2.2. System Memory Module IP Clock Domain Block Diagram

2.2.1. Clocking Overview

e User-Interface Clock: ahbl_clk_i/ axi_aclk_i
e  For AXI4, the supported frequency ranges from 1 MHz to 125 MHz.
e  For AHBL, the supported frequency ranges from 1 MHz to 125 MHz.

e  For Lattice Avant devices, the supported frequency range for both AHBL and AXI4 is up to 200 MHz.

e If you enable the data streamer clock bypass, the system clock uses the user interface clock.
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2.3. Reset

2.3.1. Reset Overview
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The System Memory IP Core has only one active-low reset. When you use the AXl interface, the active-low reset is
named axi_resetn_i. When you use the AHBL interface, the active-low reset is named ahbl_hresetn_i.

The reset input signal affects only the registers in the System Memory IP. It does not affect the registers in the HARD IP
(memory implementation). You must wait for at least two clock cycles before initiating transactions after the reset
sequence. This allows the IP to complete its reset sequence.

Below are the steps in the reset sequence for the System Memory IP Core:

1. De-assert the active-low reset using axi_resetn_i for the AXl interface and ahbl_hresetn_i for the AHBL interface.

2. Wait for two or more system clock cycles. The clock name is axi_aclk_i for the AXI interface and ahbl_hclk_i for the

AHBL interface.

3. Initiate the next transaction.

2.3.2. Reset Timing Diagram

Figure 2.3 illustrates the timing for the start of the next transaction.

X Reset X Start

2.4. User Interfaces

Figure 2.3. Reset Timing Diagram

Table 2.1. User Interfaces and Supported Protocols

User Interface

Supported Protocols

Description

Control

AHB-Lite

The System Memory Module is fully compatible with the AHB-Lite standard. You
can configure it as single or dual AHB-Lite interfaces, depending on whether you
need single or dual port memory.

AXI

The System Memory Module is fully compatible with the AXI4 standard. Unlike the
AHB-Lite interface, you always implement AXI4 as a dual port memory. You assign
one port of the memory to AXI4 Write Channels and the other port to AXI4 Read
Channels. Similar to the AHB-Lite interface, AXI4 transactions translate into
memory-compatible signals that the core memory directly interprets.

FIFO

The AHB-L port S1 shares a dedicated FIFPO interface. You can use this interface to
inject data from a FIFO stream. LIFCL, LFCPNX, LFD2NX ,and LFMXO5 devices
support this feature.

AXI4-Streamer

When you set the interface for System Memory to AXI4, you can set the data
streamer interface to AXI4-Stream.
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2.4.1. AHB-Lite

The AHBL interface for System Memory IP supports the INCR burst type for write and read operations. The WRAP burst
type is currently unsupported.

2.4.2. AXI4

The AXI4 interface for the System Memory IP supports the INCR burst type for both write and read operations. The
WRAP burst type is not supported.

2.4.3. FIFO

You typically use this to upload firmware values to the core memory. The FIFO starts writing at the designated first
byte-addressable data and writes up to the maximum depth of the implemented memory.

2.4.4. AXI4 Stream

This interface is fully compatible with the AXI4-Stream standard and is implemented to prioritize other AXI4 write
transactions when a valid data stream is given. Like the FIFO interface, the data starts at the designated first byte-
addressable data and writes up to the maximum memory depth. The You can use the TLAST signal to indicate the end
of the data stream, then the following AXI4-Stream transaction starts again at the designated first address. The
AXl4-Stream write strobe is ignored when using Distributed RAM.

2.5. Memory Implementation

The System Memory Module uses Embedded Block RAMs (EBR) or Distributed RAM in the MachX0O3D family devices, as
well as Large RAM in LIFCL, LFCPNX, LFD2NX, and LFMXO5 family devices. You can configure the memory
implementation as true-dual port, pseudo dual port, single port, or read-only memory. The number of ports and
read/write configuration of the System Memory Module automatically select the best type of memory for the user-
selected application.

Remember that the memory is not affected by the reset. All written data is stored even after the reset sequence.

Table 2.2. System Core Memory Type

AHB-Lite AXI
Memory Type Configuration Configuration MachX03D LIFCL, LFCPNX, Lattice Avant Mach-NX
Used' Used LFD2NX
1 port: 1 port:
“R/W, R/O” “R/W, R/O”
LRAM 2 ports: 2 ports: - Yes — ves
“R/W” + “R/W” “R/W” + “R/W”
“R/O” + “R/W” “R/O” + “R/W”
1 port: 1 port:
EBR? R/W, R/O R/W, /O Yes Yes Yes Yes
2 ports: 2 ports:
“R/W” + “R/W” “R/W” + “R/W”
“R/O” + “R/W” “R/O” + “R/W”
Distributed 1 port: 1 port: Yes Yes Yes Yes
RAM “R/W, R/O” “R/W, R/O”
Note:

1. The EBR ECC s limited to single port only.
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Table 2.3. System Core Memory Implementation
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Memory Type User Interface Access Type Memory Implementation
1 port: Single Port
“R/W”, “R/O”
AHBL 2 ports:
“R/W” + “R/W” Dual Port
LRAM “R/O” + “R/W”
1 port: Dual Port
“R/W”, “R/O”
AXI 2 ports:
“R/W” + “R/W” Dual Port
“R/O” + “R/W”
1 port: Single Port
“R/W”, “R/O”
AHBL 2 ports:
“R/W” + “R/W” Dual Port
EBR R/O” + “R/W
}RF;(\)/\r/E':, “R/O” Dual Port
AXI 2 ports:
“R/W” + “R/W” Dual Port
“R/O” + “R/W”
AHBL lport: Single Port
Distributed RAM R/W", "R/O
AXI 1 port: Pseudo Dual port
“R/W”, “R/O”
Table 2.4. Features Supported per Memory Block
Device LRAM EBR Distributed RAM
ECCt Yes? Yes? No
Memory Initialization Yes Yes Yes
Registered Output Yes Yes Yes
Dual Port Configuration Yes Yes Yes
Byte-Enable Yes? Yes? No
Unaligned Read Access Yes3 Yes No
Notes:
1. Lattice Avant devices do not support ECC.
2. You can use Byte-enable with ECC.
3. You cannot use unaligned read access with Byte-enable.
Table 2.5. ECC Implementation per Memory Block
Memory Type ECC Implementation
LRAM Hard IP%3
EBR Hard IP%345
Distributed RAM No
Notes:
1. Available in LIFCL, LFCPNX, LFD2NX, and LFMXO5 devices.

vk wnwn

Available in LIFCL, LFCPNX, LFD2NX, LFMXO5 and Lattice Avant devices.

You cannot use the ECC function in AXI4 because Byte-enable always supports AX14 write strobes.
You cannot use the ECC function in AXI4 because it always implements dual port RAM in EBR.
The EBR ECC function is available only when the port count is equals one.
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Table 2.6. Allowable Combination of Features for System Memory when INTERFACE = AHBL

Device Byte-Enable ECC x::;igsned Read FIFO x)aL'xri:rlum ShppenEsint
X X X X 2
x x x v 2
X X N4 X 2
x x v N 2
X v x X 2
x N x N4 Not Supported
X N4 v X 2
x v v v Not Supported
LRAM 7 N y y 5
v x x v 2
N4 X N4 X 2
v x v v 2
v v x x Not Supported
v N x N Not Supported
v N v x Not Supported
v v v v Not Supported
x x N/A x 2
X X N/A N 2
X N4 N/A X 1
FER X v N/A v Not Supported
v X N/A X 2
N4 x N/A v 2
N/A N/A N/A x 12
Distributed RAM
N/A N/A N/A N 1273

Notes:

1. EBRECC supports only a single port.
2. Distributed RAM supports only a single port.
3. Distributed RAM does not support FIFO-interface if the selected data-width exceeds 8 bits.

2.6. System Memory Error Information

Table 2.7. System Memory Error

START_ADDRESS or
END_ADDRESS parameter.

Error Description AHB-Lite Behavior AXI14 Behavior
The system prioritizes port SO | The system does not generate
Occurs when two ports .y P P Y . & .
Dual Write attempt to write to the same and ignores port S1 an error. An arbiter decides
P transaction without which AXI Interface (SO or S1)
address of the memory. .
generating an error. grants access.
Occurs when a manager
attempts to access an address | The system generates a bus The system generates a bus
Illegal Access outside the bounds of the error through the hresp_o error through the bresp_o or

port.

rresp_o port.

lllegal Transaction (W/R)

Occurs when a manager
attempts to write to a read-
only port, or read from a
write-only port.

The system generates a bus
error through the hresp_o
port.

The system generates a bus
error through the bresp_o or
rresp_o port.
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Error

Description

AHB-Lite Behavior

AXI4 Behavior

Unaligned Error

Occurs when a manager
attempts to access a wider
data bit without providing
appropriate pads for the
lower address bits.

Example: A 32-bit data access
with ahbl_addr[1:0] != 2"b00.

The system generates a bus
error through the hresp_o
port.

The system does not generate
an error. The AXI4 Interface
supports unaligned access.

ECC error

Occurs when an ECC error is
generated during a read
attempt.

e  ecc_sec—asingle error
is detected and
corrected.

e ecc_dec—two errors are
detected and cannot be
corrected.

The system generates a bus
error through the hresp_o
port.

The AXI4 Interface does not
support ECC.

2.7. Arbitration

When the port count is two, both subordinates access the same address simultaneously. For example, subordinate SO
writes to address 0x0200 while subordinate S1 reads from address 0x0200. This scenario may cause data corruption
during the subordinate S1 transaction.

Arbitration supports this scenario by allowing only one subordinate to access the memory when both subordinates
access the same address, and at least one is performing a write transaction.

To manage the separate write and read channels of the AXI4 Interface, the implemented memory is always dual port,
with Port A for write transactions and Port B for read transactions. When the port count is two, an arbiter block
manages the arbitration between the write channels of Port SO and Port S1 using the AWREADY and WREADY signals.
Separate arbitration manages the read channels of Port SO and Port S1 using the ARREADY signal. Initially, the system
grants access to Port SO. When Port SO has no ongoing transactions and the system detects a valid signal from Port S1,
it grants access to Port S1 and holds it until all its transactions are complete. Refer to Figure 2.4 and Figure 2.5 for the
sample behavior when both Port SO and Port S1 have a valid data available.
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axi_aclk_i
axi_s0_awvalid_i
axi_s0_awaddr_i
axi_s0_awlen_i
axi_s0_awsize_i
axi_s0_awburst_i
axi_s0_awid_i

axi_s0_awready_o

axi_sO0_wvalid_i
axi_s0_wdata_i
axi_sO_wstrb_i
axi_s0_wlast_i

axi_sO_wready_o

axi_s0_bvalid_o
axi_s0_bresp_o
axi_s0_bid_o
axi_s0_bready_i

axi_s1_awvalid_i
axi_s1_awaddr_i
axi_s1_awlen_i
axi_s1_awsize_i
axi_s1_awburst_i
axi_s1_awid_i

axi_s1_awready_o

axi_s1_wvalid_i
axi_s1_wdata_i
axi_s1_wstrb_i
axi_s1_wlast_i

axi_s1_wready_o
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axi_s1_bid_o
axi_s1_bready_i
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Figure 2.4. Dual Port AXI Interface (Write Arbitration)
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Figure 2.5. Dual Port AXI Interface (Read Arbitration)

2.8. Initialization Format

You can create or edit the initialization file, an ASCII file, using any ASCII editor. The Module/IP Block Wizard supports
the following memory file formats:

e Binaryfile

e HexFile

The memory initialization file is *.mem (<file_name>.mem). Each row stores the value for a specific memory location.
The number of characters (or columns) represents the number of bits for each address (or the memory module width).

The memory initialization can be static or dynamic. For static initialization, the memory values are stored in the
bitstream. Dynamic memory initialization involves storing memory values in the external flash which user logic can
update knowing the EBR address locations. The bitstream (bit or rbt file) size is larger due to stored static values.

The initialization file is used when the System Memory is configured as a ROM. In RAM configuration, you can also use
the initialization file to preload memory contents.
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The binary file contains Os and 1s. The rows represent the number of words, and the columns represent the memory

width.
Memory Size 20 x 32

00100000010000000010000001000000
00000001000000010000000100000001
00000010000000100000001000000010
00000011000000110000001100000011
00000100000001000000010000000100
00000101000001010000010100000101
00000110000001100000011000000110
00000111000001110000011100000111
00001000010010000000100001001000
00001001010010010000100101001001
00001010010010100000101001001010
00001011010010110000101101001011
00001100000011000000110000001100
00001101001011010000110100101101
00001110001111100000111000111110
000011116001111110000111100111111
00010000000100000001000000010000
00010001000100010001000100010001
00010010000100100001001000010010
00010011000100110001001100010011

Hex File

The hex file contains hexadecimal characters arranged in a similar row-column format. The number of rows matches
the number of address locations, with each row representing the content of the memory location.

Memory Size 8 x 16

Aol
0B@3
1004
CE@6
0007
040A
0017
02A4
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3. IP Parameter Description

The tables below show the configurable attributes of the System Memory IP. You can configure the IP by setting the
attributes in the IP Catalog’s Module/IP wizard within the Lattice Radiant software.

Default values, where applicable, are highlighted in bold.

3.1. General

Table 3.1. General Attributes

Attribute Selectable Values Description
AHBL
Interface Select the subordinate bus interface.
AXl14
Measure the depth of the memory address in units of DATA_WIDTH. The
Memory Address Depth 1-456,000 maximum ADDR_DEPTH depends on DATA_WIDTH, memory type, and

device used.

Data Bus Width(bits)

8,16, 32,64

The data width of the memory measured in bits.
The value of 64 bits is available only if the interface is AXI4 and the target
device has two or more LRAM blocks available.

Memory Type

EBR
Distributed_RAM
LRAM

Select the type of memory implemented for this instance of system
memory.

Determine whether the generated system memory uses one or two AHB-

Port Count [1 -2] 1,2 Lite/AXI Interfaces.
Determines whether ECC is used, which applies to both ports. Refer to
ECC Enable'? True, False Table 2.4 for details. Note that the data width must be 32 bits when using
ECC.
Enable Arbiter True, False Enable the ARBITER function. Editable only when PORT_COUNT is two.
The width of the AXI4 ID for all ch Is.
AXI4 1D Width 1-15 e.W|dt of the .ora c afnne s
Available only when the interface is AX/4.
Data Streamer
Enable Data Streamer True, False Enable the data streamer interface.

Enable Data Streamer == TRUE

Data Streamer Interface

Generic FIFO
AXI4 Stream

Select the interface for the data streamer.
The AXI4-Stream is available only when the selected bus interface is AX14.

Data Streamer Write Start

0 - (ADDR_DEPTH-

The starting address where the data streamer begins writing.

Address (Data Bus Width/8))

Data Streamer Interface == AXI4 Stream

Data Streamer Clock When enabled, the data streamer uses the ahbl_clk_i or axi_aclk_i as its

Bvpass True, False clock source. Otherwise, it uses its own dedicated clock, which is
P fifo_clk_i for Generic FIFO or axis_rx_aclk_i for AXI4-Stream.

Initialization

Initialize Memory True, False .Er?a.blf—:- th.e inijcialization of the system memory by providing an

initialization file.

Initialize Memory == TRUE

Initialization File Format Hex, Binary Determine the file format of the initialization file.

Initialization File <string> Select the initialization file for the system memory.

Notes:

1. Apply this only to LRAM and EBR when the INTERFACE is AHBL. Limit the EBR ECC to a single port.
2. ECCis always disabled when data initializes the memory.
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3.2. Port SO Settings

Table 3.2. Port SO Settings
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Attribute

Selectable Values

Description

Enable Port SO
Memory Core Output
Register

True, False

Apply a registered output from the memory core to subordinate SO to
improve timing in Place and Route.

Interface == AHBL and Memory Type == LRAM and Enable

Port SO Memory Core Output Register == true

Enable Port SO Read
Pipelinel

True, False

Implement an additional register to pipeline AHBL read transactions
for port SO.

Port SO setting that are always visible

Reset behavior for

Set the reset mode for port SO to Sync when the Memory Type is

Port SO°

Port S0 Async, Sync LRAM.
Determine whether Byte Enable is used for port SO. Set it to True
Byte Enable for Port True. False when the Access Type for Port SO is R/O, the data width is not 8, or the
50234 ! interface is AHB-Lite. This enables narrow transactions in the AHBL
interface.
Unaligned Access for Enable the unaligned read functionality. Set it to False when the data
True, False

width is not 32 or the memory is not LRAM.

Unaligned access for Port SO == True

Unaligned Access Shift
Direction (S0)®

Right, Left, None

Shift the direction of the unaligned read access.

Edit Address Range
Port SO7

True, False

Enable the memory address offset for port SO. Set it to False when the
port count is one.

Edit address range Port SO == True

Start Address Port SO
(hex)?

0-
ADDR_DEPTH*DATA_WIDTH-
1

Set the starting memory address offset for port SO.

End Address Port SO
(hex)27

0 —
ADDR_DEPTH*DATA_WIDTH-
1

Set the ending memory address offset for port SO. It must be greater
than the Start Address for Port SO.

Access Type for Port
S0

R/W, R/O

Determine the access for port SO.

Notes:

NooueswbdR

3.3. Port S1 Settings

Table 3.3. Port S1 Settings

This feature is available only when the Interface is AHBL, the Memory Type is LRAM, and the output register is enabled.
The byte-enable function is unavailable when ECC is enabled or when DATA_WIDTH is eight.

The byte-enable function is always enabled by default when the Interface is AXI4.

The byte-enable function is disabled when the interface is AHBL ,and the Memory Type is Distributed RAM.

This feature is available only for LRAM and disables the BYTE_ENABLE function.

Edit this only if ENABLE_UNALIGNED_ACCESS is enabled.

Edit this only when PORT_COUNT is two.

Port Count ==
Attribute Selectable Values Description
Enable Port S1 . .
nable For Apply a registered output from the memory core to subordinate S1 to
Memory Core Output True, False . o
. improve timing in Place and Route.
Register

Interface == AHBL and M

emory Type == LRAM and Enable Port S1 Memory Core Output Register == true

Enable Port S1 Read
Pipelinel

True, False

Implement an additional register to pipeline AHBL read transactions
for port S1.
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Port Count ==

Attribute

Selectable Values

Description

Port S1 Setting that are always visible

Reset behavior for Port

Set the reset mode for port S1 to Sync when the Memory Type is

Port S1°

51 Async, Sync LRAM.
Determine whether Byte Enable is used for port S1. Set it to True
Byte Enable for Port True. False when the Access Type for port S1 is R/O, the data width is not 8, or the
§1234 ’ interface is AHB-Lite. This enables narrow transactions in the AHBL
interface.
Unaligned Access for Enable the unaligned read functionality. Set it to False when the data
True, False

width is not 32 or the memory is not LRAM.

Unaligned Access for Port S1 == True

Unaligned Access Shift
Direction (S1)¢

Right, Left, None

Shift the direction of the unaligned read access.

Edit Address Range
Port S17

True, False

Enable the memory address offset for port S1. Set it to False when the
port count is 1.

Edit Address Range Port S1 ==True

Start Address Port S1
(hex)?

0-
ADDR_DEPTH*DATA_WIDTH-
1

Set the starting memory address offset for port S1.

End Address Port S1
(hex)27

0-
ADDR_DEPTH*DATA_WIDTH-
1

Set the ending memory address offset for port S1. It must be greater
than the Start Address for Port S1.

Access Type for Port S1

R/W

Determine the access for port S1.

Notes:

NoupswbdR

3.4.

This feature is available only when the Interface is AHBL, the Memory Type is LRAM, and the output register is enabled.
The byte-enable function is unavailable when ECC is enabled or when DATA_WIDTH is eight.

The byte-enable function is always enabled by default when the Interface is AXI4.

The byte-enable function is disabled when the interface is AHBL ,and the Memory Type is Distributed RAM.

This feature is available only for LRAM and disables the BYTE_ENABLE function.

Edit this only if ENABLE_UNALIGNED_ACCESS is enabled.

Edit this only when PORT_COUNT is two.

IP Parameter Settings for Example Use Cases

Table 3.4 shows the parameter settings for System Memory IP used for memory storage.

Table 3.4 IP Parameter Settings for Example Use Cases

Attribute ‘ Value
General Attribute

Interface AX14
Memory Address Depth 57344
Data Bus Width(bits) 64
Memory Type LRAM
Port Count [1 -2] 2

ECC Enable —
Enable Arbiter v
AXI4 1D Width 6
Enable Data Streamer False
Data Streamer Interface —
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Attribute

Value

Data Streamer Write Start
Address

(ADDR_DEPTH- Data Bus Width/8)

Data Streamer Clock Bypass False
Initialize Memory False
Initialization File Format Hex

Initialization File

The attributes of Port SO and Port S1 are set to default.
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4. Signal Description

This section describes the System Memory IP ports.

4.1. Clock Interface

Table 4.1. Clock Ports
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Port | Type Description

AHBL Interface

ahbl_hclk_i Input .

This is the input clock for the user clock domain
The frequency range for this is from 1 MHz to 125 MHz
For Lattice Avant devices, the frequency range extends up to 200 MHz

AXI Interface

axi_aclk_i Input .

This is the input clock for the user clock domain
The frequency range for this is 1 MHz to 125 MHz
For Lattice Avant devices, the frequency range extends up to 200 MHz

4.2. Reset Interface

Table 4.2. Reset Ports

Port | Type Description

AHBL Interface

ahbl_hresetn_i Input

This input signal provides an active-low reset. De-asserting this signal resets
the entire System Memory IP.

AXI Interface

axi_resetn_i Input

This input signal provides an active-low reset. De-asserting this signal resets
the entire System Memory IP.

4.3. User-Interface

Table 4.3. AHBL Ports

Port Type Width Description

ahbl_sO_hsel_i Input 1 The device functions when the active HIGH signal asserts.

ahbl_s0_hready._i Input 1 :X:Li::igg'nal indicates that no transfers are currently

ahbl_sO_haddr_i Input 32 It contains the address of the data to write or read.

ahbl_s0_hburst i Input 3 It determines whether the transfer is a single transfer or
part of a burst.

ahbl_sO_hsize_i Input 3 It indicates the transfer size.

ahbl_sO_hmastlock_i Input 1 It indicates if the transfer is part of a locked sequence.

ahbl_sO_hprot_i Input 4 It determines the type of burst used in the transfer.

ahbl_sO_htrans_i Input 2 It indicates the current transfer type.

ahbl_sO_hwrite_i Input 1 It indicates the transfer direction.

ahbl_sO_hwdata_i Input Data bus width Input data for the system memory.

ahbl_sO_hreadyout_o Output 1 A HIGH signal indicates that the system memory is busy.

ahbl_sO_hresp_o Output 1 A HIGH signal indicates an error in the transfer.

ahbl_sO_hrdata_o Output Data bus width Output data for the system memory.

ahbl_s1_hsel_i Input 1 The device functions when the active HIGH signal asserts.
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Port Type Width Description
ahbl_s1_hready. i Input 1 A HIGI-! signal indicates that no transfers are currently
executing.
ahbl_s1_haddr_i Input 32 It contains the address of the data to write or read.
ahbl_s1_hburst i Input 3 It determines whether the transfer is a single transfer or
part of a burst.
ahbl_s1_hsize_i Input 3 Indicates the transfer size.
ahbl_s1_hmastlock_i Input 1 It indicates if the transfer is part of a locked sequence.
ahbl_s1_hprot_i Input 4 It determines the type of burst used in the transfer.
ahbl_s1_htrans_i Input 2 It indicates the current transfer type.
ahbl_s1_hwrite_i Input 1 It indicates the transfer direction.
ahbl_s1_hwdata_i Input Data bus width Input data for the system memory.
ahbl_s1_hreadyout_o Output 1 A HIGH signal indicates that the system memory is busy.
ahbl_s1_hresp_o Output 1 A HIGH signal indicates an error in the transfer.
ahbl_s1_hrdata_o Output Data bus width Output data for the system memory.
Table 4.4. AXI Ports
Port | Type | Width Description
AXI Subordinate Interface Portl
. Sy AXI14 ID . " . P . .
axi_s0_awid_i IN Width The AXI4 write address ID indicates the identification tag for a write transaction.
. . The AXI4 write address indicates the address of the first transfer in a write
axi_sO0_awaddr_i IN 32 .
transaction.
. . The AXI4 write address length indicates the exact number of data transfers in a write
axi_s0_awlen_i IN 8 .
transaction.
. . The AXI4 write address size indicates the number of bytes in each data transferin a
axi_s0_awsize_i IN 3 . .
- - - write transaction.
. . The AXI4 write address burst indicates how the address changes between each
axi_sO_awburst_i IN 2 . . .
- - - transfer in a write transaction.
. . The AXI4 write address lock provides information about the atomic characteristics of
axi_s0_awlock_i IN 1 ) . L. .
- - - a write transaction. This signal is unused.
. . The AXI4 write address cache indicates how a write transaction is required to
axi_s0_awcache_i | IN 4 L .
- - - progress through a system. This signal is unused.
. . The AXI4 write address protect indicates the protection attributes of a write
axi_s0_awprot_i IN 3 . L . L .
transaction such as, privilege, security level, and access type. This signal is unused.
. Sy The AXI4 write address valid indicates that the write address channel signals are
axi_s0_awvalid_i IN 1 )
- - - valid.
. The AXI4 write address ready indicates that a transfer on the write address channel
axi_s0_awready_ o | OUT |1
can be accepted.
) . AXI4 ID . . .
axi_s0_wid_i IN Width The AXI4 write data ID indicates the ID tag of the write data transfer.
. i Data Bus .
axi_s0_wdata_i IN Width AXI14 write data.
. . Data Bus . - . .
axi_s0_wstrb_i IN Width /8 The AXI4 write data strobe indicates which byte lanes hold valid data.
. . The AXI4 write data last indicates whether this is the last data transfer in a write
axi_s0_wlast_i IN 1 .
transaction.
axi_s0_wvalid_i IN 1 The AXI4 write data valid indicates that the write data channel signals are valid.
. The AXI4 write data ready indicates that a transfer on the write data channel can be
axi_s0_wready_o ouT |1
accepted.
. . AXI4 ID . L . —— .
axi_s0_bid_o ouT Width The AXI4 write response ID indicates the identification tag for a write response.
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Port Type | Width Description

. The AXI4 write response indicates the status of a write transaction. EXOKAY and

axi_s0_bresp_o ouT | 2
DECERR error responses are not supported.
axi <O bvalid o out |1 Thg AXI14 write response valid indicates that the write response channel signals are

- - valid.
axi_s0_bready i IN 1 The AXI4 write response ready indicates that a transfer on the write response

channel can be accepted.

. . AXI4 ID L. . - .
axi_s0_arid_i IN Width The AXI4 read address ID indicates the identification tag for a read transaction.
axi_s0_araddr_i IN 32 The AXI4 read address indicates the address of the first transfer in a read transaction.

. . The AXI4 read address length indicates the exact number of data transfers in a read
axi_s0_arlen_i IN 8 .

- - - transaction.

. o The AXI4 read address size indicates the number of bytes in each data transferin a
axi_s0_arsize_i IN 3 .

- - - read transaction.

. . The AXI4 read address burst indicates how the address changes between each
axi_sO_arburst_i IN 2 . .

transfer in a read transaction.

. . The AXI4 read address lock provides information about the atomic characteristics of
axi_s0_arlock_i IN 1 . L .

a read transaction. This signal is unused.

. . The AXI4 read address cache indicates how a read transaction is required to progress
axi_s0_arcache_i IN 4 .. .

through a system. This signal is unused.

. . The AXI4 read address protect indicates the protection attributes of a read

axi_sO_arprot_i IN 3 . . . L )
transaction such as, privilege, security level, and access type. This signal is unused.
axi_s0_arvalid_i IN 1 The AXI4 read address valid indicates that the read address channel signals are valid.

. The AXI4 read address ready indicates that a transfer on the read address channel
axi_s0_arready_ o | OUT |1

can be accepted.

. . AXI4 1D -
axi_s0_rid_o ouT Width The AXI4 read data ID indicates the ID tag of the read data transfer.

. Data Bus
axi_sO_rdata_o ouT Width AXI4 read data.

. The AXI4 read data response indicates the status of a read transfer. EXOKAY and
axi_sO0_rresp_o OouT | 2

DECERR error responses are not supported.

. The AXI4 read data last indicates whether this is the last data transfer in a read
axi_sO_rlast_o ouT |1 .

- - - transaction.
axi_s0_rvalid_o ouT |1 The AXI4 read data valid indicates that the read data channel signals are valid.
axi_sO_rready_i IN 1 The AXI4 read data ready indicates that the receiver is ready to accept read data.
AXI Subordinate Interface Portl

. Sy AXI4 ID . " . e s . .
axi_s1_awid_i IN Width The AXI4 write address ID indicates the identification tag for a write transaction.

. . The AXI4 write address indicates the address of the first transfer in a write
axi_s1_awaddr_i IN 32 .

- - transaction.

. . The AXI4 write address length indicates the exact number of data transfers in a write
axi_s1_awlen_i IN 8 .

transaction.

The AXI4 write address size indicates the number of bytes in each data transfer in a
axi_s1_awsize_i IN 3 write transaction. If the address size is greater than the data bus width, it is set to the

data bus width.

. . The AXI4 write address burst indicates how the address changes between each
axi_s1_awburst_i IN 2 . . .

transfer in a write transaction.

. . The AXI4 write address lock provides information about the atomic characteristics of
axi_s1_awlock_i IN 1 . . . .

a write transaction. This signal is unused.

. . The AXI4 write address cache indicates how a write transaction is required to
axi_s1_awcache_i | IN 4 . .

progress through a system. This signal is unused.
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Port Type | Width Description

. . The AXI4 write address protect indicates the protection attributes of a write
axi_s1l_awprot_i IN 3 . L . L .

transaction such as, privilege, security level, and access type. This signal is unused.

. - The AXI4 write address valid indicates that the write address channel signals are
axi_s1_awvalid_i IN 1 .

- - valid.

. The AXI4 write address ready indicates that a transfer on the write address channel
axi_s1l_awready o | OUT |1

can be accepted.

. . AX14 1D . - .
axi_s1_wid_i IN Width The AXI4 write data ID indicates the ID tag of the write data transfer.

. . Data Bus .
axi_s1_wdata_i IN Width AXI14 write data.

. . Data Bus . - . .
axi_s1_wstrb_i IN Width / 8 The AXI4 write data strobe indicates which byte lanes hold valid data.

. . The AXI4 write data last indicates whether this is the last data transfer in a write
axi_s1_wlast_i IN 1 .

- - transaction.

. Sy The AXI4 write address valid indicates that the sender has valid write data available
axi_s1_wvalid_i IN 1

- - for transfer.

. The AXI4 write data ready indicates that a transfer on the write data channel can be
axi_s1_wready_o ouT |1

accepted.

. . AX14 1D . - . P .
axi_s1_bid_o ouT Width The AXI4 write response ID indicates the identification tag for a write response.

. The AXI4 write response indicates the status of a write transaction. EXOKAY and
axi_s1_bresp_o ouT |2

DECERR error responses are not supported.
axi s1 bvalid o ouT |1 Thg AXI14 write response valid indicates that the write response channel signals are

- = - valid.
axi_s1_bready i IN 1 The AXI4 write response ready indicates that a transfer on the write response

channel can be accepted.

. S AX14 1D - . P .
axi_s1_arid_i IN Width The AXI4 read address ID indicates the identification tag for a read transaction.
axi_s1_araddr_i IN 32 The AXI4 read address indicates the address of the first transfer in a read transaction.

. . The AXI4 read address length indicates the exact number of data transfers in a read
axi_s1_arlen_i IN 8 .

- - transaction.

. . The AXI4 read address size indicates the number of bytes in each data transferin a
axi_s1_arsize_i IN 3 .

- - read transaction.

. . The AXI4 read address burst indicates how the address changes between each
axi_s1_arburst_i IN 2 . .

- - transfer in a read transaction.

. . The AXI4 read address lock provides information about the atomic characteristics of
axi_s1_arlock_i IN 1 . L .

- - a read transaction. This signal is unused.

. . The AXI4 read address cache indicates how a read transaction is required to progress
axi_s1_arcache_i IN 4 . .

- = - through a system. This signal is unused.

. . The AXI4 read address protect indicates the protection attributes of a read
axi_s1_arprot_i IN 3 . L . L .

transaction such as, privilege, security level, and access type. This signal is unused.
axi_s1_arvalid_i IN 1 The AXI4 read address valid indicates that the read address channel signals are valid.

. The AXI4 read address ready indicates that a transfer on the read address channel
axi_sl_arready o | OUT | 1

can be accepted.

. . AX14 1D -
axi_sl _rid_o ouT Width The AXI4 read data ID indicates the ID tag of the read data transfer.

. Data Bus
axi_sl_rdata_o ouT Width AXI4 read data.

. The AXI4 read data response indicates the status of a read transfer. EXOKAY and
axi_s1_rresp_o OouT | 2

DECERR error responses are not supported.

. The AXI4 read data last indicates whether this is the last data transfer in a read

axi_sl_rlast_o ouT |1

transaction.

www.latticesemi.com/legal



http://www.latticesemi.com/legal

= LATTICE

Port Type | Width Description
axi_s1_rvalid_o ouT |1 The AXI4 read data valid indicates that the read data channel signals are valid.
. . The AXI4 read data ready indicates that a transfer on the read data channel can be
axi_s1_rready_i IN 1
accepted.
Table 4.5. FIFO Streamer Ports
Port Type | Width Description
fifo_clk_i IN 1 User Input Clock
fifo_wr_en_i IN 1 Write Enable bit
fifo_wr_data_i IN 8 Write data
fifo_interface_en_i | IN 1 Enable the FIFO interface and assert to start the transaction in the FIFO stream.
. . The active-low reset clears all data inside the FIFO and resets the FIFO streamer
fifo_address_rstn_i | IN 1 .
registers.

fifo_full_o ouT 1 It indicates that the FIFO is full.

Table 4.6. AXI4 Streamer Ports

Port Type | Width Description

axis_rx_aclk_i IN 1 User clock input.

axi_rx_tvalid_i IN 1 It indicates that the transaction values are valid.

axi_rx_tdata_i IN DATA WIDTH User input data.

axi_rx_tstrb_i IN DATA WIDTH/8 | Byte write strobe.

axi_rx_tlast_i IN 1 It indicates the end of data write transaction.

axi_rx_tready_o ouT 1 It indicates that the AXI4 streamer is ready to receive data.
Table 4.7. ECC Ports

Port Type | Width Description

ecc_ded_s0_o ouT 1 It indicates that one error is detected in port SO.

ecc_sec_s0_o ouT 1 It indicates that two errors are detected in port SO.

ecc_ded_s1 o ouT 1 It indicates that one error is detected in port S1.

ecc_sec_sl o ouT 1 It indicates that two errors are detected in port S1.
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5. Register Description

The System Memory IP Core does not use dedicated readable or writable memory registers. Instead, it uses hard IP
memory to store data. The IP uses the lower 19-bit (512 KB) address for address decoding, while all upper bits are
expected to be the base address, which does not need to be decoded in the System Memory IP.
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The System Memory IP example design allows you to compile, simulate, and test the System Memory IP on the

following Lattice evaluation boards:
e MachX0O5-NX Development Board

6.1. Example Design Supported Configuration

Note: In the table below, v refers to a checked option in the System Memory IP example design.

Table 6.1. System Memory IP Configuration Supported by the Example Design

Attribute | Value
General Attribute

Interface AX14
Memory Address Depth 57,344
Data Bus Width(bits) 64
Memory Type LRAM
Port Count [1-2] 2

ECC Enable —
Enable Arbiter v
AXI14 1D Width 6
Enable Data Streamer False

Data Streamer Interface

Data Streamer Write Start Address

0— (ADDR_DEPTH-(Data Bus Width/8))

Data Streamer Clock Bypass False
Initialize Memory False
Initialization File Format Hex

Initialization File

Port SO and Port S1 attributes are set to defaulit.
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6.2. Overview of the Example Design and Features

tem0_inst

i LOCAL_BUS_DATA
OCAL_BUS_INSTR

pllo_inst
Osc0_inst 0. ins
1'b1 axi_intercon_inst axi2apbl_inst
equation_module_inst FRIROS3  LOCAL BUS_M_DATAFE—1
A o ROS2  LOCAL BUS_M_| & K FRaxas
rstn_i[ > ) AX_MLINST u L B3 50_gpio[7:0]
ck_reatime_i AX_M_DAT adki
cl_system_i system_resetn_c
system0_inst
¢ ki ©
f—os 03 aresetn ii0] -
axi_ack_i
axi_resetn._i
axi2apb0_inst system_inst
HAxi4_s
L wB3M

adk i

s1uart_txd_o

s1_vart_nd_i[ >

A[0]BUS[0:0]

A[0JBUS[0:0]

Figure 6.1. System Memory IP in Propel SOC Project

Key features of the example design include:

e Memory Access
e The System Memory IP supports the use of available hard IP memory for data storage in the architecture.
e Depending on the device, the System Memory IP uses distributed RAM, EBR, and LRAM.
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6.3. Example Design Components

Test bench

Test Cases
Instruction sent using external
programming Data Read in the User-Interface
Lattice RISCV
Port SO Port S1

Figure 6.2. System Memory Example Design Block Diagram

The System Memory IP example design includes the following blocks:
e Test Cases

e Lattice RISCV microcontroller

e System Memory IP

6.4. Test Cases

e The test cases are written in C code.

e These test cases are transmitted to the device via JTAG. The System Memory IP instantiation is used for external
programming.

e Compare the read data with the expected data.

6.5. Lattice RISCV Microcontroller

e The microcontroller receives the test cases as instructions and initiates read and write transactions to the System
Memory IP.

e The AXI Interconnect IP is used in the data port of the microcontroller.

6.6. System Memory IP

e The design is under test.

e  External programming is not included in test scope.

e Hardware validation includes read and write access to both ports of the System Memory DUT instantiation.
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6.7. Simulation the Example Design

Refer to the Lattice Propel 2025.1 SDK User Guide for more details on the Lattice Propel design environment.

1. Launch the Lattice Propel SDK and set your workspace directory.

2. Inthe Lattice Propel SDK, create a new Lattice SoC Design Project by clicking File > New > Lattice SoC Design
Project.

3. The Create SoC Project window opens.

e Inthe Device Select section, specify the correct details of the device or board that you are using. In Figure 6.4,
the device is set to LFMX05-100T-9BBG400C since the MachX0O5-NX Evaluation Board is used in the hardware
testing.

e In the Template Design section, choose RISC-V RX SoC Project. Click Finish.

4. Propel Create Project X

Design Information
Enter a name for your design and specify a directory where the design files will be stored

Project:

Language: Verilog -

Name: my_soc

Location:  Ci/Propel_Project ¥ Browse..

Create Project at C:/Propel_Project/my_soc

Next> | Cancel
Figure 6.3. Create SoC Project
4. Propel Create Project X
Select Device
Select a device or board for current template.
Device ~ Device Information:
Select Device:
Part Number: LFMXO5-100T-9BBG400C
Family: Device:
LFCPNX (CertusPro-NX) LFMX05-25 Logic Cells: 96000
LFD2NX (Certus-NX) LFMXO5-55T = o2
LFMXO5 (MachXO5-NX) LFMXO5-100T Registers: 79872
LIFCL (CrossLink-NX) EBR Blocks 208
LRAM: 7
DSP (18x18 Multiplier: 156
ADC Blocks: 1
PLLs 4
DLLs: 2
PCSs: 1
a D ALUs: 1
Operation Condition: Package: DPHYs: o
Commercial ~ | BBGA00 - PIO Cells 21
PIO Pins: 291
Performance Grade:
9_High-Performance_1.0V -
Part Number:
Online Data Sheet for Device
<Back  Next>  Cancel

Figure 6.4. Create SoC Project
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6.

10.

11.
12.

13.
14.
15.

Run the Lattice Propel Builder by clicking the * icon or selecting Lattice Tools > Open Design in Lattice Propel
Builder. The Propel Builder software opens and loads the design template.

In the IP Catalog tab, instantiate the System Memory IP. Refer to the Generating and Instantiating the IP section for
more details.

See the Example Design Supported Configuration section for the corresponding parameter settings.

4. Module/IP Block Wizard x

Configure Companent from IP system_memaory Version 2.4.0
Set the following parameters to configure this component.

Diagram system1 Configure IP

General Port 50 Settings Port 51 Settings
Property Value

system1 - Genera

Interface AXi4

Memory Address Depth [1 - 57344] 57344
_Xl SO Data Bus Widthibits) 64
- Memory Type LRAM
Port Count 2
—[H]Axi_s1

AXI4 ID Width 5
. , - Data Streamer
== aXI_aC| k_' Enable Data Stresmer
—axi_resetn_i
- Initialization

Initialize Memory

system_memory

No DRC issues are found

Generate Cancel

Figure 6.5. Instantiating System Memory IP Module

After generating the IP, the Define Instance window opens. Modify the instance name if needed, then, click OK.

4. Define Instance X

Instance Name: system_memoryo_insﬂ
Instance Reference: system_memory0:2.4.0

oK Cancel

Figure 6.6. Defining Instances

Connect the instantiated IPs to the system. Refer to Figure 6.1 for the connections used in this IP. Update other
components of the system for clock and reset sources, interrupt, and bus interface.

Click the icon or select Design > Run Radiant to launch the Lattice Radiant Software.

Update your constraints file accordingly and generate the programming file.

In the Lattice Propel SDK, build your SoC project to generate the system environment needed for the embedded
C/C++ project. Select your SoC project, then click Project > Build Project.

Check the build result from the Console view.

Generate a new Lattice C/C++ project by clicking File > New > Lattice C/C++ Project. Update your Project name,
click Next, and then click Finish.

Select your C/C++ project, then select Project > Build.
Check the build result from the Console view.

This environment is now ready for running your tests on the device. Refer to the MachXO5-NX Development Board
User Guide (FPGA-EB-02052) for a step-by-step guide.
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7. Designing with the IP
This section explains how to generate the IP Core using the Lattice Radiant software and run simulation and synthesis.
For more details on the Lattice Radiant software, refer to the Lattice Radiant Software User Guide.

The screenshots are provided for reference only. The details may vary depending on the version of the IP or software
you are using.

7.1. Generating and instantiating the IP

You can use the Lattice Radiant software to generate IP modules and integrate them into the device architecture. The
steps below describe how to generate the System Memory IP in the Lattice Radiant software.

To generate the System Memory IP:
1. Create a new project in Lattice Radiant software or open an existing one.

2. Inthe IP Catalog tab, double-click System Memory under IP, Processors_Controllers_and_Peripherals category.
The Module/IP Block Wizard opens as shown in Figure 7.1 . Enter values in the Component name and Create in
fields, then click Next.

=] Module/IP Block Wizard 4
Generate Component from IP system_memory Version 2.4.0

This wizard will guide you through the configuration, generation and instantiation of this Module/1P. Enter
the following information to get started.

Companent name: <input component name nere>

Create in: C:/Radiant_Project/SysMem Browse...

Cancel

Figure 7.1. Module/IP Block Wizard
3. In the next Module/IP Block Wizard window, customize the selected System Memory IP using the drop-down lists

and checkboxes. Figure 7.2 shows an example configuration of the System Memory IP. Refer to the IP Parameter
Description section for details on the configuration options.
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2] Module/IP Block Wizard by

Configure Component from IP system_memory Version 2.4.0
Set the following parameters to configure this component.

Diagram SysMem Configure SysMem:
4 General Port 50 Settings Port §1 Settings

Property Value A

~ General
Interface AHBL

SyS Mem Memory Address Depth [1 - 106496] 16384

Data Bus Width(bits) 32
Memory Type EBR
Port Count 1
ECC Enable

ahbl_hclk_i

~ Data Streamer

ahbl_hresetn_i

Enable Data Streamer

system_memory

~ Initialization

Initialize Memory

4 » -

User Guide Mo DRC issues are found.

< Back Generate Cancel

Figure 7.2. IP Configuration

4. Click Generate. The Check Generated Result dialog box opens, displaying the design block messages and results, as
shown in Figure 7.3.

] Module/IP Block Wizard b4

Check Generated Result
Check the generated component results in the panel below. Uncheck option 'Insert to project’ if you do not want to add this compeonent to your
design.

Component 'SysMem' is successfully generated.
IP: system_memory  Version: 2.4.0

Vendor: latticesemi.com

Language: Verilog

Generated files:

|P-XACT_component: componantam|
IP-XACT_design: design.axml
black_box_verilog: rtl/SysMem_bb.w
cfg: SysMem.cfg

IP package file: SysMem.ipx
template_verilog: misc/Syshem_tmply
dependency_file: testbench/dut_instv
dependency_file: testbench/dut_params.v
template_vhdl: misc/SysMem_tmpl.vhd
top_level_verilog: rtl/SysMemaw

Insert to project

< Back Finish

Figure 7.3. Check Generated Result

5. Click Finish. The generated files are placed under the directory paths specified in the Create in and the Component
name fields, as shown in Figure 7.1.
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7.1.1. Generated Files and File Structure

The generated System Memory module package includes the closed-box (<Component name>_bb.v) and instance
templates (<Component name>_tmpl.v/vhd) for instantiating the core in a top-level design. An example RTL top-level
reference source file (<Component name>.v) is also provided, which you can use as an instantiation template for the
module or as the starting template for the top-level design. Table 7.1 lists the generated files.

Table 7.1. Generated File List

Attribute Description

<Component name>.ipx This file contains information about the files associated with the generated IP.

<Component name>.cfg This file contains the parameter values used for IP configuration.

component.xml This contains the ipxact component information of the IP.

design.xm| This document specifies the configuration parameters of the IP in the IP-XACT 2014
format.

rtl/<Component name>.v This file provides an example RTL top file that instantiates the module.

rtl/<Component name>_bb.v This file provides the synthesis closed box.

misc/<Component name>_tmpl.v

. These files provide instance templates for the module.
misc /<Component name>_tmpl.vhd P P

7.2. Design Implementation

Completing your design involves specifying analog properties, pin assighments, and timing and physical constraints. You
can add and edit the constraints using the device constraint editor or by manually creating a PDC File.

Post-Synthesis constraint files (.pdc) contain both timing and non-timing constraint .pdc source files for storing logical
timing/physical constraints. Constraints added using the device constraint editor are saved to the active .pdc file which
is then used as input for post-synthesis processes. Refer to the relevant sections in the Lattice Radiant Software User
Guide for more information on creating or editing constraints and using the device constraint editor.

7.3. Timing Constraints

The timing constraints depend on the clock frequency. The relevant constraint files define the timing constraints for the
IP. The example below shows the IP timing constraints generated for the System Memory IP.

create_clock -name {axi aclk i} -period 8 -waveform {0 4} [get_ports axi aclk 1]
Figure 7.4. Timing Constraint File (.pdc) for the System Memory IP

7.4. Physical Constraints

The System Memory IP has no specific physical constraints.

7.5. Specifying the Strategy

The Lattice Radiant software provides two predefined strategies like Area and Timing. It also allows you to create
customized strategies. Refer to the Strategies section of the Lattice Radiant Software User Guide for details on creating
a new strategy.
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7.6. Running Functional Simulation

Run the functional simulation after generating the IP.

1. Click the IE button on the Toolbar to initiate the Simulation Wizard, as shown in Figure 7.5.

Simulation Wizard X
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.
Project
Praject name: sim
Project location: | C:/Radiant_Project/SysMem Browse...
Simulator
®/ QuestaSim
QuestaSim Qrun
Invake
Process Stage
@ RTL
Post-Synthesis
Post-Route Gate-Level
Post-Route Gate-Level+Timing
< Back Next > Cancel
Figure 7.5. Simulation Wizard
2. Click Next to open the Add and Reorder Source window, as shown in Figure 7.6.
Simulation Wizard X
Add and Reorder Source
Add HDL type source files and place test bench files under the design files.
Source Files: o Lag A v s
C:/Radiant_Project/SysMem/SyshMem/rtl/SysMem.v
C:/Radiant_Project/SysMem/SysMem/testbench/lscc_ahblmem_manager.v
C:/Radiant_Project/SysMem/SysMem/testbench/lscc_aximem_manager.y
C:/Radiant_Project/SysMem/SysMem/testbench/lscc_data_checkerv
C:/Radiant_Project/SysMem/SysMem/testbench/lscc_fifo_master.v
Ci/Radiant_Project/SysMem/SysMem/testbench/th_topv
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 7.6. Add and Reorder Source

3. Click Next to open the Summary window.
4. Click Finish to run the simulation.
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The waveform in Figure 7.7 illustrates an example simulation result.

' viave o
Fle Edit View Add Format Tooks Bookmarks Window Help

E o x|
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Figure 7.7. Simulation Waveform

7.6.1. Simulation Results

The simulation results show write and read transactions in the AHBL interface of the System Memory IP. The customer
testbench passes when the write transaction data (expected data) matches the read data.
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8. Debugging

This section lists possible issues and suggests troubleshooting steps to follow.

8.1. Debug Methods

8.1.1. Hardware Detection Failure

Follow the steps in the flow diagram below if the system does not detect the hardware.

Using an LED, Probes, Chipscope or with any
other methods determine if u_pl_link_up_i, u_dI_link_up_i
and u_tl_link_up_i signal ios high. When it is high it indicates the ip col
has achieved linkup meaning the LTSSM is in L0 state and the
datalink layer is in Active state

To eliminate FPGA configuration as a root cause, perform a soft
restart of the system. Performing a soft reset on the system will keep
power applied and forces re-enumeration of the device.

On link[LINK]_perst_n_i and link[LINK]_rst_usr_n_i
signal assertion the Link Training starts

Multi-lane links are susceptible to crosstalk and noise
when all lanes are switching during training.
A guick test for this is forcing/testing one lane operation.

s u_pl_link_up_i,
> u_dl_link_up_i and
u_tl_link_up_i

Check whether system supports for multilane.
In linux use Ispci commads to check the
DevCap and DevCnt. If system not supports then check
specification of system

Hardware Fail to
Detect

is high?

ystem Soft reset fix the
problem?

Is reset asserted?

Is system supports
multilane?

See” Link Training
Debug" section

See” FPGA
configuration
Debug” Section

See” Clock and
Reset Sequence”
section

s u_pl_link_up_i,
_dl_link_up_i and
u_tl_link_up_i

is high?

Check the system specification
and try to identify the port which
supports the multilane feature

See"” Internal Register
Description™ to check the
status of the core

There are potentially issues
with the board layout causing
interference when all lanes are
switching. See "Board Debug

suggestions™.

Figure 8.1. Hardware Detection Failure Debugging Flow

8.2. Debug Tools

You can use various tools to debug System Memory IP design issues.

© 2020-2025 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

FPGA-IPUG-02073-2.3

40


http://www.latticesemi.com/legal

= LATTICE

9. Design Considerations

9.1. Design Considerations for External Programming

Select the appropriate clocking architecture based on the System Memory IP configuration.

Select the appropriate user interface. For ease of use, choose the same user interface as the microcontroller.
Connect the microcontroller's instruction port to Subordinate/Port SO. The System Memory IP prioritizes port SO
when both ports access the same address simultaneously. For faster access, connect instruction ports to port SO.

9.2. Design Considerations for Memory Storage

Select the appropriate clocking architecture based on the System Memory IP configuration.

Select the appropriate user interface. For ease of use, choose the same user interface as the microcontroller.
By default, both ports access all memory addresses. If your application requires these ports to access different
memory addresses, fill in the appropriate parameters in the graphic user interface when instantiating the IP.
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Appendix A. Resource Utilization

Table A.1 shows a sample resource utilization of the System Memory IP Core on LFCPNX-100-7CBG256C.

Table A.1. Resource Utilization

= LATTICE

IP Configuration

Slices

LUTs

Registers

AHB-Lite Data Interface, Max
Address Depth, 32-bit Data
Width, EBR Memory Type, 2
Port Count

66/79,872

976/79,872

74/79,872

208/208 0/7

AX|4 Data Interface, Max
Address Depth, 64-bit Data
Width, EBR Memory Type, 2
Port Count

1,095/79,872

1631/79,872

1128/79,872

208/208 0/7

AHB-Lite Data Interface, Max
Address Depth, 32-bit Data
Width, EBR Memory Type, 2
Port Count, Data Streaming
True, FIFO Data Streamer

89/79,872

1090/79,872

97/79,872

208/208 0/7

AXI4 Data Interface, Max
Address Depth, 32-bit Data
Width, EBR Memory Type, 2
Port Count, Data Streaming
True, AXI4 Streamer

1,180/79,872

1838/79,872

1214/79,872

208/208 0/7

AHB-Lite Data Interface, Max
Address Depth, 32-bit Data
Width, LRAM Memory Type,
2 Port Count

64/79,872

611/79,872

72/79,872

0/208 7/7

AXI4 Data Interface, Max
Address Depth, 64-bit Data
Width, LRAM Memory Type,
2 Port Count

707/79,872

1397/79,872

739/79,872

208/208 0/7

AHB-Lite Data Interface, Max
Address Depth, 32-bit Data
Width, LRAM Memory Type,
2 Port Count, Data
Streaming True, FIFO Data
Streamer

88/79,872

710/79,872

95/79,872

0/208 7/7

AX|4 Data Interface, Max
Address Depth, 32-bit Data
Width, LRAM Memory Type,
2 Port Count, Data
Streaming True, AXI4
Streamer

765/79,872

1567/79,872

798/79,872

0/208 7/7
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Technical Support Assistance

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

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