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o AKERIL. Intel Agilex® 7 FPGA & SoC O FPGA-to-HPS Bridge H*5 DDR4X
EU—I[C SDRAM direct E— R TP ITCAITIFEHICOVWTHEBMTUTVET

® {¥H Tool:
o 1 >7)L® Quartus® Prime 0 «- T5 -« >3> Version 22.1.0

o AENTHERBUTCWSHEDERAIKILITDEDTY

o HPS : Hard Processor System
o HPS EMIF IP : External Memory Interface for HPS Intel Agilex® 7 FPGA IP
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o BIFEBIUTOMREFY MITHTRVELE

o Intel Agilex® 7 F-Series FPGA Development Kit

- EEF)(A X : AGFBO14R24B2E2V

HPS FHOD DDR4 XEU— (L ch1 £1dDFXT
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https://www.intel.com/content/www/us/en/products/details/fpga/development-kits/agilex/f-series.html
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FPGA core fabric

FPGA-to-HPS Bridge

HPS

HPS EMIF IP

MPFE : Multi-port front end
| CCU : Cache Coherency Unit

0, CCU (R LA
DDR4

LT wan | SRS oon | e we

FPGA-to-HPS bridge 512 bit 300 MHz ---- 153.6 Gbps (19.2 GB/s) AXI-4
@ DDR4 64 bit 1200 MHz O 153.6 Gbps (19.2 GB/s) ECC OFF

o
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IN—ROxT7 - UIJ7PL>R - FTHYAL> (GHRD) DAF
e 9J. AIBIMFEFY NHDODI\—RDTT7 - UI7PL >R - FHYA> (GHRD)
El%bi?‘
AFSEDEHMIIUTORELETSBL RS0

1 >F)L® SoCFPGA/\— RO 7 - UJ7 L >X - THA> (GHRD) DODAF&&EKSE

o ’%@g@?%ﬁ%:\:‘y NED GHRD 4% (C(F. make ETEOAT S a3 & EZUTDOLD
(CU

- BOARD_TYPE = "pcie_devkit”
- BOOTS_FIRST = “fpga”

o ERicNi=TUAL %, EHIBIHEFETY MCESDETBIELET
o FEERTECIEES MDOTHA N ERKRSNET
- Production mOHEFEFY bZFERAT DIHEE(E. BEBEIEZDMOEZEENNETT
_ Fpga_clk_100 O I/O standard (DEZTE(F “TRUE DIFFERENTIAL SIGNALING” &SETELET
o SZ[E](F HPS WEENU/RVVARE TEMET DL DS, Utzy MmiEDZEEREEHE TIRNE U
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https://malt.zendesk.com/hc/ja/articles/4459550965657

FPGA-to-HPS Bridge DE%E
® FPGA to HPS slave interface SRESMUTDEHSDTT

Hard Processor System Intel Agilex FPGA IP

intel_agilex_hps

l/ FPGA Interfaces r HPS Clocks and resets r 10 delays r Pin Mux and

|" General

|:| Enakle MPU standky and event signals

|:| Enakle general purpose signals

|:| Enakle Debug APE interface

Enable System Trace Macrocel hardware events
|:| Enable FPGA Cross Trigger Interface

|:| Enable DDR ARM Trace Bus (ATEB)

|:| Load IP-XACT Register Details

[~ HPS FPGA AXI Bridges
(|" FPGA to HPS slave interface

terface seccaon: [AX.4 =] Interface specification : AXI-4

Enable/Data width: |512-b'rt |v| Enable/Data width : 512-bit

iterface accress widty 268408 | v | Interface address width : 32-bit 4GB
N desineten JoorAM arect |'|) Interface destination : SDRAM direct

- FHFTFEERZISRIZSN

Intel Agilex® 7 Hard Processor System Technical Reference Manual

. -/.3. FPGA-to-HPS Bridge
MACNICA © Macnica, Inc.



https://www.intel.com/content/www/us/en/docs/programmable/683567/21-3/bridge-falconmesa-stratix-10-72198.html
https://www.intel.com/content/www/us/en/docs/programmable/683567/21-3/bridge-falconmesa-stratix-10-72198.html

HPS EMIF IP

RS [B]H]

® HPS EMIF IP (FBLTFDEEEE UFE U= (DQ width : 64bit. ECC OFF)

l/GeneraI rr-.ﬂemnr'gr |/r-.-13|n le} rFF‘GA fe} |/ Mem Timing |/ Boal

|~ FPGA

Speed grade: E2Y (ES3) - change device under '

|"’ Interface

Configuration: Hard PHY and Hard Cortroller

|:| Uge clamshell layout

|‘lr Clocks

Memary clock freguency: 1200.0

|:| Uze recommended PLL reference clock fregquency

FLL reference clock frequency: |33.333
PLL reference clock jitter: 10.0
[ Clock rate of user logic: Half Ha |f

Memory Clock &Y 1200 MHz D&
Clock rate of user logic (& Half 5% EHRIEE
T9

MACNICA

General Memaory r erm D |/FF'GA I[#] |/ Mem Timing |/ EBoarcd |/Ccr|trolli

|/General |/r-.ﬂemur1.r |/r-.-1va|n [} |/FF‘GA [le} |/ru1vam Timing anard Contraller |

C5-CID-Row-Bank-Col-BG

ECC OFF

|"’ Topology
’_Mfmnr'u format: ERI - |‘Ir Low Power Mode
DO wickh: |Ei4 DQ = 64 bit | [ ] Enable Auto Power-Down
DQ pins per DAS group: g - Auto Power-Down Cycles:
Mumber of DAS groups: |v Efficiency
Mumber of clocks: 1 - |:| Enable User Refresh Cortrol
Number of DIMMs: 1 - |:| Enable Auto-Precharge Control
Chip 1D wictth: 0 {Mon-3DS) - Address Ordering:
Murnber of physical ranks per DIMM; |1 - Enakle Reordering
Murnber of chip selects per DIVIM: Starvation limit for each commancd: 10
Row address width: 16 - |:| Enakle Command Priority Control
Column address width: 10 - [ ] Enable controller major mode
Bank address wicth: 2 - |:| Enakle controller post-pay refresh
Bank group wicth: = = |:| Enable controller pre-pay refresh
Data mask |" Configuration, Status and Error Handling
|:| Wirite DEBI |:| Enakle Memory-Mapped Configuration and Status Register (MMR) Interface
Read DEI |:| Enakle Error Detection and Correction Logic with ECC
ALERT# pin placement: Automatically select a location - [ Export error-caorrection code (ECC) status ports

© Macnica, Inc.




FPGA-to-HPS Bridge B 570t X937 0YVIDIER. Eix

® FPGA-to-HPS Bridge 57 LR Z2HE IR IES 1 —IVEFHMIERRUX U

® FPGA-to-HPS Bridge h'5 SDRAM direct E— R TP ITERATBHREIUATDE

HDTY
- AxUSER][7:0] = OxEO
- AXDOMAIN[1:0] must be '‘b00 (Non-shareable) (SEI(3{FAE LRLY)
- AxBURST[1:0] = 2’'b01 (INCR)

o SRl TFERERZISRICEWN

Intel Agilex® 7 Hard Processor System Technical Reference Manual
- 7.3. FPGA-to-HPS Bridge

o
MACNICA © Macnica, Inc.
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https://www.intel.com/content/www/us/en/docs/programmable/683567/21-3/bridge-falconmesa-stratix-10-72198.html
https://www.intel.com/content/www/us/en/docs/programmable/683567/21-3/bridge-falconmesa-stratix-10-72198.html

Sy NIA—LA - THAF—H

E LF agilex_hps Hard Processor System Intel Agilex FPGA IP
=8 h2f_watchdog_rst Feset Output wid_reset
= B= {2h_stm_hw_events Conduit agilex_hps_f2h_stm_hw...
= h2f_cs Conduit agilex_hps_h2f_cs
B= hips_emif Conduit
= hps_jo Conduit hps_io
<H =8 h2f_reset Reset Output h2f_reset
= h2f_axi_clock Clock Input clk_100_ou...
B= h2f_axi_reset Feset Input [h2f_axi_cla...
=8 h2f_axi_master A4 Manager [h2f_axi_cla...
B= h2f_lw_axi_clock Clock Input clk_100_ou...
B= h2f_lw_axi_reset Reset Input [R2f_lw_axi_...
=8 h2f_lw_axi_master A4 Manager [R2f_lw_axi_...
B= {2h_axi_clock Clock Input iopll_0_out...
B= {2h_axi_reset Feset Input [f2h_axi_clo...
B= f2h_axi_slave A¥14 Subordinate [f2h_axi_clo... 0x0000_0000
=& f2h_irgd Interrupt Receiver [RQ 0
| <H =8 {2h_jrgl Interrupt Receiver f2h_irq1 [RG 0
E LF emif_hps External Memory Interfaces for HPS Intel A...
= pll_ref_clk Clock Input emif_hps_pll_ref_clk exparnted
<= = oct Conduit emif_hps_oct
<= = mem Conduit emif_hps_mem
B= hps_emif Conduit
B= cmif_calbus Conduit [emif_calbus...
* B= emif_calbus_clk Clock Input emif_calbu...
E £F emif_calbus_0 External Memory Interfaces Intel Calibratio...
B= emif_calbus_0 Conduit emif_calbus...
e~ 1 'f_ Jl = 1 L L oy 4 '4_ 1l
El £F iopll_0 I0PLL Intel FPGA IP
B= reset Reset Input
= refclk Clock Input clk_100_ou...
< B= |ocked Conduit iopll_0_locked
=8 outclkO Clock Output iopll_0_outclkO
Bl £F axid_effi_blk_0 axid_effi_blk
B= cli_axid Clock Input iopll_0_out...
B= nRST_axi4 Feset Input [clk_axid]
B= cli_avs Clock Input iopll_0_out...
B= nRST_avs Feset Input [clk_axid]
= =8 Gxid_master Al Manager [clk_axid]
p—> = ays Avalon Memory Mapped Agent [clk_avs] 0x0000_0000
<A B= e _clet Conduit err_det [clk_axid]
E £F master_0 JTAG to Avalon Master Bridge Intel FPGA IP
= clk Clock Input iopll_0_out...
= cli_reset Reset Input
— =8 master_reset Reset Output
——— =8 master Avalon Memory Mapped Host [clk]

MACNICA
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HPS IP

HPS EMIF IP

IOPLL Intel FPGA IP
(300 MHz &%)

HPS-to-FPGA Bridge &t €1 —JL
CRTARAERK)

JTAG to Avalon Master Bridge Intel
FPGA IP
(System Console A)
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AN IVRICERETND .sof T 71 ILDiESE

® >/)\A)Li&, .sof [C HPS ZiCENT B/=6bD .hex T7 A I ZEMUFT
o quartus_pfg IN> RTEITUET
o EITAN> R
quartus_pfg.exe -c ghrd_agfb014r24a3e3vr0.sof sample_hps.sof -0 hps_path=u-boot-spl-dtb.hex

o FHHITFERERZISRICEWN

Intel Agilex® 7 SoC FPGA Boot User Guide
- 4.5. Configuration over JTAG

o
MACNICA © Macnica, Inc.
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https://www.intel.com/content/www/us/en/docs/programmable/683389/21-4/configuration-over-jtag.html
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FPGA-to-HPS Bridge BHilE%7E

® sof & J)OVS=>49%. FPGA-to-HPS Bridge DB@EZ S ZIRNET

o FHEEEE(L. U TOFIRTHIRWEXT
OQA—=F)L - VI bZEEHSHULT. UL IR— bDEREZHIRNET
@ - >7)L® Quartus Prime M Programmer ZFHAWT. &k Uit sof 2005220 UFT
®@AF—=F)L VT MIT. u-boot IN¥> RT "bridge enable” EASIUET
NICKD. FERESNFUL

seriall

w2 random MAC address - 9e:fe:dciee:13:6f

o B FIVERBEIESE IS

MACNICA


https://malt.zendesk.com/hc/ja/articles/900006258423

7Ot A9S SDRAM 7 RL X[CDWT

® 7/t RX9 3 DDR4 SDRAM D7 RL XIE. HPS flICT —b - O—45—h\EH
IR EBRITRILSICUELE

o J—RMETRIIMEAUTEHEERWVWEEBDNE TN, SDHEU T IOLEALTVWET

OXOO0_FFFF_FFFF

SEI7 oA UTzniiE

0x00_8000_0000

J—K~-O0—4—n

59 SRl

0x00_0000_0000

[ ]
MACNICA © Macnica, Inc. 1 5



Write EMERERR (/\—R MK : 32)

® FPGA-to-HPS Bridge h'5 Write &G {EDRA; TY
o ZHNLAFHZ DDRA AND 77 I A (FEL VAR TDRIE T
o PRLZBERAIIURAD REL, ETDENARAERBLSCLTVET

® AWVALID = Hi D71 =>4 T WREADY = Lo &I2DFEITH., TDE(E

WREADY = Hi h\iifiz 9 D EDERTEE U

MACNICA

Name -512 -256 4] 256 512 768 1024 1280 1536 1782 2048 2304 2560 2816 3072
soc instlagilex hps|fzh AWLOCK |
soc inst|agilex hps|f2h AWREAD AWREADY :
soc instlagilex hps|f2Zh AWVALID AWVALID LLCbCie e e e e CLLLLCE e e e e e e e e e e et IR
+soc inst]agilex hps|f2zh AWADDR[31..0]
*-s0c inst|agilex hps|f2h AWBURST[1..0] : 1h
*-soc inst|agilex hps|fZh AWCACHE[3..0] | 2h
*-soc inst|agilex hps|f2h AWID[4..0] [T T T I T T T T LTI I T I I T I T I I T I T T T T T I T asn [T T TITTTd
#-s0c inst|agilex hps|f2Zh AWLEN[7.0] : 1Fh
*-soc inst|agilex hps|f2zZh AWPROT[2..0] : Oh
*-s50c instlagilex hps|f2h AWQOS[3..0] : 0Oh
*-s0c inst|agilex hps|f2zh AWSIZE[2..0] : 6h
*-s0C _inst|agilex hps|fzh AWUSER[22..0] | 000QEQh
soc instlagilex hps|f2h WREADY WREADY  [TITTTTTTTTTTIT TT T T TTTTTT] CEETTTTT e e ererererer el FETTTTTTT
soc inst|agilex hps|fzh WVALID WVALID CTETETETETTET e e e rrretl CEETEETT et et e e e e e e e e et e e e rer e e e e el FETTTTTTT
soc inst|agilex hps|f2h WLAST L e L e L L L [LLLELELL
*-s0c_inst|agilex hps|f2h WDATA[511.0] . = 1 T s, .zl T T I, CE T CE T, 77aa. |
E2 soc instllagilex hps|f2zh WSTRB[63..0] : oc instlagilex hps|f2h AWREADY ﬁm@iﬁg - -
soc instlagilex hps|fzh BREADY i 26 Inaiagles Do ANAORI71]
H #-soc inst|agilex hps|f2h AWBURST[1.0. 10
S0C instlagilex hp5|f2h BVALID I | I | | | | | | I | I | I |'| | | | | I | I | I | | | | I Ill | | | | | I I I | I | I | I | | ’socinst\a:ilexhss\thAWCACHE[EL..O] 7h
*-soc inst|agilex hps|f2h BID[4..0] LTI T T I T T T T T I T T T T T een TTTTTTTTTTTTIT TT T TT s o e rotto ot = = e L
*soc inst]agilex hps|f2zh BRESP[1..0] | = s0¢ Inslogiex hositan AWCOSTS01 x
#-soc inst|agilex hps|f2h AWSIZE[2.0] 6h
inst|agilex_hps|f2h AWUSER[22.0] GO00EOR
WREADY L] H H L
WVALID _ﬂU . . L
- #-soc instagilex hps|f2h WDATA[511.0]
-~ #soc inst|agilex hps|fzh WSTRB[63..0]
IJ 7 D \\J /JIH\H Fﬂﬁ S0C insllag‘ili hDs\'?Z‘h BREADY ! !
soc_instlagilex_hps|f2h BVALID N n Nn
#-soc inst|agilex hps|f2h BID[4..0] 08Bh och oDh OEh
#-soc instlagilex hps|f2h BRESP[1.0] oh

© Macnica, Inc.
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Read EMERIERE (J\—A MR : 32)

® FPGA-to-HPS Bridge Hh'5 Read EiGEMEDRA; TS
o ZHLFHMT DDRA AND 77 I A S WVARE CTORIETT
o ZRLREEAZDIIAT FEUL. RITIEPNTRAERDLDICLTVET

e UJL v 1HIHZFRE. RVALID W (ZIFEHHE U T Hi [CIRDTWLWBC ED\HERR

TEFULIE

Name
soc inst|lagilex hps|f2h ARLOCK
soc instlagilex hps|f2h ARREADY
oc instlagilex hps|f2h ARVALID
soc inst|agilex hps|f2h ARADDR[31..0]
soc inst|agilex hps|f2h ARBURST[1..0]
soc inst|agilex hps|f2h ARCACHE[3.0]
soc inst|agilex hps|f2h ARID[4.0]
soc inst|agilex hps|/f2h ARLEN[7.0]
soc inst|agilex hps|f2h ARPROT[2.0]
soc inst|agilex hps|/f2h ARQOS[3.0]
soc inst|agilex hps|f2h ARSIZE[2.0]
soc inst|agilex hps|f2h ARUSER[22..0]
soc instlagilex hps|f2Zh RREADY
soc inst|lagilex hps|f2h RVALID
soc inst|lagilex hps|f2h RLAST
+5oc inst|agilex hps|f2h RID[4..0]
#-soc inst|agilex hps|/f2h RRESP[1..0]
*soc inst|agilex hps|f2Zh RDATA[S511..0]

|

ARREADY
ARVALID

RREADY
RVALID

-012 =220 Q 236 312 768 1024 1280 1536 1782 2048 2304 25560 2816 3072 332
i

[ T T T T T T T T T T T T T [ T T T T T T T T T T T T T TIT T T T TTTITTETTTTTTITTTITTT T [ T T 11
i 1h
2h

[ T T T T 11 I [ T T T T T T Toww T T T T T TTTTTTTITTTTTTTTTTTITTTTITTITTTITITTT Toesn T 1T T 011
1Fh
oh
0h
6h

000O0ECh

MACNICA

UL w = 1 HAfE UL w1 HAfE

© Macnica, Inc. 1 7



IN—R FRZZEEROAEFER
o /\—APREZEEUTHEUVLREREUTOLS CRDELE

® Write 8METlE, I\ —APMRZ/INESKTIEMENETUEIT N, CchniE
AWVALID Z Hi &9 3EEDEINT DI=HEBEASNEKT

® Read EBFTlE. IN—RXABMRICIKFURWERERDFEUE
ﬂ_ SRR *1

1 Write 3&#% increment 77.1 %
2 Write & increment 16 85.4 %
3 Write & increment 32 90.1 %
4  Read & increment 8 94.6 %
5  Read iEf% increment 16 94.6 %
6  Read 3&Efi increment 32 94.9 %

*1 SNFETETTIE © Write : Write X > R@it U CHAT UTZERD WVALID HVE%) L7185 LEXR
Read : Read V> R7ZziEE U CTHIT UZPRD RVALID = Hi 7R

MACNICA
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® Intel Agilex® 7 FPGA & SoC D FPGA-to-HPS Bridge H*5 SDRAM direct €—
T DDR4 AEY—AD Write #)ff. Read EMFZHEZBRNEKUIE

® Write JEGEI{ETIE. AWVALID = Hi DY 1 =22 T WREADY = Lo &EIRDFET
hd. €DElE WREADY = Hi Ml I D C EDERTEE UL

® Read EHEIFENMETIE., UIJIL VS I1RIBZEIRE. (F(FEHELU T RVALID = Hi &1
5:&73‘@%&?%* lJ7:-.-

MACNICA
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BHIDBRNEAFSNEEZRCEMELTIE. FROEALOEFEZE—F W ETITERLZE,

AERHIIEFEMT I, iR <BR5ed DT EEMER I ZCEAZZELET,

ARERIFERKEEITDCENHDET,
ARERIOERICITAFEZALTVETHN,. A—CARBAREDED,. BHFRNAESTIETORNBDELES. BEETT —®RUVVEEITNIEEWNTT,
AERTERD®S TWLBEEE. i, TOJSACEAUTERUBROFE(CDVTIE. EEZEVVINREITDTHESNUSHT TELIZSU,
AER (FHBZEFR T IBOWINLRER T, BRREECHERICRDIIBEE. REROERBHNHDETITHEALIZSL.
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