Agilex eSOMxC based 5G/Wireless
Development Platform
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Agilex® SOM Products Summary

e Embedded SOM (eSOM™) product line with Agilex® 7 and Agilex®5 series FPGAs

# | Module Series, Pkg, Tiles (XVR) Size, Connectors Protos | Production
1* | eSOM7-2F 7F-Series, R24C, 2xF Tiles 120x120mm, Dual 400 pin connectors - Now
2% | eSOM7-4F 7F/71/7M-Series, R31B/C, 4xF Tiles | 120x140mm, Dual 400 pin connectors | Q3, 2025 | Q4, 2025
3* | eSOM7C-xF 7F-Series, R24C (2xF) and 24D (1xF) | 95x110mm, Single 400 pin connector - Now

5E B Series, B32A, 24x 17G 82.5x110mm, Single 400 pin connector Now Q1, 2026
4* | eSOMS5C-Ex _ _ _

5E A Series, B32A, 24x 28G 82.5x110mm, Single 400 pin connector - Q1, 2026
5* | eSOMS5C-D 5D Series, B32A, 32x 28G 82.5x110mm, Single 400 pin connector Now Q4, 2026

5E B Series, B23A, 12x 17G 60x60mm, Dual 200 pin connectors Q3, 2025 | Q4, 2025
6 | eSOMS5u-Ex

5E A Series, B23A, 12x 28G 60x60mm, Dual 200 pin connectors Q3, 2025 | Q1, 2026

¥ Pin compatible/inter-changeable eSOMs
* Pin compatible/inter-changeable eSOMCs

Hitek Systems Proprietary
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https://hiteksys.com/fpga-and-soc-development-boards/intel/agilex-esom
https://hiteksys.com/fpga-and-soc-development-boards/intel/agilex-compact-esom
https://hiteksys.com/fpga-and-soc-development-boards/intel/agilex-esom5c-ex

eSOMNxC Modules
(eSOM7C-xF, eSOMS5C-Ex)

‘! HITEK SYSTEMS
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eSOMNXC - Migration Across Agilex Device Families
FPGA Migration - The Easy Way W\ Yz

eSOM7C-XF K-2 Socket

« Agilex®7 F Series *+ 24C/24D package V4 n "y B, e
. 32/16 transcievers * 600K to 2.7 million LEs . |nterchangeab|e eSOMxC modules rlr’.'vv'; we 11 Hlat A o2 S B

Agilex®7 and Agilex®5 series ey VER oRol: Lk %

* Up to 32 XCVRs, 56PAM4/32.5 NRZ

12 True Diff and 6 Clock I/O

eSOMS5C-Ex / eSOM5C-D ! . N
* Agilex“"‘S EB/EA/D Series + B32A Package K% X0 . “-‘ * Telemetry and Control
» Up to 32 transcievers * 100K - 650k LEs e . *

—— o~
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Agilex eSOM7C-xF (Compact) Module

” ” 4/8GB DDR4 X72 FBRDDR HPS DDR X72 4/8GB DDR4
e 95mm x 110mm (3.75” x4.33” approx.) form Clock (Component) Bank Bank (Compornent)
Subsystem 12¢
factor embedded System on Module (eSOM) — e
. . . > (326B)
with Intel Agilex™ 7 Series FPGA BMIC 4{ — e
) ) . Controller CPLD Intel Agilex st 7 comn.
e Supports all devices in R24C 2x F-Tile package: (Max10 10M04) <> FPGi =
Flash (64Mb) JTAG) o . < , Ethernet |
027/022, 023/019, 014/012 and 008/006 [rastioom > SR R e e } pHY
. . . Sx <
e Supports R24D package 1x F-Tile devices with et [ — -
. 2Gb . l— -
014/012 and 008/006 density S loBank| =8
. o ) i XCVR Bank | XCVR Bank
e Industrial temp design, -40C to 85C _EZLTU‘* oo | omak | 12C(F-Tile) | 13A (F-Tile) e
. q 9 A A A A A A SPI | HPS i
e Single 400-pin high performance connector e | UART | GPIO | GigE
5 XCVRs
with Serdes, |0s and power. 5mm and 10mm Power S Ne;wor_k 32.0Gbps NRZ
ncnronizer
stacked height options. s y G [ TR R [P
|2c/ SE LVDS LVDS SE SE/DIFF 58Gbp$ PAM4
sMBus| VART| JTAG 40 M o /0 o e
2V A4 \ 4 \ 4 \ 4 \ 4 ) 4 4 \4

e |leverages eSOM7-2F development, hardware,
firmware and software. BSP compatible with
eSOM-2F modules.

e Paired with COTS and custom carriers (Hitek or
customer developed) for a quick time to market
solutions

‘! HITEK SYSTEMS
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Agllex eSOM7C-xF Module - Features

ARM A53 processing complex (HPS) with 4/8GB 72-bit component DDR4 memory, 16/32GB eMMC and uSD
card, GiGE Ethernet, SPI, 12C and UART interfaces

e FPGA fabric memory: 2 banks of 72-bit 4/8GB component DDR4 memories, 2GB SDM QSPI for FPGA image

e Integrated Skyworks Si5518 based network synchronizer for high performance PTP/1588 through Intel Qulsar or
Skyworks AccuTime Linux PTP software stack

e Stratum 3 class on-board TCXO clock reference with stuffing option for OCXO
e One 400-pin interface connector
— F-Tile based Serdes interface; 32 NRZ (32Gbps) or 24 PAMA4 (58.125Gbps) transceivers
— Fabric side true-differential (LVDS), 1.2V differential, 1.2V single-ended GPIO for control, interface and clock management
— HPS Interfaces: Ethernet (1000Base-T/MDI), UART, 12C, SPI and extra GPIO or extra UART/12C/SPI
— BMC Interfaces: UART, I12C, board control I/O and telemetry
— Single +12V power input

e Debugsupport: FPGA JTAG access, console access to HPS, UART and I12C interfaces to BMC FPGA, extensive
temperature and voltage sensors for board telemetry

e Up to 120A core rail supply using multi-phase controller and DrMOS power stages
e Extensive firmware and software support packages, fully compatible with eSOM7-2F

— Complete Linux FPGA support package :
— Comprehensive APIs for board management ‘! HITEK SYSTEMS
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Agilex eSOMS5C-Ex Module

82.5mm x 110mm (3.25” x 4.33” approx.)
form factor embedded System on Module
(eSOM) with Intel Agilex 5 E Series A/B
FPGA

Designed and PCB layoutto support B32A
package for both ASEOxxA and AS5EOxxB
devices

24 transceivers routed to interface
connector

Industrial temp design: -40C to 85C

One 400-pin high performance connectors
with Serdes and I0s. 5mm and 10mm
stacked height options.

Fully pin/drop-in compatible with Agilex7
eSOM7C-xF module

‘Can be paired with COTS (eSOMXC carriers)
and customecarriers (Hitek or customer
developed) for very quick time to market
solutions )

Flex Flat Flex Flat
Connector Connector

A
20 20}
\ 4
1/2/4/6/8 GB - FBRDDR HVIO HVIO
LPDDR4 - Bank Bank Bank HPS DDR - 2/4GB
Clock Bank DDR4
Subsystem 12¢ 1/2/4/6/8 GB - FBRDDR .
Bank B
L .| HvVIO . uSD
BMC — Agllex 5 E(A/B) Conn.
Controller CPLD FPGA E
Flash (64Mb (Max10 10M04) 16 sDm HPS (32GB)
A A A (1.8V) (B32A Pa Ckage) N _| Ethernet |_
aspl | ASx4 | PHY
Flash | ;
Bank
10 1.2V 1.2v/1.3v | XCVR XCVR 6x2
Banks 10 Bank 10 Bank Banks Banks SE
I A N Y\ A X
------------------------ DIFF
: } 2 12}
Network ‘1 12¢
Power 12¢/ { . : XCVRs HPS | oo | Gice
UART| JTAG| 3 36 12} ig
Subsystem  SMBus Synchronlzer 1 12 o 17Gbps GPIO | yaRT
SE 13
/24 SE or
1 2 I/o s
sE “vps “LvDs / 28Gbps
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Agilex eSOM5C-Ex Module - Features

Enhanced Agilex5 processing complex (HPS) with 2/4GB 32-bit DDR4 memory, 16/32GB eMMC/uSD card, GiGE
Ethernet, SPI, 12C and UART interfaces, 13 HPS signals routed to carrier (can support USB2.0/3.0 interface)

FPGA fabric memory: Two 32-bit 1/2/4/6GB LPDDR4 memories, 1GB SDM QSPI for FPGA image
One 400-pin connector

— 24x 17Gbps (Group B) or 28Gbps (Group A) transceivers

— Fabric side true-differential (LVDS), 1.3V/1,.2V differential, 1.2V single-ended GPIO for control, interface and clock
management

— HPS Interfaces: Ethernet (1000Base-T/MDI) and 18-20 HPS GPIO for USB/UART/12C/SPI
— BMOC Interfaces: UART, I12C, board control I/O and telemetry
— Single +12V power input

Two 30 pin flex-flat ribbon cable connectors for low speed 1.8V/2.5V/3.3V HVIO signals
Two 30-pin onboard expansion connectors, mapped for MIPI interface

Integrated Skyworks Si5518 based network synchronizer for high performance PTP/1588 through Intel Qulsar or
Skyworks AccuTime Linux PTP software stack

Stratum 3 class on-board TCXO clock reference with stuffing option for OCXO
Programmable clock generator for DDR4/LPDDR4 and local XVR reference clocks

Debug support: FPGA JTAG access, console access to HPS, UART and I2C interfaces to BMC FPGA, extensive :
temperature and voltage sensors for board telemetry «me SYSTEMS
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eSOMXC Wireless/5G Development Platform %
(eSOM7C-xF, eSOMS5C-Ex)

‘! HITEK SYSTEMS
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eSOMxXC FMC+ Wireless/Networking Carrier

e 190mm x 190mm (7.5” x 7.5” approx.) carrier for Agilex 7 eSOM7C-xF and Agilex 5 eSOM5C-E/D FPGA modules
e Designed to provide end-to-end 5G, wireless and satellite-Hub development platform for latest ADI, and Tl RF transceivers

e Flexible FMC+ 1/0O and clocking for use with other compatible video and camera interface FMC/FMC+ modules

50G/25G/10G/
2.5G/1G » j <
SFP28
PCle <
x4 Gen4 m‘
USB to HPS-UART
uUsB2.0 | u-USB 12C and
Console/Debug UART BMC-12C
HPS GiGE [T 57 |
——————> - <
RI-45 |
<« 1:812C | HPS-I12C
| Switch
+12V PWR | Load

| +3.3V DC-DC I—‘

Agilex
eSOMxC
Module

HPS-10 1.8V

M.2
x4 PCle
Connector

QSFP28

< HPS-12C >
—IAG
1.2VSE /O _4

BMC
and USB
Blaster Il
(Max10)

1.8V SE /O )2
7

Aux /0 Connector

Yy Vv

1.8VSE I/O m

+1.8V DC-DC

o

nector

FMC+ Carrier

40G/50G/
¢ 100G/200G 3

200G/400G
[—————>

USB 2.0
USB Blaster 1l

Module

‘! HITEK SYSTEMS
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eSOMXC Wireless/Networking Development Platforms

-t e

P\
1C
eSON\
eSOMS5C-Ex
Common
Carrier GSOMSCD

2026

‘! HITEK SYSTEMS
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eSOM7C 5G/Wireless Devkits Support

e 5G/Wireless platform for Analog Devices RF XCVR Devkits
— Ordering Code: AGP-01-eSOM7C-1B7-05-02

— Supported ADI Development Kits:
e ADRV904x(Koror) - Demo available
e ADRV902x(Madura) - Demo available
e AD9081/9082/9986/9988 MxFEs - Demo available (AD9081)
e AD9208/AD9689/AD6688 ADCs

e 5G/Wireless platform for Texas Instrument RF XCVR Devkits
— Ordering Code: AGP-03-eSOM7C-1B7-05-02
— Supported Tl Development Kits:
e AFE77xx (AFE7769D, AFE7769, AFE7799) - Demo available (AFE7769D)
e AFE79xx (AFE7900, AFE7989/88, AFE7920/21, AFE7952)

e AFE80xx (AFE8092, AFE8030x, AFE802x) - Demo available (AFE8092)
e DAC39RF10, DAC39RF12 - Demo available (DAC39RF12)

AD9081 MxXFE

ADRV902x (Madura)

Note: Default platforms with eSOM7C SKU AG-eSOM7C-1B7-05-02; Module with AGFB027R24C2E2VB FPGA, HPS, -2 speed XVR, « HITEK SYSTEMS
-2 core speed, Extended Temp, VID Power, 2x 4GB DDR4,16GB eMMC 2

Hitek Systems Proprietary 12



eSOMS5C 5G/Wireless Devkits Support

e 5G/Wireless platform for Analog Devices RF XCVR Devkits
— Ordering Code: AGP-01-eSOM5C-EA7-01-02

— Development Kits:
e ADRV904x (Koror)
e ADRV902x(Madura)
e AD9081/9082/9986/9988 MXxFEs
e AD9208/AD9689/AD6688 ADCs

e 5G/Wireless platform for Texas Instrument RF XCVR Devkits
— Ordering Code: AGP-03-eSOM5C-EA7-01-02

— Supported Tl Development Kits:
e AFE77xx (AFE7769D, AFE7769, AFE7799)
e AFE79xx (AFE7900, AFE7989/88, AFE7920/21, AFE7952)
e AFE80xx (AFE8092, AFE8030x, AFE802x)

Note: Default5G platformswith eSOM5C SKUAG-eSOM5C-EA7-01-02 ; Module with ASED65BB32AE4SRO ESO FPGA, HPS, _
-2 speed XVR, -2 core speed, Industrial Temp, 2GB HPS DDR4, 2 banks of 1GB LPDDRA4, integrated Skyworks Si5518 network LLESHBIE, &

synchronizer
Hitek Systems Proprietary 13



54.0MHz

Default:
SYCH-REF

Skyworks SPI-Intf
Si5518

GPIO[2:-0]

Out 2

Out 3
Out 10

Out 0 Out 13
Out 14

Out 8
Out 9

Out 7
Out 6
Out 5
Out 4

REF-IN

REF-IN 2

REF-IN 3P REF-IN 0
REF-IN 3N REF-IN 1

.A

eSOM7C-xF Clock Tree Diagram

Y

-

A 4

19.44MHz

19.44MHz
TCXO

Default:
TCXO

TCXO

19.44MHz

Default:

YOJ

CLKIN Y1 > 19.44MHz
LMK1C1102

K2 Socket (J1)

A A

SYCH-REF-IN-1 —
SYCH-REF-IN-0 —

SYCH-REFOUT-0

\A 4

SYCH-REFOUT-2

SYCH-REFOUT-1

A AAA

SYCH-REFOUT-3

DIFF1V2-10-0-CC

DIFF1V2-10-1-CC

REFCLK-PL-0

REFCLK-PL-1

REFCLK-SL-0

REFCLK-SL-1

25MHz
X0
Bank 25MHz SE
o REF-CLK
HPS-SPIM MBS 1—@
el 100MHz
SE-10 1 100MHz SE X0
DIFF-IN 210 spm  O5CCHC Max10 <_@
CLK_T_3A_0 BQQK 100MHz SE CPLD
CLK_T_3A_1
DDR4 (HPS)
CLK_B_3D_1 f&—
3C/3D - -
19.44MHz
CLK_T_2C_1 DDR4 (FBRO) CLK_T_2€_0 |« ouTo INO-P [¢———
DIFE-IN 2¢/2D CLK_T_2D_1 |« ouT3 IN1 |¢—
0ouT1 IN2 [
e Si5394
REFLCK-x: Global Clock Input
REFLCK-x: Regional Clock Input
REFLCK-x: Regional Clock In/Out
DIFF-OUT
axrao  TOIFFI0
CLK_T 2F 1 Bank DIFF-OUT
CLK_B_2F 0 2F/28
CLK_B_2F 1

TDIFF-I0-8-CC

TDIFF-10-9-CC

TDIFF-I0-10-CC

TDIFF-10-11-CC

O

Agilex
R24C Package

Hitek Systems Proprietary
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5G/Wireless Carrier - Clock Tree Diagram

. our_o » M.2 Connector
Si53306 our.1 S —
@_ "N (HCsL Buffer) our_2
100MHz our3 )
SFF 100MHz —% PPS-OUT
SEL T-Buff 135
SE1V2-GPIO-0 SW3-2 (SNTALXCATAS) u.FL <+— M2C (Mezzanine to Carrier)
SE1V2-GPIO-1 [« PPS-IN — C2M (Carrier to Mezzanine)
| T-Buff @ 136
(12C:REFLCK-Q1-CH2) REFCLK-PL-0 [< (SN74LXC1T45) 2
u.
(12C:REFLCK-Q3-CH7) REFCLK-PL-1 |« GBTCLKO-M2C (XCVR CLK; M2C)
(13A:REFLCK-Q3-CH7) REFCLK-SL-1 —Q Pzei;tts
TDIFF-10-10-CC |« LA02 (ADISYNCOUT; M2C)
TDIFF-10-3 [« LA32 (ADISYNCOUT; M2C)
TDIFF-10-7 [< HAO08 (TISYN COUT; M2C)
DIFF1V2-10-0-CC [ HA19 (TISYN COUT; M2C)
DIFF1V2-10-1-CC —Q Test
L. CLKO-M2C (ADI 9082 SYSREF; M2C)
d e le sk € (ADIKaror & Madura Fabric CLK; M2C)
TDIFF-10-8-CC TRECEEN] LA00-CC (TIFabric CLK; M2C + C2M)
3 (ADI19082 Fabric CLK; M2C)
3 ‘ (ADIMadura SYSREF; M2C)
{ (ADIKaror DEVCLK In; C2M)
MUX-SEL1
HH svbfo,.:;i OFF LA01-CC (ADI Karor SYSREF; M2C)
HH-+ (ADI1908x SYNC In; C2M)
LG aE o LAO3 (TISYSREF; M2C + C2M)
SYN-REFOUT-1 \ (ADIKaror SYSREF In; C2M)
SY‘;'?::‘;STTG& (ADIMadura SYNC In; C2M)
(S15518'0UT4) JESD SYSREF Out (AD19082 SYNC Out; M2C)
MUX-SELO
SYN-REFOUT-2 | 130,31 SW3-3=0FF Qptional
(§15518 OUT5) Dliona
u.FL JESD DEVCLK Out REFCLK
Res-TEE 132,133 127, st@— CLK3-BIDIR (ADI Karor Refdk In; C2M)
SYI(\I-RE FOUT-3) C u.FL w.FL (T1809X RefClk In; C2M)
SI5518 OUT7 | LvDs-2-SE
(SNESLVDSA) = 137 ADI/TI FMC/FMC+ Connector
u.
SYN-REF-INO ©) 34 SEExtemal
(515518 IN3-N) O REFCLK INO Res-TEE:
SYN-REF-IN1 u.FL Resistor based steering
(515518 IN2) SE-2-LVDS @ e SE/Sine External Defaults to SE mode (J37)
eSOM Connector —J1 (LTC6957-2) REFCLK IN1

SMA

Hitek Systems Proprietary
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eSOM7 ORAN Development Framework
(Optional, Licensed Separately)

‘! HITEK SYSTEMS

Hitek Systems Proprietary



eSOM7 Frameworks for ORAN Development

e RFinterface framework for integrating JESD204C RF transceiver/devkits
e Network interface framework integrating ORAN front haul blocks

| External DDR4 Memory IJ

Memory

cmtrdﬁ:,m_mm Playback Controller Agllex FPGA
Interface
______________ N ST Avalon-MM Sample Playback
SFP / 10G / Intel FPGA eCPRIIP I [ | Arbiters “| (External Mem.) -———
QSFpP Packet I AVST-Tx AVST-Tx A A | User
Network [« > 25G < | I Sample Playback >| 7
10G /25G | F-Tile Eth Queue P Y >l Logic |
Port thernet X | | customer 1P | (internal Mem.) - ——— JESD Link
Ethernet XCVR Hard IP TOD | | N Post-Processing < »
Link (¥ ™&Rx|"| Management I (e.g., ORAN) | ” - o
TS/TOD | F-Til 204B/204C
c ] Time-of- ! Packet I AVST-Rx Ur
XCVR Reference Clo DayIPs gYREM i Classifier —'mb' I: XCVR L-Lanes
|
PTP System Clock e Rt e el l—————J
IEEE 1588 > RX Sample Capture <
(PTP) Support Egress Ingress AVST-Rx | AVST-Tx (External Mem.) <—| XCVR Reference
L Clock
= = External Sample Capture J‘ - R
~ & M JESD SYSCLK, Converter
v 5 X Config/Status Reaj?\;:l):e (Internal Mem.) | SYSREI{ FMC
TX Egress & v Registers == L-Lanes
L Capture Controller BN Module
RX Ingress Rx Tx Avalon-MM
Timestamps Packet —{ Packet »  Arbiters gk pe2h 747
Storage Writer Reader AVMM , AVMM _y AVMM
L] [m]  [wm]
Network FNICIP Core
Synchronization Chip (-1 ?_lRP'ZI .
(from Skyworks, e.g., sl | Lol JI i SPI/I2C
SI5518/SI5402 OR | HPS SPI/12C Masters
Renesas, e.g., RC38612)
EHIP + FNIC +JESD | PTPAL (Generic) | Sample
Config. Apps OR Playback/ > GIGE Ethernet
. Capture SSH/SCP .
l | Accutime (Skyworks) | Utilities For syncing to NTP server & ~
Board Config/ OR For playback/capture files
Status APls | PCMAL (Renesas) | User Space transfer for offline analysis

I:l Compiled/Binary Deliverable

Hitek FNIC Driver

Linux Kernel (ARM)
Driver

Hitek Systems Proprietary
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Network Interface Framework

Integrated and hardware verified framework for front haul 25Gbps network interface
Integrates 25Gbps F-tile Ethernet hard-IP, Intel eCPRI IP and networking interface for 1588/PTP and control packets

/ Intel FPGA eCPRIIP | | |
SFP / QSFP 10G6
) et/WC:) - 256 Packet | avsrx | |
Port 10G/25G | F-Tile Ethernet Queue | [ Cust P |
Ethernet XCVR Hard IP TOD | | ustomer |
Link (EHIP) & z;g; I”| Management I | (e.g., ORAN) |
> Time-of- I Packet I
l
XCVR Reference Clock DayIPs WYREM i Classifier :mp: :
PTP System Clock e —_——] - —_———— = —
IEEE 1588 L2 RX
(PTP) Support Egress Ingress AVST-Rx | AVST-Tx
TS s
’ L 4“_ Config/Status
TX Egress & v Registers
RX Ingress Rx Tx Avalon-MM |
Agilex Timestamps | | Packet (- Packet >  Arbiters F2H LWH2F
FPGA Storage Wiriter Reader Ly i) L
L] [m]
FNICIP Core
Network
I R ARM
Synchronization Chip I 1 HPS <
(from Skyworks, e.g., | User Logic JI SSH/SCP
sIss18/sls4020R | SP' | 0 000000O—T777= HPS SPI Masters
Renesas, e.g., RC38612)
EHIP + FNIC | PTPAL (Generic) |
Config. Apps OR
¥ | Accutime (Skyworks) |
Board Config/ OR
Status APIs | PCMAL (Renesas) |
User Space

I:l Compiled/Binary Deliverable

Accutime Linux Kernel
Driver (ARM)

Hitek Systems Proprietary
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RF Interface Framework

* Integrated and hardware verified framework for RF-XVR/ADC/DAC devkits from ADI, MaxLinear and Tl
e Integrates JED204CIntel FPGA IP (F-Tile) with JESD link verification and sample payback/capture logic

| External DDR4 Memory ”

Memory
Controller Agilex FPGA
4 Avalon-MMm Playback Controller
v Interface
Avalon-MM _| Ssample Playback
Arbiters "| (External Mem.) ————
_____ | User
| | Sample Playback >| Logic |
(Internal Mem.) ———— JESD Link
l I AVST-Tx Post-Processing
| Customer IP N > ——
I (e.g., ORAN) 'A F-Tile | 204B/204C
r AVST-Rx L-Lanes
I | Sample Capture
_____ ) Config/Status (External Mem.) 4—| — XCVR Reference RF
Extern Registers < 3 Clock
Memory > | sample Capture J | User ock(  Converter
h H2F LWH2F I : FMC
Read/Write ST e (Internal Mem.) Logic | JESD SYSCLK/
v == sysrer|  Module
M M Capture Controller Ll\;ILg:es |
-Channels
ARM
SSH/SCP
GIiGE Ethernet < / > HPS
For playback/capture files SP1/12C
transfer for offline analysis HPS SPI/12C Masters \
JESD Sample
Config. Apps Playback/
Capture

v Utilities _
Board Config/
Status APIs User Space HITEK SYSTEMS

[ compiled/Binary Deliverable
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Agilex FPGA RF Interface Framework — Features

e |Integrated JED204CIntel FPGA IP (with F-Tile) configured for supported RF-XVR/ADC/DAC devkits

e N-Channel (up to 8) Playback Controller with support for samples playback from FPGA internal memory or
external DDR4 memory

e N-Channel (up to 8) Capture Controller with support for samples capture in FPGA internal memory or deep
captures in external DDR4 memory

e Multiplexing logic for user custom pre-processing and post-processing logic at JESD Tx (DAC) path

e Multiplexing logic for sample capture at JESD Rx interface before or after user custom processing in ADC
path

e External memory controller and Avalon-MM Arbitration
e Avalon-MM slave and Address decoder for configuration/status registers on HPS LWH2F interface

e Avalon-MM HPS H2F interface for burst read/write access to external memory (for sample
playback/capture files)

e ARM HPS (Hard Processing Subsystem) with Linux support
e Software utilities and tools for sample playback and capture support

‘! HITEK SYSTEMS

Hitek Systems Proprietary 20



RF Interface Framework Connectivity

Devices with RF Data Converter
SPI Slave with JESD Interface ERGAIDDRSE ERGRDDRY A
A A A A
SPI JESD 204B / 204C
JESD JESD v \7
Support ¢ \ 4 Link DDR4 Hard DDR4 Hard
To To Controll
P JESD Link JESD Base JESD PHY P R ontrotier
Register File (TX/RX/FB) ] (8-lane XCVRs) \ A
A 4 512-bit 512-bit
S f
C‘:v"i;:zfl's ™ RX/FB
AVST AVST
Interface v v
Adapter == =
| User | Memory Memory
A | Logic | Arbiter Arbiter
L __1_l A A A A
v JESD
Test
JE?D Test A
MSGDMA Register File Top
B Ad
apter
¢ \ 4 DDR Playback
A Controllers M
Short Pattern .| JESDData
Playback/Capture » forey AVST
Controller AVST 3 DDR Capture
A Controllers
\ 4 \ 4
AvsT DDR Host DDR Host
™ Write Write
| Controller Controller
| A A
Data |
FPGA DDR FPGA DDR
L Ao v rorwe rown
thru HPS reT o T from HPS from HPS
v v I user | v v
| Logic |
Avalon-MM Avalon-MM - | Avalon-MM Avalon-MM
Bridge Bridge Bridge Bridge
128-bit ¢ 32-bit ¢ 128-bit ¢ ¢ 128-bit FPGA
FPGA2HPS "igp';t;"eig:' HPS2FPGA Fabric
Bridge g N 5 Bridge
Bridge H PS
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RF Interface Framework Deliverables

Agilex FPGA Design

HPS platform designer subsystem with HPS-FPGA interfaces

JESD204B/JESD204C Intel IP integration to top level (customer needs to get JESD IP core license from
Intel)

DAC playback controller and multiplexing logic RTL source
ADC capture controller and multiplexing logic RTL source
External Memory Controller and Avalon-MM peripherals

e User Space Tools/APIs

Complete HPS ARM BSP with U-boot, Linux kernel and eMMC filesystem
User space application and tools for configuration/initialization and playback/capture tests.
Top level example bash scripts to demonstrate configuration sequence and running DAC/ADC tests

e FPGA registers ICD and API/tools documentation

‘! HITEK SYSTEMS
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Deliverables Matrix - 1 of 2

BSP provided for eSOM7 for development
RF/JESD interface demos provided for ADI, MaxLinearand Tl RF XVR developmentkits
Optionallicensed RF Interface framework supporting RF XVRs from ADI, MaxLinearand Tl

Type Parts eSOM BSP & Demos RF Intf. Framework
Intel HPS IP Yes Yes
Intel EMIF IP Yes Yes
RTL/IP Intel XCVR IP Yes Yes
(Intel) Intel SPI Master IP Yes Yes
Intel Mailbox Client IP Yes Yes
Intel JESD IP, .IP files * Yes * Yes *
U-Boot Build Script and compiled image Yes Yes
ARM BSP Linux Kernel/DT build script and compiled Image Yes Yes
rootfs build script and compiled .ext3 Image Yes Yes
APIs Compiled (C-Lib) Compiled (C-Lib)
ARM Tools for BSP-Lite (SPI, Telemetry) Source Source
Applications |Tools for EMIF+XCVR BIST Compiled Only Source
Build Scripts Yes Yes
x86 Tools for BSP-Lite
Applications |(Telemetry through USB/12C) ves ves
.gsf quartus settings file
Quartus I .
Projects .sdc tlmlng constraints | ' BSP BSP + RF Intf. Framework
HPS/Flash image generation scripts

* Intel’s IP Core; Requires licensing from Intel

T Sourcecode licensing options available _ _
Hitek Systems Proprietary
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Deliverable Matrix — 2 of 2

Type Parts eSOM BSP & Demos RF Intf. Framework
I12C Master Encrypted RTL Encrypted RTL
Extensible AVMM interconnect FPGA Bitimage only |Encrypted RTL
RTL/I: Trasport Layer PRBS Generator FPGA Bit image only |Encrypted RTL
(Hitek) In-system XCVR Config. (PRBS Gen/Chk, Polarity) FPGA Bit image only |Source
EMIF BIST FPGA Bit image only |Source
RF XVR devkit and JESD interface Demos FPGA Bit images only |Source
RTL: F-Tile JESD top level IP Wrapper Demo specific Support for multiple LMFS
configuration only configurations
RF XVR/JESD |RTL: Sample Playback and Capture (Internal RAM) FPGA Bit image only |Source
Interface RTL: Sample Playback and Capture (External DDR) FPGA Bit image only |Source
ARM App: Tools for RF Interface Framework Compiled Only Source
x86 App: Captured Samples Analysis and plotting Tools |Executable Only Source
x86 App: Captured Samples FFT and plotting Tool Executable Only Source
APl Documentation Yes Yes
Bringup Notes Yes Yes
BSP User Guide Yes Yes
FPGA User Guide Yes Yes
Documentation|HW User Guide Yes Yes
MXL/TI/ADI Carrier Quick Reference Guide Yes Yes
RF XCVR (MxI/TI/ADI) Interop. Test Results Yes Yes
RF XCVR (MXL/TI/ADI) Devkit Demo Bringup Notes Yes Yes
RF Intf. Framework User Guide No Yes

Cost

Included with eSOM

Contact Hitek for Licensing
options and pricing

T Sourcecode licensing options available

Hitek Systems Proprietary
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TI Demo Summary

Sample Rate (MSPS)

Lane Rate (Gbps)

DevKit Configuration | RefClk (MHz) L:M:F:S Configuration
Tx Rx Fb Tx Rx Fb
24.33 24.33 24.33
ATAR2F (24G) 368.64 737.28 | 368.64 | 737.28 4841 Sg.81 a1
AFE7763D 16.22 16.22 16.22
ATAR2F (16G) 245.76 491.52 | 245.76 | 491.52 4201 5281 >adnl
368.64 (FPGA) 24.33 24.33
STSR 491.52 (RF XVR) 737.28 | 737.28 ) 8:16:4:1 | 8:16:4:1 )
368.64 (FPGA) 24.33 24.33 24.33
AFES092 STER2F 491.52 (RF XVR) 737.28 368.64 737.28 8:16:4:1 4:16:8:1 2:4:4:1
368.64 (FPGA) 24.33 24.33 24.33
4T8R2F 491.52 (RF XVR) 1474.56 | 368.64 | 147456 | .05 4:16:8:1 4:4:2:1
156.25 (FPGA) 10.3125
2T 10,000 (DAC) 1250 8:4:2:2
DACIORFLS 156.25 (FPGA) 10.3125
17 10,000 (DAC) 2500 ] ] 8:2:2:4 ] ]

Hitek Systems Proprietary
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ADI Demo Summary

Lane Rate (Gbps)
Sample Rate (MSPS) . .
DevKit Configuration ?&chll)( P L:M:F:S Configuration
TX Rx ORXx Tx Rx ORXx
16.22 16.22 16.22
ADRV9029 4T4R20 122.88 491.52 245.76 491.52 4:8:4-1 7:8:8:1 2:4:4:1
16.22 16.22 16.22
ADRV9040 8T8R20 122.88 491.52 245.76 491.52 3-16:4:1 4:16:8:1 2:4:4-1
24.75 24.75
4CH 4T4R 375 1500 | 1500 — Sl I :
AD3081 24.75 24.75
8CH 1T1R 375 750 750 } 8:16:4:1 | 8:16:4:1 ]

‘! HITEK SYSTEMS
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eSOM7C 2F + AD9081: 1/Q over 2x 100Gbps Ethernet

Hitek eSOM7C-2F Agilex 7 F series module with eSOMxC ADI wireless/networking carrier

e AD9081 MXxFE devkit plugged into ADI carrier

e 4x channelsof 1.5GSPS 32-bit I/Q (48Gbps per stream)
e 2x 100G fiber links each with two channels with VITA49/DIFI packets over UDP/IP transport

( RF-In

100G
Ethernet / h
< RSSO0} com7c-2F | F| Jespaoac | F ADI
100G Agilex™7 “c" 8 Lanes/Link |\c/| AD9081
< Ethernet >QSFP-DD Module +| @24.75Gbps |+
.
MXxFE Devkit

\ eSOMxCADICarrier/

‘! HITEK SYSTEMS
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1/Q over 2x 100Gbps Ethernet - FPGA Block Diagram

| External DDR4 Memory |

QSFP/
QSFP-DD
Network

Port

100G
Ethernet
Link

\ 4

XCVR Reference Clod('

PTP System Clock

Network

Synchronization Chip
(from Skyworks, e.g.,
S15518/S15402 OR
Renesas, e.g., RC38612)

_sPI

Memory
Controller

Playback Controller

Agilex FPGA

Avalon-MM
Interface
Avalon-MM _| Sample Playback
Arbiters " (External Mem.) -
s AvsT-Tx avst-1x | JESD over UDP/ | Avsr-x A A | User
E-Tile Ethernet ) IP Transport s(?nT:'I:aTIaMy:;c)k > Logic | JESD 204C
XCVR Hard IP Layer (100G i e —— . Link
(EHIP) & UOE IP Cores & > 3L >
Time-of- — UOE-JESD F-Tile -ranes
Day IPs Packet Filter Lo Adaptors)  |(AVST-Rx XCVR
AVST-Rx IP Core AVST-Rx
A
IEEE 1588 10 RX AVST-Rx Sample Capture <
(PTP) Support Egress Ingress (External Mem.) 4—| XCVRIRefe/chce
TS TS AVST-Tx N < Clock RF
Memory Sample Capture 4J JESD sYscLk/ | Converter
v v T T_ CQ:ﬁg./tStams Read /Write (Internal Mem.) Ar— SYSREF FMC
egisters N
TX Egress & - Capture Controller M-Channels Module
RX Ingress - ™ Avalon-MM 47 F2H | LWH2F | H2F
Timestamps Packet —{ Packet > Arbiters AVMM | avivimv AVMM
Storage Writer Reader v A 4
[s] (v [v]
FNIC IP Core
ARM
HPS <
SPI/12C
HPS SPI/12C Masters /
EHIP + FNIC + UOE + | PTPAL (Generic) | Sample
JESD Config. Apps OR P(l:avback/ e GiGE Ethernet I intel P
N apture )
l | Accutime (Skyworks) | Utilities For syncing to NTP server & [ Hitek IP
ADI AD9081/AD9082 support Board Config/ OR For plfayl:;ack/f;a.pture flnle?
with API v1.0.7 Status APls | PovaL(Renesas) |  userspace il LT e e
Hitek FNIC Driver Linux Kernel (ARM)
Driver

Hitek Systems Proprietary
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Integrated SR Gen2 on eSOM7C Platform

e Agilex Embedded SOM7-Compact (eSOM7C)
mounted on eSOM7C ADI Carrier —

e ADI ADRV902x (Madura) Evaluation Card
mounted on FMC+ slot of eSOM7C ADI Carrier.
Validation was performed with ADRV9029
Evaluation Card.

e Setup with 4x Tx and 4x Rx @ 491.52Msps from
SR Gen2 IP

e Added up samplers inRx path to up sample
245.76Msps Rx data from Madura devkit

l FMC
Connector |
e 25Gbps front haul network interface erccrio ||,
L GBTCLKO-M2C | 713 (FPGA-REF)
e Network synchronizationusing integrated Si5518 skyworks | sssasmu
. Si5518
synchronizer o R 10210 AD9528
i . . . . Out 10 |49L52MHz |\ 1 3p g 3A
e Pending end-to-end validation with ORAN Studio - oirour U _T_ar_ e TDEE0-5-CC CUCMIC__| 4,73 (pcamicw)
(Pin CP38) CLK_T_2F_0 l«TDIFF-10-8-CC EAQD-GC OUT12 (FPGA-SYSREF)
or equivalent ; TDIFF 10 Bank (2F/2B)
éi); out 7 122.88MHz SYN-REFOUT-3 ‘W‘\g_'
(SN65LVDS4) REFA
REF-IN u.FL Cable
19.44MHz | REF-IN 2 SOM L A
R REEIN © Connector ADI Madura Devkit
REF-IN 3P REF-IN 1 390.625MH z
REF-IN 3N eSOM7C-2F

eSOMxC Carrier
HITEK SYSTEMS
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eSOM7C Setup for SR Gen2 - Block Diagram

Timing Reference Clock (122.88M Hz)

Network Synchronization

Chip SailRiver Genll Design Capture Hitek Design
(from Skyworks, e.g., C il
S15518/515402 OR Renesas, PR Gl (iU ontroller
e.g., RC38612) Sample
A A Capture
| PTP System Clock M A (Internal ~
Intel FPGA eCPRIIP v Memory) v
XCVR Reference Clock | AvsT-Tx _avstix|  Uplink | avst-rx A AvsT-Rx| | 2xUp- |_ AVST-Rx
25G Intel Processing @@ @i ® sampler BeHe JESD204C
— ) Ethernet FPGA 75 491.52 491.52 24576 Link
F-Tile Hard IP Msps) Msps) Msps) ——>
Network < P D e [ 2 T ol < >
« »| XCVR (EHIP) & v 0
Port 25G - P : Playback F-Tile | =€
Ethernet i > > »| Downlink Controller XCVR
Link Day IPs AVST-Rx AVST-Rx” | Processing | AVST-Tx |
in acHe >
= R - 2 1 491.52 | P
XCVR Recovered Clock Egress Ingress AVST-Rx | AVST-Tx Msps) Pslzty'::l:k AVST-Tx XCVR
for SYNCe Operation IEEE 1588 TS TS (internal (acHe Reference RF
(3 ST < T Memory) “I\z;pg Clock Converter
v v OMIE/Status | Avalon-MM JESD FMC
Registers
T;(XEIgress & ';;( . Interface il SYSCLK/|  Devkit
Ngress “— X SYSREF
Timestamps Packet Packet |¢ e ] anes
Storage Writer Reader y AVMM | AVMM 4-Channels
/ S M
Intel MSGDMA IP /
b 4 ARM
- > HPS
Pl / SP1/12C
S = HPS SPI/12C Masters / >
/
Agilex FPGA /
User Space
EHIP + JESD PTPAL (Generic)
COnﬁg_l Apps OR SailRiver
¢ Application
Accutime (Skyworks ‘
GIiGE Ethernet < | (Skoyworks)
SSH/sCP OR
For syncing to NTP server & Board Config/ )
For playback/capture files Status APls ‘ PCMAL (Renesas) ‘
transfer for offline analysis

HITEK SYSTEMS
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Driver
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JESD204C Interface on Agilex™ 5 E-Series FPGA

-

x2 SFP28 |

QSFP

M.2

SFF-8644

QSFP-DD

\_

XCVRs

eSOMS5-EB

Agilex™5
(E Series, B Group)

\\ 4 Lanes @16.22Gbps / (
—
F|  4xTxCh @491.52Msps J
M M
XCVRs o8 4 Lanes @16.22Gbps C !
: : . | | AFE7769D
4x Rx Ch @245.76Msps —

) 2 FB Ch @491.52Msps . Apne;iyrzue”r‘

eSOMXC RF XVR Carrier

eSOMXxC RF XVR Carrier

Hitek
eSOMS5C-EB
+

Tl
AFE7769D
Development Kit
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