LEIRIEB

N
MICROELECTRONIQUE

36-Port 12Gbps SAS Expander

HL7721

Datasheet

Version 1.16

June 9, 2025

©2025 Hualan Microelectronique Co. Ltd. — Al rights reserved



ORRIER T

MICROELECTRONIQUE HL7721 Datasheet

Z

Copyright:

Copyright © 2025 Hualan Microelectronique Co.,Ltd.

All rights reserved. No part of the materials may be reproduced in any form or by any means without prior

written consent of HUALAN MICROELECTRONIQUE CORPORATION LIMITED.

Disclaimer:

ALL MATERIALS ARE PROVIDED “AS IS” WITHOUT EXPRESS OR IMPLIED WARRANTY OF ANY
KIND. NO LICENSE OR RIGHT IS GRANTED UNDER ANY PATENT OR TRADEMARK OF HUALAN
MICROELECTRONIQUE CORPORATION LIMITED. HUALAN MICROELECTRONIQUE
CORPORATION LIMITED HEREBY DISCLAIMS ALL WARRANTIES AND. CONDITIONS IN REGARD
TO MATERIALS, INCLUDING ALL WARRANTIES, IMPLIED OR EXPRESS, OF MERCHANTABILITY,
FITNESS FOR ANY PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF INTELLECTUAL
PROPERTY, INCLUDING, WITHOUT LIMITATION. IN- NO EVENT ~SHALL HUALAN
MICROELECTRONIQUE CORPORATION LIMITED BE LIABLE FOR ANY DAMAGES INCLUDING,
WITHOUT LIMITATION, DAMAGES RESULTING FROM_.LOSS OF INFORMATION OR PROFITS.
PLEASE BE ADVISED THAT THE MATERIALS MAY CONTAIN ERRORS OR OMMISIONS. HUALAN
MICROELECTRONIQUE CORPORATION LIMITE. MAY MAKE CHANGES TO THE MATERIALS OR
TO THE PRODUCTS DESCRIBED THEREIN AT ANY TIME WITHOUT NOTICE.

OFFICE:

Hangzhou Hualan Microelectronique Co.Ltd.
HualanWei building, 333 YangShi Road, Xiaoshan District,

Hangzhou, China.

Version1.15
©2025 Hualan Microelectronique Co. Ltd. — Al rights reserved Page 2 of 42



ORRIER T

HUALA|
MICROELECTRONIQUE

Z

HL7721 Datasheet

Revision History

Revision Date Description
V0.01 2022/8/25 Draft version.
V1.00 2023/10/19 Added typical application scenarios.
1. Refine the Power on and reset timing;
2. Modify VDDIO18 description. Separate GPIO DC character to 1.8V
part and 3.3V part;
V1.08 2024/3/11 3. Remove PHY0 CKREFPO & PHY0 CKREFNO because they are
useless for users;
4. Remove eJTAG since it’s not supported currently.
1. Added thermal data;
VII3 2024/8/16 2. Updated VDDIO1, VDDIO2 and VDDIO3 power supply requirement.
V1.14 2024/11/22 1. Modify electrical characteristic per actual test result.
V1.15 2024/12/11 1. Modify stora'ge tempergture to -40°C~1257C,;
2. Added Junction operating temperature.
VI1.16 2025/6/9 1. Modify VDDA PLL Power supply as: default is disconnection.
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CHAPTER 1 GENERAL DESCRIPTION

HL7721 is 36-port SAS 12G expander controller for storage servers and computing servers.
HL7721 support both fanout expander and edge expander application.

It features speed equalization(SEM), SAS-3 T10 zoning, self-configuration, SMART management
and SES support for enclosure management. It is compatible with SAS 12G/6G/3G and SATA
6G/3G/1.5G. It supports HDD/SSD directly attach and expander cascade routing.

HL7721 integrate a high-performance RISC-V microprocessor, a secure encryption authentication
engine and other peripherals control logic. 118 GPIO pins can be flexibly configured as various
standard interface application.

HL7721 is space optimized for server backplane and other implementations requiring a small
footprint solution for storage expansion. It is designed for expanding large quantity of drives in
which storage controllers requiring SAS/SATA interface.=It provides a ‘high-performance,
high-capacity SAS/SATA device to be used in high ‘availability (HA) enterprise storage systems,

with performance aggregation and security solutions.

Version1.15
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1.1. HL7721 SAS Expander Architecture

The HL7721 SAS expander’s architecture is shown as figure 1.1. There are 36 physical SAS ports
and 3 virtual SAS ports, one High-Performance RISC-V Cores with 1M byte ITCM and 2M byte
DTCM. Peripheral interfaces offers various protocols such as UART, 12C, SGPIO, QSPI and

eMMC.
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Figure 1.1 HL7721 36-Port 12Gbps SAS Expander Architecture
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1.2. Typical Application

The HL7721 expander is fully compatible with the main stream RAID adapters and HBAs,
allowing seamless integration and management with end-to-end solution. It has been tested for
interoperability with a wide variety of SAS and SATA HDDs/ SSDs.

The HL7721 enables efficient designs supporting up to 28 drive bays and two x4"wideports uplink

Backplane
r’/\ Disk-0
> «—> = Disk-1
HL7721 <
12Gbps SAS 2, / :

/6Gbps SATA Disk-27

for ingress and expansion.

12Gbps SAS Backplane -
ps . 4’? Disk-28
12Gbps SAS <« —> | Disk-29
< > 4—, 2 y >
RAID/HBA 2 HL7721 s .
Controller HL7721 : \ / Disk-55
<«

Backplane Disk-N
> ¢ » ! DI,SR-N +1
HL7721 o
Disk-N+27

Edge Expander

Fanout Expander

W

Figure 1.2 HL7721 Application I: Cascaded Two-level Storage Expansion
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HL7721 is ideal for massive storage expansion that require low-cost and low power solution, that is,

the eight HLL7721 can be cascaded connected for up to eight level and they can support more than

200 disks.

12Gbps SAS

RAID/HBA
Controller

D —

Level-1
ff* Disk-0
HL7721 >/ e
A Backplane WDisl.(—Z‘l
Level-2
ﬂ{‘* Disk-25
<« L
S . Disk-26
Backplane \‘/Disl;--w
Level-8
/,‘ « =z Disk-175
“—> W

HL7721

Backplane

Disk-176

Disk-199

Figure 1.3 HL7721 Application II:'Cascaded Eight-level Storage Expansion
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CHAPTER 2 FEATURE

2.1. General

e SAS-3 T10 zoning for secure storage (up to 256 zone format).

e Ultra low switching latency for improved system performance.

e Edge-buffering speed equalization module (SEM) .

e Multi-initiator up to 16 initiators.

e Adaptive matching between SAS and SATA interface.

e Direct, Table and Substractive routing methods.

e 4096 route table entries.

e SES support for enclosure management.

e 12G SAS signaling support for mini-SAS HD passive copper-cable.
e SAS Optical mode support.

e Disk Spin-Up.

e Quad SPI flash support.

e FEarly power off warning (EPOW).

e Low PHY power conditions support.

¢ Inter-Expander communication.

e Port mirroring for system debug.

e Mass log storage for debug use.

e Real-time eye capture with enhanced BER eye mask and estimation.
e Non-disruptive zero down time firmware update support.

e Position-independent  firmware  image  support to  simplify  firmware  image
management/download.

e <I12W power consumption in full-load operation state.
2.2, High Speed I/O

e SAS (12 Gbps, 6 Gbps, 3 Gbps, 1.5 Gbps) and SATA (6 Gbps, 3 Gbps, 1.5 Gbps) operation.
e Link adaptation

-Adaptive or programmable 3-tap TX feed forward equalizer(FFE).

Version1.15
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-Adaptive or programmable RX continuous time linear equalization (CTLE) and 5-tap decision
feedback equalization (DFE).

e Support spread-spectrum clocking (SSC) .

e Per-PHY programmable transmit amplitude and emphasis.

¢ Automatic speed negotiation.

2.3. Security

HW support safety FW boot load.

Embedded Encryption/Decryption hardware module.
Security Algorithms: AES128/256, SM4, SM3, SM2,SHA, RSA3072/4096.

On-chip true random number generator.
2.4. Peripheral Interface

e Configurable 118 GPIO pins for standard peripheral interfaces.
e 16 I’C interfaces to support hot-plug in master or slave modes
¢ 8 SGPIO interfaces.

e 4 UART interfaces for system monitoring and debugging.

e 2 SPI/QSPI interfaces.

e External NOR flash for FW storage.

e 1 eMMC interface for mass application storage.

e PWM based LEDfor link status and fault indication.

Note!: 12C-0 can be configured as master or slave. ?°C-1~I’C-15 can only be configured as I1>°C

master.
2.5. Configuration and Management Tool

e PHY configuration and management.
e Firmware download over multiple in-band and out-of-band interfaces.
o SAM4/SPC4/SES3-compatible SES target with Enclosure Management Application reference

design.

Version1.15
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e PHY Topology Viewer.

e Per-port error counters.

e Error detection, logging, and reporting.
¢ Digital eye diagram support.

e SMART feature support.

e Zoning configuration interface.
2.6. Package

¢ FCBGA 1059 27x27mm.

Version1.15
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CHAPTER 3 PIN DESCRIPTION

3.1. Ball map

Figure 3.1 illustrates the 1059-Ball FCBGA 27 x

27 mm ball diagram for the HL7721.

1 i H 4 3 b 1 i} L 0 1 1 1 H 15 1 1 ] B U i u ] U ] % u u il i H ) B
A ) VSS | MILL\PHYTRENO(PHYT REPO) VS | GPIOGO | GPOGT | GPIOGS | GPLOTA | GPLOR4 | GPLOTL | GPLOTT | GPIOSG | GPLOLOO | VODIOS | GPIOLLL | GPIOTS | GPLOSG | GPIOSZ | GRIONOI | GPLOLOG | GPIOLLS | VODIOLS | VS5 | ADLL | W8S | AVDLiyJ VSS'CfNAIDLL | AVSSSOfliDl | N0
B |7 N WS | VS| ADLL | VS| GPIOS | GPIOGE | GPIOGS | GPIOSO | GPLOTD | GPIOTG | GPIOGS | GPIO99 | VODIOS | GPLOWS | GPIOTS | GPIORS | GPIOS4 | GPIOLOS | GPLOLOS | GPIOLIS | VODIOIS | VS5 | WSS | AWLL_| VSS | MWL | VSS | AWLL | WSS | VS
C | MO\ VSS | VS [PHTROWIPATRSL VS| MILL | WS | GIGL | VS| GPIOSL | VS | GPIOT | WSS | GPIO9S | VODIOS | VS | VODIOS | GPIORT | VSS | GPIOIO4 | VS | GPIOLIG | VODIOIS | ADLI | VSS IS RIPO(PHISCRONG| VSS4| VS |PHISTIPO|HIS TV N
D |PHT OV AT TEPL| VS WS | VS ADLL | VS| GPIORY | GPIOGO | GPIOY | GRIOTS | GPIOGG | GPIOT2 | GPIOSD | GPIO9S | VODIOS | GhI GRIAL | GPIO95 | GPIOIOS | GPLOLLO | GPIOLI4 | VIDIOIS | V8§ | AWDLL | VSS S|RHNS. RERY) PHIS RINI| 1SS VSS | PHIS TAPL{PHYS TAVI
E | MO | VS | VS [PHTRO\PTRSR2| VS| MOLL | RVD | VS| GPIOGY | VSS | GPIOGT | VSS | GPIOBS | VS | VS | GPIOIOZ | GPIOSS | VS V65| GPIOLIZ | GPIOLIT | VIDIOIS | MWDEI | VSS YRS ROZ|PHS RO VS | VSS [PHNS TWPZPHIS T2 N
B |PH7 IO P TR VS WS | VS DL | VS| MDLL | VODIOS | US| VDDIOS | VS| VODIOS | VSS | VODIOS | VS | ODIOS | VSS | VODIO3 | VSS | VODIOS | VSS | VDDIOS | VODIOIST VSS|RDLL [ VS |PHNS REPS|PHIS B3| VSS VS5 |PHIS TOP3 | PHS TS
G| MO | VS | VS [PHTROB(PATRIS| VS| MILL | WS | VS| VOIS | VSS | VODIOIS | VSS | VODIOS | VSS | VODIOIS | VSS | VODIOS | VSS | VODIDIS | WSS | VODIO3 | MSS”| VDIDIS pAWDLI | VS | ADLL | WSS | WS | VS VS| ADLE | AVDLL
0 |PHT OV P TERS| VS WS | VS| AL | VS| MDLL | VS| AL | VS| WSS | VODIOIS | VS| VDLOIS | VSS | VODIOIS | VSS | VODIOS | VS | VODIOIS | VS5 VODIOWCPWANDLL  ASS | VS |PHiGRIPO|PHIG ROO) VS| VSS |PHiG TIPO| M6 TN O
] VS| WSS | TS |PHGGRENO(PHIS RAPO| WSS | AMDLL | VS| MDLL | WSS | MDLL | WSS | WSS | VODIOS | VSS | VODIOIS | VSS | VODIOIS | WSS | VODIOIS | VSS (AWDDIOIS | VSS\ | VS| ADLL | AVDLL | VGS {PHiG REPL|PHG ROVT| VS VSS |G TAPL|PHYS TAVI
K |PHIS.TON0| PG TiRO| VS WS | VS| DO | VS| MDLL | VS AL | VS| AMLL | VS| VS| VODLOIS | VS| VODIOIS | VSS | VODIOS | VSS |HODIOIS, | USS §85° | MOLL | 1SS | VS \PHiG RIP2|PHVGRGZ) VS| VSS |PHiG TIPZ|MHIG TVl X
Lo MO0 | VS | VS |PHOSRONI\PHUSRSPL| VS| MOO | WS | DL | WSS MDLL | VS | DL | WSS | VS | VODIOIS | VSS | VDDIOIGA WSS | VODIOIS S | S| MDLL | VS| ML | VS WSS (PHIG P3| PHIGLRINS| 1SS VS5 |G TAP3 | PG TS
| PHES TV PHG TiP1| VS WS | VS| DO | VS| MDLO | VS| ALL | VSS | ADHL|PHIT RESH PHVGCRESRY VDAL | VS| WDLL | WSS | ADLOS WSS | WSS WS | NS VS| DL | AYDLO
N N0 | VS | VS [PHGROPHSRSRZ| VS| MDD | WS | WD | OSSO | MO | WS | MDHI VOOE | VS| DK | ST WDHL | WDLL | AWLL | VS8, | MDL | NS, {PHERIPOIPHA RN VS | VS|P TIRO|H TINO)  NC
P |PHIS OV PHIG TIR| VS WS | VS| DO | VS| NDLO | VS| AL | VS| ADHD |PHIS RESR VSS| VR | vss | ok | 1SS PHYG RESR) AVDHL | WSS | ADLOT NS, | MDLO VS | PHEA REPL\PHEA RN VS VSS | PHEL TOPL{PHYA TIVE
B A0 | WSS | VS |MUGROG|PHIR®S RS | MO | WSS | MO | WS | NDO | WS | MDD L1 S 11 B 1 AVDHL | WOLT | AVDLOT VS g AVDLOYNSS [P RIRD(PHEA RO VS| VS [P TIRD(ME TR N
T |PHIS OV PG TiR| VS WS | VS| AN | VS| NDLO | VS| AL | VS| ADHD |PHES RESR VSS AEOVIORS , ¥SS | WIOE | 1SS PHYA RESR)  AVDHD | VSSCO L0 | USS | MDLO | VS| PHEA GRS | PHE4 RANS| VS VSS | PHEL TOP3 | P TS
1 VS| WSS TS |PHNSRENOIPHISRAPO| WSS | ADLO | WSS | ADLO | WS | DO | WSS | ADW POOK | VS| WIE | VS| T NDM MDA ADLO | VST ADLO | VS | WS | VS WS | IS VS| DL | AYDLO
¥ |PHI3 TON0| I3 TIRO| VS WS | VS| DO | VS| MDLO | VS| AL | VS| ADHD | PHYL RESH VS| VIR vSs | vk | 1SS PR RESR| “AWOAQ_| 4SS | WDLO | WSS | AVDLO |PH2RIO\PHZROD| VSS | VS [PHY2TIO|METOND) NC
T N0 | VS | VS [PHSRONI\PHSRSPL| OSS | MIO | WS | WD | WSS | MDD WS | A VIO | VS| WK | VS T MDA | ADLO | VS| ADLO | VSS | WSS (PHYZRGPL|PH2 ROI| VS VSS | PHE2_TAPL|PHY TAVI
T |PHI3 TV S TEPL| VS WS | VS| DO | VS| MDD | VS| AL | VS AL | 1SS VSS| VR | vss CVIOE | IS MLORESR VDR | VS| MDLO | WSS | VSS|PHOROZ\PHZRO2 VS | VS [PH2TOZ|MIZTNG N
M| ONDO | VS | VS \PHUSRONO(PHYSRNPZ) VS| WDLO | VSS | MDD | WSS | ADLOG YSSfCCI8 ChOR DM | VS| ADLO | VS| WSS | DO | WSS (PHYLRGRS|PH2 ROS| VS VSS | PHE2_TOP3 | PV TS
B (PHIS TR P T2 VS WS | VS AL | VS MDLO | NS [MDLGL VS (CARLD | PAC N[ VIDLOIS | VSS | VDIOS | VSS {WDLOIS | VODAPLL| VSS | MDLO | US| VS | ADLO | VS | WS | VS | WS | VS VS| AW | AV
B[ N0 VSS | VS [PHESRCI PRI RIS US| MO | WSS | MDD | WS, | MDA AC | VODIOIS | VSS | VODIOIS | VSS “\DDIOIS |  JSS | VODIOIS | VDDYRON| VS |WDDANTAL| MDLO | VSS | AVDLO \PHIORIPO|PHID ROG) VS | VSS |PHIO TIPO|MID TWNO[ XC
[V N WS | VS| AN | VS| MDD | VS| AL | NG AC{VIDIOS | VS| VODOIS | VSS |'VODEAIS | VSS | VODIOIS | VS | VDDIOIS | VSS | ADLO | VS | ADLO | VSS | WSS (PHIORGPL|PHORWI| VS VSS | PHIO_TAPL|PHYO TAVI
i VS| WSS TS |PHYLROPHYLRSRO) WSS | DL | WSSO | NC NC | VODI0IS | VS | VODIOIS | ATSS | VODIOS) VSST| VODIOIS | WSS | VODIOIS | VSS | VODIO | WSS | ADLO | WSS | MDLO | WSSO VS | WS | VS I§ | S| TS
AF - (PHIL TN PHELTIPO) VS WS | VS ADLO | VSOMIO [N \C VS| VIDIM™ 1SS | VODIOZ | WSSl VODIWA VS | VDDIOZ | VSS | VODLOZ | VDIOL | VSS | VDDIOL | VS| AMDLO | VSS PO CEREFYHIO CRREF) VS | VSS O CKREFHIO CRRER| X
8| WO | VS| VS [PELRNIIPIR®LJSS | WD, | N X VS| VODI02 VS| WDIOD | VS| VODIOZ | WSS | VODIOZ | VSS | VIDIOZ | VS| VIDIOL | VODIOL | VSS | MDLO | WSS | DO | WS | VS| WS | NS VS| DL | AYDLO
A (PHIL TN L TEPE) VS LM I R 1) A VS| VODIOZ | VS| VODIODC| WSS | VODI fVSS | VODIZ | VSS | VODIOD | VODIOZ | VODIOZ | VSS | VODIOL | VDDIOL | VSS | ADLO | VSS [PHVORWZ|PHO RO VSS | VSS [PHOTVZ|PHi0 T2 NC
A 0| VS| VS pHELCKRERYHYL CRREFRMC X M| oms2 | VS | I | WS | GIEY VS | IO | VS | GPIOS | VS | VIDIOZ | GPIOL3 | WSS | GPIOZ | VIDIOL | VODIOL |EONDATAD| AVDLO | WSS (PHID REP3|PHORO3| VS VSS | IO TAP3 | PO TANS
AR (PHIL TR UL TIPZ) VS 155 A0S b M| ORI | GPIOGS | GPIOA9 | GPIOMD | GPLOD | GPIOS | GPIOSG GRIOIG | GPLO9 | GPIOG | VODIOZ | GPIOLS | GPIOS | GPIOG | VODLOL |EO HATA|E0 HAZ| SELSU | MDLO | WSS | WSS | RSFL | RSO WSS O| U
i VS| WSS LSS, | PHVLRENGIPHTLARSRY ) NC M| GPIOSL | VSS | GPIOAT | WSS | GPIOM | VSS | GPIOBE | VSS | GPION | VSS | GPIOL9 | VODIOZ | VSS | GPLOZ | VS | VDDIOL | EONCLK | VSS (EDHDATAS| VS | JUAG.TS | JUAGTOO | JUAG TOI [TTAG TRSTY VSS | VS
A (PHIL T3 DAL TRR | VS NN X G0 | (RI0MG GPIOW | GPIO22 | VDIOZ | GPIOS | GPIOLL | GPIO4 | VIDIOL |EOHOATAT O IDATAS|EO HDATAG) SELOVD | VSS | RSINO [JWGICK) VS | NTALO | JIAI
1) K VS | CHSS Y PHYL REXS{PHYL REPS)  NC M| RIS | GPIOAS GPIOLT | GPIOZS | VODIOZ | GPIOL | GPLOLE | GRIO7 | VDDIOL | GPIOD (E0 IDATAL| EO HOW | PHYTEST | TESTEN | MC | PRSIV | TESICLK | VSS X

1 i H 4 3 b 1 i} L 0 1 1 1 H 15 1 1 ] B U i u ] U ] % u u il i H! ) B

©2025 Hualan Microelectronique Co. Ltd. — All rights reserved

Figure 3.1 HL7721 FCBGA Ball Map

Version1.15
Page 12 of 42

]

= E B R = =



1€
A

IR F

MICROELECTRONIQUE HL7721 Datasheet

Z

MICRO

m

3.2. Signal Description

The signal types and definitions is shown as below,

Signal Type Definition

A Analog

D Digital

/O Input and Output
I Input Only

O Output Only

ocC Open Collector
OD Open-Drain Pad
Ground Ground

P Power

NC No Connect
DNC Do Not Connect

3.2.1. System Signals

Table 3.1 System Signals

Signal Name Description

Test mode enable select, active high (0=normal mode,
TESTEN AN28 DI

1= test mode). Default must connect to GND with resistor.

PORSTN Reset signal input, active low AN30 DI
Internal POR (Power on reset) signal output, active low, can wire
RSTN O . ) AM29 DO
- AND with PORSTN (connect O ohms resistor to PORSTN).
SEL3VU 1.8/3.3V. VDDIO selection for GPIO57~117 (0=1.8V, 1=3.3V). AK26 DI
SEL3VD 1.8/3.3V VDDIO selection for GPIO0~56(0=1.8V, 1=3.3V). AM27 DI
Version1.15
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3.2.2. SAS/SATA Interface

Table 3.2 SAS/SATA Interface Signals

. e Signal
Signal Name Description Number Type
PHYO differential data input of RX for lane 0, positive, data
PHYO0 RXPO AC27 Al
- rate up to 12Gbps
PHYO differential data input of RX for lane 0, negative, data
PHY0 RXNO AC28 Al
- rate up to 12Gbps
PHYO differential data output of TX for lane 0, positive, data
PHYO0 TXPO AC31 AO
- rate up to 12Gbps
PHYO differential data output of TX for lane 0, negative, data
PHYO0 TXNO AC32 AO
- rate up to 12Gbps
PHYO differential data input of RX for lane 1, positive, data
PHYO0 RXPI AD28 Al
- rate up to 12Gbps
PHYO differential data input of RX for lane 1, negative, data
PHY0 RXN1 AD29 Al
- rate up to 12Gbps
PHYO differential data output of TX for lane 1, positive, data
PHYO0 TXP1 AD32 AO
- rate up to 12Gbps
PHYO differential data output of TX for lane 1, negative, data
PHYO0 TXNI1 AD33 AO
- rate up to 12Gbps
PHYO0 Differential reference clock input, positive. Effective
PHYO0 CKREFP AF27 DI
- for PHYO~PHY8
PHYO0 Differential reference clock input, negative. Effective
PHYO0 CKREFN AF28 DI
- for PHYO~PHYS
PHY 0 reference resistor for termination calibration, Connect
PHYO RESR Y21 AO
- 2000hms to GND
PHYO differential data output of TX for lane 2, negative, data
PHYO0 TXN2 AH32 AO
- rate up to 12Gbps
PHYO differential data output of TX for lane 2, positive, data
PHYO TXP2 AH31 AO
- rate up to 12Gbps
PHYO differential data input of RX for lane 2, negative, data
PHY0 RXN2 AH28 Al
- rate up to 12Gbps
PHYO differential data input of RX for lane 2, positive, data
PHYO0 RXP2 AH27 Al
- rate up to 12Gbps
PHYO differential data output of TX for lane 3, negative, data
PHYO0 TXN3 AJ33 AO
- rate up to 12Gbps
PHYO TXP3 PHYO differential data output of TX for lane 3, positive, data AJ32 AO
Version1.15
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rate up to 12Gbps
PHYO differential data input of RX for lane 3, negative, data
PHY0 RXN3 AJ29 Al
- rate up to 12Gbps
PHYO differential data input of RX for lane 3, positive, data
PHYO RXP3 AJ28 Al
- rate up to 12Gbps
PHY1 differential data input of RX for lane 0, positive, data
PHY1 RXPO AES5 Al
- rate up to 12Gbps
PHY1 differential data input of RX for lane 0, negative, data
PHY1 RXNO AE4 Al
- rate up to 12Gbps
PHY1 differential data output of TX for lane 0, positive, data
PHY1 TXPO AF2 AO
- rate up to 12Gbps
PHY differential data output of TX for lane 0, negative, data
PHY1 TXNO AF1 AO
- rate up to 12Gbps
PHY1 differential data input of RX for lane 1, positive, data
PHY1 RXPI AG5 Al
- rate up to 12Gbps
PHY1 differential data input of RX for lane 1, negative, data
PHY1 RXNI1 AG4 Al
- rate up to 12Gbps
PHY1 differential data output of TX for lane 1, positive, data
PHY1 TXP1 AH2 AO
- rate up to 12Gbps
PHY differential data output of TX for lane 1, negative, data
PHY1 TXNI AHI1 AO
- rate up to 12Gbps
PHY1 reference resistor for termination calibration, Connect
PHY1 RESR V13 AO
- 2000hms to GND
PHY1 differential data output of TX for lane 2, negative, data
PHY1 TXN2 AK1 AO
- rate up to 12Gbps
PHY differential data output of TX for lane 2, positive, data
PHY1 TXP2 AK2 AO
- rate up to 12Gbps
PHY1 differential data input of RX for lane 2, negative, data
PHY1 RXN2 AL4 Al
- rate up to 12Gbps
PHY1 differential data input of RX for lane 2, positive, data
PHY1 RXP2 ALS Al
- rate up to 12Gbps
PHY1 differential data output of TX for lane 3, negative, data
PHY1 TXN3 AM1 AO
- rate up to 12Gbps
PHY1 differential data output of TX for lane 3, positive, data
PHY1 TXP3 AM2 AO
- rate up to 12Gbps
PHY1 differential data input of RX for lane 3, negative, data
PHY1 RXN3 AN4 Al
- rate up to 12Gbps
Version1.15
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PHY1 differential data input of RX for lane 3, positive, data
PHY1 RXP3 ANS5S Al
- rate up to 12Gbps
PHY?2 differential data input of RX for lane 0, positive, data
PHY2 RXPO V27 Al
- rate up to 12Gbps
PHY?2 differential data input of RX for lane 0, negative, data
PHY2 RXNO V28 Al
- rate up to 12Gbps
PHY?2 differential data output of TX for lane 0, positive, data
PHY2 TXPO V3l AO
- rate up to 12Gbps
PHY?2 differential data output of TX for lane 0, negative, data
PHY2 TXNO V32 AO
- rate up to 12Gbps
PHY?2 differential data input of RX for lane 1, positive, data
PHY2 RXP1 W28 Al
- rate up to 12Gbps
PHY?2 differential data input of RX for lane 1, negative, data
PHY2 RXNI1 W29 Al
- rate up to 12Gbps
PHY?2 differential data output of TX for lane 1, positive, data
PHY2 TXP1 W32 AO
- rate up to 12Gbps
PHY?2 differential data output of TX for lane 1, negative, data
PHY2 TXNI W33 AO
- rate up to 12Gbps
PHY?2 reference resistor for termination calibration, Connect
PHY2 RESR V21 AO
- 2000hms to GND
PHY?2 differential data output of TX for lane 2, negative, data
PHY2 TXN2 Y32 AO
- rate up to 12Gbps
PHY?2 differential data output of TX for lane 2, positive, data
PHY2 TXP2 Y31 AO
- rate up to 12Gbps
PHY?2 differential data input of RX for lane 2, negative, data
PHY2 RXN2 Y28 Al
- rate up to 12Gbps
PHY?2 differential data input of RX for lane 2, positive, data
PHY2 RXP2 Y27 Al
- rate up to 12Gbps
PHY?2 differential data output of TX for lane 3, negative, data
PHY2 TXN3 AA33 AO
- rate up to 12Gbps
PHY?2 differential data output of TX for lane 3, positive, data
PHY2 TXP3 AA32 AO
- rate up to 12Gbps
PHY?2 differential data input of RX for lane 3, negative, data
PHY2 RXN3 AA29 Al
- rate up to 12Gbps
PHY?2 differential data input of RX for lane 3, positive, data
PHY2 RXP3 AA28 Al
- rate up to 12Gbps
PHY3 RXPO PHY3 differential data input of RX for lane 0, positive, data Us Al
Version1.15
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rate up to 12Gbps
PHY?3 differential data input of RX for lane 0, negative, data
PHY3 RXNO U4 Al
- rate up to 12Gbps
PHY?3 differential data output of TX for lane 0, positive, data
PHY3 TXPO V2 AO
- rate up to 12Gbps
PHY?3 differential data output of TX for lane 0, negative, data
PHY3 TXNO Vi AO
- rate up to 12Gbps
PHY3 differential data input of RX for lane 1, positive, data
PHY3 RXP1 W5 Al
- rate up to 12Gbps
PHY3 differential data input of RX for lane 1, negative, data
PHY3 RXNI1 W4 Al
- rate up to 12Gbps
PHY?3 differential data output of TX for lane 1, positive, data
PHY3 TXP1 Y2 AO
- rate up to 12Gbps
PHY3 differential data output of TX for lane 1, negative, data
PHY3 TXNI Y1 AO
- rate up to 12Gbps
PHY 3 reference resistor for termination calibration, Connect
PHY3 RESR T13 AO
- 2000ohms to GND
PHY3 differential data output of TX for lane 2, negative, data
PHY3 TXN2 ABI AO
- rate up to 12Gbps
PHY?3 differential data output of TX for lane 2, positive, data
PHY3 TXP2 AB2 AO
- rate up to 12Gbps
PHY3 differential data input of RX for lane 2, negative, data
PHY3 RXN2 AA4 Al
- rate up to 12Gbps
PHY?3 differential data input of RX for lane 2, positive, data
PHY3 RXP2 AA5 Al
- rate up to 12Gbps
PHY3 differential data output of TX for lane 3, negative, data
PHY3 TXN3 AD1 AO
- rate up to 12Gbps
PHY?3 differential data output of TX for lane 3, positive, data
PHY3 TXP3 AD2 AO
- rate up to 12Gbps
PHY3 differential data input of RX for lane 3, negative, data
PHY3 RXN3 AC4 Al
- rate up to 12Gbps
PHY3 differential data input of RX for lane 3, positive, data
PHY3 RXP3 ACS Al
- rate up to 12Gbps
PHY4 differential data input of RX for lane 0, positive, data
PHY4 RXPO N27 Al
- rate up to 12Gbps
PHY4 differential data input of RX for lane 0, negative, data
PHY4 RXNO N28 Al
- rate up to 12Gbps
Version1.15
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PHY4 differential data output of TX for lane 0, positive, data
PHY4 TXPO N31 AO
- rate up to 12Gbps
PHY4 differential data output of TX for lane 0, negative, data
PHY4 TXNO N32 AO
- rate up to 12Gbps
PHY4 differential data input of RX for lane 1, positive, data
PHY4 RXP1 P28 Al
- rate up to 12Gbps
PHY4 differential data input of RX for lane 1, negative, data
PHY4 RXN1 P29 Al
- rate up to 12Gbps
PHY4 differential data output of TX for lane 1, positive, data
PHY4 TXP1 P32 AO
- rate up to 12Gbps
PHY4 differential data output of TX for lane 1, negative, data
PHY4 TXNI1 P33 AO
- rate up to 12Gbps
PHY4 reference resistor for termination calibration, Connect
PHY4 RESR T21 AO
- 2000hms to GND
PHY4 differential data output of TX for lane 2, negative, data
PHY4 TXN2 R32 AO
- rate up to 12Gbps
PHY4 differential data output of TX for lane 2, positive, data
PHY4 TXP2 R31 AO
- rate up to 12Gbps
PHY4 differential data input of RX for lane 2, negative, data
PHY4 RXN2 R28 Al
- rate up to 12Gbps
PHY4 differential data input of RX for lane 2, positive, data
PHY4 RXP2 R27 Al
- rate up to 12Gbps
PHY4 differential data output of TX for lane 3, negative, data
PHY4 TXN3 T33 AO
- rate up to 12Gbps
PHY4 differential data output of TX for lane 3, positive, data
PHY4 TXP3 T32 AO
- rate up to 12Gbps
PHY4 differential data input of RX for lane 3, negative, data
PHY4 RXN3 T29 Al
- rate up to 12Gbps
PHY4 differential data input of RX for lane 3, positive, data
PHY4 RXP3 T28 Al
- rate up to 12Gbps
PHYS differential data input of RX for lane 0, positive, data
PHY5 RXPO J5 Al
- rate up to 12Gbps
PHYS differential data input of RX for lane 0, negative, data
PHY5 RXNO J4 Al
- rate up to 12Gbps
PHY'S differential data output of TX for lane 0, positive, data
PHYS5 TXPO K2 AO
- rate up to 12Gbps
PHYS TXNO PHY5 differential data output of TX for lane 0, negative, data K1 AO
Version1.15
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rate up to 12Gbps
PHYS differential data input of RX for lane 1, positive, data
PHY5 RXP1 L5 Al
- rate up to 12Gbps
PHYS differential data input of RX for lane 1, negative, data
PHY5 RXN1 L4 Al
- rate up to 12Gbps
PHYS differential data output of TX for lane 1, positive, data
PHY5 TXP1 M2 AO
- rate up to 12Gbps
PHYS differential data output of TX for lane 1, negative, data
PHY5 TXNI M1 AO
- rate up to 12Gbps
PHY 5 reference resistor for termination calibration, Connect
PHY5 RESR P13 AO
- 2000hms to GND
PHY differential data output of TX for lane 2, negative, data
PHY5 TXN2 P1 AO
- rate up to 12Gbps
PHYS differential data output of TX for lane 2, positive, data
PHYS5 TXP2 P2 AO
- rate up to 12Gbps
PHYS differential data input of RX for lane 2, negative, data
PHY5 RXN2 N4 Al
- rate up to 12Gbps
PHYS differential data input of RX for lane 2, positive, data
PHY5 RXP2 N5 Al
- rate up to 12Gbps
PHYS differential data output of TX for lane 3, negative, data
PHY5 TXN3 T1 AO
- rate up to 12Gbps
PHYS differential data output of TX for lane 3, positive, data
PHY5 TXP3 T2 AO
- rate up to 12Gbps
PHYS differential data input of RX for lane 3, negative, data
PHY5 RXN3 R4 Al
- rate up to 12Gbps
PHYS differential data input of RX for lane 3, positive, data
PHY5 RXP3 RS Al
- rate up to 12Gbps
PHY6 differential data input of RX for lane 0, positive, data
PHY6 RXPO H27 Al
- rate up to 12Gbps
PHY6 differential data input of RX for lane 0, negative, data
PHY6 RXNO H28 Al
- rate up to 12Gbps
PHY6 differential data output of TX for lane 0, positive, data
PHY6 TXPO H31 AO
- rate up to 12Gbps
PHY6 differential data output of TX for lane 0, negative, data
PHY6 TXNO H32 AO
- rate up to 12Gbps
PHY6 differential data input of RX for lane 1, positive, data
PHY6 RXP1 J28 Al
- rate up to 12Gbps
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PHY6 differential data input of RX for lane 1, negative, data
PHY6 RXN1 J29 Al
- rate up to 12Gbps
PHY6 differential data output of TX for lane 1, positive, data
PHY6 TXP1 J32 AO
- rate up to 12Gbps
PHY6 differential data output of TX for lane 1, negative, data
PHY6 TXNI J33 AO
- rate up to 12Gbps
PHY 6 reference resistor for termination calibration, Connect
PHY6 RESR P21 AO
- 200ohms to GND
PHY6 differential data output of TX for lane 2, negative, data
PHY6 TXN2 K32 AO
- rate up to 12Gbps
PHY6 differential data output of TX for lane 2, positive, data
PHY6 TXP2 K31 AO
- rate up to 12Gbps
PHY6 differential data input of RX for lane 2, negative, data
PHY6 RXN2 K28 Al
- rate up to 12Gbps
PHY6 differential data input of RX for lane 2, positive, data
PHY6 RXP2 K27 Al
- rate up to 12Gbps
PHY6 differential data output of TX for lane 3, negative, data
PHY6 TXN3 L33 AO
- rate up to 12Gbps
PHY6 differential data output of TX for lane 3, positive, data
PHY6 TXP3 L32 AO
- rate up to 12Gbps
PHY6 differential data input of RX for lane 3, negative, data
PHY6 RXN3 L29 Al
- rate up to 12Gbps
PHY6 differential data input of RX for lane 3, positive, data
PHY6 RXP3 L28 Al
- rate up to 12Gbps
PHY?7 differential data input of RX for lane 0, positive, data
PHY7 RXPO AS Al
- rate up to 12Gbps
PHY?7 differential data input of RX for lane 0, negative, data
PHY7 RXNO A4 Al
- rate up to 12Gbps
PHY?7 differential data output of TX for lane 0, positive, data
PHY7 TXPO B2 AO
- rate up to 12Gbps
PHY?7 differential data output of TX for lane 0, negative, data
PHY7 TXNO Bl AO
- rate up to 12Gbps
PHY?7 differential data input of RX for lane 1, positive, data
PHY7 RXPI C5 Al
- rate up to 12Gbps
PHY?7 differential data input of RX for lane 1, negative, data
PHY7 RXN1 C4 Al
- rate up to 12Gbps
PHY7 TXP1 PHY7 differential data output of TX for lane 1, positive, data D2 AO
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rate up to 12Gbps
PHY?7 differential data output of TX for lane 1, negative, data
PHY7 TXNI D1 AO
- rate up to 12Gbps
PHY7 reference resistor for termination calibration, Connect
PHY7 RESR M13 AO
- 2000hms to GND
PHY?7 differential data output of TX for lane 2, negative, data
PHY7 TXN2 F1 AO
- rate up to 12Gbps
PHY?7 differential data output of TX for lane 2, positive, data
PHY7 TXP2 F2 AO
- rate up to 12Gbps
PHY?7 differential data input of RX for lane 2, negative, data
PHY7 RXN2 E4 Al
- rate up to 12Gbps
PHY?7 differential data input of RX for lane 2, positive, data
PHY7 RXP2 E5 Al
- rate up to 12Gbps
PHY?7 differential data output of TX for lane 3, negative, data
PHY7 TXN3 H1 AO
- rate up to 12Gbps
PHY?7 differential data output of TX for lane 3, positive, data
PHY7 TXP3 H2 AO
- rate up to 12Gbps
PHY?7 differential data input of RX for lane 3, negative, data
PHY7 RXN3 G4 Al
- rate up to 12Gbps
PHY?7 differential data input of RX for lane 3, positive, data
PHY7 RXP3 G5 Al
- rate up to 12Gbps
PHYS differential data input of RX for lane 0, positive, data
PHY8 RXPO C27 Al
- rate up to 12Gbps
PHYS differential data input of RX for lane 0, negative, data
PHY8 RXNO C28 Al
- rate up to 12Gbps
PHYS differential data output of TX for lane 0, positive, data
PHY8 TXPO C31 AO
- rate up to 12Gbps
PHYS differential data output of TX for lane 0, negative, data
PHY8 TXNO C32 AO
- rate up to 12Gbps
PHYS differential data input of RX for lane 1, positive, data
PHY8 RXPI D28 Al
- rate up to 12Gbps
PHYS differential data input of RX for lane 1, negative, data
PHY8 RXNI1 D29 Al
- rate up to 12Gbps
PHYS differential data output of TX for lane 1, positive, data
PHY8 TXP1 D32 AO
- rate up to 12Gbps
PHYS differential data output of TX for lane 1, negative, data
PHY8 TXNI D33 AO
- rate up to 12Gbps
Version1.15
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PHY 8 reference resistor for termination calibration, Connect
PHY8 RESR M21 AO
- 2000hms to GND
PHYS differential data output of TX for lane 2, negative, data
PHY8 TXN2 E32 AO

rate up to 12Gbps

PHYS differential data output of TX for lane 2, positive, data
PHY8 TXP2 E31 AO
- rate up to 12Gbps

PHYS differential data input of RX for lane 2, negative, data
PHY8 RXN2 E28 Al
- rate up to 12Gbps

PHYS differential data input of RX for lane 2, positive, data
PHY8 RXP2 E27 Al
- rate up to 12Gbps

PHYS differential data output of TX for lane 3, negative, data
PHY8 TXN3 F33 AO
- rate up to 12Gbps

PHYS differential data output of TX for lane 3, positive, data
PHY8 TXP3 F32 AO
- rate up to 12Gbps

PHYS differential data input of RX for lane 3, negative, data
PHY8 RXN3 F29 Al
- rate up to 12Gbps

PHYS differential data input of RX for lane 3, positive, data

PHYS8 RXP3 F28 Al
- rate up to 12Gbps

PHYTEST PHY digital output. Only for internal debug purpose AN27 DO

3.2.3. Clock Interface

Table 3.3 Clock Interface Signals

Signal Name Description

XTALI Crystal Inpu't/Osclllator Input. It is connected to a 25SMHz AM33 Al
crystal or oscillator.
Crystal Output. It is connected to a crystal. While oscillator is
XTALO applied, this pin should be reserved for No Connection (NC). AM32 AO
TESTCLK Optional reference clock 25MHz input for ATPG test. AN31 Al

3.2.4. Peripheral Interface

The flexible I/O structure allows users to program the I/O features by firmware.

Users can program the pull-up, pull-down for the input functions. Section 4.3 shows the input

pull-up resistance and input pull-down resistance.

Version1.15
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Each GPIO can configurable to four function by firmware. The function 0 is GPIO mode while
other function can be configured as I?°C/SGPIO/SFLASH/UART.

The detail configuration is shown on the table as below,

Table 3.4 Programmable GPIO Configuration

Signal Name Functionl

(Function 0) (Default) Function 2 Function 3 Boot Strap
GPIOO S%LCI%O] / / AN24 DIO
SDA[0]
GPIOI oy / / AN20 DIO
GPI02 el PWMO / A122 DIO
GPIO3 S / / AK21 DIO
GPIO4 S?é[ll] / / AM22 DIO
GPIOS e PWMI / AK22 DIO
GPIO6 SCLKI2] / / AKIS DIO
PC-2
GPIO7 sgé[zz] / / AN22 DIO
GPIO8 R el PWM2 / AJ17 DIO
GPI09 oA / / AK17 DIO
GPIO10 ool / / AMI7 DIO
GPIO11 N PWM3 / AM21 DIO
SOLK[4]
GPIO12 "y / / AL21 DIO
SDA[4]
GPIO13 ool / / AJ20 DIO
GPIO14 Rt PWM4 / AN21 DIO
GPIO15 SCED] / / AK20 DIO
GPIOI16 ool / / AK16 DIO
GPIO17 R ] PWM5 / AN17 DIO
GPIOI8 SCLKI6] / / AM20 DIO
PC-6
Version1.15
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GPIO19 Spale) / ALIS DIO
GPI020 R elel PWMS6 ALI6 DIO
GPIO21 ST / AM16 DIO
GP1022 Spall / AMIS DIO
GPI023 R el PWM?7 AN18 DIO
GP1024 s / AN16 DIO
GPI1025 Spals) / AMIS DIO
GPI026 R ele] PWMS AN1S DIO
GPI027 iy / AKI5 DIO
GPIO28 SDA[9] / AJLS DIO
GP1029 il PWMO9 AN13 DIO
GPI030 ol / ANT4 DIO
GPIO31 SpaLlY) / AMI3 DIO
GPI032 R et pwmio AM14 DIO
GPI033 e / A3 DIO
GPIO34 oAttt / AL14 DIO
GPIO35 SRIS%E El 11 pwwi AKI3 DIO
GPI036 [ i / AK14 DIO
GPI037 D / ANI1 DIO
GPIO38 RN / AMII DIO
GPI039 s / ANI12 DIO
GPIO40 s / AKI1 DIO
GPIO41 D) / Alll DIO
GPIO42 OO / AN10 DIO

©2025 Hualan Microelectronique Co. Ltd. — All rights reserved
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USINJ[3]
GPIO43 UART-3 / / AMI10 DIO
SPI0_DATA[0]/
GPIO44 MOSI / / AL12 DIO
SPI0_DATA[1}/
GPIO45 MISO / / AM12 DIO
GPIO46 SPI0_DATA[2] / / AM9 DIO
GPIO47 SPI0_DATA[3] / / AL10 DIO
GPIO48 SPI0_CLK / / AN9 DIO
1=boot from SPI,
0= boot from eMMC.
Default must pull up
GPIO49 SPI0_CSOB / / AK10 to VDDIO2 by
1KQ Resistor.
GPIOS50 SPI0_CS1B / / AK12 DIO
GPIOS1 / / / AL DIO
GPIO52 / / / AJ9 DIO
GPIO53 / / / AK9 DIO
GPIO54 / / / ANRS DIO
GPIO55 / / / AMS DIO
GPIO56 AC _GOOD L / / AKS DIO
GPIO57 SPI1_CSI1B / / A8 DIO
SCLOCK]0] SCLK][12]
GPIO58 3GPIO-0 / PC-12 B8 DIO
SLOADI0] SDA [12]
GPIO59 SGPIO-0 / PC-12 A7 DIO
SDATAOUTI0] SRSTB [12]
GPIO60 SGPIO-0 / PC-12 D9 DIO
SDATAINJO0]
GPIO61 SGPIO-0 PWM12 / C9 DIO
SCLOCK]1] SCLK][13]
GPIO62 SGPIO-1 / PC-13 D8 DIO
SLOADI1] SDA [13]
GPIO63 SGPIO-1 / PC-13 E10 DIO
Version1.15
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SDATAOUTI[1] SRSTB [13]
GPI064 SGPIOL] / o1y B9 DIO
SDATAINJ1]
GPIO65 SGPIO-1 PWM13 / A9 DIO
SCLOCK][2] SCLK[14]
GPIO66 SGPIO / e.14 D12 DIO
SLOAD[2] SDA [14]
GPIO67 eyt / eul4 E12 DIO
SDATAOUTI[2] SRSTB [14]
GPIO68 SGPIOL / eo14 B10 DIO
SDATAIN]2]
GPIO69 SGPIO-2 PWM14 / D10 DIO
SCLOCK][3] SCLK[15]
GPIO70 SGPIO-3 / 2C-15 B12 DIO
SLOAD[3] SDA [15]
GPIO71 SGPIOS / mob Al2 DIO
SDATAOUT[3] SRSTB [15]
GPIO72 SGPIOA / N\ D13 DIO
SDATAIN[3]
GPIO73 SGPIO-3 PWMI15 / C13 DIO
SPI1_DATA[0)/
GPIO74 MOSI / / A10 DIO
SPII_DATA[L)/
GPIO75 MISO / / D11 DIO
GPIO76 SPI1 _DATAJ2] / / B13 DIO
GPIO77 SPI1° DATAJ3] / / Al3 DIO
GPIO78 SPIT CLK / / B18 DIO
GPIO79 SPI1_CSOB / / Al8 DIO
SCLOCK[4]
GPIOS&0 PWMO / SGPIO-4 Bl11 DIO
SLOAD[4]
GPIOS&1 PWM1 / SGPIO-4 Cl11 DIO
SDATAOUT[4]
GPIOS&2 PWM2 / SGPIO-4 D18 DIO
SDATAIN[4]
GPIOS3 PWM3 / SGPIO-4 E18 DIO
SCLOCK][5]
GPIO&4 PWM4 / SGPIO-5 All DIO
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SLOADI5]
GPIOS5 PWM5 / SGPIOS B19 DIO
SDATAOUTI[5]
GPIO86 PWM6 / SGPIOS Al19 DIO
SDATAIN[5]
GPIO87 PWM?7 / SGPIO.S C19 DIO
SCLOCK]6]
GPIOS8 PWMS / SGPION El4 DIO
SLOADI6]
GPIO89 PWM9 / SGPIO6 Bl4 DIO
SDATAOUTI[6]
GPI090 PWMI10 / SGPIO D14 DIO
SDATAIN[6]
GPIO91 PWMI11 / SGPIO.6 D19 DIO
SCLOCK]7]
GPI092 PWMI2 / SGPIO7 A20 DIO
SLOADI7]
GPI093 PWMI13 / SGPIO- D15 DIO
SDATAQUTI[7]
GPI09%4 PWM14 / saricN B20 DIO
SDATAIN[7]
GPIO95 PWMI5 / scbib. 3 D20 DIO
GPI09%6 PWM16 / UARTO RTS Al4 DIO
GPI097 PWM17 / UARTO CTS E20 DIO
GPIO98 PWMI18 / UART? RTS Cl15 DIO
GPI099 PWMI19 / UARTI1 CTS BI5 DIO
GPIO100 PWM20 / UART2. RTS Al5 DIO
GPIO101 PWM21 / UART2_CTS A21 DIO
GPIO102 PWM22 / UART3_RTS E17 DIO
GPIO103 PWM23 / UART3_CTS B21 DIO
GPIO104 PWM24 / / C21 DIO
GPIO105 PWM25 / / D21 DIO
GPIO106 PWM26 / / A22 DIO
GP10107 PWM27 / / D17 DIO
GPIO108 PWM28 / / B22 DIO
GPIO109 PWM29 / / B17 DIO
GPIO110 PWM30 / / D22 DIO
GPIO111 PWM31 / / Al7 DIO
GPIO112 / / / E22 DIO
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GPIO113 / / / A23 DIO

GPIO114 / / / D23 DIO

1=SATA,0= UART.
Default must pull
GPIO115 / / / B23 down to Ground by
1KQ Resistor.

1=Enable eFuse,
0=Disable eFuse.
GPIO116 / / / C23 Defaultis pull up to
VDDIO3 by

1KQ Resistor.
0=Force ROM,

1= Normal Mode.
GPIO117 FORCE_ROM / / E23 Default must pull up
to VDDIO3 by

1KQ Resistor.

3.2.5. JTAG Interface (RFU)

The JTAG interface is designed for boundary scanpurpose. The JTAG function is not supported

yet . The related Pins is reserved for future use.

Table 3.5 JTAG! Interface Signals(RFU)

Signal Name Description Signal Number Type

Test Access Data Input,1.8V CMOS Digital Input
Internal Pull-up

Test Access Data Output,1.8V CMOS open drain
Output, Tri-stated

JTAG TCK | Test Access Port Clock,1.8V CMOS Digital Input AM30 DI
Test Access Mode Select,1.8V CMOS Digital Input

JTAG TDI AL30 DI

JTAG_TDO AL29 OD

JTAG_TMS AL28 DI
- Internal Pull-up
ITAG TRSTN Active low Test Access Reset,1.8V CMOS Digital Input AL31 DI
- Internal Pull-up
3.2.6. eMMC Interface
Version1.15
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Table 3.6 eMMC Interface Signals

Signal Name Description Signal Number

eMMC Command/Response, 1.8V Input/Output
command: a command is a token that starts an
operation. A command is sent from the host to a device .
E0_HCMD A command is transferred serially on the CMD line. AN26 DIO
response: a response is a token that is sent from the
device to the host as an answer to a previously received
command. A response is transferred serially on the
CMD line.

E0_HCLK eMMC Clock, 1.8V Output AL24 DO
E0_HDATAO AJ25 DIO
E0_ HDATAI1 AN25 DIO
E0_HDATA2 eMMC Data, 1.8V Input/Output ' K2{ DIO
EO HDATA3 | data can be transferred from the device to the host ot AM25 DIO

vice versa. Data is transferred via the data lines: The
EO_HDATA4 | ymber of data lines used for the data transfer can be AK24 DIO
E0_HDATA5 4(DATO0-DAT3) or 8(DATO0-DAT7). AL26 DIO
E0_HDATA®6 AM26 DIO
EO0_HDATA7 AM24 DIO

3.2.7. Power Supply

Table 3.7 Power Interface

Description Pin Number

K6,L1,L7,M6,M8,M26,M32,M33,N1,N7,N9,N25,P6,
P8,P10,P24,P26,R1,R7,R9,R11,R23,R25,T6,T8,T10,
T24,T26,U7,U9,U11,U22,U23,U25,U32,U33,V6,VS,
PHYO0/1/2/3/4/5: 0.9V | V10,V24,V26,W1,W7,W9,W11,W22,W23,W25,Y6,Y8,
AVDLO analog core power Y10,Y12,Y24,AA1,AA7,AA9,AA11,AA23,AA26,AB6, | PI
supply. ABS8,AB10,AB12,AB22,AB25,AB32,AB33,AC1,AC7,
AC9,AC11,AC24,AC26,AD6,ADS,AD10,AD23,AD25,
AE7,AE9,AE24,AE26,AF6,AF8,AF25,AG1,AG7,

AG24,AG26,AG32,AG33,AH6,AH25,AT1,AJ26,AK27
AVDLI PHY6/7/8: 0.9V A3,A26,A28,A30,A32,B6,B27,B29,B31,C1,C7,C25,D6, | PI

Version1.15
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analog core power D26,E1,E7,E25,F6,F8,F26,G1,G7,G25,G27,G32,G33,
supply. H6,H8,H10,H24,]7,19,J11,J25,J26,K8,K10,K12,K24,

L9,L11,L13,L.23,L.25,M10,M24,N11,N22,N23,R22

PHYO0/1/2/3/4/5: 1.8V
P12,R13,T12,T22,U13,U21,V12,V22,W13,W21,Y22,

AVDHO analog 10 power PI
AA21
supply.
PHY6/7/8: 1.8V
AVDHI1 analog IO power M12,M22,N13,N21,P22,R21 PI
supply.

Digital core power
) N15,N17,N19,P16,P18,R15,R17,R19,T16,T18,U15,
VDDK supply for logical cell, PI
0.0V U17,U19,V16,VI8,W15W17,W19;Y16,Y 18

A24,B24,C24,D24,E24,F24,G12,G16,G20,G24,H13,H1
10 power switch for 5,H17,H19,H21,H23,J144J16,J18;J20,J22,K15,K17,K 19,

VDDIO18 the level shifters and K21,L16,L18,L.20,AB15;AB17,AB19,AC14;AC16, PI
pre-drivers, 1.8V. ACI18,AC20,AD13,;AD15,AD17,AD19,AD21,AE12,
AE14,AE16,AE18,AE20

10 power supply 1.8V

for the
AE22 AF21,AF23,AG21,AG22,AH22,AH23,AJ23,
VDDIOI1 eMMC/JTAG/SEL3V PI
AJ24, AK23,AL23,AM23,AN23
U/SEL3VD and reset

signal.

10 power supply
1.8/3.3V for AF12,AF14,AF16,AF18,AF20,AG11,AG13,AGl15,
VDDIO2 GPIO0~56. 1.8/3.3V AG17;AG19,AH10,AH12,AH14,AH16,AH18,AH19, PI
voltage is selected by AH20,AJ19,AK19,AL19,AM19,AN19
SEL3VU.
IO power supply
1.8/3.3V for
Al16,B16,C16,C18,D16,F9,F11,F13,F15,F17,F19,F21,

VDDIO3 GPIO57~117. PI

. F23,G10,G14,G18,G22
1.8/3.3V voltage is
selected by SEL3VD.
Power Supply 1.8V for

the chip’s Power On
VCC18 CPOR | Reset POR, Voltage AA13 PI
detection and Junction
temperature detection.
VDDA _XTAL | XTAL power supply AC23 PI

Version1.15
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1.8V.

VDDA PLL

PLL power supply
1.8V. Default is no

connection.

AB20

PI

VDDQ ROM

eFuse 1.8V power

supply.

AC21

PI

VSS

Analog and Digital

ground.

A2,A6,A25,A27,A29,A31,B3,B4,B5,B7,B25,B26,B28,
B30,B32,B33,C2,C3,C6,C8,C10,C12,C14,C17,£20,622
,C26,C29,C30,D3,D4,D5,D7,D25,D27,D30,D31,E2E3,
E6,E9,E11,E13,E15,E16,E19,E21,E26,629,E30,F3,F4,
F5,F7,F10,F12,F14,F16,F18,F20,F22.F25,F27,F30,F31,
G2,G3,G6,G8,G9,G11,G13,G15,G17,G19,G21,G23,
G26,G28,G29,G30,G31,H3,H4,H5,H7,H9,H1 1,H12,
H14,H16,H18,H20,H22,H25,H26,H29,H30,]1,]2,J3,J6,
18,010,J12,J13,J15,317,J19,121,123,124,127,130,331,K3,
K4,K5,K7,K9,K11;K13;K14,K16,K18,K20,K22,K23,
K25,K26,K29,K30,1.2,1.3,L6,L8,L10,L12,L14,L15,L17,
L19,L21,122,1.24,1.26,1.27,1.30,L31,M3,M4,M5,M7,
MO9,M11,M23;M25,M27,M28;M29,M30,M31,N2,N3,
N6,N8,N10,N12,N16,N18,N24,N26,N29,N30,P3,P4,P5,
P7,P9,P11,P15,P17,P19,P23,P25,P27,P30,P31,R2,R3,
R6;R8,R10,R12,R16,R18,R24,R26,R29,R30,T3,T4,T5,
T7,T9,T11,T15,T17,T19,T23,T25,T27,T30,T31,U1,U2,
U3,U6,U8U10,U12,U16,U18,U24,U26,U27,U28,U29,
U30,U315V3,V4,V5,V7,VO.V11,V15,V17,V19,V23,
V25,V29,V30,W2,W3,W6,W8,W10,W12,W16,W18,
W24,W26,W27,W30,W31,Y3,Y4,Y5,Y7,Y9,Y11,Y13,
Y15,Y17,Y19,Y23,Y25,Y26,Y29,Y30,AA2,AA3,AA6,
AAS8,AA10,AA12,AA22,AA24,AA25,AA27,AA30,
AA31,AB3,AB4,AB5,AB7,AB9,AB11,AB16,AB18,AB
21,AB23,AB24,AB26,AB27,AB28,AB29,AB30,AB31,
AC2,AC3,AC6,AC8,AC10,AC15,AC17,AC19,AC22,
AC25,AC29,AC30,AD3,AD4,AD5,AD7,AD9,AD14,
AD16,AD18,AD20,AD22,AD24,AD26,AD27,AD30,
AD31,AE1,AE2,AE3,AEG,AE8,AE13,AE15,AE17,
AE19,AE21,AE23,AE25,AE27,AE28,AE29,AE30,
AE31,AE32,AE33,AF3,AF4,AF5,AF7,AF11,AF13,
AF15,AF17,AF19,AF22,AF24,AF26,AF29,AF30,AG2,

Ground

©2025 Hualan Microelectronique Co. Ltd. — All rights reserved
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AG3,AG6,AG10,AG12,AG14,AG16,AG18,AG20,
AG23,AG25,AG27,AG28,AG29,AG30,AG31,AH3,
AH4,AH5,AH9,AH11,AH13,AH15,AH17,AH21,AH24,
AH26,AH29,AH30,AJ2,AJ3,AJ10,AJ12,AJ14,AJ16,
AJ18,AJ21,A127,AJ30,AJ31,AK3,AK4,AK5,AK28,
AK29,AK32,AK33,AL1,AL2,AL3,AL9,AL11,ALI3,
AL15,AL17,AL20,AL22,AL25,AL27,AL32,AL 33,
AM3,AM4,AM5,AM28,AM31,AN2,AN3,AN32

Caution:

If certain PIN’s pull up/down is needed,

1. For eMMC, JTAG or PORSTN signals pull up, they'must be connected to VDDIO1 with
resistor;

2. For SEL3VU and SEL3VD they must be connected to the standby power (the pre-start power
source) or VDDIO1 with resistor;

3. For eMMC, JTAG, SEL3VU, SEL3VD and GPIO0~117 signal; the pull up/pull down must be
done before PORSTN is released;

4. It is not acceptable if GPIO0~56 pulling up to 3.3V is prior to 1.8V power rail ramps;

5. Specifically, if the ROM booting start from SFLASH, SPI0  CSOB(GPIO49) must be pulled up
before PORSTN is released.

3.2.8. Miscellaneous Pins

Table 3.8 Miscellaneous Interface

Pin Name Description Pin Number
. : ) A1,A33,C33,E33,H33,K33,N33,R33,V33,Y33,
Pin is floating and is not connected AB13,AB14,AC12,AC13,AC33,AD11,ADI2
NC internally to any active circuitry nor has | &16"A 11 'AF9 AF10,AF33,AG8,AG9,AHT,
any electrical continuity to any other AHRAH33.AT6.ATT.AJS AK6 AKT ALG.AL7
pin. AM6,AM7,AN1,AN6,AN7,AN29,AN33
Device pin to which there may or may
DNC not be an internal connection, but to AK30,AK31,E8,AF32,AF31,AJ4,AJ5,AL30,A
which no external connection are L29,AM30,AL28,AL31
allowed.
Version1.15
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CHAPTER 4 ELECTRICAL CHARACTERISTICS

4.1. Absolute Maximum Rating

Table 4.1 Absolute Maximum Rating

Parameter i Typical Max/ =&
Absolute I0 Power Supply 3.3V! VDDIO2/3 -0.3 / 393 A%
Absolute I0 Power Supply 1.8V! VDDIO1/2/3 -0.3 / 2.28 A%
Absolute Core Power Supply 0.9V! VDDK -0.2 / 1.29 v
Absolute Analog Power Supply 1.8V! |  AVDHO0/1 -0.3 / 2.28 v
Absolute Analog Power Supply 0.9V! |  AVDLO0/1 -0.2 / 1.29 v
Absolute Storage Temperature' TSTORAGE -40 / 125 °C
Absolute Junction Temperature' Tj / / 125 °C
MSL Level! 4
HBM ESD! >2KV
CDM ESD! >250V

CAUTION: Exposure to conditions at or beyond the maximum rating may damage the device .
Operation beyond the recommended operating conditions (Table 4.2) is neither recommended nor

guaranteed.

Note!: According to LAB measured test result.

4.2. Recommended Operating Condition

Table 4.2 Operating Voltage and Temperature

Parameter Symbol Min Typical Max Units
Digital 1.8V3power VDDIO1/2/3/18 1.71 1.8 1.89 \4
supply
Digital 3.3V3power VDDIO2/3 3.135 33 3.465 Vv
supply
Digital core power VDDK 0.855 0.9 0.945 Vv
supply
Version1.15
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Analog 1.8V power AVDHO/1 171 1.8 1.89 v
supply
Analog 0.9V power AVDLO/1 0.855 0.9 0.945 %
supply
Ripple of AVDLO0/1? 0 / 27 mV
Ripple of AVDHO0/1? , 0 / 54 mV
The ripple and
. 5 noise of the power
Ripple of VDDK DC 0 / 27 mV
Ripple of
VDDIO1/2/3? 0 / >4 mv
An}llolent Operatllng Ta 0 25 70 oC
emperature
Junction Operating . o
Temperature! T 0 § 105 ¢

CAUTION: Operation beyond the recommended operating conditions is neither recommended nor

guaranteed.
Note': According to LAB measured test'result.
Note?: According to Design Specification.

Note’: According to FT measured test result.

4.3.1/0 DC Characteristics

The 3.3V 10 cell support 3.3V LVTTL level. The 3.3V 10 DC characteristic is shown as below,

Table 4.3 10 DC Character Operating at 3.3V

Parameter i Typical

IiL
Input leakage current® , / +£1.0 (FT) £10 HA
(Vin=0V)

Version1.15
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IiH
Input leakage current® , / +£1.0 (FT) £10 HA
(Vin=VDDIO)
Input pull-up resistance? Rpu 20 40 100 KQ
(Vin=0V)
istance? Rpd 20 40 100
Input pull-down resistance (Vin=VDDIO) KQ
Input low voltage! ViL / / 0.3*VDDIO Vv
Input high voltage! ViH 0.7*VDDIO / / \Y
Output low voltage? Vou / / 0.4 \Y%
(IoL=4.0mA~16mA)
Output high voltage? Vou 2.4 / / \Y%
(IoH=4.0mA~16mA)

The 1.8V 10 cell support 1.8V CMOS level. The 1.8V.10O DC characteristic/is shown as below,

Table 4.4 10 DC Character Operating at 1.8V

Parameter Typical
IiL
Input leakage current® , / £1.0 £10 HA
(Vin=0V)
Input leakage current? liH / +1.0 +10 pA
(Vin=VDDIO)
Input pull-up resistance? Rpu 10 22 55 KQ
(Vin=0V)
Rpd
Input pull-down resistance’ , P 10 22 55 KO
(Vin=VDDIO)
Input low:voltage' ViL / / 0.3*VDDIO \%
Input high voltage' ViH 0.7*VDDIO / / \Y
Output low voltage? Vor / / 0.4 \Y%
(IoL=3.0mA~12mA)
. Vou
high voltage? 1.
Output high voltage o3, 0mA 12mA) 35 / / A%

4.4. Power Supply DC Characteristics

Table 4.5&4.6 defines the Power Supply for HL7721 according to measured results. The Power

Version1.15
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Supply Test Condition is as follows,

Minimum: The chip is on idle mode.

Typical: The chip is on full load/full speed 10 running @Ta=25C.

Maximum: The chip is on full load/full speed IO running @Ta=70C.

Table 4.5 HL7721 Power Supply Condition for VDDIO2/VDDIO3=1.8V!

Parameter Symbol Min Typical Max Units
Analog 1.8V power supply AVDHO+AVDHI1 340 360 380 mA
Analog 0.9V power supply AVDLO+AVDL1 1250 3600 3990 mA

Digital 0.9V core power VDDK 2580 3320 4950 mA
supply
Table 4.6 HL7721 Power Supply Condition for VDDIO2/VDDIO3=3.3V!

Parameter Symbol Min Typical Max Units
Analog 1.8V power supply AVDHO+AVDHI1 340 360 380 mA
Analog 0.9V power supply AVDLO+AVDL1 1230 3730 4260 mA

Digital 0.9V core power VDDK 2590 3380 5000 mA
supply

Note!: According to' LAB measured test result.
Caution:

If all GPIO PIN’s is working in output mode, it need to increase power supply for VDDIO2/3.
Since GPIO’s IOL/IOH is between 4mA to 12mA when operating at 1.8V, Table 4.7 defines the
Power Supply for VDDIO2/3 in maximum.

Version1.15
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Table 4.7 Power Supply Condition for VDDIO2/VDDIO3=1.8V?>

One GPI1O GPIO Power

Parameter Symbol Condition Number Supply Units
GPIO0~GPIOS6 power VDDIO2 12 57 634 mA
supply
GPIO57~GPIO117 power VDDIO3 12 61 739 mA
supply

Note?: According to Design Specification.

GPIO’s IOL/IOH is between 4mA to 16mA when operating at 3.3V. The Table 4.8 defines the
Power Supply for VDDIO2/3 in maximum.

Table 4.8 Power Supply Condition for VDDIO2/YDDIO3=3.3V?

One GPIO Power

Parameter Condition Condition

Digital 3.3V power VDDIO2 16 57 912 mA
supply

Digital 3.3V power VDDIO3 16 61 976 mA
supply

Note?: According to Design Specification.

4.5. System Clock Specification
4.5.1 System Clock Description
Table4.9-System Clock Description!

Clock Domain Frequency Source

XTALI, XTALO 25MHz 25MHz Crystal/Oscillator

PLL take the external clock to generate high speed
PHYO0 CKREFP, 100MHz clock for data transmitting and receiving. The
PHY0 CKREFN differential 100MHz clock is fed to PHYO,
effective for PHY0[0:3]~PHY8[0:3]

Note!: According to Lab measured result.
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4.5.2 System Clock Input Frequency Specification

Table 4.10 Crystal/Oscillator AC Specification!

Symbol Parameter Min Typical Max Units
fxtal Frequency / 25 / MHz
Afxtal Long Term Stability -50 / 50 ppm

Note': According to Lab measured result.
4.6. Thermal Data

Table 4.10 provides the thermal data for the HL7721. The simulation was performed based on
JEDEC specification.

Table 4.11 Package Thermal Data’

Parameter Parameter Data
73°C =25C
0sa Thermal Resistance: Junction To Ambient ggSC/A\QI/ %$:=§S°C
018 Thermal Resistance: Junction To PCB board 1.82°C/W
Oic Thermal Resistance: Junction To Top Center of the LID 0.57C/W

Note?: The simulated data is only for reference, and it'is to be used carefully and to be verified by
the experiment.

4.7. Power Up/Power Down Condition

Table 4.11 provides the rising edge rate and falling edge rate for VCC 0.9/1.8/3.3V.

Table 4.12 Power Up/Down Condition'

Symbol Parameter
A Rising Edge Rate 2900 20000 V
vee us
Falling Edge Rate / 20000

Note!: According to Lab measured result.
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CHAPTER 5 POWER SEQUENCE AND RESET TIMING

The power-on sequence is defined in Figure 5.1~5.3. Designers should follow the rules for external
power designs as 0.9V->1.8V->3.3V-> PORSTN. Three cases of power sequence is shown
depending on different GPIO voltages selection.

0.9V
VDDK Tl
AVDLO/AVDLI1 >
1.8V
v
AVDHO /AVDH]1
VDDIO1/3/18
> 3.3V
VDDIO2 /
T3
1.8V
PORSTN
Figure 5.1 Casel: GPIO0~56 3.3V, GPI057~117 1.8V
Version1.15
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VDDK
AVDLO/AVDLI1

AVDHO0 /AVDH1
VDDIO1/2/3/18

PORSTN

©2025 Hualan Microelectronique Co. Ltd. — All rights reserved

Tl

0.9V

T3

1.8V

Figure 5.2 Case2: GP100~117 1.8V

1.8V
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0.9V
VDDK Tl
AVDLO/AVDLI <>

1.8V

T2
AVDHO /AVDH1 N
VDDIO1/18 > 33V
VDDIO2/3 /
T3 1.8V

PORSTN

Figure 5.3 Case3: GP100~117 3.3V

Table 5.1 Power ON Timing Requirements’

Time Min Typical Max
T1 3ms / 20ms
T2 2ms / 20ms
T3 50ms / 1200ms

Note!: According to Lab measured result.

Version1.15
©2025 Hualan Microelectronique Co. Ltd. — All rights reserved Page 41 of 42



1E3
=+

HUALA
MICRO

mz

e~

LECTRONIQUE

HL7721 Datasheet

CHAPTER 6 PACKAGE INFORMATION

6.1 Mechanical Drawing

Figure 6.1 shows the mechanical drawing for the HL7721.
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Figure 6.1 Package Outline Drawing of FCBGA1059 27%27mm
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