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As Al factories and high-performance computing environments continue to scale, data centers face
unprecedented demands for network bandwidth, rack power density, and cooling efficiency. Next-generation Al
clusters require significantly higher network capacity and ultra-low-latency, lossless connectivity to ensure
thousands of GPUs remain fully utilized and operate at peak performance.

The HPE Juniper Networking QFX5250 Switch, the industry’s first fully liquid-cooled 102.4TbE Ultra Ethernet
Transport ready switch, is purpose-built for this new era of Al data center networking. By combining industry-

leading network capacity with advanced liquid-cooling technology, it enables organizations to support higher
compute densities, reduce cooling infrastructure requirements, improve energy efficiency, and accelerate Al

deployments while lowering operational costs and advancing sustainability objectives.

Product description

Al and HPC data centers continue to drive requirements for more bandwidth, along with more power efficiency
within the data center fabric. The QFX5250 line of 1.6TbE switches, delivering 102.4 Thps of throughput, is a
next-generation fixed-configuration platform built on Broadcom'’s Tomahawk 6 silicon and is designed to
support NVIDIA® Vera Rubin and AMD MI450 platforms. The QFX5250 is optimized for scalability, density, and
sustainability, delivering 64x 1.6 TbE ports, which can also be used to deliver 128x 800GbE ports, and increased
efficiency with direct-to-chip liquid cooling.

In addition to high-throughput hardware, the QFX5250 runs on the Junos OS Evolved operating system and

delivers Al-optimized Ethernet to drive performance for Al data centers. It implements congestion avoidance
technologies through dynamic load balancing (DLB), global load balancing (GLB), static load balancing (SLB),
and weighted packet spraying (WPS). When congestion can’t be avoided, congestion management features
control congestion to prevent packet drops, creating a lossless environment. These features include DCQCN
(PFC+ECN), interface and queue level telemetry, PFC watchdog, and per-Q Alpha Threshold value support.

Product overview

The QFX5250 sets a new benchmark for Al fabric switching—combining hardware-level performance with

the operational intelligence modern data centers demand. It is engineered for the full operational lifecycle of
large-scale Al/ML data center environments—from day-one fabric deployment through continuous, at-scale
operation. While the hardware delivers the raw switching performance Al workloads demand, it is the intelligent
software stack underneath that transforms the QFX5250 into a future-ready, feature-rich network platform built
for the evolving demands of modern Al infrastructure. Apstra Data Center Director orchestrates complex fabric
provisioning and day-two operations into a streamlined, automated workflow—eliminating operational bottlenecks
and freeing teams to focus on outcomes rather than infrastructure management. Layered on top, Marvis Al
continuously analyzes traffic behavior across the fabric, proactively surfacing root causes of network degradation
and triggering corrective actions before they impact GPU utilization or slow down training runs—dramatically
reducing MTTR at machine speed. Together, they turn operational complexity into a competitive advantage for
teams running the most demanding Al and HPC workloads at scale.
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Hardware Overview
A 20U liquid-cooled switch purpose-built for the throughput and latency demands of large-scale Al/ML fabrics

Core Silicon & Ports
—102.4 Tbps full-duplex switching bandwidth across 64 x 1.6 TbE OSFP ports plus 2 SFP ports supporting
up to 25G

— Broadcom Tomahawk 6 ASIC + Intel® Ice Lake-D 6-core CPU—lossless, wire-rate performance at every
port simultaneously

Liquid Cooling
— Dedicated cold plates on CPU, TH6 silicon, and optics—heat captured at the source, not the exhaust

— PG25 fluorescent coolant via UQDBO6 push-lock connectors—hot-swappable, tool-free installation

— Drip trays beneath every interconnect with onboard leakage, pressure, and humidity sensors—backed
by indicators for early, precise liquid leak detection

Power & Integration
— Three 1.5KW power bricks delivering up to 4.3KW—built-in failover on individual brick failure

— 20U ORv3 21-inch rack form factor with Open Compute UQDB plug and IT Gear Connector support

Software Overview

Running on Junos OS Evolved, the QFX5250 delivers a comprehensive, future-ready software stack purpose-built
for Al data center front-end and back-end networks—extending equally to storage and HPC environments.
Spanning Al DC Load Balancing, Lossless Fabric, Monitoring & Telemetry, Security, and Management &
Automation, the software is architected to maximize GPU server utilization and sustain peak fabric performance
at scale. Seamless integration into new and existing data center networks, combined with UEC readiness and
emerging fabric technologies already embedded in the stack, positions the QFX5250 as a platform built not just
for today’s Al workloads—but for the demands that come next.

Key features

Al DC Load Balancing—DLB, GLB, RLB, WPS, Selective Load Balancing, Cognitive routing with reactive path
rebalancing

Al DC Lossless Fabric—RoCEV2 lossless IP fabric (IPv4/IPv6), DCQCN, PFC Watchdog, Drop Congestion
Notification (DCN), Packet trimming for UET

Future-Ready Capabilities—CSIG, LLR, EVPN-VXLAN RT5, SRv6 uSID IPVPN, MRC with SRv6 uSID, PFC aware
DLB, PFC aware ECN, Fast CNP, Symmetric inter-irb routing (RT2 & RT5), ESI-LAG multihoming, MAC-VRF
EVPN L2, EVI, ESI-LAG multihoming
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Table 1. QFX5250 switch product highlights

Category QFX5250-640E-L Highlights

Al data center - Leaf/spine in Al/ML cluster
- ROCEV2 for Al/ML workloads
- DCQCN-PFC, ECN for congestion management
- Support for PFC watchdog for storm avoidance
— DLB for better load balancing
- Configurable hash-bucket size to suit different flow scale

- Selective-DLB—enable/disable DLB based on opcode/byte match

Cloud-ready - Leaf/spine in IP fabric
data center — Leaf/spine/super spine in EVPN-VXLAN fabric
- 139K MAC scale

- IPv4 unicast routes:

¢ 2,000,000 routes (RIB), 880,000 LPM routes (FIB) and 880,000 host routes (FIB)
- IPv6 unicast routes:

¢ 2,000,000 routes (RIB), 875,000 LPM routes (FIB) and 875,000 host routes (FIB)

Port options - 64x 1600GbE
— 128x 800GbE
- 256x 400GbE
- 512x 200GbE/100GbE
— 2x SFP28 25GbE/10GbE ports

Platform — Throughput: 102.4 Tbps unidirectional
parameters - Packet buffer size: 267 MB
- Tool less rack mount kit
- Direct-to-chip liquid cooling, integrated DC PSU circuitry
- Designed for 21' ORv3 form factor
- Remote power cycling capability
— OSFP-RHS: VR, DR, FR, LR;

Features and benefits
— High performance with a 64x 1.6 Tbhps Ethernet switch ports delivers 102.4 Tbps throughput

— High power efficiency with liquid cooling, leveraging over 30 years of HPE innovation, reduces power
consumption and cooling costs

— Al-optimized Junos OS delivers maximum performance with advanced congestion avoidance and control.
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Automation: HPE Networking Data Center Director

HPE Networking Data Center Director (formerly Juniper Apstra Data Center Director) offers a multivendor

data center automation solution with intent-based networking that accelerates time to deploy and troubleshoot
by avoiding manual configuration challenges. For example, advanced load balancing, explicit congestion
notification (ECN), and priority flow control (PFC) features essential to high-performance, lossless Al networking
can be applied across the fabric using Data Center Director without typing a single command line interface
(CLI) command. Real-time network flow visualization pinpoints Al data center congestion hot spots with
heatmaps and intent-based analytics for fast issue resolution.

Through HPE Mist Al with Data Center Director integration, HPE Juniper Networking is bringing AlOps to the data
center, delivering additional automation and insight to optimize data center experiences. Marvis Al Assistant for
the data center extends the rich streaming telemetry and real-time monitoring in Data Center Director into the
Marvis dashboard to provide proactive troubleshooting and analytics across operational domains.

Other automation support

The platform supports flexible automation through a combination of on-box Python scripting, open
application programming interfaces (APls), and integration with standard automation frameworks, enabling
seamless adoption in modern network operations. It includes native support for Python-based scripts
(commit, event, and operational) run directly on the device, allowing event-driven automation, validation,
and real-time remediation. For external automation, the platform supports the Junos PyEZ Python library for
programmatic configuration and operational management, along with integration into Ansible for agentless
automation and large-scale orchestration. Additionally, it provides standards-based interfaces such as
NETCONF/YANG and REST APIs, ensuring interoperability with third-party tools and enabling consistent,
model-driven automation across the network.

Monitoring

The HPE Juniper Networking QFX5250 Switch Series supports Junos telemetry interface, a modern telemetry

streaming tool that provides performance monitoring in complex, dynamic data centers. Streaming data to a

performance management system lets network administrators measure trends in link and node utilization and
troubleshoot issues such as network congestion in real time.

Junos telemetry interface provides:

— Application visibility and performance management by provisioning sensors to collect and stream data and
analyze the application and workload flow path through the network.

— Capacity planning and optimization by proactively detecting hotspots and monitoring latency and microbursts.

— Troubleshooting and root cause analysis through high-frequency monitoring and correlating overlay and
underlay networks.

— Additionally, the Junos OS Evolved operating system supports a robust API set to support automation through
Terraform, Ansible, zero-touch provisioning (ZTP), operations and event scripts, automatic rollback, and Python
scripts.

— Additionally, the Junos OS Evolved operating system supports a robust APl set to support automation through

Terraform, Ansible, zero-touch provisioning (ZTP), operations and event scripts, automatic rollback, and Python
scripts.

* Product configuration and appearance may vary

Figure 1. QFX5250-640E-L Front and Side view
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Specifications

Hardware specifications

Table 2. QFX5250 switch system capacity

Description Specification

System throughput 102.4/204.8 Tbps (uni/bidirectional)

Maximum forwarding rate ~38 billion packets per second (Bpps)

Port density 64 ports of OSFP-RHS 1600GbE and 2x(10G/25G) SFP+/SFP28 user ports
Maximum ports with breakout 64x 1600GbE,

128x 800GDbE, (breakouts)
256x 400GbE, breakouts)

512x 200GbE/100GbE breakouts)
Maximum port density with mixed speeds 512

(use online port checker to validate mixed speed configurations)

Dimensions (W x H x D) 92.7mm (H) x 537 mm (W) x 805 mm (D) 3.65 in. (H) x 21.14 in. (W) x 31.69 in. (D)

Rack units 20U

Weight 48 kg /1058 Ib

Operating system Junos OS Evolved

Switch chip Broadcom Tomahawk 6

CPU Intel Ice Lake (6 core)
(Intel Ice Lake-D LCC, D-1823NT 6-Core, 2.8 GHz, 55W, 50G, 10QAT)

Memory 32 GB (16 GBx 2) of DDR4 SODIMM

Storage 2x 200 GB NVMe SSDs

Power 48V DC Busbar Klip DC Busbar Klip

Cooling 100% liquid cooled, cold-plates liquid cooled for CPU, MAC, OSFP-RHS
optics, and power bricks

Total packet buffer 200 MB (unified packet buffer)

LQ switch manifold connector 30.5 mm from each side of switch, 31.7 mm from bottom of switch

LQ switch manifold type UQDBO6

Coolant type PG25

Operating coolant pressure PSI 15 PSI

Minimum burst pressure (psig) 135 PSI

Maximum coolant operating pressure (psig) 40 PSI

Coolant flow rate 10 lpm (litres per minute) per switch

Switch coolant inlet temp 7°C is minimum and maximum is 45°C (target for data center reach (DR) optics)
Fluid cooling ratio (%) 100%

Switch manifold material Stainless steel

Optics OSFP-RHS (riding heat sink)

Voltage (DC) 48V (46-55V DC busbar klip)

Acoustic Fanless system

Warranty HPE standard one-year warranty
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Features
Table 3. QFX5250 switch feature matrix

Layer 3 & IP Routing

BGP full stack—IPv4, IPv6, unnumbered (RFC5549), unequal cost load balancing, and bandwidth community, IP color
communities

BGP TCP AO

BGP unnumbered authentication

DPF—Deterministic Path Forwarding (BGP peering coloring)

Route-maps

OSPF v2/v3 and IS-IS

VRF routing instances with IP VRF and virtual router

VRRP/VRRPV3

DHCP v4/v6 relay

Dynamic IPv6 addressing and Firewall

SLAAC

EVPN-VXLAN RT5 (EVPN Route-Type 5)*

SRv6 uSID IPVPN multitenancy*

MRC with SRv6 uSID*

Al DC Load Balancing

Dynamic Load Balancing—packet spraying and flow mode (DLB)

Global Load Balancing (GLB)

RDMA Load Balancing (RLB)

Selective Load Balancing (SLB)

Weighted Packet Spraying (WPS)

Reactive path rebalancing

Static Load Balancing—5-tuple based

Al DC Lossless Fabric

RoCEV2 lossless IP fabric (IPv4 and IPv6)

DCQCN Priority Flow Control (PFC) + Explicit Congestion Notification (ECN)

Per-queue alpha value settings for per-queue buffer management

PFC-DSCP x-on and x-off

PFC Watchdog

PFC aware DLB*

PFC aware ECN*

Fast CNP (Back to Sender)*
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Packet trimming for Ultra Ethernet Transport (UET) and GLB

Drop Congestion Notification (DCN)

Shared buffer pool settings

QoS Classification based on DSCP, COS

QoS Classification using access-lists (L3 and L2 ACLs)

Weighted Random Early Detection (WRED)

Configurable shared buffer and buffer monitoring

Configurable hash-bucket size

UEC (Ultra Ethernet Consortium) readiness

Trimming—packet trimming

UET packet forwarding

CSIG support

LLR support*

Monitoring & Telemetry

Junos streaming telemetry with ECN and PFC counter

Flow Tracker

SNMP for ECN/PFC

Mirror on drop (MoD), RSPAN, and ERSPAN

sFlow® v5

SNMP ingress buffer and drop accounting

Analyzer with source and destination IPv6 and IPv4 specifications

IFA 2.0 (In Band flow Analyzer)

ROCEv2—telemetry support for IPv6

Tap Aggregate mode

Transit and non-transit packet mirroring

Liquid Cool Leak Detection

Coolant Temperature

Pressure Humidity Sensor

Management & Automation

secure boot

Secure Zero-Touch Provisioning (sZTP) with DevID

Python scripting—on-box and off-box

Role-based CLI with configuration rescue, rollback, and SNMP v1/v2/v3

SSH/Netconf various options

SNMPv2/SNMPv3
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RADIUS

TACACS+

gNMI

Third-party applications, containers in Junos Evolved

Automation and orchestration

Configuration rescue and rollback / Image rollback

Layer 2 Switching

STP, RSTP, and MSTP with BPDU, loop, and root protect

LACP link aggregation (LAG interfaces)

802.1Q VLAN trunking (interface-mode trunk)

L2 access-mode interfaces

IRB interfaces (L3 interface mapping to L2 VLANSs)

VLAN—IEEE 802.1Q VLAN trunking

Storm control

Global MAC learning disable

Link Aggregation and LACP (IEEE 802.3ad)

|IEEE 802.1AB LLDP

ESI-LAG multihoming*

MAC-VRF EVPN L2 instances*

Symmetric inter-irb routing using MAC-IP (EVPN RT2 MAC-VRF)*

Symmetric inter-irb routing using RT5 (EVPN RT5 inter-irb routing)*

EVI (EVPN L2 instances with vlan-based, vlan-aware services)*

Security Features

Firewall-filters (ACL)

L3 ingress/egress on IP interfaces and L2 interfaces

VLAN access lists

User-Defined Filters

MAC limiting

DDoS protection

Storm Control

802.1X Support

Multicast

Multicast Source Discovery Protocol (MSDP)

IGMP v1/v2/v3 and snooping

IGMP proxy, querier
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Multicast Listener Discovery (MLD) v2

MLD snooping

Intersubnet multicast using IRB interface

PIM-SM, PIM-SSM, PIM-DM, PIM-Bidir

Software scale
Table 4. QFX5250 switch Scale

Description

Feature software operating system

Specification

Junos OS Evolved (recommended releases)

MAC addresses per system 139 K
VLAN ID 4096
Number of link aggregation groups 128
Number of ports per LAG: 64
Firewall filters 9000

- Ingress: 18K routed ACL (RACL), 2250 VLAN ACL(VACL)
and 18K Port ACL (PACL) rules

- Egress: 4K routed ACL (RACL), 512 VLAN ACL (VACL) and
4K port ACL (PACL) rules

Address Resolution Protocol (ARP) entries 32,000
Generic routing encapsulation (GRE) tunnels 1000
Jumbo frame 9216 bytes

Traffic mirroring

Traffic mirroring

Mirroring destination ports per switch: 3

Maximum number of mirroring sessions: 8

Mirroring destination VLANs per switch: 3

Secure boot

Yes

HPE Juniper Networking QFX5250 Switch Series data sheet

10



Environmental ranges
Table 5. QFX5250 switch scale

Parameter Specification
Operating temperature 0°C to +40°C Altitude: 6000 feet
Design air-side operating temperature 0°C to 40°C

(minimum and maximum)

Storage temperature / Nonoperational -40°to 70°C

temperature

Operating altitude Up to 6000 ft/1828.8 m
Relative humidity operating 10% to 90% (noncondensing)
Relative humidity nonoperating 5% to 95% (noncondensing)
Air cooling ratio (%) 0%

Airside temp diff. max (design and allowable NA—No FAN in liquid cooling
temperature)

Cold/hot aisle pressure diff. NA—No FAN in liquid cooling

Airflow @ max design temp. (cfm/kW air-cooled) NA—No FAN in liquid cooling

Airflow @ max allowable temp. (cfm/kW air-cooled) NA—No FAN in liquid cooling

Seismic Zone 4 earthquake rating (GR-63 EQ zone 4)

NEBS GR63/DC3160 NEBS evaluation

Table 6. Power specifications

Item Specification

DC input voltage Minimum: 46 VDC Operating range: 46 VDC through 56 VDC
DC/HVDC input current rating 10 A
Maximum power output 4300W
Maximum power consumption (loaded with DR optics) 3435W
Typical power consumption (loaded with DR optics) 3375W
Notes

Maximum power consumption measured at 40°C ambient temperature with DR optics at 100% load with
IMIX traffic.

Typical power consumption measured at 25°C ambient temperature with DR at 50% load with IMIX traffic,
excluding transceivers.

Power consumption is subject to operating conditions and unit-to-unit variations.
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Electromagnetic compatibility
- FCC 47 CFR Part 15

— |ICES-003/ ICES-GEN

— BS EN 55032

— BS EN 55035

— EN 300 386 V1.6.1

— EN 300 386 V2.2.1

— BS EN 300 386

— EN 55032

— CISPR 32

— EN 55035

— CISPR 35

— EC/EN 61000 Series

— EC/EN 61000-3-2

— IEC/EN 61000-3-3

— AS/NZS CISPR 32

— VCCI-CISPR 32

— BSMI CNS 15936

— KS C 9835 (Old KN 35)

— KS C 9832 (Old KN 32)

- KS C 9610

— BS EN 61000 series TEC/SD/DD/EMC-221/05/0CT-16
— Energy efficiency requirements:

AT&T TEER (ATIS-06000015.03.2013)
ECR 3.01

ETSIES 203136 (2013-05)

Verizon TEEER (VZ.TPR.9205 Issue 6)

Environmental compliance

— Restriction of Hazardous Substances (RoHS)

— Toxic Substances Control Act (TSCA)

— Persistent organic pollutants (POPs)

— Recycled material waste electronics and electrical equipment (WEEE)

— Registration, Evaluation, Authorization and Restriction of Chemicals (REACH)

— Substances of concern in products (SCIP)
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Safety

Chassis
— |EC 62368-1:2014 (All country deviations): 2nd Edition: CB Scheme

— |EC 62368-1:2018 (All country deviations): 3rd Edition: CB Scheme
— EN 62368-1:2014+A11:2017, EN IEC 62368-1:2020+A11:2020

— BS EN 62368-1:2014+A11:2017, BS EN IEC 62368-1:2020+A11:2020
- UL 62368-1:2019

— CSA C22.2 No. 62368-1:19

- UL 60950-1:2007

— CAN/CSA C22.2 No. 60950-1-07+ A1:2011+A2:2014
Hot-swappable / Open-frame power supplies

— |EC 62368-1:2014 (All country deviation): 2nd Edition: CB Scheme
— |EC 62368-1:2018 (All country deviation): 3rd Edition: CB Scheme
— EN 62368-1:2014+A11:2017, EN IEC 62368-1:2020+A11:2020

— BS EN 62368-1:2014+A11:2017, BS EN IEC 62368-1:2020+A11:2020
- UL 62368-1:2019

— CSA C22.2 No. 62368-1:19

— Taiwan BSMI

— China CCC

Optics

— CFR, Title 21, Chapter 1, Subchapter J, Part 1040

— REDR ¢ 1370 OR CAN/CSA-E 60825-1- Part 1

— [EC 60825-1

- |[EC 60825-2

External power adaptors (bricks)

— UL/cUL or other NRTL mark: UL 62368-1:2019, CSA C22.2 No. 62368-1:19

— |EC 62368-1:2014 (All country deviation): 2nd Edition: CB Scheme
— |EC 62368-1:2018 (All country deviation): 3rd Edition: CB Scheme
— CE: EN 62368-1:2014+A11:2017, EN IEC 62368-1:2020+A11:2020

— UKCA: BS EN 62368-1:2014+A11:2017, BS EN IEC 62368-1:2020+A11:2020

— FCC: Part 15 Class B
— China CCC
— Australia RCM

— Australia GEMS (for Energy Efficiency): External Power Supplies with single O/P under 250W

— Japan VCCI Class B
— Japan PSE and VCCI

— Singapore Circular CPSO-070923-11 (Power adaptors Output >T00W)

— Korean KC (Safety + EMC), KMEPS (for Energy Efficiency: External Power Supplies with single O/P under 150W)

- India BIS
— Argentina IRAM/S-Mark
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— Taiwan BSM|

— Mexico NOM

- EAC

— |EEE 802.3 Approved (For PoE Injector)

For AC Power Supplies rated input current up to 6A: CCC mark IS mandatory, complying with the standard (GB-
4943), which requires:

1. 5000m altitude tests

2. Humid region tests

ETSI

ETSI 300753 (1997)—Acoustic noise emitted by telecommunications equipment

Ordering information

Model Description
QFX5250-640E-L 64x1600GbE OSFP-RHS switch, DC, liquid cooled Integrated ORv3

License SKUs

SKU # Description

S-QFX5K-C6-A1-X (X=3,5,P) Advanced 1 Software License (X Years Subscription, X=3,5, or P for Perpetual) for
QFX5240-0OD/QD line of switches

S-QFX5K-C6-A2-X (X=3,5,P) Advanced 2 Software License (X Years Subscription, X=1,3,5, or P for Perpetual) for
QFX5240-0OD/QPD line of switches

S-QFX5K-C6-P1-X (X=3,5,P) Premium Software License (X Years Subscription, X=1,3,5, or P for Perpetual) for
QFX5240-0OD/QD line of switches

Optics and transceivers

Up to date information on supported optics can be found on the Hardware Compatibility Tool. The QFX5250 line
of switches supports varying port speeds at 1600GbE, 800GbE, 400GbE, 200GbE, & 100GbE with different
transceiver options.

Useful links

Feature Explorer

Hardware Compatibility Tool

Port Checker
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About HPE

HPE is a leader in essential enterprise technology, bringing together the
power of Al, cloud, and networking to help organizations achieve more.
As pioneers of possibility, our innovation and expertise advance the way
people live and work. We empower our customers across industries to
optimize operational performance, transform data into foresight, and
maximize their impact. Unlock your boldest ambitions, with HPE.
Discover more at HPE.com

Learn more at
QEX5250 Line of Switches

Visit HPE.com
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