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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS
DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE (AND THEIRR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other
changes w ithout further notice to this document and any product described herein. Diodes Incorporated does not assume any liability
arising out of the application or use of this document or any product described herein; neither does Diodes Incorporated convey any
license under its patent or rademark rights, nor the rights of others. Any Customer or user of this document or products described
herein in such applications shall assume all risks of such use and will agree to hold Diodes Incorporated and all the companies whose
products are represented on Diodes Incorporated w ebsite, harmless against alldamages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized
sales channel. Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application,
Customers shall indemnify and hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses,
and attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or
unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names
and markings noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this
document is the final and determinative format released by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems w ithout
the express written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life supportdevices or systems are devices or systems which:
1. areintended to implant into the body, or

2. support or sustain lfe and whose failure to perfformwhen properly used in accordance with instructions for use provided
in the labeling can be reasonably expected to resultin significant injury to the user.

B. A critical component is any component in a life support device or systemwhose failure to perform can be reasonably expected to
cause the failure of the life support device or to affectits safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of ther life support devices or
systems, and acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements
concerning their products and any use of Diodes Incorporated products in such safety-critical, life support devices or systems,
notw ithstanding any devices- or systems-related information or support that may be provided by Diodes Incorporated. Further,
Customers must fully indemnify Diodes Incorporated and its representatives against any damages arising out of the use of Diodes
Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2016, Diodes Incorporated

www.diodes.com
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1 FEATURES

4-lane PCI Express Gen 2 Switch with 4 PCI Express ports
Supportts “Cut-through”(Default) as well as “Store and Forward” mode for packet switching

e Peer-to-peer switching between any two downstream ports

150 ns typical latency for packet routed through Switch without blocking
Integrated reference clock for downstream ports
Strapped pins configurable with optional EEPROM or SMBus
SMBus interface support
Compliant with System Management (SM) Bus, Version 1.0
Compliant with PCI Express Base Specification Revision 2.1
Compliant with PCI Express CEM Specification Revision 2.0
Compliant with PCI-to-PCI Bridge Architecture Specification Revision 1.2
Compliant with Advanced Configuration Power Interface (ACPI) Specification
Reliability, Availability and Serviceability
- Supports Data Poisoning and End-to-End CRC
- Advanced Error Reporting and Logging
- IEEE 1149.1 JTAG interface support

e Advanced Power Saving

- Empty downstream ports are set to idle state to minimize power consumption
Link Power Management
- Supports L0, LOs, L1, L2, L2/L3ge.qy and L3 link power states
- Active state power management for LOs and L1 states
Device State Power Management
- Supports DO, D3y, and D3¢, 14 device power states
- 3.3V AuxPower supportin D3¢,q power state
Port Arbitration: Round Robin (RR), Weighted RR and Time-based Weighted RR
Extended Virtual Channel capability
- Two Virtual Channels (VC) and Eight Traffic Class (TC) support
- Disabled VCs’ buffer is assigned to enabled VCs for resource sharing
- Independent TC/VC mapping for each port
- Provides VC arbitration selections: Strict Priority, Round Robin (RR) and Programmable Weighted
RR
Supports Isochronous Traffic
- Isochronous traffic class mapped to VC1 only
- Strict time based credit policing
Supports up to 512-byte maximum payload size
Programmable driver current and de-emphasis level at each individual port
Support Access Control Service (ACS) for peer-to-peer traffic
Support Address Translation (AT) packet for SR-IOV application
Support OBFF and LTR
Low Power Dissipation: 650 mW typical in LO normal mode
Industrial Temperature Range -40° to 85°C
128-pin LQFP 14mm x 14mm package
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2 GENERAL DESCRIPTION

Similar to the role o f PCI/PCIX Bridge in PCI/PCIX bus architecture, the function of PCI Express (PCIE) Switch is to
expand the connectivity to allow more end devices to be reached by host controllers in PCIE serial interconnect
architecture. The 4-Lane PCle Switch is in 4-Port type configuration. It provides users the flexibility to expand or
fan-out the PCI Express lanes based on their application needs.

In the PCI Express Architecture, the PCIE Switch forwards posted and non-posted requests, and completion packets
in either downstream or upstream direction concurrently as if a virtual PCI Bridge is in operation on each port.
By visualizing the port as a virtual Bridge, the Switch can be logically viewed as two-level cascaded multiple virtual
PCI-to-PCI Bridges, where one upstream-port Bridge sits on all downstream-port Bridges. Similar to a PCI Bridge
during enumeration, each port is given a unique bus number, device number, and function number by the initiating
software. The bus number, device number, and function number are combined to form a destination ID for each
specific port. In addition to that, the memory-map and IO address ranges are exclusively allocated to each port as
well. After the software enumeration is finished, the packets are routed to the dedicated port based on the embedded
address or destination ID. To ensure the packet integrity during forwarding, the Switch is not allowed to split the
packets to multiple small packets or merge the received packets into a large transmit packet. Also, the IDs of the
requesters and completers are kept unchanged along the path between ingress and egress port.

The Switch employs the architecture of Combined Input and Output Queue (CIOQ) in implementation.
The main reason for choosing CIOQ is that the required memory bandwidth of input queue equals to the bandwidth of
ingress port rather than increasing proportionally with port numbers as an output queue Switch does. The CIOQ at
each ingress port contains separate dedicated queues to store packets. The packets are arbitrated to the egress port
based on the PCle transaction-ordering rule. For the packets without ordering information, they are permitted to pass
over each other in case that the addressed egress port is available to accept them. As to the packets required to follow
the ordering rule, the Head-Of-Line (HOL) issue becomes unavoidable for packets destined to different egress ports
since the operation of producer-consumer model has to be retained; otherwise the system might occur hang-up
problem. On the other hand, the Switch places replay buffer at each egress port to defer the packets before sending it
out. This can assure the maximum throughput being achieved and therefore the Switch works efficiently.
Another advantage of implementing CIOQ in PCle Switch is that the credit announcement to the counterpart is
simplified and streamlined because of the credit-based flow control protocol. The protocol requires that each ingress
port maintains the credits independently without checking other ports' credit availability, which is otherwise required
by pure output queue architecture.

The Switch supports two virtual channels (VCO0, VC1) and eight traffic classes (TCO ~ TC7) at each port. The ingress
port independently assigns packets into the preferred virtual channel while the egress port outputs the packet based on
the predefined port and VC arbitration algorithm. For instance, the isochronous packet is given a special traffic class
number other than TCO and mapped into VCI accordingly. By employing the strict time based credit policy for port
arbitration and assigning higher priority to VC1 than VCO, the Switch can therefore guarantee the time-sensitive
packet is not blocked by regular traffic to assure the quality of service. In addition, some data-centric applications
only carry TC0/VCO traffic. As a result, there are no packets that would consume VC1 bandwidth. In order to improve
the efficiency of buffer usage, the unused VC1 queues can be reassigned to VCO and enable each of the ingress ports
to handle more data traffic bursts. This virtual channel resource relocation feature enhances the performance of the
PCle Switch further.

The Switch provides the advanced feature of Access Control Service (A CS). This feature regulates which components
are allowed to communicate with each other within the PCle multiple-point fabric, and allows the system to have
more control over packet routing in the Switch. As a result, peer-to-peer traffic can be facilitated more accurately and
efficiently. When the system also implements Address Translation Service (ATS), the peer-to-peer requests with
translated address can be routed directly by enabling the corresponding option in ACS to avoid possible performance
bottleneck associated with re-direction, which introduces extra latency and may increase link and RC congestion.

The built-in Integrated Reference Clock Buffer of the PCI Express Switch supports three reference clock outputs.
The clock buffer is froma single 100MHz clock input, and distributes the clock source to three outputs, which can be
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used by the downstream PCI Express end devices. The clock buffer feature can be enabled and disabled by strapping
pin setting.
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3 PINDESCRIPTION
3.1 PCIEXPRESS INTERFACE SIGNALS
NAME PIN TYPE | DESCRIPTION
REFCLKP 110,111 I Reference Clock Input Pair: Connect to 100MHz differential clock
REFCLKN when integrated reference clock bufferis disabled (CLKBUF_PD=1),

or connect to one ofthe Integrated Reference Clock Output Pairs
(REFCLKO_PandREFCLKO N)ofthis Switch when integrated
reference clock buffer is enabled (CLKBUF_PD=0).

The input clock signals must be delivered to the clock buffer cell
through an AC-coupled interface so that only the AC information of
the clock isreceived, converted, and buffered. It is recommended that a
0.1uF be used in the AC-coupling.

PERP [3:0] 122,102,97, I PCI Express Data Serial Input Pairs: Differential data receive

128 signals in four ports.

Port 0 (Upstream Port) is PERP[0] and PERNJ0]
Port 1 (Downstream Port) is PERP[1] and PERN[ 1]

PERN{3:0] 12010398111 Port 2 (Downstream Port) is PERP[2] and PERN[2]
Port 3 (Downstream Port) is PERP [3] and PERN][ 3]
PETP[3:0] 118,106, 100, (0] PCI Express Data Serial Output Pairs: Differential data transmit
124 signals in four ports.
Port 0 (Upstream Port) is PETP[0]and PETNJ[0]
Port 1 (Downstream Port) is PETP[1]and PETN[1]
PETN[3:0] 117,107,101, [¢) Port 2 (Downstream Port) is PETP[2]and PETN[2]
123 Port 3 (Downstream Port) is PETP[3]and PETN[3]
PERST L 10 I System Reset (Active LOW): When PERST L isasserted, the

internal states of wholechip except sticky logics are initialized.

Please refer to Table 11-2 for PERST L spec.

DWNRST _L[3:1] 7,6,5 (0] Downstream Device Reset (Active LOW): DWNRST L providesa
reset signal to the devices connected to the downstream ports of the
switch. The signal is active when either PERST Lisasserted or the
device is just plugged into the switch. DWNRST _L [x] corresponds to
Portx, wherex=123.

REXT 116 I External Reference Resistor: Connect an external resistor (1.43K
Ohm +/- 1%) to REXT_GND to provide a reference to both thebias
currents and impedance calibration circuitry.

REXT_GND 115 I External Reference Resistor Ground: Connect to an extemal resistor
to REXT.

REFCLKI P, 74,73 I Integrated Reference Clock Input Pair: Connect to external

REFCLKI N 100MHz differential clock for the integrated reference clock buffer.

REFCLKO P[3:0], 76,78,81,85, (6] Integrated Reference Clock Output Pairs: 100MHz extemnal

REFCLKO_NJ[3:0] 75,77,80,83 differential HCSL clock outputs forthe integrated reference clock
buffer.

IREF 86 I Differential Reference Clock Output Current Resistor: External

resistor (475 Ohm +/- 1%) connection to set the differential ref