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Implementing SD™ Express with PCI1xxxx Controllers
1.0 INTRODUCTION
SD™ Express cards use a PCIe® physical interface and NVMe protocol to allow for faster transfer speeds and simplified 
integration into PCIe systems, including those implemented with Microchip PCI11414/PCI11400/PCI11010/PCI11010/
PCI12000 bridge controllers.
This application note describes the important requirements and system design aspects essential for allowing SD 
Express connectivity with the PCI1xxxx.

1.1 Sections
This document covers the following topics:
• Section 2.0, SD™ Express Background
• Section 3.0, Integrating SD Express with PCI1xxxx Products
• Section 4.0, PCI1xxxx + SD Express Sample Schematics

1.2 References
Consult the following documents when using this application note:
• PCI12000 Data Sheet
• PCI11010 Data Sheet
• PCI11101 Data Sheet
• PCI11400 Data Sheet
• PCI11414 Data Sheet
• PCI Express® Base Specification Revision 4.0, Version 1.0 9 (may require access)
• SD Specification Version 9.0 (may require access)
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2.0 SD™ EXPRESS BACKGROUND

2.1 SD Specification 7.0
The SD Express bus was released in June 2018 with SD specification 7.0. It uses a single PCIe lane to provide Full-
duplex 985 MB/s transfer speed. Supporting cards must also implement the NVM Express storage access protocol. The 
Express bus can be implemented by SDHC™, SDXC™, and SDUC™ cards. For legacy application use, SD Express 
cards must also support High-Speed bus and UHS-I bus. The express bus reuses the pin layout of UHS-II cards and 
reserves the space for additional two pins that may be introduced in the future.

2.2 SD Specification 8.0
Released in May 2020, the Version 8.0 of the SD Specification added SD Express support for two PCIe lanes. This is 
enabled through an additional row of contacts. The speeds were also increased to support PCIe 4.0 transfer rates.

2.3 Speed Comparisons
The varied DS speeds are detailed in Table 1.

2.4 SD Express Cards and Pinout
Figure 1 shows examples of standard and microSD™ Express Cards and their pinouts. Refer to Table 2 for the pin 
details.

TABLE 1: SD™ EXPRESS SPEED COMPARISON
PCIe® Speed Lanes Specifications Speed

3.1 at 8 Gbps x1 SD v7.0 985 MB/s
x2 SD v8.0 1970 MB/s

4.0 at 8 Gbps x1 SD v8.0 1970 MB/s
x2 SD v8.0 3940 MB/s

Note 1: PCI1xxxx only supports 3.1 x1 speeds.

FIGURE 1: SD™ EXPRESS CARD FORM FACTORS
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TM

Note 1: Logo images of SD UC Express and micrSD express were obtained from SD Standards—Universal 
and High-Performance Mobile Storage.

2: SD, SD XC, SD HC, SD UC, microSD, SD Express, UHS-I, and UHS-II are the logos and trademarks 
of SD-3C, LLC in the US and/or elsewhere.
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2.5 SD Express Card Slot
In addition to supporting all the pins of an SD Express card, SD Express card slots have the following:
• A metal shield connected to GND on the PCB layout
• A card detect pin shorted to GND when a card is physically inserted into the slot
• A write-protect detect pin (standard SD card slots only), which detects the position of the “Lock” switch. The SD 

controller reads the state of the pin to discover if writing to the card is permitted.

2.6 SD Express Card Power Requirements
SD Express cards require 3.3V and 1.8V power rails. Refer to Table 4.

TABLE 2: STANDARD/MICROSD™ EXPRESS 1-LANE CARD PINS 
Pin Number Name Description

1 PERST# PCIe functional Reset
2 CMD (legacy mode) Legacy SD Command. Used in backward compatibility mode only.
3 VSS1 GND
4 VDD1 3.3V supply
5 CLK (legacy mode) Legacy SD Clock. Used in backward compatibility mode only.
6 VSS2 GND
7 REFCLK+ Card differential clock input
8 REFCLK- Card differential clock input
9 CLKREQ# REF CLK request signal. Asserted low to request supply of clock 

on REFCLK +/– pins.
10 VSS3 GND
11 PCIe TX- Card differential data input
12 PCIe TX+ Card differential data input
13 VSS4 GND
14 VDD2 1.8V supply
15 PCIe RX- Card differential data output
16 PCIe RX+ Card differential data output
17 VSS5 GND

TABLE 3: STANDARD SD™ EXPRESS 2-LANE CARD (ADDITIONAL PINS ONLY)
Pin Number Name Description

18 VDD3 Optional 1.2V supply
19 VDD1a 3.3V supply
20 VSS6 GND
21 PCIe TX1- Card differential data input (second lane)
22 PCIe TX1+ Card differential data input (second lane)
23 VSS7 GND
24 VDD2a 1.8V supply
25 PCIe RX1- Card differential data output (second lane)
26 PCIe RX1+ Card differential data output (second lane)
27 VSS8 GND

Note: An optional 1.2V rail named VDD3 is also specified. This can be used instead of the 1.8V rail of both the 
SD Express host and card that support it.
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TABLE 4: SD™ EXPRESS CARD POWER REQUIREMENTS
Power Rail Range Amperage (Peak) Amperage (Normal)

VDD1 2.7V to 3.6V 600 mA 400 mA
VDD2 1.7V to 1.95V 600 mA 400 mA
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3.0 INTEGRATING SD EXPRESS WITH PCI1XXXX PRODUCTS

3.1 PCIe® Connections
PCI1xxxx downstream ports support PCIe v3.1 speeds (2.5/5/8Gbps). SD Express slots and cards which support 
PCIe v4.0 and dual lane implementations operate in backward compatibility modes at reduced speed/lane width to align 
PCI1xxxx capabilities. See Figure 2.

3.2 Power Sequencing
SD Express cards require that a 3.3V power rail be supplied and become stable before the 1.8V power supply is 
enabled. The SD Express card slot has an insertion detection pin, which is shorted to ground when a card is inserted 
into the slot. The slot can be used to control the 3.3V and 1.8V power rails.
SD Express cards use the presence of the 1.8V rail to determine when to operate in SD Express mode and enable PCIe 
communication.

3.3 Hot-Plug Capability
Hot-Plug capability is not supported with PCI1xxxx SD Express implementations. The SD Express card must be inserted 
into the slot before the PCI1xxxx is enabled and connected to a PCIe Host.

3.4 Compatibility with Legacy SD Cards
PCI1xxxx does not support legacy SD protocol and legacy SD cards.

3.5 Drivers
SD Express uses standard NVME drivers which are included in most operating system distributions. The PCI1xxxx does 
not require additional device-specific or customized drivers or software to connect to SD Express cards.

3.6 PCIe Slot and M.2 Connector Adaptation
The PCI1xxxx can connect to SD Express through a standard PCIe slot or M.2 connector. (See Figure 3.) The connec-
tions are largely the same as in a directly connected case. PCIe slots do not have provisions for 1.8V power pins, so a
1.8V regulator must be included in the adapter card.

FIGURE 2: PCI1XXXX SD™ EXPRESS BLOCK DIAGRAM
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FIGURE 3: PCIE SLOT / M.2 CONNECTOR ADAPTER
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4.0 PCI1XXXX + SD EXPRESS SAMPLE SCHEMATICS
A sample schematic implementation of the PCI1xxxx connecting to a microSD Express slot is shown in Figure 4.

FIGURE 4: MICROSD™ EXPRESS CARD FORM FACTORS

microSD™  
Express 

Slot

EN VOUT

3.3V
Regulator or 
Load Switch

EN VOUT

1.8V
Regulator or 
Load Switch

delay

inv

PCI1xxxx

DAT0
DAT1
DAT2
DAT3

CLK

CMD

PCIE_TX+
PCIE_TX-

PCIE_RX+
PCIE_RX-

CARD 
DETECT

VDD33

VDD12

VDD18

PCIE_TX+
PCIE_TX-

PCIE_RX+
PCIE_RX-

R
10kΩ

3.3V Board

REFCLK+
REFCLK-
CLKREQ
PERST

ZL40262

OE1_B

OUT1_p
OUT1_n

from reset circuitry

R
49.9Ω

R
49.9Ω

X

X

X

 2024 Microchip Technology Inc. and its subsidiaries DS00005298B-page  7



AN5298

A sample schematic implementation of the PCI1xxxx connecting to one-lane SD Express slot is illustrated in Figure 5.

FIGURE 5: ONE-LANE SD™ EXPRESS CARD FORM FACTORS
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A sample schematic implementation of PCI1xxxx connecting to a two-lane SD Express slot is shown in Figure 6.

FIGURE 6: TWO-LANE SD™ EXPRESS CARD FORM FACTORS
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APPENDIX A: APPLICATION NOTE REVISION HISTORY

TABLE A-1: REVISION HISTORY 

Revision Level & Date Section/Figure/Entry Correction

DS00005298B
(10-25-2024)

All Removed the “Confidential” marking from the docu-
ment.
Updated heading format. 

DS00005298A
(02-29-2024)

Initial release
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THE MICROCHIP WEB SITE
Microchip provides online support via our WWW site at www.microchip.com. This web site is used as a means to make 
files and information easily available to customers. Accessible by using your favorite Internet browser, the web site 
contains the following information:
• Product Support – Data sheets and errata, application notes and sample programs, design resources, user’s 

guides and hardware support documents, latest software releases and archived software
• General Technical Support – Frequently Asked Questions (FAQ), technical support requests, online discussion 

groups, Microchip consultant program member listing
• Business of Microchip – Product selector and ordering guides, latest Microchip press releases, listing of 

seminars and events, listings of Microchip sales offices, distributors and factory representatives

CUSTOMER CHANGE NOTIFICATION SERVICE
Microchip’s customer notification service helps keep customers current on Microchip products. Subscribers will receive 
e-mail notification whenever there are changes, updates, revisions or errata related to a specified product family or 
development tool of interest.
To register, access the Microchip web site at www.microchip.com. Under “Support”, click on “Customer Change Notifi-
cation” and follow the registration instructions.

CUSTOMER SUPPORT
Users of Microchip products can receive assistance through several channels:
• Distributor or Representative
• Local Sales Office
• Field Application Engineer (FAE)
• Technical Support
Customers should contact their distributor, representative or Field Application Engineer (FAE) for support. Local sales 
offices are also available to help customers. A listing of sales offices and locations is included in the back of this 
document.
Technical support is available through the web site at: http://microchip.com/support

http://www.microchip.com
http://www.microchip.com
http://www.microchip.com
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This publication and the information herein may be used only with Microchip products, including to design, test, and integrate Microchip 
products with your application. Use of this information in any other manner violates these terms. Information regarding device applications 
is provided only for your convenience and may be superseded by updates. It is your responsibility to ensure that your application meets 
with your specifications. Contact your local Microchip sales office for additional support or, obtain additional support at https://www.micro-
chip.com/en-us/support/design-help/client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS". MICROCHIP MAKES NO REPRESENTATIONS OR WARRANTIES OF 
ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR OTHERWISE, RELATED TO THE INFORMA-
TION INCLUDING BUT NOT LIMITED TO ANY IMPLIED WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FIT-
NESS FOR A PARTICULAR PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR CONSEQUENTIAL LOSS, 
DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE INFORMATION OR ITS USE, HOWEVER CAUSED, 
EVEN IF MICROCHIP HAS BEEN ADVISED OF THE POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST 
EXTENT ALLOWED BY LAW, MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR 
ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR THE INFOR-
MATION. 

Use of Microchip devices in life support and/or safety applications is entirely at the buyer's risk, and the buyer agrees to defend, indemnify 
and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting from such use. No licenses are conveyed, 
implicitly or otherwise, under any Microchip intellectual property rights unless otherwise stated.

AMBA, Arm, Arm7, Arm7TDMI, Arm9, Arm11, Artisan, big.LITTLE, Cordio, CoreLink, CoreSight, Cortex, DesignStart, DynamIQ, Jazelle, 
Keil, Mali, Mbed, Mbed Enabled, NEON, POP, RealView, SecurCore, Socrates, Thumb, TrustZone, ULINK, ULINK2, ULINK-ME, ULINK-
PLUS, ULINKpro, µVision, Versatile are trademarks or registered trademarks of Arm Limited (or its subsidiaries) in the US and/or 
elsewhere.

Trademarks
The Microchip name and logo, the Microchip logo, Adaptec, AVR, AVR logo, AVR Freaks, BesTime, BitCloud, CryptoMemory, CryptoRF, dsPIC, flexPWR, 
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SuperFlash, Symmetricom, SyncServer, Tachyon, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip Technology 
Incorporated in the U.S.A. and other countries.
AgileSwitch, ClockWorks, The Embedded Control Solutions Company, EtherSynch, Flashtec, Hyper Speed Control, HyperLight Load, Libero, 
motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC Plus, ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, TimeCesium, 
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DAM, ECAN, Espresso T1S, EtherGREEN, EyeOpen, GridTime, IdealBridge, IGaT, In-Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling, 
IntelliMOS, Inter-Chip Connectivity, JitterBlocker, Knob-on-Display, MarginLink, maxCrypto, maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB 
Certified logo, MPLIB, MPLINK, mSiC, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, Power MOS IV, 
Power MOS 7, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, RTAX, RTG4, SAM-ICE, Serial 
Quad I/O, simpleMAP, SimpliPHY, SmartBuffer, SmartHLS, SMART-I.S., storClad, SQI, SuperSwitcher, SuperSwitcher II, Switchtec, SynchroPHY, Total 
Endurance, Trusted Time, TSHARC, Turing, USBCheck, VariSense, VectorBlox, VeriPHY, ViewSpan, WiperLock, XpressConnect, and ZENA are 
trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered trademarks of Microchip Technology Inc. in other 
countries.

GestIC is a registered trademark of Microchip Technology Germany II GmbH & Co. KG, a subsidiary of Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
© 2024, Microchip Technology Incorporated and its subsidiaries.
 
All Rights Reserved.
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Note the following details of the code protection feature on Microchip products:
• Microchip products meet the specifications contained in their particular Microchip Data Sheet.

• Microchip believes that its family of products is secure when used in the intended manner, within operating specifications, and 
under normal conditions.

• Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code protection features of 
Microchip product is strictly prohibited and may violate the Digital Millennium Copyright Act.

• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code protection does not 
mean that we are guaranteeing the product is "unbreakable" Code protection is constantly evolving. Microchip is committed to 
continuously improving the code protection features of our products.
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