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Preface
This document  provides information for  designing a custom system carrier  board for 
COM Express™ modules.  It  includes reference  schematics  for  the  external  circuitry 
required to implement the various COM Express™ peripheral functions. It also explains 
how  to  extend  the  supported  buses  and  how  to  add  additional  peripherals  and 
expansion slots to a COM Express™ based system.

Disclaimer
The information  contained  within  this  design  guide,  including  but  not  limited  to  any 
product specification, is subject to change without notice.

The COM Express™ PnP Initiative provides no warranty with regard to this design guide 
or any other information contained herein and hereby expressly disclaims any implied 
warranties of merchantability or fitness for any particular purpose with regard to any of 
the foregoing. The COM Express™ PnP Initiative assumes no liability for any damages 
incurred directly or indirectly from any technical or  typographical  errors  or omissions 
contained herein. In no event shall the COM Express™ PnP Initiative be liable for any 
incidental,  consequential,  special,  or  exemplary  damages,  whether  based  on  tort, 
contract or otherwise, arising out of or in connection with this design guide or any other 
information contained herein or the use thereof.

The typical application circuits described in this document may not be suitable for all 
applications. In particular, additional components may need to be added to these circuits 
in order to meet specific ESD, EMC or safety isolation requirements. Such regulatory 
requirements and the techniques for meeting them vary by industry and are beyond the 
scope of this document.

Intended Audience
This design guide is intended for technically qualified personnel. It is not intended for 
general audiences.

Symbols
The following symbols are used in this design guide:

Warning

Warnings indicate conditions that, if not observed, can cause personal injury.

Caution

Cautions warn the user about how to prevent damage to hardware or loss of data.

Note

Notes call attention to important information that should be observed.
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Terminology
Term Description
PCI Express (PCIe) Peripheral Component Interface Express – next-generation high speed Serialized I/O bus

PCI Express Lane One PCI Express Lane is a set of 4 signals that contains two differential lines for
Transmitter and two differential lines for Receiver. Clocking information is embedded into 
the data stream.

x1, x2, x4, x16 x1 refers to one PCI Express Lane of basic bandwidth; x2 to a
collection of two PCI Express Lanes; etc.. Also referred to as x1, x2, x4, x16 link.

ExpressCard A PCMCIA standard built on the latest USB 2.0 and PCI Express buses.

CRT Cathode Ray Tube

DAC Digital Analog Converter 

DDC Display Data Channel is an I²C bus interface between a display and a graphics adapter.

DVI Digital Visual Interface is a video interface standard developed by the Digital Display 
Working Group (DDWG).

EFT Electrical Fast Transient

EMI Electromagnetic Interference

ESD Electrostatic Discharge

GBE Gigabit Ethernet

USB Universal Serial Bus

SATA Serial AT Attachment: serial-interface standard for hard disks

SDVO Serial Digital Video Out is a proprietary technology introduced by Intel® to add additional 
video signaling interfaces to a system.

AC ‘97 / HDA Audio CODEC '97/High Definition Audio

LPC Low Pin-Count Interface: a low speed interface used for peripheral circuits such as Super 
I/O controllers, which typically combine legacy-device support into a single IC.

SMBus System Management Bus

LVDS Low-Voltage Differential Signaling 

N.C. Not connected

N.A. Not available

T.B.D. To be determined

Schematics Naming Conventions
Term Description
12V 12 volt input power rail.

VCC 5 volt input power rail.

VCC3 3.3 volt input power rail.

5V_SB 5 volt input power rail during standby.

VCC33_SB 3.3 volt input power rail during standby.

VCC15 1.5 volt auxiliary power rail.

VCC25 2.5 volt auxiliary power rail.
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Copyright Notice
Copyright  © 2007, COM Express™ PnP Initiative. All rights reserved. All text, pictures 
and  graphics  are  protected  by  copyrights.  No  copying  is  permitted  without  written 
permission from the COM Express™ PnP Initiative.

The  COM  Express™  PnP  Initiative  has  made  every  attempt  to  ensure  that  the 
information in this document is accurate yet the information contained within is supplied 
“as-is”.

Trademarks
Intel and Pentium are registered trademarks of Intel Corporation. AMD is a trademark of 
Advanced  Micro  Devices,  Inc.  Expresscard  is  a  registered  trademark  of  Personal 
Computer  Memory  Card  International  Association  (PCMCIA).  PCI  Express  is  a 
registered  trademark  of  Peripheral  Component  Interconnect  Special  Interest  Group 
(PCI-SIG).  COM  Express  is  a  registered  trademark  of  PCI  Industial  Computer 
Manufacturers  Group (PICMG).  I²C is a registered trademark  of  Philips Corporation. 
CompactFlash is a registered trademark of  CompactFlash Association. Winbond is a 
registered trademark of Winbond Electronics Corp. AVR is a registered trademark of 
Atmel Corporation. AMICORE8 is a registered trademark of American Megatrends Inc. 
Microsoft®, Windows®, Windows NT®, Windows CE and Windows XP® are registered 
trademarks of Microsoft Corporation. VxWorks is a registered trademark of WindRiver. 
All product names and logos are property of their owners.

Electrostatic Sensitive Device 
All electronic parts described in this design guide are electrostatic sensitive devices and 
are packaged accordingly. Do not open or handle a carrier board or module except at an 
electrostatic-free workstation. Additionally, do not ship or store electronic devices near 
strong electrostatic, electromagnetic, magnetic, or radioactive fields unless the device is 
contained within its original manufacturer's packaging.
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Concept of COM ExpressTM

The  concept  of  Computer  On  Modules  or  COMs  are  off  the  shelf  technology  in 
embedded computer industries since years. A Computer On Module integrates all the 
core  components  and standard  I/O  interfaces of  a common PC onto an application 
specific  carrier  board.  The  key  advantage  of  the  COM in  the  embedded  computer 
industries is, that all high integrated, high speed components like CPU, chipsets and 
memory are combined on a small module form factor for easy adaptation into different 
applications across multiple market segments. 

COM Express™ modules have standardized form factors and have specified pinouts on 
the two system connectors that remain the same regardless of the vendor. The COM 
Express™ module reflects the functional requirements for a wide range of embedded 
applications. These functions include, but are not limited to PCI Express, PCI, Graphics, 
High Definition Audio, parallel ATA, serial ATA,  Gigabit  Ethernet  and USB 2.0 ports. 
Two ruggedized, shielded connectors provide the carrier board interface and carry all 
the I/O signals to and from the COM Express™ module.

Carrier board designers can utilize as little or as many of the I/O interfaces as deemed 
necessary. Therefore the carrier board can provide all the interface connectors required 
to attach the system to the application specific peripherals. This versatility allows the 
designer to create a dense and optimized package,  which results in a more reliable 
product  while  simplifying  system  integration.  Most  importantly  COM  Express™ 
applications are scalable, which means once a product has been created there is the 
ability to  diversify  the product  range through  the  use of  different  performance class 
COM Express™ modules. Simply unplug one module and replace it with another,  no 
redesign is necessary.
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1  Feedback
The COM Express™ PnP Initiative COM Express™ Design Guide has been created to 
help when designing  COM Express™ compliant  carrier  boards.  It  should be used in 
conjunction  with  the  COM  Express™ Specification  as  well  as  any  other  relevant 
information with regards to the implementation of the interfaces mentioned within this 
document.

The  guidelines  set  forth  in  this  document  have  been  carefully  thought  out  by 
participating  engineers  and  are  considered  to  be  the  most  important  factors  when 
designing  a  COM  Express™ carrier  board.  The  COM  Express™  PnP  Initiative  is 
committed to helping customers who are designing COM Express™ compliant carrier 
boards  by  sharing  our  expertise  and  providing  the  best  possible  documentation. 
Therefore, we welcome any suggestions our valued supporters may have with regards 
to alternate information that should be included in this  COM Express™ Design Guide. 
Additionally,  we encourage  any feedback  about  the  contents  of  this  document  with 
regards to clarity and understanding.

If  you  have  any  suggestions  about  additional  content,  or  any  questions  about  the 
existing  content,  contact  the  COM  Express™  PnP  Initiative  via  email  at 
info@comexpress-pnp.org.
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2  COM Express™ Specification Overview
2.1 Module Form Factors

The  COM  Express™  specification  was  developed  by  the  PCI  Industrial  Computer 
Manufacturing  Group  (PICMG)  in  close  collaboration  with  many  leading  companies 
across the embedded industry in order  to find  an implementation solution to handle 
upcoming  new  high  speed  serial  I/Os,  processors  and  chipsets.  COM  Express™ 
specifies two form factors, as well as five different types of connector pinouts.

The two form factors are referred to as Basic and Extended (Figure 2-1).  The Basic 
module  footprint  is  125mm  x  95mm  and  focuses  on  space-constrained,  low power 
systems which typically do not contain more than one horizontal mounted SO-DIMM. 
The Extended footprint is slightly larger at 155mm x 110mm and supports up to two full 
size, vertically mounted DIMM modules to accommodate larger memory configurations 
for high-performance CPUs, chipsets and multiprocessor systems. The placement of the 
shielded 220-pin connectors and the mounting holes are identical between these two 
footprints.

Figure 2-1 Compact, Basic and Extended Form Factor
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2.2 Module Types Overview
COM  Express™  specifies  five  module  types  with  different  pinouts  and  connectivity 
features (Table 2-1).  The common features are utilized by all five module types and 
constitute the minimum configuration of a COM Express™ module.

Common features used by all module types:

• Up to 8 USB 2.0 ports

• Up to 4 Serial ATA

• Up to 6 PCI Express lanes

• Support pins for up to 2 ExpressCards

• Dual 24-bit LVDS channels

• Analog VGA

• TV Out

• AC '97 digital audio interface 

• Gigabit Ethernet

• LPC interface

• 8 GPIO pins

Table 2-1 Module type supported features

Module Type Connectors
220-pin

Connector 
Rows

PCI-Express
Lanes 

PCI Bus IDE Channels LAN Ports

1 1 A,B 6 No No 1

2 2 A,B,C,D 22 Yes Yes 1

3 2 A,B,C,D 22 Yes No 3

4 2 A,B,C,D 32 No Yes 1

5 2 A,B,C,D 32 No No 3
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2.3 Type 2 COM Express™ Modules
As  mentioned  above,  there  are  five  different  pinout  types  currently  defined  by  the 
COM Express™ Specification. The preferred choice of the embedded computer industry 
thus far is the Type 2 pinout and therefore the leading manufacturers have chosen to 
produce COM Express™ Type 2 modules. This pinout offers the best balance between 
older technology such as PCI and Parallel ATA while providing the latest technologies 
including PCI Express, Serial ATA and PCI Express graphics.

The information contained within this design guide reflects this current  trend towards 
COM Express™ Type 2 modules but is also applicable to all COM Express™ module 
types.  Some  of  the  other  COM Express™  module  types  may  require  design  and 
consideration  guidelines  that  are  not  currently  mentioned  in  this  document.  This 
information will be added in future.
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2.4 COM Express™ Type 2 Module
Figure 2-2 Module Type 2 supported features
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3  COM Express™ Connectors
The interconnection between COM Express™ modules and the carrier board uses two 
220 pin 0.5mm fine pitch board-to-board connectors. Each single 220 pin connector is 
split into two connector rows. This results in a total of 440 pins and 4 connector rows. 
These connectors should be capable of driving up to 6.25GHz Low Voltage Differential 
Signals to match the requirements for PCI Express signaling.

3.1 Module Connectors
The single 220-pin 0.5mm pitch 4H module connector is a receptacle by virtue of the 
vendor’s technical definition of a receptacle, and to some users it looks like a plug. A 
potential source for this receptacle board-to-board connector is:

8-1318490-6  AMP/Tyco  HARD  TRAY  ASSY  FH  0.5  BTB  CONNECTOR  220POS 
RECEPTACLE 4H

Figure 3-1 2D drawing of the receptacle module connector 

3.2 Carrier Board Connectors
The single 220-pin 0.5mm pitch carrier board connectors are 5H/8H plug in connectors 
with a board-to-board stack height of 5.0mm/8.0mm. A potential source for this plug-in 
board-to-board connector is:

3-1827253-6 AMP/Tyco HARD TRAY ASSY FH 0.5 BTB CONNECTOR 220POS PLUG 
5H WITH GROUND PLATE (5.0mm stack height)

8-1318491-6 AMP/Tyco  HARD TRAY ASSY FH 0.5 BTB CONNECTOR 220POS PLUG 
8H WITH GROUND PLATE (8.0mm stack height)

Figure 3-2 2D drawing of the carrier board connector

5.0mm board-to-board stack height 8.0mm board-to-board stack height
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3.2.1 Carrier Board Connector Placement
For carrier board designs it is essential that the distance and the alignment of the dual 
connector shape on the PCB comply to the dimensions defined by the COM Express™ 
Specification.

The alignment between the two single connectors is guaranteed by the connectors peg 
holes shown in following drawings. It is very important that the PCB drill tolerances of 
these peg holes are within the recommended ranges mentioned below. Otherwise, the 
interconnection between module and carrier board may cause functional problems for 
the system. Instead of two single connectors, a dual connector model with a reinforcing 
bar spacer can be used to ensure the alignment between the two connectors during 
assembly. All dimensions of the following drawings are shown in millimeters.

Figure 3-3 Single Connector Physical Dimension

Figure 3-4 Dual Connector Footprint and Alignment

Note

The COM Express™ PnP Initiative strongly recommends to use the following location 
peg  hole  tolerances  instead  of  those  indicated  in  the  footprint  drawings  from  the  
COM Express™ Specification as shown above:

• 0.8mm +0.075/-0.025mm

• 1.5mm +0.075/-0.025mm
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4  COM Express™ Connector Pinout
4.1 Connector Pinout Rows A and B

Table 4-1 Module Type 2 Connector Pinout Rows A and B

Pin Row A Pin Row B Pin Row A Pin Row B
A1 GND (FIXED) B1 GND (FIXED) A56 PCIE_TX4- B56 PCIE_RX4-

A2 GBE0_MDI3- B2 GBE0_ACT# A57 GND B57 GPO2

A3 GBE0_MDI3+ B3 LPC_FRAME# A58 PCIE_TX3+ B58 PCIE_RX3+

A4 GBE0_LINK100# B4 LPC_AD0 A59 PCIE_TX3- B59 PCIE_RX3-

A5 GBE0_LINK1000# B5 LPC_AD1 A60 GND (FIXED) B60 GND (FIXED)

A6 GBE0_MDI2- B6 LPC_AD2 A61 PCIE_TX2+ B61 PCIE_RX2+

A7 GBE0_MDI2+ B7 LPC_AD3 A62 PCIE_TX2- B62 PCIE_RX2-

A8 GBE0_LINK# B8 LPC_DRQ0# A63 GPI1 B63 GPO3

A9 GBE0_MDI1- B9 LPC_DRQ1# A64 PCIE_TX1+ B64 PCIE_RX1+

A10 GBE0_MDI1+ B10 LPC_CLK A65 PCIE_TX1- B65 PCIE_RX1-

A11 GND (FIXED) B11 GND (FIXED) A66 GND B66 WAKE0#

A12 GBE0_MDI0- B12 PWRBTN# A67 GPI2 B67 WAKE1#

A13 GBE0_MDI0+ B13 SMB_CK A68 PCIE_TX0+ B68 PCIE_RX0+

A14 GBE0_CTREF B14 SMB_DAT A69 PCIE_TX0- B69 PCIE_RX0-

A15 SUS_S3# B15 SMB_ALERT# A70 GND (FIXED) B70 GND (FIXED)

A16 SATA0_TX+ B16 SATA1_TX+ A71 LVDS_A0+ B71 LVDS_B0+

A17 SATA0_TX- B17 SATA1_TX- A72 LVDS_A0- B72 LVDS_B0-

A18 SUS_S4# B18 SUS_STAT# A73 LVDS_A1+ B73 LVDS_B1+

A19 SATA0_RX+ B19 SATA1_RX+ A74 LVDS_A1- B74 LVDS_B1-

A20 SATA0_RX- B20 SATA1_RX- A75 LVDS_A2+ B75 LVDS_B2+

A21 GND (FIXED) B21 GND (FIXED) A76 LVDS_A2- B76 LVDS_B2-

A22 SATA2_TX+ B22 SATA3_TX+ A77 LVDS_VDD_EN B77 LVDS_B3+

A23 SATA2_TX- B23 SATA3_TX- A78 LVDS_A3+ B78 LVDS_B3-

A24 SUS_S5# B24 PWR_OK A79 LVDS_A3- B79 LVDS_BKLT_EN

A25 SATA2_RX+ B25 SATA3_RX+ A80 GND (FIXED) B80 GND (FIXED)

A26 SATA2_RX- B26 SATA3_RX- A81 LVDS_A_CK+ B81 LVDS_B_CK+

A27 BATLOW# B27 WDT A82 LVDS_A_CK- B82 LVDS_B_CK-

A28 ATA_ACT# B28 AC_SDIN2 A83 LVDS_I2C_CK B83 LVDS_BKLT_CTRL

A29 AC_SYNC B29 AC_SDIN1 A84 LVDS_I2C_DAT B84 VCC_5V_SBY 

A30 AC_RST# B30 AC_SDIN0 A85 GPI3 B85 VCC_5V_SBY 

A31 GND (FIXED) B31 GND (FIXED) A86 KBD_RST# B86 VCC_5V_SBY 

A32 AC_BITCLK B32 SPKR A87 KBD_A20GATE B87 VCC_5V_SBY 

A33 AC_SDOUT B33 I2C_CK A88 PCIE0_CK_REF+ B88 RSVD 

A34 BIOS_DISABLE# B34 I2C_DAT A89 PCIE0_CK_REF- B89 VGA_RED 

A35 THRMTRIP# B35 THRM# A90 GND (FIXED) B90 GND (FIXED) 
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Pin Row A Pin Row B Pin Row A Pin Row B
A36 USB6- B36 USB7- A91 RSVD B91 VGA_GRN 

A37 USB6+ B37 USB7+ A92 RSVD B92 VGA_BLU 

A38 USB_6_7_OC# B38 USB_4_5_OC# A93 GPO0 B93 VGA_HSYNC 

A39 USB4- B39 USB5- A94 RSVD B94 VGA_VSYNC 

A40 USB4+ B40 USB5+ A95 RSVD B95 VGA_I2C_CK 

A41 GND (FIXED) B41 GND (FIXED) A96 GND B96 VGA_I2C_DAT 

A42 USB2- B42 USB3- A97 VCC_12V B97 TV_DAC_A 

A43 USB2+ B43 USB3+ A98 VCC_12V B98 TV_DAC_B 

A44 USB_2_3_OC# B44 USB_0_1_OC# A99 VCC_12V B99 TV_DAC_C 

A45 USB0- B45 USB1- A100 GND (FIXED) B100 GND (FIXED) 

A46 USB0+ B46 USB1+ A101 VCC_12V B101 VCC_12V 

A47 VCC_RTC B47 EXCD1_PERST# A102 VCC_12V B102 VCC_12V 

A48 EXCD0_PERST# B48 EXCD1_CPPE# A103 VCC_12V B103 VCC_12V 

A49 EXCD0_CPPE# B49 SYS_RESET# A104 VCC_12V B104 VCC_12V 

A50 LPC_SERIRQ B50 CB_RESET# A105 VCC_12V B105 VCC_12V 

A51 GND (FIXED) B51 GND (FIXED) A106 VCC_12V B106 VCC_12V 

A52 PCIE_TX5+ B52 PCIE_RX5+ A107 VCC_12V B107 VCC_12V 

A53 PCIE_TX5- B53 PCIE_RX5- A108 VCC_12V B108 VCC_12V 

A54 GPI0 B54 GPO1 A109 VCC_12V B109 VCC_12V 

A55 PCIE_TX4+ B55 PCIE_RX4+ A110 GND (FIXED) B110 GND (FIXED) 
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4.2 Connector Pinout Rows C and D
Table 4-2 Module Type 2 Connector Pinout Rows C and D

Pin Row C Pin Row D Pin Row C Pin Row D
C1 GND (FIXED) D1 GND (FIXED) C56 PEG_RX1- D56 PEG_TX1-

C2 IDE_D7 D2 IDE_D5 C57 TYPE1# D57 TYPE2#

C3 IDE_D6 D3 IDE_D10 C58 PEG_RX2+ D58 PEG_TX2+

C4 IDE_D3 D4 IDE_D11 C59 PEG_RX2- D59 PEG_TX2-

C5 IDE_D15 D5 IDE_D12 C60 GND (FIXED) D60 GND (FIXED)

C6 IDE_D8 D6 IDE_D4 C61 PEG_RX3+ D61 PEG_TX3+

C7 IDE_D9 D7 IDE_D0 C62 PEG_RX3- D62 PEG_TX3-

C8 IDE_D2 D8 IDE_REQ C63 RSVD D63 RSVD

C9 IDE_D13 D9 IDE_IOW# C64 RSVD D64 RSVD

C10 IDE_D1 D10 IDE_ACK# C65 PEG_RX4+ D65 PEG_TX4+

C11 GND (FIXED) D11 GND (FIXED) C66 PEG_RX4- D66 PEG_TX4-

C12 IDE_D14 D12 IDE_IRQ C67 FAN_PWMOUT D67 GND

C13 IDE_IORDY D13 IDE_A0 C68 PEG_RX5+ D68 PEG_TX5+

C14 IDE_IOR# D14 IDE_A1 C69 PEG_RX5- D69 PEG_TX5-

C15 PCI_PME# D15 IDE_A2 C70 GND (FIXED) D70 GND (FIXED)

C16 PCI_GNT2# D16 IDE_CS1# C71 PEG_RX6+ D71 PEG_TX6+

C17 PCI_REQ2# D17 IDE_CS3# C72 PEG_RX6- D72 PEG_TX6-

C18 PCI_GNT1# D18 IDE_RESET# C73 SDVO_DATA D73 SVDO_CLK

C19 PCI_REQ1# D19 PCI_GNT3# C74 PEG_RX7+ D74 PEG_TX7+

C20 PCI_GNT0# D20 PCI_REQ3# C75 PEG_RX7- D75 PEG_TX7-

C21 GND (FIXED) D21 GND (FIXED) C76 GND D76 GND

C22 PCI_REQ0# D22 PCI_AD1 C77 FAN_TACHOIN D77 IDE_CBLID#

C23 PCI_RESET# D23 PCI_AD3 C78 PEG_RX8+ D78 PEG_TX8+

C24 PCI_AD0 D24 PCI_AD5 C79 PEG_RX8- D79 PEG_TX8-

C25 PCI_AD2 D25 PCI_AD7 C80 GND (FIXED) D80 GND (FIXED)

C26 PCI_AD4 D26 PCI_C/BE0# C81 PEG_RX9+ D81 PEG_TX9+

C27 PCI_AD6 D27 PCI_AD9 C82 PEG_RX9- D82 PEG_TX9-

C28 PCI_AD8 D28 PCI_AD11 C83 RSVD D83 RSVD

C29 PCI_AD10 D29 PCI_AD13 C84 GND D84 GND

C30 PCI_AD12 D30 PCI_AD15 C85 PEG_RX10+ D85 PEG_TX10+

C31 GND (FIXED) D31 GND (FIXED) C86 PEG_RX10- D86 PEG_TX10-

C32 PCI_AD14 D32 PCI_PAR C87 GND D87 GND 

C33 PCI_C/BE1# D33 PCI_SERR# C88 PEG_RX11+ D88 PEG_TX11+

C34 PCI_PERR# D34 PCI_STOP# C89 PEG_RX11- D89 PEG_TX11-

C35 PCI_LOCK# D35 PCI_TRDY# C90 GND (FIXED) D90 GND (FIXED) 

C36 PCI_DEVSEL# D36 PCI_FRAME# C91 PEG_RX12+ D91 PEG_TX12+

C37 PCI_IRDY# D37 PCI_AD16 C92 PEG_RX12- D92 PEG_TX12-

C38 PCI_C/BE2# D38 PCI_AD18 C93 GND D93 GND 
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Pin Row C Pin Row D Pin Row C Pin Row D
C39 PCI_AD17 D39 PCI_AD20 C94 PEG_RX13+ D94 PEG_TX13+

C40 PCI_AD19 D40 PCI_AD22 C95 PEG_RX13- D95 PEG_TX13-

C41 GND (FIXED) D41 GND (FIXED) C96 GND D96 GND 

C42 PCI_AD21 D42 PCI_AD24 C97 RSVD D97 PEG_ENABLE#

C43 PCI_AD23 D43 PCI_AD26 C98 PEG_RX14+ D98 PEG_TX14+

C44 PCI_C/BE3# D44 PCI_AD28 C99 PEG_RX14- D99 PEG_TX14-

C45 PCI_AD25 D45 PCI_AD30 C100 GND (FIXED) D100 GND (FIXED) 

C46 PCI_AD27 D46 PCI_IRQC# C101 PEG_RX15+ D101 PEG_TX15+

C47 PCI_AD29 D47 PCI_IRQD# C102 PEG_RX15- D102 PEG_TX15-

C48 PCI_AD31 D48 PCI_CLKRUN# C103 GND D103 GND 

C49 PCI_IRQA# D49 PCI_M66EN C104 VCC_12V D104 VCC_12V 

C50 PCI_IRQB# D50 PCI_CLK C105 VCC_12V D105 VCC_12V 

C51 GND (FIXED) D51 GND (FIXED) C106 VCC_12V D106 VCC_12V 

C52 PEG_RX0+ D52 PEG_TX0+ C107 VCC_12V D107 VCC_12V 

C53 PEG_RX0- D53 PEG_TX0- C108 VCC_12V D108 VCC_12V 

C54 TYPE0# D54 PEG_LANE_RV# C109 VCC_12V D109 VCC_12V 

C55 PEG_RX1+ D55 PEG_TX1+ C110 GND (FIXED) D110 GND (FIXED) 
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5  Signal Descriptions
The  following  section  describes  the  signals  found  on  COM Express™ Type 2 
connectors.  Most  of  the  signals  listed  in  the  following  sections  also  apply  to  other 
COM Express™ module types.  The pinout  for  connector  rows A and B remains the 
same regardless of  the module type but the pinout for  connector rows D and C are 
dependent  on  the  module  type.  Refer  to  the  COM Express™  Specification  for 
information about the different pinouts of the module types other than Type 2.

The table below describes the terminology used in this section for the Signal Description 
tables.  The  “#”  symbol  at  the  end  of  the  signal  name  indicates  that  the  active  or 
asserted state occurs when the signal is at a low voltage level. When “#” is not present, 
the signal is asserted when at a high voltage level.

Table 5-1 Signal Tables Terminology Descriptions

Term Description
I/O 3.3V Bi-directional signal 3.3V tolerant

I/O 5V Bi-directional signal 5V tolerant

I 3.3V Input 3.3V tolerant

I 5V Input 5V tolerant

I/O 3.3VSB Bi-directional 3.3V tolerant active during standby and running state.(daniel, is it necessary to add 
something here which explicitly says 'standby state_AND_running state' or is it obvious anyway?)

O 3.3V Output 3.3V signal level

O 5V Output 5V signal level

OD Open drain output

P Power input/output

DDC Display Data Channel

PCIE In compliance with PCI Express Base Specification, Revision 1.0a

USB In compliance with the Universal Serial Bus Specification, Revision 2.0

GBE In compliance with IEEE 802.3ab 1000Base-T Gigabit Ethernet

SATA In compliance with Serial ATA specification, Revision 1.0a

REF Reference voltage output. May be sourced from a module power plane.

PDS Pull-down strap. A module output pin that is either tied to GND or is not connected. Used to signal 
module capabilities (pin-out type) to the Carrier Board. 
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5.1 PCI Express™ (PCIe)
PCI Express provides a scalable, high-speed, serial I/O point-to-point bus connection. A 
PCI Express lane consists of dual simplex channels, each implemented as a low-voltage 
differentially  driven  transmit  pair  and  receive  pair.  They  are  used  for  simultaneous 
transmission in each direction. The bandwidth of a PCI Express link can be scaled by 
adding  signal  pairs  to  form  multiple  lanes  between  two  devices.  The  PCI  Express 
specification defines x1, x4, x8, x16, and x32 link widths. Each single lane has a raw 
data transfer rate of 2.5Gbps @ 1.25GHz.

The PCI Express interface of the COM Express™ Type 2 module consists of up to 6 
lanes,  each  with  a  receive  and  transmit  differential  signal  pair  designated  from 
PCIE_RX0  (+  and  -)  to  PCIE_RX5  (+  and  -)  and  correspondingly  from  PCIE_TX0 
(+ and -) to PCIE_TX5 (+ and -). According to the PCI Express specification, these six 
lanes can be configured as several PCI Express x1 links or to a combined x4 link plus 
two  x1  links.  These  configuration  possibilities  are  based  on  the  COM  Express™ 
module's chipset capabilities.

Table 5-2 PCI Express Signal Descriptions

Signal Pin# Description I/O Comment
PCIE_RX0+
PCIE_RX0-

B68
B69

PCIe channel 0. Receive Input differential pair. I PCIE

PCIE_TX0+
PCIE_TX0-

A68
A69

PCIe channel 0. Transmit Output differential pair. O PCIE

PCIE_RX1+
PCIE_RX1-

B64
B65

PCIe channel 1. Receive Input differential pair. I PCIE

PCIE_TX1+
PCIE_TX1-

A64
A65

PCIe channel 1. Transmit Output differential pair. O PCIE

PCIE_RX2+
PCIE_RX2-

B61
B62

PCIe channel 2,. Receive Input differential pair. I PCIE

PCIE_TX2+
PCIE_TX2-

A61
A62

PCIe channel 2. Transmit Output differential pair. O PCIE

PCIE_RX3+
PCIE_RX3-

B58
B59

PCIe channel 3.. Receive Input differential pair. I PCIE

PCIE_TX3+
PCIE_TX3-

A58
A59

PCIe channel 3. Transmit Output differential pair. O PCIE

PCIE_RX4+
PCIE_RX4-

B55
B56

PCIe channel 4. Receive Input differential pair. I PCIE

PCIE_TX4+
PCIE_TX4-

A55
A56

PCIe channel 4. Transmit Output differential pair. O PCIE

PCIE_RX5+
PCIE_RX5-

B52
B53

PCIe channel 5. Receive Input differential pair. I PCIE

PCIE_TX5+
PCIE_TX5-

A52
A53

PCIe channel 5. Transmit Output differential pair. O PCIE

PCIE_CLK_REF+
PCIE_CLK_REF-

A88
A98

PCIe Reference Clock for Lanes 0 to 5. O PCIE

WAKE0# B66 PCIe Wake Event: Sideband wake-up signal. I PCIE Asserted by components 
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5.1.1 PCI Express x1, x4, x8 and x16 Connectors
Figure  5-1  illustrates  the  pinout  definition  for  the  standard  x1,  x4,  x8  and  x16 
PCI Express connectors. The dashed lines in the diagram depict where each different 
connector type ends.

Figure 5-1 PCI Express Connector Pinout Diagram
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The  x16  connector  usually  is  used  to  drive  the  PCI  Express  Graphics  Port  (PEG) 
consisting of 16 PEG lanes, which are connected to the appropriate x16 connector pins. 
For  more  information  about  the  signal  definition  of  the  PEG  port,  refer  to  section 
5.5 'PCI Express Graphics – PEG'. The signal field in Table 5-3 describes the pinout for 
the standard PCI Express x1, x4, x8 and x16 connectors.

Table 5-3 PCIe x1, x4, x8 and x16 Connector Signal Descriptions

Pin Signal Description Pin Signal Description
1B +12V 12V power 1A PRSNT1#* Hot-Plug presence detected

2B +12V 12V power 2A +12V 12V power

3B +12V 12V power 3A +12V 12V power

4B GND Ground 4A GND Ground

5B SMCLK* SMBus Clock 5A JTAG2* TCK - Boundary Scan Test Clock

6B SMDAT* SMBus Data 6A JTAG3* TDI – Boundary Scan Test Data 
Input

7B GND Ground 7A JTAG4* TDO - Boundary Scan Test Data 
Output

8B +3.3V 3.3V power 8A JTAG5* TMS - Boundary Scan Test Mode 
Select

9B JTAG1* TRST# - Boundary Scan Test Reset 9A +3.3V 3.3V power

10B +3.3Vaux* 3.3V auxiliary power 10A +3.3V 3.3V power

11B WAKE#* Link Reactivation 11A PERST#* Reset

Mechanical Key

12B RSVD Reserved 12A GND Ground

13B GND Ground 13A REFCLK+* Reference Clock differential pair 
positive signal

14B PETp0

15B PETn0

Transmitter differential pair 
positive/negative signal, Lane 0  

14A REFCLK-* Reference Clock differential pair 
negative signal

15A GND Ground

16B GND Ground 16A PERp0

17B PRSNT2#* Hot-Plug presence detected 17A PERn0

Receiver differential pair 
positive/negative signal , Lane 0 

18B GND Ground 18A GND Ground

End of x1 Connector

19B PETp1

20B PETn1

Transmitter differential pair 
positive/negative signal, Lane 1  

19A RSVD Reserved

20A GND Ground

21B GND Ground 21A PERp1

22B GND Ground 22A PERn1

Receiver differential pair 
positive/negative signal, Lane 1

23B PETp2

24B PETn2

Transmitter differential pair 
positive/negative signal, Lane 2  

23A GND Ground

24A GND Ground

25B GND Ground 25A PERp2

26B GND Ground 26A PERn2

Receiver differential pair 
positive/negative signal, Lane 2

27B PETp3

28B PETn3

Transmitter differential pair 
positive/negative signal, Lane 3  

27A GND Ground

28A GND Ground

29B GND Ground 29A PERp3 Receiver differential pair 
positive/negative signal, Lane 3 
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Pin Signal Description Pin Signal Description
30B GND Ground 30A PERn3

31B PRSNT2#* Hot-Plug presence detected 31A GND Ground

32B GND Ground 32A RSVD Reserved

End of x4 Connector

33B PETp4

34B PETn4

Transmitter differential pair 
positive/negative signal, Lane 4

33A RSVD Reserved

34A GND Ground

35B GND Ground 35A PERp4

36B GND Ground 36A PERn4

Receiver differential pair 
positive/negative signal, Lane 4

37B PETp5

38B PETn5

Transmitter differential pair 
positive/negative signal, Lane 5 

37A GND Ground

38A GND Ground

39B GND Ground 39A PERp5

40B GND Ground 40A PERn5

Receiver differential pair 
positive/negative signal, Lane 5

41B PETp6

42B PETn6

Transmitter differential pair 
positive/negative signal, Lane 6

41A GND Ground

42A GND Ground

43B GND Ground 43A PERp6

44B GND Ground 44A PERn6

Receiver differential pair 
positive/negative signal, Lane 6

45B PETp7

46B PETn7

Transmitter differential pair 
positive/negative signal, Lane 7

45A GND Ground

46A GND Ground

47B GND Ground 47A PERp7

48B PRSNT2#* Hot-Plug presence detected 48A PERn7

Receiver differential pair 
positive/negative signal, Lane 7

49B GND Ground 49A GND Ground

End of x8 Connector

50B PETp8

51B PETn8

Transmitter differential pair 
positive/negative signal, Lane 8

50A RSVD Reserved

51A GND Ground

52B GND Ground 52A PERp8

53B GND Ground 53A PERn8

Receiver differential pair 
positive/negative signal, Lane 8

54B PETp9

55B PETn9

Transmitter differential pair 
positive/negative signal, Lane 9

54A GND Ground

55A GND Ground

56B GND Ground 56A PERp9

57B GND Ground 57A PERn9

Receiver differential pair 
positive/negative signal, Lane 9

58B PETp10

59B PETn10

Transmitter differential pair 
positive/negative signal, Lane 10

58A GND Ground

59A GND Ground

60B GND Ground 60A PERp10

61B GND Ground 61A PERn10

Receiver differential pair 
positive/negative signal, Lane 10

62B PETp11

63B PETn11

Transmitter differential pair 
positive/negative signal, Lane 11

62A GND Ground

63A GND Ground

64B GND Ground 64A PERp11

65B GND Ground 65A PERn11

Receiver differential pair 
positive/negative signal, Lane 11

66B PETp12

67B PETn12

Transmitter differential pair 
positive/negative signal, Lane 12

66A GND Ground

67A GND Ground

68B GND Ground 68A PERp12

69B GND Ground 69A PERn12

Receiver differential pair 
positive/negative signal, Lane 12
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Pin Signal Description Pin Signal Description
70B PETp13

71B PETn13

Transmitter differential pair 
positive/negative signal, Lane 13

70A GND Ground

71A GND Ground

72B GND Ground 72A PERp13

73B GND Ground 73A PERn13

Receiver differential pair 
positive/negative signal, Lane 13

74B PETp14

75B PETn14

Transmitter differential pair 
positive/negative signal, Lane 14

74A GND Ground

75A GND Ground

76B GND Ground 76A PERp14

77B GND Ground 77A PERn14

Receiver differential pair 
positive/negative signal, Lane 14

78B PETp15

79B PETn15

Transmitter differential pair 
positive/negative signal, Lane 15

78A GND Ground

79A GND Ground

80B GND Ground 80A PERp15

81B PRSNT2#* Hot-Plug presence detected 81A PERn15

Receiver differential pair 
positive/negative signal, Lane 15

82B RSVD Reserved 82A GND Ground

End of x16 Connector

Note

* Auxiliary signals. The axillary signals are provided on the PCI Express connectors to  
assist with certain system level functionality or implementations. Some of these signals  
are  required  when  implementing  a  PCI  connector  on  the  carrier  board.  For  more 
information  about  this  subject  refer  to  the  'PCI  Express  Card  Electromechanical  
Specification, Rev. 1.1 Chapter 2'.
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5.1.2 PCI Express Implementation Guidelines

5.1.2.1 PCI Express Reference Clock
PCI Express does not specify the external clock source for PCI Express devices. It only 
provides a 100MHz differential Serial Reference Clock (SRC), which can be used by the 
internal PLL of the PCI Express device to generate the required 1.25GHz clock. The 
corresponding Serial Reference Clock signals  'PCI_CLK_REF+' and  'PCI_CLK_REF-'  
can be found on the COM Express™ module connector row A, pins A88 and A89.

In  an  application  where  more  than  one  PCI  Express  slot  or  device  is  needed,  the 
differential  Serial  Reference  Clock signal  must  be  replicated  by  using  a  zero-delay 
buffer. Figure 5-2 shows an example implementing the ICS9DB106 PCI Express zero-
delay buffer from Integrated Circuit Systems (ICS) (http://www.idt.com). This zero-delay 
buffer provides six Serial Reference Clock outputs including clock request functionality. 
This circuit is also used on the COM Express™ PnP Initiative's evaluation carrier board 
design.

The PCI Express architecture  has specified the clock signal to be embedded in the 
serial data stream for synchronization of the two devices. For carrier board designs that 
implement  PCI  Express  connectors  for  external  add-in  card  devices,  the  SRC  is 
required  on  the  connector  interface.  External  add-in  cards  may  utilize  this  SRC 
differential signal pair to reduce jitter for maintaining maximum data transfer rate. For 
detailed information about this subject refer to chapter 2.1 of  the 'PCI Express™ Card 
Electromechanical Specification Revision 1.1'.

Figure 5-2 PCI Express Clock Buffer Circuitry
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5.1.2.2 PCI Express Reset
The PCI Interface of the COM Express™ module shares the reset signal 'PCI_RESET#' 
with the PCI Express interface. For better signal quality it is recommended to split this 
reset signal into a single PCI Express reset signal and a single PCI bus reset signal. 
Therefore a buffer circuitry like the one shown in Figure 5-3 should be used.

Figure 5-3 PCI Express Reset Buffer Circuitry

5.1.2.3 PCI Express Lane Configurations
The lane configuration possibilities of the PCI Express interface of a  COM Express™ 
module  is  dependent  of  the  module's  chipset.  If  an  application  requires  a  x4  PCI 
Express link, it may be necessary to implement a hardware strap on the carrier board in 
order to tell the module's chipset to switch the PCI Express lanes 0-3 from x1 to x4 
mode.  The  configuration  possibilities  and  implementation  requirements  may  differ 
depending on the module's chipset. Refer to the COM Express™ module's user's guide 
for additional information about this subject.
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5.1.2.4 PCI Express Power Requirements
To utilize the full  functionality of PCI Express devices on the COM Express™ carrier 
board,  some  additional  supply  voltages  are  necessary  beside  the  standard  supply 
voltages of the ATX power supply. Many PCI Express devices are capable of generating 
wake up events during standby operation, for example an external PCI Express Ethernet 
device that supports 'Wake On LAN' functionality. Therefore, it is necessary to generate 
an additional 3.3V standby voltage on the carrier board to supply such devices during 
standby  operation.  The  voltage  regulator  must  be  designed  to  meet  the  power 
requirements of the connected devices.

Note

Refer  to  the  reference  schematics  of  the  COM Express™  PnP  Initiative  evaluation 
carrier  board  design  for  an  example  of  how  to  implement  a  3.3V  standby  voltage 
regulator.

When an external ExpressCard or PCIe Mini Card device must be implemented on the 
carrier  board,  an additional  1.5V supply voltage  is  required  by the  appropriate  card 
sockets. The voltage regulator must be designed to meet the power requirements of the 
connected devices.

Note

Refer  to  the  reference  schematics  of  the  COM Express™  PnP  Initiative  evaluation 
carrier board design for an example of how to implement a 1.5V voltage regulator.
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The PCI Express specification defines maximum power requirements for the different 
PCI Express connectors and/or devices. The power supply for the carrier board must be 
designed to meet these maximum power requirements. Table 5-4 shows the maximum 
current consumption defined for the different types of PCI Express connectors.

Table 5-4 PCIe Connector Power Requirements

Power Rail PCIe x1, x4 or x8 
Connector

PCIe x16
Connector

ExpressCard
Connector

PCIe Mini Card
Connector

12V 2.1A @ 1000uF bulk 5.5A @ 2000uF bulk
3.3V 3.0A @ 1000uF bulk 3.0A @ 1000uF bulk 1.35A 1.0A
3.3V Standby
(optional)

375mA @ 150uF bulk 375mA @ 150uF bulk 275mA 330mA

1.5V 750mA 500mA

Implementing  PCI  Express  connectors  on  the  carrier  board  requires  distinctive 
decoupling of the connector supply voltages to reduce possible voltage drops and to 
provide an AC return path in a manner consistent with high-speed signaling techniques. 
Decoupling capacitors should be placed as close as possible to the power pins of the 
connectors.  Table 5-5 shows the minimum requirements for power decoupling of the 
different power pin types of each PCI Express connector type.

Table 5-5 PCIe Power Decoupling Requirements

Power Pin 
Type

PCIe x1, x4 or x8 
Connector

PCIe x16
Connector

ExpressCard
Connector

PCIe Mini Card
Connector

12V 1x 22µF, 2x 100nF 4x 22uF, 2x 100nF
3.3V 1x 22uF, 2x 100nF 1x 100uF, 2x 100nF
3.3V Standby
(optional)

1x 22uF, 2x 100nF 1x 22uF, 2x 100nF

1.5V
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5.2 Universal Serial Bus
The Universal Serial Bus interface of the COM Express™ module is compliant to USB 
1.1 as well as USB 2.0 specification. COM Express™ specifies a minimum configuration 
of 4 USB ports up to a maximum of 8 for all module types. The corresponding signals 
used to interconnect standard USB connectors can be found on the COM Express™ 
module's connector rows A and B.

Table 5-6 USB Signal Descriptions

Signal Pin# Description I/O Comment
USB0+ A46 USB Port 0, data + or D+ I/O USB mandatory

USB0- A45 USB Port 0, data - or D- I/O USB mandatory

USB1+ B46 USB Port 1, data + or D+ I/O USB mandatory

USB1- B45 USB Port 1, data - or D- I/O USB mandatory

USB2+ A43 USB Port 2, data + or D+ I/O USB mandatory

USB2- A42 USB Port 2, data - or D- I/O USB mandatory

USB3+ B43 USB Port 3, data + or D+ I/O USB mandatory

USB3- B42 USB Port 3, data - or D- I/O USB mandatory

USB4+ A40 USB Port 4, data + or D+ I/O USB optional

USB4- A39 USB Port 4, data - or D- I/O USB optional

USB5+ B40 USB Port 5, data + or D+ I/O USB optional

USB5- B39 USB Port 5, data - or D- I/O USB optional

USB6+ A37 USB Port 6, data + or D+ I/O USB optional

USB6- A36 USB Port 6, data - or D- I/O USB optional

USB7+ B37 USB Port 7, data + or D+ I/O USB optional

USB7- B36 USB Port 7, data - or D- I/O USB optional

USB_0_1_OC# B44 USB over-current sense, USB ports 0 and 1. A pull-up 
for this line shall be present on the module. An open 
drain driver from a USB current monitor on the Carrier 
Board may drive this line low. Do not pull this line high 
on the Carrier Board. 

I 3.3V
CMOS

optional

USB_2_3_OC# A44 USB over-current sense, USB ports 2 and 3. A pull-up 
for this line shall be present on the module. An open 
drain driver from a USB current monitor on the Carrier 
Board may drive this line low. Do not pull this line high 
on the Carrier Board. 

I 3.3V
CMOS

optional

USB_4_5_OC# B38 USB over-current sense, USB ports 4 and 5. A pull-up 
for this line shall be present on the module. An open 
drain driver from a USB current monitor on the Carrier 
Board may drive this line low. Do not pull this line high 
on the Carrier Board. 

I 3.3V
CMOS

optional

USB_6_7_OC# A38 USB over-current sense, USB ports 6 and 7. A pull-up 
for this line shall be present on the module. An open 
drain driver from a USB current monitor on the Carrier 
Board may drive this line low. Do not pull this line high 
on the Carrier Board. 

I 3.3V
CMOS

optional
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5.2.1 USB Connectors
Figure 5-4 USB Connector 

Connector type: T/H, 4 ports, female, front view

Table 5-7 USB Connector Pinout

Signal Pin Description I/O Comment
VCC 1 +5V Power Supply P 5V

-DATA 2 Universal Serial Bus Data, negative 
differential signal.

I/O USB

+DATA 3 Universal Serial Bus Data, positive differential 
signal.

I/O USB

GND 4 Ground P
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5.2.2 USB Implementation Guidelines

5.2.2.1 USB Over-Current Protection
The USB Specification describes power distribution over the USB port, which supplies 
power for USB devices that are directly connected to the carrier board. Therefore, the 
host must implement over-current protection on the ports for safety reasons. Should the 
aggregate  current  drawn  by  the  downstream  ports  exceed  a  permitted  value,  the 
over-current protection circuit removes power from all affected downstream ports. The 
over-current  limiting  mechanism  must  be  resettable  without  user  mechanical 
intervention.  For  more  detailed  information  about  this  subject  refer  to  the  'Universal 
Serial  Bus  Specifications  Revision  2.0',  which  can  be  found  on  the  website 
http://www.usb.org.

Over-current protection for USB ports can be implemented by using power distribution 
switches on the carrier board that monitor the USB port power lines. Power distribution 
switches usually have a soft-start circuitry that minimizes inrush current in applications 
where  highly  capacitive  loads  are  employed.  Transient  faults  are  internally  filtered. 
Additionally,  they offer  a fault  status  output  that  is  asserted  during over-current  and 
thermal shutdown conditions. These outputs should be connected to the corresponding 
COM Express™ modules USB over-current sense signals.

Simple resettable PolySwitch devices are capable of fulfilling the requirements of USB 
over-current  protection  and  therefore  can  be  used  as  a  replacement  for  power 
distribution switches.

5.2.2.2 EMI/ESD Protection 
To improve the EMI behavior of the USB interface, a design should include common 
mode chokes, which have to be placed as close as possible to the USB connector signal 
pins. Common mode chokes can provide required noise attenuation but they also distort 
the  signal  quality  of  full-speed and  high-speed signaling.  Therefore,  common mode 
chokes should be chosen carefully to meet the requirements of the EMI noise filtering 
while retaining the integrity of the USB signals on the carrier board design.

To  protect  the  USB  host  interface  of  the  module  from  over-voltage  caused  by 
electrostatic  discharge  (ESD)  and  electrical  fast  transients  (EFT),  low  capacitance 
steering diodes and transient voltage suppression diodes have to be implemented on 
the  carrier  board  design.  In  the  USB  reference  schematics  Figure  5-5,  this  is 
implemented  by  using  'SR05  RailClamp®'  surge  rated  diode arrays  from  Semtech 
(http://semtech.com).

5.2.2.3 Routing Considerations for USB
See  section  7.2  'USB  2.0  Trace  Routing  Guidelines'  and  the  COM  Express™ 
specification for more information about this subject.
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5.2.2.4 USB Reference Schematics
The power distribution for the four USB ports in the example below is handled by a 'MIC2026' dual channel power 
distribution switch from Micrel (http://www.micrel.com). Some COM Express™ modules are capable of generating 
wake up events over the USB interface during S3 or S5 system state. Since these USB ports are powered by the 
5V main power rail, wake up functionality cannot be supported.

Figure 5-5 USB Reference Circuitry Main Powered
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The power distribution switches and the ESD protection shown in the following USB circuitry are powered by the 
5V standby voltage of the main power supply. Hence the circuitry is powered during the S3 and S5 system state. 
This  provides  the  ability  for  the  COM Express™ module to  generate  system  wake-up  events  over  the  USB 
interface.

Figure 5-6 USB Reference Circuitry Standby Powered
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5.3 ExpressCard™
ExpressCard is a small, modular add-in card designed to replace common PCMCIA and 
PC Cards. It takes advantage of the scalable, high-bandwidth serial PCI Express and 
USB 2.0 interfaces to provide much higher data rates.  COM Express™ modules offer 
support  for  up  to  two  ExpressCard  slots.  More  information  about  the  ExpressCard 
Standard can be found at http://www.expresscard.org. 

In addition to the signals of a PCI Express x1 link and a USB 2.0 link, the ExpressCard 
interface requires the following control signals provided by the COM Express™ module. 
The corresponding signals can be found on the module connector rows A and B.

Table 5-8 ExpressCard Signal Descriptions

Signal Pin Description I/O Comment
EXCD0_CPPE# A49 ExpressCard capable card request, slot 1. I 3.3V

CMOS

EXCD1_CPPE# B48 ExpressCard capable card request, slot 2. I 3.3V
CMOS

EXCD0_PERST# A48 ExpressCard reset, slot 1. O 3.3V
CMOS

EXCD1_PERST# B47 ExpressCard reset, slot 2. O 3.3V
CMOS

SMB_DAT B14 System Management Bus clock signal. I/O 3.3V
OD CMOS

SMB_CK B13 System Management Bus data signal. I/O 3.3V
OD CMOS

The schematics example displayed in Figure 5-7 also utilizes the following signals that 
are not located on the module connector rows A-B.

Signal Pin Description I/O
PCIE_RST# - PCI Express Bus Reset. I 3.3V

Standby
CMOS

This signal originates from 
the PCI Express reset buffer 
shown in Figure 5-3 'PCI 
Express Reset Buffer 
Circuitry'

CLKREQCEx# - Request for PCI Express Reference Clock.
See section 5.1.2.1 'PCI Express Reference 
Clock' for details.

I 3.3V
CMOS

This signal originates from 
the clock buffer shown in 
Figure 5-2 'PCI Express 
Clock Buffer Circuitry'
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5.3.1 ExpressCard Connector
Table 5-9 ExpressCard Connector Pinout

Signal Pin Description I/O
GND 1 Ground P

USB_D- 2 USB Serial Data Interface differential pair, negative 
signal

I/O USB

USB_D+ 3 USB Serial Data Interface differential pair, positive 
signal

I/O USB

CPUSB# 4 USB Interface presence detected I 3.3V

RSVD 5 Reserved

RSVD 6 Reserved

SMBCLK 7 System Management Bus Clock I/O 3.3V optional signal

SMBDATA 8 System Management Bus Data I/O 3.3V optional signal 

+1.5V 9 Secondary voltage source, 1.5V P 1.5V

+1.5V 10 Secondary voltage source, 1.5V P 1.5V

WAKE# 11 Request that the host interface return to full operation 
and respond to PCIe

I 3.3V

+3.3VAUX 12 Auxiliary voltage source, 3.3V P 3.3V

PERST# 13 PCI Express Reset I 3.3V

+3.3V 14 Primary voltage source, 3.3V P 3.3V

+3.3V 15 Primary voltage source, 3.3V P 3.3V

CLKREQ# 16 Request that REFCLK be enabled I 3.3V

CPPE# 17 PCI Express interface presence detect I 3.3V

REFCLK- 18 PCI Express reference clock differential pair, 
negative signal

I PCIe

REFCLK+ 19 PCI Express reference clock differential pair, positive 
signal

I PCIe 

GND 20 Ground P

PERn0 21 PCI Express Receiver differential pair negative signal I/O PCIe

PERp0 22 PCI Express Receiver differential pair positive signal I/O PCIe

GND 23 Ground P

PETn0 24 PCI Express Transmitter  differential pair negative 
signal

I/O PCIe

PETp0 25 PCI Express Transmitter differential pair positive 
signal

I/O PCIe

GND 26 Ground P

Note

The PCI Express Reference Clock used for  ExpressCard slots  must  be buffered  as 
shown in section 5.1.2.1 'PCI Express Reference Clock'.
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5.3.2 ExpressCard Implementation Guidelines

5.3.2.1 ExpressCard Reference Schematics
Figure  5-7  shows an  example of  how an ExpressCard  slot  can  be  connected  to  a 
COM Express™ carrier  board.  The  power  management  for  the  ExpressCard  slot  is 
handled  by  the  power  interface  switch 'TPS2231'  from  Texas  Instruments 
(http://www.ti.com). The  'CLKREQ#' signal  originates  from  the  clock  buffer  circuitry 
shown in section 5.1.2.1 'PCI Express Reference Clock'.  The same solution has been 
implemented on the COM Express™ PnP Initiative's evaluation carrier board design.

Figure 5-7 ExpressCard Reference Circuitry

5.3.2.2 Routing Considerations for PCI Express and USB
See  section 7.1 'PCI Express Trace Routing Guidelines', 7.2 'USB 2.0 Trace Routing 
Guidelines'  and  the  COM  Express™ specification  for  more  information  about  this 
subject.
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5.4 PCI Express Mini Card
The PCI Express Mini Card add-in card is a small size unique form factor optimized for 
mobile computing platforms equipped with communication applications such as Wireless 
LAN. A small footprint connector can be implemented on the carrier board providing the 
ability to insert different removable PCI Express Mini Cards. Using this approach gives 
the flexibility to mount an upgradeable, standardized PCI Express Mini Card device to 
the carrier board without additional expenditure of a redesign.

In addition to a PCI Express x1 link and a USB 2.0 link, the PCI Express Mini Card 
interface  utilizes  the  following  control  and  reset  signals,  which  are  provided  by  the 
COM Express™ module connector rows A and B.

Table 5-10 PCIe Mini Card Control Signal Descriptions

Signal Pin Description I/O Comment
EXCD0_PERST# A48 PCIe Mini Card Reset, Slot 1 O 3.3V

CMOS

EXCD1_PERST# B47 PCIe Mini Card Reset, Slot 2 O 3.3V
CMOS

SMB_DAT B14 System Management Bus Clock Signal I/O 3.3V
OD CMOS

SMB_CK B13 System Management Bus Data Signal I/O 3.3V
OD CMOS

The reference circuit for PCI Express Mini Card adaptation displayed in Figure 5-9 uses 
the following signals that are not located on the module connector rows A-B.

Signal Pin Description I/O
PCIE_RST# - PCI Express Bus Reset I 3.3V

Standby
CMOS

This signal originates from the 
PCI Express reset  buffer shown 
in Figure 5-3 'PCI Express Reset 
Buffer Circuitry'

CLKREQCEx# - Request for PCI Express Serial Reference 
Clock. For more details see section 5.1.2.1 'PCI 
Express Reference Clock' for details.

I 3.3V
CMOS

This signal originates from the 
clock buffer shown in Figure 5-2 
'PCI Express Clock Buffer 
Circuitry'.
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5.4.1 PCIe Mini Card Socket 
Figure 5-8 PCI Express Mini Card and Socket

A potential source for this PCI Express Mini Card carrier board connector is: AMP/Tyco 
HARD TRAY ASSY MINI PCI EXPRESS CONNECTOR 52 POS Article No. 1717831-1

Table 5-11 PCIe Mini Card Connector Pinout

Pin Signal Description Pin Signal Description
1 WAKE# Request that the host interface return to 

full operation and respond to PCIe.
2 +3.3V Primary voltage source, 3.3V.

3 RSVD Reserved 4 GND Ground

5 RSVD Reserved 6 +1.5V Secondary voltage source, 1.5V.

7 CLKREQ# Reference clock request signal. 8 UIM_PWR Power source for User Identity 
Modules (UIM).

9 GND Ground 10 UIM_DATA Data signal for UIM.

11 REFCLK- Reference Clock differential pair 
negative signal.

12 UIM_CLK Clock signal for UIM.

13 REFCLK+ Reference Clock differential pair 
positive signal.

14 UIM_RESET Reset signal for UIM.

15 GND Ground 16 UIM_VPP Variable supply voltage for UIM.

Mechanical Key

17 RSVD Reserved for future second User 
Identity Modules interface (UIM_C8).

18 GND Ground

19 RSVD Reserved for future second User 
Identity Module interface (UIM_C4).

20 W_DISABLE Used by the system to disable 
radio operation on add-in cards 
that implement radio frequency 
application.

21 GND Ground 22 PERST# PCI Express Reset

23 PERn0 Receiver differential pair negative 
signal, Lane 0.

24 3.3Vaux Auxiliary voltage source, 3.3V.

25 PERp0 Receiver differential pair positive signal, 
Lane 0.

26 GND Ground

27 GND Ground 28 +1.5V Secondary voltage source, 1.5V.

29 GND Ground 30 SMB_CLK System Management Bus Clock.
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Pin Signal Description Pin Signal Description
31 PETn0 Transmitter differential pair negative 

signal, Lane 0.
32 SMB_DATA System Management Bus Data.

33 PETp0 Transmitter differential pair positive 
Signal, Lane 0.

34 GND Ground

35 GND Ground 36 USB_D- USB Serial Data Interface 
differential pair, negative signal.

37 RSVD Reserved for future second PCIe lane. 38 USB_D+ USB Serial Data Interface 
differential pair, positive signal.

39 RSVD Reserved for future second PCIe lane. 40 GND Ground

41 RSVD Reserved for future second PCIe lane. 42 LED_WWAN# LED status indicator signals 
provided by the system.

43 RSVD Reserved for future second PCIe lane. 44 LED_WLAN# LED status indicator signals 
provided by the system.

45 RSVD Reserved for future second PCIe lane. 46 LED_WPAN# LED status indicator signals 
provided by the system.

47 RSVD Reserved for future second PCIe lane. 48 +1.5V Secondary voltage source, 1.5V.

49 RSVD Reserved for future second PCIe lane. 50 GND Ground

51 RSVD Reserved for future second PCIe lane. 52 +3.3V Primary voltage source, 3.3V.
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5.4.2 PCIe Mini Card Implementation Guidelines

5.4.2.1 PCIe Mini Card Reference Schematics
Figure 5-9 displays an example of how a PCIe Mini Card socket can be connected to a 
COM Express™  carrier  board.  The  same  solution  has  been  implemented  on  the 
COM Express™ PnP Initiative's evaluation carrier board design. It utilizes the USB Port 
7 and either PCI Express lane 2 or lane 5 depending on the carrier board configuration.

Figure 5-9 PCIe Mini Card Reference Circuitry

5.4.2.2 Routing Considerations for PCI Express and USB
See section 7.1 'PCI Express Trace Routing Guidelines', 7.2 'USB 2.0 Trace Routing 
Guidelines'  and  the  COM  Express™ specification  for  more  information  about  this 
subject.
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5.5 PCI Express Graphics – PEG
The PEG Port utilizes PCI Express lanes 16-32 and is suitable to drive a x16 link for an 
external  high-performance  PCI  Express  Graphics  card.  It  supports  a  theoretical 
bandwidth of up to 4 GB/s. Each lane of the PEG Port consists of a receive and transmit 
differential signal pair designated from  'PEG_RX0'  (+ and -) to  'PEG_RX15' (+ and -) 
and  correspondingly  from  'PEG_TX0' (+  and  -)  to  'PEG_TX15' (+  and  -).  The 
corresponding signals can be found on the module connector rows C and D.

The  pins  of  PEG  Port  are  shared  with  the  Serial  Digital  Video  Output  (SDVO) 
functionality and may be alternatively used for two third party SDVO compliant devices 
connected to channels B and C. It is also possible to connect a standardized Advanced 
Digital Display Card 2nd Generation (ADD2) to the x16 PEG Port connector, which offers 
the possibility to support a wide variety of display options like DVI, LVDS, TV-Out and 
HDMI. ADD2 cards are detected automatically by the graphics controller when they are 
connected to the PEG port.

Table 5-12 PEG Signal Descriptions

Signal Pin# Description I/O Comment
PEG_RX0+
PEG_RX0-

C52
C53

PEG channel 0, Receive Input 
differential pair.

I PCIE Shared with: SDVO_TVCLKIN+
                     SDVO_TVCLKIN-

PEG_TX0+
PEG_TX0-

D52
D53

PEG channel 0, Transmit Output 
differential pair.

O PCIE Shared with: SDVOB_RED+ 
                     SDVOB_RED-

PEG_RX1+
PEG_RX1-

C55
C56

PEG channel 1, Receive Input 
differential pair.

I PCIE Shared with: SDVOB_INT+
                     SDVOB_INT-

PEG_TX1+
PEG_TX1-

D55
D56

PEG channel 1, Transmit Output 
differential pair.

O PCIE Shared with: SDVOB_GRN+ 
                     SDVOB_GRN-

PEG_RX2+
PEG_RX2-

C58
C59

PEG channel 2, Receive Input 
differential pair.

I PCIE Shared with: SDVO_FLDSTALL+
                     SDVO_FLDSTALL-

PEG_TX2+
PEG_TX2-

D58
D59

PEG channel 2, Transmit Output 
differential pair.

O PCIE Shared with: SDVOB_BLU+
                     SDVOB_BLU-

PEG_RX3+
PEG_RX3-

C61
C62

PEG channel 3, Receive Input 
differential pair.

I PCIE

PEG_TX3+
PEG_TX3-

D61
D62

PEG channel 3, Transmit Output 
differential pair.

O PCIE Shared with: SDVOB_CK+
                     SDVOB_CK-

PEG_RX4+
PEG_RX4-

C65
C66

PEG channel 4, Receive Input 
differential pair.

I PCIE

PEG_TX4+
PEG_TX4-

D65
D66

PEG channel 4, Transmit Output 
differential pair.

O PCIE Shared with: SDVOC_RED+ 
                     SDVOC_RED-

PEG_RX5+
PEG_RX5-

C68
C69

PEG channel 5, Receive Input 
differential pair.

I PCIE Shared with: SDVOC_INT+
                     SDVOC_INT-

PEG_TX5+
PEG_TX5-

D68
D69

PEG channel 5, Transmit Output 
differential pair.

O PCIE Shared with: SDVOC_GRN+ 
                     SDVOC_GRN-

PEG_RX6+
PEG_RX6-

C71
C72

PEG channel 6, Receive Input 
differential pair.

I PCIE

PEG_TX6+
PEG_TX6-

D71
D72

PEG channel 6, Transmit Output 
differential pair.

O PCIE Shared with: SDVOC_BLU+
                     SDVOC_BLU-

PEG_RX7+
PEG_RX7-

C74
C75

PEG channel 7, Receive Input 
differential pair.

I PCIE

PEG_TX7+ D74 PEG channel 7, Transmit Output O PCIE Shared with: SDVOC_CK+
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Signal Pin# Description I/O Comment
PEG_TX7- D75 differential pair.                      SDVOC_CK-

PEG_RX8+
PEG_RX8-

C78
C79

PEG channel 8, Receive Input 
differential pair.

I PCIE

PEG_TX8+
PEG_TX8-

D78
D79

PEG channel 8, Transmit Output 
differential pair.

O PCIE

PEG_RX9+
PEG_RX9-

C81
C82

PEG channel 9, Receive Input 
differential pair.

I PCIE

PEG_TX9+
PEG_TX9-

D81
D82

PEG channel 9, Transmit Output 
differential pair.

O PCIE

PEG_RX10+
PEG_RX10-

C85
C86

PEG channel 10, Receive Input 
differential pair.

I PCIE

PEG_TX10+
PEG_TX10-

D85
D86

PEG channel 10, Transmit Output 
differential pair.

O PCIE

PEG_RX11+
PEG_RX11-

C88
C89

PEG channel 11, Receive Input 
differential pair.

I PCIE

PEG_TX11+
PEG_TX11-

D88
D89

PEG channel 11, Transmit Output 
differential pair.

O PCIE

PEG_RX12+
PEG_RX12-

C91
C92

PEG channel 12, Receive Input 
differential pair.

I PCIE

PEG_TX12+
PEG_TX12-

D91
D92

PEG channel 12, Transmit Output 
differential pair.

O PCIE

PEG_RX13+
PEG_RX13-

C94
C95

PEG channel 13, Receive Input 
differential pair.

I PCIE

PEG_TX13+
PEG_TX13-

D94
D95

PEG channel 13 Transmit Output 
differential pair.

O PCIE

PEG_RX14+
PEG_RX14-

C98
C99

PEG channel 5, Receive Input 
differential pair.

I PCIE

PEG_TX14+
PEG_TX14-

D98
D99

PEG channel 5, Transmit Output 
differential pair.

O PCIE

PEG_RX15+
PEG_RX15-

C101
C102

PEG channel 5, Receive Input 
differential pair.

I PCIE

PEG_TX15+
PEG_TX15-

D101
D102

PEG channel 5, Transmit Output 
differential pair.

O PCIE

SDVO_I2C_CLK D73 I²C based control signal (clock) for 
SDVO device.

O 2.5V 
CMOS

SDVO_I2C_DATA C73 I²C based control signal (data) for 
SDVO device

I/O 2.5V 
OD CMOS

PEG_LANE_RV# D54
PCI Express Graphics lane reversal 
input strap. Pull low on the carrier 
board to reverse lane order.

I 3.3V
CMOS

PEG_ENABLE# D97 PEG enable function. Strap to 
enable PCI Express x16 external 
graphics interface. Pull low to 
disable internal graphics and enable 
the x16 interface.

I 3.3V
CMOS
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5.5.1 PEG Implementation Guidelines

5.5.1.1 PEG Configuration
As mentioned earlier,  the PEG Port is comprised of PCI Express lanes 16-32. It can 
either  be  used  as  a  standard  PCI  Express x1,  x2,  x4,  x8  or  x16 link  for  common 
PCI Express  devices  or  as  a  x16 link  for  PCI  Express  Graphics.  The  configuration 
possibilities of this PEG Port is dependent on the COM Express™ module's capabilities, 
which are detailed in the module's user's guide.

In order to determine the current configuration of  the PEG Port,  the COM Express™ 
specification defines a low active signal 'PEG_ENABLE#', which can be found on the 
modules connector row D pin D97. This pin will be automatically strapped low when an 
external  PEG device is  present  so  that  the  integrated  graphics  functionality  on  the 
COM Express™ module will be disabled and the PEG Port will be enabled. 

If the pins of the PEG port is used for SDVO functionality to interface for example an 
ADD2 plug-in card, the signal 'PEG_ENABLE#' shall also be strapped low.

5.5.1.2 PEG Lane Reversal
During the PCB layout of a COM Express™ carrier board, it is quite possible that the 
signals between the modules connectors  and the PCI Express device on the carrier 
board  have  to  be  crossed.  To  help  layout  designers  overcome  this  signal  crossing 
scenario, PCI Express specifies Lane Reversal. Lane Reversal is the reverse mapping 
of lanes for x2 or greater links.

For example, on a link with a width of x4, which supports Lane Reversal, the TX0, TX1, 
TX2, TX3 of the transmitting device have to be connected to RX3, RX2, RX1,RX0 of the 
receiving device, and vice versa. See Figure 5-10.

Figure 5-10 Lane Reversal Mode

To activate the Lane Reversal mode for the PEG Port the COM Express™ specification 

Copyright ©  COM Express™ PnP Initiative COMExpressPnP_DG_09 45/119



defines  a  low active  signal  'PEG_LANE_RV#',  which can  be found  on the  modules 
connector row D pin D54. This pin shall be strapped low on the carrier board to invoke 
Lane Reversal mode.

Note

Keep  in  mind  that  the  SDVO  lines  that  share  the  PEG Port  do  not  support  Lane  
Reversal mode.

5.5.1.3 PEG Polarity Inversion
Per definition, PCI Express supports polarity inversion by each receiver on a link. The 
receiver accomplishes this by simply inverting the received data on the differential pair if 
it  detects a polarity inversion during the initial training sequence of  the link. In other 
words, a lane will still work correctly if a positive signal 'PEG_TX+' from a transmitter is 
connected to the negative signal  'PEG_RX-' of  the receiver. Vice versa, the negative 
signal from the transmitter  'PEG_TX-'  must be connected to the positive signal of the 
receiver 'PEG_RX+'.

The  polarity  inversion  feature  of  PCI  Express  solves  the  problem  of  crossing  a 
'PEG_RX+'  and  'PEG_TX+' signal  pair  within a link during layout and routing  of  the 
PCB.

Polarity  inversion  does  not  imply  direction  inversion,  this  means  the  'PEG_TX' 
differential  pairs  of  the  module  must  still  be  connected  to  the  'PEG_RX'  differential 
signal pairs of the device.

5.5.1.4 PEG Reference Schematics
To implement the PEG port on the standard x16 connector of the carrier board, refer to 
the pinout and the interface description of the PCIe x16 connector in section 5.1.1 'PCI 
Express x1, x4, x8 and x16 Connector'.

5.5.1.5 Routing Considerations for PEG
For more information about this subject see section 7.3 'PEG Trace Routing Guidelines' 
and the 'COM Express™ Specification'.
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5.5.2 SDVO Implementation Guidelines
SDVO was developed by the Intel® Corporation to interface third party SDVO compliant 
display controller  devices  that  may have a  variety  of  output  formats,  including  DVI, 
LVDS, HDMI and TV-Out. The electrical interface is based on the PCI Express interface, 
though the protocol and timings are completely unique. Whereas PCI Express runs at a 
fixed frequency,  the frequency of  the  SDVO interface is  dependent  upon the active 
display resolution and timing.

As mentioned before, the pins for SDVO ports B and C are shared with the PEG port. 
The SDVO interface of the COM Express™ module features its own dedicated I²C bus 
(SDVO_I2C_CLK and SDVO_I2C_DAT). It is used to control the external SDVO devices 
and to read out the display timing data from the connected display.

5.5.2.1 SDVO Port Configuration
The SDVO port and device configuration is fixed within the Intel® Graphics Video BIOS 
implementation of the COM Express™ module. COM Express™ PnP Initiative compliant 
modules assume an I²C bus address 70h for SDVO devices connected to port B and an 
I²C bus address of 72h for SDVO devices connected to port C. The following Table 5-13 
lists the supported SDVO port configurations.

Table 5-13 SDVO Port Configuration

SDVO Port B SDVO Port C
Device Type Selectable in BIOS Setup Program. Selectable in BIOS Setup Program.

I²C Address 70h 72h

I²C Bus SDVO I²C GPIO pins SDVO I²C GPIO pins

DDC Bus SDVO I²C GPIO pins SDVO I²C GPIO pins

5.5.2.2 Supported SDVO Devices
Due to the fact that SDVO is an Intel® defined interface, the number of supported SDVO 
devices is limited to devices that are supported by the Intel® Graphics Video BIOS and 
Graphics Driver software.

Table 5-14 Intel® SDVO Supported Device Descriptions

Device Vendor Type Link
CH7021A Chrontel SDTV / HDTV http://www.chrontel.com

CH7308A Chrontel LVDS http://www.chrontel.com

CH7307C Chrontel DVI http://www.chrontel.com

CH7312 Chrontel DVI http://www.chrontel.com

CX25905 Conexant DVI-D / TV / CRT http://www.conexant.com

SiL1362/1364 Silicon Image DVI http://www.siliconimage.com

SiL 1390 Silicon Image HDMI http://www.siliconimage.com
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5.5.2.3 SDVO to DVI Transmitter Reference Circuitry
For information about how to implement a standard ADD2 Card interface on the carrier 
board PEG Port connector refer to Table 5-12 'PEG Signal Descriptions'.

The following circuitry shows an example of how to interconnect a Chrontel CH7307C 
SDVO DVI transmitter directly to the SDVO channel C of the COM Express™ module. 
When  implementing  a  SDVO  device  on  the  carrier  board,  the  I²C bus  signals 
'SDVO_I2C_CLK' and  'SDVO_I2C_DAT' should have a 5.6kΩ (±5%)  pull-up resistor 
connected  to  the  2.5V  supply  voltage.  These  pull-up  resistors  allow  the  module's 
graphics controller to determine if the pins, which are shared between the PEG port and 
the  SDVO  channels  B  and  C,  are  used  for  SDVO  functionality.  The  configuration 
EEPROM for the Chrontel SDVO transmitter CH7307C is optional.

Figure 5-11 SDVO to DVI Transmitter Reference Circuitry
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Figure 5-12 DVI Connector Reference Circuitry

5.5.2.4 Routing Considerations for SDVO
For the SDVO interconnection between the COM Express™ module and a third-party 
SDVO compliant device refer to section 7.4 'SDVO Trace Routing Guidelines' and to the 
layout and routing considerations specified by the SDVO device manufacturer.

5.5.2.5 Routing Considerations for DVI
The Digital Video Interface (DVI) is based on the differential signaling method TDMS. To 
achieve  the  full  performance  and  reliability  of  DVI,  the  TDMS  differential  signals 
between the SDVO to DVI transmitter and the DVI connector have to be routed in pairs 
with a differential impedance of 100Ω. The length of the differential signals must be kept 
as close to the same as possible. The maximum length difference must  not  exceed 
100mils for any of the pairs relative to each other. Spacing between the differential pair 
traces should be more than 2x the trace width to reduce trace-to-trace couplings. For 
example,  having wider gaps between differential  pair  DVI  traces  will  minimize noise 
coupling. It is also strongly advised that ground not be placed adjacent to the DVI traces 
on the same layer. There should be a minimum distance of 30mils. For more information 
refer to the layout and routing considerations as specified by the manufacturer of the 
SDVO to DVI transmitter.
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5.6 Peripheral Component Interconnect Bus – PCI
COM Express™ specifies that all Type 2 and 3 modules offer support for the standard 
32 bit, 33MHz PCI bus interface compliant to the 'PCI Local Bus Specification Revision 
2.3'. The corresponding PCI bus signals can be found on the module connector rows C 
and D. The PCI bus signals can be used to implement  up to four  PCI bus slots or 
external PCI bus master devices on the carrier board. If the system requires more than 
four PCI bus master devices a PCI to PCI bridge may be implemented on the carrier 
board.

Table 5-15 PCI Signal Descriptions

Signal Pin# Description I/O Comment
PCI_AD0 C24 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD1 D22 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD2 C25 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD3 D23 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD4 C26 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD5 D24 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD6 C27 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD7 D25 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD8 C28 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD9 D27 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD10 C29 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD11 D28 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD12 C30 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD13 D29 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD14 C32 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD15 D30 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD16 D37 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD17 C39 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD18 D38 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD19 C40 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD20 D39 PCI bus multiplexed address and data lines I/O 3.3V IDSEL for slot 0

PCI_AD21 C42 PCI bus multiplexed address and data lines I/O 3.3V IDSEL for slot 1

PCI_AD22 D40 PCI bus multiplexed address and data lines I/O 3.3V IDSEL for slot 2

PCI_AD23 C43 PCI bus multiplexed address and data lines I/O 3.3V IDSEL for slot 3

PCI_AD24 D42 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD25 C45 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD26 D43 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD27 C46 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD28 D44 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD29 C47 PCI bus multiplexed address and data lines I/O 3.3V

PCI_AD30 D45 PCI bus multiplexed address and data lines I/O 3.3V
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Signal Pin# Description I/O Comment
PCI_AD31 C48 PCI bus multiplexed address and data lines I/O 3.3V

PCI_C/BE0# D26 PCI bus byte enable line 0, active low I/O 3.3V

PCI_C/BE1# C33 PCI bus byte enable line 1, active low I/O 3.3V

PCI_C/BE2# C38 PCI bus byte enable line 2, active low I/O 3.3V

PCI_C/BE3# C44 PCI bus byte enable line 3, active low I/O 3.3V

PCI_DEVSEL# C36 PCI bus Device Select, active low. I/O 3.3V

PCI_FRAME# D36 PCI bus Frame control line, active low. I/O 3.3V

PCI_IRDY# C37 PCI bus Initiator Ready control line, active low. I/O 3.3V

PCI_TRDY# D35 PCI bus Target Ready control line, active low. I/O 3.3V

PCI_STOP# D34 PCI bus STOP control line, active low. I/O 3.3V

PCI_PAR D32 PCI bus parity I/O 3.3V

PCI_PERR# C34 Parity Error: An external PCI device drives PERR#  to 
low, when it receives data that has a parity error.

I/O 3.3V

PCI_REQ0# C22 PCI bus master request input line, active low. I 3.3V

PCI_REQ1# C19 PCI bus master request input line, active low. I 3.3V

PCI_REQ2# C17 PCI bus master request input line, active low. I 3.3V

PCI_REQ3# D20 PCI bus master request input line, active low. I 3.3V

PCI_GNT0# C20 PCI bus master grant output line, active low. O 3.3V

PCI_GNT1# C18 PCI bus master grant output line, active low. O 3.3V

PCI_GNT2# C16 PCI bus master grant output line, active low. O 3.3V

PCI_GNT3# D19 PCI bus master grant output line, active low. O 3.3V

PCI_RESET# C23 PCI Reset output, active low. O 3.3V Asserted during 
system reset.

PCI_LOCK# C35 PCI Lock control line, active low. I/O 3.3V

PCI_SERR# D33 System Error: SERR# may be pulsed active by any PCI 
device that detects a system error condition.

I/O 3.3V

PCI_PME# C15 PCI Power Management Event:
PCI peripherals drive PME# to low to wake up the system 
from low-power states S1–S5.

I 3.3VSB

PCI_CLKRUN# D48 Bidirectional pin used to support PCI clock run protocol 
for mobile systems.

I/O 3.3V

PCI_IRQA# C49 PCI interrupt request line A. I 3.3V

PCI_IRQB# C50 PCI interrupt request line B. I 3.3V

PCI_IRQC# D46 PCI interrupt request line C. I 3.3V

PCI_IRQD# D47 PCI interrupt request line D. I 3.3V

PCI_CLK D50 PCI 33MHz clock output. O 3.3V

PCI_M66EN D49 Module input signal that indicates whether an carrier 
board PCI device is capable of 66MHz operation. It is 
pulled to ground by carrier board device or by slot card, if 
one of the devices are NOT capable of 66MHz operation.

I 3.3V
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5.6.1 PCI Bus Slot Connector
Figure 5-13 PCI Bus Slot 1
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5.6.2 PCI Implementation Guidelines
The COM Express™ PCI  interface  is  compliant  to  the  'PCI  Local  Bus Specification 
Revision 2.3'. It supports up to four bus master capable PCI bus slots or external PCI 
devices designed on the COM Express™ carrier board. The PCI interface is specified to 
be  +5V  tolerant,  with  +3.3V  signaling.  All  necessary  PCI  bus  pull-up  resistors  are 
included on the COM Express™ module.

The signal 'IDSEL' of each external PCI device or PCI slot has to be connected through 
a 22Ω resistor to a separate PCI address line. For PCI bus slots 1-4, COM Express™ 
specifies the PCI address lines AD[20] to AD[23] (see Figure 5-14).

5.6.2.1 PCI Interrupt Assignment
Most  of  this  PCI  devices  only  utilize  the  interrupt  signal  'INTA#'.  To  distribute  the 
interrupt source of the devices over the interrupt signals  'INTB#',  'INTC#' and  'INTD#', 
an interrupt cross routing has to be implemented on the COM Express™ carrier board 
design. Figure 5-14 and Table 5-16 illustrate the PCI bus interrupt routing for the PCI 
bus slots 1-4.

Figure 5-14 PCI Bus Interrupt Routing
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Table 5-16 PCI Bus Interrupt Routing

Device Signal Slot / Device 1 Slot / Device 2 Slot / Device 3 Slot / Device 4
IDSEL PCI_AD[20] PCI_AD[21] PCI_AD[22] PCI_AD[23]

INTA# PCI_IRQ[A]# PCI_IRQ[B]# PCI_IRQ[C]# PCI_IRQ[D]#

INTB# (if used) PCI_IRQ[B]# PCI_IRQ[C]# PCI_IRQ[D]# PCI_IRQ[A]#

INTC# (if used) PCI_IRQ[C]# PCI_IRQ[D]# PCI_IRQ[A]# PCI_IRQ[B]#

INTC# (if used) PCI_IRQ[D]# PCI_IRQ[A]# PCI_IRQ[B]# PCI_IRQ[C]#

5.6.2.2 PCI Slot REQ/GNT Assignment
In addition to this, COM Express™ modules may provide up to four dedicated REQ/GNT 
pairs for bus-master capable PCI devices or PCI bus slots. The REQ/GNT distribution 
for each of the four supported external devices, or slots, requires cross routing on the 
COM Express™ carrier  board  design.  Table  5-17  shows  the  PCI  REQ/GNT  cross 
routing for the external PCI slots 1-4 specified by COM Express™.

Table 5-17 PCI REQ/GNT Routing

Signal on Device Slot / Device 1 Slot / Device 2 Slot / Device 3 Slot / Device 4
IDSEL PCI_AD[20] PCI_AD[21] PCI_AD[22] PCI_AD[23]

REQ0# (if used) PCI_REQ[0]# PCI_REQ[1]# PCI_REQ[2]# PCI_REQ[3]#

REQ1# (if used) PCI_REQ[1]# PCI_REQ[2]# PCI_REQ[3]# PCI_REQ[0]#

REQ2# (if used) PCI_REQ[2]# PCI_REQ[3]# PCI_REQ[0]# PCI_REQ[1]#

REQ3# (if used) PCI_REQ[3]# PCI_REQ[0]# PCI_REQ[1]# PCI_REQ[2]#

GNT0# (if used) PCI_GNT[0]# PCI_GNT[1]# PCI_GNT[2]# PCI_GNT[3]#

GNT1# (if used) PCI_GNT[1]# PCI_GNT[2]# PCI_GNT[3]# PCI_GNT[0]#

GNT2# (if used) PCI_GNT[2]# PCI_GNT[3]# PCI_GNT[0]# PCI_GNT[1]#

GNT3# (if used) PCI_GNT[3]# PCI_GNT[0]# PCI_GNT[1]# PCI_GNT[2]#

Note

The PCI REQ and GNT lines with the same index must be considered as a pair. It is not  
permitted to combine REQ and GNT lines with a different index. A PCI REQ/GNT pair  
can only be used once for a single PCI bus-master device.
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5.6.2.3 PCI Clock Signal
The  COM  Express™ Specification  only  supports  a  single  PCI  clock  signal called 
'PCI_CLK'  to  be  used on  the  carrier  board.  If  there  are  multiple  devices  or  slots 
implemented on the carrier board, a zero delay clock buffer is required to expand the 
number  of  PCI clocks  so that  each device or  each bus slot  will  be provided with a 
separate  clock  signal.  Figure  5-15  shows an  example  using  the Texas  Instruments 
'CDCVF2505'  zero delay clock buffer providing four output  clock signals with spread 
spectrum compatibility (http://www.ti.com).

Figure 5-15 PCI Clock Buffer Circuitry

Note

In accordance to the 'PCI Local Bus Specification Revision 2.3',  the PCI clock signal  
requires a rise and fall time (slew rate) within 1V/ns and 4V/ns. The slew rate must be 
met across the minimum peak-to-peak portion of the clock wave form, which is between  
0.66V and 1.98V for 3.3V clock signaling. These parameters are very critical for EMV 
and must be observed during carrier board layout when implementing the PCI Bus.
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5.6.2.4 PCI Routing Guidelines
Particular  attention  must  be  paid  to  the  PCI  clock  routing.  The  PCI  Local  Bus 
specification requires a maximum propagation delay for the clock signals of 10ns within 
a propagation skew of 2ns @ 33MHz between the several clock signals.

The COM Express™ Specification allows 1.6ns ± 0.1ns @ 33MHz propagation delay for 
the PCI clock signal beginning from the module pin to the destination pin of the PCI 
device. The propagation delay is dependent on the trace geometries, PCB stack-up and 
the PCB dielectric constant.

Calculating using  a typical propagation delay value of 180ps/inch for an internal layer 
clock trace of the carrier board, a maximum trace length of 8.88 inches is allowed.

The clock trace from the COM Express™ module to a PCI bus slot should be 2.5 inches 
shorter because PCI cards are specified to have 2.5 inches of clock trace length on the 
card itself.

PCI clock signals should be routed as a single ended trace with a trace impedance of 
55Ω. To reduce EMI, a single ground referenced internal layer is recommended. The 
clock traces should be separated as far as possible from other signal traces.

Refer to section 8.1 'PCI Trace Routing Guidelines' and the 'PCI Local Bus Specification 
Revision 2.3' to get more information about this subject.

Note

An approximate value for  the signal propagation delay per trace length inch can be  
calculated by using the following formula:

εr'  can  be  determined  from  the  dielectric  constant  of  the  PCB that  is  used  by  the 
following approximatation.  A typical  value for  the dielectric  constant  of  an FR4 PCB 
material is 4.2 < εr < 4.5.

• for stripline routing: εr' = εr 

• for microstrip routing: εr' = 0.475 * εr + 0.67 for 2.0 < εr < 6.0 
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5.7 Local Area Network – LAN
All COM Express™ modules provide at least one LAN port with the minimum capability 
of 10/100BaseTx Ethernet and optional 10/100/1000BaseT Gigabit Ethernet compliant 
to the IEEE 802.3ab specification.

The LAN interface of  the COM Express™ module consists of  4 pairs of  low voltage 
differential  pair  signals  designated  from  'GBE0_MDI0' (+  and  -)  to  'GBE0_MDI3' (+ 
and -)  plus additional control signals for link activity indicators.  These signals can be 
used  to  connect  a  10/100/1000BaseT  RJ45  connector  with  integrated  or  external 
isolation magnetics to the carrier board. The corresponding LAN differential  pair and 
control signals can be found on the modules connector rows A and B.

Table 5-18 LAN Interface Signal Descriptions

Signal Pin# Description I/O Comment
GBE0_MDI0+
GBE0_MDI0-

A13
A12

Media Dependent Interface (MDI) 
differential pair 0. The MDI can operate in 
1000, 100, and 10Mbit/sec modes.

I/O GBE This signal pair is used for all 
modes.

GBE0_MDI1+
GBE0_MDI1-

A10
A9

Media Dependent Interface (MDI) 
differential pair 1. The MDI can operate in 
1000, 100, and 10Mbit/sec modes.

I/O GBE This signal pair is used for all 
modes.

GBE0_MDI2+
GBE0_MDI2-

A7
A6

Media Dependent Interface (MDI) 
differential pair 2. The MDI can operate in 
1000, 100, and 10Mbit/sec modes.

I/O GBE This signal pair is only used for 
1000Mbit/sec Gigabit Ethernet 
mode.

GBE0_MDI3+
GBE0_MDI3-

A3
A2

Media Dependent Interface (MDI) 
differential pair 3. The MDI can operate in 
1000, 100, and 10Mbit/sec modes.

I/O GBE This signal pair is only used for 
1000Mbit/sec Gigabit Ethernet 
mode.

GBE0_CTREF A14 Reference voltage for carrier board 
Ethernet channel 0 magnetics center tap. 
The reference voltage is determined by the 
requirements of the module's PHY and 
may be as low as 0V and as high as 3.3V.
The reference voltage output should be 
current limited on the module. In a case in 
which the reference is shorted to ground, 
the current must be limited to 250mA or 
less.

REF

GBE0_LINK# A8 Ethernet controller 0 link indicator, active 
low.

O 3.3V
OD CMOS

GBE0_LINK100# A4 Ethernet controller 0 100Mbit/sec link 
indicator, active low.

O 3.3V
OD CMOS

GBE0_LINK1000# A5 Ethernet controller 0 1000Mbit/sec link 
indicator, active low.

O 3.3V
OD CMOS

GBE0_ACT# B2 Ethernet controller 0 activity indicator, 
active low.

O 3.3V
OD CMOS
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5.7.1 LAN Implementation Guidelines
The most critical component of the LAN interface is the isolation magnetics connected 
directly to the MDI differential pair signals of the COM Express™ module. It should be 
carefully qualified for Return Loss, Insertion Loss, Open Circuit Inductance, Common 
Mode Rejection and Crosstalk Isolation to pass the IEEE conformance tests and EMI 
tests. Even if a COM Express™ module complies with the basic specifications set forth 
for  IEEE certification,  it's still possible that the overall system could fail  IEEE testing 
because of  a  poor  quality  or  unsuitable  external  isolation magnetics  module  and/or 
improper PCB layout of the carrier board.

5.7.1.1 LAN Magnetics Modules
1000Base-T Ethernet magnetics modules are similar to those designed solely for 10/100 
BaseTx Ethernet, except that there are four MDI differential signal pairs instead of two. 
1000Base-T  magnetics  modules  have  a  center  tap  pin  that  is  connected  to  the 
reference voltage output  'GBE0_CTREF' of the COM Express™ module, which biases 
the  controller's  output  buffers.  Magnetics  with four  center  tap  pins may have better 
characteristics than those with one or two center tap pins. The isolation magnetics can 
be integrated in a RJ45 jack,  which also provides activity and speed LED indicators. 
Furthermore,  they  can  be  designed  as  discrete  magnetics  modules,  which  will  be 
connected to a pure RJ45 jack. Table 5-19 lists recommended magnetics modules and 
RJ45 jacks for usage on a carrier board design.

Table 5-19 Recommended LAN Magnetic Modules

Manufacturers Part Number Technology Comments
Pulse Engineering H5007 10/100/1000BaseT Discrete magnetics module

Pulse Engineering JK0-0036 10/100/1000BaseT RJ45 jack with integrated magnetics and activity LEDs

Bel Fuse S558-5999–P3 10/100/1000BaseT Discrete magnetics module

Pulse JW0A1P01R-E 10/100/1000BaseT RJ45 jack with integrated magnetics and USB jacks

Foxconn UB11123-J51 10/100/1000BaseT RJ45 jack with integrated magnetics and USB jacks

Due to the COM Express™ specification,  the minimum LAN interface  capability of  a 
COM Express™  module  is  10/100BaseTx.  In  order  to  be  able  to  drive  a 
10/100/1000BaseT  magnetics  module,  when  the  COM Express™  module  is  only 
equipped  with  a  10/100BaseTx  controller,  it's  necessary  to  disconnect  the  first  two 
center  tap  pins  of  the  magnetics  module  from  the  center  reference  voltage  of  the 
COM Express™ module.  Therefore,  a  hardware  jumper  or  a  0Ω resistor  should  be 
placed  on  the  carrier  board  to  open  the  connection  between  the  center  reference 
voltage  signal  'GBE0_CTREF' and  these  center  tap  pins  of  the  magnetics  module. 
Doing this also keeps the carrier board scalable for COM Express™ module upgrades.

For additional information about this subject refer to the LAN reference schematics in 
section 5.7.2 'LAN Reference Schematics'.
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5.7.1.2 LAN Termination and Decoupling
In some cases the LAN controller of the COM Express™ module requires a termination 
network applied to the MDI interface signals designed on the carrier board. Hence, a 
termination  network  can be implemented on the  carrier  board  for  optional  mounting 
purposes. This may not be necessary when using certain COM Express™ modules.

With  the  optional  termination  network,  all  four  MDI  differential  pair  signals  are 
terminated using 49.9  Ω ±1% resistors placed near the magnetics module. One side of 
the resistors connects respectively to the positive and negative MDI signal trace. The 
other side of the two resistors from the MDI signal pair connect together and to ground 
through a parallel pair of 10nF and 1nF capacitors. The capacitors shall be placed as 
close as possible to the 49.9  Ω ±1% resistors using a wide trace. The pads and traces 
for these components should be arranged symmetrical so that the length and symmetry 
of  the  differential  pairs  are  not  disturbed.  Refer  to  the  optional  termination  network 
shown in Figure 5-17.

To terminate the pair-to-pair common mode impedance of CAT cables, a 'Bob Smith 
Termination' must be implemented on the cable-side center-tap. To achieve this, 75Ω 
resistors are used between the center-tap pins and an EFT 1nF/3kV capacitor attached 
to the termination plane.

Decoupling on the center-tap of the magnetics module should be able to handle a wide 
bandwidth of noise. 100nF capacitors with low Equivalent Series Resistance (ESR) are 
recommended to be placed as close as possible to the controller-side center-tap pins of 
the magnetics module. Refer to Figure 5-17.

5.7.1.3 LAN Component Placement
When  using  RJ45  connectors  without  integrated  magnetics,  the  discrete  magnetics 
module has to be placed as close as possible to the RJ45 connector.  The distance 
between the magnetics module and RJ45 connector  must  be less than 1 inch.  This 
distance  requirement  must  be  observed  during  the  carrier  board  layout  when 
implementing LAN. Due to the insertion loss budget of COM Express™, the overall trace 
length of the MDI signal pairs on the carrier board should be less than 5 inches. Signal 
attenuation could cause data transfer problems for traces longer than 5 inches.
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5.7.1.4 LAN Ground Plane Separation
Isolated  separation  between  the  analog  ground  plane  and  digital  ground  plane  is 
recommended. If  this is not implemented properly then bad ground plane partitioning 
could cause serious EMI emissions and degrade analog performance due to bouncing 
noise.

The plane area underneath the magnetic module should be left void. The void area is to 
keep transformer induced noise away from the power and system ground planes. 

The isolated ground, also called chassis ground, connects directly to the fully shielded 
RJ45 connector.  For  better  isolation it  is  also important  to  maintain  a gap  between 
chassis ground and system ground that is wider than 60mils. For ESD protection a 3kV 
high voltage capability capacitor is recommended to connect to this chassis ground for 
ESD protection. Additionally, a ferrite bead can be placed parallel to the capacitor.

Figure 5-16 LAN Ground Plane Separation

5.7.1.5 LAN Link Activity and Speed LED
The COM Express™ module has four 3.3V open drain outputs to directly drive activity, 
speed indication and link status LEDs. The 3.3V standby voltage should be used as LED 
supply voltage so that the link activity can be viewed during system standby state. Since 
LEDs  are  likely  to  be  integrated  into  a  RJ45  connector  with  integrated  magnetics 
module, the LED traces need to be routed away from potential sources of EMI noise. 
Consider  adding  a  filtering  capacitor  per  LED  for  extremely  noisy  situations.  The 
suggested value for this capacitor is 470pF.

5.7.1.6 Routing Considerations for LAN
Refer  to  section  7.5  'LAN  Trace  Routing  Guidelines'  and  the  COM  Express™ 
Specification for more information about this subject.
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5.7.2 LAN Reference Schematics
Figure 5-17 LAN Reference Circuitry with Discrete Magnetics Module
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5.8 IDE Interface
Type  2  and  4  COM  Express™  modules  provide  a  single  channel  IDE  interface 
supporting two standard IDE hard drives or ATAPI devices with a maximum transfer rate 
of ATA100 (Ultra-DMA-100 with 100MB/s transfer rate). The corresponding signals can 
be found on the module connector rows C and D.

Table 5-20 Parallel ATA Signal Descriptions

Signal Pin Description I/O Comment
IDE_D0 D7 Bidirectional data to / from IDE device. I/O 3.3V

IDE_D1 C10 Bidirectional data to / from IDE device. I/O 3.3V

IDE_D2 C8 Bidirectional data to / from IDE device. I/O 3.3V

IDE_D3 C4 Bidirectional data to / from IDE device. I/O 3.3V

IDE_D4 D6 Bidirectional data to / from IDE device. I/O 3.3V

IDE_D5 D2 Bidirectional data to / from IDE device. I/O 3.3V

IDE_D6 C3 Bidirectional data to / from IDE device. I/O 3.3V

IDE_D7 C2 Bidirectional data to / from IDE device. I/O 3.3V

IDE_D8 C6 Bidirectional data to / from IDE device. I/O 3.3V

IDE_D9 C7 Bidirectional data to / from IDE device. I/O 3.3V

IDE_D10 D3 Bidirectional data to / from IDE device. I/O 3.3V

IDE_D11 D4 Bidirectional data to / from IDE device. I/O 3.3V

IDE_D12 D5 Bidirectional data to / from IDE device. I/O 3.3V

IDE_D13 C9 Bidirectional data to / from IDE device. I/O 3.3V

IDE_D14 C12 Bidirectional data to / from IDE device. I/O 3.3V

IDE_D15 C5 Bidirectional data to / from IDE device. I/O 3.3V

IDE_A[0:2] D13-D15 Address lines to IDE device. O 3.3V

IDE_IOW# D9 I/O write line to IDE device. O 3.3V

IDE_IOR# C14 I/O read line to IDE device. O 3.3V

IDE_REQ D8 IDE device DMA request. It is asserted by the IDE device 
to request a data transfer.

I 3.3V

IDE_ACK# D10 IDE device DMA acknowledge. O 3.3V

IDE_CS1# D16 IDE device chip select for 1F0h to 1FFh range. O 3.3V

IDE_CS3# D17 IDE device chip select for 3F0h to 3FFh range. O 3.3V

IDE_IORDY C13 IDE device I/O ready input. Pulled low by the IDE device to 
extend the cycle.

I 3.3V

IDE_RESET# D18 Reset output to IDE device, active low. O 3.3V

IDE_IRQ D12 Interrupt request from IDE device. I 3.3V

IDE_CBLID# D77 Input from off-module hardware indicating the type of IDE 
cable being used. High indicates a 40-pin cable used for 
legacy IDE modes. Low indicates that an 80-pin cable with 
interleaved grounds is used. Such a cable is required for 
Ultra-DMA 66, 100 modes.

I 3.3V
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5.8.1 Standard IDE Connector
To interface standard 3.5-inch parallel ATA drives, a standard 2.54mm, two row, 40-pin 
connector in combination with a ribbon conductor cable is used. For slower drive speeds 
up to ATA33, a normal 40-pin, 1.0mm-pitch conductor cable is sufficient. Higher transfer 
rates  like  ATA66  and ATA100  require  80-pin  conductor  cables,  where  the  extra  40 
conductors are tied to ground to isolate the adjacent signals for better signal integrity. 
The signal 'IDE_CBLID#' of the COM Express™ carrier board indicates which conductor 
cable is used. It ties to ground if a 80-pin conductor cable is connected. This allows the 
module's BIOS to determine the maximum transfer rate that can be driven and set up 
the proper drive parameters for the IDE controller.

Figure 5-18 Standard IDE Connector 

Connector type: 40 pin, 2 row 2.54mm grid female

Table 5-21 Standard IDE Connector Pinout

Pin Signal Pin Signal Pin Signal Pin Signal
1 HDRST# 21 IDE_REQ 2 GND 22 GND

3 IDE_D7 23 IDE_IOW# 4 IDE_D8 24 GND

5 IDE_D6 25 IDE_IOR# 6 IDE_D9 26 GND

7 IDE_D5 27 IDE_IORDY 8 IDE_D10 28 CSEL

9 IDE_D4 29 IDE_ACK# 10 IDE_D11 30 GND

11 IDE_D3 31 IDE_IRQ 12 IDE_D12 32 N.C.

13 IDE_D2 33 IDE_A1 14 IDE_D13 34 IDE_CBLID#

15 IDE_D1 35 IDE_A0 16 IDE_D14 36 IDE_A2

17 IDE_D0 37 IDE_CS1# 18 IDE_D15 38 IDE_CS3#

19 GND 39 ACTIVITY 20 N.C. 40 GND

5.8.2 IDE Implementation Guidelines
CompactFlash (CF) cards with DMA capability require that the two signals  'IDE_REQ' 
and 'IDE_ACK#' are routed to the CF card socket on the COM Express™ carrier board. 
If this is not done then some DMA capable CF cards may not work because they are not 
designed  for  non  DMA mode.  For  more  information  about  this  subject  refer  to  the 
datasheet of the CF card or contact your CF card manufacturer.

If  two CF cards are used in master/slave mode on the same IDE channel, the signal 
'CSEL#' of the CF card socket that drives the slave CF card must be tied to ground. In 
master  mode  the  'CSEL#' signal  must  be  left  open.  Figure  5-20  shows a  circuitry 
implementing a CF card socket that is DMA capable.
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5.8.2.1 IDE Reference Schematics
Figure 5-19 IDE 40 Pin Header Reference Circuitry

Note

When using a 44 pin IDE header, pins 41 and 42 must be connected to VCC and pins 
43 and 44 must be connected to ground. All other pins are equivalent to a 40 pin IDE 
header. Additionally, decoupling capacitors should be connected to the VCC pins.

Figure 5-20 IDE CompactFlash Socket Reference Circuitry
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5.9 Serial ATA Interface – SATA
Serial ATA is a serial interface for connecting storage devices (mainly hard disks) and 
was defined to replace the old parallel ATA interface. SATA uses a point-to-point serial 
connection between the system and the storage device. The first generation of standard 
SATA provides a maximum effective data transfer rate of 150MB/s per port. With the 
second generation  SATA II,  an  effective  transfer  rate  of  up to  300MB/s per  port  is 
possible.  Serial  ATA  is  completely  software  transparent  to  the  IDE  interface  while 
providing a lower pin count and higher performance.

All COM Express™ modules provide up to 4 Serial ATA channels, each with a receive 
and  transmit  differential  signal  pair  designated  from  'SATA0_RX'  (+ and -)  to 
'SATA3_RX' (+ and -)  and correspondingly from  'SATA0_TX' (+ and -)  to  'SATA3_TX' 
(+ and -).  The  appropriate  signals  can  be  found  on  the  COM  Express™  module 
connector rows A and B.

Table 5-22 Serial ATA Signal Descriptions

Signal Pin Description I/O Comment
SATA0_RX+
SATA0_RX-

A19
A20

Serial ATA channel 0 
Receive input differential pair.

I SATA

SATA0_TX+
SATA0_TX-

A16
A17

Serial ATA channel 0
Transmit output differential pair.

O SATA

SATA1_RX+
SATA1_RX-

B19
B20

Serial ATA channel 1
Receive input differential pair.

I SATA

SATA1_TX+
SATA1_TX-

B16
B17

Serial ATA channel 1
Transmit output differential pair.

O SATA

SATA2_RX+
SATA2_RX-

A25
A26

Serial ATA channel 2
Receive input differential pair.

I SATA

SATA2_TX+
SATA2_TX-

A22
A23

Serial ATA channel 2
Transmit output differential pair.

O SATA

SATA3_RX+
SATA3_RX-

B25
B26

Serial ATA channel 3
Receive input differential pair.

I SATA

SATA3_TX+
SATA3_TX-

B22
B23

Serial ATA channel 3
Transmit output differential pair.

O SATA

SATA_ACT# A28 Serial ATA activity LED. Open collector output pin 
driven during SATA command activity.

O 3.3V
CMOS OC
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5.9.1 Standard Serial ATA Connectors
Figure 5-21 Serial ATA Connector Diagram

Table 5-23 Serial ATA Connector Pinout

Pin Signal Description Pin Signal Description
1 GND Ground 5 RX- Receiver differential pair negative signal 

2 TX+ Transmitter differential pair positive signal 6 RX+ Receiver differential pair positive signal 

3 TX- Transmitter differential pair negative signal 7 GND Ground

4 GND Ground

Table 5-24 Serial ATA Power Connector Pinout

Pins Signal Description Pins Signal Description
1,2,3 +3.3V 3.3V power supply 10,11,12 GND Ground

4,5,6 GND Ground 13,14,15 +12V 12V power supply

7,8,9 +5V 5V power supply

5.9.1.1 Routing Considerations for Serial ATA
See  section  7.6  'Serial  ATA  Trace  Routing  Guidelines'  and  the  COM  Express™ 
Specification for more information about this subject.
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5.10 Low Pin Count Interface - LPC 
The Low Pin Count  Interface  was defined  by the  Intel® Corporation  to  facilitate  the 
industries  transition  toward  legacy  free  systems.  It  allows  the  integration  of 
low-bandwidth legacy I/O components within the system, which are typically provided by 
a Super I/O controller. Furthermore, it can be used to interface Firmware Hubs, Trusted 
Platform Module (TPM) devices and Embedded Controller solutions. Data transfer on 
the LPC bus is implemented over a 4 bit serialized data interface, which uses a 33MHz 
LPC bus clock. For more information about LPC bus refer to the 'Intel® Low Pin Count 
Interface Specification Revision 1.1'.

Since COM Express™ is designed to be a legacy free standard for embedded modules, 
it  does  not  support  legacy  functionality  such  as  PS/2  keyboard/mouse,  serial  and 
parallel ports. Instead it provides an LPC interface that can be used to add peripheral 
devices to the carrier board design. The reduced pin count of the LPC interface makes it 
easy to implement such devices. All corresponding signals can be found on the modules 
connector rows A and B.

Table 5-25 LPC Interface Signal Descriptions

Signal Pin Description I/O Comment
LPC_SERIRQ A50 LPC serialized IRQ. I/O 3.3V

CMOS

LPC_FRAME# B3 LPC frame indicates start of a new cycle 
or termination of a broken cycle.

O 3.3V
CMOS

LPC_AD0
LPC_AD1
LPC_AD2
LPC_AD3

B4
B5
B6
B7

LPC multiplexed command, address and 
data.

I/O 3.3V
CMOS

LPC_DRQ0#
LPC_DRQ1#

B8
B9

LPC encoded DMA/Bus master request. I 3.3V
CMOS

LPC_CLK B10 LPC clock output 33MHz. O 3.3V
CMOS

Note

Implementing  external  LPC  devices  on  the  COM  Express™  carrier  board  always 
requires customization of the COM Express™ module's BIOS in order to support basic 
initialization for the LPC device. Otherwise the functionality of LPC device will not be 
supported by a Plug&Play or ACPI capable system.
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5.10.1 LPC Implementation Guidelines

5.10.1.1 LPC Bus Clock Signal
COM Express™ specifies a single LPC reference clock signal called 'LPC_CLK' on the 
modules connector row B pin B10. If more than one LPC clock signal is required on the 
carrier board to supply several LPC devices, a zero delay buffer must be used to expand 
the number of LPC clock lines.  Figure 5-22 shows an example of how to implement a 
Cypress  'CY2305'  zero  delay  clock  buffer  with  four  output  clock  signals 
(http://www.cypress.com).  This  circuitry  is  also  used  on  the  COM Express™  PnP 
Initiative's evaluation carrier board design.

Figure 5-22 LPC Clock Buffer Reference Circuitry

5.10.1.2 LPC Reset Signal
The LPC interface should use the signal  'CB_RESET#' as reset  input.  This signal is 
issued  by  the  COM Express™ module  as  a  result  of  a  low  'SYS_RESET#',  a  low 
'PWR_OK' or a watchdog timeout event. If there are multiple LPC devices implemented 
on the carrier board, it is recommended to split the signal  'CB_RESET#' so that each 
LPC device will be provided with a separate reset signal. Therefore a buffer circuitry like 
the one shown in Figure 5-23 should be used.

Figure 5-23 LPC Reset Buffer Reference Circuitry

5.10.1.3 Routing Considerations for LPC Clock
The LPC clock implementation should follow the routing guidelines for  the PCI clock 
defined  in  the  COM  Express™ specification  and  the 'PCI  Local  Bus  Specification 
Revision 2.3'. In addition to this refer to section 8.1 'PCI Trace Routing Guidelines'.
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5.10.2 Application Example: LPC Super I/O Controller
Some COM Express™ modules  utilize a  BIOS  that  contains  built-in  support  for  an 
external  Winbond W83627HG LPC Super I/O controller (http://www.winbond-usa.com) 
that can be implemented on the carrier  board.  The base address for  this Super I/O 
should be 0x2E to be sure that the legacy devices can be initialized by the BIOS.

The implementation of  this  device on the COM Express™ carrier  board will provide 
legacy interfaces such as PS/2 keyboard/mouse, floppy port,  two serial ports (COM1 
and COM2) and one parallel port (LPT1). The other functions of this Super I/O controller 
are not supported.

Figure 5-24 Winbond W83627HG LPC Super I/O Reference Circuitry
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5.10.2.1 Boot Up Configuration
The default  configuration  of  the  Winbond  W83627  LPC Super  I/O  controller  during 
power-on can be implemented by hardware strap options. The hardware strap pins are 
located on the serial port interface of the Super I/O controller. They can be enabled by 
placing a 4.7kΩ pull-up resistor between +5V supply voltage and one of the dedicated 
hardware strap  pins.  Figure 5-25 shows the boot  strap configuration  options  for the 
Winbond W83627HG LPC Super I/O controller.

Figure 5-25 W83627HG LPC Super I/O Boot Strap Configuration

5.10.2.2 Legacy Interfaces
The following figures display reference circuitries for the legacy I/O interfaces such as 
PS/2 keyboard/mouse, RS232 serial port, parallel port and floppy port connected to the 
Winbond W83627HG Super I/O controller.

The  PS/2  connector  has to  be  powered up  by the  +5V standby voltage  to  support 
keyboard and mouse wake up functionality from low power system states (S1 and S3). 
For  ESD  protection,  low  capacitance  steering  diodes  and  TVS  diodes  have  to  be 
implemented  on  the  carrier  board  design.  This  can  be  achieved  by  using  SR05 
RailClamp® surge rated diode arrays from Semtech (http://www.semtech.com) or similar 
components.

Figure 5-26 PS/2 Keyboard and Mouse Reference Circuitry
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Figure 5-27 RS232 Serial Port Reference Circuitry

Figure 5-28 Parallel Port LPT1 Reference Circuitry

Figure 5-29 Floppy Port Reference Circuitry
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5.10.3 Application Example: External Firmware Hub
The LPC bus interface on COM Express™ modules offers the possibility to boot the 
module  using  BIOS  code  programmed  into  an  external  firmware  hub  (FWH).  The 
external FWH can be implemented on the carrier board. A hardware jumper must be 
provided on the carrier board to disable the module's onboard FWH and to enable the 
external  FWH.  The  corresponding  signal  'BIOS_DISABLE#'  can  be  found  on  the 
module's  connector  row A  pin  A34.  Figure  5-30  shows a  reference  circuitry  for  an 
external 32-pin PLCC FWH socket.

Figure 5-30 External Firmware Hub Reference Circuitry
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5.11 VGA Video Interface
COM  Express™  supports  an  analog  VGA  RGB  interface  to  drive  standard  VGA 
monitors with Display Data Control support (DDC) for monitor capability identification. 
The corresponding  signals  can  be found  on the  COM Express™ module connector 
row B.

Table 5-26 VGA Signal Descriptions

Signal Pin Description I/O Comment
VGA_RED B89 Red component of analog DAC monitor output, 

designed to drive a 37.5Ω equivalent load.
O Analog Analog output

VGA_GRN B91 Green component of analog DAC monitor output, 
designed to drive a 37.5Ω equivalent load.

O Analog Analog output

VGA_BLU B92 Blue component of analog DAC monitor output, 
designed to drive a 37.5Ω equivalent load.

O Analog Analog output

VGA_HSYNC B93 Horizontal sync output to VGA monitor. O 3.3V CMOS

VGA_VSYNC B94 Vertical sync output to VGA monitor. O 3.3V CMOS

VGA_I2C_CK B95 DDC clock line (I²C port dedicated to identify 
VGA monitor capabilities).

I/O 3.3V CMOS

VGA_I2C_DAT B96 DDC data line. I/O 3.3V CMOS

5.11.1 VGA Connector
Figure 5-31 VGA Connector D-SUB15

Table 5-27 VGA Connector Pinout

Pin Signal Description Pin Signal Description
1 RED Analog DAC output for red signal 

component.
2 GREEN Analog DAC output for green signal 

component.

3 BLUE Analog DAC output for blue signal 
component.

4 N.C. Not connected.

5 GND Digital ground. 6 GND Analog ground for red component.

7 GND Analog ground for green component. 8 GND Analog ground for blue component.

9 DDC_POWER 5V DDC supply voltage for monitor 
EEPROM.

10 GND Digital ground.

11 N.C. Not connected. 12 DDC_DAT DDC data line (I²C port dedicated to 
identify VGA monitor capabilities).

13 HSYNC Horizontal sync signal. 14 VSYNC Vertical sync signal.

15 DDC_CLK DDC clock line (I²C port dedicated to 
identify VGA monitor capabilities).
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5.11.2 VGA Implementation Guidelines

5.11.2.1 RGB Analog Signals 
The RGB signal interface of the COM Express™ module consists of three identical 8-bit 
digital-to-analog converter (DAC) channels. One for the red, green, and blue component 
of  the  monitor  signal.  Each  of  these  channels  should  have  a  150Ω ±1% pull-down 
resistor  connected  from  the  DAC  output  to  the  carrier  board  ground.  A  second 
150Ω ±1% termination resistor exists on the COM Express™ module itself. An additional 
75  Ω termination resistor exists within the monitor for each analog DAC output signal.

Since the DAC runs at speeds up to 350MHz, special attention should be paid to signal 
integrity and EMI. There should be a PI-filter placed on each RGB signal that is used to 
reduce high-frequency noise and EMI. The PI-filter consists of two 10pF capacitors with 
a 120Ω @ 100MHz ferrite bead between them. It is recommended to place the PI-filters 
and the terminating resistors as close as possible to the standard VGA connector.

5.11.2.2 HSYNC and VSYNC Signals 
The horizontal and vertical sync signals 'VGA_HSYNC' and 'VGA_VSYNC' provided by 
the COM Express™ module are 3.3V tolerant outputs. Since VGA monitors may drive 
the monitor sync signals with 5V tolerance, it is necessary to implement high impedance 
unidirectional  buffers.  These  buffers  prevent  potential  electrical  over-stress  of  the 
module and avoid that VGA monitors may attempt to drive the monitor sync signals back 
to the module.

For  optimal  ESD  protection,  additional  low  capacitance  clamp  diodes  should  be 
implemented on the monitor sync signals. They should be placed between the 5V power 
plane and ground and as close as possible to the VGA connector.

5.11.2.3 DDC Interface
COM Express™ provides a dedicated I²C bus for the VGA interface. It corresponds to 
the VESA™ defined DDC interface that is used to read out the CRT monitor specific 
Extended Display Identification Data (EDID™). The appropriate signals 'VGA_I2C_DAT' 
and  'VGA_I2C_CK'  of the COM Express™ module are supposed to be 3.3V tolerant. 
Since the most VGA monitors drive the internal EDID™ EEPROM with a supply voltage 
of 5V, the DDC interface on the VGA connector must also be sourced with 5V. This can 
be accomplished by placing a 100kΩ pull-up resistors between the 5V power plane and 
each  DDC interface  line.  Level  shifters  for  the  DDC interface  signals  are  required 
between the COM Express™ module signal side and the signals on the standard VGA 
connector on the carrier board.

Additional Schottky diodes must be placed between 5V and the pull-up resistors of the 
DDC signals to avoid backward current leakage during standby operation of the module.
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5.11.2.4 ESD Protection / EMI
All VGA signals need ESD protection and EMI filters. This can be provided by using a 
VGA port companion circuit or similar protective components. The COM Express™ PnP 
Initiative  evaluation  carrier  board  design  utilizes  the  VGA  port  companion  circuit 
'CM2009' from CMD (http://www.calmicro.com).

The companion circuit implements ESD protection for the analog DAC output, DDC and 
SYNC signals through the use of low-capacitance current steering diodes. Additionally, it 
incorporates level shifting for the DDC signals and buffering for the SYNC signals. For 
more details refer to the 'CM2009' datasheet.

5.11.3 VGA Reference Schematics
Figure 5-32 VGA Port Reference Circuitry

Copyright ©  COM Express™ PnP Initiative COMExpressPnP_DG_09 75/119



5.12 LVDS Flat Panel Interface
COM Express™ defines a LVDS flat panel interface that supports up to 2x24-bit LVDS. 
It  permits dual pixel, two channel data transmission between the host and flat  panel 
display. Each LVDS channel consists of five LVDS signal pairs transmitting a serial bit 
stream directly to a LVDS flat panel or to an external LVDS receiver. Additional control 
signals,  as well as a dedicated I²C bus interface,  are  specified  to  control  flat  panel 
attributes.  This dedicated  I²C bus can be used to connect an external I²C EEPROM 
containing the specific timing data of the flat panel. The applicable signals can be found 
on the COM Express™ module connector rows A and B.

Table 5-28 LVDS Signal Descriptions

Signal Pin Description I/O Comment
LVDS_A0+
LVDS_A0-

A71
A72

LVDS channel A differential signal pair 0 O LVDS

LVDS_A1+
LVDS_A1- 

A73
A74

LVDS channel A differential signal pair 1 O LVDS

LVDS_A2+
LVDS_A2-

A75
A76

LVDS channel A differential signal pair 2 O LVDS

LVDS_A3+ 
LVDS_A3-

A78
A79

LVDS channel A differential signal pair 3 O LVDS

LVDS_A_CK+
LVDS_A_CK-

A81
A82

LVDS channel A differential clock pair O LVDS

LVDS_B0+
LVDS_B0-

B71
B72

LVDS channel B differential signal pair 0 O LVDS

LVDS_B1+
LVDS_B1- 

B73
B74

LVDS channel B differential signal pair 1 O LVDS

LVDS_B2+
LVDS_B2-

B75
B76

LVDS channel B differential signal pair 2 O LVDS

LVDS_B3+
LVDS_B3-

B77
B78

LVDS channel B differential signal pair 3 O LVDS

LVDS_B_CK+
LVDS_B_CK-

B81
B82

LVDS channel B differential clock pair O LVDS

LVDS_VDD_EN A77 LVDS flat panel power enable. O 3.3V
CMOS

LVDS_BKLT_EN B79 LVDS flat panel backlight enable high active 
signal

O 3.3V
CMOS

LVDS_BKLT_CTRL B83 LVDS flat panel backlight brightness control O 3.3V
CMOS

LVDS_I2C_CK A83 DDC I²C clock signal used for flat panel 
detection and control.

O 3.3V
CMOS

LVDS_I2C_DAT A84 DDC I²C data signal used for flat panel 
detection and control.

I/O 3.3V
OD CMOS
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5.12.1 LVDS Implementation Guidelines
Many carrier board designs do not need the full range of LVDS performance offered by 
COM Express™  modules.  It  depends  on  the  flat  panel  configuration  of  the 
COM Express™ module, as well as the carrier board design, as to how many LVDS 
signal pairs are supported. While the dual channel 24-bit LVDS configuration needs all 
10 LVDS signal pairs, a single channel 18-bit LVDS configuration only requires 4 LVDS 
signal pairs. In this case all unused LVDS signal pairs should be left open on the carrier 
board.

If  the LVDS display interface of  the COM Express™ module is not  implemented,  all 
signals associated with this interface should be left open.

The COM Express™ PnP Initiative doesn't  define the connector layout for  interfacing 
LVDS on the  COM Express™ carrier board design. It is up to the system designer and 
the system requirements as to which connectors and which pinout will be used for the 
application. The following reference circuitry in Figure 5-33 should only be considered as 
an example of how to implement the LVDS interface on the carrier board.

5.12.1.1 Connector and Cable Considerations
When implementing LVDS signal pairs on a single-ended carrier board connector, the 
signals of a pair should be arranged so that the positive and negative signal are side by 
side. The trace lengths of the LVDS signal pairs between the COM Express™ module 
and the connector on the carrier board should be the same as possible. Additionally, 
one or more ground traces/pins must be placed between the LVDS pairs.

Balanced cables (twisted pair) are usually better than unbalanced cables (ribbon cable) 
for noise reduction and signal quality. Balanced cables tend to generate less EMI due to 
field  canceling  effects  and  also  tend  to  pick  up  electromagnetic  radiation  as 
common-mode noise, which is rejected by the receiver.

Twisted pair cables provide a low-cost solution with good balance and flexibility. They 
are capable of  medium to long runs depending upon the application skew budget.  A 
variety of shielding options are available.

Ribbon cables are a cost effective and easy solution. Even though they are not well 
suited for high-speed differential signaling they do work fine for very short runs. Most 
cables will work effectively for cable distances of <0.5m.

The cables and connectors that are to be utilized should have a differential impedance 
of 100Ω ±15%. They should not introduce major impedance discontinuities that cause 
signal reflections.

For more informations about this subject refer to the 'LVDS Owners Manual Chapter 6' 
available from National Semiconductor (http://www.national.com).
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5.12.1.2 Display Timing Configuration
Usually  the  timing  parameters  for  the  flat  panel  display  are  stored  in  an  external 
EEPROM that  is implemented on the COM Express™ carrier  board.  It  is accessible 
through  the  dedicated  LVDS  I²C  bus  via  the  signals  'LVDS_I2C_CK'  and 
'LVDS_I2C_DAT',  which can be found on the module's connector row A pins A83 and 
A84.  During  POST  the  module's  BIOS  reads  out  the  display  timing  data  from  the 
EEPROM  and  configures  the  module's  graphics  controller  for  proper  flat  panel 
operation. In order to be able to do this, the device address of the LVDS I²C EEPROM 
must be strapped to 0xA0. For more information about the contents of the display timing 
data refer to section 5.12.2 'Embedded Panel Interface Standard – EPI'.

5.12.1.3 Backlight Control
The following  LVDS reference  circuitry  shows a  backlight  control  solution  using  the 
digital potentiometer MAX5434 from  Maxim (http://www.maxim.com). Usually common 
backlight  inverters  are  either  voltage  or  resistor  controlled.  Therefore  digital 
potentiometers are a flexible solution to meet the requirements of most inverters. If a 
backlight  inverter is resistance controlled, the digital potentiometer  can be connected 
directly to the backlight control input of the inverter. Otherwise the potentiometer can be 
used to implement a simple voltage divider driving the backlight voltage control input pin 
of the inverter.

5.12.1.4 Routing Considerations for LVDS
See  section 7.7  'LVDS  Trace  Routing  Guidelines'  and  the  'LVDS  Owners  Manual 
Chapter 3' from National Semiconductor (http://www.national.com) for more information 
about this subject
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5.12.1.5 LVDS Reference Schematics
Figure 5-33 LVDS Flat Panel Interface Reference Circuitry
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5.12.2 Embedded Panel Interface Standard - EPI
EPI (Embedded Panel Interface) is an open standard that allows easy and direct control 
of all digital flat panel displays. One of the biggest advantages of COM's (Computer On 
Modules)  is  the  interchangeability  of  modules  between different  suppliers.  The  only 
weak point  was the direct  control  of  digital  flat  panel  displays. Due to the lack of  a 
uniform standard all manufacturers had to define their own interface strategy.

This problem is solved with the use of EPI (Embedded Panel Interface). EPI is based on 
the  VESA standard  EDID™ (Extended Display Identification  Data)  Revision 1.3  and 
defines the software format for display properties and the scalable hardware interface. 

The EDID™1.3 data set is implemented in all commercial monitors, which have a local 
intelligence.  The problem is that  this local intelligence is not  available for  embedded 
applications on the display side. In order for an embedded computer module to have 
direct control of a digital flat panel display, some more information is required within the 
EDID™ data set. 

This additional information includes the color mapping, dual pixel per clock configuration 
and interface technology of the embedded flat panel. Therefore, EPI adds the missing 
parameters to complete the set of EDID™ 1.3 data by using a 13 byte data area within 
block 4 of the EDID™ 1.3 DTD (Detailed Timing Descriptor).

Figure 5-34 Block Diagram of the Embedded Panel Interface Solution

An EPI data set, used to describe the control of a digital flat panel display, can be easily 
created  using  the  information  found  in  the  display  datasheet.  The  EPI  data  set 
description is independent from the video controller and is interpreted by the BIOS of the 
COM Express™ module in order to set the correct display parameters during graphics 
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initialization.  This  means that  the manufacturer  of  the COM Express™ module must 
guarantee  that  the  additional  data  is  interpreted  by  the  BIOS.  The  result  is  a 
manufacturer  independent  “plug-and-display”  solution  that  enables  free 
interchangeability of displays and COM Express™ modules.

Typically the EPI data set is stored in an external EEPROM connected to the LVDS I²C 
bus interface. This EEPROM is located either on the COM Express™ carrier board or on 
the flat panel display itself. Some COM Express™ modules also offer the possibility to 
omit the external EEPROM and to store more than one customized EPI data set in the 
BIOS firmware hub. Depending on the system flat panel implementation, the customer 
can choose one of these customized EPI data sets.

For  more  information  about  the  EPI  standard  refer  to  the  EPI  Specification  at 
http://www.epi-standard.org. This  site  also  includes default  EPI  data  sets  for  most 
common panel resolutions for download.
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5.13 TV-Out Interface
The TV-Out  display interface of  the COM Express™ Module consists  of  3  individual 
digital-to-analog converter (DAC) channels, which can be used in different combinations 
to  support  S-Video  (Y/C),  Composite  Video  or  Component  Video  (YPbPr).  The 
corresponding signals can be found on the COM Express™ module connector row B.

Table 5-29 TV-Out Signal Descriptions

Signal Pin Description I/O Comment
TV_DAC_A B97 TV-DAC channel A output supporting:

Composite video: Composite
CVBS Component video: Chrominance (Pb)
S-Video: not used

O Analog Analog output

TV_DAC_B B98 TV-DAC channel B output supporting:
Composite video: not used
Component video: Luminance (Y)
S-Video: Luminance (Y)

O Analog Analog output

TV_DAC_C B99 TV-DAC channel C output supporting:
Composite video: not used 
Component: Chrominance (Pr)
S-Video: Chrominance (C)

O Analog Analog output

It depends on the COM Express™ module's software configuration as to which output 
mode is driven on the three TV DAC channels. Only one output mode can be used at 
any given time.

5.13.1 TV-Out Connector
Figure 5-35 TV-Out Video Connector (combined S-Video and Composite)

Table 5-30 TV-Out Connector Pinout

Pin Signal Description Pin Signal Description
1 Chrominance (C) S-Video Chrominance Analog Signal 

(C)
2 Luminance (Y) S-Video Luminance Analog 

Signal (Y)

3 GND (C) Analog Ground for Chrominance (C) 4 GND (Y) Analog Ground Luminance (Y)

5 GND Analog Ground 6 GND Analog Ground

7 Composite Composite Video Output
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5.13.2 TV-Out Implementation Guidelines

5.13.2.1 Signal Termination

Each of the TV-DAC channels should have a 150Ω ±1% pull-down termination resistor 
connected from the TV-DAC output of the COM Express™ module to the carrier board 
ground. This termination resistor should be placed as close as possible to the TV-Out 
connector on the carrier board. A second 150Ω ±1% termination resistor exists on the 
COM Express™ module itself.

5.13.2.2 Video Filter
There  should  be  a  PI-filter  placed  on  each  TV-DAC  channel  output  to  reduce 
high-frequency noise  and  EMI.  The  PI-filter  consists  of  two 10pF  capacitors  with  a 
120Ω @ 30Mhz ferrite bead between them. It is recommended to place the PI-filters and 
the termination resistors as close as possible to the TV-Out  connector on the carrier 
board. The PI-filters should be separated from each other by at least 50mils or more in 
order to minimize crosstalk between the TV-DAC channels.

5.13.2.3 ESD Protection
ESD clamp  diodes  are  required  for  each  TV-DAC channel.  These  low capacitance 
clamp diodes should be placed as near as possible to the TV-Out  connector on the 
COM Express™ carrier board between +5V supply voltage and ground.

5.13.2.4 Routing Guidelines for TV-Out
At  least  30mils  of  spacing  should  be  used  for  the  routing  between  each  TV-DAC 
channel to prevent crosstalk between the TV-DAC signals. The maximum trace length 
distance  of  the  TV-DAC  signals  between  the  COM Express™  connector  and  the 
150Ω ±1% termination  resistor  should  be within  12  inches.  This  distance  should  be 
routed with a 50  Ω trace impedance.

5.13.2.5 TV-Out Reference Schematics
Figure 5-36 TV-Out Reference Circuitry
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5.14 Audio Codec Interface (AC'97/HDA)
All  COM Express™ module  types  support  Audio Codec '97  (AC'97)  and/or  High 
Definition Audio (HDA) Digital Interface (AC-link) specifically designed for implementing 
audio and modem I/O functionality.  The corresponding  signals  can be found on the 
COM Express™ module connector rows A and B.

Table 5-31 Audio Codec Signal Descriptions

Signal Pin Description I/O Comment
AC_RST# A30 CODEC Reset. O 3.3V

Standby
CMOS

AC_SYNC A29 Serial Sample Rate Synchronization. O 3.3V
CMOS

AC_BITCLK A32 12.228 MHz Serial Bit Clock for CODEC. O 3.3V
CMOS

AC_SDOUT A33 Audio Serial Data Output Stream. O 3.3V
CMOS

AC_SDIN0
AC_SDIN1
AC_SDIN2

B30
B29
B28

Audio Serial Data Input Stream from CODEC[0:2]. I 3.3V
Standby
CMOS

Information about which audio interface is supported on the COM Express™ module 
can  be  found  in  the  corresponding  COM Express™ module's  user's  guide.  On 
COM Express™ modules that support the AC'97 Digital Interface only, it is not possible 
to use HDA codecs. The High Definition Audio architecture is completely different than 
the AC'97 architecture and therefore is not backwards compatible.

Some COM Express™ modules support both the AC'97 and HDA Interface. In these 
cases  the  COM Express™ module's  'BIOS  Setup  Program'  offers  a  setup  entry  to 
choose which interface should be utilized. Only audio codecs that match this setting will 
work properly. AC’97 and High Definition Audio codecs cannot be mixed on the same 
link or behind the same controller.

5.14.1 Audio Codec Implementation Guidelines
The audio function on COM Express™ is provided through an AC'97 or HDA codec on 
the carrier board.

The AC'97 or HDA codec on a COM Express™ carrier board is usually connected as 
primary codec with the codec ID 00 using the data input line  'AC_SDIN2'.  Up to two 
additional codecs with ID 01 and ID 10 can be connected to the COM Express™ module 
by using the other designated signals 'AC_SDIN1' and 'AC_SDIN0'.

Connect the primary audio codec to the serial data input signal 'AC_SDIN2' and ensure 
that  the  corresponding  bit  clock  input  signal  'AC_BITCLK' is  connected  to  the 
AC'97/HDA interface of the COM Express™ module.

Clocking over the signal  'AC_BITCLK' is derived from a 24.576 MHz crystal or crystal 
oscillator provided by the primary codec. This clock also drives the second and the third 
audio codec if  more than one codec is used in the application. For crystal or crystal 
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oscillator requirements, refer to the datasheet of the primary codec.

Following  Figure  5-37 illustrates  how to  interconnect  AC97/HDA codecs  on a  COM 
Express™ carrier board design.

Figure 5-37 Multiple Audio Codec Configuration

All  AC'97/HDA  codecs  listed  below  in  Table  5-32  are  recommended  by  the 
COM Express™ PnP Initiative for use on COM Express™ carrier board designs.

Table 5-32 Recommended Audio Codecs

Manufacturers Part Number Technology Comments
Realtec ALC203 AC '97 http://www.realtek.com.tw

VIA Technology VT1616 AC '97 http://www.via.com.tw

VIA Technology VT1708 High Definition Audio http://www.via.com.tw
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5.14.1.1 AC'97 Codec Reference Schematics
Figure 5-38 AC'97 Codec Circuitry
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5.14.1.2 AC'97/HDA Placement and Routing Guidelines
The implementation of proper component placement and routing techniques will help to 
ensure that the maximum performance available from the codec is achieved. Routing 
techniques that  should be observed include properly isolating  the codec,  associated 
audio circuitry, analog power supplies and analog ground planes from the rest of the 
carrier board. This includes split planes and the proper routing of signals not associated 
with the audio section.

The following is a list of basic recommendations:

• Traces must be routed with a target impedance of 55Ω with an allowed tolerance 
of ±15%.

• Ground return paths for the analog signals must be given special consideration.

• Digital signals routed in the vicinity of the analog audio signals must not cross 
the  power  plane  split  lines.  Locate  the  analog  and  digital  signals  as  far  as 
possible from each other.

• Partition the carrier board with all analog components grouped together in one 
area and all digital components in another.

• Keep  digital  signal  traces,  especially  the  clock,  as  far  as  possible  from  the 
analog input and voltage reference pins.

• Provide separate analog and digital ground planes with the digital components 
over the digital ground plane, and the analog components, including the analog 
power regulators, over the analog ground plane. The split between planes must 
be a minimum of 0.05 inch wide.

• Route analog power and signal traces over the analog ground plane.

• Route digital power and signal traces over the digital ground plane.

• Position the bypassing and decoupling capacitors close to the IC pins with wide 
traces to reduce impedance.

• Place the crystal or oscillator as close as possible to the codec.

• Do not completely isolate the analog/audio ground plane from the rest  of  the 
carrier board ground plane. Provide a single point (0.25 inch to 0.5 inch wide) 
where the analog/isolated ground plane connects to the main ground plane. The 
split between planes must be a minimum of 0.05 inch wide.

• Any signals entering or leaving the analog area must cross the ground split in the 
area where the analog ground is attached to the main carrier board ground. That 
is, no signal should cross the split/gap between the ground planes, which would 
cause a ground loop thereby greatly increasing EMI emissions and degrading 
the analog and digital signal quality.
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5.15 I²C Bus Interfaces
Because of the simple two-wire serial bus protocol and the high availability of devices, 
the I²C bus is  a  frequently  used low speed bus interface for  connecting  embedded 
devices such as sensors,  converters  or  data storage.  COM Express™ provides five 
different  I²C buses on the  module's  connectors.  Four  of  the five  I²C buses assume 
dedicated  module  functionality  such  as  reading  out  DDC display  timing  data  of  an 
external VGA, SDVO or LVDS display's EEPROM.

Only the General Purpose I²C Bus with the signals 'I2C_CK' and 'I2C_DAT' is intended 
for  common  usage  on  the  COM  Express™  carrier  board.  The  following  table 
summarizes the five available I²C signal groups and their defined purposes.

Table 5-33 I²C Signal Group Overview

Signal Pin Description I/O Comment
I2C_CK
I2C_DAT

B33
B34

General purpose  I²C bus for common 
usage on the carrier board. 

I/O 3.3V
CMOS

Max. 400 kHz, multi-master I²C bus.
I2C_DAT is open drain (OD).

LVDS_I2C_CK
LVDS_I2C_DAT

A83
A84

Dedicated I²C bus for reading out LVDS 
flat panel configuration data and for 
backlight control.

I/O 3.3V
CMOS

Max. 100 kHz I²C bus.
LVDS_I2C_DAT is open drain (OD).

VGA_I2C_CK
VGA_I2C_DAT

B95
B96

Dedicated I²C bus for reading out monitor 
configuration data.

I/O 3.3V
CMOS

Max. 100 kHz I²C bus.
VGA_I2C_DAT is open drain (OD).

SDVO_CLK
SDVO_DATA

D73
C73

Dedicated I²C bus for SDVO device 
configuration and for reading out monitor 
configuration data.

I/O 2.5V
CMOS

Max. 100 kHz I²C bus.
SDVO_DATA is open drain (OD).

SMB_CK
SMB_DAT

B13
B14

System Management Bus (SMBus) is used 
by the COM Express™ module for 
memory configuration and clock 
synthesizer configuration. It is also used 
by the external PCI Express slots and 
ExpressCard slots.

I/O 3.3V
OD CMOS

Max. 100 kHz I²C bus.

Note: An error on the SMBus can 
prevent the module from functioning.

SMB ALERT# B15 The SMBus alert signal used by the 
SMBus slave to inform the SMBus master 
that a slave transaction is pending.

I 3.3V
CMOS

Optional signal used by the SMBus 
slave.

Note

The maximum transfer  rate on the I²C bus is determined by the I²C device with the 
lowest transfer rate.
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5.15.1 System Management Bus
On the COM Express™ module, the System Management Bus (SMBus) is powered by 
the standby power rail in order to have control over the system during the system states 
S0-S5. The devices on the carrier board using the SMBus are normally powered by the 
3.3V main power. To avoid current leakage between the main power of the carrier board 
and  the  standby  power  of  the  module,  the  SMBus  on  the  carrier  board  must  be 
separated  by  a  bus  switch  from  the  SMBus of  the  module.  Figure  5-39  shows an 
appropriate bus switch circuitry for separating the SMBus of the carrier board from the 
SMBus of the module. However, if the carrier board also uses standby powered SMBus 
devices that are designed to operate during system states S3-S5, then these devices 
must be connected to the standby powered side of the SMBus, i.e. between the COM 
Express™ module and the bus switch.

Figure 5-39 SMBus Separation Circuitry
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5.15.2 General Purpose I²C Bus
The COM Express™ PnP Initiative strongly recommends implementing a hardware I²C 
Bus with bus master capabilities. 

Note

The COM Express™ PnP Initiative has yet to fully define the requirements for the above  
mentioned recommendation and will do so in the near future.

5.15.2.1 Application Example: I²C System Configuration EEPROM
The COM Express™ specification recommends implementing a serial I²C EEPROM of 
at least 2kbit on the carrier board where all the necessary system configuration can be 
saved. For more information about the content of this system configuration EEPROM 
refer to the COM Express™ Specification. The following circuitry (Figure 5-40)  shows 
how to connect an Atmel 'AT24C16A' 16kbit EEPROM to the General Purpose I²C bus 
on  the  COM  Express™carrier  board  (http://www.atmel.com).  According  to  the 
COM Express™ specification  the  I²C  address  lines  A2,  A1  and  A0  of  the  system 
configuration EEPROM must be pulled high. Depending on the EEPROM size this leads 
to the I²C addresses 0xAE (2kbit), 0xAC (4kbit), 0xA8 (8kbit) or 0xA0 (16kbit).

Figure 5-40 System Configuration EEPROM Circuitry

Note

The COM Express™  configuration  EEPROM is  an optional  feature  to  support  auto  
configuration of the COM Express™ module's interfaces. If the configuration EEPROM 
is  not  implemented  on  the  COM  Express™  carrier  board,  or  the  COM  Express™ 
module's  BIOS does not  support  auto configuration,  the module  comes up with  the 
default configuration.
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5.16 Input Power
COM Express™ modules  are  designed to  be driven with a  single  +12V power rail. 
Additionally, two optional power rails are specified by COM Express™ to provide a 5V 
standby voltage and a 3V Real Time Clock (RTC) battery voltage on the carrier board. 
Refer  to section  4 'COM Express™ Connector  Pinout'  to obtain detailed information 
about  the  corresponding  pins  assigned  for  the  input  power  rails  'VCC_12V', 
'VCC_5V_SBY', 'VCC_RTC' and 'GND'.

If standby functionality is not required on the carrier board, the 5V standby power rail 
can  be  omitted.  The  corresponding  signals  'VCC_5V_SBY'  can  be  found  on  the 
connector row B pins B84, B85, B86 and B87.

The same applies to the 3V RTC battery voltage. If no RTC/CMOS backup functionality 
is  required  by  the  system  then  the  3V  RTC  battery  voltage  can  be  omitted.  The 
corresponding signal 'VCC_RTC' can be found on the connector row A pin A47.

COM Express™ specifies the input power characteristics for the power rails according 
to Table 5-34. The carrier board designer should also consider the power requirements 
of the COM Express™ module that is to be used as well as any other power consuming 
component that will be implemented on the carrier board. Refer to the corresponding 
COM Express™ modules user's guide for more information about this subject.

Table 5-34 COM Express™ Input Power Characteristics

Powe Rail Nominal Input Input Range Max Input Ripple
VCC_12V 12V 11.4V-12.6V ±100 mV

VCC_5V_SBY 5V 4.75V-5.25V ±50 mV

VCC_RC 3V 2.0V-3.3V ±20 mV

5.16.1 Single +12V Power Supply
As mentioned earlier, COM Express™ modules are designed to be driven with a single 
+12V  AT  power  rail.  It  depends  on  the  application  if  additional  input  voltages  are 
required  on  the  carrier  board  design  or  not.  Refer  to  the  schematics  of  the 
COM Express™ PnP Initiative evaluation carrier board design for an example of how to 
implement 3.3V and 5V input voltage regulators on a COM Express™ carrier board.

Caution

When designing customized single +12V power supplies it  is strongly recommended 
that  the  power  supply  supports  power  off  requests  by  the  COM Express™ module 
signaled  via  SUS_S3#  or  SUS_S5#.  Besides  the  benefit  that  the  system  can  be 
switched off by software it also guaranties that the system gets switched off during an 
overheating  condition  of  the  processor  thus  preventing  damage  to  the  system. 
Alternatively, the THRMTRIP# signal (see section 5.16.5 Thermal Management) could 
be used to detect an overheating condition and thereupon switch off power.
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5.16.2 ATX Power Supply
ATX power supplies are widely used for consumer PC motherboards and they are also a 
cost effective and reliable solution for embedded designs. ATX power supplies provide 
all the necessary power rails required for a carrier board design. Table 5-35 describes 
all the signals provided by a 24 pin ATX power supply connector.

5.16.2.1 ATX Power Connector
Table 5-35 ATX Connector (24 pin, receptacle)

Signal Pin Description Signal Pin Description
3.3V 1 +3.3V 3.3V 2 +3.3V

COM 3 Ground 5V 4 +5V

COM 5 Ground 5V 6 +5V

COM 7 Ground PWR_OK 8 Status signal generated by the ATX power supply 
to notify the COM Express™ module that the DC 
operating voltages are within the ranges required 
for proper operation.

5VSB 9 +5V Standby Voltage 12V 10 +12V

12V 11 +12V 3.3V 12 +3.3V

3.3V 13 +3.3V -12V 14 -12V

COM 15 Ground PS_ON# 16 Active low signal, which is controlled by the 
COM Express™ module to turn on or off the 
ATX power supply.

COM 17 Ground COM 18 Ground

COM 19 Ground Reserved 20 N.C.

+5V 21 +5V +5V 22 +5V

+5V 23 +5V COM 24 Ground

Note

Optionally, an ATX Power Supply with a 20 pin main power connector can be used. The 
20 pin main power connector  complies with older versions of the ATX Specification.  
ATX Specification  Version  2.2  enhanced  the  main  power  connector  from  20 pin  to 
24 pin in order to meet the requirements of PCI-Express.

For  more  information  about  the  ATX  Specification  and  the  ATX12V  Power  Supply 
Specification  refer  to  the  Intel® 'ATX12V  Power  Supply  Design  Guide'.  These 
documents can be found at the following website http://www.formfactors.org.
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5.16.2.2 ATX Power Circuitry
The following figure shows the ATX power carrier board circuitry using a 24 pin ATX 
main power connector.  The 5V and 3.3V power rail  are provided by the ATX power 
supply on the  'VCC'  and  'VCC3'  power  rails. To meet  the demands of  the systems 
power consumption,  two additional  +12V power pins may be implemented using  an 
auxiliary 4 pin (2x2) +12V/GND power connector.

Figure 5-41 ATX Main Power Circuitry
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5.16.3 Power Up Control
The power up control is responsible for switching the ATX power supply on or off when 
a power-up or a power-down event occurs. A power event can be generated by pressing 
the power button or by another system event, which can originate from or be detected 
by the COM Express™ module's chipset. There are two ways to implement the system 
power-up control on a COM Express™ design:

1. Native system power-up support of the module.

2. System power-up support of a Super I/O controller.

5.16.3.1 Power Up Control by Module
The native system power-up support of COM Express™ modules utilize the 'SUS_S3#'  
signal  to control the 'PS_ON#' signal, which is used to switch the ATX power supply on 
or  off.  When  using  the  SUS_S3#'  signal the  COM Express™  module  is  capable  of 
supporting Suspend to RAM (S3).

When the system goes to Suspend to RAM (S3) or Soft Off (S5), the 'SUS_S3#' signal 
is asserted by the chipset of the module. Through the use of an inverter, the low active 
'PS_ON#' signal goes high and switches off the ATX power supply. Vice versa, if the 
system resides in a power-down system state, any system wake-up event invokes the 
chipset  of  the  module  to  deassert  the  'SUS_S3#'  signal. This results  in  a  system 
transition to Full On (S0).

The way Suspend to  RAM is implemented  on a  COM Express™  module may differ 
depending  on  the  module  manufacturer.  For  this  reason  it  is  recommended  that  a 
hardware jumper be implemented on the carrier board in order to provide the ability to 
choose if the  'PS_ON#'  signal  should be  controlled either by the  'SUS_S3#' signal or 
'SUS_S5#' signal.

The  'PS_ON'# signal  for  the ATX power supply can be optionally locked to  prevent 
power-up  if  an  unsuitable  COM Express™ module  type  is  connected  to  the  carrier 
board.  This  is  controlled  by  a  5V  tolerant  tri-state  buffer,  which  is  enabled  by  the 
'TYPE_PSON_CTRL#'  signal of the type detection circuitry.  For more information refer 
to section 5.17.1 'Module Type Detection'.

Figure 5-42 Power Up Control Circuitry (handled by module)
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5.16.3.2 Power-Up Control by Super I/O
The following description of the power-up logic is based on the Winbond W83627HF 
Super I/O controller. It is also applicable to other Super I/O controllers and can be used 
as an example. For specific information about the power-up logic and the appropriate 
Super I/O controller signals used, refer to the corresponding controller datasheet. 

The Winbond W83627HF Super I/O is capable of detecting a power button event using 
the  'PSIN'  input  pin. For  this  reason  the  power  button  signal  'PWRBTN_EXT#'  is 
connected via an inverter to the high active  'PSIN'  input pin. If  a power button event 
occurs, the power-up logic of the Super I/O sets the output pin  'PSOUT#'  to low and 
asserts the 'PWRBTN#' signal of the module's chipset. Passing the power button signal 
through the Super I/O via PSIN/PSOUT# provides the option to utilize system wake-up 
events generated by the Super I/O.

Furthermore, the  Winbond W83627HF  Super I/O provides a  'SLP_SX#'  signal, which 
can be connected to the  Suspend to RAM (S3) system status 'SUS_S3#' signal. If the 
module transitions to a power down system state such as Suspend to RAM (S3) or Soft 
Off  (S5),  the modules chipset asserts  the  'SUS_S3#'  signal to advise the Super I/O 
controller to switch off the ATX power supply. This way it is also possible to wake-up the 
system when it is in a Suspend to RAM or Soft Off state. If the power management logic 
of  the modules chipset  detects  a system wake-up event it  deasserts  the  'SUS_S3#' 
signal to advise the Super I/O to switch on the ATX power supply.

The  'PS_ON'# signal  for  the ATX power supply can be optionally locked to  prevent 
power-up  if  an  unsuitable  COM Express™ module  type  is  connected  to  the  carrier 
board.  This  is  controlled  by  a  5V  tolerant  tri-state  buffer,  which  is  enabled  by  the 
'TYPE_PSON_CTRL#'  signal of the type detection circuitry.  For more information refer 
to section 5.17.1 'Module Type Detection'.

Figure 5-43 Power-Up Control Circuitry (handled by Super I/O)
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5.16.4 Power Management
COM Express™ specifies a set of signals to control the system power states such as 
the power-on and reset conditions. This enables the system designer to implement a 
fully ACPI compliant  system supporting system states  from S0 to S5. The minimum 
hardware  requirements  for  an ACPI  compliant  system is  an ATX conforming  power 
supply and a power button.

The following table provides a short description of the ACPI defined system states S0 to 
S5 including the corresponding power rail state.  For more information about ACPI and 
the  several  system  power  states  refer  to  the  'Advanced  Configuration  and  Power 
Interface Specification Revision 3.0'.

Table 5-36 System States S0-S5 Definitions

System State Description Power Rail State
S0
Full On

During S0 state, all components are powered and the 
system is fully functional.

Full power on all power rails.

S1
Power-on Standby
(POS)

In S1 sleeping state, no system context is lost, 
hardware maintains all system context. During S1 
operation some system components are set into low 
power state.

Full power on all power rails.

S2 Not supported.

S3
Suspend to RAM (STR)

In S3 state, the current system state and context is 
stored in main memory and all unnecessary system 
logic is turned off. 

Only main memory and logic 
required to wake-up the system 
remain powered by the standby 
voltages. All other power rails are 
switched off. 

S4*
Suspend to Disk (STD)

S4 Sleep control signal indicating that the system 
resides in S4 state (Suspend to Disk).

S5
Soft Off

In S5 state the system is switched off. Restart is only 
possible with the power button or by a system wake-up 
event such as 'Wake On LAN' or RTC alarm.

Standby power rails may or may not 
be powered, depending on if 
system wake-up is supported.
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Table 5-37 Power Management Signal Descriptions

Signal Pin Description I/O Comment
PWRBTN# B12 Power button low active signal used to wake up the 

system from S5 state (soft off). This signal is 
triggered on the falling edge. 

I 3.3V 
Standby
CMOS

SYS_RESET# B49 Reset input signal. This signal may be driven to low 
by external circuitry such as a reset button to hold 
the system module in hardware reset.

I 3.3V 
Standby
CMOS

CB_RESET# B50 Reset output signal from module to carrier board. 
This signal may be driven low by the module to reset 
external components located on the carrier board.

O 3.3V 
Standby
CMOS

PWR_OK B24 Power OK status signal generated by the ATX power 
supply to notify the module that the DC operating 
voltages are within the ranges required for proper 
operation. 

I 3.3V
CMOS

SUS_STAT# B18 Suspend status signal to indicate that the system will 
be entering a low power state soon. It can be used 
by other peripherals on the carrier board as an 
indication that they should go into power-down 
mode. 

O 3.3V
Standby
CMOS

SUS_S3# A15 S3 Sleep control signal indicating that the system 
resides in S3 state (Suspend to RAM).

O 3.3V
Standby
CMOS

This signal can be used to 
control the ATX power supply 
via the 'PS_ON#' signal.

SUS_S4# A18 S4 Sleep control signal indicating that the system 
resides in S4 state (Suspend to Disk).

O 3.3V
Standby
CMOS

SUS_S5# A24 S5 Sleep Control signal indicating that the system 
resides in S5 State (Soft Off). 

O 3.3V
Standby
CMOS

WAKE0# B66 PCI Express wake-up event signal. I 3.3V 
Standby
CMOS

WAKE1# B67 General purpose wake-up signal. May be used to 
implement wake-up by Super I/O activity. 

I 3.3V 
Standby
CMOS

Used for wake-up by 
PS/2 keyboard or mouse.

BATLOW# A27 Battery low input. This signal may be driven low by 
external circuitry to signal that the system battery is 
low. It also can be used to signal some other 
external power management event.

I 3.3V 
Standby
CMOS
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5.16.5 Thermal Management
COM Express™ provides the  'THRM#'   and 'THRMTRIP#' signals, which are used for 
system thermal management. In most current system platforms thermal management is 
closely associated with system power management. For more detailed information about 
the  thermal  management  capabilities  of  the  COM  Express™  module  refer  to  the 
module's user's guide'.

Table 5-38 Thermal Management Signal Descriptions

Signal Pin Description I/O Comment
THRM# B35 Thermal Alarm active low signal generated by the 

external hardware to indicate an over temperature 
situation. This signal can be used to initiate thermal 
throttling.

I 3.3V 
Standby
CMOS

THRMTRIP# A35 Thermal Trip indicates an overheating condition of the 
processor. If 'THRMTRIP#' goes active the system 
immediately transitions to the S5 State (Soft Off).

O 3.3V
Standby
CMOS
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5.17 Miscellaneous Signals
Table 5-39 Miscellaneous Signal Descriptions

Signal Pin Description I/O Comment
Type0#
Type1#
Type2#

C54
C57
D57

The Type pins indicate the COM Express™ pinout 
type of the module. To indicate the module's pinout 
type, the pins are either not connected or strapped 
to ground on the module.
The carrier board has to implement additional logic, 
which prevents the system to switch power on, if a 
module with an incompatible pinout type is detected.

O 5V
PDS

SPKR B32 Output used to control an external FET or a logic 
gate to drive an external PC speaker.

O 3.3V
CMOS

BIOS_DISABLE# A34 Input to disable the modules BIOS flash memory 
chip. This signal provides the ability to implement an 
external BIOS flash memory chip that can be 
located on the carrier board.

I 3.3V
CMOS

Refer to section 5.10.3 
'Application Example: External 
Firmware Hub'.

WDT B27 Output indicating that a watchdog time-out event 
has occurred.

O 3.3V
CMOS

KBD_RST# A86 Input signal of the module used by an external 
keyboard controller to force a system reset. 

I 3.3V
CMOS

KBD_A20GATE A87 Input signal of the module used by an external 
keyboard controller to control the CPU A20 gate 
line. The A20 gate restricts the memory access to 
the bottom megabyte of the system. Pulled high on 
the module.

I 3.3V
CMOS

GPO0
GPO1
GPO2
GPO3

A93
B54
B57
B63

General Purpose Outputs for system specific usage. O 3.3V
CMOS

Refer to the module's users 
guide for  information about 
the functionality of these 
signals.

GPI0
GPI1
GPI2
GPI3

A54
A63
A67
A85

General Purpose Input for system specific usage. 
The signals are pulled up by the module.

I 3.3V
CMOS

Refer to the module's users 
guide for  information about 
the functionality of these 
signals.
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5.17.1 Module Type Detection
The COM Express™ Specification includes three signals to determine the pinout type of 
the module connected to the carrier  board.  If  an incompatible module pinout type is 
detected, an external logic should prevent the carrier board from powering up the whole 
system by controlling the 'PS_ON#' signal of the ATX power supply. The pins 'TYPE0#', 
'TYPE1#'  and 'TYPE2#'  are either left open (NC) or strapped to ground (GND) by the 
module to encode the pinout type according to the following table. The Module Type 1 
doesn't need any encoding because it is a subset of all other module types. For more 
information about this subject refer to the COM Express™ Specification.

Table 5-40 Module Pinout Type Encoding

Module Type Pin TYPE0# Pin TYPE1# Pin TYPE2#
Module Type 1 X (don't care) X (don't care) X (don't care)

Module Type 2 NC NC NC

Module Type 3 NC NC GND No IDE interface 

Module Type 4 NC GND NC No PCI interface

Module Type 5 NC GND GND No IDE, no PCI interface

5.17.1.1 Module Type Detection Reference Schematics
The following reference schematics illustrates a detection circuitry for Type 2 modules. If 
any module type other than Type 2 is connected, the 'PS_ON#' signal, which  controls 
the  ATX  power  supply,  is  locked  by  the  signal  'TYPE_PSON_CTRL#' to  prevent 
powering  up.  In  this  case  the  red  LED  indicates  a  wrong  module  type.  The  type 
detection pins of the module must be pulled up by the 5V standby voltage of the power 
supply.

Figure 5-44 Module Type 2 Detection Circuitry
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5.17.2 Speaker Output 
The COM Express™ module provides a speaker output signal called 'SPKR',  which is 
intended to drive an external FET or a logic gate to connect a PC speaker. The 'SPKR' 
signal can be found on the modules pin B32.

The 'SPKR' signal is often used as configuration strap for the modules chipset. It should 
not be connected to a pull-up or pull-down resistor, which could overwrite the internal 
chipset configuration and result in a malfunction of the module.

The  following  reference  schematics  illustrates  a  circuitry  for  an  active  piezoelectric 
speaker 'HY-05' from HYCOM (http://www.hycomdevice.com.tw).

5.17.2.1 Speaker Output Reference Schematics
Figure 5-45 Speaker Output Circuitry
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5.17.3 RTC Battery Implementation
The Real Time Clock (RTC) is responsible for maintaining the time and date even when 
the COM Express™ module is not connected to a main power supply. Usually a +3V 
lithium  battery  cell  is  used  to  supply  the  internal  RTC  of  the  module.  The 
COM Express™ Specification defines an extra power pin  'VCC_RTC', which connects 
the RTC of the module to the external battery. The specified input voltage range of the 
battery is defined between +2.0V and +3.0V. The signal  'VCC_RTC' can be found on 
the module's connector row A pin A47.

5.17.3.1 RTC Battery Reference Circuitry
To implement  the RTC Battery according to the Underwriters  Laboratories Inc® (UL) 
guidelines, battery cells must be protected against a reverse current going to the cell. 
This can be done by either a series Schottky diode or a series resistor. There are two 
implementation  possibilities  and  the  following  examples explain the  advantages  and 
disadvantages of each one.

The safest way, and the one recommended by the COM Express™ PnP Initiative, is to 
implement a RTC battery circuitry using a Schottky diode as shown in Figure 5-46.

This method offers protection against a possible explosion hazard as a result of reverse 
current flowing to the battery. Moreover, this implementation offers more flexibility when 
choosing battery type and manufacturer. Lithium batteries are the most common form of 
battery used in this scenario.

A big drawback of this circuitry is that the battery voltage monitoring result displayed by 
the COM Express™ module will be inaccurate due to current leakage on the module 
side. When the system is running this current leakage loads capacitor C91 of the battery 
circuitry.  This  leads to  a higher  voltage  on the signal  pin  'VCC_RTC'  and therefore 
produces inaccurate monitoring results.

Figure 5-46 RTC Battery Circuitry with Serial Schottky Diode
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The second implementation possibility for a RTC battery circuitry on the carrier board is 
the use of two serial resistors as shown in Figure 5-47.

This type of RTC battery circuitry will provide accurate battery voltage monitoring on the 
module's 'VCC_RTC' signal pin.

Only a few manufacturers offer batteries types that allow a reverse current and can be 
use with this  kind of  battery circuitry.  One of  the  two serial  resistors  must  limit  the 
reverse current to the value specified for the battery. Refer to the battery specification or 
contact your battery manufacturer for information about the maximum allowed reverse 
current of the battery you have chosen.

Caution

Be aware, if a battery that does not permit a reverse current flow is implemented using 
the circuitry displayed on Figure 5-47 there is a strong possibility that the battery could  
explode and cause personal injury and/or damage to the system.

Figure 5-47 RTC Battery Circuitry with Serial Resistors

Note

The  battery  is  part  of  your  system  design.  Consult  the  appropriate  system  safety  
certification lab about the implications of choosing the RTC Battery  Circuitry method  
displayed in Figure 5-47.

The COM Express™ PnP Initiative cannot be held responsible for any damage when  
using the RTC Battery Circuitry method displayed in Figure 5-47 with battery types that  
do not permit reverse current flow.

The  battery  manufacturer  Renata  clearly  specifies  reverse  current  flows  for  their  
batteries and therefore Renata batteries are recommend by the COM Express™ PnP 
Initiative when using the RTC Battery Circuitry method displayed in Figure 5-47.

The COM Express™ PnP Initiative also recommends that a warning label be placed on  
or near the carrier board battery socket to indicate the appropriate manufacturer and 
model of battery that must be used to avoid creating an explosion hazard. This applies  
regardless of which RTC Battery Circuitry method has been implemented on the carrier  
board.
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5.17.3.2 RTC Battery Lifetime
The  RTC  battery  lifetime  determines  the  time  interval  between  system  battery 
replacement cycles. Current leakage from the RTC battery circuitry on the carrier board 
is a serious issue and must be considered during the system design phase. The current 
leakage will influence the RTC battery lifetime and must be factored in when a specific 
life expectancy of the system battery is being defined.

In order to accurately measure the value of  the RTC current  it  should be measured 
when the complete system is disconnected from AC power.
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6  Layout Design Constraints
This chapter provides routing guidelines for layout and design of a printed circuit board 
using  high-speed interfaces  such as  PCI  Express,  PEG,  Serial  ATA,  LVDS,  Gigabit 
Ethernet and USB 2.0. The signal integrity rules for high-speed interfaces need to be 
considered.  In fact,  it  is highly recommended that  the board design be simulated to 
determine optimum layout for signal integrity and quality.

Keep in mind that this document can only point to the most important issues that should 
be considered when designing an COM Express™ carrier board. The designer has to 
take into account the corresponding information (specification, design guidelines, ect.) 
contained in the documentation for each interface that is to be implemented on their 
carrier board.

Note

For more information about PCB design considerations we recommend you refer to the 
book  “PCI  Express  Electrical  Interconnect  Design”  available  from  Intel  
(http://www.intel.com/intelpress/) ISBN 0-9743649-9-1.

6.1 Microstrip or Stripline
Either  edge-coupled  microstrip,  edge-coupled  stripline,  or  broad-side  striplines  are 
recommended for designs with differential signals.

Designs with microstrip lines offer the advantage that a lower number of layers can be 
used. Also, with microstrip lines it may be possible to route from a connector pad to the 
device pad without any via. This provides better signal quality on the signal path that 
connects devices. A limitation of microstrip lines is that they can only be routed on the 
two outside layers of the PCB, thus routing channel density is limited.

Stripline  may  be  either  edge-coupled  or  broad-side  coupled  lines.  Stripline  designs 
provide  additional  shielding  since  they  are  embedded  in  the  board  stack  and  are 
typically sandwiched between ground and power planes.  This  reduces radiation and 
coupling of noise onto the lines. Striplines have the disadvantage that they require the 
use of vias to connect to them.

6.2 Printed Circuit Board Stackup Example
It is recommended to use PCB's with at least a 4 layer stackup where the impedance 
controlled layer 1 (top layer) is used for differential signals and layer 4 (bottom layer) for 
other periodic signals (CMOS/TTL).  The dedicated power planes (layer 2 – GND and 
layer 3 – VCC) are typically required for high-speed designs. The solid ground plane is 
necessary  to  establish  a  controlled  (known)  impedance  for  the  transmission  line 
interconnects.  A  narrow spacing  between power and  ground  planes will  additionally 
create an excellent high frequency bypass capacitance.

The following example shows a four layer PCB stackup using microstrip trace routing.

A good rule to follow for microstrip designs is to keep S < W and S < H (“H” = space 
between differential signal layers and the reference plane). The best practice is to use 
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the closest spacing, “S,” allowed by your PCB vendor and then adjust trace widths, “W,” 
to control differential impedance.

Figure 6-1 4 Layer PCB Microstrip Routing

For stripline routing, a PCB stackup of at least 6 layers is necessary. The internal layers 
(L3 and L4) can be used for routing differential signals as stripline traces while the outer 
layers (L1 and L6) can be used for microstrip routing.

Figure 6-2 6 Layer PCB Stripline and Microstrip Routing
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7  General Considerations for High-Speed 
Differential Interfaces
The following is a list of suggestions for designing with high-speed differential signals. 
This should help implement these interfaces while providing maximum COM Express™ 
carrier board performance.

• Use  controlled  impedance  PCB  traces  that  match  the  specified  differential 
impedance.

• Keep the trace lengths of the differential signal pairs as short as possible.

• The  differential  signal  pair  traces  should  be  trace-length  matched  and  the 
maximum trace-length mismatch should not exceed the specified values. Match 
each differential pair per segment.

• Maintain parallelism and symmetry between differential  signals  with the trace 
spacing needed to achieve the specified differential impedance.

• Maintain maximum possible separation between the differential  pairs and any 
high-speed clocks/periodic signals (CMOS/TTL) and any connector leaving the 
PCB (such as, I/O connectors, control and signal headers, or power connectors).

• Route differential signals on the signal layer nearest to the ground plane using a 
minimum of vias and corners. This will reduce signal reflections and impedance 
changes. Use GND stitching vias when changing layers.

• It is best to put CMOS/TTL and differential signals on a different layer(s), which 
should be isolated by the power and ground planes.

• Avoid tight bends. When it becomes necessary to turn 90°, use two 45° turns or 
an arc instead of making a single 90° turn.

• Do  not  route  traces  under  crystals,  crystal  oscillators,  clock  synthesizers, 
magnetic devices or ICs that use, and/or generate, clocks.

• Stubs on differential  signals should be avoided due to the fact  that  stubs will 
cause signal reflections and affect signal quality.

• Keep the length of high-speed clock and periodic signal traces that run parallel to 
high-speed signal lines at a minimum to avoid crosstalk. Based on EMI testing 
experience, the minimum suggested spacing to clock signals is 50mil.

• Use a minimum of 20mil spacing between the differential signal pairs and other 
signal traces for optimal signal quality. This helps to prevent crosstalk.

• Route all  traces over continuous planes (VCC or GND) with no interruptions. 
Avoid  crossing  over  anti-etch  if  at  all  possible.  Crossing  over  anti-etch  (split 
planes) increases inductance and radiation levels by forcing a greater loop area.

Figure 7-1 Layout Considerations
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In order to determine the necessary trace width, trace height and spacing needed to 
fulfill the requirements of the interface specification, it's necessary to use an impedance 
calculator.
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7.1 PCI Express Trace Routing Guidelines
Parameter Trace Routing
Transfer Rate / PCIe Lane 2.5 Gbits/sec

Maximum signal line length 
(coupled traces)

TX and RX path: 21.0 inches

Maximum signal length allowance on the 
COM Express™ module 

TX and RX path: 5.15 inches

Signal length allowance on the COM Express™ 
carrier board

TX and RX path: 15.85 inches @ 0.28dB/GHz/inch to PCIe device
  9.00 inches @ 0.28dB/GHz/inch to PCIe slot

Differential Impedance 100 Ohms +/-20%

Single-ended Impedance 55 Ohms +/-15%

Trace width (W) 5 mils (microstrip routing) (*)

Spacing between differential pairs (intra-pair) (S) 4 mils (microstrip routing) (*)

Spacing between RX and TX pairs (inter-pair) (s) Min. 20mils 

Spacing between differential pairs and high-speed 
periodic signals

Min. 50mils

Spacing between differential pairs and low-speed 
non periodic signals 

Min. 20mils

Length matching between differential pairs 
(intra-pair)

Max. 5mils

Length matching between RX and TX pairs 
(inter-pair)

No strict electrical requirements. 
Keep difference within a 3.0 inch delta to minimize latency. 

Length matching between reference clock 
differential pairs REFCLK+ and REFCLK- 
(intra-pair)

Max. 5mils

Length matching between reference clock pairs 
(inter-pair)

No electrical requirements.

Reference plain GND referenced preferred

Spacing from edge of plane Min. 40mils

Via Usage Max. 2 vias per TX trace
Max. 4 vias per RX trace

AC coupling capacitors The AC coupling capacitors for the TX lines are incorporated on 
the COM Express™ module.
The AC coupling capacitors for RX signal lines have to be 
implemented on the customer COM Express™ carrier board.
Capacitor type: X7R, 100nF +/-10%, 16V, shape 0402. 

Note

(*)  In order  to determine the value for  trace width,  trace height  and differential  pair  
spacing that matches the differential impedance determined by your PCB, it's necessary  
to use an adequate impedance calculator.
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7.2 USB Trace Routing Guidelines
Parameter Trace Routing
Transfer rate / Port 480 Mbit/s

Maximum signal line length 
(coupled traces)

Max. 17.0 inches

Signal length used on COM Express™ module (including 
the COM Express™ connector)

3.0 inches

Signal length allowance for the COM Express™ carrier 
board

14.0 inches

Differential Impedance 90 Ohms +/-15%

Single-ended Impedance 45 Ohms +/-10%

Trace width (W) 5mils (microstrip routing) (*)

Spacing between differential pairs (intra-pair) (S) 6mils (microstrip routing) (*)

Spacing between pairs-to-pairs (inter-pair) (s) Min. 20mils 

Spacing between differential pairs and high-speed periodic 
signals

Min. 50mils

Spacing between differential pairs and low-speed non 
periodic signals 

Min. 20mils

Length matching between differential pairs 
(intra-pair)

150mils

Reference plain GND referenced preferred

Spacing from edge of plane Min. 40mils

Via Usage Try to minimize number of vias

Note

(*)  In order  to determine the value for  trace width,  trace height  and differential  pair  
spacing that matches the differential impedance determined by your PCB, it's necessary  
to use an impedance calculator.
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7.3 PEG Trace Routing Guidelines

Parameter Trace Routing
Transfer Rate / PCIe Lane 2.5 Gbits/sec

Maximum signal line length 
(coupled traces)

TX path: 6.5 inches
RX path: 6.5 inches

Signal length used on COM Express™ module 
(including the carrier board connector)

TX path: 2 inches
RX path: 2 inches

Signal length allowance for the COM Express™ 
carrier board

TX path: 4.5 inches to PEG device and 3.5 inches to PEG slot
RX path: 4.5 inches to PEG device and 3.5 inches to PEG slot

Differential Impedance 100 Ohms +/-20%

Single-ended Impedance 55 Ohms +/-15%

Trace width (W) 5mils (microstrip routing) (*)

Spacing between differential pairs (intra-pair) (S) 12mils (microstrip routing) (*)

Spacing between RX and TX pairs (inter-pair) (s) Min. 20mils 

Spacing between differential pairs and high-speed 
periodic signals

Min. 50mils

Spacing between differential pairs and low-speed 
non periodic signals 

Min. 20mils

Length matching between differential pairs 
(intra-pair)

Max. 5mils

Length matching between RX and TX pairs 
(inter-pair)

No strict electrical requirements. 
Keep difference within a 3.0 inch delta to minimize latency.

Length matching between reference clock 
differential pairs REFCLK+ and REFCLK- 
(intra-pair)

Max. 5mils

Length matching between reference clock pairs 
(inter-pair)

No electrical requirements.

Spacing from edge of plane Min. 40mils

Via usage Max. 2 vias per TX trace on the modules connector
Max. 4 vias per RX trace on the modules connector

AC coupling capacitors The AC coupling capacitors for the TX transmit signal lines are 
incorporated on the COM Express™ module. 
The AC coupling capacitors for RX receive signal lines have to be 
implemented on the customer COM Express™ carrier board.
Capacitor type: X7R, 100nF +/-10%, 16V, shape 0402.

Note

(*)  In order  to determine the value for  trace width,  trace height  and differential  pair  
spacing that matches the differential impedance determined by your PCB, it's necessary  
to use an adequate impedance calculator.
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7.4 SDVO Trace Routing Guidelines

Parameter Trace Routing
Transfer Rate / SDVO Lane Up to 2.0 Gbits/sec

Maximum signal line length 
(coupled traces)

7 inches

Signal length used on COM Express module 
(including the carrier board connector)

2 inches

Signal length allowance for the COM Express carrier 
board

5 inches to SDVO device

Differential Impedance 100 Ohms +/-20%

Single-ended Impedance 55 Ohms +/-15%

Trace width (W) 5 mils (microstrip routing) (*)

Spacing between differential pairs (intra-pair) (S) 7 mils (microstrip routing) (*)

Spacing between pairs-to-pair Min. 20mils 

Spacing between differential pairs and high-speed periodic 
signals

Min. 50mils

Spacing between differential pairs and low-speed non 
periodic signals 

Min. 20mils

Length matching between differential pairs 
(intra-pair)

Max. 5mils

Length matching between differential pairs 
(inter-pair)

Keep difference within a 2.0 inch delta.

Length matching between differential signal pair  and 
differential clock pair

Max. 5mils

Spacing from edge of plane Min. 40mils

Via Usage Max. 4 vias per differential signal trace

AC coupling capacitors AC Coupling capacitors on the signals 'SDVO_INT+' and 
'SDVOINT-' have to be implemented on the customer 
COM Express™ carrier board.
Capacitor type: X7R, 100nF +/-10%, 16V, shape 0402. 

Note

(*)  In order  to determine the value for  trace width,  trace height  and differential  pair  
spacing that matches the differential impedance determined by your PCB, it's necessary  
to use an adequate impedance calculator.
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7.5 LAN Trace Routing Guidelines

Parameter Trace Routing
Transfer Rate 1.0 Gbits/sec

Maximum signal line length 
(coupled traces)

8.0 inches specified by COM Express™

Signal length used on COM Express™ module 
(including the carrier board connector)

3.0 inches specified by COM Express™

Signal length allowance for the COM Express™ carrier 
board

5.0 inches to the magnetics module

Maximum signal length between isolation magnetics 
module and RJ45 connector on the carrier board

1.0 inch

Differential Impedance 95 Ohms +/-20%

Single-ended Impedance 55 Ohms +/-15%

Trace width (W) 5mils (microstrip routing) (*)

Spacing between differential pairs (intra-pair) (S) 7mils (microstrip routing) (*)

Spacing between RX and TX pairs (inter-pair) (s) Min. 50mils 

Spacing between differential pairs and high-speed periodic 
signals

Min. 300mils

Spacing between differential pairs and low-speed non 
periodic signals 

Min. 100mils

Length matching between differential pairs (intra-pair) Max. 5mils

Length matching between RX and TX pairs (inter-pair) Max. 30mils 

Spacing between digital ground and analog ground plane 
(between the magnetics module and RJ45 connector)

Min. 60mils

Spacing from edge of plane Min. 40mils

Via Usage Max. of 2 vias on TX path
Max. of 2 vias on RX path

Note

(*)  In order  to determine the value for  trace width,  trace height  and differential  pair  
spacing that matches the differential impedance determined by your PCB, it's necessary  
to use an impedance calculator.
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7.6 Serial ATA Trace Routing Guidelines

Parameter Trace Routing
Transfer Rate 3.0 Gbits/sec

Maximum signal line length 
(coupled traces)

7.0 inches on PCB (COM Express™ module and carrier 
board. The length of the SATA cable is specified between 
0 and 40 inches)

Signal length used on COM Express™  module 
(including the COM Express™ carrier board connector)

2.5 inches

Signal length available for the COM Express™ carrier 
board

4.5 inches

Differential Impedance 100 Ohms +/-20%

Single-ended Impedance 55 Ohms +/-15%

Trace width (W) 5mils (microstrip routing) (*)

Spacing between differential pairs (intra-pair) (S) 7mils (microstrip routing) (*)

Spacing between RX and TX pairs (inter-pair) (s) Min. 20mils 

Spacing between differential pairs and high-speed periodic 
signals

Min. 50mils

Spacing between differential pairs and low-speed non 
periodic signals 

Min. 20mils

Length matching between differential pairs (intra-pair) Max. 5mils

Length matching between RX and TX pairs (inter-pair) No strict electrical requirements. Keep difference within a 
3.0 inch delta to minimize latency. Do not serpentine to 
meet trace length guidelines for the RX and TX path.

Spacing from edge of plane Min. 40mils

Via Usage Try to minimize number of vias

AC Coupling capacitors The AC coupling capacitors for the TX and RX lines are 
incorporated on the COM Express™ module.

Note

(*)  In order  to determine the value for  trace width,  trace height  and differential  pair  
spacing that matches the differential impedance determined by your PCB, it's necessary  
to use an impedance calculator.
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7.7 LVDS Trace Routing Guidelines

Parameter Trace Routing
Transfer Rate 5.38 Gbits/sec 

Maximum signal line length to the LVDS connector
(coupled traces)

8.75 inches

Signal length used on COM Express™  module 
(including the COM Express™ carrier board connector)

2.0 inches

Signal length to the LVDS connector available for the 
COM Express™ carrier board

6.75 inches

Differential Impedance 100 Ohms +/-20%

Single-ended Impedance 55 Ohms +/-15%

Trace width (W) 4mils (microstrip routing) (*)

Spacing between differential pair signals (intra-pair) (S) 7mils (microstrip routing) (*)

Spacing between pair to pairs (inter-pair) (s) Min. 20mils

Spacing between differential pairs and high-speed periodic 
signals

Min. 20mils

Spacing between differential pairs and low-speed non 
periodic signals

Min. 20mils

Length matching between differential pairs (intra-pair) +/- 20mils

Length matching between clock and data pairs (inter-pair) +/- 20mils

Length matching between data pairs (inter-pair) +/- 40mils

Spacing from edge of plane +/- 40mils

Reference plain GND referenced preferred

Via Usage Max. of 2 vias per line
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8  General Considerations for Single Ended 
Interfaces
The following is a list of suggestions for designing with signal ended signals. This should 
help implement these interfaces while providing maximum COM Express™ carrier board 
performance.

• Do  not  route  traces  under  crystals,  crystal  oscillators,  clock  synthesizers, 
magnetic devices or ICs that use, and/or generate, clocks.

• Avoid tight bends. When it becomes necessary to turn 90°, use two 45° turns or 
an arc instead of making a single 90° turn.

• Stubs on signals should be avoided due to the fact that stubs will cause signal 
reflections and affect signal quality.

• Keep the length of high-speed clock and periodic signal traces that run parallel to 
high-speed signal lines at a minimum to avoid crosstalk. Based on EMI testing 
experience, the minimum suggested spacing to clock signals is 50mil.

• Route all traces over continuous planes with no interruptions (ground reference 
preferred). Avoid crossing over anti-etch if at all possible. Crossing over anti-etch 
(split planes) increases inductance and radiation levels by forcing a greater loop 
area.

• Route digital power and signal traces over the digital ground plane.

• Position the bypassing and decoupling capacitors close to the IC pins with wide 
traces to reduce impedance.
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8.1 PCI Trace Routing Guidelines

Parameter Trace Routing
Transfer Rate @ 33MHz 132 MB/sec

Signal length used on COM Express™ module 
(including the COM Express™ carrier board connector)

3.0 inches

Maximum data and control signal length allowance  for the 
COM Express™ carrier board.

10 inches

Maximum clock signal length allowance for the COM 
Express™ carrier board.

8.88 inches

Single-ended Impedance 55 Ohms +/-15%

Trace width (W) 5mils (microstrip routing) (*)

Spacing between signals (inter-signal) (S) 7mils (microstrip routing) (*)

Length matching between single ended signals Max. 200mils

Length matching between clock signals Max. 200mils

Spacing from edge of plane Min. 40mils

Reference plain GND referenced preferred

Via Usage Try to minimize number of vias

Decoupling capacitors for each PCI slot. Min. 1x22µF, 2x 100nF @ VCC 5V
Min. 2x22µF, 4x 100nF @ VCC 3.3V
Min. 1x22µF, 2x 100nF @ +12V (if used)
Min. 1x22µF, 2x 100nF @ -12V (if used)

The decoupling capacitors for the power rails should be 
placed as close as possible to the slot power pins 
connected with wide traces.

Note

(*) In order to determine the value for trace width and trace height it's necessary to use  
an impedance calculator.
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8.2 IDE Trace Routing Guidelines

Parameter Trace Routing
Maximum Transfer Rate @ ATA100 100 MB/sec

Signal length used on COM Express™ module. 3.0 inches

Maximum length allowance for signals on the COM Express™ 
carrier board @ ATA100.

7.0 inches

Single-ended Impedance 55 Ohms +/-15%

Trace width (W) 5mils (microstrip routing) (*)

Spacing between signals (inter-signal) (S) 7mils (microstrip routing) (*)

Length matching between strobe and data signals Max. 450mils

Length matching between data signals Max. 200mils

Length matching between strobe signals 'IDE_IOR' and 
'IDE_IOW'.

Max. 100mils

Spacing from edge of plane Min. 40mils

Reference plain GND referenced preferred

Via Usage Try to minimize number of vias

Note

(*) In order to determine the value for trace width and trace height it's necessary to use  
an impedance calculator.
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9  Industry Specifications
The list below provides links to industry specifications that should be used as reference 
material when designing a COM Express™ carrier board.

Specification Link
PICMG® COM Express Module™ Base Specification http://www.picmg.org/

PCI Express Base Specification, Revision 2.0 http://www.pcisig.com/specifications

PCI Local Bus Specification, Revision 2.3 http://www.pcisig.com/specifications

Universal Serial Bus (USB) Specification, Revision 2.0 http://www.usb.org/home

ExpressCard Standard Release 1.0 http://www.expresscard.org/

Serial ATA Specification, Revision 1.0a http://www.serialata.org

Low Pin Count Interface Specification, Revision 1.0 (LPC) http://developer.intel.com/design/chipsets/industry/lpc.htm

Audio Codec ‘97 Component Specification, Version 2.3 http://www.intel.com/design/chipsets/audio/

High Definition Audio Specification, Rev. 1.0 http://www.intel.com/standards/hdaudio/

LVDS Owner's Manual http://www.national.com

Extended Display Identification Data Standard Version 1.3 
(EDID™)

http://www.vesa.org

Enhanced Display Data Channel Specification Version 1.1 
(DDC)

http://www.vesa.org

IEEE standard 802.3ab 1000BASE T Ethernet http://www.ieee.org/portal/site

Advanced Configuration and Power Interface Specification 
Rev. 3.0a

http://www.acpi.info/

The following reference material from Mindshare Books is recommend for use by the 
COM Express™  PnP  Initiative.  For  more  information  and  additional  books  visit 
www.mindshare.com.

Title Author
PCI Express System Architecture Ravi Budruk, Don Anderson, Tom Shanley

PCI System Architecture (4th Edition) Tom Shanley, Don Anderson 

Universal Serial Bus System Architecture Don Anderson

SATA Storage Technology Don Anderson

Protected Mode Software Architecture
(The PC System Architecture Series)

Tom Shanley

The Unabridged Pentium 4 Tom Shanley

Additional  books  covering  various PC architecture  subjects,  that  should be used  as 
reference material, can be found at www.intel.com/intelpress.
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