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Introduction to HSIC
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INTRODUCTION

The High-Speed Inter-Chip (HSIC) interface is a two signal, source synchronous interface capable of providing USB
High-Speed data at 480Mbps. The data transfers are 100% host driver compatible with traditional USB topologies. Full-
Speed (FS) and Low-Speed (LS) are not supported by the format, however a hub with HSIC can provide FS and LS
support. The most significant features of HSIC are:

 Different than USB in the physical layer only

» High-Speed data only, no chirp protocol

» Source-synchronous serial data transmission

* No hot removal/attach, interface is always connected

* 1.2V signal levels, designed for low-power applications at standard LVCMOS levels

* Maximum trace length of 10cm

This document includes the following topics:
» HSIC Signaling on page 2
» HSIC Application Information on page 4

Audience

This document is written for developers who are familiar with the USB protocol and specification but have limited knowl-
edge regarding HSIC features. The goal of this application note is to familiarize the reader with HSIC and to address
some common questions associated with implementing and testing HSIC applications.

References

The following documents should be referenced when using this application note. Refer to your Microchip representative
for availability.

» High-Speed Inter-Chip USB Electrical Specification, Version 1.0
» Universal Serial Bus Specification, Revision 2.0
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HSIC SIGNALING

Table 1 details all of the basic signaling protocols for HSIC. Many signals, such as CONNECT/RESUME and IDLE/SUS-
PEND are equivalent. Figure 1 illustrates a connect sequence (also see Connection Procedure), while Figure 2 illus-
trates a reset.

TABLE 1: HSIC SIGNALING SUMMARY

Signal Strobe Data Description
IDLE High Low 1 or more strobe periods
CONNECT Low High 2 strobe periods
RESUME Low High For time periods per USB 2.0 specification. RESUME can
be signaled by either a host or a peripheral.
SUSPEND High Low Identical to IDLE state
RESET Low Low Per USB 2.0 specification
FIGURE 1: IDLE/SUSPEND TO CONNECT/RESUME SIGNALING

FIGURE 2: IDLE/SUSPEND TO RESET SIGNALING
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Data signaling begins when STROBE and DATA lines transition from IDLE to END-OF-IDLE. END-OF-IDLE is defined

as STROBE switching high to low while DATA is low. An example of a data transfer from a host to a device is shown in
Figure 3.

FIGURE 3: DATA PACKET TRANSFERRED FROM HOST TO DEVICE
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As seen in Figure 3, The protocol for data transactions between host and device via HSIC is the same as USB. The
primary difference is that all information is transmitted via a single data line, and a strobe signal communicates when to
sample the received data signal. HSIC uses double data rate (DDR) signaling; data is sampled at both the rising and

falling edges of the strobe signal. The strobe signal oscillates at a frequency of 240Mhz, which provides a total data rate
of 480Mbps.

Note:  The distortion seen in the handshake packet is explained in the Probing HSIC Signals section. I
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HSIC APPLICATION INFORMATION

HSIC offers several notable advantages over USB for hard-wired inter-chip applications. HSIC is a fully digital standard
and thus no analog front end is required. The lack of an analog front end allows for reduction in die sizes, and can there-
fore lead to reduced cost. Additional die reduction can be made due to the decreased amount of digital logic required
by the simplified connection protocol.

The HSIC standard does not inherently reduce power consumption, but the removal of the analog front end can lead to
lower power designs, especially since analog circuitry does not necessarily scale one-to-one with digital circuits for
reductions in process feature size. HSIC is especially low power when placed into the suspended state. During suspend,
there is no current draw on the STROBE or DATA lines. By comparison, standard USB draws a minimum of 200pA on
D+ through a 1.5kQ pull-up resistor when suspended.

Because HSIC is only different from USB at the physical layer, making the migration from USB to HSIC is not like chang-
ing to a completely new standard. This means that existing USB software stacks and USB protocol knowledge bases
can be quickly transitioned to HSIC.

The remaining sections discuss some more in-depth topics aimed at easing troubleshooting and answering common
HSIC application concerns.

HSIC Data Sampling

With standard USB, every data packet begins with a sync pattern to allow the receiver clock to synchronize with the
phase of the incoming data. The differential sign of the D+/D- signal is then sampled according to the sync pattern. HSIC
uses a separate STROBE line to tell the receiver when to sample the incoming data. The HSIC DATA signal is sampled
at the rising and falling edges of the STROBE signal. If the STROBE and DATA signals become skewed for any reason,
the sampled data may become corrupted. The HSIC Electrical Specification defines the maximum allowable skew as
15ps.

To ensure skew does not become an issue, the design must adhere to the following requirements:

* The HSIC traces must be kept as short as possible and must not exceed 10 cm in length.
* The DATA and STROBE traces must be equal in length.
* The DATA and STROBE traces should be routed to 50Q single-ended impedance.

To illustrate the amount of skew possible in the real world, Figure 4 shows the beginning of a test packet transmitted
from a host to a device through HSIC with equal lengths. Figure 5 shows the same packet transmitted from the same
host with a STROBE trace is that is approximately 10cm longer than the DATA trace. The resulting skew is approxi-
mately half of a nanosecond. This is an extreme example, but the results suggest that even a small amount of length
mismatch may result in an HSIC specification violation.
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FIGURE 4: EQUAL HSIC TRACE LENGTHS
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FIGURE 5: STROBE TRACE 10CM LONGER THAN DATA TRACE
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Probing HSIC Signals

The single-ended nature and differences in signal termination present some challenges when attempting to probe HSIC
lines. Standard USB signals can be easily monitored and deciphered by placing a differential probe connected to an
oscilloscope at either the transmitter side or receiver side. HSIC signals are more sensitive and one must consider trans-
mission line theory when attempting to probe them.

A good general guideline is to probe at the side opposite to the source of the signal that you would like to observe. For
instance, if you wish to observe the signals originating from a device, place a probe at the host-side terminals. If you
wish to observe the signals originating from a host, place the probes at the device-side terminals.

When attempting to probe signals originating from a device while probing at the device side, the signal becomes dis-
torted. This is likely due to interference caused by the signal reflecting back on itself. One can also probe at the middle
of the trace, but the results are typically not as clean as if probed properly from one side. An ideal solution is to probe
simultaneously from both ends. A series protocol analyzer may be able to accurately sample the signals in both direc-
tions, but the 10 cm trace length restriction makes this option impractical.

To illustrate the effects of probing at various points, a test packet was generated at a host down to a hub connected
through HSIC. Figure 6 shows clean signals probed from the hub side. Figure 7 shows distorted signals probed from
the host side.

FIGURE 6: SIGNALS PROBED AT DEVICE/HUB SIDE TERMINALS
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FIGURE 7: SIGNALS PROBED AT HOST SIDE TERMINALS
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Connection Procedure

It is important to understand the connection procedure when troubleshooting some issues involving HSIC connectivity.
The HSIC interface is structured in such a way that a host or peripheral can be powered on in any order. To ensure that
a false connection is not detected, the host, hub, and peripherals must ensure that STROBE or DATA do not float to an
undetermined value (also commonly referred to as tri-stated). The sequence of events that lead to a connect event is
detailed below.

TABLE 2: DEVICE/HUB DISCOVERY AND CONNECTION SEQUENCE

Downstream Facing Host/Hub
Action

Powered ON, HSIC disabled Must assert STROBE and DATA lines No signal assertion
to provide a logic ’0’ state

Powered ON, HSIC enabled Present an IDLE bus state and moni- | Monitor STROBE and DATA lines for an

Conditions Upstream Facing Device/Hub Action

tor for a CONNECT bus state IDLE bus state
Powered ON, HSIC enabled, and | Commence enumeration upon receiv- | Must assert a CONNECT bus state upon
peripheral sends CONNECT sig- ing a CONNECT bus state detecting an IDLE state

nal

Figure 1 in the previous section shows an oscilloscope capture of a connect sequence. This connect sequence is much
simpler than the USB connect sequence because there are no speeds to negotiate. This sequence can be handled by
a very simple state machine, reducing die size requirements.
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DISCONNECTION/RECONNECTION AND DISABLE/SUSPEND

With standard USB, the host is capable of determining if a downstream port has been disconnected by monitoring the
magnitudes of the DP/DM signal voltages. If the voltage exceeds the disconnect voltage threshold, the host can con-
clude that the device has been disconnected. HSIC does not support a disconnect protocol because it is intended to be
a hard-wired, always on connection. However, it is still possible to get into a situation where a downstream device may
appear to have disconnected, and care must be taken to ensure that the host does not permanently lose its connection
with the device.

This apparent disconnection, or “standoff’, can occur because the host always maintains an IDLE state while the bus is
unused, and the IDLE state is identical to the SUSPEND state from a signal perspective. The host has no way of know-
ing if or when a downstream device has been powered down or disconnected. Since the SUSPEND signaling is identical
to the IDLE signaling, it is possible to reach a state where a downstream device believes it is has been suspended while
the upstream host thinks there is no device downstream and waits indefinitely for a CONNECT signal to arrive. A similar
standoff condition could occur if the upstream host disables the port while the device believes it has been suspended.

This condition is not likely to occur between hosts and devices that never cycle power or soft reset. In the even that this
issue is encountered it must be dealt with in an application specific manner at either the Link or software stack level.
This issue can be dealt with by programming the software stack or designing the Link in such a way that prevents the
condition from occurring in the first place. Alternatively, the SoC can attempt to deal with a downstream device after it
“disconnects” in one of two ways:

» Reset the HSIC hub. The device discovery sequence will occur and the connection will be reestablished.

* On Microchip USB254x/USB3613/USB3813/USB4604/USB4624 family of devices, the SoC can use the VBUS_-
DET pin to reestablish the connection. Pulling the pin low suspends the hub while pulling the pin high will wake it

up.
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APPENDIX A:  APPLICATION NOTE REVISION HISTORY

TABLE A-1: REVISION HISTORY

Revision Level & Date

Section/Figure/Entry

Correction

REV A (11-26-13)

All

Initial release

© 2013 Microchip Technology Inc.
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at www.microchip.com. This web site is used as a means to make
files and information easily available to customers. Accessible by using your favorite Internet browser, the web site con-
tains the following information:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQ), technical support requests, online discussion
groups, Microchip consultant program member listing

* Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of semi-
nars and events, listings of Microchip sales offices, distributors and factory representatives

CUSTOMER CHANGE NOTIFICATION SERVICE

Microchip’s customer notification service helps keep customers current on Microchip products. Subscribers will receive
e-mail notification whenever there are changes, updates, revisions or errata related to a specified product family or
development tool of interest.

To register, access the Microchip web site at www.microchip.com. Under “Support”, click on “Customer Change Notifi-
cation” and follow the registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance through several channels:

« Distributor or Representative

» Local Sales Office

 Field Application Engineer (FAE)

» Technical Support

Customers should contact their distributor, representative or field application engineer (FAE) for support. Local sales

offices are also available to help customers. A listing of sales offices and locations is included in the back of this docu-
ment.

Technical support is available through the web site at: http://microchip.com/support

DS00001602A-page 10 © 2013 Microchip Technology Inc.
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Note the following details of the code protection feature on Microchip devices:
. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the
intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device applications and the like is provided only for your convenience and may be
superseded by updates. It is your responsibility to ensure that your application meets with your specifications. MICROCHIP MAKES NO
REPRESENTATIONS OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE,
MERCHANTABILITY OR FITNESS FOR PURPOSE. Microchip disclaims all liability arising from this information and its use. Use of
Microchip devices in life support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims, suits, or expenses resulting from such use. No licenses are conveyed, implic-
itly or otherwise, under any Microchip intellectual property rights.

Trademarks

The Microchip name and logo, the Microchip logo, dsPIC, FlashFlex, KEELOQ, KEELOQ logo, MPLAB, PIC, PICmicro, PICSTART, pIC32
logo, rfPIC, SST, SST Logo, SuperFlash and UNI/O are registered trademarks of Microchip Technology Incorporated in the U.S.A. and
other countries.

FilterLab, Hampshire, HI-TECH C, Linear Active Thermistor, MTP, SEEVAL and The Embedded Control Solutions Company are
registered trademarks of Microchip Technology Incorporated in the U.S.A.

Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

Analog-for-the-Digital Age, Application Maestro, BodyCom, chipKIT, chipKIT logo, CodeGuard, dsPICDEM, dsPICDEM.net,
dsPICworks, dsSPEAK, ECAN, ECONOMONITOR, FanSense, HI-TIDE, In-Circuit Serial Programming, ICSP, Mindi, MiWi, MPASM,
MPF, MPLAB Certified logo, MPLIB, MPLINK, mTouch, Omniscient Code Generation, PICC, PICC-18, PICDEM, PICDEM.net, PICkit,
PICtail, REAL ICE, rfLAB, Select Mode, SQlI, Serial Quad I/O, Total Endurance, TSHARC, UniWinDriver, WiperLock, ZENA and Z-
Scale are trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

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

GestIC and ULPP are registered trademarks of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

A more complete list of registered trademarks and common law trademarks owned by Standard Microsystems Corporation (“SMSC”)
is available at: www.smsc.com. The absence of a trademark (name, logo, etc.) from the list does not constitute a waiver of any
intellectual property rights that SMSC has established in any of its trademarks.

All other trademarks mentioned herein are property of their respective companies.
© 2013, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.
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