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Introduction

This introduction 1s not part of IEEE Std 1149.10™-2017, IEEE Standard for High-Speed Test Access Port and On-
Chip Distribution Architecture.

With the approval of IEEE Std 1149.1™-2013, the industry now has a standardized approach to
hierarchical design-for-test. [EEE Std 1149.1-2013 provides access to IP blocks via IEEE 1500 wrapper
serial ports. IEEE 1149.1 package files and PDL standardized how to describe IP block operation destined
for SoC integration. Some Working Group members started to discuss the bandwidth limitations of the
IEEE 1149.1 TAP, the limitations of single scan-in/scan-out for test time, the diminishing single-ended 1/O
count for parallel scan due to die-stacking, and the desire for leveraging PDL to be re-used beyond the
TAP. A group of interested parties was formed in August of 2013. C. J. Clark presented the fundamentals
on the HSTAP, PEDDA, and Packet format at the first meeting. Industry-based SERDES packets were
discarded because they required storing packet information in memory and generally required more on-chip
resources. The IEEE 1149.10 architecture needed to be simple and easy to add on to the mission mode
design. A PAR was approved in October 2013. A publicly available history of the Working Group's
attendance, motions, minutes, and presentations can be found at hitp://grouper.ieee.org/groups/1149/10/.
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IEEE Standard for High-Speed
Test Access Port and On-Chip
Distribution Architecture

1. Overview

1.1 Scope

This standard defines a high speed test access port for delivery of test data, a packet format for describing
the test payload, and a distribution architecture for converting the test data to/from on-chip test structures.

The standard re-uses existing high speed /O (HSIO) known in the industry for the high speed test access
port (HSTAP). The HSIO connects to an on-chip distribution architecture through a common interface. The
scope includes the distribution architecture test logic and packet decoder logic. The objective of the
distribution architecture and packet decoder is that it can be readily re-used with different integrated
circuits (ICs) that host different HSIO technology, such that the standard addresses as large a part of the
industry as possible.

The scope includes IEEE 1149.1 Boundary-Scan Description Language (BSDL) and Procedural
Description Language (PDL) documentation, which can be used for configuring a mission mode HSIO to a
test mode compatible with the HSTAP. The same BSDL and PDL can then be used to deliver high-speed
data to the on-chip test structures.

1.2 Need

Test time has always been an important metric for system on a chip (SoC). The original IEEE 1149.1 test
access port 1s fine for simple board interconnect tests, but as on-chip operations via the IEEE 1149.1 test
access port (TAP) have increased, the use of the IEEE 1149.1 TAP becomes inefficient for board test and
on-board field programmable gate array (FPGA) configuration. Large FPGAs take tens of minutes to
configure through the IEEE 1149.1 TAP. The IEEE 1149.1 TAP has always been too slow for production
SoC test. Wide test access mechanisms (TAMs) are used to increase test throughput during production IC
test at the cost of requiring more tester resources. Wide TAMs are also not useful for test re-use at the
board/system level because many of the I/O of the TAM are not accessible. Pin limitations also exist where
the pins required for the IEEE 1149.1 TAP cannot be supported by a small package or die. A high-speed
test access port and packet encoder/decoder and distribution architecture (PEDDA) 1s needed by the
industry to standardize a faster test data delivery mechanism for 1C automatic test equipment (ATE), but
also be re-usable at board and system level test. Today, in 2017, to get 10 Gbit/s data transfer on a die
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requires one hundred touch-downs for sending data in at 100 Mbit/s and one hundred touch-downs for
receiving data at 100 Mbit/s with one hundred scan chains that meet the timing for a 100 MHz clock rate.
IEEE Std 1149.10-2017™ offers an alternative to deliver the same test data bandwidth with just a
differential receiver and transmitter: four pins, a system clock, and power. By making the scan-channels
“virtual,” tradeoffs can be made during design for test regarding scan rates, number of concurrent active
scan channels, and the amount of test bandwidth desired.

Mission mode pins exist for SERDES, serial parallel interface (SPI), I°C (12C), and double data rate
(DDR), which can be re-allocated for test purposes saving on dedicated test pins needed in the SoC to
support IEEE 1149.1. IEEE Std 1149.10-2017 introduces the re-use of mission mode pins to facilitate
either high-bandwidth test or low resource based test via two new objects: the HSTAP and the PEDDA.
The HSTAP can layer on top of the mission mode pins (e.g., re-use the pins of SERDES, SPI, 12C, etc.)
and deliver data to the PEDDA, which can access on-chip scan channels (test data registers and wrapper
serial ports) to communicate data for test, debug, or FPGA configuration.

1.3 Document outline

Circuit designs such as those defined by this standard are more easily understood 1f their specifications are
accompanied by general descriptive material that places the details of the various parts of each design in
perspective and provides examples of implementation. Clause 1, therefore, contains an overview of this
standard to the testing of an electronic circuit, the need, and document conventions. Clause 2 provides a list
of normative references and Clause 3 provides definitions, acronyms, and abbreviations. Subsequent
clauses of this document contain the specifications for particular features of this standard.

1.4 Specifications

Material titled “Specifications™ contain the rules, recommendations, and permissions that define this
standard:

— Rules specify the mandatory aspects of this standard. Rules contain the word shall.

— Recommendations indicate preferred practice for designs that seek to conform to this standard.
Recommendations contain the word should.

—  Permissions show how optional features may be introduced into a design that seeks to conform to
this standard. These features will extend the application of the test circuitry defined by this

standard. Permissions contain the word may.

1.5 Descriptions

CAUTION

The descriptive material contained in this standard is for illustrative purposes only and does not define a
preferred implementation. Examples are provided throughout this standard to illustrate possible circuit
implementations. Where discrepancies between examples and specifications may occur, the specifications
always take precedence. Readers should exercise caution when using these examples in their specific
applications. In particular, 1t is emphasized that the examples are designed to communicate effectively the
meaning of this standard. As such, they are logically correct; however, as always, a particular
implementation may not operate properly with respect to timing and other parametric characteristics.
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Material not contained in *“Specifications™ is descriptive material that illustrates the need for the features
being specified or their application. This material includes schematics that illustrate a possible
implementation of the specifications in this standard. The descriptive material also discusses design
decisions made during the development of this standard.

1.6 Text conventions

The following conventions are used in this standard:

a) The rules, recommendations, and permissions in “Specifications” are contained in a single
alphabetically indexed list. References to each rule, recommendation, or permission are shown in

the form:

| |
Sub-clause number |
Index |
Cption (if any)

15.1.1 ¢) 2)
|
|

b) Instruction and state names defined in this standard are shown n italic type in the text.

c) Names of states and signals that control the test data registers defined by this standard contain the
characters DR, while those that control the instruction register contain the characters IR.

d) Names for signals that are active in their low state have an asterisk as the final character, e.g.,
TRST*.

e) A positive logic convention is used; 1.e., a logic 1 signal 1s conveyed as the more positive of the two

voltages used for logic signals.

1.7 Logic diagram conventions

During the different iterations of this standard, logic diagram figures have been added in various styles with
differing logic symbols. Figure 1 shows the symbologies currently used for the common combinational
logic eclements. Symbols for storage elements (gencrally edge-sensitive flip-flops) are reasonably
consistent, although pin names on the element may vary from figure to figure.
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AND

:

OR

MUX

3-state
Driver

Figure 1—Logic symbology used in this standard

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments or corrigenda) applies.

IEEE Std 802.3™, [EEE Standard for Ethernet.!>

IEEE Std 1149.1™, [EEE Standard for Test Access Port and Boundary-Scan Architecture.

3. Definitions, abbreviations, acronyms, and special terms

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The [IEEE Standards
Dictionary Online should be consulted for terms not defined in this clause.’

channel: A scan-channel.

channel bonding: The use of multiple HSTAPs that work together in order to increase bandwidth.

' The 1EEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics Engineers,
Incorporated.

* IEEE publications are available from the Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).

IEEE Standards Dictionary Online is available at: http://dictionary.ieee.org
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control character: Any of the special symbols used in serial communication encodings. 8B/10B, for
instance, defines twelve control symbols. All of the control characters in this standard are shown and
defined as unencoded hexadecimal values of eight bits in width.

CRC32: Cyclical Redundancy Check. All references to CRC32 in this document refer to the 32-bit
computation as documented in IEEE Std 802.3.°

Enable 1149 10: A signal that 1s an input to the PEDDA when at least one scan-channel 1s shared with an
IEEE 1149.1 TAP. When it is asserted, the PEDDA provides access to one or more scan-channels from a
HSTAP. When it is de-asserted, the PEDDA provides access to one or more scan-channels from the IEEE
1149.1 TAP. An IEEE 1149.1 PDL iProc with the same name documents one method to assert the signal,
other methods are left to the designer.

high-speed test access port (HSTAP): The HSTAP 1s the input/output pins and circuitry that deliver data
to a PEDDA. It is the test access port of this standard and 1s not a high-speed version of the IEEE 1149.1
TAP. The HSTAP may include common serial encoding/decoding methods such as 8B/10B, 128B/130B, or
others.

IEEE 1149.10 interface: A high-speed test access port (HSTAP) and packet encoder/decoder and
distribution architecture (PEDDA).

instruction register: Refers to the IEEE 1149.1 instruction register. Bit “I”” of the ICSU defined section in
the scan packet indicates if there is an operation from a HSTAP and PEDDA to an [EEE 1149.1 instruction
register. All other “instruction” registers, such as the IEEE 1500 wrapper instruction register, are treated as
[EEE 1149.1 test data registers.

lane: A serial data transmission path with one transmit and receive pair. The terminology commonly is
used with differential signaling, however, for this standard, a single-ended transmit and receive pair also
make up a lane. A HSTAP may have one or more lanes.

multi-lane: A mode of operation where multiple lanes are used.
pack: A verb “to place” all the bits for enabled scan-channels contiguous with other enabled scan-channels.
packet frame: A four-byte portion of a packet that starts at any integer multiple of four bytes.

port: As used in the acronym, HSTAP, port refers to an input/output interface (e.g., Ethernet port). Port
does not mean pin as it would in an IEEE 1149.1 context.

scan-channel: Any serially clocked mput or output (or both) to or from the PEDDA. A scan-channel may
be a scan chain or it may feed the input to a de-compressor, which then fans out to multiple scan chains. A
scan-channel may be clocked by a scan clock or the IEEE 1149.1 TCK.

striping: The round-robin assignment of packet frames across a given set of HSTAPs during channel-
bonding. One packet frame of a given packet is transmitted and received at each HSTAP sequentially.

TAP interface: The interface on the PEDDA that accepts the signals from an IEEE 1149.1 TAP. The TAP
interface allows IEEE 1149.1 TDRs and IEEE 1500 wrapper serial ports to have shared access between the
I[EEE 1149.1 TAP and an IEEE 1149.10 HSTAP.

4 Information on references can be found in Clause 2.
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3.2 Abbreviations and acronyms

ASIC

ATE

ATPG

BIST

BNF

BSDL

CMOS

DC

DDR

ECID

FIFO

HSTAP

12C

IC

ICSU

/O

[P

LSB

LVDS

MSB

PDL

PEDDA

PISO

PLL

POR

PRBS

RAM

application-specific integrated circuit
automatic test equipment

automatic test-pattern generation
built-in self-test

Backus-Naur form

Boundary-Scan Description Language
complementary metal-oxide semiconductor
direct current

double data rate

electronic chip 1dentification

first 1n, first out

high speed test access port

[I°C

integrated circuit

instruction, capture, shift and update

input or output

intellectual property (commonly used to refer to a reusable design element)

least significant bit
low-voltage differential signaling

most significant bit

Procedural Description Language or a file containing PDL statements

packet encoder/decoder and distribution architecture

parallel in, serial out
phase-locked loop

power-on reset

pseudo-random binary sequence

random access memaory
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SERDES serializer/deserializer

SIPO serial in, parallel out

SOC system-on-a-chip

SPI serial parallel interface
TAP test access port

TCK test clock input

Tcl Tool Command Language or a file containing Tcl statements
TDI test data input

TDO test data output

TDR test data register

TMP test mode persistence

TMS test mode select

TRST* test reset

TTL transistor-transistor logic
UuT unit under test

VHSIC very high-speed integrated circuit
WBR wrapper boundary register
WBY wrapper bypass

WDR wrapper data register

WIR wrapper instruction register
WRSTN wrapper reset

WSC wrapper serial control

WSI wrapper scan in

WSO wrapper scan out

WSP wrapper serial port
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3.3 Numbers

Values that are expressed in binary notation will be indicated by a contiguous string of characters starting
with Ob or OB followed by one of the set [01xX], followed by zero or more of the characters in the set
[01xX ], and containing no spaces or format effectors.

Values that are expressed in hexadecimal notation will be indicated by a contiguous string of characters
starting with 0x or 0X, followed by one of the set [0-9a-fA-FxX], followed by zero or more of the
characters in the set [0-9a-fA-FxX |, and containing no spaces or format effectors.

Values expressed in decimal notation shall be an unsigned contiguous string of characters of the set [0-9];
multi-character values shall not start with 0, shall contain no spaces or format effectors, shall have a value
less than 232 — 1, and shall always match any binary field large enough to hold the most significant 1 bit of
the binary equivalent value of the decimal pattern.

4. High-speed test access port (HSTAP)

4.1 HSTAP

This subclause defines the rules for creating a HSTAP. The HSTAP interfaces between external ATE and
the PEDDA.

4.1.1 Description

The HSTAP circuit is the primary interface of the PEDDA. The HSTAP terminology is used to
differentiate the IEEE 1149.10 HSTAP from the IEEE 1149.1 TAP that has single-ended signals TCK,
TMS, TDI, TDO, and TRST*. The designer is provided with flexibility in designing the HSTAP as long as
the HSTAP can be documented with the HSTAP BSDL attribute and all rules in this clause are followed. A
HSTAP must be ready to operate after power-on or after compliance 1s enabled. The HSTAP can take
advantage of re-using mission mode interfaces (e.g.. SERDES) only when the HSTAP 1s ready to respond
to IEEE 1149.10 packets after compliance 1s enabled. There are two methods to enable compliance: use the
IEEE 1149.10 compliance-enable character, or provide an IEEE 1149.1 TAP interface to configure mission
mode signals into the HSTAP for IEEE 1149.10-based testing.

18
Copyright © 2017 IEEE. All rights reserved.



IEEE Std 1149.10-2017
IEEE Standard for High-Speed Test Access Port and On-Chip Distribution Architecture

Power on
S Mission Power off
0/ M
3 ode
h;' Hi‘? ﬂ'&aﬁ
I 9 S
SR~ VA '
& A Compliance Dedicated
Character :
_ . interface
Received 3 ~
recognized
Enable_1149_10 Compliance
Disable 1149 10 iProc Steps chachter
iProc Steps followed '
&, recognized
&‘&f
'15‘3“{??9
Ef?‘@ﬂf "“"‘-?ﬂ \/
HSTAP and PEDDA enabled
Power off

—_—

Figure 2—State diagram for IEEE 1149.10 entry

Figure 2 shows the state diagram for enabling the HSTAP and PEDDA. This state diagram illustrates rule
4.1.2 ¢). After power-on, the device is in mission mode. A HSTAP can be dedicated in its function to
support IEEE 1149.10 and not shared with a mission mode function. In that case, the dedicated HSTAP
interface 1s enabled at power-on, as indicated by the path in Figure 2 from the mission mode state directly
to the HSTAP and PEDDA enabled state. A dedicated HSTAP and PEDDA are enabled as part of the
power-on sequence and do not need compliance enablement. If the HSTAP is shared with a mission mode
[/O interface then one of the two compliance enablement methods are needed to enable the HSTAP and
PEDDA. A system reset sets the state of a shared HSTAP back to mission mode. The system reset can be
performed via system reset pins or through other means such as the IEEE 1149.1 IC_RESET nstruction if
it is provided. When an IEEE 1149.1 TAP is provided to enable the HSTAP and PEDDA, a PDL iProc
Enable 1149 10 must be provided to document the steps to enable compliance. An associated PDL 1Proc
Disable 1149 10 can be used by the IEEE 1149.10 interface to set test data register bits to re-enable IEEE
1149.1 TAP operation and mission mode.

4.1.2 Specifications

Rules

a) AnIEEE Std 1149.10-2017 compliant design shall have one or more HSTAPs.
b) Each HSTAP shall be documented using the HSTAP BSDL attribute.
c) Each HSTAP shall power-up in the enabled state (i.e., ready to respond to a CONFIG packet and
all subsequent IEEE 1149.10-defined packets) unless:
.  An IEEE 1149.1 TAP interface is designed to enable the IEEE Std 1149.10-2017
compliant operation and the presence of the TAP 1s documented in BSDL
and/or
ii. A compliance-enable character received at the HSTAP interface enables IEEE Std
1149.10-2017 compliance and is documented in the CONTROL CHARS BSDL
attribute.
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d) If the HSTAP does not power-up in the enabled state, and an IEEE 1149.1 TAP is provided to
enable compliance with this standard, two PDL procedures, FEnable 1149 10 and
Disable 1149 10, shall be documented.

e) When compliance i1s enabled as provided for in rule c) of 4.1.2, the HSTAP shall remain in
compliance mode unless

1. Power to the HSTAP 1s removed
or
ii. A system reset is performed
or
iii. The steps documented in the Disable 1149 10 procedure are performed.

f) If required, the Enable 1149 100 PDL procedure shall document the IEEE 1149.1 operations
needed such that the HSTAP is ready to respond to a CONFIG packet and all subsequent IEEE
1149.10 defined packets.

g) A compliance-enable character received at an HSTAP interface shall enable IEEE Std 1149.10-
2017 compliance and be forwarded to the HSTAP transmitter to enable connected HSTAPs to
enter [EEE Std 1149.10-2017 compliance.

Recommendations

h) When an HSTAP i1s not compliant at power-up, it i1s recommended that the compliance-enable
character be used to establish IEEE Std 1149.10-2017 compliance.

4.1.3 Examples

An HSTAP can be daisy-chained to another HSTAP (see Figure 3). The design of the PEDDA and packet
format specification enables each HSTAP and PEDDA combination in a daisy-chain to receive data
uniquely destined for that PEDDA. (See Clause 5 and Clause 6 for more information on the TARGET ID
and 1ts use.)

CIRCUIT CIRCUIT CIRCUIT
UNDER UNDER UNDER
TEST TEST TEST

PEDDA _ PEDDA _ PEDDA

n it
f—
Piso Clk

Sipa Ok
n kit
—
Piso ik

System Chock
—

System Clock
System Clock

ouT

Figure 3—Example daisy chain of HSTAPs
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IEEE 1149.10 provides a robust capability for monitoring, measuring, configuring, and testing integrated
circuits. The compliance-enable character allows the signals used to be switched from mission mode to
[EEE Std 1149.10-2017 compliance. This can be done in-system from a single access point such as a CPU.
The other compliance methods require access to the IEEE 1149.1 TAP. This may require physical access
outside of the IEEE 1149.10 interface to gain compliance, which may not be achievable. Figure 4 illustrates
a system that can benefit from the compliance-enable character. When re-testing of the application-specific
integrated circuit (ASIC) in-system is desired, the CPU can send the compliance-enable character over the
mission mode point-to-point SERDES links to enable the ASIC to receive IEEE 1149.10 packet
information. This provides a capability of in-system test or re-programming of the ASIC over mission
mode connections using I[EEE 1149.10,

P1145.10 PACKET
STORAGE

SERDES
Point-to-Point
Link

Figure 4—System that benefits from the compliance-enable character

5. Packet encoder/decoder and distribution architecture

5.1 PEDDA

The purpose of the PEDDA is to decode data arriving from the HSTAP and distribute it to the scan
channels, while simultaneously collecting responses from the scan channels, encoding the data in packets,
and providing them to the HSTAP.

5.1.1 Description

The PEDDA includes three interfaces: an HSTAP interface, a scan-channel interface, and an optional IEEE
1149.1 TAP Inferface. An example block diagram is shown in Figure 5.
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Figure 5—Example IEEE 1149.10 PEDDA block diagram

Note in the example that the scan-channel interface includes IEEE 1149.1-accessible registers, IEEE 1500
wrapper serial ports, and a set of parallel scan IEEE 1500 registers. CSUK 1s an acronym for Capture, Shift,
Update, and Clock, the signals that typically control IEEE 1149.1 and IEEE 1500 registers.

When a PEDDA design includes an IEEE 1149.1 TAP interface, it includes mputs from the TAP and one
output. SO 1s scan output, the output of the PEDDA that returns to the TAP. S/ is the scan input, which
delivers data from the TAP to the TDRs interfaced to the PEDDA. The T'CK 1s the test clock signal defined
in IEEE 1149.1. Reset™ 1s asserted when the IEEE 1149.1 TAP 1s in the Test-Logic-Reset state as defined in
[EEE 1149.1. IEEE Std 1149.1 also defines CH-Reset®, which 1s a gated version of Reset® and cannot be
asserted when the TMP Controller is in the Persistence on state. When the Enable 1149 10 signal is de-
asserted, the Resetl(* signal 1s asserted when the TAP interface Reset® signal is asserted. Reset/0* is
distributed in the IC the same way as Reset™ or CH-Reset® would be in an [EEE 1149, 1-only design.
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Two methods of interfacing to the PEDDA from an [EEE 1149.1 TAP are allowed. One method uses the
Select, Capture, Shifi, and Update outputs of Figure 6.5 in IEEE Std 1149.1-2013; the other method allows
for pre-designed legacy TAPs, which may have separate instruction and data register operation signals.

In rule b) v. of 5.1.2, the Select is an output of the TAP controller that determines which way the instruction
or data register mux should be set. The signal Capture 1s defined as the logical OR of the Capture DR state
and the Capture IR state. The signal Shiff 1s the logical OR of the Shift DR and the Shift IR state. The
signal Update 1s the logical OR of the Update DR state and the Update IR state. In rule b) vi. of 5.1.2, the
signals represent the states Capture DR, Shift DR, Update DR, Capture IR, Shift IR, and Update IR.

5.1.2 Specifications

Rules

a) The PEDDA shall contain at least one HSTAP (see Clause 4) interface and a scan-channel

interface.
b) When this standard’s rules require an IEEE 1149.1 TAP [see rule 4.1.2 c)], the PEDDA shall
include a TAP interface with the following inputs:

i. TCK
ii. SI
iii. Reset*
iv.  Enable 1149 10
and either
V. Select, Capture, Shift and Update
or

vi.  Capture DR, Shift DR, Update DR, Capture IR, Shift IR, and Update IR
and the following output:
vii. SO
c) When an IEEE 1149.1 TAP 1s connected to the TAP interface and the Enable 1149 10 signal 1s
de-asserted, the PEDDA shall not interfere with the operation and access via the TAP of IEEE
1149.1 test data registers and IEEE 1500 wrapper serial ports connected at the scan-channel
interface.

NOTE—When comphiance to IEEE 1149.10 1s not enabled, then the IEEE 1149.10 circuitry should not
interfere with the operation of the scan-channels.’

d) When the Enable 1149 10 signal is asserted the following shall occur:

1. SCAN packets arriving at the PEDDA HSTAP interface shall be decoded and delivered
to the appropriate scan-channel interface(s).

1. Scan data from the scan-channel interface(s) shall be encoded within a SCANR packet
and delivered to the HSTAP interface.

iti.  All other IEEE 1149.10 packets shall be decoded and operated on as defined in this
standard (see Clause 6) and a corresponding response packet shall be returned to the
HSTAP interface.

iv.  All CONTROL CHARS shall be operated on as defined in this standard.

v.  When a TAP is connected to the TAP interface and when the TAP is in the Run-Test-Idle
or Test-Logic-Reset state, the circuitry of the TAP shall not interfere with the operation of
the PEDDA on IEEE 1149.1 test data registers or IEEE 1500 wrapper serial ports
connected at the scan-channel interface.

e) The scan-channel interface shall contain a Reset10* output.
f)  When a RESET packet is received and the TYPE field bit position RESET10 is a logic one,

" Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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1. The scan-channel interface shall assert Reset]0* for a period of time determined by the
designer and then de-assert it.
and
ii.  The de-assert shall occur prior to any capture, shift, or update event which occurs due to
the receipt of a SCAN packet.

NOTE—The length of time here cannot be unreasonable. It is possible for the transmitter to send a
RESET packet immediately followed by a SCAN packet without IDLE states in between.

When a RESET packet is received and the TYPE field bit position TRSTI10 is a logic one, and the
optional TRST10* output is provided [see permission 5.1.2 y)], the scan-channel interface shall
assert the signal TRST10%*,

When a RESET packet is received and the TYPE field bit position TRSTI10 is a logic zero, the
scan-channel interface shall de-assert TRST10%*.

NOTE—Asserting the signal Reset10* or the signal TRST10* does not change HSTAP compliance. See rule
4.1.2 e). This implies that scan registers documented in the PDL iProc Disable 1749 [0 must be initialized
to mission mode operation using POR or other initialization method.

The PEDDA shall include a 16-bit TARGET ID register.
The PEDDA shall be designed such that at power-on-reset or when IEEE 1149.10 compliance 1s
enabled, the PEDDA’s TARGET 1D register contents shall be set to all zeros.
The PEDDA shall be designed such that when the PEDDA’S TARGET 1D is all zeros, all packets
recerved except the CONFIG packet are forwarded for transmission.
The PEDDA shall be designed such that a received CONFIG packet shall change the
TARGET 1D register to the value specified by the <TARGET ID= of the CONFIG packet, if the
current TARGET 1D 1s un-configured (all zeros).
The TARGET ID register shall retain its contents unless one of the following occurs:
1. The PEDDA circuit 1s powered-off.

1. A RESET packet 1s received with the TYPE field TARGET ID bit 1s a logic one.

1. IEEE 1149.10 compliance 1s disabled via the TAP.
When a RESET packet 1s received and the TYPE field bit position TARGET ID 1s a logic one,
the scan-channel interface shall set the TARGET ID register to all zeros.
The PEDDA shall be designed such that a received TARGET packet that has a TARGET D that
matches the TARGET ID of the PEDDA, all subsequent packets received until the next TARGET
packet received shall be operated on by the PEDDA.
The PEDDA shall be designed such that when a TARGET packet i1s received that has a
TARGET 1D that does not match the TARGET ID of the PEDDA, all subsequent packets until
the next TARGET packet received shall be forwarded for transmission.
The PEDDA shall be designed such that a received CONFIG packet with an incorrect CRC32
shall have no effect on the TARGET ID register.
The PEDDA shall be designed such that a received TARGET packet with an incorrect CRC32
shall have no effect on the operation of the PEDDA other than to return an ERROR_CHAR.
The PEDDA shall be designed such that a received RAW packet with an incorrect CRC32 shall
have no effect on the operation of the PEDDA other than to return an ERROR_CHAR.
The PEDDA shall be designed such that if 1t has access to an IEEE 1149.1 boundary-scan register,
said boundary-scan register shall have boundary-scan cells associated with the HSTAP signals on
an excludable segment.

NOTE—IfIEEE 1149.10 is used to take a device into EXTEST, EXTEST PULSE, EXTEST TRAIN,
SELECTIVE TOGGLE, the boundary-scan register needs to be segmented at the HSTAP such that the
HSTAP signals remain in mission-mode. See IEEE Std 1149.1 for details on excludable segments. See
Figure 9.
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Recommendations

u) The Resetl0* signal should be routed to registers according to IEEE 1149.1 rules for RESET*
when the PEDDA scan-channel interface is connected to IEEE 1149.1 test data registers.

v) The TRST10* signal, when provided, should be routed to registers according to IEEE 1149.1 rules
for TRST* when the PEDDA scan-channel interface is connected to IEEE 1149.1 test data
registers.

NOTE—These two recommendations are necessary to follow when an associated IEEE 1149.1 TAP 1s
present and IEEE 1149.1 compliance is desired in addition to I[EEE 1149.10. These signals should not be
connected to registers which set or initialize [EEE 1149.10 compliance. See rule 4.1.2 e).

w) The Resetl0* signal should be routed to registers according to IEEE Std 1500 [B1] rules for
WRSTN when the PEDDA scan-channel interface 1s connected to IEEE 1500 registers.

NOTE—This recommendation is necessary to maintain [EEE Std 1500 [B1] compliance when [EEE Std
1500 is used for test data registers, and IEEE Std 1500 compliance is desired in addition to IEEE Std
1149.10-2017 compliance.

x) When it is feasible, a device that can benefit from IEEE Std 1149.1 compliance should be both
[EEE Std 1149.1 and IEEE Std 1149.10-2017 compliant.

NOTE—Be careful not to simply abandon IEEE Std 1149.1 compliance in favor of IEEE Std 1149.10-2017
compliance without giving it some thought, IEEE 5td 1149.1 offers a detailed boundary-scan register
description that facilitates PCB-level test. System designers and OEMs may still require use of that boundary-
scan register and the low speed TAP interface even if IEEE Std 1149.10-2017 is implemented.

Permissions

y) When a TAP is connected to the TAP interface, the PEDDA may include a TRST* input.

z) A PEDDA may include a scan-channel interface TRST10* output.

aa) A PEDDA may include a TAP interface with a connected TAP even when a TAP interface 1s not
required by Rule 4.1.2 ¢)1.
NOTE—A TAP can be used with a PEDDA even if the HSTAP does not require a TAP to enter compliance.

5.1.3 Examples

Figure 6 shows an example implementation that meets rules 5.1.2 1), g), and h). If the IEEE 1149.1 TAP is
in Test-Logic-Reset then there 1s no effect on Reset10* or TRST10* when Enable 1149 10 1s asserted.

TRST* —o
From PEDDA packet decode for 1 TRST10*
asserting TRST10*
Enable_1149 10
Reset* — 0
*
From PEDDA packet decode for . RESET10
asserting RESET10* e

Figure 6—Example implementation of TRST10* and Reset10*

Figure 7 shows an example TDR bit designed to assert Enable 1149 10 via the IEEE 1149.1 TAP.
PORRESET i1s an IEEE 1149.1 description of a reset that occurs at power-on (or power-up). At power-on, a
reset 1s performed to clear the update flop to zero and disable IEEE 1149.10 operation. This 1s just an
example; other register bits may need to be set to configure the mission mode signals to operate as an
HSTAP. See Clause 9 for more information on how PDL can operate this register.
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SO

—o0, Jp* qls ‘ﬂ —[p*a -
8 ’ —— :} L ’ > Enable 1149 10

ar Q ar Q

TCK T ‘
PORRESET ' m

SHIFT ——

Enable 1149 10
Instruction_Decode |

UPDATE —

Figure 7—Example |IEEE 1149.1 TDR for asserting Enable_1149_10

Figure 8 shows an example that uses both the compliance-enable character and an IEEE 1149.1 TDR to
assert Enable 1149 10. The example shows a circuit that asserts Enable 1149 10 when either the
compliance-enable character is received or via the IEEE 1149.1 TAP. An IEEE 1149.1 PULSEO bit 1s used
to de-assert Enable 1149 10 such that the rules in rule ) of 4.1.2 are met.

D a
E ! * Enable_1149 10
Compliance-Enable Character Received CLR
0 DE-E'D | 4 - 0 D o . = SO
S| 1 > l 1 S
_ o D F Q _
ar 0 _ _ ) or D SET Q
1 > -
cr @ _
T AR Q
|
TCK L _ L . I
PORRESET ' 1 . { . i

SHIFT

Enable 1149 10
Instruction Decode |

UPDATE ' *

Figure 8—Example circuit for asserting Enable_1149 10 via a compliance-enable character

Figure 9 shows an example block diagram of how to segment TDRs for optimal use with IEEE 1149.10,
and how to achieve compliance with rule t) of 5.1.2. The figure 1llustrates shared access via the TAP and
HSTAP to the mit-data register and the boundary-scan register. The access via the HSTAP 1s optimized by
segmenting the two TDRs into multiple segments that can be scanned concurrently. Concurrent access
enables better usage of the bandwidth provided by the HSTAP and shortens test time. The boundary-scan
register and the init-data register are used for a variety of pin related tests. Leakage tests, Pull-up/Pull-
down, Von/VorL, and related pin tests can be tested faster when segmentation 1s present because the
HSTAP/PEDDA can access each segment concurrently. This segmentation can also be used to achieve
compliance with rule t) of 5.1.2. Without segmentation, tests using the boundary or init-data register would
not be any faster than with an IEEE 1149.1 TAP for access. Figure 9 shows how to put the boundary-scan
(b-s) cells associated with the HSTAP on a collapsible segment. This 1s necessary in order to leave the
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HSTAP in mission mode when instructions such as EXTEST, EXTEST PULSE, etc. are used; they will
not put the HSTAP related b-s cells in test mode. Note that segments can have any number of pipeline
registers (shown as the box “P” in the figure) in order to meet timing.

P1145.10 enable

Init-data Segl

1P

TAP

T Init-data Segb

P1149.10_enable

PEDDA
P1149.10_enable

B-5 Segl

H5TAF

* B-5 Seg?

F1149.10 enable

Figure 9—Example use of B-S and Init-Data Register

6. Packet definitions

6.1 Packet overview

This subclause provides the general overview of the inbound and outbound packets defined by this

standard.

6.1.1 Description

This standard defines two packet types: inbound packets and outbound packets. The IEEE 1149.10 protocol
also includes control characters that are used to define the start and end of a packet and any special

Init-Data Segs ‘@;

Init-Diata Segd

B-5 Seg3

B-5 Seg2 :‘ A

B-5 Seg5

1y

.,:ID‘ | Init-Data Seg2 |— :T]_| Init-Data Seg3 | :E._ .

PORRESET

B-5 Segd

N

1149.1
Segsel

B-5 Segment
Associated
with HSTAP

communications such as error states or idle states. Each packet has a command that controls operation of
the PEDDA. Inbound packets are listed in Table 1 and outbound packets are listed in Table 2. The full
descriptions are available in the associated packet description in this clause.
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Table 1—Inbound packets

Command Value Description

CONFIG 0x01 Enable uninitialized IEEE 1149.10 interface to be
enumerated.

TARGET 0x02 Specify the target IEEE 1149.10 interface for all
subsequent packets.

RESET 0x03 Assert Reset10* or TRST10* (internally different
signals) or clear the TARGET 1D,

RAW 0x04 Enable the interface in a RAW data mode

(suitable for BER testing). Data is not processed
by the packet processor and subsequently all RX
data is sent to the TX.

CH-SELECT 0x05 Set the SCAN GROUP and target channels on
subsequent IR/DR scan packets.

SCAN 0x06 An interleaved packet for IR/DR scans.

BOND 0x07 Signal the HSTAP to go from single lane to
multi-lane.

USER 0x20-0x3F A user-defined packet used to transfer data not
anticipated by this standard.

All outbound packets | See Table 2 All response packets are ignored by the input and

forwarded unmodified to the TX.

Table 2—Outbound packets

Command Value Description

CONFIGR Ox81 A CONFIG packet response.
TARGETR 0x82 A TARGET packet response.
RESETR 0x83 A RESET packet response.

RAWR 0x84 A RAW packet response.
CH-SELECTR 0x85 A CH-SELECT packet response.
SCANR 0x86 An mterleaved SCAN packet response.
BONDR 0x87 Response to BOND packet request.
USERR OxA0-0xBF A USER defined packet response.

All non-target See Table 1 All packets not destined for this target are forwarded
inbound packets unmodified.

Outbound response packets differ from the inbound packets by asserting bit 7 of the command byte high.
An optional parity bit can be used on bit 6, hence that bit i1s reserved when that capability 1s enabled and
documented in BSDL. Theretore, inbound commands 0x40-0x7F are also available when parity checking
on the command is not used. The general format of both a send and a receive packet 1s shown in Figure 10.
Packets begin with a Start-of-Packet (SOP) control character, followed by a command (CMD) byte,
followed by the command-specific data (PAYLOAD), followed by the 32-bit CRC (CRC32), and
terminated by four End-of-Packet (EOP) control characters. All packets have an integer multiple of four
bytes up to the CRC32, followed by a CRC32 of four bytes and the four EOP bytes. A "packet frame"
refers to any of the four bytes that start on an integer multiple of four. Other than the SOP character, control
characters are sent in multiples of four before the next packet frame. A trade-off was made in requiring
redundant control characters such as the four EOP characters in order to keep the packet aligned, which is
thought to simplify the receiver decoding logic.

The packet definitions are shown in this standard without regard to the encoding/decoding that may be
implemented. This standard follows the convention of other serial standards such that the data in the packet
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1s shown in human readable MSB to LSB, where the LSB 1s on the right without encoding. However, for
many protocols, bits are transmitted with LSB first.

SOP | | CMD | | PAYLOAD | | CRC32 | | EOPx 4

Figure 10 —General form of a IEEE 1149.10 packet

6.1.2 Specifications

Rules

a)

b)

g)

h)

All packets shall start with an SOP character and end with four EOP characters.
NOTE—AII packet descriptions and rules are provided prior to any encoding.

Following the SOP character, all packets shall have eight bits representing a command (CMD) and
shall have a value as specified in Table 1 or Table 2.

NOTE—The values in the tables are shown without the use of parity [see permission 6.1.2 0)].

Following the command (CMD), all packets shall have a PAYLOAD, which represents the data
for a particular packet as defined in this clause.

All packets shall have an SOP byte, CMD byte, and PAYLOAD bytes with a total sum of bytes
that is an integer multiple of four.

All packets shall include a CRC32 (Cyclical Redundancy Check) as the last 32 bits of data prior to
the four EOP characters.

The CRC32 shall be calculated on all of the data received between the SOP and the CRC32 32-bit
value that is not a control character.

NOTE—The SOP and any IDLE, XON, or XOFF values are not included in the CRC32 calculation. See also
7.5 on control characters.

When a PEDDA receives a TARGET packet with a TARGET ID not matching its own
TARGET ID, that TARGET packet and all subsequent packets shall be forwarded for
transmission by the HSTAP.

All received packets that have the most significant bit of the CMD field set to a logic one shall be
forwarded for transmitting by the HSTAP.

NOTE—AIl response packets that are received by a PEDDA are forwarded.

Permissions

1)

1)

An integer multiple of four IDLE characters may appear in a transmission before the start of any
packet frame.

An ERROR character followed by three data bytes may appear in a transmission before the start of
any packet frame. The three bytes that follow the ERROR character may contain any user defined
data that is not a control character.
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k) An integer multiple of four XOFF characters may appear in a transmission before the start of any
packet frame.

)  An integer multiple of four XON characters may appear in a transmission before the start of any
packet frame.

m) An integer multiple of four CLEAR characters may appear in a transmission before the start of any
packet frame.

n) An integer multiple of four COMPLIANCE characters may appear in a transmission before an
SOP and after the last EOP character.

o) Bit 6 (counting from Bit 0) of the CMD may be used to indicate even or odd parity of the eight-bit
CMD value.

NOTE—5ee 7.4.2

6.2 The CONFIG packet

The CONFIG packet mitializes an un-configured IEEE 1149.10 interface such that it 1s enumerated. A
PEDDA powers up with a TARGET 1D of all zeros. The CONFIG packet 1s used to set the IEEE 1149.10

to an 1dentification value greater than zero. After configuration, the TARGET packet can be used to select
the IEEE 1149.10 interface and PEDDA.

6.2.1 Description

The CONFIG packet includes a command (CMD) value of 0x01 followed by a 16-bit TARGET ID to
identify the [EEE 1149.10 interface by number (see Figure 11). When a daisy-chain of IEEE 1149.10
interfaces exists, where the TX of one 1s connected to the RX of another, each interface would be assigned
a unique TARGET [D within the daisy-chain. The first interface in the chain, the HSTAP RX closest to the
ATE, would be assigned a unique TARGET ID first, and then, in turn, each interface along the chain
would be assigned a different TARGET ID.

1 byte 1 byte 2 bytes 4 bytes 4 bytes
SOP CONFIG TARGET ID| | CRC32 | | EOPx 4
O0x01

Figure 11 —Format of CONFIG packet

The CONFIG packet is used early in the initialization process to set the TARGET ID of each IEEE
1149.10 interface.

6.2.2 Specifications

Rules

a) The CONFIG command shall have a value of 0x01.
b) A TARGET ID shall be 16 bits wide and have a value greater than zero.
¢) The TARGET ID shall directly follow the CONFIG command byte.

Examples

Given an attribute CONTROL CHARS as follows (see 7.5 for more information on the attribute
CONTROL CHARS):
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attribute CONTROL CHARS of MyChip : entity IS

" (SOP CHAR : OXFB ), " &
"(EOP CHAR : 0xFD )," &
"(IDLE CHAR : 0xBC), "&
"(ERROR CHAR : OxFE ),"&

" (XOFF CHAR : 0x7C ),"&

" (XON CHAR: 0x1C), "&
"(CLEAR CHAR : 0x5C),"&

" (COMPLIANCE CHAR: 0xDC)";

The SOP is 0xFB and the EOP is OxFD. The data transmitted from the ATE to the input of an IEEE
1149.10 compliant interface (assuming LSB is transmitted first and there is no encoding) is as follows:

OxFB followed by 0x01, followed by 0x0001 (sent as Ox01 then 0x00), followed by a CRC32 of
O0xE7988264 for the three data bytes received, followed by four bytes of 0xFD used for the EOP. These are
the raw unencoded data values; the bit lengths would be different depending on the encoding/decoding
format (8B/10B, 64B/66B, etc.). Table 3 provides the packet transmit order in tabular form.

Table 3—CONFIG packet transmit order

l SOP OxFB Obl1111011
2 CMD 0x01 0b00000001
3 | TARGET ID

Byte 0 0x01 0b00000001
4 | TARGET ID

Byte | 0x00 0b00000000
5 CRC32

Byte 0 0x64 0b01100100
6 CRC32

Byte | 0x82 0b10000010
7 CRC32

Byte2 | 0x98 0b10011000
8 CRC32

Byte 3 0xE7 Ob11100111
9 EOP OxFD Obl1111101
10 EOP 0xFD Obl1111101
11 EOP 0xFD Obl1111101
12 EOP OxFD Obl1111101

The bits would be transmitted as shown in Figure 12. For ease of reading, the bits are shown without
encoding and transmitted with LSB first.
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" 0b11100111| Ob10011000| Ob10000010| Ob01100100( 0bO0O0DO0000| 0b00000001| 0bOO000001| 0Ob11111011
0 CRC32 B3 CRC32 B2 CRC32 B1 CRC32 BO TYPE B1 TYPE BO CMD SOP

o
-
-
LR —
LT S
L —
s
- =
-
-
-—

. Time 0

| ob11111101] 0b11111101| Ob11111101| Ob11111101 """
[ eop | eor EOP EOP

Figure 12—Transmit order for CONFIG packet using LSB_First based HSTAP

6.3 The TARGET packet

6.3.1 Description

The TARGET packet is used to communicate to an [EEE 1149.10 interface that the subsequent packets will
be for the IEEE 1149.10 interface with the given TARGET ID (see Figure 13).

1 byte 1 byte 2 bytes 4 bytes 4 bytes
SOP || TARGET || TARGET_ID || CRC32 || EOPx 4
0x02

Figure 13—Format of TARGET packet

6.3.2 Specifications

Rules
a) The TARGET command shall have a value of 0x02.
b) A TARGET ID shall be 16 bits wide and have a value greater than zero.
¢) The TARGET ID shall directly follow the TARGET command byte.
Examples

Given an attribute CONTROL CHARS as follows:

attribute CONTROL CHARS of MyChip : entity IS

" (SOP CHAR: OxFB ), " &
"(EOP CHAR OxFD )," &
"(IDLE CHAR : 0xBC) ,"&

" (ERROR CHAR : OxFE ),"&
" (XOFF_ CHAR : 0x7C ),"&
" (XON CHAR: 0x1C),"&

" (CLEAR CHAR : 0x5C),"&

" (COMPLIANCE CHAR: O0xDC) ";
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The SOP 1s 0xFB and the EOP is OxFD. The data transmitted from ATE to the input of an IEEE 1149.10
compliant interface is as follows:

0xFB followed by 0x02, followed by 0x0001, followed by a CRC32 of O0xESDE3C3D calculated on the
0x02, 0x01, and 0x00 received in that order, followed by four bytes of O0xFD as the EOP. The data is shown
in Table 4 without encoding for ease of reading.

Table 4—TARGET packet transmit order

| SOP OxFB Obll1111011
2 CMD 0x02 0b000000T0
TARGET _ID
Byte 0 0x01 0b00000001
4 | TARGET_ID
Byte | 0x00 0b00000000
5 CRC32
Byte 0 0x3D 0b00111101
6 CRC32
Byte 1 0x3C O0b00111100
7 CRC32
Byte 2 0xDE 0b11011110
8 CRC32
Byte 3 OxES Ob11100101
9 EOP 0xFD Obl1111101
10 EOP OxFD Obll111101
[ 1 EOP OxFD Obll111101
12 EOP 0xFD Obl1111101

6.4 The RESET packet

6.4.1 Description

The RESET packet is used to indicate when resets should be asserted (see Figure 14). There are two reset
signals (one mandatory and one optional) on the scan interface of the PEDDA. These are Resetl0* and
TRSTI10*. The 16-bit TYPE field of the packet indicates which type of reset to perform. The TYPE 1s one
of three values: 0x01 for RESET10%, 0x02 for TRSTI10%*, and 0x04 to reset the TARGET ID to all zeros.
Per the PEDDA rules, the reset’s asserted state may have any duration required by the design itself within
the limitations of the rules [see rule 5.1.2 f)]. The designer 1s responsible for de-asserting RESET10* after
the appropriate duration. TRST10* remains asserted to keep compatibility with IEEE 1149.1 TRST* and
the PDL command 1TRST. A second RESET packet with TYPE set to 0x00 would be sent to de-assert
TRSTI10*,
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1 byte 1 byte 2 bytes 4 bytes 4 bytes
SOP RESET TYPE CRC32 EOP x4
0x03

Figure 14 —Format of a RESET packet

6.4.2 Specifications

Rules

a) The RESET command shall have a value of 0x03.

b) A 16-bit TYPE field shall follow the RESET command.

c) Bit 0 of the TYPE field shall represent the Reset10* signal and this bit position shall be known as
the RESET10 bit position.

NOTE—See rule f) in 5.1.2. The PEDDA asserts Reset10* for a time determined by the designer, 1.e.. it 1s
momentary and returns to its de-asserted state without another packet needing to be sent.

d) Bit 1 of the TYPE field shall represent the next state of the TRST10* signal and this bit position
shall be known as the TRST10 bit position.
e) Bit 2 of the TYPE field shall be known as the TARGET ID bit position and is used for clearing
the TARGET ID to all-zeros.
Permissions
f) The TYPE field may contain any value.
6.4.3 Examples
Given the following CONTROL CHARS attribute:

attribute CONTROL CHARS of MyChip : entity IS

" (SOP CHAR : 0x7C ), " &
"(EQOP CHAR : 0x1C )," &
"(IDLE CHAR : 0xBC) , "&
"(ERROR CHAR : OxFE ),"&
" (XOFF CHAR : 0xFB ),"&
" (XON CHAR: 0xXFD), "&
"(CLEAR CHAR : O0x5C),"&

(

" (COMPLIANCE CHAR: 0xDC)";

Resetl0* can be asserted via the packet data shown in Table 5. The bytes to transmit would be 0x7C
followed by 0x03, followed by 0x0001, followed by a CRC32 of 0xE41C560A, followed by the EOP of
Ox1C.
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Table 5—RESET packet data and transmit order

I SOP 0x7C 0b01111100
2 CMD 0x03 Ob000000T 1
3 TYPE BO | 0x01 0b0000000 1
4 TYPE B1 | 0x00 0b00000000
5 CRC32

Byte 0 | Ox0A 0b00001010
6 CRC32

Byte | 0x56 0b01010110
7 CRC32

Byte2 | OxIC 0b00011100
8 CRC32

Byte 3 OxE4 Ob11100100
9 EOP Ox1C 0b00011100
10 EOP 0x1C 0b00011100
11 EOP Ox1C 0b00011100
12 EOP Ox1C 0b00011100

The bits would be transmitted as shown in Figure 15. For ease of reading, the bits are shown without
encoding and transmitted with LSB first.

- 0b11100100| Ob00011100( Ob01010110| ObO0O001010| ObOOOOOOOO| ObOOOOOOO1 | ObOOOOOO11| Ob01111100

. CRC32 B3 CRC32 B2 CRC32 B1 CRC32 BO TYPE B1 TYPE BO CMD S0P '
------------------------------------------------ Time 0

0b00011100| 0bO0011100| ObO0011100| ObO0011100[* "~
EOP EOP EOP EOP

Figure 15—Bit transmit order for LSB_First based HSTAP

6.5 The RAW packet

6.5.1 Description

The RAW packet is used to set the IEEE 1149.10 interface into a loopback mode, where data arriving at the
recerver 1s sent to the transmit pins (see Figure 16). One use model for the RAW packet would be to use
this command to put the IEEE 1149.10 interface into a “far end” loopback mode. A PRBS generator could
then be used to send random data to the IEEE 1149.10 receiver and responses observed at the IEEE
1149.10 transmitter. The response data could be compared or compacted to an expected value as part of a
signal integrity test. The PEDDA exits RAW packet mode when the IEEE 1149.10 interface receives a
power-on reset signal. If a TAP is present then it is recommended to provide IEEE 1149.1 PDL code and a
TDR to enable the return of the HSTAP to either mission mode or IEEE 1149.10 packet processing. The

35
Copyright © 2017 IEEE. All rights reserved.



IEEE Std 1149.10-2017
IEEE Standard for High-Speed Test Access Port and On-Chip Distribution Architecture

RAW packet should not be used at the system level when a daisy-chain of HSTAPs exists. ATE must have
direct access to the TX and RX of an HSTAP to use the RAW packet.

1 byte 1 byte 2 bytes 4 bytes 4 bytes

SOP | | RAW 0x0000 CRC32 EOP x4
O0x04

Figure 16 —Format of a RAW packet

6.5.2 Specifications

Rules

a) The RAW command shall have a value of 0x04.

b) A 16-bit value of 0x0000 shall follow the CMD byte.

c) If the optional IEEE 1149.1 TAP is provided, and the design of user-provided test registers can
clear the effects of the RAW command, an I[EEE 1149.1 PDL procedure Disable Rawmode shall
be provided such that when the steps in the iProc Disable Rawmode are performed, the interface
returns to normal IEEE 1149.10 packet processing.

NOTE—The TARGET ID of the PEDDA remains unchanged. See rule m) in 5.1.2.

d) When a RAW packet is received then all subsequent data arriving to the HSTAP shall be
transmitted on the HSTAP transmitter pins.

NOTE—The RAW command puts the HSTAP interface into a permanent loopback mode, hence, this mode
is not used when the ATE does not have direct access to the transmitter side of the HSTAP.

Recommendations

e) If an IEEE 1149.1 TAP is provided, a user-defined TDR that can return the IEEE 1149.10
interface back to normal IEEE 1149.10 packet processing should be provided.

6.6 The CH-SELECT packet

6.6.1 Description

Figure 17 shows the format of the CH-SELECT packet. The CH-SELECT packet specifies the
SCAN GROUP and the number of Channel-Select words that follow n the scan packet. A word 1s 16 bits
in this context. Each scan-channel is enabled for Capture, Shift, or Update in a subsequent SCAN packet by
having a corresponding bit set in the Channel-Select word.
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1 byte 1 byte 2 bytes 2 bytes
SOP | | CH-SELECT | | SCAN_GROUP | | #Ch-Select

0x05
# x 2 bytes 2 bytes 4 bytes 4 bytes

CRC32 || EOPx 4

| Channel-Select

|
i |
| - — J

Figure 17 —CH-SELECT packet format

If #Ch-Select is 0x0001, then there is one Channel-Select word of 16 bits wide that can communicate to a
maximum of 16 channels (15 through 0). Because #Ch-Select 1s 16 bits wide then there are:

2%%16 = 16 = 1,048,576 scan-channels per SCAN packet.

The maximum number of scan-channels that can be communicated in a single interleaved SCAN packet is
1,048,576. The SCAN GROUP indicates in which group the scan channels exist. With 2**16 possible
SCAN_ GROUP values then there is a maximum of:

2%%16 x [,048,576 = 68,719,476,736 possible scan-channels per PEDDA.

At the time of this writing, neither the scan-channels per packet nor the scan-channels per PEDDA are
expected to be reached in a real world design due to routing constraints. As more scan-channels are
communicated to in a given SCAN packet, the bandwidth provided by the HSTAP is divided up across
those scan-channels. The maximum theoretical limit a 50 Gbit/s interface would be able to deliver is 5000
scan-channels at 10 MHz.

When #Ch-Select is large, the size of the subsequent SCAN packet increases. One way to keep the SCAN
packets small is to limit the number in the #Ch-Select word to a small number like four (4 x 16 = 64) and
have 64 scan-channels per SCAN packet, and then use the SCAN GROUP to target one of the four groups
of scan-channels in each SCAN packet transmission.

6.6.2 Specifications

Rules

a) The CH-SELECT command shall have a value of 0x05.

b) A 16-bit SCAN GROUP shall follow the CH-SELECT command byte.

c¢) The SCAN GROUP value shall be followed by a two-byte #Ch-Select value representing the
number of Channel-Select words provided in this packet.

d) The #Ch-Select value shall be non-zero.

e¢) Following the #Ch-Select value, there shall be a number of Channel-Select words; the number
being equivalent to the contents of the #Ch-Select value and each of these Channel-Select words
shall be 16 bits long.

f) The bits of the Channel-Select words in the packet shall represent the channel selects counted
from LSB to MSB that are necessary for enabling a scan channel that is present in the PAYLOAD
portion of a subsequent SCAN packet.

NOTE—This 1s a description of packet bit ordering and not representative of what may be transmitted at the
physical layer. Bits are counted in the word starting with Channel zero for the LSB,
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g) A logical one in a Channel-Select word bit position shall indicate the corresponding select for the
scan channel shall be asserted.
h) Following the Channel-Select words there shall be a number of bytes with value of 0x00 equal to:
2 * ((#Ch-Select -1) mod 2)

Permissions

1) Positions in the Channel-Select words may have no meaning at all and may serve as “don't care”
bits when it 1s necessary to align bits.

6.6.3 Examples

[n this example, the PEDDA design connects to thirty-two (32) scan-channels. It is desired for a certain
scan operation to enable Scan-Chanel 0 and Scan Channel 30. Figure 18 shows the detail of the #Ch-Select
and Channel-Select words and how they would be transmitted serially if there was no encoding and the bits
were transmitted LSB first. The #Ch-Select word specifies the number of Channel-Select words that follow
the #Ch-Select word. In the example the #Ch-Select is two so the PEDDA receiver will expect two 16-bit
words following the #Ch-Select. The order i1s shown with the most significant bit, indicating the largest
enumerated scan channel transmitted in the second Channel-Select word.

Channel-Select Word #2 Channel-Select Word #1 #Ch-Select

ol1lolololololo! lolololololololo 0100|0|00‘00 000000‘01 00000 OPOPI0PIOLO
M 1

"2 ‘ ° ! 5
§ — S S =
B E C B B

- -

: 2

S o [LSB

= = (transmitted first)

&) ]

v (Vg

Figure 18 —Example scan-channel selection detail

6.7 The SCAN packet

6.7.1 Description

The SCAN packet 1s used to communicate data to one or more scan channels. The generic format of the
SCAN packet 1s shown in Figure 19. The SCAN command of 0x06 is provided after the SOP. Following
the SCAN command 1s an 8-bit identification (ID). This ID 1s present to facilitate tracking packets and their
responses, because they would have the same ID. The maximum ID 1s OxFF. Typically the ATE will start
applying SCAN packets starting with an ID of zero and incrementing each subsequent SCAN packet by
one. There are no specific rules about the ID as the PEDDA does not interpret the 1D. The PEDDA uses the
ID to assign the same value to the SCANR response packet.

Following the ID byte there 1s a 4-bit value of 0b0000 such that the ICSU nibble and 4-bit value together
are a full byte in width. The ICSU 1s a nibble representing the bits for enabling Instruction, Capture, Shift,
and Update functions. When the MSB of the ICSU 1s asserted, the PEDDA will enable scan operations to
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the instruction register, if present. The Capture, Shift, and Update bits, when asserted, determine if those
scan functions are performed on the channels selected by the Channel-Select words from the CH-SELECT
packet.

The ICSU is followed by a 32-bit value representing the #Payload-Frames in the PAYLOAD. The Cycle-
Count follows and is another 32-bit value that indicates the number of scan clocks used to shift the scan-

channels selected in the packet. Neither the capture nor the update events are counted in the Cycle-Count
field.

The PAYLOAD i1s uniquely defined for each SCAN operation. The data in the payload for more than one
scan-channel is interleaved based on the INTERLEAVE SIZE value from the PACKET MAP BSDL
attribute. The PAYLOAD is followed by a CRC32, which is calculated on all of the non-control characters
after the SOP.

1 byte 1 byte 1 byte 1 byte 4 bytes
SOP || SCAN ID Ob0000 | ICSU #Payload-Frames
Ox06
4 bytes # x 4 bytes 4 bytes 4 bytes

Cycle-Count PAYLOAD CRC32 || EOPx 4

Figure 19 —Generic format of a SCAN packet

The PAYLOAD of a SCAN packet consists of interleaved scan data to be shifted in. Interleave 1s specified
by the <Interleave Size> in the BSDL PACKET MAP attribute. Details of the PACKET MAP attribute
are found in 7.4. The interleave size determines the number of contiguous bits sent to each channel selected

by the Channel-Select word when the SCAN packet 1s transmitted. In the example attribute below,
<Interleave Size> 1s set to 1.

attribute Packet Map of MyChip : entity IS

" (PEDDA NAME : PEDDAl)," &

"(TX Order : LSB FIRST),"&
"(CMD Parity : NONE 1149 10)," &
" (SCAN DATA SIZE 4y, " &

" (PACK : FALSE), " &
"(Interleave Size: 1), " &

"(Scan Group : 1)";

In order for the reader to follow the scan-in data for each of four example scan channels, the binary data is
depicted as alphabetical characters in Figure 20. It 1s desired to shift in AEI into channel 0, BFJ in channel

1, etc. The final data in each scan-channel is shown in Figure 20. Bit I is in the register that is closest to the
scan out.
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SI0 1 A E I SO0

Figure 20 —Data in scan-channel 3 through 0 after scan

Figure 21 shows how the first data word 1s formed when all four channels are enabled in the packet. Each
position represents one bit of a round-robin of each scan channel starting at Channel 0 followed by each
channel in ascending order, padding as necessary until the SCAN DATA SIZE (4 in this case) 1s reached.
The BitO position 1s commonly transmitted first, so the bits are shown in that order (assuming there 1s no
8B/10B, 64B/66B, etc. encoding). Because there are just three bits to scan into each scan channel, the 2™
data byte must be padded to keep the data as two full bytes. Then two more bytes must be added to keep the
scan payload a multiple of packet frames.

LSB
(transmitted first)
_——1x I xJIxJIxJ|oJLcy|B LA HIlGJLFJLEJLL JLK]LY |
{ -, I
,x . T _ T
S~ 2nd Data Byte 1** Data Byte
X | xIx I x][x X |[x || x X [Ix I x [ x x| x]] x| x]*
[ T |
1 T | : J
4th Data Byte 3rd Data Byte

Figure 21 —Formatted payload of packet

It may be desirable to implement a PEDDA that keeps the round-robin scan-channel sequence on nibble or
byte boundaries. The bandwidth efficiency lost by transmitting bit positions with no meaningful data may
be a reasonable tradeoft with PEDDA design simplification. This is typical when the INTERLEAVE SIZE
1s an odd number, because SCAN data 1s expressed in packet frames. The PACKET MAP BSDL attribute
presented earlier indicated that no packing of the scan data should be done (PACK 1s set to FALSE). This
construct provides documentation for an automated software program to create a SCAN packet such that
the bit positions for each scan-channel in the SCAN GROUP remain consistent and independently enabled.
Figure 22 shows an example where only scan-channel 0, 2, and 3 are enabled. The position for scan-
channel 1 1s preserved, as the documentation indicates that there are four scan-channels in the group and
the bits are not to be packed.
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SOH4AHEHI  soo

sS4 CHGH K [ so2
sS3—DHHHL I so3

X [Ix|I{x]Ix]|Io]{clIx]|]|A HIlGg|IXIIEIIL I K|l X]] 1

T | Y
2nd Data Byte 15t Data Byte

X 1Ex Ex T x I T x x| x X [Ix I Ix U x 1 Ex ] x ] x]|] x

i ' f
4th Data Byte 3rd Data Byte

Figure 22 —Payload with 3 scan-channels

6.7.2 Specifications

Rules (SCAN packet)

a)
b)
c)

d)

g

h)

The SCAN command shall have a value of 0x06.

The SCAN command byte shall be followed by an ID byte.

The ID byte shall be followed by four bits of 0b0000 and four bits representing the ICSU of the
packet.

The ICSU of a SCAN packet shall represent the intent to perform an Instruction, Capture, Shift,
and Update operation on the scan-channels selected via a logic 1 in the respective bit position.

NOTE—An operation is not performed when the respective bit is zero.

There shall be a 32-bit #Payload-Frames value that:

1) represents the number of packet frames found in the PAYLOAD portion of the SCAN packet
and

1) follows the ICSU.

There shall be a 32-bit Cycle-Count value following the #Payload-Frames, which represents the
number of bits to shift on the scan-channels selected.

There shall be PAYLOAD data with a size in packet frames equivalent to the value of
#Payload—Frames immediately following the Cycle-Count.

When the MSB of the ICSU 1s logic 1, only one bit of the Channel-Select words shall be logic 1.

NOTE—When an instruction register is the target of a scan operation, it i1s done as a SCAN packet separate
from SCAN packets that deliver data.

Rules (SCAN payload)

J)

The Interleave size shall be the number of contiguous bits associated with a scan-channel 1n the
PAYLOAD section of a SCAN packet and shall be greater than zero.

k) The data size of the PAYLOAD portion shall be an integer multiple of packet frames.

6.7.3 Examples

This example shows the concept of shifting in (and out) data on two scan-channels of different lengths at
the same time when over-shifting of the shorter length scan-channel 1s not desired. Figure 23 shows an
example set of scan-channels labeled Channel 0 through 3. Channel 0 1s 32 bits long and Channel 3 1s 33
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bits long. The data that is desired to be present in the scan-channels is represented by the alphabet
characters at the SI and SO. For brevity, not all of the positions are shown as filled. It is desired to scan
both channel 0 and channel 3 at the same time.

Channel0  SIO —{ABICP T TTHITTTTITTHITTITTITHITTIARIS[T} soo
Channell sl | J 111111111 so1

Channel 2  SI2 - | [111] Fso2

Channel 3  si3 —[LMIN]|O|P [ TT I T T T HITTITIIT] VIX[YHZ}—so03

Figure 23 —Four example scan-channels, with final data contents

Figure 24 shows the first packet as a CH-SELECT command packet. The Channel-Select is set to 0x0009
indicating both Channel 3 and Channel 0 will be used in the subsequent SCAN packet. The format of the
SCAN packet to scan in (and scan out) data on Channel 0 and Channel 3 simultaneously 1s also shown in
Figure 24. The start is indicated by the SOP character followed by the SCAN command of 0x06. This is
followed by one 8-bit ID value set at 0x01, four bits of padding of 0b0000, and the ICSU set to 0b0110.
The value of the ICSU indicates that both a Capture-DR operation and a Shift-DR operation are to be
performed.

1 byte 1 byte 2 bytes 2 bytes 2 bytes 4 bytes 4 bytes
SOP | CH-SELECT Scan_Group #CH-Select Channel-Select CRC32 EOP x 4
0x05 0x0001 0x0001 0x0009
1byte 1byte 1 byte 1 byte 4 bytes 4 bytes
SOP | SCAN ID Ob00O0O0 || ICSU #Payload-Frames Cycle-Count
O0x06 0x01 0b0110 0x0000 0002 0x0000 0020
4bits  4bits 4bits  4bits 4bits  4bits 4bits  4bits
CHO CH3 CHO CH3 CHO CH3 CHO CH3
QRST VXYZ
4bits  4bits 4bits  4bits 4bits  4bits 4bits  4bits
CHO CH3 CHO CH3 CHO CH3 CHO CH3
ABCD MNOP
4 bytes 4 bytes
CRC32 EOPx 4

Figure 24 —CH-SELECT, Capture-DR, and Shift-DR portion of a two channel 32-bit scan

The number of packet frames (#Payload-Frames) is a 32-bit value equal to 0x0000 0002 indicating eight
data bytes follow the cycle-count (the portion of the packet that i1s variable length). The cycle count 1s a 32-
bit value equal to 0x0000 0020 or decimal 32. This indicates that the number of scan clocks required for
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this SCAN packet 1s thirty-two. Figure 25 shows an example Packet Map of the interface in BSDL. For a
complete description of the Packet Map, see 7.4. This Packet Map specifies an Interleave Size of four,
which means that the scan data for each channel 1s broken up into 4-bit values.

attribute Packet Map of MyChip : entity IS

" (PEDDA NAME: FEDDAL) , " &
"(TX Order : LSB_FIRST),"&
"(CMD_ Parity : NONE 1149 10)," &
" (SCAN DATA SIZE : By, " &

" (PACK : TRUE), " &
"(Interleave Size: 4), " &

"(Scan Group : 1)";

Figure 25—Example Packet_Map

After the Cycle-Count, the scan data follows with four bits of each channel interleaved for a total of eight
nibbles for each channel, 16 nibbles in total. The first four bits for Channel 0 are sent first, the bits
represented at positions QRST followed by a nibble for Channel 3 from the bit positions VXYZ. The bits to
shift are interleaved, ending with bits for Channel 0 ABCD shifted as the next to last nibble and Channel 3
bits from position MNOP shifted last. The interleaved scan-in data 1s followed by a CRC32 of all of the
bytes from the SCAN command until the CRC32, and then followed by four EOP symbols.

Because only 32-bits of shift occurred on Channel 3, it requires another bit of shift to shift in the bit at the
"L" position. Figure 26 shows the two packets required. The CH-SELECT command uses the same
SCAN GROUP, 0x01, and the #CH-Select word 1s the same 0x01. The Channel-Select becomes 0x0008,
indicating that just Channel 3 1s active for the subsequent SCAN packet. The SCAN command is again
0x06 followed by an incremented ID of two (0b0010). ICSU 1s 0b0010, representing that only a shift
function is occurring. The size of the payload is 1 packet frame (#Payload-Frames) because just one byte of
data is required after the Cycle-Count. The Cycle-Count 1s | as there is just one bit to shift. The
SCAN DATA SIZE specified in the Packet Map indicates that it is eight bits.

1 byte 1 byte 2 bytes 2 byte 2 bytes 4 bytes 4 bytes

SOP “ CH-SELECT || Scan_Group || #cH-select || channel-select | | CRC32 | | EOPx 4

0x05 0x0001 0x0001 0x0008
1 byte 1 byte 1 byte 1 byte 4 bytes 4 bytes
SOP SCAN ID 0b0000 ICSU #Payload-Frames Cycle-Count
0x06 0x02 0b0010 0x0000 0001 0x0000 0001
4 bits 4 bits 3 bytes 4 bytes 4 bytes
CH3 PAD 0x000000 CRC32 EOPx 4

ObXXXL 0b000O0

Figure 26 —Packets needed to shift 33rd bit of Channel 3

Channel data immediately follows the Cycle-Count, followed by any padding data needed to meet the
SCAN DATA SIZE. The bit in the position L is shown as the least significant bit of the Channel 3 nibble.
The interleave 1s four bits, but there 1s just one Channel to shift so there are four bits of padding, four “don't
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care” bits (shown as 0b000), which are sent to provide eight bits of data. To format the PAYLOAD to a
multiple of a packet frame, three more pad bytes are added to complete the frame. The data is then followed
by a 32-bit CRC32 word, followed by four EOP characters. If the scan channels do not have update
registers, then the sequence is complete. However, if any of the register cells have an update stage, it will
be necessary to also assert Update-DR for the channels.

1 byte 1 byte 2 bytes 2 byte 2 bytes 4 bytes 4 bytes
SOP “ CH-SELECT Scan_Group H#CH-Select Channel-Select CRC32 EOPx 4

0x05 0x0001 0x0001 0x0009

1byte 1byte 1 byte 1 byte
SOP SCAN ID Ox0 ICSU

0x06 0x03 0x0 O0bO0O001

4 bytes 4 bytes 4 bytes 4 bytes
#Payload-Frames Cycle-Count CRC32 EOP

0x0000 0000 0x0000 0000

Figure 27 —Final SCAN packet to assert Update-DR

Figure 27 shows the CH-SELECT and SCAN packet to assert Update-DR on both channels. The CH-
SELECT command packet uses a Scan_Group of 0x01, a #CH-Select of 0x01, and a Channel-Select word
of 0x0009 (0Obl1001), indicating both Channel 0 and Channel 3 are going to be activated. The SCAN
command (0x06) 1s followed by an incremented ID of three (0x03). This 1s followed by a nibble of 0b0000
and an ICSU of 0b0001, indicating that just an Update-DR 1s to be performed. The number of #Payload-
Frames 1s zero because there 1s no new data and the Cycle-Count 1s also zero. This 1s followed by a CRC32
of the data from the SCAN command to the CRC32 followed by four EOP. After these six packets, the data
will exist in Channels 0 and 3 as shown in Figure 23. Please note that when 1t is possible to over shift
Channel 0, 1t 1s perfectly acceptable to format the data for Channel 0 by padding the first bit. This 1s just an
example that shows a more complex shifting method.

6.7.4 Example using 64B/66B encoding

8B/10B 1s a byte-by-byte based line encoding developed in the early 1980s. To encode an IEEE 1149.10
packet, each 8-bit byte value is substituted into a 10-bit value. More recent encoding methods for SERDES
use packet based encoding. That 1s, the fundamental architecture of a packet, having a “start”, some data
bytes or some control bytes, followed by an “End” or “Terminate™, 1s built into the architecture of the
encoding standard. The encoding 1s performed across sixty-four or more bits at a time using a set of pattern
lookups, which are then scrambled to ensure enough randomness for clock recovery at the receiver. Table 6
shows the subset of 64B/66B encoding from IEEE Std 802.3 that 1s applicable when encoding IEEE
1149.10 packets. For clarity, Table 6 shows “Z" in the pattern specification. The "Z" shown 1n the pattern
specification 1s an 8-bit control character and the "C" in the "Bits" specification 1s the 7-bit transmitted
version. (IEEE Std 802.3 uses “C” as a designation for both the control characters to encode and the
encoded control characters.)

[EEE 1149.10 does not use ordered sets as described in 64B/66B, hence those patterns would not be used
when encoding [EEE 1149.10 packets. Due to the nature of the four-byte frames of IEEE 1149.10, the EOP
(end of packet) can occur in just two positions, in the first byte or the fifth byte. The two matching patterns
are shown in lines five and six. 64B/66B uses the “end of packet™ notation “T" for terminate. Data 1s
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transmitted LSB first, such that the data value of Ox1E as shown 1s transmitted as 01111000. While SOP
and EOP are defined as control characters in this standard, they are not used in the Z; or Z4 positions, for
compatibility with 64B/66B encoders/decoders. It should be noted by the reader that based on the table
shown, SOP is never actually transmitted, hence, its value as defined in BSDL is not critical to the
implementation of the HSTAP or PEDDA. Similarly, lines 5 and 6 show the only possible format for an
EOP. Hence, the decoder can rely on the Dy value of 0x87 or O0xCC to know an EOP was recerved and its
position. Encodings other than 8B/10B known to this standard all use a repetition of the 64B/66B table
shown for the length the encoding standard specifies. For example, in128B/130B, the pattern to match 1s
simply repeated for another sixty-four bits. Hence, Dy through D; would simply repeat for bits 64:127. A
line encoding standard may differ, however, by the number of sync bits as defined by that encoding.

Table 6—The subset of 64B/66B blocks used when encoding IEEE 1149.10 packets

Pattern Sync Bits (0:63)
| | DgDiD2D3/DsDsDgD- 01 Dy D, Ds | Dy | Dy Ds D D+

2 Lol Lnd s Ladslsdq 10 Ox1E Cy Cy C, | Cs Cy Cs Ce | G
"O1111000" 0-6 0-6 | 0-6 | 0-6 0-6 -6 | 0-6 | 0-6

3 | ZoZ1Z2Z253/S4Ds5DeD 10 0x33 Cy C, | G| G Ds | Dg | Dy

0-6 0-6 | 0-6 | 0-6 | 0bO00O

4 | §5¢DD:D+/DsDsDeD- 10 0x78 D, D. | D: | Dy Ds De | D+
5 ToZ \Z2Z 3/ ZsZ 52677 10 Ox87 Ob0000000 | C, | C | Cs Csy Cs | Cs | Co
0-6 | 0-6 | 0-6 0-6 0-6 | 0-6 | 0-6

6 D{JD]DgD]fTﬁlZSZﬁZT 10 OxCC D-L'I D] Dz D3 Ob000O Cs Ce C?
0-6 | 0-6 | 0-6

Table 7 shows example 64B/66B encoding of four packets: a CONFIG packet, followed by a TARGET
packet, followed by a CH-SELECT packet, and then followed by a SCAN packet. The SCAN packet
matches the SCAN packet of Figure 24. The control characters used are defined below in the
CONTROL CHARS BSDL attribute. For ease of reading, the data in the table 1s shown unscrambled and
normally would be scrambled according to the 64B/66B polynomial.

attribute CONTROL CHARS of MyChip entity IS
" (SOP_CHAR : OxFB ), " &

" (EOP_CHAR : O0xFD )," &

"(IDLE CHAR : 0x07) ,"&

"(ERROR CHAR : OxFE ),"&

" (XOFF_CHAR : 0x7C ),"&

" (XON_ CHAR: 0x1C),"&

" (CLEAR CHAR : 0x5C),"&

" (COMPLIANCE CHAR: OxF7)";

Line 1 of Table 7 shows the encoding for the CONFIG packet using 64B/66B. All [EEE 1149.10 packets
start with an SOP and, hence, they contain both data and control characters. Because there i1s data and
control in this transmission, 64B/66B requires the sync value to be “107. The code 0x78 is selected because
the first eight bytes in the CONFIG packet map to the SoD,D:D1/D4DsDsD7 (see Table 6) pattern specified
in 64B/66B. It directly corresponds to the SOP in the first position followed by seven data bytes. The
transmission then is two bits “107, followed by 0x78, followed by the seven bytes shown 1n line 1. Because
all of the data required for the CONFIG packet 1s sent on line 1, the remaining bytes of the CONFIG packet
are the four EOP characters. Anytime four EOP characters are found at the start of a 64B/66B block, 1t
matches the pattern in Table 6 line 5. Ty in 64B/66B terminate packet 1s equivalent to EOP. Line 2 of
Table 7 encodes the four EOP characters required in the packet format as four EOPs followed by four
IDLE characters. Line 2 uses code 0x87, followed a 0b0000000, followed by eight 7-bit control character
values. The 64B/66B block needs to be padded out with IDLE characters as it 1s the only encoding pattern
that could be used to match this IEEE 1149.10 packet frame.
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In lines 3 and 4, the TARGET packet 1s similarly encoded like the CONFIG packet. The CH-SELECT
packet is encoded at lines 5 and 6. Line 6 uses the OxCC code from Table 6 for this CH-SELECT packet.
The IEEE 1149.10 CH-SELECT packet ends as four data bytes followed by an EOP. This matches the
DoDD2D3/TsZs 775 pattern in 64B/66B. The first EOP is equivalent to the terminate character, Ty4; the
remaining three EOPs matching the three “Z” control characters specified in the encoding. The SCAN
packet 1s transmitted on lines 7-10. Lines 8 and 9 use the sync value of “01” because they match the
D¢DD,D;/DsDsDgD; pattern in Table 6. These two 64B/66B blocks are 64-bits each of pure data without
control characters.

Table 7—Example 64B/66B encoding of IEEE 1149.10 packets®

Sync Bits (0:63)
] 10 Ox78 0x01 0x01 0x00 Ox64 Ox82 0x98 OxE7
CONFIG TID TID CRC CRC CRC CRC

P 10 0x87 | 0b0000000D | O0x7D | 0x7D | 0Ox7D 0x07 0x07 0x07 0x07
EOP EOP EOP IDLE IDLE IDLE IDLE

3 10 Ox78 0x02 0x01 0x00 | 0x3D 0x3C OxDE OxES
TARGET TID TID CRC CRC CRC CRC
2 10 0x87 | 0b0000000 | O0x7D | 0x7D | 0x7D 0x07 0x07 Ox07 0x07

EOP EOP EOP IDLE IDLE IDLE IDLE

5 10 O0x78 0x05 Ox01 0x00 0x01 0x00 0x09 0x00

CH- SGO SG1 | #CHSO | #CHSI CH-S CH-S
SELECT
6 10 | 0xCC 0x50 OxFF 0x76 Ox6D 0b000 0x7D Ox7D 0x7D
CRCO CRC1 | CRC2 | CRC3 EOP EOP EOP
7 10 O0x78 0x06 Ox01 0x06 0x02 0x00 Ox00 0x00
SCAN ID ICSU | #PF0 #PF1 #PF2 #PF3
8 01 0x20 0x00 | O0x00 0x00 0x01 0x02 0x03 Ox04
Cycle-Count( CCl CC2 CC3 Data Data Data Data
9 01 0x05 Ox06 | 0x07 O0x08 OxA2 Ox6A O0xCB OxCA
Data Data | Data Data CRCO CRC]1 CRC2 CRC3
10 10 0x87 | 0b0O000D0DOO | 0x7D 0x7D | 0x7D 0x07 0x07 0x07 0x07
EOP EOP EOP IDLE IDLE IDLE IDLE

Acronym Legend

TID: TARGET ID CC2 : Cycle Count Byte 2

SGO: SCAN GROUP Byte 0 CC3 : Cycle Count Byte 3

SG1: SCAN GROUP Byte 16 Data : Scan Data to be shifted in
#CHSO : #Channel Select Byte 0 #PF0 : #Payload Frames Byte 0
#CHS|1 : #Channel Select Byte | #PF1 : #Payload Frames Byte |

CH-S: Channel Select values #PF2 : #Payload Frames Byte 2
CCl1: Cycle Count Byte | #PF3 : #Payload Frames Byte 3

6.8 The BOND packet

6.8.1 Description

The BOND packet is used to enter a multi-lane channel bonded mode. Bonding of multiple HSTAPs
enables higher bandwidth to and from the target than a single lane (see Figure 28). BOND packets are sent

* 64B/66B scrambles the sixty-four bits, hence the table shown is not the binary stream that is transmitted.
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over the first lane and signal to the interface the number of lanes that are going to be used during channel
bonding.

1 byte 1 byte 2 bytes 4 bytes 4 bytes
SOP || BOND | | LANE || CRC32 (| EOPx 4
0Ox07

Figure 28 —Format of a BOND packet

6.8.2 Specifications

Rules
a) The BOND command shall have a value of 0x07.
b) A 16-bit LANE value shall follow the command byte.
¢) The LANE shall indicate a value greater than one.

d) After receipt of the BOND command, the operation of the HSTAP and PEDDA shall be as
described in 8.1.2.

6.8.3 Examples

Figure 29 shows an example packet format for bonding four lanes. The SOP and EOP are not specified in
the example.

1 byte 1 byte 2 bytes 4 bytes 4 bytes
SOP || OxO7 | [ Ox0004 || Ox9E62 OAS3 || EOPx 4

Figure 29 —Example BOND packet for four lanes

Please see Clause 8 on Channel bonding for more details on how channel bonding works.

6.9 The CONFIGR packet

The CONFIGR packet is the response to the initialization CONFIG packet. The TARGET ID value in the
response 1s always greater than zero. The CONFIGR response confirms to the ATE that the CONFIG
packet was received and which TARGET 1D was specified.

6.9.1 Description

The CONFIGR packet uses a command (CMD) value of 0x81 followed by a TARGET ID to identify the
IEEE 1149.10 interface by the number that was assigned with the CONFIG packet (see Figure 30). When a
daisy-chain of IEEE 1149.10 interfaces exists, each interface would be assigned a unique TARGET ID
within the daisy-chain. The first interface in the chain would be assigned a TARGET ID first, and then, in
turn, each interface along the chain would be assigned a different TARGET ID.
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1 byte 1 byte 2 bytes 4 bytes 4 bytes
SOP || CONFIGR || TARGET ID || CRC32 || EOPx 4

O0x81

Figure 30 —Format of the CONFIGR packet

The CONFIGR packet is a response to the initialization process to set the TARGET ID of each IEEE
1149.10 interface.

6.9.2 Specifications

Rules

a) The CONFIGR command shall have a value of 0x81.

b) A 16-bit TARGET ID response shall follow the CONFIGR command in the packet.

¢c) The TARGET ID response of this packet shall be 16 bits and have a value greater than zero.

d) The TARGET ID value in the CONFIGR response shall contain the value of the TARGET ID
register.

6.9.3 Examples
Given an attribute CONTROL CHARS as follows:

attribute CONTROL CHARS of MyChip : entity IS

" (SOP CHAR: 0xFB ), " &
" (EOP CHAR : 0XFD )," &
" (IDLE CHAR : 0xBC), "&

" (ERROR CHAR : OxFE ),"s
" (XOFF CHAR : 0x7C ),"&
" (XON_CHAR: 0x1C), "&
"(CLEAR CHAR : 0x5C),"s

(

" (COMPLIANCE CHAR: 0xDC)";

The SOP 1s 0xFB and the EOP 1s 0xFD. The data transmitted to the ATE 1s as follows (assuming there is
no encoding):

0xFB followed by 0x81, followed by 0x0001 (sent with LSB first as 0x01 then 0x00), followed by a
CRC32 of 0x06AD 99E4 calculated on the 0x81, 0x01, and 0x00, followed by four closing EOP with a
value of OxFDFD FDFD.

6.10 The TARGETR packet

6.10.1 Description

The TARGETR packet is used to respond to an ATE when a TARGET packet is received (see Figure 31).
The TARGETR response confirms that the IEEE 1149.10 design received the TARGET command.
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1 byte 1 byte 2 bytes 4 bytes 4 bytes
SOP || TARGETR || TARGET_ID CRC32 EOP x 4
0x82

Figure 31 —Format of TARGETR packet

6.10.2 Specifications

Rules

a) The TARGETR command shall have a value of 0x&2.

b) A 16-bit TARGET ID response shall follow the TARGETR value in the packet.

c) The 16-bit TARGET ID shall have a value greater than zero.

d) The TARGET ID value in the response shall contain the value of the TARGET 1D register.
6.10.3 Examples
Given an attribute CONTROL CHARS as follows:

attribute CONTROL CHARS of MyChip : entity IS

" (SOP_CHAR: OxFB ), " &
" (EOFP CHAR : OxFD )," &
" (IDLE CHAR : 0xBC) , "

" (ERROR CHAR : OxFE ),"&
" (XOFF CHAR : O0x7C ), "&
" (XON_ CHAR: 0x1C) ,"&
"(CLEAR CHAR : 0x5C),"&

" (COMPLIANCE CHAR: 0xDC)";

The SOP is 0xFB and the EOP is OxFD. The data transmitted to the ATE is as follows (assuming there is
no encoding):

0xFB followed by 0x82, followed by 0x0001 (sent with LSB first as 0x01 then 0x00), followed by a
CRC32 of 0x04EB_27BD, followed by four closing EOP with a value of 0xFDFD_FDFD.

6.11 The RESETR packet

6.11.1 Description

The RESETR packet 1s used to validate that the RESET packet has been received. The RESETR packet
consists of the RESETR command of 0x83, a TYPE field of 16 bits, followed by a CRC32 and four EOP
(see Figure 32).
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1 byte 1 byte 2 bytes 4 bytes 4 bytes
SOP || RESETR TYPE CRC32 | | EOP x4
0x83

Figure 32 —Format of the RESETR packet

6.11.2 Specifications

Rules
a) The RESETR command shall have a value of 0x83.

b) A 16-bit TYPE value shall follow the RESETR command representing the TYPE value
received in the last RESET packet.

NOTE—The TYPE value is the same value as what was received in the last RESET packet.
6.11.3 Examples

Given the following CONTROL CHARS attribute:

attribute CONTROL CHARS of MyChip : entity IS

" (SOP_CHAR : 0x7C ), " &
" (EOP CHAR : 0x1C )," &
" (IDLE CHAR : 0xBC),"&

" (ERROR CHAR : OxFE ),"s&

" (XOFF CHAR : 0xFB ), "&

" (XON CHAR: 0XFD), "&

" (CLEAR CHAR : 0x5C),"&

" (COMPLIANCE CHAR: 0xDC)";

If a TYPE field was 0x0001, the bytes transmitted to the ATE would be 0x7C, followed by 0x83, followed
by 0x0001, followed by a CRC32 of 0x0529 4DSA, followed by four EOP of Ox1CIC 1CIC.

6.12 The RAWR packet

6.12.1 Description

The RAWR packet is used to validate that the RAW packet has been received. The RAWR packet consists
of the RAWR command of 0x84, followed by a 16-bit padding field of all zeros, followed by a CRC32 and
four EOP (see Figure 33).
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1 byte 1 byte 2 bytes 4 bytes 4 bytes
SOP || RAWR || O0xO0000 || CRC32 ||EOPx4
0x84

Figure 33—Format of RAWR packet

6.12.2 Specifications

Rules

a) The RAWR command shall have a value of 0x84.
b) A 16-bit padding field of all zeros shall follow the RAWR command.

6.12.3 Examples
Given the following CONTROL CHARS attribute:

attribute CONTROL CHARS of MyChip : entity IS

" (SOP_CHAR : 0x7C ), " &
" (EOP CHAR : 0x1C )," &
" (IDLE CHAR : 0xBC) ,"&
"(ERROR CHAR : OxFE ),"&
" (XOFF CHAR : OXFB ), "&
" (XON CHAR: 0xXFD) ,"&
"(CLEAR CHAR : 0x5C),"s

" (COMPLIANCE CHAR: 0xDC)";

The bytes transmitted to the ATE would be 0x7C, followed by 0x84, followed by 16 bits of 0x0000,
followed by a CRC32 of 0x197D 6AA4E, followed by four EOP with a value of 0x1CI1C _1CIC.

6.13 The CH-SELECTR packet

6.13.1 Description

The response to a CH-SELECT packet 1s a CH-SELECTR packet. The format for the CH-SELECTR
packet 1s shown in Figure 34. The CH-SELECTR command i1s followed by two bytes of the
SCAN GROUP being used by the PEDDA. This is followed by two bytes of #Ch-Select indicating how
many words of Channel-Selects are present. Channel-Selects are followed by padding when necessary to
create an integer number of packet frames prior to the CRC32.
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1 byte 1 byte 2 bytes 2 bytes
SOP || CH-SELECTR || SCAN_GROUP | | #Ch-Select
0x85
# X 2 bytes 2 bytes 4 bytes 4 bytes

|
=* | Channel-Select IleOOOOI CRC32 || EOPx 4

Figure 34 —Format of CH-SELECTR packet

Specifications
a) The CH-SELECTR command shall have a value of 0x&3.
b) A 16-bit SCAN GROUP value shall follow the CH-SELECTR command value.
¢) The SCAN GROUP wvalue shall be followed by a 2-byte #Ch-Select value representing the
number of Channel-Select words provided in this packet.
d) Following the #Ch-Select value, there shall be a number of Channel-Select words equal to the
#Ch-Select value and each Channel-Select word shall be 16 bits.
e¢) Each bit of the Channel-Select words in the packet shall represent the scan-channel number
counted from LSB to MSB.
NOTE—This 1s a description of packet bit ordering and not representative of what may be transmitted at the
physical layer. Bits are counted in the word starting on the right with Channel zero for the LSB.
f) Following the Channel-Select words, there shall be the number of bytes with value of 0x00 equal
to:
2 * ((#Ch-Select -1) mod 2)
6.13.2 Examples
The response to the CH-SELECT packet sent in Figure 24 is shown as the CH-SELECTR response packet
in Figure 35.
1 byte 1 byte 4 bytes 4 bytes
SOP CH-SELECTR Scan_Group | #CH-Select Channel-Select CRC32 EOP x 4
0x85 0x01 O0x01 0x0009
Figure 35—CH-SELECTR Packet example
6.14 The SCANR packet

6.14.1 Description

The SCANR packet is the response to the SCAN packet. Figure 36 shows the generic format of the
SCANR packet. This format follows the SCAN packet in 6.6.
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1 byte 1 byte 1 byte 1 byte 4 bytes
SOP || SCANR ID Ob0000 | ICSU #Payload-Frames
Ox86
4 bytes # x 4 bytes 4 bytes 4 bytes
Cycle-Count PAYLOAD CRC32 || EOPx 4

Figure 36 —Generic SCANR packet format

6.14.2 Specifications

Rules

a) The SCANR command shall have a value of 0x86.

b) The SCANR command byte shall be followed by an 8-bit ID equivalent to the ID of the last
received SCAN packet.

¢) The 8-bit ID shall be followed by a 4-bit padding of value 0b0000.

d) The four bits of padding shall be followed by a 4-bit ICSU.

e) The ICSU of the SCANR packet shall be equivalent to the ICSU of the last received SCAN
packet.

f) Following the ICSU, there shall be a 32-bit #Payload-Frames value, which represents the number
of packet frames found in the PAYLOAD portion of the SCANR packet.

g) There shall be a 32-bit Cycle-Count value following the #Payload-Frames, which represents the
number of bits that were shifted on the selected scan-channels.

h) There shall be PAYLOAD data with a size in 4-byte frames equivalent to the value of #Payload-
Frames immediately following the Cycle-Count.

i) The PAYLOAD data shall be the formatted scan out data of the scan-channels.

NOTE—See rule d) n of 5.1.2.
Rules (SCANR PAYLOAD)

1) The Interleave size shall be the number of contiguous bits associated with a scan-channel in the
PAYLOAD section of a SCANR packet and shall be greater than zero.
k)  The data size of the PAYLOAD portion shall be an integer multiple of four-byte packet frames.

6.14.3 Examples

Subclause 6.7.3 includes an example using four scan-channels with two scan-channels targeted in the
SCAN packet. The four scan-channels are repeated here in Figure 37 showing the content of the scan-
channels as a result of entering the CAPTURE-DR state. The figure 1s used to illustrate how the SCANR
packet returns data from these scan-channels. Letters and numerals represent the bits in the position of two
of the four scan-channels. A numeral used here is just a symbol like a letter symbol for the binary digit
position. Scan-channel 0 1s 32 bits long and scan-channel 3 1s 33 bits long.
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Channel 0 S0 —{EJFIGIH] — T T I [T H [ TIDIK[Q soo
Channel1 si1 {[] [T} so1

Channel2 sz {ITTTITTTITITITIT} so2

Channel3  si3 —RSMWRRI TTHHITTITITHITTITITH [ T Tals[eH7}—so03

Figure 37 —Four example scan-channels with data captured

In 6.7.3, the first CH-SELECT and SCAN packet sent is illustrated below in Figure 38.

1 byte 1 byte 2 bytes 2 bytes 2 bytes 4 bytes 4 bytes
SOP “ CH-SELECT Scan_Group H#CH-Select Channel-Select CRC32 EOPx 4
0x05 0x0001 0x0001 0x0009
1byte 1byte 1 byte 1 byte 4 bytes 4 bytes
SOP | SCAN ID 0b0000 “ ICSU #Payload-Frames Cycle-Count
O0x06 0x01 0b0110 0x0000 0002 0x0000 0020
4bits  4bits 4bits  4bits 4bits  4bits 4bits  4bits
CHO CH3 CHO CH3 CHO CH3 CHO CH3
QRST VXYZ
4bits  4bits 4bits  4bits 4bits  4bits 4bits  4bits
CHO CH3 CHO CH3 CHO CH3 CHO CH3
ABCD MNOP
4 bytes 4 bytes
CRC32 EOPx 4

Figure 38 —First SCAN packet sent
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The response to the SCAN packet 1s the SCANR packet of Figure 39.

1 byte 1 byte 1 byte 1 byte 4 bytes 4 bytes
SOP SCANR ID Ob0000 | ICSU #Payload-Frames Cycle-Count
0x86 0x01 0b0110 0x0000_0002 0x0000_0020

4 bits 4 bits 4 bits 4 bits 4 bits 4 bits 4 bits 4 bits
CHO CH3 CHO CH3 CHO CH3 CHO CH3

1JKQ 4567

4 bits 4 bits 4bits 4bits 4bits 4 bits 4 bits 4 bits 4 bytes 4 bytes

CHO CH3 CHO CH3 CHO CH3 CHO CH3 CRC32 EOPx 4

EFGH SW12

Figure 39 —SCANR response packet example

The first nibble sent after the Cycle-Count consists of the bits [TKQ from Channel 0 followed by the 4567
nibble of Channel 3. This continues with the nibble interleaved between Channel 0 and Channel 3. The last
two nibbles are EFGH for Channel 0 and SW12 for Channel 3. Note that the "R" captured in the first bit of
Channel 3 is not sent on this SCANR as the length shifted was just 32-bits (0x20). The last bit, R, is shifted
out on the next SCANR packet in response to the SCAN packet of one bit for Channel 3. The packet from
6.7.3 is repeated here in Figure 40. The "L" bit is shifted in via the SCAN packet and a padding nibble
(shown as 0b0000) is sent to maintain the 8-bit SCAN DATA_ SIZE. "X" values shown on SCAN packets
are "don't care" values. The PEDDA does nothing with the PAD and CH3 bits in the "X" positions as they
are unused. A binary 1 or 0 may be used in any of those positions, only affecting the calculated CRC32
value. The "L" bit is the last bit to shift in, but the SCAN_DATA_SIZE requires a full eight bits to be
transmitted.

1 byte 1 byte 1 byte 1 byte 4 bytes 4 bytes
SOP SCAN ID Ob000 ICSU #Payload-Frames Cycle-Count
0x06 0x02 0b0010 0x0000 0001 0x0000 0001
4 bits 4 bits 3 bytes 4 bytes 4 bytes
CH3 PAD 0x000000 CRC32 EOPx 4

ObXXX1. 0b00O0O

Figure 40 —Example SCAN packet for Channel 3

The response with the captured "R" value from scan-channel 3 is shown in Figure 41. The nibble i1s
required to be padded to keep the SCAN DATA SIZE at eight bits. "X" values shown in the SCANR
packets are "don't care" values from the perspective of the ATE. The nibble at CH3 and PAD will return
actual 1s and Os to the ATE, but because R is the last bit that has real response data, the other bit positions
are “don't care”. Ones or zeros may be filled in the SCANR packet but they have no effect on the response
other than affecting the CRC32 calculated value.
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1 byte 1 byte 1 byte 1 byte 4 bytes
SOP SCANR ID Ob0000 | ICSU #Payload-Frames
0x86 0x02 Ob0010 0x0000 0001
4 bytes 4 bits 4 bits 3 bytes 4 bytes 4 bytes
Cycle-Count CH3 PAD 0x000000 CRC32 EOPx 4

0x0000 0001 ObXXXR 0bO0000

Figure 41 —SCANR response to return last bit of channel 3

6.15 The BONDR packet

6.15.1 Description

The BONDR packet 1s used to validate that the BOND packet has been received. The BONDR packet
consists of the BONDR command of 0x87, followed by a 16-bit LANE field, followed by a CRC32 and
four EOPs (see Figure 42).

1 byte 1 byte 2 byte 4 bytes 4 bytes
SOP || BONDR | LANE || CRC32 || EOP x 4
O0x87

Figure 42 —Format of BONDR packet

6.15.2 Specifications

Rules

a) The BONDR command shall have a value of 0x87.

b) A 16-bit LANE wvalue shall follow the BONDR command.

c) A 32-bit CRC32 value shall follow the LANE value.

d) The LANE value shall be equivalent to the LANE wvalue received in the last BOND command
packet unless channel-bonding 1s not supported and in which case the LANE value transmitted in
a BONDR packet shall always be zero.

Examples

The response to a BOND packet bonding four lanes 1s shown in Figure 43 below. The SOP and EOP values
are not shown,

1 byte 1byte  1byte 1 byte 4 bytes 4 bytes
SOP || Ox87 || Ox04 || Ox00 || Ox7F57_1113 | EOPx 4

Figure 43—BONDR response packet
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7. BSDL definitions

7.1 BSDL overview

This standard uses IEEE 1149.1 BSDL for its documentation language. Additional BSDL attributes are
provided for documenting the features that are unique to IEEE Std 1149.10-2017. These BSDL attributes
are considered "BSDL Extensions". The file format for IEEE 1149.10 BSDL is as specified in B.8.1.1 of
IEEE Std 1149.1-2013 except where noted in 7.1.1 and 7.3.2.

7.1.1 Description

Except where noted, the conventions of [EEE Std 1149.1-2013 BSDL are used for [EEE Std 1149.10-2017.
BSDL syntax common to IEEE Std 1149.1-2013 1s shown for reader convenience. Tokens with spaces in
the name from [EEE 1149.1 are preserved for compatibility, however, all IEEE 1149.10 grammar tokens
use underline as a word connector, which is compatible with BNF and compilers such as lex and yacc.

Table 8—BSDL syntax from IEEE Std 1149.1

B.8.1 Overall syntax of the entity description
B.8.1.1 Specifications Syntax

<BSDL description=::= entity <component name= is
<generic parameter= (see B.8.2)
<logical port description=> (see B.8.3)
<standard use statement> (see B.8.4)
i<use statement=} (see B.8.5)
<component conformance statement= (see B.8.6)
<device package pin mappings=> (see B.8.7)
[<grouped port identification=>] (see B.8.8)
<scan port identification= (see B.8.9)
[<compliance-enable description=] (see B.8.10)
<instruction register description= (see B.8.11)
[<optional register description=>] (see B.8.12)
[<register access description=] (sec B.8.13)
<boundary-scan register description (sec B.8.14)
|<runbist description=| (see B.8.15)
[<Intest description=] (see B.8.16)
|<system clock description=] (see B.8.17)
{<register mnemonics description>} (see B.8.18)
1<register fields description>} (sec B.8.19)
f<register assembly description>} (see B.8.21)
{<register constraints description=>} (see B.8.22)
1 <register association description=} (sec B.8.23)
i <power port association description>} (sec B.8.23)
1<BSDL extensions>} (see B.8.24)
[<design warning=>| (sec B.8.25)
end <component name> <semicolon>

The BSDL syntax from IEEE Std 1149.1 is included in Table 8 for reference. The full BSDL grammar is
used when the IEEE 1149.1 TAP is present. When a TAP 1s not used to enable compliance, then a reduced
form of the BSDL grammar is specified, as shown in Table 9. The attributes defined in this standard are
provided in the <BSDL extensions> portion of the BSDL. The token 1149 1 TAP IS NOT PRESENT is
described by the grammar element <1149 1 TAP IS NOT PRESENT=. This token is introduced in this
standard to indicate in the BSDL when the attributes for describing a TAP are not required.
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Table 9—BSDL syntax for IEEE 1149.10 without IEEE Std 1149.1 compliance

<BSDL description>::= entity <component name=> is

<generic parameter= (see IEEE S5td 1149.1-2013 B.8.2)
<logical port description= (see IEEE Std 1149.1-2013 B.8.3)
<standard use statement> (see IEEE Std 1149.1-2013 B.8.4)
1<use statement>} (see IEEE Std 1149.1-2013 B.8.5)
<1149 1 TAP IS NOT PRESENT >

<device package pin mappings=> (see IEEE Std 1149.1-2013 B.8.7)
|<grouped port identification>| (see IEEE Std 1149.1-2013 B.8.8)
[<system clock description=>] (see IEEE Std 1149.1-2013 B.8.17)
{<register mnemonics description>} (see IEEE Std 1149.1-2013 B.8.18)
{<register fields description>} (see IEEE Std 1149.1-2013 B.8.19)
| <register assembly description>} (see IEEE Std 1149.1-2013 B.8.21)
{<register constraints description>} (see IEEE Std 1149.1-2013 B.8.22)
|<register association description>} (see IEEE Std 1149.1-2013 B.8.23)
|<power port association description=} (see IEEE Std 1149.1-2013 B.8.23)
<BSDL extensions>! (see IEEE Std 1149.1-2013 B.8.24)
[<design warning>] (see IEEE Std 1149.1-2013 B.8.25)
end <component name> <semicolon=>

BSDL grammar tokens common to IEEE 1149.1 and IEEE 1149.10 are as follows. The meaning of the
grammar tokens is identical.

<asterisk>

<target>

<hex pattern>
<pattern=

<port id>
<representative port>
<mnemonic identifier>
<real>

<reg or seg name>
<quote>

<range=

<TRUE>

<FALSE>

[EEE 1149.10 BSDL attributes are defined using the extension capability of BSDL. The IEEE 1149.10
attributes are defined in the IEEE 1149.10 package file described in 7.7. The grammar and syntax for I[EEE
1149.10 extension attributes is provided below. The attributes may be listed more than once and in any
order. Unlike IEEE Std 1149.1 where keywords are global across the entire BSDL, keywords provided in
this standard are valid only in the attribute in which they are described.

7.1.2 Specifications

Syntax

<HSJTAG Extension_List> ::= <HSJTAG Extension > | <HSJTAG_ Extension_List>
<HSJTAG Extension> ::= <Conformance 1149 10 Description>

| <HSTAP_Description> | <Packet_Map_Description>

| <Control_Character_Description> | <Scan_Channel_Description>
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Rules

a) Except as noted in this document, IEEE 1149.10 BSDL follows the grammar, syntax, and rules of
[EEE Std 1149.1-2013, Annex B.

b) When an IEEE 1149.1 TAP is not required to enable compliance with this standard, the overall
BSDL syntax shall be as described in Table 9.

NOTE—This 1s one area where a current [EEE 1149.1 BSDL parser would need to be modified such that
<scan port identification> is not required during parsing when the "USE IEEE 1149 10 20Ix.all" statement
is present in the BSDL file.

¢) To minimize ambiguity between the BNF notation and the special characters required in an input
stream, the following syntax tokens will be used in place of special characters allowed in the
parsed input stream:
1. <left paren> and <right paren> shall be the parenthesis characters "(* and *)", respectively.
il. <semicolon> shall be the character ;.
1. <colon> shall be the character *:”.
1v. <comma= shall be the character *,”
d) The <Conformance 1149 10 Description=, <HSTAP Description=, <Packet Map Description=,
<Control Character Description> and <Scan Channel Description> shall each appear at least
once in a <HSITAG Extension List>.

7.2 Conformance attribute

7.2.1 Description
The CONFORMANCE 1149 10 attribute 1s a BSDL extension to the IEEE Std 1149.1 BSDL language. It

provides a standardized description for communicating the year of this standard with which the
implementation conforms. Its use is mandatory.

7.2.2 Specifications

<Conformance 1149 10 Description> :: = attribute Conformance_1149_10
of <target> is <HSJTAG_ conformance_string> <semicolon>

<HSJTAG_conformance_string> ::= <quote> <HSJTAG_conformance_identification> <quote>
<HSJTAG_ conformance_identification> ::= STD 1149 10 2017

7.2.3 Examples

Attribute Conformance 1149 10 of top 1s "STD 1149 10 2017";

7.3 HSTAP attribute

7.3.1 Description

The HSTAP attribute is a BSDL extension to the IEEE Std 1149.1 BSDL language. It provides a
standardized description for communicating the parameters of an HSTAP such that ATE can connect and
communicate to it unambiguously (see Table 10).
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Table 10—HSTAP BSDL parameters

Parameter

Definition

Possible Value(s)

HSTAP NUM

A lane number assignment. This value is used for
striping when more than one lane 1s present.

An integer value

PEDDA NAME

The Packet Map associated with this HSTAP.
PEDDA NAMEs that are the same indicate
HSTAP that can be channel bonded.

A VHDL identifier that
matches at least one identifier
found in the PACKET MAP
attribute.

TX 1149 10 The TX 1s the single-ended or differential pair of <port 1d> or <representative
signals that the HSTAP uses to transmit data to an | port> as defined in the BSDL
ATE. A minimum and maximum peak-to-peak port and port_grouping
differential or single-ended voltage is specified. attribute. <min voltage> and
<max voltage> are specified
as comma separated
parameters.
RX 1149 10 The RX is the single-ended or differential pair of <port 1d> or <representative

signals that the HSTAP uses to receive data from
an ATE. A minimum and maximum peak-to-peak
differential or single-ended voltage is specified.

port> as defined in the BSDL
port and port_grouping
attribute. <min voltage> and
<max voltage> are specified
as comma separated
parameters.

ENCODING 1149 10

Specifies that no serial encoding and decoding is
present or that one of the known serial encoding
methods 1s used. A user-defined value is allowed
for future use; however, user-defined values would
not be handled automatically by ATE.

NONE 1149 10, 8B _10B,
64B 66B, 64B 67B,

128B 130B, 128B 132B,
256B 257B or

User defined value.

DATARATE 1149 10

Specifies a minimum or maximum transmit and
receive data rate for the HSTAP or specifies the
data rate is dependent on a multiple of a provided
system clock (SYSCLOCK 1149 10), transmit
(TXCLOCK 1149 10), reference clock
(REFCLOCK 1149 10), or receive clock
(RXCLOCK. 1149 10).

Two frequencies as a
minimum and maximum real
values or a real value as a
multiple of a system clock or
transmit clock.

COMPLIANCE _VIA TAP | IEEE 1149.10 compliance is enabled via the [EEE | True/False
1149.1 TAP. When True, the Enable P1149 10
and Disable P1149 10 PDL iProcs need to be
provided per Rule 4.1.2 d).

IDLE CHAR REQUIRED | IDLE characters are required to keep the interface | True/False

clock/PLL operational. HSTAP interfaces based on
SPI, for instance, do not require IDLES to be sent
during non-data times.

MAX FRAMES 1149 10

Specifies the maximum number of frames that can
be received on a half-duplex HSTAP before the
HSTAP needs to turn-around and transmit frames

back due to FIFO size limits.

A positive integer. A zero
indicates no limit or full
duplex operation.

LATENCY 1149 10

Specifies a minimum and maximum delay present
in the design of the HSTAP and PEDDA. The
latency is the delay from the receipt of a character
at the RX of an HSTAP to the TX response. The
latency description allows the ATE to better
determine a window of time to expect a response.

A minimum and maximum
delay specified as a real
number in seconds or a
multiple of one of the HSTAP
clock periods.
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Table 10—HSTAP BSDL parameters (continued)

Parameter

Definition

Possible Value(s)

TXCLOCK 1149 10

An optional single-ended or differential clock
source for either a common clock required for the
HSTAP RX or as the TX clock transmitter or a
reference clock of the HSTAP. The voltage and
frequency of the clock is provided as required
attributes.

<port id> or <representative
port> as defined in the BSDL
port and port_grouping
attribute. A minimum and
maximum voltage is provided
as a real and a minimum and
maximum frequency 1s
provided as real numbers.

RXCLOCK 1149 10

An optional single-ended or differential clock
source for either a common clock required for the
HSTAP receiver or a reference clock of the
HSTAP. The voltage and frequency of the clock 1s
provided as required attributes.

<port id> or <representative
port> as defined in the BSDL
port and port_grouping
attribute. A minimum and
maximum voltage is provided
as a real and a minimum and
maximum frequency 1s
provided as real numbers.

REFCLOCK 1149 10

An optional single-ended or differential clock
source for a reference clock for a HSTAP. The
voltage and frequency of the clock is provided as
required attributes.

<port id> or <representative
port> as defined in the BSDL
port and port_grouping
attribute. A minimum and
maximum voltage is provided
as a real and a minimum and
maximum frequency is
provided as real numbers.

SYSCLOCK 1149 10

An optional single-ended or differential clock
source necessary for operation of the HSTAP and
PEDDA logic. The voltage and frequency of the
clock is provided as required attributes.

<port id> or <representative
port> as defined in the BSDL
port and port_grouping
attribute. A minimum and
maximum voltage is provided
as a real and a minimum and
maximum frequency is
provided as real numbers,

SELECT 1149 10

An optional single-ended or differential enable
source that is needed for some common clock
serial transmission methods in order to signal the
end of a transmitted word.

<representative port> or <port
id>. A minimum and
maximum voltage is provided
as well as the number of
clocks in word size duration to
assert the signal via the
keyword NUM CLOCKS. A
logic value is provided for the
state to assert the signal.

BOND 1149 10

This 1s used when the HSTAP supports channel-
bonding. The value specifies the range of bytes
that can be transmitted before a new

BOND_ CHAR must be sent to all channels that
are bonded.

<min_byte count> and
<max_byte count>.

Figure 44 (A) shows in more detail the specifics for calculating latency for the LATENCY 1149 10
parameter. In the example, 8B/10B encoding 1s used so each character is transmitted as ten bits. In (A), a
Start-of-Packet (SOP) is received and the design of the HSTAP and PEDDA is such that TX differential
pair (TXP and TXN) continues to complete the transmission of an 8B/10B IDLE character. The transmitter
1s still not ready and it transmits another IDLE character first followed by the SOP. If the data rate was
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3.125E9 bits per second, then the LATENCY 1149 10 as shown in (A) would be 3.84E-9. In Figure 44
(B) a different design 1s present that uses an internal clock that 1s a multiple of the SYSCLOCK 1149 10
specified. While the internal clock frequency 1s unknown, it creates a much smaller LATENCY 1149 10
of 6.4E-10.

RXP
0 90 S
RXN
SOP — {1 Iutuntﬁ,'_llfii*_l[:—h
TXP
TXN
IDLE IDLE SOP
(A)
time =
RxP
0 g
RXN
SOFP " Tlatency 1149 10
TXP
0 90 9
TXN
IDLE SOP
(B)

Figure 44 —Example timing for LATENCY_ 1149 10

7.3.2 Specifications
Syntax

<HSTAP Description> :;= attribute HSTAP of <target> IS
<quote><phy string list ><quote> <semicolon>

<phy_string_list> ::= <phy_string> | <phy_string_list> <comma> <phy_string>

<phy string> ::= <left_paren> <phy list with clocks > <right _paren=
| <left_paren> <phy list> <right_paren>

<phy list> ::= <left_paren=>
HSTAP_NUM <colon> <integer> <comma=
PEDDA_NAME <colon> <identifier> <comma>=

TX_ 1149 10 <tx> <colon> <min_voltage><comma=><max_voltage> <comma>
RX 1149 10 <rx> <colon> <min_voltage><comma><max_voltage> <comma>
ENCODING_1149 10 <colon> <encoding><comma=>
DATARATE_1149_10 <colon> <minmax_or_multiple> <comma=>
COMPLIANCE_VIA_TAP <colon> <Truefalse><comma>
IDLE_CHAR_REQUIRED <colon> <Truefalse><comma=>
MAX_FRAMES 1149 10 <colon> <integer=<comma=>
<latency and align>
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<latency_and_align> ::= <latency_string> <right_paren>
| <latency_string> <comma> <align_string> <right_paren>

<latency_string> :: = LATENCY_1149 10 <colon> <time_or_multiple>

<align_string> ::= BOND_1149_10 <colon> <min_byte count> <comma> <max_byte count>

<phy_list with clocks > ;= <phy_list> <comma> <clocks_string>

<clocks_string> ::= <tx_clock_string> | <rx_clock_string> | <refclock_string> |
<sysclock_string> | <clocks_string> <comma>

< tx_clock_string> ::= <left_paren> <tx_clock_list> <comma> <select_list> <right _paren>
| <left_paren> < tx_clock_list> <right_paren=>

<tx_clock_list> ::= TXCLOCK_1149_10 <tx_clock> <colon> <min_voltage> <comma>
<max_voltage> <comma><min_rate> <comma> <max_rate>

<select list> ;= SELECT_1149 10 <enable> <colon> <min_voltage><comma><max_voltage>
<comma> NUM_CLOCKS <colon> <integer> <comma>=>
ASSERT_VALUE <colon> <logic assert>

< sysclock string> ::= <left paren>< sysclock list><right paren>

<sysclock list> ;.= SYSCLOCK_ 1149 10 <sysclock> <colon>
<min_voltage><comma=><max_voltage>
<comma=><min_rate> <comma> <max_rate>

< rx_clock_string> ::= <left paren><rx_clock list> comma> <select list> <right paren>
| <left paren> < rx_clock list> <right_paren>

<rx_clock_list> ::= RXCLOCK_1149_10 <rxclock> <colon>
<min_voltage><comma><max_voltage>
<comma=><min_rate> <comma> <max_rate>

< ref clock string> ::= <left paren>< refclock list><right paren=>
<refclock_list> ::= REFCLOCK_1149 10 <refclock> <colon>
<min_voltage><comma><max_voltage>

<comma=><min_rate> <comma> <max_rate>
<minmax_or_multiple> ::= <min_rate> <comma> <max_rate> | <multiple expression>

<time_or_multiple> ::= <min_time> <comma> <max_time=> | <multiple _expression>

<multiple expression> ;= <sys expression> | <tx_expression> | <rx_expression> |
<ref expression>

<sys expression> :: = <multiple> <asterisk> SYSCLOCK_1149 10
<tx_expression> ::= <multiple> <asterisk> TXCLOCK_1149_10
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<rx_expression> ::= <multiple> <asterisk> RXCLOCK_ 1149 10
<ref_expression> ::= <multiple> <asterisk> REFCLOCK_1149_10

<multiple> :;= <real>

<tx> ::= <representative port> | <port ID>

<rx> ::= <representative port> | <port ID>
<sysclock> ::= <representative port> | <port ID>
<rxclock> ::= <representative port> | <port ID>
<refclock> ::= <representative port> | <port ID>

<min_voltage> ::= <real>
<max_voltage> ::= <real>

<encoding> ::= NONE_1149_10 | 8B_10B | 64B_66B | 64B_67B |
128B_130B | 128B_132B | 256B_257B | <Mnemonic identifier>

<min_rate>::= <real>

<max_rate>:.= <real>
<min_time> ::= <real>
<max_time> ;= <real>

<tx clock> ::= <representative port> | <port |ID>
<enable > ::= <representative port> | <port ID>
<logic_assert>::=1|0

<min_byte count> ;= <real>

<max_byte count> ::= <real>

<Truefalse> ::= TRUE | FALSE

Rules

a) When a <representative port> is specified, the <min voltage> shall represent the minimum
differential voltage required by the receiver to operate.

b) When a <representative port> is specified, the <max voltage> shall represent the maximum
differential voltage that the receiver can tolerate.

c¢) When an HSTAP uses a common clock, a <tx_clock> value shall be provided.

d) When a <tx_clock> value is provided, the <max rate> shall indicate the maximum frequency of
the provided <tx clock> and the <min rate> shall indicate the minimum frequency of the provided
clock.

e) The <max_time> value shall represent the maximum delay associated with the response of the TX
to received data at the RX.

f) The <min_time=> value shall represent the minimum delay associated with the response of the TX
to received data at the RX.

g) When a <sys_expression= is specified, at least one <sysclock list= shall be specified.

h) When a <tx_expression> is specified, at least one <tx_clock list> shall be specified.

1)  When a <rx_expression> is specified, at least one <rx_clock list> shall be specified.
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j)  When a <ref expression> is specified, at least one <ref clock list> shall be specified.

k) A <max_voltage> shall be greater than or equal to the <min_voltage>.

) A <max_time> shall be greater than or equal to the <min_time=.

m) When a <phy string list> contains more than one <phy string>, the CONTROL CHAR attribute
shall define a BOND CHAR definition.

n) The <integer> value associated with a HSTAP NUM shall be unique within a given HSTAP
attribute.

o) There shall be at least one HSTAP NUM with an <integer> value of zero.

p) An HSTAP NUM with an <integer> value of zero shall document the first lane in a multi-lane
HSTAP description.

q) The <identifier> associated with the PEDDA NAME in a <phy list> shall be specified in at least
one PACKET MAP attribute.

r) The <max byte count> shall document the maximum number of bytes received on a single lane
during channel bonding before the next BOND CHAR.

s) The <min_byte count> shall document the smallest number of bytes that may be received before
the next BOND CHAR.

t) The <max_ byte count> shall be at least four and an integer multiple of four.

u) The <min_byte count> shall be at least four and an integer multiple of four.

v)  The <multiple> expression in a <time or multiple> shall be calculated as the <multiple> times
the period of the clock specified in one of the <sys expression>, <tx expression=,
<rx_expression>, or <ref expression> expressions.

w) The value of COMPLIANCE VIA TAP shall be FALSE when the
1149 1 TAP IS NOT PRESENT keyword 1s present in the BSDL.

NOTE—Compliance via the TAP is not possible when the keyword 1149 1 TAP IS NOT PRESENT is
used.

X) <min_voltage> and <max_voltage> shall be a voltage in V represented by a real number.
y) <min rate > and <max rate > shall be a frequency in Hz represented by a real number.
z) <min rate > shall be less than or equal to <max rate >.

aa) <min_time > and <max_time > shall be a time in s represented by a real number.

7.3.3 Examples

This first example shows how the pins of a SATA interface are re-used for the IEEE 1149.10 HSTAP. In
this example, two differential pairs exist in a device BSDL port grouping statement as follows:

attribute PORT GROUPING of top : entity 1is

"Differential Voltage ( " &
" (SATA TXP, ©SATA TXN),"&
"(SATA RXP, SATA RXN)) ";

SATA_ TXP 1s the IC’s representative port of a differential pair. SATA TXN 1s defined in the BSDL port
grouping attribute such that the tester knows which two pins are parts of the IC’s transmitter. SATA RXP
1s the representative port of a differential pair. SATA RXN 1is a signal that is part of the BSDL port
grouping for this IC such that the tester can determine the differential pair to receive data from the ATE.
The second two parameters indicate 500 mV and 800 mV as the minimum and maximum voltage applied to
the interface. 8B/10B encoding is specified and the rate of the interface is 3.125 Gbits/s.

attribute HSTAP of EXA : entity IS
mn { 1] &
" (HSTAP NUM : O, " &
" PEDDA NAME : PEDDAL, "&
-- tx+ port min/max (with SATA TXP)
" TX 1149 10 SATA TXP : 500.0E-3, 800.0E-3,"&
-— rx+ port min/max (with SATA RXN)
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" RX 1149 10 SATA RXP : 500.0E-3, E800.0E-3," &

" ENCODING 1149 10 : 8B 10B, "& --  Encoding

" DATARATE 1149 10 : 3.124E9, 3.126E9,"& -- min and max bit
rate

" COMPLIANCE VIA TAP : TRUE,"&

" IDLE CHAR REQUIRED : TRUE,"&

—=latency from RX to TX

" LATENCY 1149 10 : 600.0E-12, 1100.0E-12 )" &

"}";

An HSTAP may require a transmitter clock to allow data to flow from the parallel input to the transmitter
serial driver. Figure 45 shows an example where the TX side of the HSTAP requires a TX clock.

attribute HSTAP of EXB : entity IS

g

" (HSTAP NUM : 0, " &

" PEDDA NAME : PEDDALl, "&

" TX 1149 10 TXP : 500.0E-3, 800.0E-3,"& -- tx+ port
min/max

" RX 1149 10 RXP : 500.0E-3, 800.0E-3," & -- rx+ port
min/max

" ENCODING 1149 10 : 8B 10B, "& -- Encoding

" DATARATE 1149 10 : 2.5El1 * TXCLOCK 1149 10,"s&

" COMPLIANCE VIA TAP : TRUE,"&

" IDLE CHAR REQUIRED : TRUE,"&

" LATENCY 1149 10 : 3.0E-9, 4.0E-9 )," & -- latency from RX
to TX

"( TXCLOCK 1149 10 TRANSMITCLK: 2.5E0, 4.0EO0, " &

" 1.25E8, 2.60E8 )" &

II}II;

HSTAP

TRANSMITCLK

TXN e

Ow=—1

TxP

RXN

RXP

Figure 45—HSTAP SERDES requiring TX CLOCK_1149 10 input

A serial peripheral interface (SPI) bus can be supported as an HSTAP. Figure 46 shows the timing of an
example SPI interface with a 10-bit register. The TX CLOCK 1149 10 is used to support transmission of
data from the ATE to a SPI-based device. The SPI SCLK (serial clock) would be described with the
TX CLOCK 1149 10 parameter and the SSN (slave select active low) would be denoted as the
SELECT 1149 10 port. The SELECT 1149 10 is used to indicate the SSN. The duration for SSN to be
asserted 1s specified by the NUM CLOCKS parameter. In the example, the SSN is asserted low (as
specified by ASSERT VALUE) for a time of 10 SCLKS.
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Figure 46 —SPI Bus as HSTAP

attribute HSTAP of SPI: entity IS

n |:: n &

" (HSTAP NUM : 0, " &

" PEDDA NAME : SPI PEDDA, "&

" TX 1149 10 MISO: 35.0EQ, 3.8E0,"& —— tx port min/max
" RX 1149 10 MOSI: 3.0E0, 3.8E0," & -- rx port min/max

" ENCODING 1149 10 : NONE 1149 10, "s -
Encoding

" DATARATE 1149 10 : 1.0Ee6, 1.0E8,"& -- min and max bit rate

" COMPLIANCE VIA TAP : FALSE,"&

" IDLE CHAR REQUIRED : FALSE,"&

" LATENCY 1149 10 : 5.0E-9, 1.0E-8 )," & -- latency from RX
to TX

"( TXCLOCK 1149 10 SCLK 3.0E0, 3.8E0, 1.0E6, 1.0E8, " &

" SELECT 1149 10 SSN 3.0E0, 3.8E0, NUM CLOCKS: 10," &

" ASSERT VALUE : 0 )" &

n }l‘!;

7.4 Packet_Map attribute

7.4.1 Description

The BSDL attribute PACKET MAP communicates the data size, the interleave size of the packet, and the
mapping of the groups chosen by the designer of the PEDDA. The payload data of the SCAN and SCANR
type packets contain data for one or more target scan channels. In order to understand how the data maps to
the scan channels, the INTERLEAVE SIZE needs to be documented. The <interleave string> specifies the
number of bits for each target scan channel before the next scan channel in the sequence. An IEEE 1149.10
packet decoder/encoder may have one or more <interleave string> specifications, such that each scan
channel group can be interleaved differently (see Table 11).
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Table 11 —Packet_Map parameters

Parameter

Definition

Possible Value(s)

PEDDA NAME

A descriptive name for this PEDDA
architecture.

A VHDL identifier

SCAN DATA SIZE

The number of bits available to the round-robin
assignment of unencoded scan data in the
SCAN and SCANR packet. The round-robin
handling of data for scan-channels in a given
SCAN GROUP must fit within the bit size of
SCAN DATA SIZE.

The SCAN_DATA_SIZE is chosen by the
designer such that packet generation tools can
best map SCAN/SCANR Payload data as
efficiently as possible. SCAN_DATA SIZE
has a minimum value of INTERLEAVE SIZE
multiplied by the number of scan channels in
the SCAN GROUP when PACK 1s false.
When PACK is true, SCAN_DATA_SIZE is
INTERLEAVE_SIZE multiplied by the largest
number of scan-channels in a SCAN GROUP
enabled simultaneously.

An integer greater than
Zero

TX ORDER Defines whether the transmission of data is LSB FIRST,
performed using the MSB or LSB bit first. MSB FIRST
Most serial communications use LSB first,
however SONET uses MSB first.

CMD PARITY Defines whether there is a parity calculation on | NONE 1149 10,
the command word in the packet. If parity is EVEN 1149 10,
used, ODD and EVEN parity is supported in ODD 1149 10

the sixth bit of the CMD of the packet.

INTERLEAVE SIZE

The size of the contiguous bits destined for a
given channel in the SCAN packet and
received from the SCANR packet. The
interleave size will vary based on PEDDA
design optimizations.

An integer greater than
Zero.

SCAN_GROUP

The assignment of scan groups that use the
packet map attribute described.

A range or integer list
of scan groups.

PACK

The interleaved data is packed without
containing skipped scan-channels that are in
the SCAN_GROUP but not enabled via the
CH-SELECT packet. Such a capability may
work best with INTERLEAVE SIZE of nibble
or larger width.

TRUE or FALSE

7.4.2 Specifications

Syntax

<Packet Map_ Description> ::= attribute PACKET_MAP of <target> IS
<quote> <Packet Map String>

<quote> <semicolon>

<Packet Map String> ::= <Name_String> <comma> <Order_String> <comma>
<CMD _Parity String> <comma> <Interleave Group>

<Name_String> ::= <left paren> PEDDA_NAME <colon> <identifier><right paren>
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<Order_String> ::= <left paren> TX_ORDER <colon> <order type> <right paren=>

<order type> ::= LSB_FIRST | MSB_FIRST

<CMD_Parity String> ::= <left_paren> CMD_PARITY <colon> <parity type> <right paren>

<parity type> = NONE_1149_10 | EVEN_1149 10 | ODD_1149_10

<Interleave Group> ::= <Interleave_Combo> | <Interleave Group> <comma>
<Interleave Combo>

<Interleave Combo> ::= <Data String> <comma> <Pack_ String> <comma>=>

<Interleave String> <comma>
<scan_group_string>

<Data_String> ::= <left paren> SCAN_DATA_SIZE <colon> <integer><right paren>

<Pack_String> ::= <left_paren> PACK <colon> <true_false> <right paren>

<Interleave String> ;= <left paren> INTERLEAVE_SIZE <colon> <integer><right paren>

<scan_group_string> ::= <left paren> SCAN_GROUP <colon>

<group_list><right paren=

< group_list> ::= <group_field> | <group_list> <comma> <group_field>

<group_field> ::= <range> | <integer>

<true false>:: = TRUE | FALSE

Rules

a)

g)

The <parity type> shall indicate the parity implemented on the CMD value at bit 6 (Counting
from bit zero) and shall be one of the following:
i. EVEN 1149 10 for even CMD parity (i.e., an even number of ones in the 8-bit
CMD)

ii.  ODD 1149 10 for odd CMD parity
or

iii.  NONE 1149 10 when parity is not used on the CMD value.
The <integer> value of a <Data String> shall be greater than zero.
The <integer> value of a <Interleave String> shall be greater than zero.
The <integer> value of a <Scan Group String> shall be less than 65,536.
The <identifier= of a <Name_String> shall be unique across all PACKET MAP attributes in a
given BSDL or BSDL package file.
When the <true false> value of PACK is false, the <integer> value of <Data String> shall be
greater than or equal to the <integer> value of <Interleave String> multiplied by the total number
of scan-channels available in the associated <chain_list>.
When the <true false> value of PACK 1s true, the <integer> value of <Data String> shall be
greater than or equal to the <integer> value of <Interleave String=>.
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Recommendations

h) <SCAN_DATA_SIZE= should be an even multiple of 4-bit nibbles.

NOTE—SCAN and SCANR packet data 1s specified in 4-byte frames.

7.4.3 Examples

The size of the PISO on the scan-in and the size of the SIPO on the scan-out generally set the
Interleave Size. In this example, two scan channels are interfaced by two 4-bit PISOs and two 4-bit SIPOs.
The payload data for any SCAN and SCANR packet is then interleaved between data going to S1 and data
going to S2 (see Figure 47).

attribute Packet Map of EXA: entity IS
" (PEDDA NAME: PEDDAL) , " &
"(TX Order: LSB FIRST),"&

"(CMD Parity: NONE 1149 10)," &

"(Scan Data Size: g ), " &

" (PACK : TRUE), " &
"(Interleave Size: 4), " &
"(Scan Group : 1)";
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Figure 47 —Four-bit PISO/SIPO on 2 scan channels

The attribute can be used to describe multiple smaller groupings. In the following attribute, there are two
scan groups with different Interleave Sizes. Scan Group 1 1s made up of scan channels 1 to 16 with an
Interleave Size of one. Scan Group 2 1s made up of scan channels 17 to 64 with an 8-bit Interleave Size.

attribute Packet Map of EXB : entity IS
" (PEDDA NAME: PEDDAL)," &
"(TX Order: LSB FIRST),"&

"(CMD Parity: NONE 1148 10)," &
"(Scan Data Size: 16 ), " &

" (PACK: FALSE), " &

"(Interleave Size: 1), " &

"(Scan Group : 1)," &

"(Scan Data Size: 16 ), " &

" (PACK: TRUE ), " &
"(Interleave Size: 8 ), " &
"(Scan Group : Z2)";

The construct for the first Scan Group indicates the PEDDA 1s designed such that it 1s expecting scan data
formatted on 16-bit boundaries, no matter how few scan-channels are enabled during a SCAN packet for
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Scan Group 1. The second group has an INTERLEAVE SIZE of eight, perhaps indicating that the scan-
channels are higher-speed and have a small eight-bit PISO. The SCAN DATA_ SIZE of 16 indicates that
the maximum number of scan-channels that the PEDDA is designed to decode at one time is two scan-
channels.

The Packet Map attribute of SPI illustrates:

attribute Packet Map of SPI: entity IS

" (PEDDA NAME: SPI PEDDA)," &

"(TX Order: LSB FIRST),"&

"(CMD Parity: NONE 1149 10)," &

"(Scan Data Size: 16 ), " &
(
(
fi

" (PACK: FALSE ), " &
"(Interleave Size: 8 ), " &
"(Scan Group : 1 to 2 )" &

m L1 } m ;

7.5 Control_Chars attribute

7.5.1 Description

The Control Chars attribute 1s a BSDL extension that defines special symbols used in the sernal
communication to an IEEE 1149.10 HSTAP. Control characters are any of the special symbols used in
serial communication encodings. 8B/10B, for instance, defines twelve control symbols. The control
characters in the Control Chars BSDL attribute are described in their un-encoded form. For instance, a
control character when used with 8B/10B encoding is described with the un-encoded value and the
encoding would convert the 8-bit value into a 10-bit value. The 10-bit value is determined from the 8B/10B
table look up based on the running disparity.

There are nine predefined control characters used in communicating with an IEEE 1149.10 HSTAP.
Table 12 provides the definitions of each one.

Table 12—Control_Chars definitions

Character Definition
SOP CHAR Start-of-Packet. Signals to the receiver that a packet is starting.
EOP CHAR End-of-Packet. Signals to the receiver that a packet has ended.
IDLE CHAR The IDLE character is sent when no other data is being transmitted. The idle character allows the receiver to

recover an embedded clock and keep the data aligned. IDLE characters can also be sent by a transmitter to
compensate for slow scan-channels.

ERROR CHAR | The ERROR character is transmitted when the IEEE 1149.10 interface detects a data transmission error. For
instance, if the receiver calculates a CRC32 different than the value transmitted to it, then an ERROR
character should be transmitted.

XOFF CHAR The XOFF character is used for flow control. The XOFF character is transmitted by an IEEE 1149.10
interface when no additional data can be processed by the interface.

XON CHAR When the IEEE 1149.10 interface is ready to receive more data, it transmits the XON character to the ATE.

CLEAR CHAR | When a CLEAR character is received, an IEEE 1149.10 interface resets itself, clearing all pending data
processing, data transmitting, and all internal data counters.

COMPLIANCE | When a COMPLIANCE character is received by the mission mode circuitry, the circuitry enables
CHAR compliance to this standard. There must be at least one unused control character in the mission mode
encoding to provide fora COMPLIANCE CHAR that does not trigger a mission mode function.

BOND CHAR When channel-bonding and striping is performed the ATE must transmit the BOND CHAR periodically
such that the internal SERDES gearbox for the channels can de-skew the incoming data and align the
multiple octets being received. The BOND CHAR is optional in the BSDL grammar.
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7.5.2 Specifications

Syntax

<Control_Character_Description> ::= attribute CONTROL_CHARS of <target>
IS <quote> <control_string_list> <quote> <semicolon>

<control_string_list> ::= <control_string> | <control_string_list> <comma> <control_string>
<control_string> ::= <left_paren><control_char_all> <colon> <hex pattern> <right_paren>
<control char _all> ::= <control _char_mandatory> | <control char optional>

<control _char _mandatory> ::= SOP_CHAR | EOP_CHAR | IDLE_ CHAR | ERROR_CHAR |
XOFF _CHAR | XON_CHAR | CLEAR_CHAR

<control_char_optional> ::= COMPLIANCE_CHAR | BOND_CHAR

Rules

a) Each <control char _mandatory> shall be defined within the attribute CONTROL CHARS.

b) There shall be a unique one byte <hex pattern> for each <control char mandatory> and each
<control char optional>.

c) A <control char all> shall be defined just once in a given CONTROL CHARS attribute.

d) The COMPLIANCE CHAR shall be defined when a character in the mission mode data stream is
necessary to enable the HSTAP to operate in an IEEE 1149.10 compliant mode.

e¢) The BOND CHAR shall be defined when a HSTAP <phy string list> contains more than one
<phy_string=>.

7.5.3 Examples

In this example, the control characters are defined for an interface. The characters are eight bits in length
and typical of an example interface that uses 8B/10B.

Example A
attribute CONTROL CHARS of EXA : entity IS
" (SOP CHAR : OxFB ), " & -- K27.7
" (EQOP _CHAR : OxXFD)," & -- K29.7
" (IDLE CHAR : 0xBC), "& -- K28.5
" (ERROR CHAR : OxFE),"& --K30.7
" (XOFF CHAR : 0x7C),"& -—- K28.3
" (XON CHAR: 0x1C), "& -—- K28.0
" (CLEAR_CHAR : 0x5C)"; -- K28.2
Example B

In this example the interface 1s similar to example A; however, the optional COMPLIANCE character 1s
defined such that the mission mode interface can be switched to IEEE 1149.10 compliant mode through the
reception of the COMPLIANCE control character. An example would be a CPU that communicates to an
integrated circuit via SATA. In order to perform in-the-field test of the integrated circuit, the CPU sends the
COMPLIANCE character 0xDC (and encodes it using the encoding specified). For instance, in 8B/10B,
0xDC 1s K28.6 and when it 1s encoded and running disparity is +1, the logical value that would be
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transmitted over a SATA differential pair would be Ob1100001001. After the COMPLIANCE character is
decoded, the mission mode SERDES switches the interface from SATA to IEEE 1149.10 compliant mode,
enabling the HSTAP and PEDDA.

attribute CONTROL CHARS of EXB : entity IS

" (SOP_CHAR : 0xFB ), " &
"(EOP_CHAR : OxFD )," &
"(IDLE_CHAR :  0xBC),"&

" (ERROR_CHAR : OxFE ),"&

" (XOFF_CHAR : 0x7C ),"&

" (XON_CHAR: 0x1C) , "&

" (CLEAR CHAR : 0x5C),"&

" (COMPLIANCE CHAR: 0xDC)";

ERROR_CHAR example usage

This 1s example usage of the ERROR_CHAR. ATE can expect that the HSTAP and PEDDA will return an
ERROR_CHAR when an error in the transmission or packet formation is received. Figure 48 shows a
typical coupling of ATE to the HSTAP with a TX and RX differential pair. All IEEE 1149.10 packets
include a CRC32 calculation that validates the integrity of the transmission. A portion of a transmitted
packet is shown with the 4-byte CRC32 value shown in one block being transmitted to the HSTAP.

ATE HSTAP

€

Data | Data |[ERROR
L HEEFJ. Hesp_ _{:HAH_

L CRC32 | Data Data L

S
<

Figure 48 —Use of ERROR_CHAR

The IEEE 1149.10 interface calculates a CRC32 for the data received and, if the data received 1s incorrect
(due to transmission errors for instance), then the IEEE 1149.10 interface transmits the ERROR CHAR
and three padding bytes [see permission 6.1.2 j)] back to the ATE at the end of a packet frame. One of the
advantages of the IEEE 1149.10 approach over a traditional scan test 1s that there 1s validation that the data
applied to the circuit under test 1s error-free.

7.6 Scan_Channel Association attribute

7.6.1 Description

Register descriptions need to be assoclated with a scan channel such that PDL code written can be
translated into the appropriate IEEE 1149.10 packets (see Table 13).
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Table 13—Scan_Channel_Association description

Parameter

Definition

Possible Value(s)

PEDDA NAME

A descriptive name for this
PEDDA architecture.

A VHDL identifier

SCAN _GROUP

Defines which group the
specified channel belongs to.

An integer between zero

and 65.,535.

Association_string

Defines the scan channel as a
<reg or seg name=>, <register
element> or keyword
"Instruction” and assigns the scan
channel number used by the
PEDDA.

An IEEE 1149.1 <reg or
seg name=>, <register
element>, or instruction
register. The integer is the
scan channel number used
by the PEDDA.

Instruction

The keyword indicates when the
scan-channel is associated with
the IEEE 1149.1 instruction

register,

"Instruction”

Max Clock

The parameter indicates the
maximum clock rate that a given
scan-channel can achieve.

A real greater than zero.

CH_Select

Indicates the bit position in the
CH-Select packet that a given
Scan-Channel is enabled. A logic
one in the bit position enables the
scan-channel capture, shift, and
update signals.

An integer number greater
than zero.

7.6.2 Specifications

Syntax

<Scan_Channel_Description> ::= attribute SCAN_CHANNEL_ASSOCIATION of <target>
IS <quote> <association_string_list><quote> <semicolon>

<association_string_list> ::= <group_association_string> | <association_string_list>
<comma> <group_association_string>

<group_association_string>::= <left paren>
PEDDA_NAME <colon>
<identifier> <comma>
SCAN GROUP <colon> <integer> <comma>
<association_string_list>

<optional overshift>

<association_string_list> ::= <association_string> |
<association_string_list> <comma> <association_string>

<association_string> ::= <left_paren> <channel_string> | <channel_string> <comma=
<max_clock_string> <right_paren>

<channel_string> ::= <channel> <colon> <integer> <comma> <ch_select string>
<ch_select_string> :: = CH_SELECT <colon> <integer=>
<max_clock_string>:: = MAX_CLOCK <colon> <real>

<channel> :;= <reg or seg name> | <register element> | Instruction
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<optional_overshift> :: = <overshift_yes>| <right_paren>
<overshift_yes> :: = <comma> <no_overshift_string> <right_paren>

<no_overshift_string> ::= <left_paren> NO_OVERSHIFT <colon> <no_overshift_list>
<right_paren=>

<no_overshift_list> ::= <no_overshift_field> | <no_overshift_list> <comma=> <no_overshift_field>
<no_overshift _field> ::= <range> | <integer>
Rules

a) The <integer> in a <group association string> shall be between zero and 65,535, inclusive.

b) The <integer> in an <channel_string> shall be between 0 and 1,048,575 inclusive.

c) The <identifier> in a <group association string> shall be unique for a given SCAN GROUP

<Integer=> value.
d) The <identifier> in a <group association_string> shall be used at least once in a PACKET MAP

attribute.
e¢) The <real> in an <max_clock string> shall be greater than zero.
f) The  <channel> shall not be  equivalent to  "Instruction"  when  the

1149 1 TAP IS NOT PRESENT keyword is present in the BSDL containing the
SCAN CHANNEL ASSOCIATION attribute.

g) The <reg or seg name> in an <association_ string> shall be defined in a REGISTER FIELDS or
REGISTER ASSEMBLY attribute.

h) A <channel> shall be unique within an <association_string_list>.
1) The <integer> in a <channel string> shall be unique within an <association string list>.

NOTE

Rules h) and 1) ensure that there 1s just one channel described per bit position.
1) For each unique <integer= in a <ch select string> there shall be at least one <max clock string>
specified.

NOTE—Rule j) ensures that at least one clock frequency 1s specified for any unique ch_select integer value.

Permissions

k) An <integer> 1n a <ch select string= may appear more than once within a
<association_string_list=,
) The values specified for any <integer> in a <ch_select string= may be non-sequential.

7.6.3 Examples

In the following example the PEDDA 1s designed with two groups: zero and one. Group zero contains the
standard instruction register, standard defined test data registers, and four user defined test data registers:
Userl, User2, User3, and CoreVoltage. CoreVoltage 1s a TDR associated with four core voltage monitors.
Group one includes 16 scan channels that are used for IC test. The CoreVoltage TDR also appears as a
scan-channel in Group 1 such that the voltage can be monitored within the IC test data stream.

attribute SCAN CHANNEL ASSOCIATION of EXA : entity IS

"(PEDDA NAME : PEDDAL," &
" SCAN GROUP : 0 ,"&

"(Instruction : 0, CH SELECT: 0, MAX CLOCK : 5.0e7), " &
"(Bypass : 1, CH SELECT: 1, MAX CLOCK : 5.0e7), " &
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" (Boundary: 2, CH SELECT: 2Z, MAX CLOCK : 5.0e7), " &
"(Device ID : 3, CH SELECT: 3, MAX CLOCK : 5.0e7), " &
"(Init Data : 4, CH SELECT: 4,MAX CLOCK : 5.0e7), " &
"(ECID : 5, CH SELECT: 5, MAX CLOCK : 5.0e7), " &
"(Reset Select : 6, CH SELECT: 6, MAX CLOCK : 5.0e7), " &
"(Userl: 7, CH SELECT: 7, MAX CLOCK : 5.0e7), " &
"(CoreVoltage: 8, CH SELECT: 8, MAX CLOCK : 1.0e8), " &
"(UserzZz: 9, CH SELECT: 9, MAX CLOCK : 5.0e7), " &
"(User3: 10, CH SELECT: 10, MAX CLOCK : 5.0e7)" &

"), &

"(PEDDA NAME : PEDDALl," &

" SCAN GROUP : 1 ,"&

"(CoreVoltage: 0, CH SELECT: 8, MAX CLOCK : 1.0e8), " &

"(Internall: 1, CH SELECT: 17, MAX CLOCK : 1.0e8), " &
"(Internal2: 2, CH_SELECT: 17), " &
"(Internal3: 3, CH SELECT: 17), " &

"(Internald:

1

2

3

4, CH SELECT: 17)," &
"(Internalb: 5

6

-

8

9

CH SELECT: 17), " &
CH SELECT: 17), " &
CH SELECT: 17), " &

, CH SELECT: 17)," &
(Internal9: , CH SELECT: 1/), " &
"(InternallO: 10, CH SELECT: 17), " &
"(Internalll: 11, CH SELECT: 17}, " &
"(Internall2: 12, CH SELECT: 17)," &
"(Internall3: 13, CH SELECT: 17), " &
"(Internalld: 14, CH SELECT: 17}, " &
"(Internall5: 15, CH SELECT: 17), " &
"(Internall6: l6, CH SELECT: 17)," &
" (Responsel : 17, CH SELECT: 17)," &
"(NO OVERSHIFT: 1 to 17)" &

"}";

-

bl

"[(Internalé6:
"(Internal’:
"({Internal8:

]

.-

7.7 BSDL package for high speed JTAG

7.7.1 Description

The information provided above showed how to document features of a device implementing IEEE
1149.10 high speed JTAG using the existing syntax of BSDL. BSDL has been defined (see IEEE Std
1149.1) to be extensible using a mechanism called a “BSDL Extension™. A BSDL Extension for describing
additional features of High Speed JTAG is given here.

The extension mechanism chosen for describing devices is based on the definition of a very high-speed
integrated circuit (VHSIC) High-Level Design Language (VHDL) package with the name
“STD 1149 10 20177, which contains the definitions of attributes that will be used to supply relevant
data. Therefore, a compliant device BSDL will contain an additional “use™ statement appearing just after
the “standard use statement™ as in this excerpt of a BSDL file:

use STD_lldQ_l_EﬂlB,all; —— Standard ‘use’ statement
use STD 1149% 10 2017.all; -- BSDL Extension for High Speed JTAG

NOTE—Refer to IEEE Std 1149.1-2013, B.8.5, Use Statement, for precise information regarding references to
additional packages.
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Utilization of the extension mechanism of BSDL ensures that high speed JTAG information can be
supplied to applications that are cognizant of this functionality without hindering other applications that
may not be aware of this functionality. Non-cognizant applications will simply ignore the extension.

The VHDL package STD 1149 10 2017 contains the definition of additional attributes used to complete
the description of the High Speed JTAG. The content of this VHDL package is given as the specification.

7.7.2 Specifications

Syntax
Package STD 1149 10 2017 is -- Attribute definitions for HSJTAG
use STD 1149 1 2013.all; -- Refer to BSDL definitions

attribute CONFORMANCE 1149 10 : BSDL Extension;
attribute HSTAP : BSDL Extension;

attribute PACKET MAP : BSDL Extension;

attribute CONTROL CHARS : BSDL Extension;

attribute SCAN CHANNEL ASSOCIATION : BSDL Extension;

end STD 1149 10 2017;

Package Body STD 1149 10 2017 is
use STD 1149 1 2013.all; -- Refer to BSDL definitions

end STD 1149 10 2017;

This VHDL package is “read-only” and may be maintained within a given system in the same location as
the standard package STD 1149 1 2013.

8. Channel bonding

8.1 Optimizing bandwidth

This subclause describes this standard’s approach to increasing bandwidth by using more than one TX/RX
pair per HSTAP.

8.1.1 Description

Two approaches can be used to aggregate bandwidth for an integrated circuit or stacked die IC. One
method would be to simply include multiple HSTAP and PEDDAs, each with a single TX/RX SERDES
pair. Such an approach would allow physically locating the HSTAP and PEDDA in different quadrants of a
die, and would be useful for cases where it is difficult to route all of the test traffic to a single location on
the die or when there are different test partitions on the die and can be tested concurrently through these
independent ports. This method; however, is problematic when the additional bandwidth is needed for a
single test partition. A second approach to get additional bandwidth, described in this clause, is channel
bonding, using more than one TX and RX SERDES pair per HSTAP. In this approach, the test content 1s
shared (striped) across the TX/RX pairs into the single HSTAP. Striping can include any number of lanes,
and the striping is done on a packet frame granularity. That is, a single packet is striped across the different
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lanes with each subsequent frame coming from the next lane in a rotating pattern. Channel bonding 1s
optional. However, if it i1s implemented then it must be implemented according to the rules and permissions
of this subclause.

Figure 49 shows four SERDES lanes connected from an ATE to the HSTAP. Lanes all have slight skew
due to distance and differences in clocking. In order to accomplish this channel bonding, and eliminate this
skew, four BOND CHAR characters must be sent such that the HSTAP design can recognize this special
character and synchronize the internal gearboxes of each lane. This synchronization must be done every so
many characters depending on the SERDES and technology used. Software tools that format the packet
frames have to take into account the HSTAP attribute BOND 1149 10 parameter’s maximum byte
specification and insert four BOND CHAR symbols on each lane before the maximum value is reached by
a receiver.
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ATE HSTAP
BOND
CHAR SOp TARGETR ID 1D |IDLE IDLE
« 4 (0x82) | (Ox01) | (0Ox00) 1of4 | 2 of 4
LANE 4
BOND [
IDLE | IDLE 1D ID TARGET SOp CHAR
G ) of4 | 10f4 (0x00) | (0x01) | (0x02) i
BOND ||
CHAR EOQP EOP EQP EOQP IDLE | IDLE
4 (ConfigR) | (ConfigR) | (ConfigR) | (ConfigR) 1of4 | 2 of 4 D
X
LANE 3
BOND_
IDLE | IDLE EDF.' EDFI‘ EDF.' EDF:‘ CHAR
® 2of4|1of4| |(Config)|(Config)|(Config)(Config) <4
— BOND_}] crC32 | CRC32 | CRC32 | CRC32 EOP EOP —
CHAR Bytel | Byte2 | Byte3 | Byte 4 1of4 20f4 o
¥ 4 (CONFIGR) | [CONFIGR) |(CONFIGR)| (CONFIGR) (TargetR)| (TargetR)

EQP EOP CRC32 | CRC32 | CRC32 | CRC32 BOND_
GEEN ) of4 | 10f4 Byted | Byte3 | Byte2 | Bytel CHAR
- (Target)|(Target)| |(Config)|(Config)|(Config)|(Config) x4

> O O m ™o

st | e
L]

x £ (Ox81) (TargetR) | (TargetR)

LANE 1

' ' CrRC32 | cre32 o o |consc BOND

y G pytel | ByteD (0x00) | (0x01) | (ox01) SOP CHAR
O (Target) |(Target)[ 1 x4 |

- - - - -

¥ Packet Packet Packet

Frame Frame Frame

3 2 1

Figure 49 —Four lane HSTAP

Figure 50 shows the transmitted striped date from the ATE but in a linear format. The four BOND
characters are sent to lanel, lane2, lane3, and lane 4. This i1s followed by the first frame of a CONFIG
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packet sent to lanel and the CRC32 sent to lane2 followed by the four EOP sent to lane3. Then the ATE
transmits the SOP and TARGET ID on lane4, followed by the CRC32 for the TARGET ID packet on
lanel, followed by the four EOP on lane2, and IDLE characters on lane3 and lane4.

BSH"‘LE; B[“::‘H”;; BEH”; BCDH'"LE; <op CFG| ID | ID |CRC|CRC| CRC| CRC
=< - - - 01|01 00|32 32 32 32
lanel lane2 ‘ lane3 ‘ laned lanel lane2

TGT| ID  ID |[CRC|CRC|CRC CRC
—» EOP EOP |EOP| EOP| 50P EOP EOP |[EOP EOP
01|01 00|32 32|32 32

lane3 laned lanel lane2

Figure 50 —Striping of data alternative view

8.1.2 Specifications

Rules

a) An HSTAP designed to support channel-bonding shall send and receive packets as defined in
Clause 6 using striping.

b) Any HSTAP that uses the same PEDDA as identified by the PEDDA NAME attribute of 7.3.2
shall be available for channel-bonding.

c) Channel bonding shall be mitialized after the receipt of the BOND packet and receipt of four
sequential BOND CHAR sent concurrently to each of the lanes participating.

d) The response from an HSTAP to the four BOND CHAR characters shall be four BOND CHAR
characters if the lane is ready for channel bonding and the ERROR CHAR followed by three data
bytes otherwise.

e) The design of an HSTAP with channel bonding support shall be such that the HSTAP sends a
packet frame of IDLE characters (4) and accepts the packet frame of IDLE characters when there
1s no data to be transmitted.

NOTE—Striping continues after the packet frame of four EOP such that each lane receives a packet frame of
IDLE characters until the first lane is encountered in the round-robin sequence.

8.1.3 Examples

The following i1s an example of the HSTAP attribute when channel bonding i1s used. Four lanes are
enumerated and the HSTAP NUM with a value of zero becomes the first lane for the purposes of channel

bonding.
attribute HSTAP of EXBOND : entity IS
T |: T {g
"(HSTAP NUM : 0, " &
" PEDDA NAME : PEDDAl, "&
" TX 1149 10 TXFP(0) : 500.0E-3, 800.0E-3,"& -- tx+ port
min/max
" RX 1149 10 RXP(0) : 500.0E-3, 800.0E-3," & -- rx+ port
min/max
" ENCODING 114% 10 : 8B 10B, "& -— Encoding

80
Copyright © 2017 IEEE. All rights reserved.



IEEE Std 1149.10-2017
IEEE Standard for High-Speed Test Access Port and On-Chip Distribution Architecture

" DATARATE 1149 10 : 3.124E9, 3.126ES,"& -- min and max bit rate
" COMPLIANCE VIA TAP : FALSE,"&

" IDLE_CHAR REQUIRED : TRUE,"&

" LATENCY 114% 10 : 3.0E-9, 4.0E-9, " & -- latency from RX to TX
" BOND 1149 10 : 1.0E05, 1.0E07 " &

myn oo

||} , LY

g

"(HSTAP NUM : 1, " &

" PEDDA NAME : PEDDAl, "&

" TX 1149 10 TXP(1) : 500.0E-3, 800.0E-3,"& -- tx+ port
min/max

" RX 1149 10 RXP(1) : 500.0E-3, 800.0E-3," & -- rxt+ port
min/max

" ENCODING 1149 10 : 8B 10B, "& -- Encoding

" DATARATE 1149 10 : 3.124E9, 3.126E9,"& -- min and max bit rate
" COMPLIANCE VIA TAP : FALSE,"&

" IDLE CHAR REQUIRED : TRUE,"&

" LATENCY 1149 10 : 3.0E-9, 4.0E-9," & —- latency from RX to TX

" BOND 1149 10 : 1.0E05, 1.0E07 " &

n } mn &

"tk

wn g

"(HSTAP NUM : 2, " &

" PEDDA NAME : PEDDAL, "&

" TX 1149 10 TXP(2) : 500.0E-3, 800.0E-3,"& -- tx+ port
min/max

" RX 1149 10 RXP(2) : 500.0E-3, 800.0E-3," & -- rx+ port
min/max

" ENCODING 114% 10 : 8B 10B, "& -- Encoding

" DATARATE 1149 10 : 3.124E9, 3.126ES8,"& —- min and max bit rate

" COMPLIANCE VIA TAP : FALSE,"&

" IDLE CHAR REQUIRED : TRUE,"&

" LATENCY 1149 10 : 3.0E-9, 4.0E-9," & -- latency from RX to TX

" BOND 1149 10 : 1.0E05, 1.0E07 " &

II'J n &

")t &

wn g

"(HSTAP NUM : 3, " &

" PEDDA NAME : PEDDAL, "&

" TX 1149 10 TXP(3) : 500.0E-3, 800.0E-3,"& -- tx+ port
min/max

" RX 1149 10 RXP(3) : 500.0E-3, B800.0E-3," & -- rx+ port
min/max

" ENCODING 1149 10 : 8B 10B, "& -— Encoding

" DATARATE 1149 10 : 3.124ES8, 3.126ES,"& -- min and max bit rate

" COMPLIANCE VIA TAP : FALSE,"&

" IDLE CHAR REQUIRED : TRUE,"&

" LATENCY 1149 10 : 3.0E-9, 4.0E-9," & -- latency from RX to TX

" BOND 1149 10 : 1.0E05, 1.0EQ07 " &

")tk

"( TXCLOCK 1149 10 TRANSMITCLK: 2.3E0, 4.0E0, " &
" 1.25E6, 1.2506E0 )" &

II:! " ;
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9. PDL

9.1 PDL Overview

This subclause provides the overview of how IEEE 1149.1 PDL is used within this standard.

9.1.1 Description

IEEE 1149.10 PDL uses the grammar of IEEE 1149.1 PDL level 0 or level 1 as a baseline and defines
additional commands specific to IEEE 1149.10.

9.1.2 Specifications

Rules

a) Except as defined here, IEEE Std 1149.10-2017 shall follow the rules of IEEE Std 1149.1-2013,
Annex C.

9.1.3 Examples

In the example code below, the 1Proc reset and scan can be re-used for IEEE 1149.10. The
1ITMSReset and 1ITRST ON/OFF commands document the iIRESET packet and the 1Apply can be
converted to the CH-Select packet and SCAN packet.

# File IO.pdl
#Set PDL Level
iPDLLevel 0 -version STD 1149 1 2013
1ProcGroup IO

iProc reset and scan -export -TMSreset -TRSTreset ({
1TMSReset

iTRST ON

1TRST OFF

1Write test enable

iRead ready

1Apply

}

<EQF>

#File P1149 10 TOP.pdl
1Source IC.PDL
1PDLLevel 0 -version STD_llﬂQ_lD_ZUl?

#Configure and enumerate first two IEEE 1149.10 circuits
iConfig 0x0001
iConfig 0x0002

#Target circuit with Target ID of 0x0001
iTarget 0x0001
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# re-use the IEEE 1149.1 PDL as IEEE 11459.10 packets
1Call Ul.IO(1l) .reset_and scan

<EQF>

9.2 iConfig command

9.2.1 Description

The 1Config PDL command is used to specify a Target ID for an un-configured IEEE 1149.10 circuit. A
tool that understands IEEE 1149.10 PDL would convert this command to the CONFIG packet and expect a
CONFIGR packet in response. The -nofail parameter is used to specify that the CONFIGR packet contents
of the CONFIGR response packet should be ignored. The -noResponse parameter 1s used to specify that no
CONFIGR packet should be expected. The -nofail and -noResponse parameters are standardized
parameters for user convenience for troublesome first silicon. A PEDDA 1s required to return a response for
compliance.

9.2.2 Specifications

Syntax
<iConfig_cmd> ::= iConfig <Target |ID> | <Target ID> <iConfig_param> <ct>

<Target |ID> ::= <bin_num> | <hex_num> | <dec_num>
<|Config_param> ::= -nofail | -noResponse

a) Target ID shall be a 16-bit value greater than zero.
b) When -nofail is specified, a CONFIGR response packet contents shall be ignored.
c) When -noResponse is specified, a CONFIGR response packet shall not be expected.

9.2.3 Examples

#Set PDL Level
1PDLLevel 0 -version STD 1149 10 2017

#Configure and enumerate first IEEE 1149.10 circuit
1Config 0x0001

#Configure and enumerate the next IEEE 1149.10 circuit,
without regard to the response packet
iConfig 0x0002 -nofail
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9.3 iTarget command

9.3.1 Description

The 1Target PDL command 1s used to specify a given IEEE 1149.10 circuit by TARGET 1ID. A tool that
understands IEEE 1149.10 PDL would convert this command to the TARGET packet and expect a
TARGETR packet in response. The -nofail parameter 1s used to specify that the TARGETR packet contents
should be 1ignored. The -noResponse packet 1s used to specify that the TARGETR response should not be
expected due to some defect or scenario preventing responses.

9.3.2 Specifications

Syntax
<iTarget cmd> ;= iTarget <Target ID> | <Target ID> <iTarget param=> <ct>

<Target |ID> ::= <bin_num=> | <hex_num> | <dec_num>
<|Target param> ::= -nofail | -noResponse

a) Target ID shall be a 16-bit value greater than zero and equal to a previous 1Config Target ID.
b) When -nofail 1s specified, a TARGETR response packet contents shall be 1gnored.
¢) When -noResponse is specified, a TARGETR response packet shall not be expected.

9.3.3 Examples

$Set PDL Level
iPDLLevel 0 -version STD_1149_1D_2U17

#Configure and enumerate first two IEEE 1149.10 circuits
iConfig 0x0001
1Config 0x0002

#Target circult with Target ID of 0x0001
1Target 0x0001

# do some operations with target 0x0001

#Target second circuit with Target ID of 0x0002,

fwhich de-selects the first device and 1gnore the contents
#of the TARGETR

iTarget 0x0002 -noFail

# ignore the lack of TARGETR response

1Target 0x0002 -noResponse
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9.4 iReset10 command

9.4.1 Description

The 1Reset]l0 PDL command specifies the RESET packet, which asserts/de-asserts various reset types of
the IEEE 1149.10 PEDDA. The iReset10 has some overlap with the IEEE 1149.1 iReset and 1TRST PDL
commands 1n that the -Reset]l0_ Assert parameter documents a packet that asserts the Reset® equivalent
RESET10* signal and the -TRST10_ On parameter asserts the TRST* internal signal. When re-using IEEE
1149.1 PDL code with a IEEE 1149.10 interface, the iReset and 1TRST commands also generate the
RESET10 packet.

A RESETR packet 1s expected as a response unless the -noResponse parameter 1s set. The contents of the
RESETR packet is ignored when the -nofail parameter 1s set.

The signal RESET10* 1s momentarily asserted when the RESET packet TYPE field bit 0 is a 1 [see rule
6.4.2 ¢)] so there 1s no equivalent command necessary to de-assert it. The value 1s not persistent from one
PDL command to the next. Similarly the -TargetRST Assert parameter causes bit 2 of the TYPE field to be
asserted to clear the TARGET ID. It 1s automatically de-asserted and therefore also non-persistent from
one PDL command to the next. The TRSTI0 1s a toggle function due to legacy IEEE 1149.1 reasons.
TRSTIO remains persistent from one PDL command to the next and must be de-asserted with -
TRSTI0 off.

The -Type parameter allows the user to specify user-defined bits of the TYPE field directly.

9.4.2 Specifications

Syntax
<iReset10 _cmd> ::= iReset10 <iResetSpec> | <iResetSpec> <iReset10 param> <ct>

<iResetSpec> ;.= <Reset10 val> | <TRST10 val> |

<TargetReset val> | <TypeSpec> | <iResetSpec>
<Reset10 val> ;= -Reset10_Assert
<TRST10 val> ::= -TRST10_on | -TRST10_off
<TargetReset val > ::= -TargetRST_Assert
<TypeSpec > ::= -Type <bin_num> | <hex_num> | <dec_num=>
<iReset10_param>=> ::= -nofail | -noResponse

Rules

a) The -Reset10 Assert parameter shall document a RESET packet with at least the RESET10 bit
asserted.

b) The -TRST10 On parameter shall document a RESET packet with at least the TRST10 bit asserted.

¢) The -TargetRST Assert parameter shall document a RESET 10 packet with at least the
TARGET 1D bit asserted.

d) When -nofail 1s specified, a RESETR response packet is expected but the contents of the packet are
ignored.

¢) When -noResponse 1s specified, a RESETR response packet 1s not expected.

9.4.3 Examples

#Set PDL Level
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iPDLLevel 0 -version STD_1149_10_2U17

#Configure and enumerate first three IEEE 1149.,10 circuits
iConfig 0x0001
iConfig 0x0002
1Config 0x0003

#Target device 0x0003
iTarget 0x0003

#Reset device 0x0003 PEDDA and toggle TRST10
1Resetl0 -Resetl0 Assert -TRST10 on
iResetl0 -TRST10 off

#this 1s equivalent to IEEE 1149.1 commands
iTMSReset

iTRST ON
1TRST QOFF

#this is equiwvalent to setting the wvalue directly to all zeros
iResetl( -Type 0x0000

iResetl0 -TRST On

iResetl0 -Resetl0 Assert # TRST is still asserted
1Resetl0 -TRST Off

# clear Target ID

1Resetl0 -TargetRST Assert

#Re—-Configure and target #3 enumerate

iConfig 0x0003

#Target device 0x0003
iTarget 0x0003

9.5 iRaw command

9.5.1 Description
The 1IRaw command documents the RAW packet and sets the PEDDA into loopback mode where data 1s

received at the IEEE 1149.10 interface without any packet format and retransmitted. The raw data sent is
encoded as specified in the HSTAP attribute (see 6.5.2 and 7.3).

9.5.2 Specifications

Syntax
<i[Raw_cmd> ;= iRaw | iRaw <iRaw_param> <ct>

<iRaw_param> ::= -nofail | -noResponse
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Rules
a) When -nofail is specified, a RAWR response packet i1s expected but the contents of the packet are

ignored.
b) When -noResponse is specified, a RAWR response packet is not expected.

9.5.3 Examples

#Target PEDDA of dewvice 0x0001
iTarget 0x0001

#Set device 0x0001 into raw mode
1Raw

#Execution of PDL will not function after this
#command until the HSTAP/PEDDA are re-configured

9.6 iBond command

9.6.1 Description

The iBond command is used to enter a multi-lane channel bonded mode. Software that understands IEEE
1149.10 PDL would generate a BOND packet when the iBond command is specified.

9.6.2 Specifications

Syntax
<iBond_cmd> ::= iBond <Lane> | <Lane> <iBond_param> <ct>

<Lane> ::= <bin_num> | <hex_num> | <dec_num>
<iBond param> ::= -nofail | -noResponse

Rules

a) <Lane> shall indicate an even number of HSTAP lanes that will participate in channel bonding.

b) When -nofail is specified, a BONDR response packet is expected but the contents of the packet are
ignored.

c) When -noResponse is specified, a BONDR response packet is not expected.

9.6.3 Examples

#Target PEDDA of device 0x0001
1Target 0x0001

#Bond 2 lanes for use
iBond 0x2
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9.7 Standardized PDL procedures

9.7.1 Description

When an IEEE 1149.1 TAP 1s required for enabling IEEE 1149.10 compliance then there are two PDL
routines that are required such that a software tool can perform the necessary scan sequences to enable

compliance or disable it. The two 1Procs are Enable 1149 [0 and Disable [149 [0. IEEE 1149.10 also
specifies a Disable Rawmode procedure.

9.7.2 Specifications

Rules

a) The Enable 1149 10 and Disable 1149 [0 PDL procedures shall be a level 0 or level 1 IEEE
1149.1 1Proc.

b) The steps in the iProc Enable 1149 10 shall document how to enter compliance by configuring
the HSTAP and assert the signal Enable 1149 10.

¢) The steps in the 1Proc Disable 1149 10 shall document how to exit compliance and de-assert
Enable 1149 10.

NOTE—The 1Proc Disable 1149 10 1s a valid IEEE 1149.1 PDL procedure, however, the access to the scan-
channels described is via the P1149.10 HSTAP.

d) The Disable Rawmode PDL procedure shall be a level 0 IEEE 1149.1 iProc.

9.7.3 Examples

Figure 7 shows an example TDR that is used to set the Enable 1149 10 signal. A snippet of BSDL for an
IC that uses this TDR is as follows:

attribute REGISTER MNEMONICS of MyIC : entity is
"Compvalue (Enable 1149 10 (0OBl) < Enable compliance >, "&
" Disable 1149 10 (0BO) < Disable compliance >) ";

attribute REGISTER FIELDS of MyIC : entity 1is

"MyTDR[1] ( "&

"(Compliance [1] IS (0) PORRESET (Compvalue (Disable 1149 10) )
:]IIE:

] ] :I Il';
The Enable 1149 10 and Disable 1149 10 PDL procedure examples are as follows:

iPDLLevel 0 -version STD 1149 1 2013
iProcGroup MyIC

iProc Enable 1149 10{ } {

1Write Compliance Enable 1149 10
iApply

}
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iProc Disable 1149 10{ } {

iWrite Compliance Disable 1149 10

iApply

}
When a TAP is present then it is recommended to provide a disable feature to take the HSTAP interface out
of RAW mode. The PDL Disable Rawmode procedure clears the RAWMODE set by the RAW packet.

attribute REGISTER MNEMONICS of MyRawModeIC: entity is
"Rawvalue (Set (0Bl) < Set Rawmode >, "&

" Clear (OBO) < Clear Rawmode set by IEEE 1149.10
>) "

attribute REGISTER FIELDS of MyRawModeIC : entity is
"MyTDRZ2[1] ( "&

"(Rawmode [1] IS (0) PORRESET (Rawvalue (Clear) ) ) " &
n } " ;

The PDL associated with MyRawModelC would be as follows:

1PDLLevel 0 -version STD 1149 1 2013
iProcGroup MyRawModelC

iProc Disable Rawmode { } {

1Write Rawmode Clear
iApply

}

10. Compliance verification

10.1 Overview

This clause provides a basic description of how compliance to the standard can be verified.

10.1.1 Description

This description is not prescribing how to test an IC but an outline of the steps required to validate

compliance, ideally pre-silicon. This section is informative, hence, there are no rules, recommendations, or
permissions.

10.1.2 Initialization steps
Step 1. Read the associated BSDL file.

Step 2. Perform the power-up sequence to the HSTAP and PEDDA circuitry.
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The following two steps are independent, as each provides a way for the HSTAP to be enabled for IEEE
1149.10 compliance.

Step 3. If an IEEE 1149.1 TAP is documented in BSDL and the COMPLIANCE VIA TAP parameter
of the HSTAP attribute is true, perform the following steps:

a. For a given PEDDA NAME, configure tester channels according to the specification in the
HSTAP attribute for RX 1149 10 and TX 1149 10. Supply any clocks as specified in the
<clocks_string> of the HSTAP attribute.

b. Enable IEEE 1149.1 compliance using the IEEE 1149.1 COMPLIANCE ENABLE attribute,
if any.

c. Follow the steps documented in the PDL procedure Enable 1149 10 to enable IEEE 1149.10
compliance on the signals provided in the HSTAP attribute.

d. If the HSTAP parameter IDLE CHAR REQUIRED is TRUE, send IDLE characters as
specified by the IDLE CHAR in the CONTROL CHARS attribute and continue sending
unless sending a CONTROL CHAR or the packets described in Clause 6.

e. Go to Step 3.

Step 4. For a given PEDDA NAME, configure tester channels according to the specification in the

HSTAP attribute for R}Z_1149_1I} and TX 1149 10. Supply any clocks as specified in the
<clocks_string> of the HSTAP attribute.

a. If the HSTAP parameter IDLE CHAR REQUIRED 1s TRUE, send IDLE characters as
specified by the IDLE CHAR in the CONTROL CHARS attribute and continue sending
unless sending a CONTROL CHAR or the packets described in Clause 6.

b. If a COMPLIANCE CHAR 1s specified in the CONTROL CHARS attribute, transmit the
COMPLIANCE CHAR to the HSTAP.

c. Goto Step 5.

Step 5. Ready to receive CONFIG packet.
10.1.3 Verification of CONFIG, TARGET, and RESET
Step 1. Set a variable n to Ox0001.

Step 2. Send the CONFIG packet with a TARGET ID of n using the encoding specified in the HSTAP
attribute parameter ENCODING 1149 10. Expect a response with the same TARGET ID.

Step 3. Send the CONFIG packet with a TARGET ID of n+1 using the encoding specified in the HSTAP
attribute parameter ENCODING 1149 10. Expect a CONFIG packet response with the TARGET 1D
of n+1.

NOTE—Because the circuit under test i1s configured for TARGET 1D of n, CONFIG packets received when the
circuit under test TARGET ID is non-zero should be forwarded.

Step 4. Send the TARGET packet with a TARGET ID of n using the encoding specified in the HSTAP
attribute parameter called ENCODING 1149 10. Expect a TARGETR response with the same
TARGET ID.

Step 5. Send the RESET packet with the TYPE field set to 0x04. Expect a response RESETR packet with
the same TYPE field. The TARGET ID should now be set to 0x0000.

Step 6. Repeat Step 2 through Step 5 for all possible TARGET 1Ds by incrementing n by one for each
iteration.
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10.1.4 Verification response packets are forwarded

Step 1. Send the CONFIG packet with a TARGET ID of 0x0001 using the encoding specified in the
HSTAP attribute parameter ENCODING 1149 10. Expect a CONFIGR response with the same
TARGET ID.

Step 2. Send the TARGET packet with a TARGET ID of 0x0001 using the encoding specified in the
HSTAP attribute parameter ENCODING 1149 10. Expect a TARGETR response with the same
TARGET ID.

Step 3. Send a TARGETR response packet with a TARGET 1D of 0x0002. Expect a TARGETR
response packet with a TARGET 1D of 0x0002. Repeat for all response packets in Table 2.

NOTE—Because all packets are examined by the PEDDA, the HSTAP to PEDDA connections are well
tested at the end of Step 3. 2'°-1 CRC32s have been received at the PEDDA and sent back out to the HSTAP.
Further validation can be done for those seeking additional verification by sending random scan
(PAYLOAD) data in a SCANR response packet as the imput to the HSTAP thus further validating the
HSTAP to PEDDA interface.

10.1.5 Verification of CRC32 check and ERROR_CHAR

Step 1.  Send the RESET packet with the TYPE field set to 0x00 but with the CRC32 value calculated
incorrectly. Expect a complete RESETR packet response with the same TYPE field followed by a
frame with an ERROR_CHAR or an incomplete RESETR packet response ending in a frame with an
ERROR_CHAR. Repeat with a different CRC32 value calculated incorrectly for all packets in Table 1.

10.1.6 Verification of IDLE frames

Step 1. Send the RESET packet with the TYPE field set to 0x00 as single frames interleaved with a
frame of IDLE characters. Expect a RESETR packet response with the same type field.

10.1.7 Verification that a bad CONFIG packet does not alter the TARGET _ID

Step 1. Send the RESET packet with the TYPE field set to 0x04 as single frames interleaved with a
frame of IDLE characters. Expect a RESETR packet response with the same type field.

Step 2.  Send the CONFIG packet with a TARGET 1D of 0x0001 using the encoding specified in the
HSTAP attribute parameter ENCODING 1149 10 and an incorrectly calculated CRC32 value. Expect
a CONFIGR response with the same TARGET ID and at least one frame that contains the
ERROR CHAR.

10.1.8 Validate that a CONFIG packet with a bad CRC32 value does not change the
TARGET _ID

Step 1.  Send the CONFIG packet with a TARGET 1D of 0x0001 using the encoding specified in the
HSTAP attribute parameter ENCODING 1149 10. Expect a CONFIGR response with the same
TARGET ID.

10.1.9 Validate CH-SELECT and SCAN packet for unique CH_SELECTs

Step 1.  Determine the first scan-channel with 1) a unique CH SELECT wvalue in a SCAN GROUP and
2) the scan-channel integer 1s not listed in the NO _OVERSHIFT attribute.

NOTE—These steps perform over-shifting of a scan-channel, hence, those scan-channels that do not allow
over-shifting should be excluded from these steps. The steps assume that the scan-channels are IEEE 1149.1
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or [EEE 1500 [B1] compliant and, therefore, there are an even number of inversions in the scan-channel,
otherwise the expected sentinel value requires adjustment.

Step 2. Set a variable j to OxAA

Step 3. Send the CH-SELECT packet for the scan-channel and the SCAN GROUP number that the
selected scan-channel 1s 1n.

Step4. Expect a CH-SELECTR packet response with the same scan-channel selected and calculated
CRC32.

Step 5.  Send the SCAN packet for the scan-channel selected. Use a scan-in sentinel value of j as data to
be shifted first asserting C and S 1n the ICSU field. Set the SCAN packet Cycle-Count to the length of

the scan-channel plus eight.

Step 6.  Expect a SCANR packet response with the j value as the first received value. Validate known
scan-channel capture values that may be described in BSDL.

Step 7. Repeat Step 3 to Step 6 setting variable j to 0x55.

Step 8. Repeat Step 2 to Step 7 for the next scan-channel with 1) a unique CH _SELECT wvalue in a
SCAN GROUP and 2) the scan-channel integer is not listed in the NO OVERSHIFT attribute.

10.1.10 Validate CH-SELECT and SCAN packets that have a common CH_SELECT

Step 1.  Determine the first SCAN GROUP with scan-channels that share a common CH SELECT value
and at least one scan-channel integer in the SCAN GROUP is not hlisted in the NO OVERSHIFT
attribute.

NOTE—These steps perform over-shifting of a group of scan-channels, hence, those scan-channels that do not
allow over-shifting should be excluded from these steps.

Step 2. Set a variable ) to OxAA.

Step 3. Send the CH-SELECT packet for the scan-channels that are not listed in the NO OVERSHIFT
attribute.

Step4. Expect a CH-SELECTR packet response with the same scan-channels selected and calculated

CRC32.

Step 5. Set a variable len to the length of the shortest scan-channel in the currently selected
SCAN GROUP.

Step 6. Set a variable cyclecount to len plus eight. Use a scan-in sentinel value of j as data to be shifted

in first in each scan-channel participating (each scan-channel asserted in the CH-SELECT packet) and
create a SCAN packet asserting C in the ICSU field.

Step 7. Set the SCAN packet Cycle-Count to the variable cyclecount. Send the SCAN packet for the
scan-channels selected asserting S in the 1CSU field.

Step 8. Expect a SCANR packet response with the j value as the first received data on each scan-channel
with a length of len. Validate known scan-channel capture values that may be described in BSDL.

Step 9. Set a variable newlen to the length of the next longest scan-channel in the SCAN GROUP. Set
the cyclecount variable to newlen minus len. Set the variable len to newlen. De-assert C in the ICSU
field for subsequent SCAN packets.
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Step 10. Repeat Step 7 to Step 9 until all scan-channels in the SCAN GROUP that are not in the
NO OVERSHIFT list are validated.

Step 11. Repeat Step 5 to Step 10 setting variable j to 0x55.
10.1.11 Validate the RAW packet

Step 1. Send the RAW packet.

Step 2. Expect a RAWR packet response.

Step 3. Send the CONFIG packet with a TARGET ID of 0x0001.

Step 4. Expect a CONFIG packet with the same TARGET ID.

NOTE—Expect a CONFIG packet returned here and not the CONFIGR as the interface should remain in
constant raw mode loopback.

Step 5. Perform a power-on reset of the HSTAP and PEDDA such that loopback mode can be exited.
10.1.12 User-defined verification

Step 1. Perform user-defined wverification steps using PDL and/or automatic test-pattern generation
(ATPGQG) patterns.
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