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Abstract

This paper presents a novel circuit and protocol that
can be used in system backplanes to provide a
connection method between backplane and board
level IEEE 1149.1 serial buses. While the basic
objective of this approach is to provide a simple
1149.1 backplane to board connection method, it can
be expanded to include other features, some of which
are similar to those being developed in the IEEE
P1149.5 and P1394 backplane serial bus standards.

1.0 Introduction

The concept of a simple, cost-effective serial bus
grobocol providing linkage between 1149.1 board and

ackplane environments has been developed. This
serial bus protocol operates on the backplane, usin
the signal wires defined in 1149.1, to address an
select one of the boards in a backplane. Once
selected, the board can be communicated to using
the standard 1149.1 bus protocol. In general, the
technique described in this paper can be applied to
any type of bus. However, in this paper it is
described as a feature added to the IEEE/ANSI
1149.1 standard serial bus designed for boundary
scan testing of ICs at the board level [1]. The author
assumes the reader has a basic understanding of the
1149.1 standard.

The approach described in this paper is based on a
unique protocol. This protocol can be embedded in
existing serial bus protocols and invoked, during
times when the buses are in an idle or non-
operational state, to address and select a slave
device for access by a serial bus master. After the
protocol has been used to connect a serial bus slave
up to a serial bus master, it relinquishes control of
the bus, and allows the bus to revert back to its
normal mode of operation. One of the advantages of
this approach is that it does not require modifying
the protocol of the serial bus it is used with.
Therefore, upgrading a preferred or existing serial
bus to include the connection method provided by
the protocol can be less costly and time consuming
than a complete redesign approach.

The term “serial bus slave” used in this paper
represents any logic module capable of being
interfaced to and controlled by a serial bus master.
While this papers describes serial bus slaves as
being boards in a backplane, they could also be:
sub-circuits in an IC, ICs on a multi-chip module,
ICs on a board, backplanes in a subsystem, or
subsystems in a system. The term “serial bus
master” used in this paper represents any logic

module capable of interfacing to and controllin%a
serial bus slave. While this paper will illustrate the
serial bus master as existing on the backplane
wiring, it actually exists either in a backplane board
or as an external tester connected to the backplane.

2.0 Background

As the use of 1149.1 continues to grow, more
interest is being focused on how to access 1149.1
board designs in a backplane environment. Several
methods of accessing 1149.1 boards in a backplane
environment have been proposed. The following is a
brief description of each of these methods.

2.1 Using 1149.1 at the Backplane Level

The 1149.1 standard describes a 4-wire serial bus
that can be used to transmit serial data between a
serial bus master and slave device. The 1149.1 bus
consists of a test mode seledt (TMS) si%\al, a test
clock (TCK) signal, a test data outYut (TDO) signal
and a test data input (TDI) szﬁna . The TMS an
TCK signals are output from the master and input
to the slave. The TDO output from the master is
input to the TDI input of the slave, and the TDO
output from the slave is input to the TDI input of
the master. During serial access, the master
outputs control on TI&S and clock on TCK to allow
serial data to be transferred between the master and
slave, via the TDO and TDI bus connections.

While 1149.1 was developed to serially access ICs on
a board, it can be used at the backplane level to
serially access boards.. 1149.1 has two serial access
configurations, referred to as “ring” and “star”, that
can be used at the backplane level. The following
describes both configurations and identifies
rot])lems with each wﬁen used at the backplane
evel.

2.1.1 1149.1 Backplane Ring Configuration

In a backplane 1149.1 ring configuration, all boards
directly receive the TCK and TMS control outputs
from a primary serial bus master (PSBM) and are
daisy chained between the PSBM's TDO output and
TDI input. During scan operation, the PSBM
outputs control on TMS and TCK to scan data
through all boards in the backplane, via its TDO and
TDI bus connections. The problem associated with
the ring configuration, is that the scan operation
onl{ works if all the boards are included in the
backplane and are operable to scan data from their
TDI input to TDO output. If one of the boards is
removed or has a fault, the PSBM will be unable to
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scan data through the backplane. Since the ring
configuration does not allow access to remaining
boards when one is removed or disabled, it does not
fully meet the needs of a backplane serial bus.

2.1.2 1149.1 Backplane Star Configuration

In a backplane 1149.1 star configuration, all boards
directly receive the TCK and TDI signals from the
PSBM and output a TDO signal to the PSBM. Also
each board receives a unique TMS signal from the
PSBM. In the star configuration only one board is
enabled at a time to be serially accessed by the
PSBM. When a board is enabled, the TMS signal
associated with that board will be active while all
other TMS signals are inactive. The problem with
the star configuration is that each board requires its
own TMS signal. In a backplane with 50 boards, the
PSBM would have to gave 50 individually
controllable TMS signals, and the backplane would
have to have traces for each of the 50 TMS signals.
Due to these requirements, star configurations are
typically not considered for f)ackplane applications.

2.2 Interfacing 1149.1 to other IEEE Buses

Two IEEE serial bus standards, P1149.5 and P1394,
are in development for use in system backplanes.
Since these standards are being specifically designed
for backplane applications, they overcome the
E{roblems stated using 1149.1 as a backplane bus.

owever, the protocols of these anticipated
standards are different from the 1149.1 protocol and
therefore methods must be defined to translate
between them and 1149.1. The following sections
describe each backplane bus and identify problems
with each when used to interface into 1149.1 board
environments.

2.2.1 Interfacing P1149.5 to 1149.1

The P1149.5 standard working group is defining a
module test and maintenance bus that can be used
in system backplane environments (2,3]. P1149.5 is
a single master/multiple slave bus deﬁngd by a 5-
wire interface. Two of the wires are used for
transferring serial data between the bus master and
slave devices, one wire is used as a clock, one wire is
used to control the operation of the bus, and one
wire is used as a pause request from a slave to the
master. The P1149.5 bus master initiates a data
transfer operation by transmitting a data packet to
all slave devices. '{he data packet consists of an
address and command section. The slave device
with a matching address is enabled to respond to the
command section of the data packet as described in
the P1149.5 standard proposal.

While the P1149.5 is a good data transfer type
backplane bus for high-emf commercial and military
systems, its cafpabilities may exceed the
requirements of some middle and low-end
commercial systems that don’t require or support its
command set. Interfacing P1149.5 into an 1149.1

environment can be done but the system hardware
and software designers must have an understanding
of both bus types. One of the problems, therefore, in
using P1149.5 to only interface into an 1149.1
environment, is that it adds an unnecessary
complication to an otherwise simple serial access
approach. Another problem is that the bandwidth of
tlge 1149.1 serial data transfer may be adversely
affected by the P1149.5 to 1149.1 protocol conversion
process.

2.2.2 Interfacing P1394 to 1149.1

The P1394 standard working group is defining a 2-
wire high-speed serial bus that can be used in either
a cable or system backpiane environment [4]. The
P1394 standard, unlike P1149.5, is not a single
master/multiple slave type bus. In P1394, all
devices (nodes) connected to the bus are considered
to be of equal mastership. Control of the bus is
achieved by one node winning an arbitration contest
with the other nodes in the network. Once a node
wins control of the bus, it can transfer data to or
from any other node in the network. The fact that
P1394 can operate on a 2-wire interface makes this
bus attractive in newer 32-bit backplane standards
where only two wires are reserved for serial
communication [5,6,7,8]. However, there are
problems in using P1394 as a backplane test bus to
access 1149.1 board environments.

The first problem is that P1394 is significantly more
complex in operation than 1149.1, thus devices
designed to translate between P1394 and 1149.1
may be costly. The second problem is that P1394 is
not a full time test bus, but rather it is a general
purpose serial communication bus. Its primary

urpose in a backplane environment is to act as a

ackup interface in the event the parallel interface
between boards becomes disabled. While 1149.1 test
access can be achieved via P1394, it will be available
only during time slices when the bus is not handling
functional operations. Thus on-line 1149.1 test
access will be limited and must be coordinated with
other transactions occurring on the P1394 bus.

2.3 Extending 1149.1 for Backplane Usage

Another method of achieving a backplane to board
level interface is to extend the protocol defined in
the 1149.1 standard. Such an approach has been
described in a paper presented at the 1991
International Test Conference by D. Bhavsar [9].
While the approach described in the paper has the
same basic goal in mind as the one presented in this
paper, they are fundamentally different in the
method used to achieve the goal.

The Bhavsar paper describes a method of extending
the protocol of 1149.1 to where it can be used to
access an interface circuit residing between the
backplane and board level 1149.1 buses. The
interface circuit responds to 1149.1 protocol
transmitted over the backplane bus to load an



address. If the address matches the address of the
interface circuit, the interface circuit is connected to
the backplane. After the interface circuit is
connected to the backplane, additional 1149.1
protocol is input to the interface circuit to connect
the backplane and board level 1149.1 buses.
Following this connection procedure, the board level
1149.1 bus can be controlled by the backplane
1149.1 bus. While Bhavsar’s approach is an
interesting one, it has one problem that limits its
effectiveness as a general purpose 1149.1 backplane
to board interfacing method.

The problem is that the approach does not allow for
selecting one board, then selecting another board
without first resetting the backplane and board level
1149.1 buses, by transitioning them into their test
logic reset (TLRST) state. %‘.ntering the TLRST
state causes test conditions setup in the ICs of a
previously selected board to be lost due to the test
reset action of the 1149.1 bus on the test access
ports (TAPs) of the ICs,

For example, if the interconnects between two
boards are to be tested, it is necessary to select and
setup one of the boards to output a test pattern,
then select the other board to receive the test
pattern. With the described approach, the only way
to select the second board, after the first board has
been selected and setup, is to place the backplane
serial bus in its TLRST state. The action of placing
the backplane 1149.1 bus in it TLRST state clears
out the test pattern setup in the first selected board,
so the second selected board cannot receive the
intended test pattern.

In another example, it may be desirable to select
and initiate self-tests in a selected group of
backplane boards. However, since the approach
requires resetting the 1149.1 bus each time a new
board is selected, it is impossible to self-test more
than one board at a time, gecause resetting the bus
aborts any previously initiated self-test.

3.0 A New Backplane Access Approach

The backplane access approach described in this
paper provides a method of using the 1149.1 bus at
the backplane level without incurring the problems
previously described. Using this approach, it is
envisioned that one homogeneous serial bus may be
used throughout a system design, rather than
translating between multigle serial bus types.
Employinf a common serial bus in system designs
can simplify software and hardware engineering
efforts, since only an understanding of one bus type
is required.

A circuit, called an addressable shadow port (ASP),
and a protocol, called a shadow protocol, have been
defined to provide a simple method of directly
connecting 1149.1 backplane and board buses
together. When the 1149.1 backplane bus is in
either its run test/idle (RT/IDLE) or TLRST state,

the ASP can be enabled, via the shadow protocol, to
connect a target board’s 1149.1 bus up to the
backplane 1149.1 bus. After the shadow protocol
has been used to connect the target board and
backplane buses together, it is disabled and becomes
transparent to the operation of the 1149.1 bus
protocol.

A board example using the ASP is shown in Figure
1. The board consists of multiple ICs and an ASP.
The ICs operate, when connected to the 1149.1
backplane bus, via the ASP, as described in the
1149.1 standard. The ASP has a primary port for
connection to the backplane 1149.1 bus, a secondary
port for connection to the board 1149.1 bus, and an
address input. The primary port signals are labeled;
PTDI, PTDO, PTCK, and PTMS. The secondary
gort signals are labeled; STDI, STDO, STCK, and

TMS. The address input to the ASP is a bina
value used to identify the board on which the AS
mounted.
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FIGURE 1 Board Using ASP Circuit

In Figure 2, multiple boards, similar the one in
Figure 1, are shown interfaced to a PSBM via ASPs,

en one of the boards needs to be accessed, the
PSBM transmits a selection shadow protocol, called
a select protocol, to address and enable the ASP of
the selected board. The PSBM transmits the select
protocol while the backplane 1149.1 bus is in either
the RT/IDLE or TLRST state. The select protocol
contains an address that is used to match against
the address input to the ASP. All ASPs receive the
select protocol, but only the one with the matching
address is selected.

In response to the select protocol, the selected ASP
transmits an acknowledgement shadow protocol,
called an acknowledge protocol, to the PSBM to
verify reception of the select protocol. The
acknowledge protocol contains the address of the
selected ASgP to allow the PSBM to verify the correct
ASP was selected. After transmitting the
acknowled%e protocol, the selected ASP makes a
connection between its primary and secondary ports.



In response to the acknowledge protocol, the PSBM
communicates to the selected anrd using the 1149.1
bus protocol. If the PSBM does not receive an
acknowledge protocol, it assumes the board has been
removed or 1s disabled and will not attempt to
communicate to it using the 1149.1 protocol.
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FIGURE 2 Backplane ASP Connections

After the PSBM completes its 1149.1 access of the
currently selected board, it can output a new select
protocol to select another board’s ASP. In response
to the new select protocol, the newly selected ASP
transmits an acknowledge protocol back to the
PSBM, then connects its primary and secondar
ports. Also in response to the new select protocol,
the previously selected ASP breaks the connection
between its primary and secondary ports. The
disconnecting ASP remains in the state the
backplane 1149.1 bus was in when the disconnect
occurs, i.e. the 1149.1 RT/IDLE or TLRST state.
The ability to disconnect and leave a board level
1149.1 bus in the RT/IDLE state is very important
since it allows leaving a board in a test mode while
other boards are being selected and accessed.

A key objective in developing this backplane access
approach was des'iﬁ'ning the select and acknowled
protocols so that they could be transmitted, via the
4-wire 1149.1 bus, without infringing upon the
1149.1 bus protocol. This objective was met by
specifying that the select and acknowledge protocols
could not use the 1149.1 TMS signal, and that the
grotocols could only be transmitted while the 1149.1

us is idle in its RT/IDLE state or reset in its
TLRST state.

In the RT/IDLE and TLRST states, TDO and TDI
are disabled and pulled high (via pull-ups on TDI),
TCK free runs, and TMS is held at either a logic
zero or one state. While the 1149.1 bus is in one of
these two states, the PSBM can output the select
protocol from the PSBM’s TDO output to the PTDI
inputs of the ASPs, and receive the acknowledge
protocol from the selected ASP’s PTDO output on
the PSBM’s TDI input. Since the 1149.1 bus is
inactive, the transmission of the select and

acknowledge protocols is transparent to the 1149.1
bus, and does not infringe upon its protocol.

3.1 Design of Select/Acknowledge Protocols

To transmit the select and acknowledge protocols
without using the TMS control signal, a bit-pair
signaling method was designed to allow control and
data to be transmitted together on a single wiring
channel. During select protocols, the bit-pair
signaling method allows the PSBM to transmit
control and data from its TDO output to the ASP’s
PTDI input. Durin acknowledie protocols, the bit-
pair signaling method allows the selected ASP to
transmit control and data from its PTDO output to
the PSBM’s TDI input. Both protocols include
control to indicate: an idle condition, a start data
transfer condition, and a stop data transfer
condition. In addition, both protocols include a
method of transmitting data during the interval
between the start and stop data transfer conditions.

The bit-pair signals are output from the
transmitting device (PSBM or ASP) on the falling
egge of the TCK and input to the receiving device
(PSBM or ASP) on the rising edge of the TCK. Since
this timing is consistent with 1149.1 timing,
upgrading a PSBM to support this approach is
simply a matter of forcing the TMS output to hold
its present state (“0” for RT/IDLE and “1” for
TLRST) while using normal 1149.1 scan operations
to transmit and receive the select and acknowledge
protocols. The simplicity of this approach makes it
an attractive addition to the 1149.1 test bus. The
bit-pair signals used in the select and acknowledge
protocols are defined in the following list.

Idle Bit-Pair — an encoded control signal (I) identified by
the transfer of two successive logic one bits from a
transmitter to a receiver.

Select Bit-Pair — an encoded control signal
the transfer of two successive logic zero bits
transmitter to a receiver.

(S) identified by

om a

Logic 1 Bit-Pair — an encoded logic one signal (D)
identified by the transfer of a logic zero bit followed by a
logic one bit from a transmitter to a receiver.

ic 0 Bit-Pair - an encoded logic zero signal (D)
identified by the transfer of a logic one bit followed by a

logic zero bit from a transmuitter to a receiver.
3.2 Framing of Select/Acknowledge Protocols

A diagram of the select and acknowledge protocols
beins transmitted while the 1149.1 bus is in its
RT/IDLE state is shown in Figure 3. The T signals
shown in the protocol sequence indicate when the
TDO to PTDI and PTDO to TDI wiring channels are
tristate and pulled high. The first sequence framed
between the first and second I signals is the select
B}'I?tocol output from the PSBM to the ASP (TDO to

DI). The second sequence framed between the
first and second I signals is the acknowledge
protocol output from the selected ASP to the PSBM



(PTDO to TDI). The select protocol always precedes
the acknowledge protocol as shown in the diagram.
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FIGURE 3 Select and Acknowledge Protocols

The I signal at the beginninf of each protocol is
designed to be indistinguishable from the preceding
T signals. This avoids unintentional entry into a
select or acknowledge protocol when the 1149.1 bus
enters the RT/IDLE state after a scan operation.
However, the I signal at the end of each protocol is
desi%ned to be distinguishable from the preceding S
and D signals so that it can be used to terminate the
protocol. Inside each protocol, first and second S
signals are used to frame the address which is
defined by a series of D signals. The logic zero and
one D signals are distinguishable so that the binary
address can be recovered.

3.3 ASP Circuit Description

A circuit example of the ASP is shown in Figure 4.
The ASP consists of a receiver circuit (RCR), a
transmitter circuit (XMT), a slave control circuit,
multiplexers (MX1 and MX2), a power up reset
circuit (PRST), and a reset address (RSTA). The
primary port signals (PTDI, PTMS, PTCK, PTDO)
connect to the backplane level 1149.1 bus. The
secondary port signals (STDO, STMS, STCK, STDI)
connect to the board level 1149.1 bus. The address
input bus receives the board address.

3.3.1 ASP Receiver Circuit

The receiver circuit consists of a controller and a
serial input/parallel output (SIPO) register. The
PTDI signal from the PSBM is input to the
receiver’s SIPO register to supply the serial address
during select protocols, and input to the receiver’s
controller to regulate the receiver during select

rotocols. The parallel address output from the

IPO is input to the slave control circuit via the
address input (AI) bus. The status output from the
receiver is input to the slave controller circuit to
indicate when a select protocol has started, when
the address is ready to read, and when the select
protocol has completed. The control bus input to the
receiver from the slave control circuit enables the
receiver to respond to a select protocol input. The

receiver is only enabled when the backplane 1149.1
bus is in the RT/IDLE or TLRST state.

The receiver’s controller determines when a first “I-
S-D” signal sequence occurs on PTDI, indicating the
start of a select protocol and address input. In
response to this input sequence, the controller
enagles the SIPO to receive the serial address input
on PTDI. The controller determines when a first
“D-S-I” signal sequence occurs on PTDI, indicating
the end of the address input and select protocol. In
response to this input sequence, the controller
signals the slave control circuit, via the status bus,
to read the address, then terminates the select
protocol input operation.
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FIGURE 4 ASP Circuit Example
3.3.2 ASP Transmitter Circuit

The transmitter circuit consists of a controller and a
parallel input/serial output (PISO) register. The
transmitter’'s PISO register receives parallel data
from the slave control circuit via the address output
(AO) bus, and outputs the address serially to the
PTDO output via the acknowledge protocol output
(APO) signal and MX1. The transmitter’s controller
receives control input from the slave control circuit
via the control bus, and outputs status to the slave
control circuit via the status bus. The control input
regulates the parallel to serial conversion process
that takes place during the acknowledge protocol.
The control input only enables the transmitter to
output an acknowledge protocol when the backplane
1149.1 bus is in the ETKDLE or TLRST state. The
status output informs the slave control circuit of the
transmitters status, i.e. whether the acknowledge
protocol is in progress or complete.

At the beginning of an acknowledge protocol, the
slave control circuit enables MX1 and the 3-state
buffer (3SB) to pass the APO signal from the
transmitter to the PTDO output. The slave control



circuit then inputs the board address to the
transmitter via the AO bus. In response to the
address input, the transmitter outputs an I and S
signal on PTDO to start the acknowledge protocol,
then transmits the address on PTDO. After the
address is shifted out, the transmitter circuit
outputs an S and I signal sequence to stop the
acknowledge protocol.

3.3.3 ASP Slave Control Circuit

The slave control circuit regulates the operation of
the transmitter, receiver, and multiplexers durin
select and acknowledge protocols. The slave contro
circuit is clocked by the PTCK input from the
primary port. The PTMS input from the primary
port indicates to the slave control circuit when the
1149.1 bus is busy, idle or reset. While the
backplane bus is idle (RT/IDLE) or reset (TLRST)
the slave control circuit enables the transmitter and
receiver circuits. The status buses from the receiver
and transmitter circuits are used to input status to
the slave control circuit. The Al bus from the
receiver inputs the address received during select
protocols. The AQ bus from the slave control circuit
outputs the board address to the transmitter during
acknowledge protocols. The address input from the
reset address (RSTA) allows resetting the ASP in
response to a reset address input during a select
protocol. The input from the power up reset circuit
(PRST) allows resetting the ASP at power up.

During select ?rotocols, the slave control circuit
receives parallel address input from the receiver via
the Al bus. The slave control circuit compares the
received address against the board address. If the
addresses match, the ASP responds by outputting
an acknowledge protocol.

During the acknowledge protocol, the slave control
circuit outputs control to the transmitter to load the
board address and initiate the acknowledge protocol.
After the acknowledge protocol has been
transmitted, the slave control circuit outputs control
to connect the primary and secondary ports.

34 Resetting the ASP

When power is first apglied to the ASP, the slave
control circuit is reset by input from the power-up
reset circuit (PRST). en reset, the transmitter
and receiver circuits are initialized and the primary
and secondary ports are disconnected by disablin
the STDO and PTDO outputs and setting the STM
output high. The STCK output always outputs the
PTCK input. If desired, a reset input could be used
to reset the ASP as well.

The ASP can also be reset by inputting a select
protocol with an address that matches the reset
address (RSTA) inside the ASP. If the address input
matches the reset address, the ASP is reset to the
same state as described in the power-up reset. The
reset address is the same for all ASPs so that a

global reset of all ASPs can be achieved by the
transmission of a single select protocol containing
the reset address. The reset address is unique from
the board addresses. A preferred value for the reset
address is zero, since board addressing will usually
start with an address of one. An acknowledge

rotocol is not transmitted after a reset address has
geen received, to avoid contention on the PTDO
outputs of multiple ASPs.

3.6 Disconnecting a Selected ASP

When 1149.1 access to another board is required, a
new select protocol is issued from the PSBM. When
the previously selected ASP receives the new select

rotocol its primary and secondary ports are
gisconnected. If the new select protocol was issued
while the backplane 1149.1 bus was in its RTI/IDLE
state (PTMS=0), MX2 of the disconnecting ASP
outputs a logic zero on STMS, to force the board
level 1149.1 bus to remain in the RT/IDLE state. If
the new select protocol was issued while the
backplane 1149.1 bus was in its TLRST state
(PTMS=1), MX2 of the disconnecting ASP outputs a
logic one on STMS, to force the board level 1149.1
bus to remain in the TLRST state. Once again, the
ability to maintain the RT/IDLE state on a
disconnected board is very important because it
allows tests to be setup and executed on more than
one board at a time.

3.6 Advantages in Using ASPs

When comparing the described 1149.1 star
configuration against the ASP configuration of
Figure 2, it is clear that the ASP approach
eliminates the need for additional TMS signals
required by the star configuration. Thus the ASP
provides a method of overcoming the problem stated
for the 1149.1 star configuration.

Also, when comparing the use of different backplane
buses to interface into 1149.1 board environments vs
using the ASP, it is clear that the ASP does not
require use of sophisticated, and bandwidth
reducing translation circuitry. Thus the ASP
provides a method of overcoming the problems
related with using different backplane buses to
access 1149.1 board environments.

Further, since the select and acknowledge protocols
can be transmitted while the 1149.1 bus is in either
the RT/IDLE or TLRST states, the board being
disconnected can be left in either an idle or reset
state. Thus the ASP provides a method of
overcoming the forced-reset-on-disconnect problem
associated with the approach described by Bhavsar.

4.0 Commandable ASPs

In small backplanes, a single centralized PSBM may
be all that is necessary to serially access boards for
test and maintenance operations. However, as the
number and complexity of boards in a backplane



grows, the serial access task increases to where a
single centralized PSBM cannot handle the task in a
timely manner. Anticipating the need for
distributed test control, the ASP can be expanded to
include a connection method and command set to
enable board resident remote SBMs (RSBM) to
autonomously test boards.

The addition of a command set, enables the ASP to
gerform other features in addition to its basic
ackplane to board connection function. Some of the
commandable features -include; (1) a method of
connecting RSBMs to the board level 1149.1 bus, (2)
a method of commanding RSBMs to independently
test boards, (3) a method of non-intrusively
monitoring the status of a remote test operation,
and (4) a method of transferring data between a
board resident memory and PSBM. The ASP’s data
transfer method achieves the same goal as the data
transfer methods used in the P1149.5 and P1394
standard proposals. These commandable features
further improve the ASPs ability to serve, in
;:)ombination with 1149.1, as a system backplane test
us.
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FIGURE 5§ CASP Circuit Application

In Figure 5, a board is shown consisting of
functional ICs (1-n), a commandable ASP (CASP),
and a RSBM. The RSBM consists of a processor for
executing local test (rrograms, a memory for storage
of test programs and data, an interrupt port, and an
1149.1 master interface port. The RSBM's processor
and memory can either be dedicated for test or
shared with the system logic on the board. The
CASP consists of an 1149.1 primary port (PP) for
interfacing to the backplane PSBM, an 1149.1
secondary port (SP) for interfacing to the functional
ICs, an 1149.1 remote port (RP) for interfacing to
the RSBM’s master interface gort, an interrupt port
(IP) for interfacing to the RSBM’s interrupt port,
and an I/O port (IOP) for interfacing to the RSBM’s

memory. If required, additional I/O ports may be
added to the CASP to provide paralilel interfaces to
other memories or I/O devices.

4.1 Expanded Select Protocol

To allow commands to be input to the CASP, the
select protocol is expanded to allow for command
transfer. In the ASP, a select protocol was defined
by the transfer of a first I signal to start the select
rotocol, followed by the transfer of an address
me (of D signals) bounded by first and second S
signals, followed by a second I signal to stop the
select protocol. The select protocol of the CASP
follows this format but expands the definition of the
?‘rddress frame into what is referred to as a message
ame.

The select protocol message frame consists of a
header containing an address (ADD) and command
(CMD) field, and a cyclic redundancy check (CRC)
field. The address field selects the CASP, the
command field commands the CASP, and the CRC
field is used for error detection. All fields within the
message frame are separated by an S sifnal. The
message frame may include optional fields between
the header and the CRC field, as required by the
command being sent. While the framing method
allows fields to be transferred in either a fixed or
variable D signal length, a fixed length field is
preferred because it simplifies memory
packing/unpacking operations, and improves error
detection using simple signal counting techniques.

In Figure 6, examples of the two types of CASP
select protocols are shown. Type 1 has a message
frame containing the header’'s ADD and CMD fields,
and the CRC field. Type 2 has a message frame
containing the header’s ADD and CMD fields,
optional fields (OF) 1-N, and the CRC field.

Type 1 Select Protocal
Message Frame
Header —-—-l |

["[STACDIS|[CMD[S[CRC]ISIT]

Type 2 Select Protocol
m Message Frame.
[1: 1
| — 1 I

1|SJADD|S|CMD|SIOF1]| SIOFN|S| CRC|SII

FIGURE 6 Expanded Select Protocols

In response to receiving either select protocol type (1
or 2) from the PSBM, the CASP checks its address
against the received address field. If the addresses
do not match, the CASP ignores the remainder of
the select protocol and does not send an
acknowledge protocol. If the addresses match, the
CASP checks the command field against a set of



known commands to see what operation is to be
performed. In response to an unknown command,
the CASP ignores the remainder of the select
protocol, sets a command error bit in its status
register, then sends an appropriate acknowledge
protocol type (1 or 2) to the PSBM, to indicate the
command error. In response to a known command,
the CASP receives the remainder of the select
protocol, then matches the received CRC field
against a CRC it calculates on the data received in
the select protocol. If the CRCs do not match, the
CASP ignores the command, sets a CRC error bit in
its status register, then sends an appropriate
acknowledge protocoi type to the PSBM, to indicate
the CRC error. If the CRCs match, the CASP sends
an appropriate acknowledge protocol type to the
PSBM, to indicate that an error-free select protocol
was received.

4.2 Expanded Acknowledge Protocol

To allow the PSBM to verify that the command
ing‘lt to the CASP was received correctly, the
acknowledge protocol is expanded to allow for status
transfer. In the ASP, the acknowledge protocol was
defined by the transfer of a first I signal to start the
acknowledge protocol, followed by the transfer of an
address frame bounded by first and second S signals,
followed by a second I signal to stop the
acknowledge protocol. The acknowledge protocol of
the CASP follows this format but expands the
geﬁnition of the address frame into a message
ame.

The acknowledge protocol message frame consists of
a header containing an address (ADD) and status
(STS) field, and a CRC field. The address field
identifies the CASP, the status field informs the
PSBM of the CASP status, and the CRC field is used
for error detection. All fields within the message
frame are separated by an S signal. The message
frame within the acknowledge protocol may include
optional data fields between the header and the

RC field, if required by the command sent in the
previous select protocol.

Message Frame

Header—l
[ 11S {ADD[S] sSTS{S|{CRC]|S]i ]

Type 2 Acknowledge Protocol
Head Message Frame
eader

[IslaDDis{STS{SIOF1|SIOFN|S{CRCIS]! |

IrType 1 Acknowledge Protocol-l

FIGURE 7 Expanded Acknowledge Protocols

In Figure 7, examples of the two types of CASP
acknowledge protocols are shown. Type 1 has a
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message frame containing the header’'s ADD and
STS fields, and the CRC field. %e 2 has a message -
frame containing the header’s ADD and STS fields,

optional fields (OF) 1-N, and the CRC field.

In response to receiving either acknowledge protocol
I:er (1 or 2) from the CASP, the PSBM checks that
the correct address field was received, then checks
the status field for errors. After checking the
address and status fields, the PSBM receives the
remainder of the acknowledge protocol. At the end
of the acknowledge protocol, the PSBM matches the
received CRC field against a CRC it calculates on
the received data. the correct address field was
received, the status field indicates no errors, and the
CRCs match, the PSBM is assured that the CASP
has properly received and executed the command
sent in the previous select protocol. If a failure
occurred in the address or status field test, the
PSBM knows that the CASP did not properly receive
the previous command select protocol. If the
address and status fields test passed, but a CRC
error occurred, the PSBM knows that an error in the
optional data fields following the header fields
occurred. In response to an acknowledge protocol
error, the PSBM can resend the command via
another select protocol.

4.3 Pausing During a Protocol Transfer

During the transmission of a Type 2 select or
acknowledge protocol it may be necessary to pause
the transfer of fields within the message frame, due
to memory limitations of the PSBM and/or CASP.
For example, if a large number of optional fields is
being sent, the transmitting or receiving device may
not have sufficient memory to allow all the message
frame fields to be transferred at one time. It is
necessary, therefore, to provide a method of pausing
the transfer of message frame fields so tﬂat the
memories of the transmitter and receiver can be
periodically downloaded from or uploaded to a larger
memory, such as a disk drive.

A pausing capability can be easily realized by
having the transmitting device (PSBM or CASP)

output additional S signals following the S signal
that separates the fields. Using this a(tip¥roach,
two field frames.

%ausing can occur between an
he length of the pause is determined by the
number of additional S signals output from the
transmitter. The transferring of fields within the
message frame is resumed wﬁen the transmitting
device outputs a D signal to start the next field.

4.4 CASP Command Set

The following commands form the basic CASP
command set. Some of the commands support
connecting the CASP’s secondary port up to either
the primary or remote port, while other commands
support data transfer operations between a PSBM
and a board resident memory, via the CASP’s I/0
port. Other commands can be added as required.



44.1 Connect PSBM Command

When the PSBM needs to access the board ICs, it
sends a connect PSBM command to the CASP via a
tl:!ge 1 select protocol. In response to the connect

BM command, the CASP sets the “PSBM
connected” status i)it, sends a reply to the PSBM
using a type 1 acknowledge protocol, then connects
its primary and secondary ports.

After receiving the acknowledge protocol from the
CASP and verifying the “PSBM connected” status
bit is set, the PSBM can access the board ICs usin
the 1149.1 bus protocol. After the connect PSB
command has been input to the CASP, other
commands that do not effect the connection between
the primary and secondary ports, such as the read
and write commands, can be input to and executed
by the CASP.

4.4.2 Disconnect PSBM Command

When the PSBM completes its access of the board
ICs, it sends a disconnect PSBM command to the
CASP via a type 1 select protocol. In response to the
disconnect PSBM command, the CASP resets the
“PSBM connected” status bit, sends a reply to the
PSBM using a type 1 acknowledge protocol, then
disconnects its primary and seconSary ports. After
receiving the acknowledge protocol from the CASP,
the PSBM verifies the “PSBM disconnected” status
bit has been reset.

4.4.3 Connect RSBM Command

When the PSBM requires the RSBM to access the
board ICs, it sends a connect RSBM command to the
CASP via a type 1 select protocol. In response to the
connect RSBM command, the CASP sets the “RSBM
connected” status bit, sends a reply to the PSBM
using a type 1 acknowledge protocol, then connects
its remote and secondary ports. After receiving the
acknowledg‘%grotocol rom the CASP, the PSBM
verifies the BM connected” status bit is set.

After the connect RSBM command has been input to
the CASP, other commands that do not effect the
connection between the remote and secondary ports,
such as the read and write commands, can be input
to and executed by the CASP. For example, the
PSBM can send a command to the RSBM, via the
CASP’s I/0 port, to initiate the remote access
operation using a write command. Further, the
PSBM can monitor the status of the remote access
operation, via the CASP’s I/0 port, using a read
command.

44.4 Disconnect RSBM Command

When the PSBM determines that the remote access
of the board ICs is complete, it sends a disconnect
RSBM command to the CASP via a type 1 select
protocol. In response to the disconnect RSBM
command, the CASP resets the “RSBM connected”

status bit, sends a reply to the PSBM using a type 1
acknowledge protoco?, then disconnects its remote
and secondary ports. After receiving the
acknowledge protocol from the CASP, the PSBM
verifies the “RSBM Connected” status bit has been
reset.

445 Write Command

When data is to be transferred from the PSBM to a
memory via the CASP’s I/O port, the CASP receives
a write command from the PSBM via a type 2 select
protocol. The write command select protocol
message frame contains: a header with the CASP
address and write command, a starting address field
where the first data field will be written, a count
field indicating the number of data fields to be
written, one or more data fields, and a CRC field.

At the beginning of the write command select
protocol, the CASP checks its address against the
received address field and the write command
against known commands. In response to the write
command, the CASP outputs the received starting
address field on the I/O port and stores the write
count field. Next, the CASP writes the first received
data field to the addressed memory location and
decrements the count field. If the count field is not
zero after the first write operation, the ASP
increments the starting memory address, writes the
next received data field, and zcrements the count
field again. These steps are repeated until the count
field decrements to zero.

When the count field decrements to zero, the CASP
realizes that the last data field has been received
and written to memory and the next field received is
the CRC. The CAS‘l;y compares the received CRC
with a CRC it has calculated on the received data to
check for errors, then sends an appropriate reply to
the PSBM using a type 1 acknowledge protocol.

After receiving the acknowledge protocol from the -

CASP, the PSBM verifies that the write command
was successful by checking the address and status
fields within the header and the CRC field for errors.

While multiple data fields will usually be
transferred during the write command to upload a
test program or data, a single data field can be
transmitted by simply setting the count field to one.
An example of a single data write command is when
the PSBM sends a command to the RSBM
instructing it to execute a remote test operation,
such as “initiate self-test #1”.

4.4.6 Read Command

When data is to be transferred from a memory to the
PSBM via the CASP I/O port, the CASP receives a
read command from the PSBM via a type 2 select
?rotocol. The read command select protocol message
rame contains: a header with the CASP address
and read command, a starting address field where
the first data field will be read, a count field
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indicating the number of data fields to be read, and
a CRC field.

At the beginnin% of the read command select
protocol, the CASP checks its address against the
received address field and the read command
against known commands. In response to the read
command, the CASP stores the received starting
address and read count fields, then matches the
received CRC against the calculated CRC.

After the read command select protocol completes,
the CASP outputs the starting memory address
from the /O port, reads the first data field from
memory, decrements the read count field, and starts
a type 2 acknowiedge protocol to transfer the data
read from the memory to the PSBM. If the read
count field is not zero after the first read operation,
the CASP increments the memory address, and
repeats the memory read and acknowledge protocol
transfer sequence. When the read count field
decrements to zero, the CASP realizes that the last
data field has been read from memory. After
sending the last data field to the PSBM, the CASP
sends the calculated CRC field then terminates the
acknowledge protocol.

In response to the read command acknowledge
protocol, the PSBM checks the header’s address and
status fields, receives and stores a predetermined
number of data fields, then matches the received
CRC field inst a calculated CRC. If no errors are
found, the PSBM is assured that the read command
has been executed and the data received is correct.

While multiple data fields will usually be
transferred durinF the read command acknow ed%e
protocol, to download test or system data, a sinie
data field can be transmitted by simply setting the
count field to one. An example of a single data read
command is when the PSBM needs only to read the
status of the RSBM.

4A4.7 Read Status Command

To allow the PSBM to read the CASP’s internal
status register, the PSBM sends a read status
command to the CASP via a type 1 select protocol.
The read status command select protocol message
frame contains a header with the CASP address and
read status command, and a CRC field. After
checking the read status command select protocol’s
address, command, and CRC fields, the CASP sends
a type 1 acknowledge protocol to the PSBM to
transfer its status register field to the PSBM. In
response to the read status command acknowledge
rotocol, the PSBM can check the settings of the
ASP’s status register bits.

The read status command, like the read and write
commands, can be executed without effecting any of
the connection type commands. The read status
command allows the PSBM to monitor the internal
status of CASP, as well as external status inputs,
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such as the RSBM's interrupt ingut. The following
list defines the required status bits in the CASP’s
status register.

Command Error — A status register bit indicating an

unknown command was receiv

CRC Error - A status register bit indicating a mismatch
between the received and calculated CRC.

— A status register bit indicating the
occurrence of an external interrupt request.

Primary Port Connected — A status register bit indicating a
connection between the primary and secondary ports.

e ~ A status register indicating a
connection between the remote and secondary ports.

Secondary Port Idle — A status register bit indicating that
the secondary port is idle (STMS=0).

Secondary Port Reset — A status register bit indicating that
the secondary port is reset (STMS=1).

4.5 Global Commanding

To support a method of executing global commands,
CASPs can include a global command address
(GCA), similar to the reset address (RSTA) in Figure
4. During a global command select protocol, all
CASPs respond to the GCA to execute the command
that follows. To avoid bus contention on PTDO,
CASPs do not output acknowledge protocols in
response to global command select protocols.

5.0 Adapting the CASP for 2-wire Backplanes

As mentioned in the “Interfacing P1394 to 1149.17
section, newer 32-bit IEEE backplane standards
only allocate two wires for a backplane level serial
bus. If this trend continues, only a 2-wire serial bus,
such as P1394, can be used in future backplanes,
since both 1149.1 and P1149.5 require more than
two bus wires. While P1394 is a good high speed 2-
wire communications bus, its complex protocols and
circuitry may be too sophisti¢éated and/or costly for
the simpler access applications involved in serial
testing. To provide an alternate 2-wire serial bus for
newer backplane standards, the primary port of the
CASP can be easily adapted to communicate the
select and acknowledge protocols using only two
wires.

In Figure 8, the CASP’s primary port is shown
interfaced to a 2-wire PSBM via a serial
input/output (SIO) wire and a clock (CLK) wire. The
SIO wire combines the unidirectional TDO and TDI
backplane wiring channels into a single bidirectional
wiring channel. The SIO wire is capable of
transferring the select and acknowledge protocols
between the PSBM and CASP in response to the
CLK output from the PSBM. The select and
acknowledge protocols can both be transmitted on a
single wire since they are transmitted at different
times, as shown in Figure 3. When the CASP is



used in a 2-wire backplane, the connect and
disconnect PSBM commands are no longer valid,
since an 1149.1 connection is not possib%e in two
wires. However, all the other CASP commands can
be used, as previously described, to enable remote
test access and data transfer operations.

Using this approach, a cost-effective 2-wire serial
bus can optionally be used in newer backplane
standards, in place of P1394, to provide a simple
access method for test and data transfer operations.
An important advantage of this approach is that it
allows a common backglane test methodology to be
developed and practiced, independent of the physical
interfaces used in various system backplanes. For
example, a backplane test access program, designed
using a common CASP command set, could be used
in either a 4 or 2-wire serial backplane environment.
The combination of a common set of backplane test
commands and a flexible serial interface, provides
the building blocks from which a standard
backplane test access language could be developed.
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FIGURE 8 2-Wire CASP Backplane Interface

In future updates to the current 32-bit backplane
buses, and in definitions of future 64-bit buses, it
may be beneficial for test representatives to
participate in backplane working groups to help
specify backplane test bus requirements. Since a
need will probably exist for both a 2-wire
communications bus Ziike P1394) and a 2-wire test
bus (like the one proposed here), an ideal scenario
would be for backplane standards to specify two
pairs of backplane wires so that both serial bus
types could be supported. In this way, both serial
buses could operate full-time in a backplane
environment to optimally perform the task each was
designed for. Also, since separate interfaces for the
higher performance communications bus and lower
performance test bus could be designed more
efficiently, a lower cost of implementation would
probably be achieved. Further, if separate serial

buses existed at the backplane level for test and
communication, the software for each bus could be
designed more efficiently and executed in parailel.

6.0 Summary and Conclusion

This paper has described a new approach of
accessing 1149.1 based boards in a backplane
environment. The approach can be used as a sim(fle
backplane to board connection method or expanded
to include commandable features considered useful
in a backplane environment.

The ASP provides a simple backplane to board
connection circuit to effectuate expanded use of the
1149.1 test bus. The select and acknowledge
protocols can be transmitted between a PSBM and
ASP using normal 1149.1 scan operations, assuming
the PSBM can hold its TMS signal at a 1 or 0 durin
scan. Therefore, existing 1149.1 bus masters ang
software can easily be adapted to use this approach.
The ASP circuit is simple and can be assembled in
small footprint packages (20 pins), resulting in a low
cost, low area overhead, backplane-to-board level
1149.1 test interface.

The commandable ASP (CASP) provides a way of
expanding the basic ASP and protocols to suit the
needs of more demanding applications, while
maintaining protocol compatibility with the 1149.1
standard. The ability of the CASP to support board
resident RSBMs, provides a structured method of
designin%hsystems capable of distributed test
control. e ability of the CASP to support data
transfer, provides a method of emulating the data
transfer features being developed in the IEEE
P1149.5 and P1394 serial bus standards. The
ability of the CASP to operate in a 2-wire backplane
environment, allows it to serve as an alternate serial
bus to P1394 when only simple test access is
required in a system.

The advantages offered by this new approach are:
(1) direct compatibility with 1149.1, (2) improved
serial data transfer bandwidth, (3) simple, cost
effective imglementation, (4) easily expandable to
include other features useful in backplane
applications, and (5) cagable of being used in either
a 4 or 2-wire serial bus backplane environment.

References

1 1EEE Std 1149.1-1990, Standard Test Access Port and
Boundary Scan Architecture

2 IEEE P1149.5, Standard Module Test and Maintenance
Bus Protocol.

3 J. Andrews, "IEEE’s 1149.5 Bus Facilitates JTAG", ATE
& Instrumentation Conference, January 1991.

4 ]EEE P1394, High Speed Serial Bus

5 IEEE/ANSI 896, Futurebus+

6 IEEE/ANSI 960, FASTBUS

7 IEEE/ANSI 1014, VMEbus

8 IEEE/ANSI 1295, Multibus II

9 D. Bhavsar, “An Architecture for Extending the IEEE
Standard 1149.1 Test Access Port to System Backplanes®,
International Test Conference, October 1991.

13



IMPORTANT NOTICE

Texas Instruments (TI1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright 00 1996, Texas Instruments Incorporated



