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Introduction

(This introduction is not part of IEEE Std 1532-2002, IEEE Standard for In-System Configuration of Programmable
Devices.)

The development of this standard began with a preliminary meeting held 19 April 1996. There, a group of
Programmable Device vendors and users discussed the possibility of standardizing the programming process
for these devices. Subsequent meetings were held regularly and agreement was developed for basing the
programming process upon the IEEE Std 1149.1 communication protocol, because many of these devices
were expected to support IEEE Std 1149.1 for testing purposes. This group adopted as its mission:

To define, document, and promote the use of a standardized process and methodology for
implementing programming capabilities within programmable integrated circuit devices, utilizing
(and compatible with) the IEEE Std 1149.1 communication protocol. This standard would allow the
programming of one or more compliant devices concurrently, while mounted on a board or
embedded in a system, known as “In-System Configuration.” Concurrent programming may often
result in significant programming time efficiencies. The In-System feature would address the need to
configure or reconfigure, read back, verify or erase programmable devices after they have been
installed by a manufacturing process. This eliminates handling damage and the need for
manufacturing steps and inventory management related to preprogrammed devices.

This work received the support of the IEEE Std 1149.1 Working Group which ultimately urged that this
effort become its own standard within the Test Technology Technical Committee of the IEEE Computer
Society, in July of 1998. The initially approved version of this standard described the necessary hardware
elements for compliance. By making this available quickly and early, the development of compliant silicon
was facilitated and its availability accelerated. The next revision of this standard described the software
elements necessary for full implementation of this standard. The software elements described include
extensions to the BSDL file that describe the programming algorithm and hardware implementation of this
standard. Additionally a new data file format has been described. This revision further extends the standard
by adding support for devices that require adaptive programming algorithms along with some slight
modifications to the initial standard that will help to better meet user’s needs.

Copyright © 2003 IEEE. All rights reserved. iii
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IEEE Standard for In-System
Configuration of Programmable
Devices

1. Overview

1.1 Scope

This standard describes a series of mandatory and optional programming instructions and associated data
registers that define a standard methodology for accessing and configuring programmable devices. These
additional registers and instructions extend the capabilities of devices that comply with IEEE Std 1149.1™.-
2001 such that the IEEE Std 1149.1-2001 Test Access Port may be used for configuration activities. A data
description format and extensions to Boundary-Scan Description Language (BSDL) are also specified that
provide for the development of standardized automation tools for device programming.

1.2 Organization of the standard
This standard is divided into nine clauses and three annexes, as follows:

— Clause 1 describes the scope, context, objectives, and organization of this standard.

— Clause 2 provides references to other IEEE documentation needed to understand this document.

— Clause 3 defines terms and acronyms used in this standard.

— Clause 4 defines the variations of system state that are unique to programmable logic devices.

— Clause 5 describes the general architecture of an in-system configurable (ISC) device.

— Clause 6 describes the ISC instruction set.

— Clause 7 describes the ISC register set and the operation of each register.

— Clause 8 describes conformance and documentation requirements.

— Clause 9 provides a data file format to be used to describe data to be downloaded to an ISC device.

— Annex A provides a device designer with a rationale for implementing various features of this
standard.

— Annex B describes programming flows for combinations of devices compliant with this standard.

— Annex C gives a coordinated example of a BSDL file and data file for a hypothetical ISC device.

Copyright © 2003 IEEE. All rights reserved. 1
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1.3 Context

Figure 1 shows a printed circuit board containing many types of devices. Of these, some could be compliant
with IEEE Std 1149.1-2001 for the support of testing activities. Three devices labeled “ISC” are in-system
configurable, meaning they are programmable devices that may not have their programming states loaded
into them before the board has been assembled. These devices may be programmed after they have been
attached to the board, via a physical and logical protocol. The physical protocol for programming utilizes the
IEEE Std 1149.1-2001 Test Access Port (TAP) pins, which allows a multiplicity of devices (both ISC and
conventional) to be accessed serially with four or five wires. The logical protocol is based upon new
instructions added to the IEEE Std 1149.1-2001 instruction set and is the subject of this standard document.
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Figure 1—A printed circuit board containing a variety of components, including three
ISC integrated circuits

The ISC devices also contain testability circuitry compliant with IEEE Std 1149.1-2001. This allows them to
participate in manufacturing tests that detect and diagnose faults such as open solder joints and shorts either
before or after they are programmed.

1.4 Objectives

The objective of this standard is to enhance user access to IEEE Std 1149.1-2001-based programmable
devices. Since such devices are built on the foundation of the IEEE Std 1149.1-2001 Test Access Port and
TAP Controller state machine, they shall already comply with that standard.

Devices that adhere to this standard will realize significant savings in software, product development, and
manufacturing costs related to ISC. New tools will not need to be developed to support new vendor parts
with ISC features as they arrive in the marketplace. These parts can be integrated immediately into existing
systems and tools.

In addition, tools based on this standard may be developed upon the existing IEEE Std 1149.1-2001-based
tool sets and knowledge base, rapidly incorporating the features of this standard.

This standard also allows for multiple devices from independent vendors to be programmed concurrently.
Development time and manufacturing costs (in terms of programming time) can thereby be significantly
reduced, even in the multivendor environment. In the past, one family of devices from a single vendor may
have been incompatible with another family from that same vendor, with respect to the programming
process.

2 Copyright © 2003 IEEE. All rights reserved.
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The standard also serves board and system designers by providing a consistent framework for system
initialization, stabilization, and event initiation, which is important for robust system design.

The standard will realize the following additional benefits:

— It will serve as the development model for new entrants to the ISC industry and guarantee their
immediate access to all the latest tools, development systems, and test and manufacturing flows and
processes.

— It will facilitate innovations potentially including applications in reconfigurable computing,
emulation, diagnostics, and field upgrading that would be usable across vendors.

— It will encourage tool vendors targeting the programmable device marketplace that there will be
sufficient return on their investment to warrant tool development.

2. References

This standard shall be used in conjunction with the following standards. When the following standards are
superseded by an approved revision, the revision shall apply.

IEEE Std 1149.1-2001, IEEE Standard Test Access Port and Boundary-Scan Architecture.!-2

3. Definitions and acronyms

3.1 Definitions

For the purposes of this standard, the following terms and definitions apply. See also IEEE Std 1149.1-2001
for definitions of terms used in this document.

3.1.1 adaptive programming (algorithm): This term may be used when the minimum burn time may vary
among identical devices. To optimize the overall programming time, the device can be queried for the status
of the programming operation, which will be given by the optional “Operation Success Indication.” If the
programming operation has been successfully completed, then the next step in the programming process can
commence. If the device has not completed its programming operation to satisfaction, then it will continue
until completion or until the maximum time has been met. This process will require the looping of one or
more instructions for successful completion. Contrast: deterministic programming.

NOTE See 5.1.10.

3.1.2 addressing: Programmable devices usually contain one or several arrays of memory locations. Each
memory location has an address, which must be provided when reading or programming memory content.

3.1.3 asymmetrically writeable device: A device with program memory that can only be written to one
state. For example, a “1” may be written into a location containing a “0”, but not vice-versa. Such devices
must be erased to the blank state before new program data can be written. Contrast: symmetrically write-
able device.

YEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://standards.ieee.org/).

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

Copyright © 2003 IEEE. All rights reserved. 3
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3.1.4 blank: Programmable devices usually contain one or several arrays of memory locations. The data
placed in these locations constitute the device program. Many devices are asymmetrical with respect to
writing data into these locations. For example, a “1” may be written into a location containing a “0”, but not
vice-versa. Thus, a “blank™ device is filled with a field of overwriteable states. For symmetrically writeable
devices, the “blank” state is usually defined as a field of states that implement no programmable
functionality. See also: device program.

3.1.5 burn time: An interval of time during which a set (or subset) of device programming bits is presented
to on-chip programming functions, which become the definition of the logic functions the device will subse-
quently implement. In some older technologies, tiny on-chip fuses are vaporized (hence the term burn),
which requires a minimum time to achieve. Burn time is technology dependent and may be nearly instanta-
neous in some devices or require many milliseconds in others. Synonyms include bake time, cook time, and
soak time.

3.1.6 chain: Two or more IEEE Std 1149.1-2001-compliant devices that share common test clock (TCK) and
test mode select (TMS) signals and are linked together with the test data output (TDO) signal of one device
connected to the test data input (TDI) signal of a subsequent device. The overall chain may be accessed by a
4 or 5-wire test access port (TAP). See also: test access port (TAP).

3.1.7 checksum: This integer is created by a mathematical process that operates on a stream of data. The
integer for this data is then published so that it can be compared to subsequently recalculated integers for
that same data. If the data have not been changed or disturbed, the published integer should match a newly
calculated integer. The mathematical process is often based upon binary addition (to some modulus) or logi-
cal Exclusive OR of bytes or words. There are well-known flaws with such processes that can allow
damaged data streams to masquerade as good by having the same checksum. See also: CRC cyclic redun-
dant codes.

3.1.8 completion: In the context of an ISC instruction, this process occurs when the sequence of activities
performed during execution has finished. However, the requirements for execution may not be met, or error
conditions may be encountered such that successful completion is not possible. These events constitute
unsuccessful completion. See also: Execute.

3.1.9 complex programmable logic device (CPLD): A high-capacity programmable logic device (PLD)
usually provided in packages with 40 or more pins, essentially an array of programmable logic blocks inter-
connected by a routing matrix.

3.1.10 concurrentization: The process of making two or more devices work concurrently.

3.1.11 concurrent operation: The ability to conduct programmable device operations in two or more
devices in the same IEEE Std 1149.1-2001 chain concurrently in time. During this process, all devices in a
chain operate continuously in the Run-Test/Idle TAP Controller state. In particular, the burn times of the
devices can be made to elapse concurrently.

3.1.12 CRC cyclic redundant codes: This code can be used as an improved checksum process. Such a code
(properly constructed) is much less prone to aliasing a bad data stream with a good stream because it
encodes the positional information of 1s and Os in a stream as well as their frequency. (See also: checksum.)
3.1.13 deterministic programming (algorithm): A device implements this algorithm when the minimum
required burn time to satisfy programming operations is documented in the BSDL file and does not change

for like devices. Contrast: adaptive programming.

3.1.14 device program: A sequence of bits that, when loaded into a programmable device via a protocol,
subsequently define the functions it will implement. See also: volatile program and nonvolatile program.

4 Copyright © 2003 IEEE. All rights reserved.
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3.1.15 displaced: An instruction in the IEEE Std 1149.1-2001 instruction register is displaced when another
instruction is shifted in and then a falling edge of TCK in the Update-IR TAP Controller state occurs. Note
that any instruction besides IDCODE (the default instruction jammed into the IEEE Std 1149.1-2001
instruction register) will be displaced immediately if the TAP Controller enters the Test-Logic-Reset TAP
Controller state.

3.1.16 duration: In the context of an ISC instruction, a period of time that starts when a TAP Controller first
enters the Run-Test/Idle TAP Controller state. This period of time is given for each ISC instruction, which
specifies how much time (typically a minimum) the action(s) performed by that instruction will take to com-
plete.

3.1.17 dynamic concurrentization: This process merges the programming algorithms of multiple devices
at run time and is based on the intermediate results of the programming operations. With this process, deci-
sions regarding when information is shifted into or out of a device or when operations are executed are made
immediately before the action takes place. Contrast: static concurrentization.

3.1.18 electrically erasable programmable read-only memory (EEPROM): Programmable read-only
memories have evolved from mask-programmable devices to devices that were erasable by exposure to
ultraviolet light (EPROM) to devices that can be electrically erased.

3.1.19 enabled protection mechanism: ISC devices may be implemented with the ability to protect the
memory content from erasure, reading or writing, in various combinations. When any of these mechanisms
is available, it can be enabled, thus preventing the action it can protect against. See also: protect.

NOTE See5.1.11.

3.1.20 erasable programmable logic device (EPLD): At first an EPROM-based device, the term now
includes flash and EEPROM-based devices as well.

3.1.21 erase: An operation that removes any previously installed device program by changing programmed
bits to their unprogrammed state. Erasure may be implemented in several ways. For example, there may be a
“bulk erase” function that erases the entire device program in one action. There may be selective, or
addressed erasure that only erases a specified “word” of the program. Between these two extremes, there
may be a “sector” erase feature that erases a group of words. This operation may be inhibited if the device
contains a security feature enabled by a Protect operation.

3.1.22 execute: In the context of an ISC instruction, execution occurs after the TAP Controller has pro-
ceeded to the Run-Test/Idle TAP Controller state. In this state, the instruction performs a specific function
that may contain multiple steps or a set of activities. After a minimum amount of time (or clocking of TCK)
has occurred, the instruction completes execution. Additional time (or clocking of TCK) beyond this mini-
mum requirement does not affect the results of the instruction’s execution.

3.1.23 explicit addressing: Address information is provided by an external algorithm when operating on
memory content.

3.1.24 field-programmable gate array (FPGA): A programmable alternative to a masked gate array using
a channeled programmable interconnect matrix to join blocks of configurable logic. Physical characteristics
such as line length and number of fuses are not known until routing. This may lead to some timing unpre-

dictability. The advantage comes in logic density and flexibility.

3.1.25 fixed system pin: A system pin with an I/O function that is independent of configuration information
programmed into the device and has not been designated as an ISC system pin by the device designer.
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3.1.26 flash random access memory (Flash RAM): A memory technology similar to EEPROM but imple-
mented with a single transistor rather than two.

3.1.27 flow: A logical sequence of ISC instructions that performs a basic programming function such as
erasing programmable memory, verifying it, or programming it.

3.1.28 generic array logic (GAL): An earlier programmable logic technology still widely used, featuring a
fixed OR array and programmable AND array.

3.1.29 implicit addressing: Address information is provided by an internally managed process when operat-
ing on memory content. For example, successive memory locations may be sequentially accessed by an
“auto-increment” addressing process supported by the device such that an external algorithm does not have
to be aware of how memory locations are organized.

3.1.30 in-system configuration (ISC): The ability to load, read back, or erase programming bits in a pro-
grammable logic device after it has been attached to a printed circuit board. See also: device program.

3.1.31 ISC_Disable_Erase signal: An optional signal used to indicate that program data erasure is not
allowed.

NOTE See5.1.11.3.

3.1.32 ISC_Disable_Program signal: An optional signal used to indicate that program data writing is not
allowed.

NOTE See5.1.11.2.

3.1.33 ISC_Disable_Read signal: An optional signal used to indicate that program data reading is not
allowed.

NOTE SeeS5.1.11.1.

3.1.34 ISC_Done signal: A signal that is used to indicate that a device program has been successfully writ-
ten to the satisfaction of an external algorithm. When this signal is cleared, the device is considered to be
unprogrammed, even if physically, the device does contain programmed bits. When this signal is set, the
device is considered to be programmed and ready for operation. In volatile devices, this signal is automati-
cally cleared at power-up. In nonvolatile devices, this signal maintains its state during nonpowered intervals.
This signal can be set by programming operations described in this standard, and it may be protected by a
security function implemented within the device.

3.1.35 ISC_Enabled signal: A signal that is used to indicate that a device has been successfully conditioned
for programming activity. This signal is cleared during power-up for both volatile and nonvolatile devices.

NOTE See Clause 4.

3.1.36 ISC system pin: A system pin with an I/O function that is defined by configuration information pro-
grammed into the device, or has been designated as an ISC system pin by the device designer.

3.1.37 load: In the context of an instruction, an instruction is loaded when opcode bits present in the
IEEE Std 1149.1-2001 instruction shift register are updated into the parallel-hold portion of the register by
passing through the Update-IR TAP Controller state. At the time an instruction is loaded, its data register is

selected for data shifting. Contrast: execute.

3.1.38 mission logic: See: system logic.
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3.1.39 mission pin: See: system pin.

3.1.40 noninvasive instruction: Instructions from IEEE Std 1149.1-2001 (including BYPASS, SAMPLE,
PRELOAD, IDCODE, and USERCODE) that maintain the device in system mode rather than in test mode.
Thus, these instructions do not interfere with the system behavior of the device. Contrast: pin-permission
instruction.

3.1.41 nontest instruction: Instructions that bring the device out of test mode and put it into unpro-
grammed, operational, or ISC accessed mode. These instructions can be, but are not limited to, any of the
noninvasive instructions or any of the instructions defined in this standard. Contrast: test instruction.

3.1.42 nonvolatile program: Device programming that is retained by a device even when power is removed
and later restored.

3.1.43 nullified: Proper ISC instruction operation is predicated on the device being in the ISC accessed sys-
tem modal state while it is being executed. If this condition is not met, the instruction’s operation is nullified.
A nullified ISC instruction will still place a defined register in the shift path and shift bits through it as
required by IEEE Std 1149.1-2001, but the ISC actions defined for the instruction by this standard will not
be completed and the result of its execution is undefined.

NOTE See Clause 4.

3.1.44 optimize: ISC programming activities can be optimized for time efficiency. There are two forms of
optimization. First, if a device has a specific instruction loaded, it may be redundant to reload this instruc-
tion. This is called “IR optimization.” Second, when a register is targeted between TDI and TDO, “DR
optimization” can be employed by shifting out captured data while new update data are being shifted in,
rather than first shifting out captured data and then shifting in new update data. When a chain of devices is
operated, optimization can be performed, but each device in the chain must be considered. For example, if
two of three devices in subsequent activities will be executing the same instruction but the third will need a
new instruction loaded, then IR optimization is not possible because loading the third device’s instruction
forces the reload of the first two.

3.1.45 pin-permission instruction: Instructions from IEEE Std 1149.1-2001 (including EXTEST, INTEST,
CLAMP, HIGHZ, and RUNBIST) and instructions from this standard that place the device in test or pro-
gramming modes. These instructions take over control of the system I/O pins. Contrast: noninvasive
instruction.

3.1.46 program: An operation that installs externally supplied device programming bits (or a portion
thereof) within a programmable device. This operation may be inhibited if the device contains a security fea-
ture enabled by a Protect operation.

3.1.47 programmable array logic (PAL): An earlier programmable logic technology still widely used, fea-
turing a fixed OR array and programmable AND array.

3.1.48 programmable logic devices: This family of devices includes complex programmable logic device
(CPLD), electrically erasable programmable read-only memory (EEPROM), erasable programmable logic
device (EPLD), field-programmable gate array (FPGA), flash random access memory, and programmable
array logic.

3.1.49 protect: Traditionally, an operation that prevents a subsequent read operation from being able to read
out a device program. This is a security feature used to prevent copying or deciphering of a device program.

In some implementations, writing one or more “security” bits located somewhere in the device program
enables protection. Once set, these bits block subsequent read operations. Security bits are usually only
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cleared by erasing the device program. More recently, this operation has been expanded to include the pre-
vention of unwanted programming or erasure operations.

3.1.50 read: An operation that allows a device program to be read back out from a programmed device. This
operation may be inhibited if the device contains a security feature enabled by a protect operation.

3.1.51 signal: A named signal is used to denote a binary condition used to choose between two outcomes. It
is deliberately “implementation-vague” so as not to constrain a designer’s freedom. For example, a signal
may be implemented as a bit in a register, or derived as a function of several bits, or as a one-hot decode
from an instruction decoder, as fits the designer’s needs. This should not be confused with I/O signals on
device pins that may be high, low, or disabled.

3.1.52 simple programmable logic device (SPLD): A family of programmable logic devices, including
programmable array logic (PAL), generic array logic (GAL), and the erasable programmable logic device
(EPLD).

3.1.53 static concurrentization: This process merges the programming algorithms prior to any operation
being executed on the chain of devices. All decisions regarding optimization of the programming algorithms
have been made before run time so that the run-time for the flow is completely predictable.
Contrast: dynamic concurrentization.

3.1.54 symmetrically writeable device: A device with program memory that can be written to either state.
These devices are often Static RAM-based. Contrast: asymmetrically writeable device.

3.1.55 system logic: Any item of logic that is dedicated to realizing the nontest function of the component or
is at the time of interest configured to achieve some aspect of the nontest function. In the case of programma-
ble devices, the system logic may not be defined until after the device is programmed.
See also: device program. Syn.: mission logic.

3.1.56 system modal states: IEEE Std 1149.1-2001 defines two modes, “system” mode and “test” mode.
Devices that conform to this standard have a system mode that is divided into four modal states. This reflects
the fact that programmable devices, at various times in their operation, may (A) be in “Operational” mode
containing system logic, may (B) be in an “Unprogrammed” mode with blank logic configuration memory,
may (C) be in “ISC Accessed” mode for programming or accessing logic configuration memory, or may (D)
be in “ISC Complete” mode when accessing configuration memory is complete before returning to the oper-
ational mode.

NOTE See Clause 4.
3.1.57 system pin: A component pin that feeds, or is fed from, the on-chip system logic. In the case of pro-
grammable devices, the system logic may not be defined until after the device is programmed. In devices

that contain conventional logic in addition to programmable logic, system pins may be classified as ISC sys-
tem pins and fixed system pins. Syn.: mission pin. See also: device program.

NOTE See 3.1.25 and 3.1.36.

3.1.58 TAP Controller: A 16-state finite state machine used to control the activities of the test access port
and the test logic within the device. See also: Test Access Port (TAP).

3.1.59 test access port (TAP): Defined by IEEE Std 1149.1-2001. This consists of four (optionally five)
device pins dedicated for use by IEEE Std 1149.1-2001 and programming usage defined by this standard.
TAP pins are not system pins.
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3.1.60 test instruction: Instructions that include any pin-permission instruction that puts the device into test
mode but not into any of the programming modes.

3.1.61 verify: An operation similar to reading that compares an installed device program (or a portion
thereof) to a program supplied externally. If a discrepancy is found, an error indication is given. This opera-
tion may be inhibited if the device contains a security feature enabled by a protect operation.

3.1.62 volatile program: Device programming that is lost when a device has power removed from it.

3.1.63 write: See: program.

3.2 Acronyms
The following acronyms are used within this standard.

BSDL Boundary-Scan Description Language (see IEEE Std 1149.1-2001)
BSR Boundary-Scan Register

CPLD Complex Programmable Logic Device

EEPROM Electrically Erasable Programmable Read-Only Memory

EPLD Electrically Programmable Logic Device

EPROM  Erasable Programmable Read-Only Memory

FPGA Field-Programmable Gate Array

GAL Generic Array Logic

IC Integrated Circuit

I/O Input/Output

IOM Input/Output Module

ISC In-System Configuration
OST Operation Success Test
PAL Programmable Array Logic

PROM Programmable Read-Only Memory
SRAM Static Random Access Memory

TAP IEEE Std 1149.1-2001 Test Access Port

TCK The Test Clock input pin contained in the IEEE Std 1149.1-2001 TAP

TDI The Test Data Input pin contained in the IEEE Std 1149.1-2001 TAP

TDO The Test Data Output pin contained in the IEEE Std 1149.1-2001 TAP

TLR Test-Logic-Reset, the reset state of the IEEE Std 1149.1-2001 TAP Controller state diagram
TMS The Test Mode Select input pin contained in the IEEE Std 1149.1-2001 TAP

TRST* The Test Reset input pin contained in the IEEE Std 1149.1-2001 TAP (this pin is optional)
NOTE Following the convention used in IEEE Std 1149.1-2001, pins or signals with a trailing asterisk (“*”) in their
names are active low true signals.

4. System modal states

A conventional (i.e., nonprogrammable) device compliant with IEEE Std 1149.1-2001 has a “system” mode
and a “test” mode. In system mode, the device performs its intended mission even while executing
“noninvasive” nontest instructions. In test mode, test instructions control the device’s system I/O pins for
testing purposes. A compliant IEEE Std 1149.1-2001 device passes from system mode to test mode when

certain IEEE Std 1149.1-2001 instructions become active, as shown in Figure 2.

Devices that are compliant with IEEE Std 1149.1-2001 power-up in system mode. Noninvasive nontest
IEEE Std 1149.1-2001 instructions include BYPASS, PRELOAD, SAMPLE, IDCODE, and USERCODE.
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Annex D
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