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IMPORTANT NOTICE

Texas Instruments (T1) 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 Tl 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”).

T 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 © 1997, Texas Instruments Incorporated

Printed in U.S.A. by
Custom Printing Company
Owensville, Missouri



INTRODUCTION

Today’s designs are based on increasingly complex integrated circuits, fine-pitch packaging,
and very dense board layouts. These factors limit test access and greatly complicate '
traditional methods of functional and in-circuit testing. The IEEE 1149.1 (JTAG)
boundary-scan test standard was created to address this issue. Texas Instruments (Tl) has
taken a leading role in the industry in supplying silicon products that integrate IEEE 1149.1
boundary-scan test features.

Tl presents the 1997 Boundary-Scan Logic IEEE Std 1149.1 (JTAG) Data Book. Included in
this issue is the broadest range of silicon solutions for system-level test in the industry.

© Popular BICMOS (BCT) and advanced BiCMOS (ABT) octal buffers/transceivers

® A full family of ABT/ABTH Widebus™ (18- and 20-bit) transceivers and universal
bus transceivers (UBT™)

® The industry’s first 3.3-V boundary-scan logic products, LVTH Widebus. (18- and
20-bit) transceivers and UBTs

® Afamily of scan-support functions for controlling the test bus, adapting the test bus
to backplane/multidrop configuration, and managing multiple scan paths

Features of the boundary-scan logic family include:

® Compatibility with IEEE Std 1149.1-1990 (JTAG) boundary-scan architecture
Under 6-ns maximum propagation delays
Bus-hold and series-resistor options ,
EIAJ TSSOP, JEDEC SSOP, and EIAJ TQFP fine-pitch surface-mount packaging ‘
18-bit and 20-bit UBT architectures

Most of the products in this data book are available in production quantities. Please contact
your Tl representative or local authorized distributor for details on any of these devices.
Information on products not yet available in production quantities is presented in this data
book as Product Preview. Contact the TI Semiconductor Product Information Center at
(972) 644-5580 to learn more about plans for these devices.

The data book also contains other useful sections, including mechanical data and
technical information.

EPIC-1IB, SCOPE, UBT, and Widebus are trademarks of Texas Instruments Incorporated.
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PRODUCT STAGE STATEMENTS

Product stage statements are used on Texas Instruments data sheets to indicate the
development stage(s) of the product(s) specified in the data sheets.

If all products specified in a data sheet are at the same development stage, the appropriate
statement from the following list is placed in the lower left corner of the first page of the data
sheet.

PRODUCTION DATA information is current as of publication date. Products
conform to specifications per the terms of Texas Instruments standard warranty.
Production processing does not necessarily include testing of all parameters.

ADVANCE INFORMATION concerns new products in the sampling or
preproduction phase of development. Characteristic data and other
specifications are subject to change without notice.

PRODUCT PREVIEW information concerns products in the formative or design
phase of development. Characteristic data and other specifications are design
goals. Texas Instruments reserves the right to change or discontinue these
products without notice.

If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the
first statement below is placed in the lower left corner of the first page of the data sheet.
Subsequent pages of the data sheet containing PRODUCT PREVIEW information or
ADVANCE INFORMATION are then marked in the lower left-hand corner with the appropriate
statement given below:

UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA
information current as of publication date. Products conform to specifications per
the terms of Texas Instruments standard warranty. Production processing does
not necessarily include testing of all parameters.

ADVANCE INFORMATION concerns new products in the sampling or
preproduction phase of development. Characteristic data and other
specifications are subject to change without notice.

PRODUCT PREVIEW information concerns products in the formative or design
phase of development. Characteristic data and other specifications are design
goals. Texas Instruments reserves the right to change or discontinue these
products without notice.
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

INTRODUCTION

These symbols, terms, and definitions are in accordance with thase currently agreed upon by the JEDEC Council
of the Electronic Industries Association (EIA) for use in the USA and by the International Electrotechnical Commission
(IEC) for international use.

operating conditions and characteristics (in sequence by letter symbols)

fmax

lec

Alge

Icex

lithold)

Input capacitance
The internal capacitance at an input of the device

Input/output capacitance
Input-to-output internal capacitance; transcapacitance

Output capacitance
The internal capacitance at an output of the device

Power dissipation capacitance

Used to determine the no-load dynamic power dissipation per logic function (see individual circuit pages):
Pp = Cpd Vec? f + loc Vee

Maximum clock frequency

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence
while maintaining stable transitions of logic level at the output with input conditions established that
should cause changes of output logic level in accordance with the specification

Supply current

The current into* the Vg supply terminal of an integrated circuit

Supply current change

The increase in supply current for each input that is at one of the specified TTL voltage levels rather than
0VorVgeo

Output high leakage current

The maximum leakage current into the collector of the pulldown output transistor when the output is high
and the output forcing condition Vg = 5.5V

Input hold current

Input current that holds the input at the previous state when the driving device goes to a
high-impedance state

High-level input current

The current into* an input when a high-level voltage is applied to that input

Lowe-level input current
The current into* an input when a low-level voltage is applied to that input

Input/output power-off leakage current

The maximum leakage current into/out of the input/output transistors when forcing the input/output to
45VandVgec=0V

High-level output current

The current into* an output with input conditions applied that, according to the product specification,
establishes a high level at the output

*Current out of a terminal is given as a negative value.

Q‘ TEXAS
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

loL

lozpu/PD

te

tdis

ten

th

tPHL

tpHz

*

Low-level output current

The current into* an output with input conditions applied that, according to the product specification,
establishes a low level at the output

Off-state (high-impedance-state) output current (of a 3-state output)

The current flowing into* an output having 3-state capability with input conditions established that,
according to the product specification, establishes the high-impedance state at the output

Access time

The time interval between the application of a specified input pulse and the availability of valid signals
at an output

Clock cycle time

Clock cycle time is 1/fmax.

Disable time (of a 3-state or open-collector output)

The propagation time between the specified reference points on the input and output voltage waveforms

with the output changing from either of the defined active levels (high or low) to a high-impedance

(off) state

NOTE: For3-state outputs, tyjs = tpHz or tpr z. Open-collector outputs change only if they are low at the
time of disabling, so tgis = tpLH-

Enable time (of a 3-state or open-collector output)

The propagation time between the specified reference points on the input and output voltage waveforms
with the output changing from a high-impedance (off) state to either of the defined active levels (high
or low)

NOTE: In the case of memories, this is the access time from an enable input (e.g., OE). For 3-state
outputs, ten = tpzH or tpz. Open-collector outputs change only if they are responding to data
that would cause the output to go low, S0 ten = tpHL-

Hold time

The time interval during which a signal is retained at a specified input terminal after an active transition
occurs at another specified input terminal

NOTES: 1. The hold time is the actual time interva! between two signal events and is determined by the
system in which the digital circuit operates. A minimum value is specified that is the shortest
interval for which correct operation of the digital circuit is to be expected.

2.The holdtime may have a negative value in which case the minimum limit defines the longest
interval (between the release of the signal and the active transition) for which correct operation
of the digital circuit is to be expected.
Propagation delay time
The time between the specified reference points on the input and output voltage waveforms with the
output changing from one defined level (high or low) to the other defined level {tpd = tPHL OF tPLH)
Propagation delay time, high-to-low level output
The time between the specified reference points on the input and output voltage waveforms with the
output changing from the defined high level to the defined low level
Disable time (of a 3-state output) from high level

The time interval between the specified reference points on the input and the output voltage waveforms
with the 3-state output changing from the defined high level to the high-impedance (off) state

Current out of a terminal is given as a negative value.

d
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

tpLH

tpLz

tpzH

tpzL

tsk(o)

ViH

ViL

Von

Propagation delay time, low-to-high level output

The time between the specified reference points on the input and output voltage waveforms with the
output changing from the defined low level to the defined high level

Disable time (of a 3-state output) from low level

The time interval between the specified reference points on the input and the output voltage waveforms
with the 3-state output changing from the defined low level to the high-impedance (off) state

Enable time (of a 3-state output) to high level

The time interval between the specified reference points on the input and output voltage waveforms with
the 3-state output changing from the high-impedance (off) state to the defined high level

Enable time (of a 3-state output) to low level

The time interval between the specified reference points on the input and output voltage waveforms with
the 3-state output changing from the high-impedance (off) state to the defined low level

Output Skew

The difference between any two propagation delay times when a single switching input or multiple inputs
switching simultaneously cause multiple outputs to switch, as observed across all switching output. This
parameter is used to describe the fanout capability of a clock driver and is of concern when making
decisions on clock buffering and distribution networks.

Setup time

Thetime interval between the application of a signal at a specified input terminal and a subsequent active
transition at another specified input terminal

NOTES: 1. The setup time is the actual time interval between two signal events and is determined by
the system in which the digital circuit operates. A minimum value is specified that is the shortest
interval for which correct operation of the digital circuit is guaranteed.

2. The setup time may have a negative value, in which case the minimum limit defines the
longest interval (between the active transition and the application of the other signal) for which
correct operation of the digital circuit is guaranteed.

Pulse duration (width)

The time interval between specified reference points on the leading and trailing edges of the

pulse waveform

High-level input voitage

An input voltage within the more positive (less negative) of the two ranges of values used to represent
the binary variables '

NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which
operation of the logic element within specification limits is to be expected.
Low-level input voltage

An input voltage within the less positive (more negative) of the two ranges of values used to represent
the binary variables

NOTE: A maximum is specified that is the most-positive value of low-level input voltage for which
operation of the logic element within specification limits is to be expected.
High-level output voltage

The voltage at an output terminal with input conditions applied that, according to product specification,
establishes a high level at the output
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

VoL

ViTs

ViT-

Low-level output voltage

The voltage at an output terminal with input conditions applied that, according to product specification,
establishes a low level at the output

Positive-going input threshold level

The voltage level at a transition-operated input that causes operation of the logic element according to
specification as the input voltage rises from a level below the negative-going threshold voltage, V|1—
Negative-going input threshold level

The voltage level at a transition-operated input that causes operation of the logic element according to
specification as the input voltage falls from a level above the positive-going threshold voltage, V;T.,

1-8
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EXPLANATION OF FUNCTION TABLES

The following symbols are used in function tables on Tl data sheets:

é)]é)anxsle—)r—::
>

0o

e
Toggle

high level (steady state)

low level (steady state)

transition from low to high level

transition from high to low level

value/level or resulting value/level is routed to indicated destination
value/level is re-entered

irrelevant (any input, including transitions)

off (high-impedance) state of a 3-state output

the level of steady-state inputs A through H, respectively

level of Q before the indicated steady-state input conditions were established

complement of Qg or level of Q before the indicated steady-state input
conditions were established

level of Q before the most recent active transition indicated by L or T
one high-level pulse
one low-level pulse

each output changes to the complement of its previous level on each active
transition indicated by 4 or T

If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid
whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The output
persists so long as the input configuration is maintained.

If, in the input columns, a row contains H, L, and/or X together with T and/or |, this means the output is valid whenever
the input configuration is achieved but the transition(s) must occur following the achievement of the steady-state
levels. If the output is shown as a level (H, L, Qq, or Qg), it persists so long as the steady-state input leveis and the
levels that terminate indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite
directionto those shown have no effect at the output. (If the output is shown as a pulse, L or™LI", the pulse follows
the indicated input transition and persists for an interval dependent on the circuit.)

*9 TeExAs
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EXPLANATION OF FUNCTION TABLES

Among the most complex function tables are those of the shift registers. These embody most of the symbols used
in any of the function tables, plus more. Below is the function table of a 4-bit bidirectional universal shift register.

FUNCTION TABLE
INPUTS OUTPUTS
GLEAR MODE CLOCK SERIAL PARALLEL @ G Qc Qb
S1 S0 LEFT RIGHT| A B C D .

L X X X X X X X X X L L L L
H X X L X x Ix x x x|oan Qs Qco Qoo
H H H T X X a b c d a b c d
H L H T X H H H H H QAn QBn QCn
H L H T X L L L L L L Qan QBn Qecn
H H L T H X X X X X |@gn Qcn Qpn H
H H L ) L X X X X X |Qn Qcn Qon L
H L L X X X X X X X Qa0 Qo Qco Qpo

The first line of the table represents a synchronous clearing of the register and says that if clear is low, all four outputs
will be reset low regardless of the other inputs. In the following lines, clear is inactive (high) and so has no effect.

The second line shows that so long as the clock input remains low (while clear is high), no other input has any effect
and the outputs maintain the levels they assumed before the steady-state combination of clear high and clock low
was established. Since on other lines of the table only the rising transition of the clock is shown to be active, the second
line implicitly shows that no further change in the outputs occurs while the clock remains high or on the high-to-low
transition of the clock.

The third line of the table represents synchronous parallel loading of the register and says thatif S1 and S0 are both
high then, without regard to the serial input, the data entered at A is at output Qp, data entered at B is at Qg, and so
forth, following a low-to-high clock transition.

The fourth and fifth lines represent the loading of high- and low-level data, respectively, from the shift-right serial input
and the shifting of previously entered data one bit; data previously at Qp is now at Qp, the previous levels of Qg and
Qg are now at Qg and Qp, respectively, and the data previously at Qp is no longer in the register. This entry of serial
data and shift takes place on the low-to-high transition of the clock when S1 is low and S0 is high and the levels at
inputs A through D have no effect.

The sixth and seventh lines represent the loading of high- and low-level data, respectively, from the shift-left serial
input and the shifting of previously entered data one bit; data previously at Qg is now at Qp, the previous levels of
Q¢ and Qp are now at Qg and Qg, respectively, and the data previously at Qp is no longer in the register. This entry
of serial data and shift takes place on the low-to-high transition of the clock when S1 is high and S0 is low and the
levels at inputs A through D have no effect.

The last line shows that as long as both inputs are low, no other input has any effect and, as in the second line, the
outputs maintain the levels they assumed before the steady-state combination of clear high and both mode inputs
low was established.

The function table functional tests do not reflect all possible combinations or sequential modes.

{if TeEXAS
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D FLIP-FLOP AND LATCH SIGNAL CONVENTIONS

It is normal Tl practice to name the outputs and other inputs of a D-type flip-flop or latch and to draw its logic symbol
based on the assumption of true data (D) inputs. Outputs that produce data in phase with the data inputs are called
Q and those producing complementary data are called Q. An input that causes a Q output to go high or a Q output
to go low is called preset (PRE). An input that causes g&output to go high or a Q output to go low is called clear
(CLR). Bars are used over these pin names (PRE and CLR) if they are active low.

The devices on several data sheets are second-source designs, and the pin-name conventions used by the original
manufacturers have been retained. That makes it necessary to designate the inputs and outputs of the inverting

circuits D and Q.

In some applications, it may be advantageous to redesignate the data input from D to D or vice versa. In that case,
all the other inputs and outputs should be renamed as shown below. Also shown are corresponding changes in the
graphical symbols. Arbitrary pin numbers are shown.

|
o om

O
=
2

R
CL

T
m

H
2
I o X

1
S 5
2 Q
c1
3
D 6 _
4 > Q
R
Latch
1
S 5
2 Q
> C1
3
1D 6 _
4 P ————— @
R
Flip-Flop

Nl

3
m O o

|
,‘-’.‘3|
m O X ™

c1
| 1D

Latch

> C1
1D

Flip-Flop

2]}

[2]]

The figures show that when Q and Q exchange names, the preset and clear pins also exchange names. The polarity
indicators (. ) on PRE and CLR remain, as these inputs are stil active low, but the presence or absence of the polarity
indicator changes at D (or D), Q, and Q. Pin 5 (Q or Q) is still in phase with the data input (D or D); their active levels

change together.
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DEVICE NAMES AND PACKAGE DESIGNATORS

Exampls:

SEEEEEEaE

1 Standard Prefix
Example: SNJ - Conforms to MIL-PRF-38535 (QML)

2 Military (54) or Commercial (74)
3 Family

Example: Blank — Transistor-Transistor Logic
ABT - Advanced BiCMOS Technology
ABTE - Advanced BiCMOS Technology/
Enhanced Transceiver Logic
AC/ACT - Advanced CMOS Logic
AHC/AHCT - Advanced High-Speed CMOS Logic
ALS - Advanced Low-Power Schottky Logic
AS - Advanced Schottky Logic
ALVC - Advanced Low-Voltage CMOS Technology
BCT - BiCMOS Bus-Interface Technology
CBT - Crossbar Technology
CDC - Clock-Distribution Circuits
F - F Logic
FB - Backplane Transceiver Logic/Futurebus+
GTL - Gunning-Transceiver Logic
HC/HCT - High-Speed CMOS Logic
LS - Low-Power Schottky Logic
LV - Low-Voltage HCMOS Technology
LVC - Low-Voltage CMOS Technology
LVT - Low-Voltage BiCMOS Technology
S - Schottky Logic
SSTL — Series-Stub Terminated Logic

4 Speclal Features

Example: Blank = No Special Features
D - Level-Shifting Diode (CBTD)
H — Bus Hold (ALVCH)
R — Damping Resistor on Inputs/Outputs (LVCR)
S — Schottky Clamping Diode (CBTS)
U - Unbuffered Output (AHCU)

§ Bit Width

Example: Blank = Gates, MS|, and Octals
1G - MicroGate (Single Gate)
8 — Octal IEEE 1149.1 (JTAG)
16 — Widebus™ (16, 18, and 20 Bit)
18 — Widebus™ IEEE 1149.1 (JTAG)
32 — Widebus+™ (32 and 36 Bit)

6 Options

Example: Blank = No Options
2 - Series-Damping Resistor on Outputs
4 - Level Shifter
25 - 25-Q Line Driver

7 Function

Example: 244 - Noninverting Octal Buffer/Driver
374 - Octal D-Type Flip-Flop
573 — D-Type Transparent Latch
640 - Inverting Octal Transceiver

8 Device Revision

Example: Blank = No Revision
Letter Designator A-Z

9 Packages

Example: D, DW — Small-Outline Integrated Circuit (SOIC)
DB, DL ~ Shrink Small-Outline Package (SSOP)
DBB, DGV - Thin Very Small-Outline Package (TVSOP)
DBV - Small-Outline Transistor Package
DGG, PW - Thin Shrink Small-Outline Package (TSSOP)
FK - Leadless Ceramic Chip Carrier
FN - Plastic Leaded Chip Carrier
GB - Ceramic Pin Grid Array
HFP, HS, HT, HV - Ceramic Quad Flat Package
J, JT - Ceramic Dual-In-Line Package
N, NT = Plastic Dual-In-Line Package (DIP)
PH, PQ, RC - Plastic Quad Flat Package
PAG, PAH, PCA, PCB, PM, PN, PZ - Plastic Thin Quad
Flat Package
W, WA, WD - Ceramic Flat Package

10 Tape and Reel

Example: LE - Left Embossed (Required for DB and PW Packages)
R - Standard (Required for DGG, DBB, DGV, and DBV;
Optional for D, DL, and DW Packages)
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THERMAL INFORMATION

In digital system design, consideration must be given to thermal management of components. The small size of the
small-outline package makes this even more critical. Figure 1 shows the thermal resistance of these packages for
various rates of air flow.

The thermal resistances in Figure 1 can be used to approximate typical and maximum virtual junction temperatures.
In general, the junction temperature for any device can be calculated using the following equation:

T, = Rga X Pr+ Ty

where:
Ty = \virtual juhction temperature
Rgya = thermal resistance, junction to free air
Pt = total power dissipation of the device
Ta = free-air temperature
JUNCTION-TO-AMBIENT THERMAL RESISTANCE
Vs
AIR VELOCITY
130
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110 4— g
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100 \ /—
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N\

ol NN
N

50

30

Rg Ja —Junction-to-Ambient Thermal Resistance — °C/W

0 100 200 300 400 500 600
Alr Veloclty - ft/min

Figure 1

Derating curves for 56-pin thin shrink small-outline package are shown in Figure 2, 56-pin thin shrink small-outline
package are shown in Figure 3, 64-pin thin quad flat package are shown in Figure 4, and 24-pin thin shrink
small-outline package are shown in Figure 5.
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THERMAL INFORMATION

PIJ — Maximum Power Dissipation — mW/

Pp —Maximum Power Dissipation - mW
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64-PIN THIN QUAD FLAT PACKAGE
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IEEE 1149.1 (JTAG) BOUNDARY-SCAN LOGIC

IEEE 1149.1 (JTAG) Octal Bus Interface

DESCRIPTION No. OF OUTPUT | TYPE TECHNOLOGY
BITS ABT BCT VT ACT OTHER
Inverting Buffers/Drivers 8 35 '8240 v
Noninverting Buffers/Drivers 8 35 '8244 v
Transceivers 8 3S '8245 v v
'8543 (4
'8646 v
Registered Transceivers 8 3S
'8652 v
'8952 v
D-Type Transparent Latches 8 3S '8373 v
D-Type Flip-Flops 8 33 "8374 v
35 =3-State
v Product available in technology indicated < New product planned in technology indicated
IEEE 1149.1 (JTAG) Widebus™ With Dual-Sided Terminals
DESCRIPTION NO.OF | oyt | TvPE TECHNOLOGY
BITS ABT BCT LvT ACT OTHER
Noninverting Transceivers 18 3S ’18245 v + + Bus Hold
Inverting Transceivers 18 3S '18640 v + + Bus Hold
Noninverting Transceivers With Series Resistors on B Port 18 38 '182245 + + Bus Hold
Inverting Transceivers With Series Resistors on B Port 18 3S '182640 + + Bus Hold
'18512 + + Bus Hold
Universal Bus Transceivers (UBT™) 18 3 '18516 + + Bus Hold
) 20 35 [18514 + + Bus Hold
'182512 + + Bus Hold
Universal Bus Transceivers (UBT™) With Series Resistors on B Port 8 % '182516 + + Bus Hold
20 3s '182514 + + Bus Hold

3S = 3-State

v Product available in technology indicated 4 New product planned in technology indicated
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IEEE 1149.1 (JTAG) BOUNDARY-SCAN LOGIC

IEEE 1149.1 (JTAG) Widebus™ With Quad-Sided Terminals

NO.OF TECHNOLOGY
DESCRIPTION OUTPUT | TYPE
BITS ABT BCT T ACT OTHER
. R '18646 v + v Bus Hold
Registered Transceivers 18 3s
'18652 v + v Bus Hold
i . X i ’182646 v + ¢ Bus Hold
Registered Transceivers With Series Resistors on B Port 18 35
'182652 v + v Bus Hold
. . 18 3S 18502 v v v Bus Hold
Universal Bus Transceivers (UBT™)
20 3S '18504 v v v Bus Hold
. ) . 18 3S '182502 v v v Bus Hold
Universal Bus Transceivers (UBT™) With Series Resistors on B Port
20 38 '182504 v v v Bus Hold
35 =3-State
v Product available in technology indicated =+ New product planned in technology indicated
IEEE 1149.1 (JTAG) Scan Support
TECHNOLOGY
DESCRIPTION TYPE
ABT BCT LT ACT OTHER
'8980 v
Test Bus Controllers
'8990 v
Digital Bus Monitors '8994 v
Addressable Scan Port Devices '8996 v
Scan-Path Linkers '8997 v
Scan-Path Selectors '8999 v
35 =3-State

v Product available in technology indicated

<+ New product planned in technology indicated
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SN54BCT8240A, SN74BCT8240A
SCAN TEST DEVICES
WITH OCTAL INVERTING BUFFERS

SCBS067E — FEBRUARY 1990 — REVISED DECEMBER 1996

® Members of the Texas Instruments " SN54BCTB240A...JT PACKAGE
SCOPE ™ Famlly of Testability Products SN74B°7324°A&6-P ?"I'IVEV%R NT PACKAGE

® Octal Test-Integrated Circults

® Functlonally Equivalent to 'F240 and
’BCT240 In the Normal-Function Mode

® Compatible With the IEEE Standard
1149.1-1990 (JTAG) Test Access Port and
Boundary-Scan Archlitecture

© Test Operatlon Synchronous to Test
Access Port (TAP)

® Implement Optional Test Reset Signal by
Recognizing a Double-High-Level Voltage
(10 V) on TMS PIn

® SCOPE™ Instruction Set

- |EEE Standard 1149.1-1990 Required
Instructlons, Optional INTEST, CLAMP,
and HIGHZ SN54BCT8240A . . . FK PACKAGE

— Parallel-Signature Analysis at Inputs (TOP VIEW)

— Pseudo-Random Pattern Generation
From Outputs

— Sample Inputs/Toggle Outputs

® Package Options Include Plastic
Small-Outline (DW) Packages, Ceramic
Chip Carrlers (FK), and Standard Plastic
and Ceramic 300-mil DIPs (JT, NT)

description

The 'BCT8240A scan test devices with octal
buffers are members of the Texas Instruments
SCOPE™ testability integrated-circuit family. This
family of devices supports IEEE Standard
1149.1-1990 boundary scan to facilitate testing of
complex circuit-board assemblies. Scan access
to the test circuitry is accomplished via the 4-wire
test access port (TAP) interface.

In the normal mode, these devices are functionally equivalent to the 'F240 and 'BCT240 octal buffers. The test
circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device terminals
or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does not affect the
functional operation of the SCOPE™ octal buffers.

In the test mode, the normal operation of the SCOPE™ octal buffers is inhibited and the test circuitry is enabled
to observe and control the 1/O boundary of the device. When enabled, the test circuitry can perform
boundary-scan test operations, as described in IEEE Standard 1149.1-1990.

SCOPE is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA Information Is current ot :', lcation date. Copyright © 1996, Texas Instruments Incorporated
Products conform to s Instruments

me  torms o : b T Onmucneomptummulbmms.mmmmmmn
testing of al parameters. : EXAS Muummnhdmmﬂmoﬂllpnmm
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SN54BCT8240A, SN74BCT8240A
SCAN TEST DEVICES
WITH OCTAL INVERTING BUFFERS

SCBSO067E ~ FEBRUARY 1990 - REVISED DECEMBER 1996
e

description (continued)

Four dedicated test terminals control the operation of the test circuitry: test data input (TDI), test data output
(TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface:

The SN54BCT8240A is characterized for operation over the full military temperature range of —65°C to 125°C.
The SN74BCT8240A is characterized for operation from 0°C to 70°C.

FUNCTION TABLE
(normal mode, each buffer)

INPUTS OUTPUT
OE A Y
H X Z
L L H
L H L
logic symbolit
o
SCAN
'BCT8240A
14
™ ———] DI
12 1
™S ———— ™S TDO D0
13

TCK ——E> TCK-IN

> TCK-OUT
1
10E ——— D EN1

24

20E — D EN2 _
23 - L 2

1Al ———] > 19 w1
22 3

1A2 1v2
21 4

1A3 1Y3
20 5

1A4 1v4
19 N 7

28— > 2V 2v1
17 8

2A2 2v2
16 9

2A3 ————— 2v3
15 10

2A4 ————— 2Y4

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for the DW, JT, and NT packages.
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SN54BCT8240A, SN74BCT8240A
SCAN TEST DEVICES
WITH OCTAL INVERTING BUFFERS

SCBS067E — FEBRUARY 1990 — REVISED DECEMBER 1996

functional block diagram

Boundary-Scan Reglster
Vee ry: g
10E ———%—1 >—
——
Vee %
141 2 ¢ >— Dc N 2 1
One of Four Channels
Vee
20 24 %l >__
Vee
2a1 12 o >— Do '\I > LAy
One of Four Channels
Bypass Register
| N
Boundary-Control
Reglster vee
Vee | ,4
14 % \ L TDO
TDI ® / Instruction Reglster
Vcc%
w23 I J
~ TAP
Vee
Controller
13 N
TCK ® /

Pin numbers shown are for the DW, JT, and NT packages.
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SN54BCT8240A, SN74BCT8240A
SCAN TEST DEVICES
WITH OCTAL INVERTING BUFFERS

SCBS067E - FEBRUARY 1990 - REVISED DECEMBER 1996

Terminal Functions

TERMINAL
NAME DESCRIPTION
1A1-1A4, Normal-function data inputs. See function table for normal-mode logic. Internal pullups force these inputs to a high level if
2A1-2A4 left unconnected.
GND Ground
1OE, 2OE Normal-function output-enable inputs. See function table for normal-mode logic. Internal pullups force these inputs to a high
' < level if left unconnected.
Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to
TCK TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. An internal pullup forces
TCK to a high level if left unconnected.
oI Testdata input. One of four terminals required by |IEEE Standard 1149.1-1990. TDl is the serial input for shifting data through
the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected.
Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data
TDO through the instruction register or selected data register. An internal pullup forces TDO to a high level when it is not active
and is not driven from an external source.
Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its
T™MS TAP-controller states. An internal pullup forces TMS to a high level if left unconnected. TMS also provides the optional test
reset signal of IEEE Standard 1149.1-1990. Thisisimplemented by recognizing athirdlogic level, double high (V|qH), at TMS.
\'/ole} Supply voltage
1Y1-1Y4. 1 Normal-function data outputs. See function table -mode logi
2Y1-2Y4 ormal-function data outputs. See function table for normal-mode logic.
‘b TEXAS
INSTRUMENTS
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SN54BCT8240A, SN74BCT8240A
SCAN TEST DEVICES
WITH OCTAL INVERTING BUFFERS

SCBS067E — FEBRUARY 1990 — REVISED DECEMBER 1996

test architecture

TMS=H

Serial-test information is conveyed by means of a 4-wire test bus, or TAP, that conforms to IEEE Standard
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The
TAP coritroller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram.

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK, and
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully
one-half of the TCK cycle.

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the
device contains an 8-bit instruction register and three test-data registers: an 18-bit boundary-scan register, a
2-bit boundary-control register, and a 1-bit bypass register.

Test-Logic-Reset
9 /

TMS =L
L T™MS=H TMS =H TMS=H
< Run-Testldle >—A Select-DR-Scan Select-IR-Scan
TMS=L 1 TMS=L TMS=L
‘ \ 4
L TMS=H TMS=zH f_j:
Capture-DR Capture-IR
C__/ N
T™S=L T™MS=L
T™MS =L TMS=L
J™s=H
TMS =H TMS =H
T™S =L T™S=L
A
Pause-DR Pause-|
™S =L : T™MS=L
TMS=H TMS=H
L'_\TMS =L TMS=L /'—"
< Exit2-DR > < Exit2-IR >
TMS =H TMS=H
TMS =H T™MS=L TMS = H T™MS=L

Flgure 1. TAP-Controller State Diagram
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SN54BCT8240A, SN74BCT8240A
SCAN TEST DEVICES
WITH OCTAL INVERTING BUFFERS

SCBS067E ~ FEBRUARY 1990 — REVISED DECEMBER 1996

state diagram description

The TAP controlleris a synchronous finite state machine that provides test control signals throughout the device.
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller
proceeds through its states based on the level of TMS at the rising edge of TCK.

As illustrated, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow
in the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for
consecutive TCK cycles. Any state that does not meet this criterion is an unstable state.

There are two main paths through the state diagram: one to access and control the selected data register and
one to access and control the instruction register. Only one register may be accessed at a time.

Test-Logic-Reset

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data
registers also can be reset to their power-up values.

The state machine is constructed éuch that the TAP controller returns to the Test-Logic-Reset state in no more
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left
unconnected or if a board defect causes it to be open circuted.

For the 'BCT8240A, the instruction register is reset to the binary value 11111111, which selects the BYPASS
instruction. The boundary-control register is reset to the binary value 10, which selects the PSA test operation.

Run-Test/Idle

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test
operations. The Run-Tesvldle state also can be entered following data-register or instruction-register scans.
Run-Test/Idle is a stable state in which the test logic may be actively running a test or may be idle.

The test operations selected by the boundary-control register are performed while the TAP controller is in the
Run-Test/Idle state.

Select-DR-Scan, Select-IR-Scan

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or
instruction-registef scan.

Capture-DR

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the
Capture-DR state, the selected-data register may capture a data value as specified by the current instruction.
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the
Capture-DR state.

Shift-DR

Upon entry to the Shift-DR state, the data register is placed in the scan path between TD! and TDO and, on the
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic
level present in the least-significant bit of the selected data register.

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle.
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR).
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state.

3
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Exit1-DR, Exit2-DR

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register.

On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the
high-impedance state.

Pause-DR

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data.

Update-DR

If the current instruction calls for the selected data register to be updated with current data, then such update
occurs on the falling edge of TCK following entry to the Update-DR state.

Capture-IR

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state.

For the 'BCT8240A, the status value loaded in the Capture-IR state is the fixed binary value 10000001.
Shift-IR

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and,
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to
the logic level present in the least-significant bit of the instruction register.

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state.

Exit1-IR, Exit2-IR

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register.

On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the
high-impedance state.

Pause-IR

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss
of data.

Update-iR

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the
Update-IR state.
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register overview

With the exception of the bypass register, any test register may be thought of as a serial-shift register with a
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register
may be parallel loaded from a source specified by the current instruction. During the appropriate shift state
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from
the shift register. ‘

instruction register description

TDI —¥

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information
contained in the instruction includes the mode of operation (either normal mode, in which the device performs
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation
to be performed, which of the three data registers is to be selected for inclusion in the scan path during
data-register scans, and the source of data to be captured into the selected data register during Capture-DR.

Table 2 lists the instructions supported by the 'BCT8240A. The even-parity feature specified for SCOPE™
devices is not supported in this device. Bit 7 of the instruction opcode is a don't-care bit. Any instructions that
are defined for SCOPE™ devices but are not supported by this device default to BYPASS.

During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2.

Bit7

MSB) 1 o} Bue |—» Bits || Bita || Birs | sz | Bt || B0 | 1o
l:éonl (LSB)

are

Figure 2. Instruction Register Order of Scan

data-register description

boundary-scan register

The boundary-scan register (BSR) is 18 bits long. It contains one boundary-scan cell (BSC) for each
normal-function input pin and one BSC for each normal-function output pin. The BSR is used 1) to store test
data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the device output
terminals, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or
externally at the device input terminals.

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The
contents of the BSR may change during Run-Test/Idle as determined by the current instruction. The contents
of the BSR are not changed in Test-Logic-Reset.

The BSR order of scan is from TDI through bits 17-0 to TDO. Table 1 shows the BSR bits and their associated
device pin signals.

2-10
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Table 1.Boundary-$can Register Configuration

BSR BIT DEVICE BSRBIT | DEVICE BSR BIT DEVICE
NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL
17 10E 15 1A1 7 1Y1
16 20E 14 1A2 6 1Y2
— —_ 13 1A3 5 1Y3
— - 12 1A4 4 1Y4
— — 1 2A1 3 2Y1
— —_ 10 2A2 2 2Y2
— — 9 2A3 1 2Y3
— —_ 8 2A4 0 2Y4

boundary-control register

The boundary-control register (BCR) is two bits long. The BCR is used in the context of the RUNT instruction
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations
include PRPG and PSA. Table 3 shows the test operations that are decoded by the BCR.

During Capture-DR; the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is
reset to the binary value 10, which selects the PSA test operation. The BCR order of scan is shown in Figure 3.

Bit1 | Bito
(MSB) (LSB)

TDI —» — TDO

Figure 3. Boundary-Control Register Order of Scan

bypass register

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path,
thereby reducing the number of bits per test pattern that must be applied to complete a test operation.

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in
Figure 4.

TDI —» Bit0 |—» TDO

Figure 4. Bypass Register Order of Scan

instruction-register opcode description

The instruction-register opcodes are shown in Table 2. The following descriptions detail the operation of
each instruction.
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Table 2. Instruction-Register Opcodes

BT o BT ? SCOPE OPCODE DESCRIPTION Mty MODE
MSB - LSB

X0000000 EXTEST/INTEST Boundary scan Boundary scan Test
X0000001 BYPASS* Bypass scan Bypass Normal
X0000010 SAMPLE/PRELOAD Sample boundary Boundary scan Normal
X0000011 INTEST/EXTEST Boundary scan Boundary scan Test
X0000100 BYPASS* Bypass scan Bypass Normal
X0000101 BYPASSt Bypass scan Bypass Normal
X0000110 HIGHZ (TRIBYP) Control boundary to high impedance Bypass Modified test
X0000111 CLAMP (SETBYP) Control boundary to 1/0 Bypass Test
X0001000 BYPASS? Bypass scan Bypass Normal
X0001001 RUNT Boundary run test Bypass Test
X0001010 READBN Boundary read Boundary scan Normal
X0001011 READBT Boundary read Boundary scan Test
X0001100 CELLTST Boundary self test Boundary scan Normal
X0001101 TOPHIP Boundary toggle outputs Bypass Test
X0001110 SCANCN Boundary-control register scan Boundary control Normal
X0001111 SCANCT Boundary-control register scan Boundary control Test
All others BYPASS Bypass scan Bypass Normal

1 Bit 7 is a don't-care bit; X = don't care.
$The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'BCT8240A.

boundary scan

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into
the output BSCs is applied to the device output terminals. The device operates in the test mode.

bvpass sean
This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is

selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in the normal mode.

sample boundary

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is
selected inthe scan path. Data appearing at the device input terminals is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the
normal mode.

*’? TeExXAS
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control boundary to high impedance

This instruction conforms to the |IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is
selected in the scan path. A logic O value is captured in the bypass register during Capture-DR. The device
operates in a modified test mode in which all device output terminals are placed in the high-impedance state,
the device input terminals remain operational, and the normal on-chip logic function is performed.

control boundary to 1/0

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data inthe input
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device
output terminals. The device operates in the test mode.

boundary run test

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during
Run-Test/Idle. The four test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP),
PRPG, PSA, and simultaneous PSA and PRPG (PSA/PRPG).

boundary read

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This
instruction is useful for inspecting data after a PSA operation.

boundary self test

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR.
In this way, the contents of the shadow latches may be read out to verify the integrity of both shift-register and
shadow-latch elements of the BSR. The device operates in the normal mode.

boundary toggle outputs

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of
TCK in Run-Test/Idle and is then updated in the shadow latches and applied to the associated device output
terminals on each falling edge of TCKin Run-Test/Idle. Data in the selected input BSCs remains constant and
is applied to the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured
in the input BSCs. The device operates in the test mode.

boundary-control-register scan

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This
operation must be performed before a boundary-run test operation to specify which test operation is to
be executed.
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bodndary-control-reglster opcode description

The BCR opcodes are decoded from BCR bits 1-0, as shown in Table 3. The selected test operation is
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms.

Table 3. Boundary-Control Register Opcodes

BINARY CODE
BIT1 - BITO DESCRIPTION
MSB — LSB
00 Sample inputs/toggle outputs (TOPSIP)
01 Pseudo-random pattern generation/16-bit mode (PRPG)
10 Parallel-signature analysis/16-bit mode (PSA)
11 Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG)

It should be noted, in general, that while the control input BSCs (bits 17—16) are not included in the sample,
toggle, PSA, or PRPG algorithms, the output-enable BSCs (bits 17-16 of the BSR) do control the drive state
(active or high impedance) of the selected device output terminals.

sample inputs/toggle outputs (TOPSIP)

Data appearing at the device input terminals is captured in the shift-register elements of the input BSCs on each
rising edge of TCK. This data is then updated in the shadow latches of the input BSCs and applied to the inputs
of the normal on-chip logic. Data in the shift-register elements of the output BSCs is toggled on each rising edge
of TCK, updated in the shadow latches, and applied to the device output terminals on each falling edge of TCK.

pseudo-random pattern generation (PRPG)

A pseudo-random pattern is generated in the shift-register elements of the BSCs on each rising edge of TCK
and then updated in the shadow latches and applied to the device output terminals on each falling edge of TCK.
This data also is updated in the shadow latches of the input BSCs and applied to the inputs of the normal on-chip
logic. Figure § shows the 16-bit linear-feedback shift-register algorithm through which the patterns are
generated. An initial seed value should be scanned into the BSR before performing this operation. A seed value
of all zeroes will not produce additional patterns.

1A1 1A2 1A3 1A4 2A1 2A2 2A3 2A4
) 4
De D+ De—

@ :)D— 11 1Y2 1Y3 1Y4 2Y1

Figure 5. 16-Bit PRPG Configuration

2Y2 2Y3 2Y4
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parallel-signature analysis (PSA)

Data appearing at the device input terminals is compressed into a 18-bit parallel signature in the shift-register
elements of the BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the input
BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow latches of the output BSCs
remains constant and is applied to the device outputs. Figure 6 shows the 16-bit linear-feedback shift-register
algorithm through which the signature is generated. An initial seed value should be scanned into the BSR before

performing this operation.

1A1 1A2 1A3 1A4 2A1 2A2 2A3 2A4

@ - :)D— 11 1¥2 13 14 2y1 2v2 2Y3 2v4

Figure 6. 16-Bit PSA Configuration

simultaneous PSA and PRPG (PSA/PRPG)

Data appearing at the device input terminals is compressed into an 8-bit parallel signature in the shift-register
elements of the input BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the
input BSCs and applied to the inputs of the normal on-chip logic. At the same time, an 8-bit pseudo-random
pattern is generated in the shift-register elements of the output BSCs on each rising edge of TCK, updated in
the shadow latches, and applied to the device output terminals on each falling edge of TCK. Figure 7 shows
the 8-bit linear-feedback shift-register algorithm through which the signature and patterns are generated. An
initial seed value should be scanned into the BSR before performing this operation. A seed value of all zeroes
will not produce additional patterns.

1A1 1A2 1A3 1A4 2A1 2A2 2A3 2A4

@ :)D_ 1Y1 1Y2 1Y3 1Y4 2Y1 2Y2 2y3 2Y4

Figure 7. 8-Bit PSA/PRPG Conflguration
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timing description

Alitest operations of the 'BCT8240A are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output terminals on the
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the
value of TMS on the falling edge of TCK and then applying a rising edge to TCK.

A simple timing example is shown in Figure 8. In this example, the TAP controller begins in the Test-Logic-Reset
state and is advanced through its states, as necessary, to perform one instruction-register scan and one
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO is used
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 4 details the

operation of the test circuitry during each TCK cycle.

Table 4. Explanation of Timing Example

cYZ?.:(S) AFTER TCK DESCRIPTION
1 Test-Logic-Reset ;I;\l:i;ss ﬁZznsgi:g fo a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward
2 Run-Test/Idle
3 Select-DR-Scan
4 Select-IR-Scan
5 Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the
Capture-IR state.
6 Shift-IR TDO be.cc.Jmes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP
on the rising edge of TCK as the TAP controller advances to the next state.
Onebit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value
7-13 Shift-IR 11111111is sen:ially scannedintothe IR. Atthe Sfimetime,the 8-bit t?inaryvalue 10000001 is serially scanned
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR.
14 Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.
15 Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK.
16 Select-DR-Scan .
17 Capture-DR 'gl;: ma;; ;e;g‘izter captures a logic 0 value on the rising edge of TCK as the TAP controller exits the
18 Shifi-DR TDO be'cgmes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP
on the rising edge of TCK as the TAP controller advances to the next state.
19-20 Shift-DR The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO.
21 Exit1-DR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.
22 Update-DR In general, the selected data register is updated with the new data on the falling edge of TCK.
23 Select-DR-Scan
24 Select-IR-Scan
25 Test-Logic-Reset | Test operation completed
‘E’ TEXAS
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TAP
Controller
State

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

P TTTTTS, T2
CXRIHXARIK %%
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212|558 @ GIBIEIE| & |8|E|6|5|8
le|%|8|8S 518 S15|8|®
o -] § 8|9 8122
Q K 3 || B
5" |3 3 3|33

@ 3-State (TDO) or Don't Care (TD!)

Figure 8. Timing Example

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply VOIAGE raNge, VGG v v vnrenernrtaeiitintareittesnnsnsratinseenrneineanensens -05Vto7V
Input voltage range, Vj: except TMS (seeNote 1) .....covvniiiiiiniiiiiiiii et -05Vto7V
TMS (seeNote 1) ..ooiiiniiiiiiiiiiiiieninanns e e -0.5Vto12V

Voltage range applied to any output in the disabled or power-off state ............... ... =05Vtob5V
Voltage range applied to any outputin the highstate ............ ..ot -0.5Vto Voo
Input clamp current, [k . ovvr i i i e i e voee =30 MA
Current into any output in the low state: SN54BCT8240A (TDO) ....cvvieriieiiiiiiiie i 40 mA
SN54BCT8240A (ANY YY) teruenrieeraitrenneananens 96 mA

SN74BCT8240A (TDO) .......cctv.n. cieees e ... 48mA

SN74BCT8240A (ANY YY) vrriiiniriiiieiennnnnenss 128 mA

Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): DW package .................. 1.7W
NTpackage ........cevvevvnnnn 1.3W

Storage temperature range, Tgpg -+« vxuuuerremrrnniie e —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input voltage rating may be exceeded if the input clamp-current rating is observed.

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils,
except for the NT package, which has trace length of zero. For more information, refer to the Package Thermal Considerations
application note in the ABT Advanced BiCMOS Technology Data Book, literature number SCBD002.

Jl’ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-17



SN54BCT8240A, SN74BCT8240A
SCAN TEST DEVICES .
WITH OCTAL INVERTING BUFFERS

SCBS067E - FEBRUARY 1990 ~ REVISED DECEMBER 1996

recommended operating conditions

SN54BCT8240A SN74BCT8240A UNIT
MIN NOM MAX| MIN NOM  MAX
Vcc  Supply voltage 4.5 5 5.5 4.5 5 55 \
ViH High-level input voltage 2 2 \
VIHH  Double-high-level input voltage T™MS 10 : 12 10 12 \
ViL Low-level input voltage 0.8 0.8 \'2
ik Input clamp current -18 - =18| mA
loH High-level output current 10O =3 s mA
AnyY -12 -15
TDO 20 24
loL Low-level output current mA
Any Y 48 64 .
TA Operating free-air temperature -55 125 0 70 °C

¥ Texas
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS SN34BCT8240A SN74BCT8240A UNIT
MIN TYPT MAX| MIN TYPT MAX
ViK Vog =45V, | =-18 MA -1.2 -12]| v
Voo =475V, 1OH = =3 MA 27 34 27 34
IoH = -3 MA 24 34 24 34
AnyY \
Vcc =45V IOH = =12 MA 2 3.2
VoH IOH = -15 mA 2 3.1
Voc=475V,  loH=-1mA 27 34 27 34
TDO IoH =—1mA 25 34 25 34 v
Veg=45V
IOH = -3 MA 24 33 24 33
loL = 48 mA 038 055
AyY  |Voo=45V
v loL =64 mA 042 0.55 v
oL loL = 20 mA 03 05
TDO Voo =45V
loL = 24 mA 035 05
I Vocc =55V, Vi=55V 0.1 0.1 mA
IIH Veg=5.5V, V=27V -1 -85 -100| -1 -85 -100| pA
HH T™S Vcc =55V, V=10V 1 1 mA
I Vcc=5.5V, Vi=05V 30 -70 -200| =80 -70 -200| pA
! Any ¥ Vi 5.5V, V 27V 20 50 A
OZH T7po ce=53% 0== 1 85 -10] -1 -3 -1w0| "
I AVY  fvec=55V Vo=05V %0 -50 pA
OZL  I7po cec=53% 0=" 30 70 -200| 80 70 -200
lozPU Vcc=0to2V, Vo=05Vor27V 1250 250 pA
lozPD Vec=2V100, Vg=05Vor27V +250 250 | pA
loff Vee =0, ViorVos4.5V 1250 2501 pA
los¥ Voo =55V, Vo =0 -100 -225 | -100 —225| mA
Outputs high 3.5 7.5 3.5 75
lcc Vcc=55Y, Outputs open | Outputs low 35 52 35 52| mA
Qutputs disabled 15 3.5 15 3.5
Cj VoG =5VY, Vi=25Vor05V 10 10 pF
Co Voo =5V, Vo=25Vor0.5V 18 18 pF
T All typical values are at VoG = 5 V, TA = 25°C.
% Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second.
‘Q TEXAS
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (test mode) (see Figure 9)

Vec=5V. | gnsapcTaz40a | SN74BCTE240A
Ta=25°C UNIT
MIN MAX MIN  MAX MIN  MAX
folock  Clock frequency TCK 0 20 0 20 0 20| MHz
i TCK high or low 25 25 25
tw Pulse duration - ns
TMS double high 50" 50" 50
Any A before TCKT 6 6 6
. Setup time Any OE before TCKT 6 6, 6 s
etup ti
su P TDI before TOKT 6 6 6 "
TMS before TCKT 12 12 12
Any A after TCKT 45 45 45
) Any OE after TCKT 45 45 45
th Hold time - ns
TDI after TCKT 4.5 4.5 4.5
TMS after TCKT 0 0 0
tq Delay time Power up to TCKT 100* 100" 100 ns

* On products compliant to MIL-PRF-38535, this parameter is not production tested.
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (normal mode) (see Figure 9)

Vec=5V,
FROM TO o SN54BCT8240A | SN74BCT8240A
Ta =25°C
PARAMETER (INPUT) (OUTPUT) A UNIT
MIN TYP MAX MIN  MAX MIN  MAX
tPLH A ¥ 25 5.7 7.5 25 10 25 9 ns
tPHL 2.5 5.2 7 25 9 25 8
t 3 6 8 3 10 3 9.5
PZH OF Y ns
tpzL 35 7 9 35 12 35 11
t _— 2.5 6 8 25 10 2.5 9
PHZ oE v ns
tpLz 2.5 5.5 8 2.5 10 25 9

switching characteristics over recommended ranges of supply voltage and operating free-air
noted) (test mode) (see Figure 9)

temperature (un

less otherwise

Vec=5V,
PARAMETER FROM TO Ta = 25°C SN54BCT8240A | SN74BCT8240A UNIT
(INPUT) (OUTPUT) MIN TYP MAX MIN  MAX MIN  MAX
fmax TCK 20 20 20 | MHz
tpLH ToKL v 6 13 155 6 215 6 20 s
tPHL 6 125 155 6 215 6 20
t 35 76 105 35 14 35 13
tPHL 35 8 105 35 13 35 12
t . 5 . 7. 4
PLH oKt v 75 165 20 75 28 5 2 s
tPHL 75 17 21 75 29 7.5 25
. 14 6.5 24 6. 21
tpzH ToKL v 6.5 17 5 s
tpzL 7 15 20 7 26 7 23
. . . . . 3.
tpzH ToKl 00 35 76 105 35 115 5 11 s
tpzL 4 85 1 4 135 4 125
t
PZH Tkt v 8 18 22 8 30 8 27 s
tpzL 8 19 25 8 32 8 29
t 4
PHZ ToKL v 6 1 18 6 24 6 22 s
tpLz 6 14 17 6 23 6 21
1 3 8 115 3 13 3 125
tPHZ ToKl Do 3 75 10 3 13 3 2| ™
PLZ .
t 8 185 22 8 31 8 27
PHZ TCKT Y ns
tpLz 8 185 22 8 31 8 27
‘V TEXAS
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PARAMETER MEASUREMENT INFORMATION

7V (tpzL. tpLZ, O.C) .
l Open

(all others)

From Output
Under Test
CL
(see Note A) ]

LOAD CIRCUIT FOR
3-STATE AND OPEN-COLLECTOR OUTPUTS

3v
Timing Input 15V
—————— ov
tsu —14——>|| g _tt_ — av
Data Input 15V 1.5V
ov
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES
put T T 3V
15V 1.5V
ov

I
tPLH —ﬂ—»} H tPHL

In-Phase

B30 T
Output ] 15V I 15V
——/ | N VOL
-
tPHL—1¢— |
| | VoH
Out-of-Phase
Output 1.5V lﬂ’ VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (see Note D)

tPLH

NOTES: A. Ci includes probe and jig capacitance.

From Output ° Test
Under Test Point
CL R1
(see Note A) "
LOAD CIRCUIT FOR

TOTEM-POLE OUTPUTS

High-Level ~——— 3V
Pulse 15V 15V
ov

|
— tw

|
] |
| | 3V
Low-Level 1.5V 15V
Pulse ————V
VOLTAGE WAVEFORMS
PULSE DURATION
Output °v
utpu
Control | ld _:iv_ — oV

(low-level enable)

I
PzL =¥ |h- & -tz

I 35V
Waveform 1 | \Ii 1.5V | *__ v _
(see Note B) | S'_L'
| 3V

\—s | l_._ — VOL
- tPHZ -bl |<- 0.3V
tpzZH ->= {4— v
Waveform 2 - VoH
(see Note B) 15V = 03V
ov
VOLTAGE WAVEFORMS

ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

moo

Figure 9. Load Circuits and Voltage Waveforms

. Allinput pulses are supplied by generators having the following characteristics: PRR< 10 MHz, t, = tf < 2.5 ns, duty cycle = 50%.
. The outputs are measured one at a time with one transition per measurement.
. When measuring propagation delay times of 3-state outputs, switch S1 is open.
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Members of the Texas Instruments
SCOPE™ Family of Testabllity Products

Octal Test-Integrated Circults

Functionally Equivalent to 'F244 and
'BCT244 In the Normal-Function Mode

Compatible With the IEEE Standard
1149.1-1990 (JTAG) Test Access Port and
Boundary-Scan Architecture

Test Operation Synchronous to Test
Access Port (TAP)

Implement Optional Test Reset Signal by
Recognizing a Double-High-Level Voitage
(10 V) on TMS Pin

SCOPE™ Instruction Set

- IEEE Standard 1149.1-1990 Required
Instructions, Optional INTEST, CLAMP
and HIGHZ

~ Parallel-Signature Analysis at Inputs

- Pseudo-Random Pattern Generation
From Outputs

— Sample Inputs/Toggie Outputs

Package Options Include Plastic
Small-Outline (DW) Packages, Ceramic
Chip Carriers (FK), and Standard Plastic
and Ceramic 300-mil DIPs (JT, NT})

description

SN54BCTB8244A . .. JT PACKAGE
SN74BCT8244A ... DW OR NT PACKAGE

(TOP VIEW)
10E[] 1 2 ] 20E
1Y1[l2 23f] 1A1
1Y2[]3 221] 1A2
1Y3[] 4 21[]1 1A3
1Y4[}5 20[] 1A4
GND[ls 19} 2A1
2vi1fl7 18[] Ve
2Y2{}s 17[] 2A2
2yY3[loe 16[] 2A3
2v4[J10 15[l 2A4
TDO[] 11 1] TDI
TMS[J12  13[] TCK

SN54BCT8244A . .. FK PACKAGE

The 'BCT8244A scan test devices with octal
buffers are members of the Texas Instruments
SCOPE™ testability integrated-circuit family. This
family of devices supports |IEEE Standard

1149.1-1990 boundary scan to facilitate testing of

complex circuit-board assemblies. Scan access
to the test circuitry is accomplished via the 4-wire

test access port (TAP) interface.

(TOP VIEW)

N T - Q [52]

2252583

P % "N | W | U § S | = - -

4 3 2 128 2726
1A2[1 5 25[] 2A4
1A1[] 6 24[1 DI
20E[] 7 23[] TCK
NC[] 8 22[INC
10E[] 9 21 T™™S
1Y1[] 10 20[] TDO
1yz2] 11 19f] 2v4

12 13 14 15 16 17 18

| o o o o Tt T ow e |

OO O0OrNm

TrZZa%R

NC - No internal connection

In the normal mode, these devices are functionally equivalent to the 'F244 and 'BCT244 octal buffers. The test
circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device terminals
or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does not affect the
functional operation of the SCOPE™ octal buffers.

In the test mode, the normal operation of the SCOPE™ octal buffers is inhibited and the test circuitry is enabled
to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform
boundary-scan test operations, as described in IEEE Standard 1149.1-1990.

SCOPE is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA Information Is current as of ication date.
Products conform to specifications pumd?“m;ogi 0xa8 Instruments

standard wa A
testing of .u"?m"'Jmm

Include
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description (continued)

Four dedicated test terminals control the operation of the test circuitry: test data input (TDI), test data output
(TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface.

The SN54BCTB8244A is characterized for operation over the full military temperature range of =55°C to 125°C.
The SN74BCT8244A is characterized for operation from 0°C to 70°C.

FUNCTION TABLE
(normal mode, each buffer)

INPUTS OUTPUT
OE A Y
H X z
L L L
L H H
logic symbolt
[
SCAN
"BCT8244A
14
™ ———{7DI
12 11
™S —{TMS 00— TDO

TCK -——E> TCK-IN
[> TCK-OUT

10E ——INEN1

20E ——BLE|N2
23 2

1Al ————1 > 1 v 1v1
22 3

1A2 1Y2
21 4

1A3 13
20 — 5

1A4 1Y4
19 7

2A1 > 2V 2Y1
17 8

2A2 2y2
16 9

2A3 ——— 2yY3
15 10

2A4 —M8M8 2Y4

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and [EC Publication 617-12.
Pin numbers shown are for the DW, JT, and NT packages.
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functional block diagram

Boundary-Scan Reglster

Vee
1€ 1
r e e
Vee
1A1 E y 2 1Y1
One of Four Channels
Vee

Y Y

I\l > 2v1
One of Four Channels

Bypass Register
I N

Boundary-Control

Reglster Vee
| |—J 1

Instruction Register

TDO

|

TAP
Controller

Pin numbers shown are for the DW, JT, and NT packages.
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Terminal Functions

TERMINAL NAME

DESCRIPTION

1A1-1A4, 2A1-2A4

Normal-function data inputs. See function table for normal-mode logic. Internal pullups force these inputs high if left
unconnected.

GND

Ground

Normal-function output-enable inputs. See function table for normal-mode logic. Internal pullups force these inputs
high if left unconnected. '

Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are
synchronous to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. An
internal pullup forces TCK to a high level if left unconnected.

TDI

Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TD! is the serial input for shifting data
throughthe instruction register or selected dataregister. Aninternal pullup forces TDl to a high level if left unconnected.

TDO

Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting
data through the instruction register or selected data register. An internal pullup forces TDO to a high level when it is
not active and is not driven from an external source.

T™S

Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its
TAP controller states. Aninternal pullup forces TMS to a high levelif left unconnected. TMS also provides the optional
test reset signal of IEEE Standard 1149.1-1990. This is implemented by recognizing a third logic level, double high
(VIHH), at TMS.

Vee

Supply voltage

1Y1-1Y4, 2Y1-2Y4

Normal-function data outputs. See function table for normal-mode logic.
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test architecture

TMS=H

Serial-test information is conveyed by means of a 4-wire test bus, or TAP, that conforms to IEEE Standard
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram.

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK, and
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully
one-half of the TCK cycle.

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the
device contains an 8-bit instruction register and three test-data registers: an 18-bit boundary-scan register, a
2-bit boundary-control register, and a 1-bit bypass register.

<t
)

Test-Logic-Reset ).
TMS=L

A

TMS=H TMS=H TMS=H
Run-Test/Idle >—A Select-DR-Scan Select-IR-Scan

A

TMS=L TMS=L TMS=L
y

)

TMS=H TMS=H /4
Capture-DR Capture-IR >

TMS =L
A

(

0

TMS=L

Shift-DR ] Shift-IR

TMS=L TMS=L

m

TMS=H

TMS = H 'H /———l TMS = H
_—@mn Ye »< Exit1-R
TMS =L ™S =L
Pause-DR Pau:
TMS =L . TMS=L
TMS =H TMS =H
= e
Exit2-DR Exit2-IR
TMS =H | TMS = H
—-b<_Um!:te-DR > 4 Updam—

TMS=H TMS=L TMS=H TMS=L

Figure 1. TAP-Controller State Diagram
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state diagram description

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device.
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1980. The TAP controller
proceeds through its states based on the level of TMS at the rising edge of TCK.

As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive
TCK cycles. Any state that does not meet this criterion is an unstable state.

There are two main paths through the state diagram: one to access and control the selected data register and
one to access and control the instruction register. Only one register can be accessed at a time.

Test-Logic-Reset

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data
registers also can be reset to their power-up values.

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left
unconnected or if a board defect causes it to be open circuited.

For the 'BCT8244A, the instruction register is reset to the binary value 11111111, which selects the BYPASS
instruction. The boundary-control register is reset to the binary value 10, which selects the PSA test operation.

Run-Test/Idle

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans.
Run-Test/Idle is a stable state in which the test logic may be actively running a test or may be idle.

The test operations selected by the boundary-control register are performed while the TAP controller is in the
Run-Test/Idle state.

Select-DR-Scan, Select-IR-Scan

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states and the TAP controller exits
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or
instruction-register scan.

Capture-DR

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the
Capture-DR state, the selected data register may capture a data value as specified by the current instruction.
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the
Capture-DR state.

Shlft-DR

Upon entry to the Shift-DR state, the data register is placed i in the scan path between TDI and TDO and, on the
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic
level present in the least-significant bit of the selected data register.

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle.
Thefirst shift occurs on the first rising edge of TCK after entry tothe Shift-DR state (i.e., no shifting occurs during
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR).
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state.
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Exit1-DR, Exit2-DR

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register.

On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the
high-impedance state.

Pause-DR

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data.

Update-DR

If the current instruction calls for the selected data register to be updated with current data, then such update
occurs on the falling edge of TCK, following entry to the Update-DR state.

Capture-IR

When an instruction-register scan is selected, the TAI5 controller must pass through the Capture-IR state. In
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state.

For the 'BCT8244A, the status value loaded in the Capture-IR state is the fixed binary value 10000001.
Shift-IR

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and,
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to
the logic level present in the least-significant bit of the instruction register.

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state.

Exit1-IR, Exit2-IR

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register.

On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the
high-impedance state.

Pause-|R

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of
data. .

Update-IR

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the
Update-IR state.
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register overview

With the exception of the bypass register, any test register may be thought of as a serial-shift register with a
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register
may be paralle! loaded from a source specified by the current instruction. During the appropriate shift state
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from
the shift register.

instruction register description

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information
contained in the instruction includes the mode of operation (either normal mode, in which the device performs
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation
to be performed, which of the three data registers is to be selected for inclusion in the scan path during
data-register scans, and the source of data to be captured into the selected data register during Capture-DR.

Table 2 lists the instructions supported by the 'BCT8244A. The even-parity feature specified for SCOPE™
devices is not supported in this device. Bit 7 of the instruction opcode is a don't-care bit. Any instructions that
are defined for SCOPE™ devices but are not supported by this device default to BYPASS.

During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted

* out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value

TDI —¥

that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2.

Bit7

(MSB) —»] BIt6 |—» Bit5 [—»| Bit4 |—» Bit3 |—» Bit2 —»} Bit1 |—» Bito —» TDO
Don’t (LSB)

Care . .

Figure 2. Instruction Register Order of Scan

data register description

boundary-scan register

The boundary-scan register (BSR) is 18 bits long. It contains one boundary-scan cell (BSC) for each
normal-function input pin and one BSC for each normal-function output pin. The BSR is used 1) to store test
data thatis to be applied internally to the inputs of the normal on-chip logic and/or externally to the device output
terminals, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or
externally at the device input terminals.

The source of data to be captured into the BSR during Capture-DR is determined by the currentinstruction. The
contents of the BSR may change during Run-Test/Idle as determined by the current instruction. The contents.
of the BSR are not changed in Test-Logic-Reset.

The BSR order of scan is from TDI through bits 17-0 to TDO. Table 1 shows the BSR bits and their associated
device pin signals.
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Table 1. Boundary-Scan Register Configuration

BSR BIT DEVICE BSR BIT DEVICE BSR BIT DEVICE
NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL
17 10E 15 1A1 7 1Y1
16 20E 14 1A2 6 1Y2
- - 13 1A3 5 1Y3
— - 12 1A4 4 1Y4
- - 1" 2A1 3 2Y1
- - 10 2A2 2 2Y2
- - 9 2A3 1 - 2Y3
- - 8 24 0 2Y4

boundary-control register

The boundary-control register (BCR) is two bits long. The BCR is used in the context of the RUNT instruction
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations
include PRPG and PSA. Table 3 shows the test operations that are decoded by the BCR.

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is
reset to the binary value 10, which selects the PSA test operation. The BCR order of scan is shown in Figure 3.

Bit1 o BItO
(MSB) (LSB)

DI —» l—» TDO

Figure 3. Boundary-Control Register Order of Scan

bypass register

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path,
thereby reducing the number of bits per test pattern that must be applied to complete a test operation.

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in
Figure 4.

I ——»1 BIt0 —» TDO

Figure 4. Bypass Register Order of Scan
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instruction-register opcode description

The instruction-register opcodes are shown in Table 2. The following descriptions detail the operation of
each instruction.

Table 2. Instruction-Register Opcodes

DET
"BIT7s8To | ScOPE OPCODE DESCRIPTION SELECTEDDATA | yyop
MSB - LSB

X0000000 EXTEST/INTEST Boundary scan Boundary scan Test
X0000001 BYPASS? Bypass scan Bypass Normal
X0000010 SAMPLE/PRELOAD Sample boundary Boundary scan Normal
X0000011 INTEST/EXTEST Boundary scan Boundary scan Test
X0000100 BYPASSH Bypass scan Bypass Normal
X0000101 BYPASS* Bypass scan Bypass Normal
X0000110 HIGHZ (TRIBYP) Control boundary to high impedance Bypass Modified test
X0000111 CLAMP (SETBYP) Control boundary to 1/0 Bypass Test
X0001000 BYPASSt Bypass scan Bypass Normal
X0001001 RUNT Boundary run test Bypass Test
X0001010 READBN Boundary read Boundary scan Normal
X0001011 READBT Boundary read Boundary scan Test
X0001100 CELLTST Boundary self test Boundary scan Norma!
X0001101 TOPHIP Boundary toggle outputs Bypass Test
X0001110 SCANCN Boundary-control register scan Boundary control Normal
X0001111 SCANCT Boundary-control register scan Boundary control Test
All others - BYPASS Bypass scan Bypass Normal

1 Bit 7 is a don't-care bit; X = don't care.
¥ The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'BCT8244A

boundary scan

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is

selected inthe scan path. Data appearing at the device input terminals is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Daia that has been scanned
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into
the output BSCs is applied to the device output terminals. The device operates in the test mode.

bypass scan

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is
selected in the scan path. A togic 0 value is captured in the bypass register during Capture-DR. The device
operates in the normal mode.

sample boundary

This instruction conforms to the |IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is
selected inthe scan path. Data appearing at the device input terminals is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the
normal mode.
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control boundary to high impedance

This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in a modified test mode in which all device output terminals are placed in the high-impedance state,
the device input terminals remain operational, and the normal on-chip logic function is performed.

control boundary to 1/0

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device
output terminals. The device operates in the test mode.

boundary run test

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during
Run-Test/Idle. The four test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP),
PRPG, PSA, and simultaneous PSA and PRPG (PSA/PRPG).

boundary read

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This
instruction is useful for inspecting data after a PSA operation.

boundary self test

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR.
In this way, the contents of the shadow latches may be read out to verify the integrity of both shift-register and
shadow-latch elements of the BSR. The device operates in the normal mode.

boundary toggle outputs

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. Data in the shift register elements of the selected output BSCs is toggled on each rising edge of
TCK in Run-Test/Idle and is then updated in the shadow latches and applied to the associated device output
terminals on each falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and
is applied to the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured
in the input BSCs. The device operates in the test mode.

boundary-control-register scan

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This
operation must be performed before a boundary-run test operation to specify which test operation is to
be executed.
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boundary-control register opcode description

The BCR opcodes are decoded from BCR bits 1-0, as shown in Table 3. The selected test operation is
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail
the operation of each BCR instruction and show the associated PSA and PRPG algorithms.

Table 3. Boundary-Control Register Opcodes

BINARY CODE
BIT1-BITO DESCRIPTION
MSB - LSB
00 Sample inputs/toggle outputs (TOPSIP)
01 Pseudo-random pattern generation/16-bit mode (PRPG)
10 Parallel-signature analysis/16-bit mode (PSA)
11 Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG)

It should be noted, in general, that while the control input BSCs (bits 17—16) are not included in the sample,
toggle, PSA, or PRPG algorithms, the output-enable BSCs (bits 17—16 of the BSR) do control the drive state
(active or high impedance) of the selected devuce output terminals.

sample inputs/toggle outputs (TOPSIP)

Data appearing at the device input terminals is captured in the shift-register elements of the input BSCs on each
rising edge of TCK. This data is then updated in the shadow latches of the input BSCs and applied to the inputs
of the normal on-chip logic. Data in the shift register elements of the output BSCs is toggled on each rising edge
of TCK, updated in the shadow latches, and applied to the device output terminals on each falling edge of TCK.

pseudo-random pattern generation (PRPG)

A pseudo-random pattern is generated in the shift-register elements of the BSCs on each rising edge of TCK
and then updated in the shadow latches and applied to the device output terminals on each falling edge of TCK.
This data also is updated in the shadow latches of the input BSCs and applied to the inputs of the normal on-chip
logic. Figure 5 shows the 16-bit linear-feedback shift-register algorithm through which the patterns are
generated. Aninitial seed value should be scanned into the BSR before performing this operation. A seed value
of all zeroes will not produce additional patterns.

1A1 1A2 1A3 1A4 2A1 2A2 2A3 2A4

I_II_II_IDI_II_II__II_I

\
D D D
jD— 1Y1 1Y2 1Y3 1Y4 2Y1 2Y2 2Y3 2Y4

Figure 5. 16-Bit PRPG Configuration
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parallel-signature analysis (PSA)

Data appearing at the device input terminals is compressed into a 16-bit paralle! signature in the shift-register
elements of the BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the input
BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow latches of the output BSCs
remains constant and is applied to the device outputs. Figure 6 shows the 16-bit linear-feedback shift-register
algorithm through which the signature is generated. An initial seed value should be scanned into the BSR before

performing this operation.

1A1 1A2 1A3 1A4 2A1 2A2 2A3 2A4

® - :):D_ 11 Y2 1ya  1v4  2y1 2y2  2y3  2va

Figure 6. 16-Bit PSA Configuration

simultaneous PSA and PRPG (PSA/PRPG)

Data appearing at the device input terminals is compressed into an 8-bit paralle! signature in the shift-register
elements of the input BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the
input BSCs and applied to the inputs of the normal on-chip logic. At the same time, an 8-bit pseudo-random
pattern is generated in the shift-register elements of the output BSCs on each rising edge of TCK, updated in
the shadow latches, and applied to the device output terminals on each falling edge of TCK. Figure 7 shows
the 8-bit linear-feedback shift-register algorithm through which the signature and patterns are generated. An
initial seed value should be scanned into the BSR before performing this operation. A seed value of all zeroes
will not produce additional patterns.
1A1 1A2 1A3 1A4 2A1 2A2 2A3 2A4

jD— 1Y1 1Y2 1Y3 1Y4 2Y1 2Y2 2Y3 2Y4

Figure 7. 8-Bit PSA/PRPG Configuration
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timing description

Alltest operations of the 'BCT8244A are synchronous to TCK. Data on the TDI, TMS, and normal-functioninputs
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output terminals on the
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the
value of TMS on the falling edge of TCK and then applying a rising edge to TCK.

A simple timing example is shown in Figure 8. In this example, the TAP controller begins in the Test-Logic-Reset
state and is advanced through its states, as necessary, to perform one instruction-register scan and one
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO is used
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 4 details the

operation of the test circuitry during each TCK cycle.

Table 4. Explanation of Timing Example

TCK TAP STATE
CYCLE(S) | AFTERTCK DESCRIPTION
. TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward
! Test-Logic-Reset | g desired state. »
2 Run-Test/Idle
3 Select-DR-Scan
4 Select-IR-Scan
5 Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the
P Capture-IR state.
6 Shift-IR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP
on the rising edge of TCK as the TAP controller advances to the next state.
One bitis shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value
7-13 Shift-IR 11111111is serially scannedinto the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR.
14 Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.
15 Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK.
16 Select-DR-Scan
17 Capture-DR The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the
Capture-DR state. X
18 Shitt-DR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP
on the rising edge of TCK as the TAP controller advances to the next state.
19-20 Shift-DR The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO.
21 Exit1-DR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.
22 Update-DR In general, the selected data register is updated with the new data on the falling edge of TCK.
23 Select-DR-Scan
24 Select-IR-Scan
25 Test-Logic-Reset | Test operation completed
Qi,
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Figure 8. Timing Example

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply VORBGE TANGE, VGG «c et v e terateneentrenntntiitrstaeenarnesseneensiosnnnns -05Vto7V
Input voltage range, V|: except TMS (seeNote 1) ................. e -0.5Vto7V
TMS (see Note 1) . ovnveriii i e e -05Vto12V

Voltage range applied to any output in the disabled or power-off state .................... -0.5Vto55V
Voltage range applied to any output in the high state ......... et -0.5VtoVge
INput ClamP CUITENE, [IK -~ . ov v ettt ittt ettt e e e et iv e i iaeaeaans -30 mA
Current into any output in the low state: SN54BCT8244A (TDO) ......ovvviiiiiiiiniiiiininnns 40 mA
SN54BCT8244A (any Y) ....... e rirereeeaa, . 96 mA

SN74BCT8244A (TDO) ...vvuviniiiiiiieiianiiennenns 48 mA

SN74BCT8244A (any Y) ...oovvvvnnvnrnnn. RN ... 128 mMA

Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): DWpackage .................. 1.7W
NTpackage ................... 1.3W

Storage temperature range, Totg cevvemrnrennneiineieians et reeer e, -65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input voltage rating may be exceeded if the input clamp-current rating is observed.

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils,
except for the NT package, which has a trace length of zero. For more information, refer to the Package Thermal Considerations
application note in the ABT Advanced BiICMOS Technology Data Book, literature number SCBD002.
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recommended operating conditions

SN54BCT8244A SN74BCT8244A UNIT
MIN NOM MAX| MIN NOM MAX
Vcc  Supply voltage . 45 5 5.5 4.5 5 5.5 \
VIH High-level input voltage 2 2 \
VIH4  Double-high-level input voltage - TMS 10 12 10 12 \
ViL Low-level input voltage 0.8 0.8 \
K Input clamp current -18 -18| mA
IoH High-level output current 100 = = mA
Any Y -12 -15
loL Low-level output current 100 20 Ca mA
Any Y 48 64
TA Operating free-air temperature 55 125 0 70 °C
"’J TEXAS
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

SN54BCT8244A SN74BCT8244A
PARAMETER TEST CONDITIONS UNIT
MIN TYPt MAX| MIN TYPt MAX
ViK Voo =4.5V, Iy = ~18 mA -1.2 -12] v
Voc=4.75V,  log=-3mA 27 34 27 34
loH=-3mA 24 3.4 24 34
AnyY OH
Vco=45V IoH=-12mA 2 3.2
VOH IoH =-15mA 2 3.1 \
Voo =475V, log=-1mA 27 34 27 34
TDO I0oH = -1 mA 2.5 3.4 25 34
Vog=45V ol
IOH = =3 mA 24 33 24 33
IoL = 48 mA 038 055
AnyY Voc =45V
v loL = 64 mA 042 085}
oL loL =20 mA 0.3 05
TDO Voo =45V
lOL =24 mA 035 05
I Voo =55V, V(=55V 0.1 01| ma
4 Ve =55V, V=27V -1 -85 -100] -1 -35 -100] pA
IHH ™S Vec =55V, V=10V 1 1 mA
L Voo =55V, V=05V 30 -70 -200] 80 -70 -200] pA
I oYY lvec=55V,  Vg=27V 20 i A
OZH I7p0 ce=>3% o= -85 -100] -1 35 -100| "
| AVY oo =55V Vo =05V 50 S04 A
OZL  I7po cec=52% o=™ 30 -70 -200] -30 70 -200
lozPu Vcc=0to2V, Vp=05Vor27V +250 250 | pA
lozPD Vcg=2Vt00, Vo=05Vor27V +250 250 | pA
loft Veg =0, VjorVos45V +250 1250 | pA
los# Voc =55V, Vo=0 -100 -225 | -100 -225| mA
Outputs high 3.5 75 3.5 75
Icc Vcc =55V, Outputs open Outputs low 35 52 35 521 mA
Outputs disabled 15 35 1.5 35
Ci Vg =5V, Vi=25Vor05V 10 10 pF
Co Veg=5V, Vo=25Vor0.5V 18 18 pF
T All typical values are at VoG = 5 V, Ta = 25°C.
1 Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second.
b TEXAS
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (test mode) (see Figure 9)

Vec=5Y | onsepcTs24sn | SN7aBCTE244A
Ta =25°C UNIT
MIN MAX MIN MAX MIN MAX
folock  Clock frequency TCK . 0 20 0 20 0 20| MHz
. TCK high or low 25 25 25
tw Pulse duration - ns
TMS double high 50" 50" 50
Any A before TCKT 6 6 6
. Setup time Any OE before TCKT 6 6 6 ns
su P ‘ TDI before TCKT 6 6 6
TMS before TCKT 12 12 12
Any A after TCKT 45 45 4.5
. Hold time Any OE after TCKT 4.5 4.5 45 ns
h TDI after TCKT 45 45 45
TMS after TCKT 0 0 0
td Delay time Power up to TCKT 100" 100" 100 ns

* On products compliant to MIL-PRF-38535, this parameter is not production tested.
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (normal mode) (see Figure 9)

Vec=5V,
FROM TO Ta = 25°C SN54BCT8244A | SN74BCT8244A
PARAMETER (NPUT) (OUTPUT) A UNIT

MIN TYP MAX MIN  MAX MIN  MAX

tpLH A v 2 54 7 2 9 2 8.5 s
tPHL 2 5.2 7 2 9 2 85
t — 3 6 8 3 10 3 9.5

PZH OE Y ns
tpzL 35 7 9 35 12 35 1
t - 2.5 6 8 25 10 25 9

PHZ OF Y ns
tpLz 2.5 5.5 8 25 10 25 9

switching characteristics over recommended ranges of supply voitage and operating free-air
temperature (unless otherwise noted) (test mode) (see Figure 9)

Vec =5V,
FROM T0 128 oc SN54BCT8244A | SN74BCTB244A
PARAMETER (INPUT) (OUTPUT) A UNIT
MIN TYP MAX| MIN MAX| MIN MAX
fmax TCK 20 20 20 MHz
1 6 13 155 6 215 6 20
PLH TCKL Y ns
PHL 6 125 155 6 215 6 20
1 35 76 105| 35 14| 35 13
PLH . 00 ns
tPHL 35 8 105| 35 1| 35 12
t 5 16. 20 75 28| 75 24
PLH oKt v 75 165 ns
tPHL 75 17 21 75 20| 75 25
1 65 14 17| 65 24| 65 2
PZH ToKL Y ns
tpzL 7 15 20 7 26 7 23
t 35 76 105| 35 15| 85 1
Pzt TCKL 00 ns
PzL 4 85 1 4 135 4 125
1 8 18 22 8 30 8 27
PZH Tekt v ns
tpzL 8 19 25 8 a2 8 29
1 6 14 18 6 24 6 22
PHZ TOKL Y ns
tpLZ 6 14 17 5 23 6 21
1 3 8 15 3 13 3 125
PHZ TCKL 0O 1 ns
tpLz , 3 75 10 3 13 3 12
1 8 185 22 8 3 8 27
tpLz 8 185 22 8 31 8 27
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PARAMETER MEASUREMENT INFORMATION

Open

7V (tpzL, tpLz, O.C) (L
(all others)

S1

From Output
Under Test
CL _
(seeNote A) "

LOAD CIRCUIT FOR
3-STATE AND OPEN-COLLECTOR OUTPUTS

3V
Timing Input 15V
—————— ov
tsu —l‘—’ll “—> _'h_ — av
Data Input 15V 15V
ov
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES
npt = 3v
15V 15V
tPLH —lLl—N | -
| e
In-Phase | I —— VoH
Output I 15V | 15V
| VoL
' —»— toy
tPHL—¢— |
Out-of-Phase I | VoH
Output 15V 15V
—— VoL
VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES (see Note D)

NOTES: A. Cy_includes probe and jig capacitance.

From Output ® Test
Under Test Polint

CL R1
(see Note A)

LOAD CIRCUIT FOR
TOTEM-POLE OUTPUTS

High-Level ———— 3V
Pulse 15V : 1.5V
ov
[ 3V
Low-Level 15V 15V
Pulse ———— 0V

VOLTAGE WAVEFORMS
PULSE DURATION

Output 8v
utpuf .

_\_5 Y
(low-level enable) oV

tpzL —P Iﬁ— —»i :q—tpl_z

[
|
35V
Waveform 1 | | 1.5V ‘_‘Lj(__c
(see Note B) I I_ ——— VoL
[ v __
Waveform 2 ; *‘_ ~— VoH
(see Note B) 15V X oav
oV

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

moo

. Allinput pulses are supplied by generators having the following characteristics: PRR< 10 MHz, t; = t < 2.5 ns, duty cycle =-50%.
. The outputs are measured one at a time with one transition per measurement.
. When measuring propagation delay times of 3-state outputs, switch S1 is open.

Figure 9. Load Circuits and Voltage Waveforms

: ‘% TExAs
INSTRUMENTS

2-42 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN54BCT8245A, SN74BCT8245A

SCAN TEST DEVICES
WITH OCTAL BUS TRANSCEIVERS
SCBS043E — MAY 1990 —~ REVISED JULY 1996
® Members of the Texas Instruments SN54BCT8245A . . . JT PACKAGE
SCOPE™ Family of Testabllity Products SN74B°78245A(T- b V?I)R NT PACKAGE
® Octal Test-Integrated Circuits
@ Functionally Equivalent to 'F245 and ’ pR [+~ 2] OE
'BCT245 In the Normal-Function Mode B1 (]2 23f] A1
© Compatible With the IEEE Standard B2 [J3 22]] A2
1149.1-1990 (JTAG) Test Access Port and B3 14 21]] A3
Boundary-Scan Architecture B4 (|5 20{] A4
® Test Operation Synchronous to Test GND fle  19]] A5
Access Port (TAP) Bs[}7  18]) Ve
® Implement Optional Test Reset Signal by gg E 8 :7% ﬁs
Recognizing a Double-High-Level Voltage B8 [ S 6 AB
(10 V) on TMS Pin ool :? :ig A
@ SCOPE™ Instruction Set t™s [z 13 Tck
— IEEE Standard 1149.1-1990 Required
Instructions, Optional INTEST, CLAMP,
and HIGHZ : SN54BCT8245A . . . FK PACKAGE
- Parallel-Signature Analysis at inputs (TOP VIEW)

- Pseudo-Random Pattern Generation

Q
N0 < (&) QN
<<2 °

From Outputs zZ><<
— Sample Inputs/Toggle Outputs (321 Ba728
© Package Optlons Include Plastic A2[15 25[] A8
Small-Outline (DW) Packages, Ceramic Afs 24[] Toi
Chip Carriers (FK), and Standard Plastic OE} 7 23[] TK
and Ceramic 300-mil DIPs (JT, NT) NCH 8 22[] NC
DIR[] ¢ 21{] T™™S
description B1[] 10 20[] TDO
. B2[] 1 19[] B8
The 'BCT8245A scan test devices with octal bus 12 13 14 15 16 17 18
transceivers are members of the Texas ';'"_':';”:':T
Instruments SCOPE™ testability integrated- 28 d 5 ZzoO0mo

circuit family. This family of devices supports IEEE

Standard 1149.1-1990 boundary scan to facilitate NC=Noii
testing of complex circuit-board assemblies. Scan

access to the test circuitry is accomplished via the

4-wire test access port (TAP) interface.

nternal connection

Inthe normal mode, these devices are functionally equivalent to the 'F245 and 'BCT245 octal bus transceivers.
The test circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device
terminals or to perform a self test on the boundary-test celis. Activating the TAP in normal mode does not affect

the functional operation of the SCOPE™ octal bus transceivers.

In the test mode, the normal operation of the SCOPE™ octal bus transceivers is inhibited and the test circuitry

is enabled to observe and control the I/O boundary of the device. When e

nabled, the test circuitry can perform

boundary-scan test operations as described in IEEE Standard 1149.1-1990.

SCOPE is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA Information Is current as of publication date.

P&od::s conform 10 specifications per the urm of Te: Insml:‘msms
:es;‘lng oiv:ﬂ'{p:nrznmn. " ve clude TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright © 1996, Texas Instruments Incorporated

On products compliant to MIL-PRF-38535, all parameters are tested
unless otherwise noted. On all other products, production
procassing does not necessarily Includs testing of all pmmmm.
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description (continued)

Four dedicated test terminals control the operation of the test circuitry: test data input (TDI), test data output
(TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface.

The SN54BCT8245A is characterized for operation over the full military temperature range of -565°C to 125°C.
The SN74BCT8245A is characterized for operation from 0°C to 70°C.

FUNCTION TABLE
(normal mode)
INPUTS
——— OPERATION
OE DIR
L L B data to A bus
L H A data to B bus
H X Isolation
logic symbolt
D
SCAN
'BCT8245A
14
TDI TDI
12
™S ———{TMS 11
13 TDO TDO
TCK ——E> TCK-IN
> TCK-OUT
— 24
OF ——Na3
1
DIR ———ﬁ 3 EN1 [BA]
3 EN2[AB]
23 ! - 2
> 2v
22 3
A2 —4>— —&>——— B2
21 4
A3 ————4P>—] —e»—— B3
20 5
A4 ———4P— —«>— B4
19 7
A5 —4>—] |—<p———— B5
17 8
A6 ———<¢P>—] —<«»—— B6
16 9
A7 —4>— —<¢p——— B7
15 10
A8 —>— |—<¢»——— B8

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for the DW, JT, and NT packages.

*5‘ TEXAS
INSTRUMENTS

2-44 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN54BCT8245A, SN74BCT8245A

SCAN TEST DEVICES
WITH OCTAL BUS TRANSCEIVERS

SCBS043E ~ MAY 1990 — REVISED JULY 1996

functional block diagram

Boundary-Scan Reglster

Vee
OF 24 e
Vee a9
IR -} a 2 l
- — —
Vee Vee
A1-23] -2 g4
One of Elght Channels
! o
Bypass Register
T N
Boundary-Control .
Re%ster Voo
Veo ,———-—J
14 1 TDO
TDI Instruction Register
Vee
1
T™MS 2
Vee TAP
Controller
13
TCK

Pin numbers shown are for the DW, JT, and NT packages.
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Terminal Functions

TERMINAL
NAME DESCRIPTION
A-bus I/O ports. See function table for normal-mode logic. Internal puflups force these I/O ports to a high level if left
A1-A8
unconnected.
B1-B8 B-bus 1/0 ports. See function table for normal-mode logic. Internal pullups force these I/O ports to a high level if left
. unconnected.
DIR Normal-function direction-control input. See function table for normai-mode logic. An internal pullup forces DIR to a high
level if left unconnected.
GND Ground
OE Normal-function output-enable input. See function table for normal-mode logic. An internal pullup forces OE to a high level
if left unconnected.
Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous
TCK to TCK. Datais captured on the rising edge of TCK and outputs change on the falling edge of TCK. An internal pullup forces
TCK to a high level if left unconnected.
o1 Testdatainput. One of fourterminals required by |EEE Standard 1149.1-1990. TDlis the serial input for shifting data through
the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected.
Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data
TDO through the instruction register or selected data register. An internal pullup forces TDO to a high level when it is not active
and is not driven from an external source.
Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP
T™MS controller states. An internal pullup forces TMS to a high level if left unconnected. TMS also provides the optional test reset
signal of IEEE Standard 1149.1-1990. This is implemented by recognizing a third logic level, double high (V|4H), at TMS.
Vee Supply voltage
‘V TEXAS
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test architecture

TMS=H

Serial-test information is conveyed by means of a 4-wire test bus, or TAP, that conforms to IEEE Standard
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram.

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK, and
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully
one-half of the TCK cycle.

The functional block diagram shows the |[EEE Standard 1149.1-1990 4-wire test bus and boundary-scan
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the
device contains an 8-bit instruction register and three test-data registers: an 18-bit boundary-scan register, a
2-bit boundary-control register, and a 1-bit bypass register.

Test-Logic-Reset )<

TMS=L

TMS=H TMS=H - TMS=H
Run-Test/dle 7N Select-DR-Scan Select-IR-Scan

TMS=L ‘TMS=L ‘TMS=L
CL——\TMS =H TMS=H
Capture-DR > — Capture-IR .
TMS =L TMS=L
TMS=L TMS=L
TMS =H
A
TMS=H ;_\ /_—J TMS =H
Exit1-DR < > Exit1-IR
—/ V\_
TMS=L TMS=L
y y

e-DR Pau

TMS=L TMS=L

TMS=zH TMS =H
_'\TMS=L TMS=L /——J:
ExIt2-DR > Exit2-IR

TMS =H

TMS =H
L

Upda;r><-—

TMS=H TMS =L TMS=H TMS =L

A
Update-DR

y
Al

0

h

Figure 1. TAP-Controller State Diagram
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state diagram description

The TAP controlleris a synchronous finite state machine that provides test control signals throughout the device.
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller
proceeds through its states based on the level of TMS at the rising edge of TCK.

As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive
TCK cycles. Any state that does not meet this criterion is an unstable state.

There are two main paths through the state diagram: one to access and control the selected data register and
one to access and control the instruction register. Only one register can be accessed at a time.

Test-Logic-Reset

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data
registers also can be reset to their power-up values.

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left
unconnected or if a board defect causes it to be open circuited.

For the 'BCT8245A, the instruction register is reset to the binary value 11111111, which selects the BYPASS
instruction. The boundary-control register is reset to the binary value 10, which selects the PSA test operation.

Run-Test/idle

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans.
Run-Test/ldle is a stable state in which the test logic may be actively running a test or may be idle.

The test operations selected by the boundary-control register are performed while the TAP controller is in the
Run-Test/ldle state.

Select-DR-Scan, Select-IR-Scan

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or

instruction-register scan.
Capture-DR

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the
Capture-DR state, the selected-data register may capture a data value as specified by the current instruction.
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR
state.

Shift-DR -

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic
level present in the least-significant bit of the selected data register.

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle.
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR).
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state.
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Exit1-DR, Exit2-DR

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register.

On the first falling edge of TCK, after entry to Exit1-DR, TDO goes from the active state to the high-impedance
state.

Pause-DR

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data.

Update-DR

If the current instruction calls for the selected data register to be updated with current data, then such update
occurs on the falling edge of TCK, following entry to the Update-DR state.

Capture-IR

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state.

For the 'BCT8245A, the status value loaded in the Capture-IR state is the fixed binary value 10000001.
Shift-IR '

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and,
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to
the logic level present in the least-significant bit of the instruction register.

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK

cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs

during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to

Shift-1R). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state.
Exit1-IR, Exit2-IR

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to

return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register.

On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance
state.

Pause-IR

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of
data.

Update-IR

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR
state.
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register overview

With the exception of the bypass register, any test register may be thought of as a serial-shift register with a
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register
may be parallel loaded from a source specified by the current instruction. During the appropriate shift state
(Shift-IR or Shift-DRY), the contents of the shift register are shifted out from TDO while new contents are shifted
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from
the shift register.

instruction register description

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information
contained in the instruction includes the mode of operation (either normal mode, in which the device performs
its normallogic function, or test mode, in which the normal logic function is inhibited or altered), the test operation
to be performed, which of the three data registers is to be selected for inclusion in the scan path during
data-register scans, and the source of data to be captured into the selected data register during Capture-DR.

Table 2 lists the instructions supported by the 'BCT8245A. The even-parity feature specified for SCOPE™
devices is not supported in this device. Bit 7 of the instruction opcode is a don't-care bit. Any instructions that
are defined for SCOPE™ devices but are not supported by this device default to BYPASS.

During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2.

Bit7 ,
TDI —| ‘,;";?t) L »| Bite |—»] Bits || Bita || eita || Bitz || Bit1 }— (Egg) _» TDO
Care

Figure 2. Instruction Register Order of Scan
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data register description

boundary-scan register

The boundary-scan register (BSR) is 18 bits long. It contains one boundary-scan cell (BSC) for each
normal-function input pin and one BSC for each normal-function output pin. Which 1/O ports, A or B, function
as input terminals and which function as output terminals is determined by the DIR signal (BSC17) as described
below. The BSR is used 1) to store test data that is to be applied internally to the inputs of the normal on-chip
logic and/or externally to the device output terminals, and/or 2) to capture data that appears internally at the
outputs of the normal on-chip logic and/or externally at the device input terminals.

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The
contents of the BSR may change during Run-Test/ldle, as determined by the current instruction. The contents
of the BSR are not changed in Test-Logic-Reset.

The BSR order of scan is from TDI through bits 17-0 to TDO. Table 1 shows the BSR bits and their associated
device pin signals. The device signals 11-18 and O1-08 represent data input signals and data output signals,
respectively. The direction control signal (DIR) as output by BSC17 determines which port, A or B, is considered
an input and which is considered an output. When the output of BSC17 is logic 0, the device signals 11-18 are
associated with 1/O ports B1—-B8, while device signals O1-08 are associated with /O ports A1-A8. When the
output of BSC17 is logic 1, the converse is true (that is, 11-18 are associated with A1-A8, while O1-08 are
associated with B1-B8). In normal-function mode, the output of the BSC17 input is equivalent to the input signal
present at the DIR input pin.

Table 1. Boundary-Scan Register Configuration

BSR BIT DEVICE BSR BIT DEVICE BSR BIT DEVICE
NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL
17 DIR 15 I 7 O1
16 OE 14 12 6 02
- - 13 13 5 03
- - 12 14 4 04
- - 11 15 3 . 05
- - ) 10 16 2 06
- - 9 17 1 o7
- - 8 18 0 08

boundary-control register

The boundary-control register (BCR) is two bits long. The BCR is used in the context of the RUNT instruction
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations
include PRPG and PSA. Table 3 shows the test operations that are decoded by the BCR.

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is
reset to the binary value 10, which selects the PSA test operation. The BCR order of scan is shown in Figure 3.

Bit1 J Bit0
(MSB) (LSB)

TDI —» —— TDO

Figure 3. Boundary-Control Register Order of Scan
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bypass register

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path,
thereby reducing the number of bits per test pattern that must be applied to complete a test operation.

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in

Figure 4.

Figure 4. Bypass Register Order of Scan

TDI —» BIt0

——>» TDO

instruction-register opcode description

The instruction-register opcodes are shown in Table 2. The following descriptions detail the operation of each

instruction.
Table 2. Instruction-Register Opcodes .
BlBT??Lc!;:I.?? SCOPE OPCODE DESCRIPTION SE:E:J;?E%ATA MODE
MSB - LSB .

X0000000 EXTEST/INTEST Boundary scan Boundary scan Test
X0000001 BYPASS* Bypass scan Bypass Normal
X0000010 SAMPLE/PRELOAD Sample boundary Boundary scan Normal
X0000011 INTEST/EXTEST Boundary scan Boundary scan Test
X0000100 BYPASSt Bypass scan Bypass Normal
X0000101 BYPASSE Bypass scan Bypass Normal
X0000110 HIGHZ (TRIBYP) Control boundary to high impedance Bypass Modified test
X0000111 CLAMP (SETBYP) Control boundary to 1/0 Bypass Test
X0001000 BYPASSH Bypass scan Bypass Normal
X0001001 RUNT Boundary run test Bypass Test
X0001010 READBN Boundary read Boundary scan Normal
X0001011 READBT Boundary read Boundary scan Test
X0001100 CELLTST Boundary self test Boundary scan Normal
X0001101 TOPHIP Boundary toggle outputs Bypass Test
X0001110 SCANCN Boundary-control register scan Boundary control Normal
X0001111 SCANCT Boundary-control register scan Boundary control Test
All others BYPASS Bypass scan Bypass Normal

T Bit 7 is a don't-care bit; X = don't care.
¥ The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'BCT8245A.

boundary scan

" This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into
the output BSCs is applied to the device output terminals. The device operates in the test mode.
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bypass scan

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is
selected in the scan path. A logic O value is captured in the bypass register during Capture-DR. The device
operates in the normal mode.

sample boundary

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the
normal mode.

control boundary to high impedance

This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in a modified test mode in which all device output terminals are placed in the high-impedance state,
the device input terminals remain operational, and the normal on-chip logic function is performed.

control boundary to 1/0

This instruction conforms to the |IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is
selected in the scan path. Alogic 0 value is captured in the bypass register during Capture-DR. Data in the input
BSCs s applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device
output terminals. The device operates in the test mode.

boundary run test

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during
Run-Test/Idle. The four test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP),
PRPG, PSA, and simultaneous PSA and PRPG (PSA/PRPG).

boundary read

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture—DR.‘ This
instruction is useful for inspecting data after a PSA operation.

boundary self test

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR.
In this way, the contents of the shadow latches may be read out to verify the integrity of both shift-register and
shadow-latch elements of the BSR. The device operates in the normal mode.

boundary toggle outputs

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. Data in the shift register elements of the selected output BSCs is toggled on each rising edge of
TCK in Run-Test/Idle and is then updated in the shadow latches and applied to the associated device output
terminals on each falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and
is applied to the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured
in the input BSCs. The device operates in the test mode.

boundary-control register scan

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This
operation must be performed before a boundary-run test operation to specify which test operation is to
be executed.
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boundary-control register opcode description

The BCR opcodes are decoded from BCR bits 1-0, as shown in Table 3. The selected test operation is
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms.

Table 3. Boundary-Control Register Opcodes

BINARY CODE
BIT1-BITO DESCRIPTION
MSB - LSB
00 Sample inputs/toggle outputs (TOPSIP)
01 Pseudo-random pattern generation/16-bit mode (PRPG)
10 Parallel-signature analysis/16-bit mode (PSA)
1 Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG)

It should be noted, in general, that while the control input BSCs (bits 17—16) are not included in the sample,
toggle, PSA, or PRPG algorithms, the output-enable BSC (bit 16 of the BSR) does control the drive state (active

. or high impedance) of the device output terminals while the direction-control BSC (bit 17) controls which /O
ports, A or B, are considered input terminals and which are considered output terminals.

sample inputs/toggle outputs (TOPSIP)

Data appearing at the device input terminals is captured in the shift-register elements of the input BSCs on each
rising edge of TCK. This data is then updated in the shadow latches of the input BSCs and applied to the inputs
of the normal on-chip logic. Data in the shift register elements of the output BSCs is toggled on each rising edge
of TCK, updated in the shadow latches, and applied to the device output terminals on each falling edge of TCK.

pseudo-random pattern generation (PRPG)

A pseudo-random pattern is generated in the shift-register elements of the BSCs on each rising edge of TCK
and then updated in the shadow latches and applied to the device output terminals on each falling edge of TCK.
This data also is updated in the shadow latches of the input BSCs and applied to the inputs of the normal on-chip
logic. Figure 5 illustrates the 16-bit linear-feedback shift-register algorithm through which the patterns are
generated. An initial seed value should be scanned into the BSR before performing this operation. A seed value
of all zeroes will not produce additional patterns.
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Figure 5. 16-Bit PRPG Configuration
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parallel-signature analysis (PSA)

Data appearing at the device input terminals is compressed into a 16-bit parallel signature in the shift-register
elements of the BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the input
BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow latches of the output BSCs
remains constant and is applied to the device outputs. Figure 6 illustrates the 16-bit linear-feedback
shift-register algorithm through which the signature is generated. An initial seed value should be scanned into
the BSR before performing this operation.

@ - :)D— ot 02 03 04 05 06 o7 o8

Figure 6. 16-Bit PSA Configuration

simultaneous PSA and PRPG (PSA/PRPG)

Data appearing at the device input terminals is compressed into an 8-bit parallel signature in the shift-register
elements of the input BSCs on each rising edge of TCK. This data-is then updated in the shadow latches of the
input BSCs and applied to the inputs of the normal on-chip logic. At the same time, an 8-bit pseudo-random
pattern is generated in the shift-register elements of the output BSCs on each rising edge of TCK, updated in
the shadow latches, and applied to the device output terminals on each falling edge of TCK. Figure 7 illustrates
the 8-bit linear-feedback shift-register algorithm through which the signature and patterns are generated. An
initial seed value should be scanned into the BSR before performing this operation. A seed value of all zeroes -
will not produce additional patterns.

@ ) :ED_ o1 02 o3 04 05 06 o7 o8

Figure 7. 8-Bit PSA/PRPG Configuration
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timing description

Alltest operations of the 'BCT8245A are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output terminals on the
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the
value of TMS on the falling edge of TCK and then applying a rising edge to TCK.

A simple timing example is illustrated in Figure 8. In this example, the TAP controller begins in the
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 4 details

the operation of the test circuitry during each TCK cycle.

,Table 4. Explanation of Timing Example

TCK TAP STATE
cYcLEs) | AFTERTCK DESCRIPTION
. TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward
1 Test-Logic-Reset | 4o desired state.
2 Run-Test/Idle
3 Select-DR-Scan
4 Select-IR-Scan
5 Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the
apture Capture-IR state.
6 Shift-IR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP
on the rising edge of TCK as the TAP controller advances to the next state.
One bitis shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value
7-13 Shift-IR 11111111is serially scannedinto the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR.
14 Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.
15 Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK.
16 Select-DR-Scan )
The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the
7 Capture-DR Capture-DR state.
18 Shift-DR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP
on the rising edge of TCK as the TAP controller advances to the next state.
19-20 Shift-DR The binary value 101 [s shifted in via TDI, while the binary value 010 is shifted out via TDO.
21 Exit1-DR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.
22 Update-DR In general, the selected data register is updated with the new data on the falling edge of TCK.
23 Select-DR-Scan
24 Select-IR-Scan
25 Test-Logic-Reset | Test operation completed
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Figure 8. Timing Example

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply VOtage range, VoG - v ceieveniiiiii ittt e i eica i nieaaaaeas -05Vto7V
Input voltage range, V|: /O ports (seeNote 1) ...ever i -0.5Vto5.5V
except /O ports and TMS (see Note 1) .........covvinininanan.n. ~05Vto7V

Input voltage range (TMS) (see Note 1) .. onreiniii i et ceeeaeenns -05Vto12Vv
Voltage range applied to any output in the disabled or power-off state .................... -05Vtob5V
Voltage range applied to any outputinthe highstate ..............ccoieiiiiiiiiiiins, -0.5VtoVge
Input Clamp CUITENt, [k oo vi it e it e ittt et i -30 mA
Current into any output in the low state: SN54BCT8245A (any A, TDO) .......cvveiviininnnennn- 40 mA
SN54BCT8245A (any B) ...ovvvieiiiiniiiiiiiieinnnen 96 mA

SN74BCT8245A (any A, TDO) ..vvvvieieeieenieenennns 48 mA

SN74BCT8245A (any B) ...cvvvnninenneaniennnnnnnnn. 128 mA

Maximum power dissipation at Ta = 55° C (in still air) (see Note 2): DW package ................. 1.7W
NTpackage ............ccenn 1.3W

Storage temperature range, Tgpg « . vvenvriiiiiiiiii s [ -65°C to 150°C

t Stressesbeyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input voltage rating may be exceeded if the input clamp-current rating is observed.

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils,
except for the NT package, which has a trace length of zero. For more information, refer to the Package Thermal Considerations
application note in the ABT Advanced BICMOS Technology Data Book, literature number SCBD002.
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recommended operating conditions

SN54BCT8245A SN74BCT8245A UNIT
MIN NOM MAX| MIN NOM MAX
Vcc  Supply voltage 4.5 5 5.5 45 5 55 \
VIH High-level input voltage 2 2 \
ViHH Double-high-level input voltage I ™S 10 : 12 10 12 \
ViL Low-level input voltage 0.8 0.8 \
K Input clamp current -18 -18| mA
loH High-level output current Any A, TOO =3 =3 mA
AnyB -12 -15
Any A, TDO 20 24
loL Low-level output current mA
: Any B 48 64
TA Operating free-air temperature -55 125 0 70 °C
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electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

SN54BCT8245A SN74BCT8245A
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX| MIN TYPT MAX
ViK Veg =45V, I} =~18 mA -1.2 -12| v
Voo =475V, IOH =—1 MA 27 34 27 34
Any A, TDO loH=-1mA 2.5 3.4 25 3.4
Veg =45V
IoH =-3 mA 2.4 3.3 24 3.3
VOH Voo =475V, loH = -3 mA 27 34 27 34 v
I0H =-3 mA 24 34 24 34
Any B
Voo =45V IOH =~12mA 2 32
IoH =-15mA 2 3.1
loL =20 mA 03 05
Any A, TDO Vec=45V
v loL =24 mA 0.35 0.5 v
oL . Ver a5V loL = 48 mA 038 055
n =4.
Y ce loL = 64 mA 042 055
Except Aor B 0.1 0.1
] Vecc=5.5V, V|=55V mA
AnyAorB 0.25 0.25
e Voo =55V, V=27V -1 =35 -100 -1 -35 -100| pA
e [ TMS Voo =55V, V=10V 1 1| ma
n# Voc =55V, V=05V -30 -70 -200| -30 -70 -200| pA
lozH |TDO Voo =55V, Vo =27V -1 35 =100 -1 =36 -100| pA
lozL |TDO Voo =55V, Vo=05V 30 -70 -200] 30 -70 -200| pA
lozPu Vec=0to2V, Vo=05Vor27V 1250 250 | pA
lozPD Vee=2Vto0, Vo=05Vor27v +250 1250 | pA
loff Veo =0, ViorVo<4.5V +250 250 pA
1088 Voo =55V, Vo=0 -100 -225 | -100 -225| mA
Outputs high 3.6 75 3.6 75
q Vec=55V,
Icc Outputs open Outputs low 35 52 35 521 mA
Outputs disabled 1.5 35 1.5 3.5
Ci Vec=5V, Vi=25Vor05V 8 8 pF
Cio Vee=5V, Vo=25Vor05V 14 14 pF
t All typical values are at VoG = 5 V, Ta = 25°C.
% For 110 ports, the parameters |4 and I include the off-state output current.
§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second.
'ccH and IgoL are measured in the A-data to B-bus operational mode.
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (test mode) (see Figure 9)

Vec=5Y, | snsapcTa24sa | sn7aBCTa245A
Ta =25°C UNIT
MIN MAX MIN MAX MIN MAX
folock  Clock frequency TCK 0 20 0 20 0 20 | MHz
K TCK high or low 25 25 25
tw Pulse duration - ns
TMS double high 50* 50" 50
Any A or B before TCKT 6 6 6
) DIR or OE before TCKT _ 6 6 6
tsu Setup time ns
TDI before TCKT 6 6 6
TMS before TCKT 12 12 12
Any A or B after TCKT 45 4.5 4.5
X DIR or OE after TCKT 4.5 4.5 4.5
th Hold time ns
TDI after TCKT 45 45 45
TMS after TCKT 0 0 0
tq Delay time Power up to TCKT 100* 100* 100 ns

* On products compliant to MIL-PRF-38535, this parameter is not production tested.
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (normal mode) (see Figure 9)

Vee =5V,
FROM TO T e 255 SN54BCT8245A | SN74BCT8245A
PARAMETER (INPUT) (OUTPUT) A UNIT
MIN TYP MAX| MN MAX| MIN  MAX
4 2 58 78 2 9.6 2 8.7
PLH AorB BorA ns
PHL 2 61 87 2 11 2 10
t 3 } . 5 3 10
PZH oE Bor A 6.8 9.5 3 1 0.6 ns
tpzL 3 88 125 3 143 3 138
t 3 62 86 3 102 3 9.6
PHZ OE BorA ns
tpLz 25 6 8 25 105 25 95
switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (test mode) (see Figure 9)
SN54BCT8245A
FROM TO Vec=5V,
PARAMETER (INPUT) (OUTPUT) Ta = 25°C mn max| UNT
MIN TYP MAX
fmax TCK 20 20 MHz
1 6 13 155 6 215
PLH TCKL BorA ns
tPHL 6 125 155 6 215
t 35 76 105| 35 14
PLA TCKL DO ns
tPHL 3.5 8 105| 35 13
t 75 165 20 75 28
PLH ToKT BorA ns
tPHL 75 17 21| 75 29
t . 1 17 )
PzH TCKL BorA 65 1 85 21
tpzL 7 15 20 7 26
t 35 76 105| 35 115
PzH TOKL TDO 8 ns
tpzL 4 8.5 12 4 175
tpzH 8 18 22 8 30
BorA
tpzL TOKT 8 19 25 8 32|
t 6 14 18 6 24
PHZ TCKY BorA ns
tpLZ 6 14 18 6 23
t 3 8 115
PHZ TCKL TDO 8 13 ns
tpLz 3 75 10 3 13
[ 8 185 22 8 31
PHZ TeKT BorA ns
tpLz 8 185 22 8 31
‘V TEXAS
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (test mode) (see Figure 9)

SN74BCT8245A
FROM T0 Veo=5V,
PARAMETER (INPUT) (OUTPUT) Ta = 25°C MmN max| UNT
MIN TYP MAX
fmax TCK 20 20 MHz
1 6 13 155 6 20
PLH TCKL BorA ns
tPHL 6 125 1565 6 20
1 35 76 105] 35 13
PLH TCKL DO ns
tPHL 35 8 105| 35 12
1 75 165 20| 75 24
PLH ToKT BorA ns
tPHL 75 17 21 75 25
1 65 14 17| 65 21
PzH TOKL BorA ns
tPzL 7 15 20 7 23
1 35 76 105] 35 11
Fzh TCK{ TDO ns
tPzL 4 85 1 4 125
tPzH 8 18 22 8 27
BorA ns
tpzL TCKT 8 19 25 8 29
1 6 14 18 6 22
FHE TCKL BorA ns
tpLZ 6 14 17 6 21
! 3 8 115 3 125
PHZ TCKY 0O ns
tpLz 3 75 10 3 12
1 8 185 22 8 27
PHZ TCKT BorA ns
tPLZ 8 185 22 8 27
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PARAMETER MEASUREMENT INFORMATION

7V (tpzL, tpLZ, O.C)

J) Open

(all others)

From Output Test
Under Test Polint
CL R2
(see Note A)
RL=R1=R2

LOAD CIRCUIT FOR
3-STATE AND OPEN-COLLECTOR OUTPUTS

Timing Input 1.5V

tsu
| ——— 3V
Data Input 15V 15V
oV

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

————— av
Input 15V 15V
ov

h—bf— tPHL

N
tPLH _Hl | von
In-Phase | -
Output | 15V | 15V
VoL
|
| [ teLn
tPHL—¢—>! |
[

| VoH
Out-of-Phase 15V 1.5V
Output —— VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (see Note D)

NOTES: A. C includes probe and jig capacitance.

From Output Py Test
Under Test Point
CL R1
(see Note A) "\

LOAD CIRCUIT FOR
TOTEM-POLE OUTPUTS

High-Level ———— 3y
Pulse 15V 1.5V
| oV

|
N
| | 3v
Low-Level 15V 1.5V
Pulse e —— 0V
VOLTAGE WAVEFORMS
PULSE DURATION
Output v
utpu
Control | 15V _1iv_ —— oV
(low-level enable) I
o e e
| a5V
Waveform 1 | l 15V | Vv _
(see Notes B) | VoL
| |

|
| l‘_tPHZ > ¢ 0.3V
|
Waveform 2

'"*-__—: VoH
(see Notes B) 1.5V = 03V
oV

VOLTAGE WAVEFORMS
- ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control,

moo

. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, t; = t; < 2.5 ns, duty cycle = 50%.
. The outputs are measured one at a time with one transition per measurement.
. When measuring propagation delay times of 3-state outputs, switch S1 is open.

Figure 9. Load Circuits and Voltage Waveforms
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® Members of the Texas Instruments SN54BCT8373A ... JT PACKAGE
SCOPE ™ Family of Testabllity Products 3N74B°78373A0-_6-P l\)l\lﬂéV?’)R NT PACKAGE
® Octal Test-Integrated Circuits v,
® Functionally Equivalent to 'F373 and LE[] 1 24[} OE
'BCT373 in the Normal-Function Mode 1Qf] 2 23] 1D
@ Compatible With the IEEE Standard 2afls  22fl2D
1149.1-1990 (JTAG) Test Access Port and safl+ 213D
Boundary-Scan Architecture 4Qf]s 20f] 4D
® Test Operation Synchronous to Test Ggg% g 1: % 30
Access Port (TAP) sall o 7 680
® Implement Optional Test Reset Signal by
7Qfl 9 16[) 7D
Recognizing a Double-High-Level Voitage
y T™S Pl salio 1s[J8D
(10V)on n ToO[ 11 14fJ TDI
® SCOPE™ Instruction Set T™MS[12  13f] TCK

— |EEE Standard 1149.1-1990 Required
Instructions, Optional INTEST, CLAMP,

and HIGHZ SN54BCT8373A . . . FK PACKAGE
- Parallel Signature Analysis at Inputs (TOP VIEW)
— Pseudo-Random Pattern Generation )
From Outputs 323288
—_ g " ] S | U | S ) S | -
Sample Inputs/Toggle Outputs 7 327 282726
® Package Options Include Plastic E] 1K 25[] 8D
Small-Outline (DW) Packages, Ceramic D[] 6 24[] TOI
Chip Carriers (FK), and Standard Plastic OE[7 23[] TCK
and Ceramic 300-mil DIPs (JT, NT) NC[] 8 22fINC
. LEQ @ 21[] TMs
description 1Qf] 10 20[] TDO
1
The 'BCT8373A scan test devices with octal 2Q ] 12 1314 15 16 1718195 8Q
D-type latches are members of the Texas o | U ¥ o | v e
Instruments SCOPE™ testability integrated- ggq % eggg

circuit family. This family of devices supports IEEE
Standard 1149.1-1990 boundary scan to facilitate
testing of complex circuit board assemblies. Scan
access to the test circuitry is accomplished via the
4-wire test access port (TAP) interface.

NC - No internal connection

In the normal mode, these devices are functionally equivalent to the 'F373 and 'BCT373 octal D-type latches.
The test circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device
terminals or to perform a self test on the boundary test cells. Activating the TAP in normal mode does not affect

the functional operation of the SCOPE™ octal latches.

Inthe test mode, the normal operation of the SCOPE™ qctal latches is inhibited and the test circuitry is enabled
to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform boundary

scan test operations, as described in IEEE Standard 1149.1-1990.

SCOPE is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA Information is current as of publication date.

?‘rﬁg;c% Eﬂfgﬁn !: ::cmmons pet lhod t:er;n;o c'n exas lnmi:nnélcunﬂt: b TEXAS
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Copyright © 1996, Texas Instruments Incorporated

On products compliant to MIL-PRF-38535, all parameters are tested
unless otherwiss noted. On all other products, production
- processing does not necessarily Include testing of all parameters.
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description (continued)

Four dedicated test terminals are used to control the operation of the test circuitry: test data input (TDI), test
data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry can perform
other testing functions such as parallel signature analysis (PSA) on data inputs and pseudo-random pattern
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface.

The SN54BCT8373A is characterized for operation over the full military temperature range of — 55°C to 125°C.

The SN74BCT8373A is characterized for operation from 0°C to 70°C.

logic symbolt

TDI
T™MS
TCK

LE

D
2D
3D
4D
5D
6D
70

FUNCTION TABLE
(normal mode, each latch)
INPUTS OUTPUT
OE LE D Q
L H H H
L H L L
L L X Qo
H X X z
<
SCAN
'BCT8373A
14
TDI
12
T™MS TDO
13
—S> TCK-IN
> TCK-OUT
— 24
— NN
1
o3 ]
- 5
22
21
20
19
17
16
15

8D

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and |IEC Publication 617-12.
Pin numbers shown are for the DW, JT, and NT packages.

1

o|lo|lvN[ja|ajwind

TDO

1Q
2Q
3Q
4Q
5Q
6Q
7
8Q
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functional block diagram

Boundary-Scan Register
Vee
OF 24
Vee
1
LE -
Vec c1
23
o - b
One of Eight Channels
Bypass Register L
[ N
Boundary-Control
Register Vee
Vce | Lé LL [,
o1 M4 > Instruction Register
Vee
i ]
™S >——
Vee TAP
13 Controller
TCK >——

Pin numbers shown are for the DW, JT, and NT packages.
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Terminal Functions

TERMINAL
NAME DESCRIPTION
1D-8D Normal-function data inputs. See function table for normal-mode logic. Internal pullups force these inputs to a high level if
- left unconnected.
GND Ground
LE Normal-function latch-enable input. See function table for normal-mode logic. An internal pullup forces LE to a high level if
left unconnected.
OE Normal-function output-enable input. See function table for normal-mode logic. An internal pullup forces OE to a high level
if left unconnected.
1Q-8Q Normal-function data outputs. See function table for normal-mode logic.
Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to
TCK TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. An internal pullup forces
TCK to a high level if left unconnected.
o1 Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data through
the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected.
Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data
TDO through the instruction register or selected data register. An internal pullup forces TDO to a high level when it is not active
and is not driven from an external source.
Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP
™S controller states. An internal pullup forces TMS to a high level if left unconnected. The TMS pin also provides the optional
test reset signal of IEEE Standard 1149.1-1990. This is implemented by recognizing a third logic level, double-high (ViHR),
at TMS.
\ole} Supply voltage
INSTRUMENTS
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test architecture

TMS=H

Serial test information is conveyed by means of a 4-wire test bus, or TAP, that conforms to |IEEE Standard
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial test bus. The
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram.

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK, and
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully
one-half of the TCK cycle.

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan
architecture and the relationship between the test bus, the TAP controller, and the test registers. As shown, the
device contains an 8-bit instruction register and three test data registers: an 18-bit boundary-scan register, a
2-bit boundary-control register, and a 1-bit bypass register.

Test-Loglic-Reset )«

TMS=L

TMS=H TMS=zH TMS =H
Run-Testldle 7y Select-DR-Scan ) »d IR-Scan >—

(

TMS=L TMS=L TMS=L

4
L—'\ TMS=H TMS=H /—J
< Capture-DR ) Capture-IR >

TMS=L

(

Shift-DR Shi
TMS=L TMS=L

TMS =H ;\4 TMS =H
Exit1-DR e > ExltD——

TMS=L TMS =L
Pause-DR > Pau
TMS =L TMS=L
TMS=H TMS=H

:L—'-'\TMS =L TMS=L :
Exit2-DR ) Exit2-IR

|

[

|

'TMS =H 'TMS =H
—>< Update-DR > < Update-IR ><———
TMS=H TMS=L TMS=H TMS=L

Figure 1. TAP-Controller State Dlagram

Q’ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-69



SN54BCT8373A, SN74BCT8373A
SCAN TEST DEVICES
WITH OCTAL D-TYPE LATCHES

SCBS044F — JUNE 1990 — REVISED JULY 1996

state diagram description

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device.
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller
proceeds through its states based on the level of TMS at the rising edge of TCK.

As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive
TCK cycles. Any state that does not meet this criterion is an unstable state.

There are two main paths though the state diagram: one to access and control the selected data register and
one to access and control the instruction register. Only one register can be accessed at a time.

Test-Loglc-Reset

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data
registers also can be reset to their power-up values.

The state machine is constructed such that the TAP controlier returns to the Test-Logic-Reset state in no more
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left
unconnected or if a board defect causes is to be open circuited.

For the 'BCT8373A, the instruction register is reset to the binary value 11111111, which selects the BYPASS
instruction. The boundary-control register is reset to the binary value 10, which selects the PSA test operation.

Run-Test/Idle

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test
operations. The Run-Test/Idle state also can be entered, following data-register or instruction-register scans.
Run-Test/Idle is a stable state in which the test logic may be actively running a test or may be idle.

The test operations selected by the boundary-control register are performed while the TAP controller is in the
Run-Test/ldle state.

Select-DR-Scan, Select-IR-Scan

No specificfunction is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or

instruction-register scan. ‘
Capture-DR

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the
Capture-DR state, the selected data register may capture a data value, as specified by the current instruction.
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR
state.

Shift-DR

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic
level present in the least-significant bit of the selected data register.

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle.
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during
the TCK cycle, in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR).
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state.

i
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Exit1-DR, Exit2-DR

The Exit1-DR and Exit2-DR states are temporary states that end a data register scan. It is possible to return
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register.

On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance
state.

Pause-DR

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data.

Update-DR

If the current instruction calls for the selected data register to be updated with current data, then such update
occurs on the falling edge of TCK, following entry to the Update-DR state.

Capture-IR

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state.

For the 'BCT8373A, the status value loaded in the Capture-IR state is the fixed binary value 10000001.
Shift-IR

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and,
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to
the logic level present in the least-significant bit of the instruction register.

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs
during the TCK cycle, in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state.

Exit1-IR, Exit2-IR

The Exit1-IR and Exit2-IR states are temporary states used to end an instruction-register scan. It is possible
to return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register.

On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance
state.

Pause-IR

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of
data.

Update-IR

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR
state.
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register overview

With the exception of the bypass register, any test register may be thought of as a serial shift register with a
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register
may be paralle! loaded from a source specified by the current instruction. During the appropriate shift state
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from
the shift register.

instruction register description

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information
contained in the instruction includes the mode of operation (either normal mode, in which the device performs
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation
to be performed, which of the three data registers is to be selected for inclusion in the scan path during
data-register scans, and the source of data to be captured into the selected data register during Capture-DR.

Table 2 lists the instructions supported by the 'BCT8373A. The even-parity feature specified for SCOPE™
devices is not supported in this device. Bit 7 of the instruction opcode is a don't-care bit. Any instructions that
are defined for SCOPE™ devices but are not supported by this device default to BYPASS.

During Capture-IR, the IR captures the binary value 10000001. As aninstruction is shifted in, this value is shifted
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated,
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2.

Bit7
1o —» MBI E b Bie || Bits || Bita || s || Btz || sre ] Bt |
Don't (LSB) TDO

Care

Figure 2. Instruction Register Order of Scan
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data register description

boundary-scan register

The boundary-scan register (BSR) is 18 bits long. It contains one boundary-scan cell (BSC) for each
normal-function input pin and one BSC for each normal-function output pin. The BSR is used 1) to store test
data thatis to be applied internally to the inputs of the normal on-chip logic and/or externally to the device output
pins, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally
at the device input pins.

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The
contents of the BSR may change during Run-Test/Idle as determined by the current instruction. The contents
of the BSR are not changed in Test-Logic-Reset.

The BSR order of scan is from TDI through bits 170 to TDO. Table 1 shows the BSR bits and their associated
device pin signals.

Table 1. Boundary-Scan Register Configuration

BSRBIT DEVICE BSR BIT DEVICE BSR BIT DEVICE
NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL
17 LE 15 1D 7 1Q
16 OE 14 2D 6 2Q
- - 13 3D 5 3Q
— - 12 4D 4 4Q
- - 1 5D 3 5Q
- - 10 6D 2 6Q
- - 9 7D 1 7Q
- - 8 8D 0 8Q

boundary-control register

The boundary-control register (BCRY) is two bits long. The BCR is used in the context of the RUNT instruction
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations
include PRPG and PSA. Table 3 shows the test operations that are decoded by the BCR.

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is
reset to the binary value 10, which selects the PSA test operation. The BCR order of scan is shown in
Figure 3.

To1 y| Bit1 | sBito

(MSB) (LSB) > TDO

Figure 3. Boundary-Control Register Order of Scan
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bypass register

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path,
thereby reducing the number of bits per test pattern that must be applied to complete a test operation.

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in

Figure 4.

Figure 4. Bypass Register Order of Scan

TDI —] BItO

— TDO

instruction register opcode description

The instruction register opcodes are shown in Table 2. The following descriptions detail the operation of each

instruction.
Table 2. Instruction Register Opcodes
BB 7 s BT ET SCOPE OPCODE DESCRIPTION SELECTED DATA MODE
MSB - LSB

X0000000 EXTEST/INTEST Boundary scan Boundary scan Test
X0000001 BYPASS? Bypass scan Bypass Normal
X0000010 SAMPLE/PRELOAD Sample boundary Boundary scan Normal
X0000011 INTEST/EXTEST Boundary scan Boundary scan Test
X0000100 BYPASST Bypass scan Bypass Normal
X0000101 BYPASSY Bypass scan Bypass Normal
X0000110 HIGHZ (TRIBYP) Control boundary to high impedance Bypass Modified test
X0000111 CLAMP (SETBYP) Control boundary to 1/0 Bypass Test
X0001000 BYPASSt Bypass scan Bypass Normal
X0001001 RUNT Boundary run test Bypass Test
X0GG101 READBN Boundary read Boundary scan Normal
X0001011 READBT Boundary read Boundary scan Test
X0001100 CELLTST Boundary self test Boundary scan Normal
X0001101 TOPHIP Boundary toggle outputs Bypass Test
X0001110 SCANCN Boundary-control register scan Boundary control Normal
X0001111 SCANCT Boundary-control register scan Boundary control Test
All others BYPASS Bypass scan Bypass Normal

1 Bit 7 is a don't-care bit; X = don't care.
¥ The BYPASS instruction is executed in lieu of a SCOPE™ instruction that s not supported in the 'BCT8373A.

boundary scan

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into
the output BSCs is applied to the device output terminals. The device operates in the test mode.
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bypass scan

This instruction conforms to the |IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in the normal mode.

sample boundary

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the
normal mode.

control boundary to high impedance

This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in a modified test mode in which all device output terminals are placed in the high-impedance state,
the device input terminals remain operational, and the normal on-chip logic function is performed.

control boundary to 1/0

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is
selectedin the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Datain the input
BSCsis applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device
output terminals. The device operates in the test mode.

boundary run test

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during
Run-Test/Idle. The four test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP),
PRPG, PSA, and simultaneous PSA and PRPG (PSA/PRPG).

boundary read

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This
instruction is useful for inspecting data after a PSA operation.

boundary seif test

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR.
In this way, the contents of the shadow latches may be read out to verify the integrity of both shift-register and
shadow-latch elements of the BSR. The device operates in the normal mode.

boundary toggle outputs

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. Data in the shift register elements of the selected output BSCs is toggled on each rising edge of
TCK in Run-Test/ldle and is then updated in the shadow latches and applied to the associated device output
terminals on each falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and
is applied to the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured
in the input BSCs. The device operates in the test mode.

boundary-control register scan

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This
operation must be performed before a boundary run test operation in order to specify which test operation is
to be executed.
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boundary-control register opcode description

The BCR opcodes are decoded from BCR bits 1-0 as shown in Table 3. The selected test operation is
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms.

Table 3. Boundary-Control Register Opcodes

BINARY CODE
BIT1-BITO DESCRIPTION
MSB - LSB
00 Sample inputs/toggle outputs (TOPSIP)
01 Pseudo-random pattern generation/ 16-bit mode (PRPG)
10 Parallel signature analysis/16-bit mode (PSA)
11 Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG)

It should be noted, in general, that while the control input BSCs (bits 17—-16) are not included in the sample,
toggle, PSA, or PRPG algorithms, the output-enable BSC (bit 16 of the BSR) does control the drive state (active
or high impedance) of the device output terminals.

sample inputs/toggle outputs (TOPSIP)

Data appearing at the device input terminals is captured in the shift-register elements of the input BSCs on each
rising edge of TCK. This data is then updated in the shadow latches of the input BSCs and applied to the inputs
of the normal on-chip logic. Data in the shift-register elements of the output BSCs is toggled on eachrising edge
of TCK, updated in the shadow latches, and applied to the device output terminals on each falling edge of TCK.

pseudo-random pattern generation (PRPG)

A pseudo-random pattern is generated in the shift-register elements of the BSCs on each rising edge of TCK
and then updated in the shadow latches and applied to the device output terminals on each falling edge of TCK.
This dataisalso updated inthe shadow latches of the input BSCs and applied to the inputs of the normal on-chip
logic. Figure 5 illustrates the 16-bit linear-feedback shift-register algorithm through which the patterns are
generated. Aninitial seed value should be scanned into the BSR before performing this operation. A seed value
of all zeroes will not produce additional patterns.

1D 2D 3D 4D o] 6D 7 8D

y
®e D e —

jD— 1Q 2Q 3Q 4Q 5Q 6Q 7Q 8Q

Figure 5. 16-Bit PRPG Configuration
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parallel signature analysis (PSA)

Data appearing at the device input terminals is compressed into a 16-bit parallel signature in the shift-register
elements of the BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the input
BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow latches of the output BSCs
remains constant and is applied to the device outputs. Figure 6 illustrates the 16-bit linear-feedback
shift-register algorithm through which the signature is generated. An initia! seed value should be scanned into
the BSR before performing this operation.

@ - :)D— 1Q 2q 3Q 4Q 5Q 6Q 7Q 8Q

Figure 6. 16-Bit PSA Configuration

simultaneous PSA and PRPG (PSA/PRPG)

Data appearing at the device input terminals is compressed into an 8-bit parallel signature in the shift-register
elements of the input BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the
input BSCs and applied to the inputs of the normal on-chip logic. At the same time, an 8-bit pseudo-random
pattern is generated in the shift-register elements of the output BSCs on each rising edge of TCK, updated in
the shadow latches, and applied to the device output terminals on each falling edge of TCK. Figure 7 illustrates
the 8-bit linear-feedback shift-register algorithms through which the signature and patterns are generated. An
initial seed value should be scanned into the BSR before performing this operation. A seed value of all zeroes
will not produce additional patterns.

@ :)D_ 1Q 2Q ‘3q 4Q 5Q 6Q 7Q 8Q

Figure 7. 8-Bit PSA/PRPG Configuration
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timing description

All test operations of the 'BCT8373A are synchronous to the test clock (TCK). Data on the TDI, TMS, and
normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function
output terminals on the falling edge of TCK. The TAP controller is advanced through its states (as shown in
Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK.

A simple timing example is shown in Figure 8. In this example, the TAP controller begins in the Test-Logic-Reset
state and is advanced through its states, as necessary, to perform one instruction-register scan and one
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO is used
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 4 details the
operation of the test circuitry during each TCK cycle.

Table 4. Explanation of Timing Example

OYL?.'E((S) AFTER TOK DESCRIPTION
1 Test-Logic-Reset :t.::?'léss 52:3::16 .to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward
2 Run-Test/Idle
3 Select-DR-Scan
4 Select-IR-Scan
5 Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the
Capture-IR state.
6 Shift-IR TDQ b.ecomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on
the rising edge of TCK as the TAP controller advances to the next state.
One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value
7-13 Shift-IR 11111111 is serially scanned into the IR. Atthe same time, the B-F:h binary value 10000001 is serially scanned
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next TCK
cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR.
14 Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.
15 Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK.
16 Select-DR-Scan
17 Capture-DR 'g;:ﬁr;pﬁ; ;?sti:fer captures a logic 0 value on the rising edge of TCK as the TAP controller exits the
18 Shitt-DR 20 bc.c\":mss active, and TD! is mads valid, on the falling edge of TCK. The first bit is shiited inio the TAP
on the rising edge of TCK as the TAP controller advances to the next state.
19-20 Shift-DR The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO.
21 Exit1-DR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.
22 Update-DR In general, the selected data register is updated with the new data on the falling edge of TCK.
23 Select-DR-Scan
24 Select-IR-Scan
25 Test-Logic-Reset | Test operation completed
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Controller @ | & (% |5 | 8 S>|12]% Wla(?i% (D>
51819 5|8 S|s|28|8
state [F |2 |83 8 8 3 3
3 AP ] & 2
= -

@ 3-State (TDO) or Don't Care (TDI)

Figure 8. Timing Example

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

SUPPlY VORAGE FANGE, VGG + v v v te et et e et et e e et e et ee it e e aaaanes -05Vto7V
Input voltage range, V|: Except TMS (seeNote 1) ...t -05Vto7V
TMS (seeNote 1) ..o e e -05Vtoi12V

Voltage range applied to any output in the disabled or power-off state .................... -0.5Vto55V
Voltage range applied to any outputinthe highstate .......... ..ot -0.5Vto Vo
INPUL ClamP CUITENTt . e e e e et e e eaas -30 mA
Current into any output in the low state: SN54BCT8373A(TDO) ..ovvviiiii ittt e ienennnns 40 mA
SN54BCT8373A (ANY Q) ..eviiiiiiiiiienieenennnns 96 mA

SN74BCT8373A (TDO) ..vvviit i i iienieananens 48 mA

SN74BCT8373A (Any Q) ..evviniiiiiiiiinninnenne. 128 mA

Maximum power dissipation at T = 55°C (in stili air) (see Note 2): DW package .................. 1.7W
NT package ......c..coevnnene.. 1.3W

Storage temperature range, Tgtg -« - -« veererrreeeretereietirieetiaterreaerieenans —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Theinput voltage rating may be exceeded if the input clamp-current rating is observed.

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils,
except for the NT package, which has a trace length of zero. For more information, refer to the Package Thermal Considerations
application note in the ABT Advanced BICMOS Technology Data Book, literature number SCBD002.
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recommended operating conditions

SN54BCT8373A SN74BCT8373A UNIT
MIN NOM MAX| MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 4.5 5 55 \
VIH High-level input voltage 2 2 \
VIHH Double-high-level input voltage TMS 10 12 10 12 \'J
ViL Low-level input voltage 0.8 0.8 \
K Input clamp current -18 -18] mA
loH High-level output current 100 -3 -3 mA
Any Q -12 =15
loL Low-level output current 100 20 24 mA
Any Q 48 64
TA Operating free-air temperature ~55 125 0 70 °C
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS SN54BCTE373A SN74BCT8373A UNIT
MIN TYPt MAX| MIN TYPT MAX
ViK Voo =45V, I|=~18 mA -1.2 -12] v
Voo =475V, IOH = -3 mA 27 34 27 34
Any Q IoH=-3mA 2.4 3.4 24 34
Ve =45V loH ==12 mA 2 3.2
VoH IoH =—-15mA 2 3.1 \Y
Voo =475V, IoH =-1mA 2.7 34 27 34
TDO IoH =-1mA 25 34 25 34
Voo =45V
IoH =-3mA 24 33 24 33
Ay |Vog=45v loL = 48 mA 038 0.55
VoL loL = 64 mA 042 055 v
loL =20 mA 0.3 0.5
TDO Vec=456V
loL =24 mA 0.35 0.5
Iy Voo =55V, V|=55V 0.1 01| mA
Iy VoG =55V, V=27V -1 -35 -100] -1 -35 -100| pA
IiHH ™S Vecc=55V, V=10V 1 1 mA
I Voc=55V, V=05V 30 -70 -200( -30 -70 -200{ pA
lozH Ay Q Vcc=55V, Vo=27V 30 >0 pA
TDO -1 -35 -100 -1 -35 -100
lozL Any Q Vg =55V, Vo =05V =50 —%0 pA
TDO -30 -70 -200| =30 -70 -200
lozPu Vec=0to2V, Vo=05Vor27V +250 +250 pA
lozPD Vec=2Vto0, Vp=05Vor27V 250 250 | pA
loff Ve =0, ViorVpo<45V +250 +250 nA
lost Vec =55V, Vo=0 -100 ~225 [ -100 -225| mA
Outputs high 3.5 75 3.5 75
lcc Vec=55V, Outputs open Outputs low 35 52 35 52| mA
Outputs disabled 1.5 3.5 1.5 35
G Vec=5V, Vi=25Vor05V 10 10 pF
Co Vec=5V, Vo=25Vor05V 14 14 pF

1 All typical values are at VoG = 5 V, Ta = 25°C.
¥ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second.
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timing requirements over recommended ranges of sugply voltage and operating free-air

temperature (unless otherwise noted) (normal mode) (see Figure 9)
‘.:.gc: ;:og' SNG4BOTBOTOA | SN74BCTBIZ3A [
MIN MAX| MIN MAX| MN  MAX
tw Pulse duration LE high . 5 5 5 ns
tsu Setup time Data before LEL 3 3 3 ns
th Hold time Data after LEL 2 2 . 2 ns

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (test mode) (see Figure 9)

Voc=5Y, | gnsaBcTeszaa | sN7aBCTBI7IA
Ta=25°C UNIT
MIN  MAX MIN MAX MIN MAX
felock  Clock frequency TCK 0 20 0 20 0 20 | MHz
. TCK high or low 25 25 25
tw Pulse duration ns
TMS double high 50* 50* 50
Any D before TCKT 6 6 6
toy Setup time LE or OE before TCKT 6 6 6 ns
TDI before TCKT 6 6 6
TMS before TCKT 12 12 12
Any D after TCKT 45 45 45
t Hold time LE or OF after TCKT 45 45 45 ns
TD! after TCKT 4.5 45 45
TMS after TCKT 0 0 0
td Delay time Power up to TCKT 100" 100* 100 ns

* On products compliant to MIL-PRF-38535, this parameter is not production tested.
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (normal mode) (see Figure 9)

Vee=5YV,
EROM T0 Too o5 SN54BCT8373A | SN74BCT8373A
PARAMETER (INPUT) (OUTPUT) A UNIT
MIN  TYP MAX MIN MAX MIN MAX
tPLH D Q 3 6.5 8.5 3 10.5 3 9.5 ns
tPHL 3 62 8 3 105 3 9.5
t 6.8 9 3 1 3 10
PLH LE Q 3 \ ns
tPHL 3 67 85 3 11 3 10
% 3 6.5 8.5 3 10.5 3 10
PZH OE Q ns
tpzL 35 75 95 35 115 35 1
§ — 6.1 8 3 10 3
PHZ OE Q 8 S ns
tpLz 2.5 5.8 7.5 25 9.5 25 8.5

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (test mode) (see Figure 9)

Vec=5V,
FROM TO SN54BCT8373A | SN74BCT8373A
Ta =25°C
PARAMETER (INPUT) (ouTPUT) MIN : TYP MAX MIN MAX MIN MAX N
fmax 20 20 20 MHz
tPLH oKL a 6 13 155 6 215 6 20| ns
tPHL 6 125 155 6 215 6 20| ns
t 3.5 7. X .5 14 3.5 13
PLH TCKL DO 6 10.5 3 ns
tPHL 3.5 8 105 3.5 13 35 12
I{ K . K K
PLH oKt Q 75 165 20 7.5 28 75 4]
tPHL 7.5 17 21 75 29 75 25
{ 6.5 14 17 6.5 24 6.5 21
FzH TCKL Q ns
tpzL 7 15 20 7 26 7 23
t 3.5 7.6 105 3.5 11.5 3.5 1
PzH TCKL TDO ns
tpzL 4 8.5 1 4 13.5 4 12,5
tpzH 8 18 22 8 30 8 27
Q ns
tpzL TeKT 8 19 25 8 32 8 29
t 6 14 1 4
PHZ TCcKL Q 8 6 2 6 22 ns
tpLZ 6 14 17 6 23 6 21
[{ 3 8 11.5 3 13 3 125
lprzz TCK! 00 3 7.5 10 3 13 3 12 ns
P »
t 8 18.5 22 1
Phz TCKT Q 8 8 8 27 ns
tpLZ 8 185 22 8 31 8 27
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PARAMETER MEASUREMENT INFORMATION

7V (tpzL, tpL2, O.C)

Open
(all others)

S1

From Output Test
Under Test Point
CpL
(see Note A) ™
RL=R1=R2

LOAD CIRCUIT FOR
3-STATE AND OPEN-COLLECTOR OUTPUTS

3V
Timing Input 15V

—————— oV
Data Input DA

1.5V 15V
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input /N - 3V
1.5V 15V
oV
| le—ys
. lpLHﬁl I | tPHL
In-Phage : — — VoH
owput | Sisy | 15V
\'"/
| oL
|

| ——tpLy
tPHL—1¢—> |

| VoH
Out-m‘;:l;l'ntaset 1.5V 15V
utpu —— VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (see Note D)

NOTES: A. C| includes probe and jig capacitance.

From Output - Test
Under Test Point
CL — R1
(see Note A) ">

LOAD CIRCUIT FOR
TOTEM-POLE OUTPUTS

High-Level A
Pulse 1.5V 1.5V
oV

| |
v
| | 3v
Low-Level 1.5V 15V
Pulse e ——— 0V
VOLTAGE WAVEFORMS
PULSE DURATION
o 3V
utput
Control | 15V _j'iv_ —— ov
(low-level enable) | h— |
LH ) letprz
—_ | | a5V
Waveform 1 | \_ 15V | Vv _
(see Note B) l ] I_ —— VoL
tPHZ ->| ld— 03V
|
PZH ¥ (& ¥ vou
Waveform 2 .
{see Note B) 15V 0.3 Xv

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

moo

. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, t; =tf < 2.5 ns, duty cycle = 50%.
. The outputs are measured one at a time with one transition per measurement.
. When measuring propagation delay times of 3-state outputs, switch S1 is open.

Figure 9. Load Circuits and Voltage Waveforms
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® Members of the Texas Instruments SN54BCT8374A . .. JT PACKAGE

SCOPE ™ Family of Testability Products SN74BCTB374A . .. DW OR NT PACKAGE
(TOP VIEW)

@ Octal Test-Integrated Circuits

® Functionally Equivalent to 'F374 and owkf]+ Y 24ioE
'BCT374 in the Normal-Function Mode 1Q[] 2 23[] 1D

e Compatible With the IEEE Standard 20ffs 22120
1149.1-1990 (JTAG) Test Access Port and 3Qff4 21[J3D
Boundary-Scan Architecture 4Qf}s 20[] 4D

® Test Operation Synchronous to Test G';BE g :2 % :5/0
Access Port (TAP) ) sall e e 80

® Implement Optional Test Reset Signal by 7all e 167D
Recognizing a Double-High-Level Voltage safl 0 1s[J 8D
(10 V) on TMS Pin 00 11 1] TOI

® SCOPE™ Instruction Set ™sl12  13fTck

— IEEE Standard 1149.1-1990 Required
Instructions, Optional INTEST, CLAMP,

and HIGHZ SN54BCT8374A ... FK PACKAGE
— Parallel-Signature Analysis at Inputs (TOP VIEW)
~ Pseudo-Random Pattern Generation 9229 8aa
From Outputs ::JL“:H:::
— Sample Inputs/Toggle Outputs s 2 32 1 282726
® Package Options Include Plastic 2D . 25E 8D
Small-Outline (DW) Packages, Ceramic 10 ) 24|} TOI
Chip Carrlers (FK), and Standard Plastic OE : 23[] TCK
(NT) and Ceramic (JT) 300-mil DIPs NC 22[] NC
CLk[] e 21[] T™s
description Q10 20[] TDO
QI 1 191} 8Q
The 'BCT8374A scan test devices with octal J2 1814 15 16 17 18
edge-triggered D-type flip-flops are members of GoO0O0O0
the Texas Instruments SCOPE™ testability ®IgZHER

integrated-circuit family. This family of devices

supports IEEE Standard 1149.1-1990 boundary NC — No internal connection
scan to facilitate testing of complex circuit-board

assemblies. Scan access to the test circuitry is

accomplished via the 4-wire test access port

(TAP) interface. ’

In the normal mode, these devices are functionally equivalent to the 'F374 and'BCT374 octal D-type flip-flops.
The test circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device
terminals or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does not affect
the functional operation of the SCOPE™ octal flip-flops.

Inthe test mode, the normal operation of the SCOPE™ octal flip-flops is inhibited and the test circuitry is enabled
to observe and control the 1/O boundary of the device. When enabled, the test circuitry can perform
boundary-scan test operations as described in IEEE Standard 1149.1-1990.

SCOPE is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA Information s current as of publication date. Copyright © 1996, Texas Instruments incorporated

Products conform 10 specifications per the terms of Texas instruments i On products compllant to MiL-PRF-38535, all parameters ars tested
standard warranty. P g does not y Inc "']" unless otherwiss noted. On all other products, production
testing of all parametars. EXAS processing does not necessarily include testing of all pmnm
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description (continued)

Four dedicated test terminals control the operation of the test circuitry: test data input (TDI), test data output
(TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface.

The SN54BCT8374A is characterized for operation over the full military temperature range of -55°C to 125°C.
The SN74BCT8374A is characterized for operation from 0°C to 70°C.

FUNCTION TABLE
(normal mode, each flip-flop)
INPUTS OUTPUT
OE CLK D Q
L T H H
L T L L
L HorL X Qg
H X X z
logic symbolit
O
SCAN
'BCT8374A
14
01 ————{ TDI
12 B I
T™MS ———————TMS TDO )————— 1TDO
13
TCK ——E> TCK-IN
> TCK-OUT
__ 24
OE —D™EN
1
CLK ————b ¢t .
23 1 - 2
D ——— 1D v 1Q
22 3
2D 2Q
21 4
3D 3Q
20 5
4D 4Q
19 7
5D 5Q
17 8
6D 6Q
16 9 -
7D — ——-7a
15 10
8D ————— ———— sa

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for the DW, JT, and NT packages.
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functional block diagram

Boundary-Scan Register

Vee
Vee
1
CLK =
B
Vee > C1
One of Eight Channels
Bypass Reglster
| N
Boundary-Control
Register vVece
Vee | L N 1po
o1 4 > Instruction Register
Vee _J
™S —2 >——
Vee TAP
Controller
TeK 2 >—-—-—

Pin numbers shown are for the DW, JT, and NT packages.
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Terminal Functions

TERMINAL
NAME DESCRIPTION
CLK Normal-function clock input. See function table for normal-mode logic. An internal pullup forces CLK to a high level if left
unconnected.
1D-8D Normal-function data inputs. See function table for normal-mode logic. Internal pullups force these inputs to a high level if
left unconnected.
GND Ground
OF Normal-function output-enable input. See function table for normal-mode logic. An internal puilup forces OE to a high level
o if left unconnected.
1Q-8Q Normal-function data outputs. See function table for normal-mode logic.
Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to
TCK TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. An internal pullup forces
TCK to a high level if left unconnected.
D1 Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDl is the serial input for shifting data through
the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected.
Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data
TDO through the instruction register or selected data register. An internal pullup forces TDO to a high level when it is not active
and is not driven from an external source.
Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP
T™MS controller states. An internal pullup forces TMS to a high level if left unconnected. TMS also provides the optional test reset
signal of IEEE Standard 1149.1-1990. This is implemented by recognizing a third logic level, double high (V|qH), at TMS.
Vece Supply voltage
INSTRUMENTS
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test architecture

Serial-test information is conveyed by means of a 4-wire test bus, or TAP, that conforms to IEEE Standard
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram.

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK, and
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully
one-half of the TCK cycle.

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the
device contains an 8-bit instruction register and three test-data registers: an 18-bit boundary-scan register, a
2-bit boundary-control register, and a 1-bit bypass register.

Test-Loglc-Reset )«

TMS =H T™MS =L
EE’T\ TMS=H TMS=H
Run-Test/Idle Select-DR-Scan P> Select-IR-Scan
[ _/ 'L >
T™MS =L 1 TS =L T™MS =L
————\TMS=H TMS=H H
Capture-DR > 14 Capture-IR
TMS=L TMS=L
y
(\‘ san— ——u -IR
TMS =L TMS =L
TMS=H TMS=H
y
TMS=H TMS=H

TMS=L

TMS =L
A

Pause-DR Pause-IR

TMS=L TMS=L

TMS=H TMS =H

ExIt2-DR T\'MS =t me- L< Exit2-IR >

’TMS=H TMS=H

Update-DR > < UpdaW

TMS =H TMS=L TMS=H TMS =L

N

A

Figure 1. TAP-Controller State Diagram
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state diagram description

The TAP controlleris a synchronous finite state machine that provides test control signals throughout the device.
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller
proceeds through its states based on the level of TMS at the rising edge of TCK.

As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive
TCK cycles. Any state that does not meet this criterion is an unstable state.

There are two main paths through the state diagram: one to access and control the selected data register and
one to access and control the instruction register. Only one register can be accessed at a time.

Test-Logic-Reset

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data
registers also can be reset to their power-up values.

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left
unconnected or if a board defect causes it to be open circuited.

For the 'BCT8374A, the instruction register is reset to the binary value 11111111, which selects the BYPASS
instruction. The boundary-control register is reset to the binary value 10, which selects the PSA test operation.

Run-Test/Idle

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans.
Run-Test/Idle is a stable state in which the test logic may be actively running a test or may be idle.

The test operations selected by the boundary-control register are performed while the TAP controller is in the
Run-Test/Idle state.

Select-DR-Scan, Select-IR-Scan

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or
instruction-register scan.

Capture-DR

When a data register scan is selected, the TAP controller must pass through the Capture-DR state. In the
Capture-DR state, the selected data register may capture a data value as specified by the current instruction.
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the
Capture-DR state.

Shift-DR

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic
level present in the least-significant bit of the selected data register.

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle.
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR).
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state.
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Exit1-DR, Exit2-DR

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to'return
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register.

On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the
high-impedance state.

Pause-DR

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data.

Update-DR

If the current instruction calls for the selected data register to be updated with current data, then such update
occurs on the falling edge of TCK, following entry to the Update-DR state.

Capture-IR

When an instruction register scan is selected, the TAP controller must pass through the Capture-IR state. In
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state.

For the 'BCT8374A, the status value loaded in the Capture-IR state is the fixed binary value 10000001.
Shift-IR

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and,
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to
the logic level present in the least-significant bit of the instruction register.

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state.

Exit1-IR, Exit2-IR

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register.

On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the
high-impedance state.

Pause-IR

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss
of data.

Update-IR

The current instruction is updated and takes effect on the falling edge of TCK following entry to the
Update-IR state.
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register overview

With the exception of the bypass register, any test register may be thought of as a serial-shift register with a
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register
may be parallel loaded from a source specified by the current instruction. During the appropriate shift state
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted
in at TDI. During the appropriate update state (Update-IR or Update-DRY), the shadow latches are updated from
the shift register.

instruction register description

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information
contained in the instruction includes the mode of operation (either normal mode, in which the device performs
its normal logic function, or test mode, in which the normal logic functionis inhibited or altered), the test operation
to be performed, which of the three data registers is to be selected for inclusion in the scan path during
data-register scans, and the source of data to be captured into the selected data register during Capture-DR.

Table 2 lists the instructions supported by the 'BCT8374A. The even-parity feature specified for SCOPE™
devices is not supported in this device. Bit 7 of the instruction opcode is a don't-care bit. Any instructions that
are defined for SCOPE™ devices but are not supported by this device default to BYPASS.

During Capture-IR, the IR captures the binary value 10000001. As an instruction is shiftedin, this value is shifted
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated
and any specified mode change takes effect. At power up orin the Test-Logic-Reset state, the IR is reset to the
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2.

Bit7

(MSB) BItO

0l —¥ pont ™ Bit6 |—»{ BIt5 p—p| Bit4 —»| Bit3 |—» Bit2 —»| Bit1 [ (LSB) —» TDO

Care

Figure 2. Instruction Register Order of Scan
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data register description

boundary-scan register

The boundary-scan register (BSR) is 18 bits long. It contains one boundary-scan cell (BSC) for each
normal-function input pin and one BSC for each normal-function output pin. The BSR is used to 1) store test
data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the device output
terminals, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or

externally at the device input terminals.

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The
contents of the BSR may change during Run-Test/Idle as determined by the current instruction. The contents
of the BSR are not changed in Test-Logic-Reset.

The BSR order of scan is from TDI through bits 17-0 to TDO. Table 1 shows the BSR bits and their associated

device pin signals.

Table 1. Boundary-Scan Register Configuration

BSRBIT DEVICE BSRBIT DEVICE BSR BIT DEVICE
NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL
17 CLK 15 1D 7 1Q
16 OE 14 2D 6 2Q
- - 13 3D 5 3Q
- - 12 4D 4 4Q
- - 1 5D 3 5Q
- - 10 6D 2 6Q
- - 9 70 1 7Q
- - 8D 0 8Q

boundary-control register

The boundary-control register (BCR) is two bits long. The BCR is used in the context of the RUNT instruction
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations

include PRPG and PSA. Table 3 shows the test operations that are decoded by the BCR.

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is
reset to the binary value 10, which selects the PSA test operation. The BCR order of scan is shown in Figure 3.

TDI —»

Bit 1

BItO

{MSB)

(LSB)

——» TDO

Flgure 3. Boundary-Control Register Order of Scan
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bypass register

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path,
thereby reducing the number of bits per test pattern that must be applied to complete a test operation.

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in
Figure 4.

A

TDI —» Bit0 |—» TDO

Figure 4. Bypass Register Order of Scan

instruction-register opcode description

The instruction-register opcodes are shown in Table 2. The following descriptions detail the operation of
each instruction.

Table 2. Instruction-Register Opcodes

i ? SCOPE OPCODE DESCRIPTION S e MODE
MSB — LSB

X0000000 EXTEST/INTEST Boundary scan Boundary scan Test
X0000001 BYPASS# Bypass scan Bypass Normal
X0000010 SAMPLE/PRELOAD Sample boundary Boundary scan Normal
X0000011 INTEST/EXTEST Boundary scan Boundary scan Test
X0000100 BYPASS* Bypass scan Bypass Normal
X0000101 BYPASSt Bypass scan Bypass Normal
X0000110 HIGHZ (TRIBYP) Control boundary to high impedance Bypass Modified test
X0000111 CLAMP (SETBYP) Control boundary to 1/0 Bypass Test
X0001000 BYPASSt Bypass scan Bypass Normal
X0001001 RUNT Boundary run test Bypass Test
X0001010 READBN Boundary read Boundary scan Normal
X0001011 READBT Boundary read Boundary scan Test
X0001100 CELLTST Boundary self test Boundary scan Normal
X0001101 TOPHIP Boundary toggle outputs Bypass Test
X0001110 SCANCN Boundary-control register scan Boundary control Normal
X0001111 SCANCT Boundary-control register scan Boundary control Test
All others BYPASS Bypass scan Bypass Normal

1 Bit 7 is a don't-care bit; X = don't care.
1 The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'BCT8374A.

boundary scan

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is
selected inthe scan path. Data appearing at the device input terminals is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into
the output BSCs is applied to the device output terminals. The device operates in the test mode.
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bypass scan

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in the normal mode.

sample boundary

This instruction conforms to the |IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is
selectedinthe scan path. Data appearing at the device input terminals is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the
normal mode.

control boundary to high impedance

This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in a modified test mode in which all device output terminals are placed in the high-impedance state,
the device input terminals remain operational, and the normal on-chip logic function is performed.

control boundary to 1/0

This instruction conforms to the IEEE Standard 1149.12-1993 CLAMP instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input
BSCs s applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device
output terminals. The device operates in the test mode.

boundary run test

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during
Run-Test/Idle. The four test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP),
PRPG, PSA, and simultaneous PSA and PRPG (PSA/PRPG).

boundary read

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This
instruction is useful for inspecting data after a PSA operation.

boundary self test

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR.
In this way, the contents of the shadow latches may be read out to verify the integrity of both shift-register and
shadow-latch elements of the BSR. The device operates in the normal mode.

boundary toggle outputs

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. Data in the shift register elements of the selected output BSCs is toggled on each rising edge of
TCK in Run-Test/ldle and is then updated in the shadow latches and applied to the associated device output
terminals on each falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and
is applied to the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured
in the input BSCs. The device operates in the test mode.

boundary-control-register scan

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This
operation must be performed before a boundary-run test operation to specify which test operation is to
be executed.
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boundary-control-register opcode description

The BCR opcodes are decoded from BCR bits 1-0 as shown in Table 3. The selected test operation is performed
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation
of each BCR instruction and illustrate the associated PSA and PRPG algorithms.

Table 3. Boundary-Control Register Opcodes

BINARY CODE
BIT1 -5 BITO DESCRIPTION
MSB — LSB
00 Sample inputs/toggle outputs (TOPSIP)
01 Pseudo-random pattern generation/16-bit mode (PRPG)
10 Parallel-signature analysis/16-bit mode (PSA)
" Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG)

It should be noted, in general, that while the control input BSCs (bits 17—16) are not included in the sample,
toggle, PSA, or PRPG algorithms, the output-enable BSC (bit 16 of the BSR) does control the drive state (active
or high impedance) of the device output terminals.

sample inputs/toggle outputs (TOPSIP)

Data appearing at the device input terminals is captured in the shift-register elements of the input BSCs on each
rising edge of TCK. This data is then updated in the shadow iatches of the input BSCs and applied to the inputs
of the normal on-chip logic. Data in the shift register elements of the output BSCs is toggled on each rising edge
of TCK, updated in the shadow latches, and applied to the device output terminals on each falling edge of TCK.

pseudo-random pattern generation (PRPG)

A pseudo-random pattern is generated in the shift-register elements of the BSCs on each rising edge of TCK
and then updated in the shadow latches and applied to the device output terminals on each falling edge of TCK.
This data also is updated in the shadow latches of the input BSCs and applied to the inputs of the normal on-chip
logic. Figure 5 shows the 16-bit linear-feedback shift-register algorithm through which the patterns are
generated. An initial seed value should be scanned into the BSR before performing this operation. A seed value
of all zeroes will not produce additional patterns.

1D 2D 3D 4D 5D 6D 7D 8D
—O-0-O 0000
1 L S [ N | fy

i i +

®-T> T T T T 7

1Q 2Q 3Q 4Q 5Q 6Q 7Q sQ
Figure 5. 16-Bit PRPG Conflguration
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parallel-signature analysis (PSA)

Data appearing at the device input terminals is compressed into a 16-bit parallel signature in the shift-register
elements of the BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the input
BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow latches of the output BSCs
remains constant and is applied to the device outputs. Figure 6 shows the 16-bit linear-feedback shift-register
algorithm through which the signature is generated. An initial seed value should be scanned into the BSR before
performing this operation.

1D 2D 3D 4D 5D “6D 7D 8D

@@@@@J@%_

Gg"D ®e @ Be—

o> WU

Figure 6. 16-Bit PSA Configuration

simultaneous PSA and PRPG (PSA/PRPG)

Data appearing at the device input terminals is compressed into an 8-bit parallel signature in the shift-register
elements of the input BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the
input BSCs and applied to the inputs of the normal on-chip logic. At the same time, an 8-bit pseudo-random
pattern is generated in the shift-register elements of the output BSCs on each rising edge of TCK, updated in
the shadow latches, and applied to the device output terminals on each falling edge of TCK. Figure 7 shows
the 8-bit linear-feedback shift-register algorithm through which the signature and patterns are generated. An
initial seed value should be scanned into the BSR before performing this operation. A seed value of all zeroes
will not produce additional patterns.

® - jj} 1Q 2Q 3Q 4Q 5Q 6Q 7Q 8a

Figure 7. 8-Bit PSA/PRPG Configuration
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timing description

Alitest operations of the ’'BCT8374A are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output terminals on the
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the
value of TMS on the falling edge of TCK and then applying a rising edge to TCK.

A simple timing example is shown in Figure 8. In this example, the TAP controller begins in the Test-Logic-Reset
state and is advanced through its states as necessary to perform one instruction-register scan and one
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO is used
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 4 explains the

operation of the test circuitry during each TCK cycle.

Table 4. Explanation of Timing Example

TCK TAP STATE
CYCLE(S) | AFTERTCK DESCRIPTION
. TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward
1 Test-Logic-Reset | o desired state.
2 Run-Test/Idle
3 Select-DR-Scan
4 Select-IR-Scan
5 Canture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the
piure- Capture-IR state.
6 Shitt-IR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP
on the rising edge of TCK as the TAP controller advances to the next state.
One bit s shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value
7-13 Shift-IR 11111111 is serially scannedinto the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-1R.
14 Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.
15 Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK.
16 Select-DR-Scan
The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the
7 Capture-DR Capture-DR state.
18 Shift-DR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP
on the rising edge of TCK as the TAP controller advances to the next state.
19-20 Shift-DR The binary value 101 Is shifted in via TDI, while the binary value 010 is shifted out via TDO.
21 Exit1-DR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.
22 Update-DR In general, the selected data register is updated with the new data on the falling edge of TCK.
23 Select-DR-Scan
24 Select-IR-Scan
25 Test-Logic-Reset | Test operation completed
INSTRUMENTS
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

TMS l I | I | I

o! R 1 B8k
TS TSR

TDO SRR [CCIRICRIKIXIKKD
2|25 |x o« clec|e|x [+ clx]E€E]&]|Q
21213138 2 zlz|819] ¢ |9/9/8!18|8
o ?l v 5 4 = ® 0 = E = - () G [+

TAP 1 &2 (E(E(F @ o § < | 3 5 AR AR

Controller| @ | & 213 |8 S|2|=s wile|Q|s >

3151281|° 3|8 S|513

state (4|2 |8 g" 8 |3 3

2 173

@ 3-State (TDO) or Don't Care (TDI)

Figure 8. Timing Example

absolute maximum ratings over operating free-air temperature range (unless otherwise notgd)f

Supply VOItage raNGE, VGG « -t vreretreretrarneresncasnesasorasenratnsseeesnsanans -05Vto7V
Input voltage range, V|: except TMS (see Note 1) ...viiiiiiiiiiiii it i it -05Vto7V
TMS (e NOtE 1) v it iii ittt et ettt ieaeeannans -05Vto12V

Voltage range applied to any output in the disabled or power-off state .................... -0.5Vto5.5V
Voltage range applied to any outputinthe highstate ............ccoiiiiiiiiiiinaann. -0.5VtoVge
Input clamp current, [k .. ..oneiin i e -30 mA
Current into any output in the low state: SN54BCT8374A (TDO) ...vvinivriiieieniinncnnnnnnn 40 mA
SN54BCT8374A (ANY Q) +.vvvvenrrairernneenneeannnns 96 mA

SN74BCTB374A (TDO) . .vuvvieerieaenenaeneneeennns 48 mA

SN74BCT8374A (@anYy Q) +.evvviirnrnnrerennrenenanses 128 mA

Maximum power dissipation at T = 55°C (in still air) (see Note 2): DW package .................. 1.7W
NT package ................... 1.3W

Storage temperature range, Tstg wevverreee e —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input voltage rating may be exceeded if the input clamp-current rating is observed.

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils,
except for the NT package, which has a trace length of zero. For more information, refer to the Package Thermal Considerations
application note in the ABT Advanced BICMOS Technology Data Book, literature number SCBD002.
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recommended operating conditions

SN54BCT8374A SN74BCT8374A UNIT
MIN NOM MAX| MIN NOM MAX
Vcc  Supply voltage 4.5 5 5.5 4.5 5 5.5 \
VIH High-level input voltage 2 2 \
VIHH  Double-high-level input voltage T™S 10 12 10 12 \
ViL Low-level input voltage 0.8 0.8 v
Ik Input clamp current -18 -18 mA
. TDO -3 -3
loH High-level output current mA
Any Q -12 -15
TDO 20 24
loL Low-level output current mA
Any Q 48 64
TA Operating free-air temperature -55 125 0 70 °C
‘U TEXAS
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

SN54BCT8374A SN74BCT8374A
PARAMETER TEST CONDITIONS UNIT
MIN TYPt MAX| MIN TYPT MAX
VIK Voo =45V, I| =-18 mA -1.2 -12] Vv
Vee =475V, lIoH =-3 mA 2.7 3.4 27 34
loH=-3 mA 2.4 34 24 34
Any Q OH
Voo =45V I0H = —12 mA 2 32
VOH I0H = ~15 mA 2 34 %
Vg =475V, IoH =—1 mA 27 34 27 34
TDO loH=-1mA 2.5 34 25 3.4
Vee=45V
IOH =—3 mA 24 33 24 33
loL = 48 mA 0.38 0.55
Any Q Vec=45V
v loL = 64 mA 0.42 055 v
oL
loL =20 mA 0.3 0.5
DO  |Veg=45V oL
loL =24 mA 035 05
] Voo =55V, V=55V 0.1 01| mA
m Veg =55V, V=27V -1 -85 -100] -1 -35 -100] pA
lIHH T™S Vce=55V, Vi=10V 1 1 mA
m Voc =55V, V|=05V 30 -70 200 -30 -70 -200( pA
| Ay Q V 5.5V, Vo=27V 50 50 A
OZ4 I7po ce =20 o= 1 85 -10| -1 -8 -10] "
I ANA | yec =55V Vo =05V 50 01 A
Ozl Tpo CC=53% o=" 30 -70 -200| -0 -70 -200| "
l10zPU Voc=0t2V, Vo=05Vor27V +250 250 pA
lozPD Vec=2Vto0, Vp=05Vor27V 250 250 | pA
loff Vee =0, ViorVo<4.5V 250 250 pA
lost Voo =55V, Vo=0 -100 225 | -100 225| mA
Outputs high 35 7 3.5 7
Icc Vec =55V, Outputs open Outputs low 35 52 35 52| mA
Outputs disabled 1.5 3.5 1.5 35
Ci Veg =5V, Vi=25Vor0.5V 10 10 pF
Co Vog=5V, Vo=25Vor05V 14 14 pF
1 Al typical values are at Vo = 5 V, Tp = 25°C.
¥ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second.
‘U TEXAS
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timing requirements over recommended ranges of su

temperature (unless otherwise noted) (normal mode) (see Figure 9)

ly voltage and operating free-air

temperature (unless otherwise noted) (test mode) (see Figure 9)

‘{.‘A’?__;ssg SNS4BCTBI74A | SN74BCTEI74A |
MIN MAX| MIN MAX| MIN MAX
folock  Clock frequency CLK 0 70 0 70 0 70| MHz
tw Pulse duration CLK high or low 5 5 5 ns
tsu Setup time Data before CLKT 3 3 3 ns
th Hold time Data after CLKT 2 2 2 ns
timing requirements over recommended ranges of supply voltage and operating free-air

Vec=5V,

Y oRo SN54BCT8374A | SN74BCT8374A
Ta = 25°C UNIT
MIN  MAX MIN  MAX MIN  MAX
folock  Clock frequency TCK 0 20 0 20 0 20| MHz
R TCK high or low 25 25 25
tw Pulse duration - ns
TMS double high 50" 50* 50
Any D before TCKT 6 6 6
. Setup time CLK or OE before TCKT 6 6 6 s
su P TDI before TOKT 6 6 3
TMS before TCKT 12 12 12
Any D after TCKT 45 45 45
) CLK or OE after TCKT 45 45 45
th Hold time ns
TDI after TCKT 4.5 4.5 4.5
TMS atter TCKT 0 0 0
td Delay time Power up to TCKT 100" 100* 100 ns

* On products compliant to MIL-PRF-38535, this parameter is not production tested.
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (normal mode) (see Figure 9)

Vee=5V,
FROM TO Ta = 25°C SN54BCTB8374A | SN74BCT8374A
PARAMETER (INPUT) (OUTPUT) A UNIT
MIN TYP MAX MIN MAX MIN MAX
fmax CLK 70 70 70 MHz
t 3 6.7 8.5 3 10.5 3 10
FLH CLK Q ns
tPHL 3 6.4 8 3 10 3 9.5
[ — 3 6.5 8.5 3 10.5 3 10
PZH OE Q ns
tpzL 35 75 95 35 125 35 11
t — 3 6.1 8 3 10 3 9
PHZ OE Q ns
tpLz 2.5 5.8 7.5 2.5 9.5 25 8.5

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (test mode) (see Figure 9)

Vee=5Y,
FROM TO Ta = 25°C SN54BCT8374A | SN74BCT8374A
PARANETER (INPUT) (ouTPUT) MIN . TYP MAX MIN MAX MIN MAX UnT

fmax TCK 20 20 20 MHz
t X .

PLH oKL q 6 13 155 6 215 6 2]
tPHL 6 125 155 6 215 6 20

t X . X K 1 .5 1

PLH oKL 00 35 76 105 3.5 4 3 EEY
tPHL 3.5 8 105 35 13 35 12

t . . K 7. 24

PLH oKkt a 75 165 20 7.5 28 5 s
tPHL 75 17 21 7.5 29 7.5 25
t 6.5 14 17 6.5 24 6.5 21

PZH TCKY Q ns
tpzL 7 15 20 7 26 7 23
t 3.5 76 105 35 1.5 35 1"

PZH TOKL D0 ns
tpzL 4 85 11 4 135 4 125
t 2

PZH 1okt Q 8 18 22 8 30 8 7 ns
tpzL 8 19 25 8 32 8 29
t 14 18 6 2 6 2.

PHZ TCKL Q 8 a 2 ns
tpLz ' 6 14 17 6 23 6 21
t 3 8 1.5 3 13 3 125
tprzz oK 00 3 7.5 10 3 13 3 12 ns

P R
t 8 18.5 22 8 31 2

a4 TCKT Q 8 i ns
tPLZ 8 185 22 -8 31 8 27 .
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PARAMETER MEASUREMENT INFORMATION

7V (tpzL, tpL2, 0.C) l
Open
(all others)

S1

From Output Test
Under Test Point
CL R2
(see Noto A)
RL=R1=R2
LOAD CIRCUIT FOR

3-STATE AND OPEN-COLLECTOR OUTPUTS

3V
Timing Input 16V
—————— ov
tsu ‘f‘_"'_ﬂ_ th
Data Input 15V 15V 3v
' ov
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES
Input ST 3v
15V 15V
oV
tpLH—H le—»i tpHL
| |
In-Phase | —— VOH
Output | 15V | 15V

t
tPHL—p—Hl ﬁ——’:_ PLH

Out-of-Phase | VoH
Output 15V 1.5V
—— VoL
VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (see Note D)

| VoL
|

NOTES: A. Ci includes probe and jig capacitance.

From Output o Test
Under Test Point
CL R1
(seeNote A) |~
LOAD CIRCUIT FOR

TOTEM-POLE OUTPUTS

High-Level ———— 3V
Pulse 1.5V 15V
| oV
[
| 3V
Low-Level 15V 15V
Pulse ————— 0V

VOLTAGE WAVEFORMS
PULSE DURATION

3v
Output 15V 15V
Control | : o
(low-level enable) . ov

| I
tpzL ¥ Ih— _.: I‘_tm'z

o

Waveform 1
(see Note B)

I
| tsz-ﬂ |4— 03V

tPZH <
Waveform 2 _’l _*‘_—__ VoH
(see Note B) 15V X oav
ov

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

moo

. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, t; = t{ < 2.5 ns, duty cycle = 50%.
. The outputs are measured one at a time with one transition per measurement.
. When measuring propagation delay times of 3-state outputs, switch S1 is open.

Figure 9. Load Circuits and Voltage Waveforms
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Members of the Texas Instruments SN54ABT8245 . . . JT PACKAGE

SCOPE ™ Famly of Testabllity Products SN74A378("_’r4°5'; -v-lED‘)"v’)PACKAGE

Compatible With the IEEE Standard

1149.1-1990 (JTAG) Test Access Port orflls ™~ 2aloE

and Boundary-Scan Architecture B1l]2 23] A1

Functionally Equivalent to 'F245 and B2(]s 22[1 A2

'ABT245 in the Normal-Function Mode B3 []4 21]] A3

® SCOPE ™ Instruction Set: Balls  20[l A4

— |IEEE Standard 1149.1-1990 Required GND[le  19[]As
Instructions, Optional INTEST, CLAMP, B5[j7 18 % Vee
and HIGHZ 86 [|s 17[] A6

— Parallel-Signature Analysis at Inputs B7 []o 16[] A7
With Masking Option Bg[l1o 15[ A8

— Pseudo-Random Pattern Generation TDO f]11 14]) TDI
From Outputs T™Ms 12 13fJ TCK

— Sample Inputs/Toggle Outputs

- Binary Count From Outputs
- Even-Parity Opcodes s"“““égsp' \',i;x)PACKAGE

© Two Boundary-Scan Cells per I/O for

Greater Flexibility 239 e
@ State-of-the-Art EPIC-1IB™ BiCMOS Design /T IO
Significantly Reduces Power Dissipation rofs? 22 ; 28 2728, ng
© Package Options Include Plastic A1l s 24[] DI
Small-Outline Packages (DW), Ceramic CE[]7 23] Tck
Chip Carriers(FK), and Standard Ceramic Ncls 22[INC
DIPs (JT) DIR[ ® 21} ™s
. B1[] 10 20} TDO
description g2|] 1 19[] B8
12 13 14 15 16 1718
The 'ABT8245 scan test devices with octal bus o | e o e ¥ e | e
transceivers are members of the Texas Instru- BISLBEE
ments SCOPE™ testability integrated-circuit o

family. This family of devices supports IEEE
Standard 1149.1-1990 boundary scan to facilitate
testing of complex circuit-board assemblies. Scan
access to the test circuitry is accomplished via the
4-wire test access port (TAP) interface.

NC - No internal connection

In the normal mode, these devices are functionally equivalent to the 'F245 and 'ABT245 octal bus transceivers.
The test circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device pins
or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does not affect the
functional operation of the SCOPE™ octal bus transceivers.

Data flow is controlled by the direction-contro! (DIR) and output-enable (OE) inputs. Data transmission is
allowed from the A bus to the B bus or from the B bus to the A bus, depending on the logic level at DIR. The
output-enable (OE) input can be used to disable the device so that the buses are effectively isolated.

SCOPE and EPIC-IIB are trademarks of Texas Instruments Incorporated.

m%wm"' DATA mm s "‘u""“' a o', lklmm date. Copyright © 1996, Texas Instruments Incorporated
jucts conform to 8| ons per the terms of Texas Instruments On products compllant to MIL-PRF-38535, all parameters are tested
standard warranty. P P g does not y Include # TEXAS Tt el On all other ",'Sum production
testing of all parameters. I processing does not necessarily include usﬂng of all parameters,
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description (continued)

In the test mode, the normal operation of the SCOPE™ bus transceivers is inhibited and the test circuitry is
enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform
boundary-scan test operations as described in IEEE Standard 1149.1-1990.

Four dedicated test pins control the operation of the test circuitry: test data input (TDI), test data output (TDO),
test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing functions
such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation (PRPG) from
data outputs. All testing and scan operations are synchronized to the TAP interface.

The SN54ABT8245 is characterized for operation over the full military temperature range of ~55°C to 125°C.
The SN74ABT8245 is characterized for operation from —40°C to 85°C.

FUNCTION TABLE

(normal mode)
INPUTS
— OPERATION
OE DIR
L L B datato Abus
L H A data to B bus
H X Isolation

{’? TEXAS
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functional block diagram

D
ont—>— k
]

Boundary-Scan Reglster

Q

)
L/

B1

b
|8
[~

L One of Elght Channels
— _‘.J
Bypass Reglster
, N
Boundary-Control
Reglster
Vee | |—————J L.
TDI 14 Instruction Register
Vece _‘
1
T™S :
TAP
Controller
1

Pin numbers shown are for the DW and JT packages.
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Terminal Functions

TERMINAL
NAME DESCRIPTION
A1-A8 Normal-function A-bus I/O ports. See function table for normal-mode logic.
B1-B8 Normal-function B-bus I/O ports. See function table for normal-mode logic.
DIR Normal-function direction-control input. See function table for normal-mode logic.
GND Ground
OE Normal-function output-enable input. See function table for normal-mode logic.
TCK Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to TCK.
Datais captured on the rising edge of TCK and outputs change on the falling edge of TCK.
DI Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data through the
instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected.
DO Test data output. One of four terminals required by {EEE Standard 1149.1-1990. TDO is the serial output for shifting data through
the instruction register or selected data register.
™S Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS input directs the device through its TAP
controller states. An internal pullup forces TMS to a high level if left unconnected.
Vce Supply voltage
INSTRUMENTS
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test architecture

Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram.

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and
output data changes on the faliing edge of TCK. This scheme ensures data to be captured is valid for fully
one-half of the TCK cycle.

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan
architecture and the relationship among the test bus, the TAP controller, and the test registers. As illustrated,
the device contains an 8-bit instruction register and three test-data registers: a 36-bit boundary-scan register,
an 11-bit boundary-control register, and a 1-bit bypass register.

Test-Logic-Reset )

TMS=L

TMS=H

A

TMS=H TMS=H TMS=H
Run-Test/Idle Select-DR-Scan Select-IR-Scan
[y
D e e
TMS =L TMS=L

HTMS:H TMS:H/———j
Capture-DR ) —< Capture-IR

TMS =L TMS=L

TMS =L TMS=L

TMS=H

TMS =H X ' — T™S =H
_—/ ) N

'TMS =L TMS=L
. Pause-DR Pau:
TMS=L TMS =L
TMS=H TMS=H

. TMS =L TMS=L
Exit2-DR { eem >
_/ N

TMS=L

y

J

'TMS =H TMS=H
Wte-m’i > < Updam——‘

TMS =H TMS=L TMS =H TMS=1L

Figure 1. TAP-Controller State Diagram
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state diagram description

The TAP controlleris a synchronous finite state machine that provides test control signals throughout the device.
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller
proceeds through its states based on the level of TMS at the rising edge of TCK.

As illustrated, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow
in the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for
consecutive TCK cycles. Any state that does not meet this criterion is an unstable state.

There are two main paths through the state diagram: one to access and control the selected data register and
one to access and control the instruction register. Only one register can be accessed at a time.

Test-Loglc-Reset

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data
registers also can be reset to their power-up values.

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more
‘than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left
unconnected or if a board defect causes it to be open circuited.

For the 'ABT8245, the instruction register is reset to the binary value 11111111, which selects the BYPASS
instruction. Each bit in the boundary-scan register is reset to logic 0. The boundary-control register is reset to
the binary value 00000000010, which selects the PSA test operation with no input masking.

Run-Test/ldle

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test
operations. The Run-TesY/Idle state can also be entered following data-register or instruction-register scans.
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle.

The test operations selected by the boundary-control register are performed while the TAP controller is in the
Run-Test/Idle state.

Select-DR-Scan, Select-IR-Scan

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or
instruction-register scan.

Capture-DR

When a data register scan is selected, the TAP controller must pass through the Capture-DR state. In the
Capture-DR state, the selected data register can capture a data value as specified by the current instruction.
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR
state.

Shift-DR

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic
level present in the least-significant bit of the selected data register.

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle.
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR).
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state.
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Exit1-DR, Exit2-DR

The Exit1-DR and Exit2-DR states are temporary states end a data-register scan. It is possible to return to the
Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register.

On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance
state.

Pause-DR

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data.

Update-DR

If the current instruction calls for the selected data register to be updated with current data, then such update
occurs on the falling edge of TCK following entry to the Update-DR state.

Capture-IR

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state.

For the 'ABT8245, the status value loaded in the Capture-IR state is the fixed binary value 10000001.
Shift-IR

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and,
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to
the logic level present in the least-significant bit of the instruction register.

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK

cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs

during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to

Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state.
Exit1-IR, Exit2-IR

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to

return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register.

On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance
state.

Pause-IR

No specific. function is performed in the stable Pause-IR state, in which the TAP controller can remain
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of
data.

Update-IR

The current instruction is updated and takes effect on the falling edge of TCK following entry to the Update-IR
state.
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register overview

With the exception of the bypass register, any test register can be thought of as a serial-shift register with a
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register
can be paralle! loaded from a source specified by the current instruction. During the appropriate shift state
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted
in at TDI. During the appropriate update state (Update-IR or Update-DRY), the shadow latches are updated from
the shift register.

instruction register description

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information
contained in the instruction includes the mode of operation (either normal mode, in which the device performs
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation
to be performed, which of the three data registers is to be selected for inclusion in the scan path during
data-register scans, and the source of data to be captured into the selected data register during Capture-DR.

Table 3 lists the instructions supported by the 'ABT8245. The even-parity feature specified for SCOPE ™ devices
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for
SCOPE™ devices but are not supported by this device default to BYPASS.

During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated,
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the
binary value 11111111, which selects the BYPASS instruction.

The IR order of scan is shown in Figure 2.

BIt7
D1 —»| Parity gite |—»| Bis }—»| Bita | Bits || sz || sit1 - % L 100
(MSB) (LSB)

Figure 2. Instruction Register Order of Scan
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data register description

boundary-scan register

The boundary-scan register (BSR) is 36 bits long. It contains one boundary-scan cell (BSC) for each
normal-function input pin, two BSCs for each normal-function /O pin (one for input data and one for output data),
and one BSC for each of the internally decoded output-enable signals (OEA and OEB). The BSR is used 1) to
store test data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the
device output pins, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic
and/or externally at the device input pins.

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up
or in Test-Logic-Reset, the value of each BSC is reset to logic 0.

When external data is to be captured, the BSCg for signals OEA and QEB capture logic values determined by
the following positive-logic equations: OEA = OE e DIR, and OEB = OE « DIR. When data is to be applied
externally, these BSCs control the drive state (active or high-impedance) of their respective outputs.

The BSR order of scan is from TDI through bits 35—0 to TDO. Table 1 shows the BSR bits and their associated
device pin signals.

Table 1. Boundary-Scan Register Configuration

BSR BIT DEVICE BSR BIT DEVICE BSR BIT DEVICE BSR BIT DEVICE BSRBIT DEVICE

NUMBER SIGNAL | NUMBER SIGNAL | NUMBER SIGNAL | NUMBER SIGNAL | NUMBER SIGNAL
35 OEB 31 B8-I 23 B8-O 16 AB-l 7 A8-O
34 OEA 30 B7-1 22 B7-0 14 A7-1 6 A7-0
33 DIR 29 B6-I 21 B6-O 13 AB-l 5 AB-O
32 OE 28 B5-1 20 B5-O 12 A5- 4 A5-0
—_ — 27 B4-| 19 B4-O 1 A4-l 3 A4-O
—_ —_— 26 B3-l 18 B3-O 10 A3-l 2 A3-0
— —_— 25 B2-1 17 B2-0 9 A2-| 1 A2-0
— —_ 24 B1-l 16 B1-O 8 Al-l 0 A1-0
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boundary-control register

The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to
implement additional test operations notincluded in the basic SCOPE™ instruction set. Such operations include
PRPG, PSA with input masking, and binary count up (COUNT). Table 4 shows the test operations decoded by
the BCR.

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is
reset to the binary value 00000000010, which selects the PSA test operation with no input masking.

The BCR order of scan is from TDI through bits 10-0to TDO. Table 2 shows the BCR bits and their associated
test control signals.

Table 2. Boundary-Control Register Configuration

BORBIT | ounoy | BOREIT | ooy | BORBI | ootrmo
SIGNAL SIGNAL SIGNAL
10 MASK8 6 MASK4 2 OPCODE2
9 MASK7 5 MASK3 1 OPCODE1
MASK6 4 MASK2 0 OPCODEO
7 MASKS 3 MASK1 — —

bypass register

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path,
thereby reducing the number of bits per test pattern that must be applied to complete a test operation.

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in
Figure 3.

T0I —»] BIt0 |—» TDO

Figure 3. Bypass Register Order of Scan
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instruction-register opcode description

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each

instruction.
Table 3. Instruction-Register Opcodes
NA et
BIBIT ;‘Y—FBC:'II?O SCOPE OPCODE DESCRIPTION SE;E:‘;EE:ED: TA MODE
MSB — LSB

00000000 EXTEST/INTEST Boundary scan Boundary scan Test
10000001 BYPASS? Bypass scan Bypass Normal
10000010 SAMPLE/PRELOAD Sample boundary Boundary scan Normal
00000011 INTEST/EXTEST Boundary scan Boundary scan Test
10000100 BYPASSY Bypass scan Bypass Normal
00000101 BYPASSH Bypass scan Bypass Normal
00000110 HIGHZ Control boundary to high impedance Bypass Modified test
10000111 CLAMP Control boundary to 1/0 Bypass Test
10001000 BYPASS? Bypass scan Bypass Normal
00001001 RUNT Boundary run test Bypass Test
00001010 READBN Boundary read Boundary scan Normal
10001011 READBT Boundary read Boundary scan Test
00001100 CELLTST Boundary self test Boundary scan Normal
10001101 TOPHIP Boundary toggle outputs Bypass Test
10001110 SCANCN Boundary-control register scan Boundary control Normal
00001111 SCANCT Boundary-control register scan Boundary control Test
All others BYPASS Bypass scan Bypass Normal

TBit 7 is used to maintain even parity in the 8-bit instruction.
 The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABT8245.

boundary scan

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into

the output BSCs is applied to the device output pins. The device operates in the test mode.

bypass scan

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in the normal mode.

sample boundary

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the

normal mode.
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control boundary to high impedance

This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device
input pins remain operational, and the normal on-chip logic function is performed.

control boundary to 1/0

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is
selected in the scan path. A logic O value is captured in the bypass register during Capture-DR. Data in the input
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device
output pins. The device operates in the test mode.

boundary run test

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP),
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up
(PSA/COUNT).

boundary read

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This
instruction is useful for inspecting data after a PSA operation.

boundary self test

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR.
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and
shadow-latch elements of the BSR. The device operates in the normal mode.

boundary toggle outputs

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of
TCKin Run-Test/Idle, updated in the shadow latches, and applied to the associated device output pins on each
falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and is applied to the
inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in the input BSCs.
The device operates in the test mode.

boundary-control register scan

The BCR is selected in the scan path. The value in the boundary-control register remains unchanged during
Capture-DR. This operation must be performed before a boundary run test operation to specify which test
operation is to be executed.
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boundary-control-register opcode description

The BCR opcodes are decoded from BCR bits 2—0 as shown in Table 4. The selected test operation is
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms.

Table 4. Boundary-Control Register Opcodes

BINARY CODE
BIT2 - BITO DESCRIPTION
MSB - LSB

X00 Sample inputs/toggle outputs (TOPSIP)
X01 Pseudo-random pattern generation/16-bit mode (PRPG)
X10 Parallel-signature analysis/16-bit mode (PSA)
on Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG)
111 Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT)

It should be noted, in general, that while the control input BSCs (bits 35-32) are not included in the sample,
toggle, PSA, PRPG, or COUNT algorithms, the output-enable BSCs (bits 35—34 of the BSR) do control the drive
state (active or high impedance) of the selected device output pins. It also should be noted that these BCR
instructions are only valid when the device is operating in one direction of data flow (that is, OEA = OEB).
Otherwise, the bypass instruction is operated.

PSA input masking

Bits 10—3 of the BCR specify device input pins to be masked from PSA operations. Bit 10 selects masking for
device input pin A8 during A-to-B data flow or for device input pin B8 during B-to-A data flow. Bit 3 selects
masking for device input pins A1 or B1 during A-to-B or B-to-A data flow, respectively. Bits intermediate to 10
and 3 mask corresponding device input pins, in order, from most significant to least significant, as indicated in
Tabie 3. When the mask bit that corresponds to a particular device input has a logic 1 value, the device input
pinis masked from any PSA operation, meaning that the state of the device input pinisignored and has no effect
on the generated signature. Otherwise, when a mask bit has a logic 0 value, the corresponding device input
is not masked from the PSA operation.

sample inputs/toggle outputs (TOPSIP)

Data appearing at the selected device input pins is captured in the shift-register elements of the selected BSCs
on each rising edge of TCK. This data is updated in the shadow latches of the selected input BSCs and applied
to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected output BSCs is
toggled on eachrising edge of TCK, updated in the shadow latches, and applied to the associated device output
pins on each falling edge of TCK.
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pseudo-random pattern generation (PRPG)

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge
of TCK, updated in the shadow latches, and applied to the associated device output pins on each falling edge
he shadow latches of the selected input BSCs and, thereby, applied to the
gures 4 and § illustrate the 16-bit linear-feedback shift-register algorithms
through which the patterns are generated. An initial seed value should be scanned into the BSR before

of TCK. This data also is updated in t
inputs of the normal on-chip logic. Fi

performing this operation. Note that
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a seed value of all zeroes does not produce additional patterns.
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Figure 4. 16-Bit PRPG Configuration (OEA = 0, OEB = 1)
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Figure 5. 16-Bit PRPG Configuration (OEA=1, OEB= 0)
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parallel-signature analysis (PSA)

Data appearing at the selected device input pins is compressed into a 16-bit parallel signature in the
shift-register elements of the selected BSCs on eachrising edge of TCK. This datais then updatedin the shadow
latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow
latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 6 and 7
illustrate the 16-bit linear-feedback shift-register algorithms through which the signature is generated. An initial
seed value should be scanned into the BSR before performing this operation.

Ag-l A7-1 A6-l A5-l A4l A3l A2- Al

B8-O B7-0 B6-0 B5-0 B4-0 B3-0 B2-O B1-0

Figure 6. 16-Bit PSA Configuration (OEA = 0, OEB = 1)

B8-l B7-1 B6-1 B5-l B4l B3- B2 B1-l

@ jD_ A8-0 A7-0 A6-0 A5-0 A4-0 A3-0 A2-0 A1-0

Figure 7. 16-Bit PSA Configuration (OEA = 1, OEB = 0)
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simultaneous PSA and PRPG (PSA/PRPG)

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is then updated in the
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same
time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output BSCs
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins
on each falling edge of TCK. Figures 8 and 9 illustrate the 8-bit linear-feedback shift-register algorithms through
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before
performing this operation. Note that a seed value of all zeroes does not produce additional patterns.

A8l AT7-l AG-l A5l A4l A3l A2

MASKX

® - :)D_ B8O B7-0 B6O BSO B4O B3O  B2:0

Figure 8. 8-Bit PSA/PRPG Configuration (OEA =0, OEB = 1)

MASKX

@ :)D_ A8-O A7-0 A6-0 A5-0 A4-O A3-0 A2-:0

Figure 9. 8-Bit PSA/PRPG Configuration (OEA = 1, OEB = 0)
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simultaneous PSA and binary count up (PSA/COUNT)

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is then updated in the
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same
time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output BSCs
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins
on each falling edge of TCK. In addition, the shift-register elements of the opposite output BSCs are used to
count carries out of the selected output BSCs and, thereby, extend the count to 16 bits. Figures 10 and 11
illustrate the 8-bit linear-feedback shift-register algorithms through which the signature is generated. An initial
seed value should be scanned into the BSR before performing this operation.

A8-l A7l AG-I AS5-| A4l A3-l A2- At

> BO0H00

B7-0 B6-O B5-0 B4 B1-0

MASKX

Figure 10. 8-Bit PSA/COUNT Configuration (OEA = 0, OEB = 1)

o BU0000

AT-O A6-O A5-0 A3-0 2-0 A1-0

MASKX

Figure 11. 8-Bit PSA/COUNT Configuration (OEA = 1, OEB = 0)
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timing description

All test operations of the 'ABT8245 are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output pins on the falling
edge of TCK. The TAP controller is advanced through its states (as illustrated in Figure 1) by changing the value
of TMS on the falling edge of TCK and then applying a rising edge to TCK.

A simple timing example is shown in Figure 12. In this example, the TAP controller begins in the
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 explains

the operation of the test circuitry during each TCK cycle.

,

Table 5. Explanation of Timing Example

TCK TAP STATE
CYCLE(S) | AFTERTCK DESCRIPTION
N TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward
1 Test-Logic-Reset |0 desired state. :
2 Run-Test/Idle
3 Select-DR-Scan
4 Select-IR-Scan
5 Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the
aplure Capture-IR state.
6 Shift-IR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on
the rising edge of TCK as the TAP controller advances to the next state.
One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value
7-13 Shift-IR 11111111 is serially scanned into the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned
outof the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next TCK
cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR.
14 Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.
15 " Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK.
16 Select-DR-Scan
The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the
7 Capture-DR Capture-DR state.
18 Shift-DR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on
the rising edge of TCK as the TAP controller advances to the next state.
19-20 Shift-DR The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO.
21 Exit1-DR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.
22 Update-DR In general, the selected data register is updated with the new data on the falling edge of TCK.
23 Select-DR-Scan
24 Select-IR-Scan
25 Test-Logic-Reset | Test operation completed
‘V TEXAS
INSTRUMENTS
3-20 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




SN54ABT8245, SN74ABT8245
SCAN TEST DEVICES
WITH OCTAL BUS TRANSCEIVERS

SCBS124D - AUGUST 1992 - REVISED DECEMBER 1996

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

TMS
TDI
2 0202020202070°020°¢
TDO e 00%0%0%%9%%%%%
wlolele|x o Clc|c|c © clx|sic]g
] 3 5 5 a o ala LR
£131313¢ £ z|2|4|8] £ |2|213|3]é8
e ERE S AERE- @ G52 & |E|E|5|%|¢
Controller| @ | & | % [ 5 | § S|t g Sle|8|®
3 o (1] 010 Q (1]
State |+ |z |2 3 o 2z 3
2 & & & 3
e i

@ 3-State (TDO) or Don’t Care (TDI)

Figure 12. Timing Example

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply vOItage range, VG v vevvetie it ittt iaii i ee i et iia e aieens ~05Vto7V
Input voltage range, V) (except /O ports) (see Note 1) .....ocviiiiiiiiiiiiiiiiiaiiat, -05Vtio7V
Input voltage range, V| (/O ports) (see Note 1) ...ovvviiiiiiiiiiiiiiii e -05Vto55V
Voltage range applied to any output in the high state or power-off state, Vo .............. -05Vto55V
Current into any output in the low state, Io: SN54ABT8245 ........ e e ceve. 96 MA

SN74ABT8245 .......coiiiiiiiiiii it 128 mA
Input clamp current, K (VI <O) e e i i e -18 mA
Output clamp current, log (Vo <0) .......... e et .. =50 mA
Maximum power dissipation at Tp = 55°C (in still air) (see Note 2): DW package .................. 1.7 W
Storage temperature range, Tgtg . vovvrerrninin i -65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed.

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils.
For more information, refertothe Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data
Book, literature number SCBD002.
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recommended operating conditions (see Note 3)

SN54ABT8245 | SN74ABT8245 UNIT
MIN  MAX MIN  MAX

Vee Supply voltage 4.5 5.5 4.5 5.5 \
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 \
Vi Input voltage 0 Vce 0 Vce \
I0H High-level output current -24 -32| mA
oL Low-level output current 48 64 mA
At/Av Input transition rise or fall rate 10 10| ns/V
TA Operating free-air temperature =55 125 -40 85 °C

NOTE 3: Unused pins (input or 1/0) must be held high or low to prevent them from floating.

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted) ;

PARAMETER TEST CONDITIONS Ta=25°C SNS4ABTE245 | SNT4ABTS245 UNIT
MIN TYPT MAX MIN  MAX MIN  MAX
ViK Vog =45V, I =-18 mA -12 -1.2 -12| v
Vec=4.5V, loH=-3mA 25 25 25
Vee=5VY, IoH =—3 mA 3 3
VOH \'
Vcc=45V, IoH =—24 mA 2 2
Voo =45V, IoH =—32mA 2* 2
Veg=45VY, loL = 48 mA 0.55 0.55
VoL \'
Voc=45V, loL =64 mA 0.55" 0.55
} Vec =55V, DIR, O, TCK + + =1
V|=Vgc or GND A or B ports +100 +100 +100
IIH Voc =55V, Vi=Voc | TDI, TMS 10 10 10| pA
i Voo =55V, Vi=GND |TDI, TMS -40 -160] -40 -160| -40 -160| pA
lozH* Vcc=5.5V, Vo=27V 50 50 50| pA
loz 3 Voo =55V, Vo=05V -50 -50 -50| pA
lozPu Vecc=0to2V, Vo=0.5Vor27Vv 150 +50 150 pA
lozPD  |Vec=2Vor0, Vo=05Vor27V +50 450 50| pA
lotf Vee =0, ViorVos<4.5V +100 +100 pA
IcEX Vcc=55V, Vo =5.5V | Outputs high 50 : 50 50 pA
10§ Veg =55V, Vo=25V -50 -100 -180| -50 -180) -50 —180| mA
- Outputs high 0.9 2 2 2
Icc KJCS 0, oy AorB Outputs low 30 38 38 38 mA
Vi=Vgc or GND ports Outputs disabled 09 2 2 2
B
Cj Vi=25Vor0.5V Control inputs 3 pF
Cio Vo=25Vor05V A or B ports 10 pF
Co Vo=25Vor05V TDO 8 pF

* On products compliant to MIL-PRF-38535, this parameter does not apply.

1 All typical values are at Voo =5 V.

% The parameters IgzH and loz|_ include the input leakage current.

§ Not more than one output should be tested at a time, and the duration of the test should not exceed 1 second.

1 This is the increase in'supply current for each input that is at the specified TTL voltage level rather than Vg or GND.
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (test mode) (see Figure 13)

SN54ABT8245 SN74ABT8245 UNIT
MIN  MAX MIN  MAX
folock  Clock frequency TCK 0 50 0 50 MHz
tw Pulse duration TCK high or low 5 5 ns
A or B or DIR or OE before TCKT 7 5
tsy Setup time TDI before TCKT 6 6 ns
TMS before TCKT 6 6
A or B or DIR or OE after TCKT 0 0
th Hold time TDI after TCKT 0 0 ns
TMS after TCKT 0 0
tq Delay time Power up to TCKT 50* 50 ns
t Rise time VG power up 1* 1 us

* On products compliant to MIL-PRF-38535, this parameter is not production tested.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (normal mode) (see Figure 13)

SN54ABT8245
FROM TO Vec =5V,
PARAMETER (INPUT) (OUTPUT) Ta =25°C mn max| ONT
MIN _TYP MAX
t 2 35 46| 2 58
t;l:::_ AorB BorA P 32 75 2 X ns
t — 25 45 58| 25 69
t::?: OE BorA 3 52 66 3 81| ™
tpHZ — 3 6.1 7.6 3 8.9
BorA s

Lz OE o 3 55 69| 3 8| "

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (normal mode) (see Figure 13)

SN74ABT8245
FROM T0 Vce=5V,
PARAMETER (INPUT) (OUTPUT) Ta=25°C mn  max | UNT
MIN TYP MAX

t 2 3. 4. 2 4.8

PLH AorB BorA 5 3 ns
tPHL 2 3.4 4.2 2 5.1

t — 25 4.5 5.5 25 6.8

PZH OF BorA ns
tpzL 3 5.2 6 3 7.5

t — 3 6. . K

PHZ OE BorA ! A 3 24 ns
tpLZ 3 55 66 3 75
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switching characteristics over recommended ran?es gij supplg) voltage and operating free-air
see Figu

temperature (unless otherwise noted) (test mode) re1
SN54ABTB245
FROM T0 Voo=5V,
PARAMETER (INPUT) {OUTPUT) Ta = 25°C mn  max | UNT
MIN _TYP MAX
Tmax TCK 50 90 50 MHz
LY ‘ 35 8 95| 35 125
.

PHL oK AorB 3 77 ) 3 2| ™
PLH 256 43 55| 25 7

TCKL T
tPHL oKl bo 25 42 55| 25 7] ™
pzi 45 82 98| 45 125
tpzL TCKL AorB 45 9 105| 45 185| ™
PzH 25 43 55| 25 7
PzL oKkt 0O 25 49 63| 25 78| ™
PHZ 35 84 12| 85 142

0

Pz oK AorB 3 8 105 3 135 ™
tPHZ 2 5.9 7 2 9

TCKL TDO
oLz 3 5 65 3 | ™

switching characteristics over recommended ranges of supplg voltage and operating free-air
temperature (unless otherwise noted) (test mode) (see Figure 13)

FROM T0 SN74ABT8245
(INPUT) (OUTPUT) Vee=5V,
PARAMETER FROM TO Tp = 25°C MIN  MAX UNIT
(INPUT) (OUTPUT) MIN TYP MAX
f"ﬁx TCK 50 90 50 MHz
t 3.5 8 9.5 35 12
PLH TCKL AorB ns
tPHL 3 77 9 3 115
t 2.5 4.3 55 25 6.5
PLH TCKL TDO ns
tPHL 2.5 4.2 5.5 2.5 6.5
t 4.5 8.2 9.5 4.5 12
PZH TCKY AorB ns
tpzL 4.5 9 105| 45 13
t 2.5 4.3 5.5 25 6.5
PZH TCK. TDO ns
tpzL 25 49 6] 25 7
t 3.5 8.4 10.5 35 135
PHZ TCKL AorB ns
tpLZ 3 8 105 3 13
I{ 3 5.9 7 3 8.5 ’
PHZ TCKL TDO ns
tpLz 3 5 6.5 3 75
‘V TEXAS
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PARAMETER MEASUREMENT INFORMATION

o 7V
O Open
From Qutput P TEST s1
Under Test GND
tPLH/PHL Open
CpL=50pF tpLZ/tPZL 7Vv
(see Note A) tPHZ/tPZH Open
LOAD CIRCUIT
- - 3V
Timing Input X1.5 v
1\— ov
Mty —P lﬂ N * 'ﬂl
I | tsu th
| | 3v | I
Input | | 3V
npu 15V 15V . Datainput X1_5v )(st
oV oV
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PULSE DURATION SETUP AND HOLD TIMES
3V 3V
nput X1.5 v X1.5 v Sutpet th v X1.5 v
| l ov ontro | | ov
I I trzL — - |
tPLH —¢—¥ ‘4—’|—| tPHL | oz ol
PLZ
| | ! ——— VOH w ?U‘P”: - | | !4— 35V
Output | 15V | 15V a;: ::n;v | 15V VoL +0.3V
| VoL (see Note B) l L=
| PN | tpHz ¥
tPHL ——>) |~ PLH PzH ¥ r_

Output | —_————

| I VoH W VoH
aveform 2 VoH-0.3V
Output Sk 15V Z|¢ 1.5V $1 at Open 15V
——— voL ~0V

(see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING

NOTES: A. Cy includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t; < 2.5 ns, tf< 2.5 ns.
D. The outputs are measured one at a time with one transition per measurement.

Figure 13. Load Circuit and Voltage Waveforms
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® Members of the Texas Instruments SN54ABT8543. . . JT PACKAGE
SCOPE™ Family of Testabillity Products SN74ABTBS43(-T-°-:";I$) DW PACKAGE

® Compatible With the IEEE Standard
1149.1-1990 (JTAG) Test Access Port and
Boundary-Scan Architecture

® Functionally Equivalent to 'F543 and
'ABT543 in the Normal-Function Mode

® SCOPE™ Instruction Set

— IEEE Standard 1149.1-1990 Required
Instructions, Optional INTEST, CLAMP,
and HIGHZ

— Parallel-Signature Analysis at Inputs
With Masking Option

— Pseudo-Random Pattern Generation
From Outputs

- Sample Inputs/Toggle Outputs

— Binary Count From Outputs
— Even-Parity Opcodes
® Two Boundary-Scan Cells Per /O for
Greater Flexibility SN54ABT8543. . . FK PACKAGE
e State-of-the-Art EPIC-IB™ BICMOS Design (TOPVIEW)
Significantly Reduces Power Dissipation R >8 2 @
® Package Options Include Plastic J g e | oo § | e |
Small-Outline (DW) and Shrink oesalls 43 21282726 25d -
Small-Outline (DL) Packages, Ceramic Chip OEBA 6 ° 24 B8
Carriers (FK), and Standard Ceramic E_EBA E
DIPs (JT) teBall7 23[] TDI
EAB[l 8 22[] TCK
description CEAB([]® 21[] T™MS
OEAB[] 10 20[] TDO
The 'ABT8543 scan test devices with octal At 11 19[] A8
registered bus transceivers are members of the 1213 14 15 16 17 18
Texas Instruments SCOPE™ testability ';"Z,‘Z‘T’f,";':‘
integrated-circuit family. This family of devices < g << <<

supports IEEE Standard 1149.1-1990 boundary
scan to facilitate testing of complex circuit-board
assemblies. Scan access to the test circuitry is
accomplished via the 4-wire test access port
(TAP) interface.

In the normal mode, these devices are functionally equivalent to the 'F543 and 'ABT543 octal registered bus
transceivers. The test circuitry can be activated by the TAP to take snapshot samples of the data appearing at
the device pins or to perform a self-test on the boundary-test cells. Activating the TAP in normal mode does not
affect the functional operation of the SCOPE™ octal registered bus transceivers.

SCOPE and EPIC-TIB are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA Information Is current as of publication date. Copyright © 1996, Texas instruments Incorporated

Products conform to specifications per the lsrms of Texas Instruments ucts compliant to MIL- ansss, all parameters are tested
standard warranty. p g does not y Include b TEXAS mups‘ otherwise 3 noted. On all other p}’:?um, production
testing of all parameters. [ processing does not necessarily lneludo testing of all parameters.
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description (continued)

Data flow in each direction is controlled by latch-enable (LEAB and LEBA), chip-enable (CEAB and CEBA), and
output-enable (OEAB and OEBA) inputs. For A-to-B data flow, the device operates in the transparent mode
when LEAB and CEAB are both low. When either LEAB or CEAB is high, the A data is latched. The B outputs
are active when OEAB and CEAB are both low. When either OEAB or CEAB is high, the B outputs are in the
high-impedance state. Control for B-to-A data flow is similar to that for A-to-B, butuses LEBA, CEBA, and OEBA.

In the test mode, the normal operation of the SCOPE™ registered bus transceiver is inhibited and the test
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry
performs boundary-scan test operations as described in IEEE Standard 1149.1-1990.

Four dedicated test pins control the operation of the test circuitry: test data input (TDI), test data output (TDO),
test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing functions
such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation (PRPG) from
data outputs. All testing and scan operations are synchronized to the TAP interface.

The SN54ABT8543 is characterized for operation over the full military temperature range of ~55°C to 125°C.
The SN74ABT8543 is characterized for operation from —40°C to 85°C.

FUNCTION TABLET
(normal mode, each register)
INPUTS OUTPUT

CEAB OEAB LEAB A B

L L L L L

L L L H H

L L H X Bot

L H X X z

H X X X z

1 A-to-B data flow is shown. B-to-A data flow is similar but
uses CEBA, OEBA, and LEBA.

$Output level before the indicated steady-state input
conditions were established

3-28
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functional block diagram

Boundary-Scan Register
oesA 2 >— ——CD
oEBR 2 {
LEBA __—D— —
OEAB ———D— —d "\
CEAB ———D— -{j
LEAB ———D— —a__/

—1 C1 _
1D
A1 4 125 By
Ccij—
1D}
One of Eight Channels
Bypass Register I
, N
Boundary-Control
Register
Vcc% L ,__-___:r
\ 13 TDO
TDI 16 / Instruction Register
Vee __I
™s 2 >—
TAP
Controller
Tok 12 >___

Pin numbers shown are for the DL, DW, and JT packages.
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Terminal Functions

TERMINAL
NAME DESCRIPTION
A1-A8 Normal-function A-bus I/O ports. See function table for normal-mode logic.
B1-B8 Normal-function B-bus I/O ports. See function table for normal-mode logic.
CEAB, CEBA | Normal-function chip-enable inputs. See function table for normal-mode logic.
GND Ground
LEAB, LEBA | Normal-function latch-enable inputs. See function table for normal-mode logic.
OEAB, OEBA | Normal-function output-enable inputs. See function table for normal-mode logic.
TcK Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to
TCK. Data is captured on the rising edge of TCK, and outputs change on the falling edge of TCK.
DI Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data through
the instruction register or selected data register. An internal pullup forces TD! to a high level if left unconnected.
TDO Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data
through the instruction register or selected data register.
™S Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP
controller states. An internal pullup forces TMS to a high level if left unconnected.
Vce Supply voltage
¥ Texas
INSTRUMENTS
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test architecture

TMS=H

Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram.

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully
one-half of the TCK cycle.

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the
device contains an 8-bit instruction register and three test-data registers: a 40-bit boundary-scan register, an
11-bit boundary-control register, and a 1-bit bypass register.

Test-Logic-Reset )«
TMS =L

y

TMS=H TMS=H TMS=H
Run-Test/Idle >—A Select-DR-Scan Select-IR-Scan

TMS=L TMS =L TMS=L
y

y

TMS=zH TMS=H
Capture-DR > Capture-IR >

TMS =L TMS =L
y y
TMS =L TMS=L

TMS = H | TMS = H
y

|

[

:

o

TMS=L ™S =L
Pause-DR ~ Pause-IR
TMS=L ™S =L
TMS =H TMS=H
{  Ext2oR \T,Ms kel I M L‘/ Exit2-IR
| TMS = H T™S = H
—mte-DR > Update-IR
TMS =H T™S=L TMS =H ™S =L

Figure 1. TAP-Controller State Diagram
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state diagram description

The TAP controlleris a synchronous finite state machine that provides test control signals throughout the device.
The state diagram shown in Figure 1 is in accordance with I[EEE Standard 1149.1-1990. The TAP controller
proceeds through its states basedon the level of TMS at the rising edge of TCK.

As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive
TCK cycles. Any state that does not meet this criterion is an unstable state.

There are two main paths through the state diagram: one to access and control the selected data register and
one to access and control the instruction register. Only one register can be accessed at a time.

Test-Logic-Reset

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data
registers also can be reset to their power-up values.

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left
unconnected or if a board defect causes it to be open circuited.

For the ’ABT8543, the instruction register is reset to the binary value 11111111, which selects the BYPASS
instruction. Each bit in the boundary-scan register is reset to logic 0. The boundary-control register is reset to
the binary value 00000000010, which selects the PSA test operation with no input masking.

Run-Test/Idle

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans.
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle.

The test operations selected by the boundary-control register are performed while the TAP controller is in the
Run-Test/Idle state.

Select-DR-Scan, Select-IR-Scan

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or
instruction-register scan.

Capture-DR

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the
Capture-DR state, the selected data register can capture a data value as specified by the current instruction.
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the
Capture-DR state. ‘

Shift-DR

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic
level present in the least-significant bit of the selected data register.

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle.
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR).
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state.
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Exit1-DR, Exit2-DR

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register.

On the first faling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the
high-impedance state.

Pause-DR

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data.

Update-DR

If the current instruction calls for the selected data register to be updated with current data, then such update
occurs on the falling edge of TCK, following entry to the Update-DR state.

Capture-IR

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state.

For the '"ABT8543, the status value loaded in the Capture-IR state is the fixed binary value 10000001.
Shift-IR

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and,
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to
the logic level present in the least-significant bit of the instruction register.

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state.

Exit1-IR, Exit2-IR

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register.

On the first faling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the
high-impedance state.

Pause-IR

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss
of data.

Update-IR

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the
Update-IR state.
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register overview

With the exception of the bypass register, any test register can be thought of as a serial-shift register with a
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register
can be parallel loaded from a source specified by the current instruction. During the appropriate shift state
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from
the shift register.

instruction register description

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information
contained in the instruction includes the mode of operation (either normal mode, in which the device performs
its normal logic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation
to be performed, which of the three data registers is to be selected for inclusion in the scan path during
data-register scans, and the source of data to be captured into the selected data register during Capture-DR.

Table 3 liststhe instructions supported by the 'ABT8543. The even-parity feature specified for SCOPE™ devices
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for
SCOPE™ devices but are not supported by this device default to BYPASS.

During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated,
and any specified mode change takes effect. At power up orin the Test-Logic-Reset state, the IR is reset to the
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2.

Bit7
01 —»| Parity || Bite || sits || eita || stz || Btz | Br1 | B I+ 100
ee) (LSB)

Figure 2. Instruction Register Order of Scan

data register description

boundary-scan register

The boundary-scan register (BSR) is 40 bits long. It contains one boundary-scan cell (BSC) for each
normal-function input pin, two BSCs for each normal-function I/O pin (one for input data and one for output data),
and one BSC for each of the internally decoded output-enable signals (OEA and OEB). The BSRis used to store
test data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the device
output pins, and/or to capture data that appears internally at the outputs of the normal on-chip logic and/or
externally at the device input pins.

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or
in Test-Logic-Reset, the value of each BSC is reset to logic 0.

When external data is to be captured, the BSCs for signals OEA and OEB capture logic values determined by
the following positive-logic equations: OEA = OEBA + CEBA, and OEB = OEAB + CEAB.Whendataisto
be applied externally, these BSCs control the drive state (active or high-impedance) of their respective outputs.

The BSR order of scan is from TDI through bits 39-0 to TDO. Table 1 shows the BSR bits and their associated
device pin signals.
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Table 1. Boundary-Scan Register Configuration

BSR BIT DEVICE BSR BIT DEVICE | BSRBIT DEVICE BSR BIT DEVICE BSRBIT | DEVICE

NUMBER | SIGNAL | NUMBER | SIGNAL | NUMBER | SIGNAL | NUMBER | SIGNAL | NUMBER | SIGNAL
39 OEB 31 A8-| 23 A8-O 15 B8-I 7 B8-0
38 OEA 30 AT7-l 22 A7-0 14 B7-l 6 B7-0
a7 OEAB 29 A6-l 21 A6-0 13 B6-1 5 B6-O
36 OEEA 28 A5-| 20 AS-0 12 B85l 4 B5-0
35 LEAB 27 Ad-l 19 A4-O 1 B4-I 3 B4-O
34 LEBA 26 A3-l 18 A3-0 10 B3| 2 B3-0
33 CEAB 25 A2-| 17 A2-0 9 B2-1 1 B2-0
32 CEBA 24 A+l 16 A1-O 8 B1- 0 B1-O

boundary-control register

The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to
implement additional test operations not included in the basic SCOPE™ instruction set. Such operations include
PRPG, PSA with input masking, and binary count up (COUNT). Table 4 shows the test operations that are
decoded by the BCR.

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is
reset to the binary value 00000000010, which selects the PSA test operation with no input masking.

The BCR order of scan is from TDI through bits 10-0 to TDO. Table 2 shows the BCR bits and their associated
test control signals.

Table 2. Boundary-Control Register Configuration

TEST TEST TEST
ponor | controL | BOREIT | controL | BORET | conTRoL
SIGNAL SIGNAL SIGNAL
10 MASK8 5 MASKa 2 OPCODE2
5 MASK7 5 MASK3 1 OPCODET
MASKS 4 MASK2 0 OPCODEO
7 MASK5 3 MASK] — —

bypass register

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path,
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. During
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 3.

DI —» Bit0 |—» TDO

Figure 3. Bypass Register Order of Scan
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instruction-register opcode description

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of
each instruction.

Table 3. Instruction-Register Opcodes

1)

Bla:;: 7B SCOPE OPCODE DESCRIPTION SELECTED DATA MODE
SB — LSB
00000000 EXTEST/INTEST Boundary scan Boundary scan Test
10000001 BYPASS? Bypass scan Bypass Normal
10000010 SAMPLE/PRELOAD Sample boundary Boundary scan Normal
00000011 INTEST/EXTEST Boundary scan Boundary scan Test
10000100 BYPASS? Bypass scan Bypass Normal
00000101 BYPASSY Bypass scan Bypass Normal
00000110 HIGHZ Control boundary to high impedance Bypass Modified test
10000111 CLAMP Control boundary to 1/0 Bypass Test
10001000 BYPASSY Bypass scan Bypass Normal
00001001 RUNT Boundary run test Bypass Test
00001010 READBN Boundary read Boundary scan Normal
10001011 READBT Boundary read Boundary scan Test
00001100 CELLTST Boundary self test Boundary scan Normal
10001101 TOPHIP Boundary toggle outputs Bypass Test
10001110 SCANCN Boundary-control register scan Boundary control Normal
00001111 SCANCT Boundary-control register scan Boundary control Test
All others BYPASS Bypass scan Bypass Normal

1Bt 7 is used to maintain even parity in the 8-bit instruction.
% The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABT8543.

boundary scan

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into
the output BSCs is applied to the device output pins. The device operates in the test mode.

bypass scan

This instruction conforms to the |IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in the normal mode.

sample boundary

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the
normal mode.
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control boundary to high impedance

This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device
input pins remain operational, and the normal on-chip logic function is performed.

control boundary to 1/0

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device
output pins. The device operates in the test mode.

boundary run test

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP),
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up
(PSA/COUNT).

boundary read

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This
instruction is useful for inspecting data after a PSA operation.

boundary self test

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR.
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and
shadow-latch elements of the BSR. The device operates in the normal mode.

boundary toggle outputs

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of
TCKin Run-Test/Ildle, updated in the shadow latches, and applied to the associated device output pins on each
falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and is applied to the
inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in the input BSCs.
The device operates in the test mode.

boundary-control-register scan

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This
operation must be performed before a boundary-run test operation to specify which test operation is to
be executed.
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boundary-control-register opcode description

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation
of each BCR instruction and illustrate the associated PSA and PRPG algorithms.

Table 4. Boundary-Control Register Opcodes

BINARY CODE
BIT2-5BITO DESCRIPTION
MSB — LSB

X00 Sample inputs/toggle outputs (TOPSIP)
X01 Pseudo-random pattern generation/16-bit mode (PRPG)
X10 Parallel-signature analysis/16-bit mode (PSA)
on Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG)
111 Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT)

In general, while the control input BSCs (bits 39-32) are not included in the sample, toggle, PSA, PRPG, or
COUNT algorithms, the output-enable BSCs (bits 39-38 of the BSR) do control the drive state (active or high
impedance) of the selected device output pins. These BCR instructions are valid only when the device is
operating in one direction of data flow (that is, OEA = OEB). Otherwise, the bypass instruction is operated.

PSA input masking

Bits 10-3 of the BCR specify device input pins to be masked from PSA operations. Bit 10 selects masking for
device input pin A8 during A-to-B data flow or for device input pin B8 during B-to-A data flow. Bit 3 selects
masking for device input pins A1 or B1 during A-to-B or B-to-A data flow, respectively. Bits intermediate to 10
and 3 mask corresponding device input pins, in order, from most significant to least significant, as indicated in
Table 3. When the mask bit that corresponds to a particular device input has a logic 1 value, the device input
pin is masked from any PSA operation, i.e., the state of the device input pin is ignored and has no effect on the
generated signature. Otherwise, when a mask bit has a logic 0 value, the corresponding device input is not
masked from the PSA operation.

sample inputs/toggle outputs (TOPSIP)

Data appearing at the selected device input pins is captured in the shift-register elements of the selected BSCs
on each rising edge of TCK. This data is updated in the shadow latches of the selected input BSCs and applied
to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected output BSCs is
toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output
pins on each falling edge of TCK.
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pseudo-random pattern generation (PRPG)

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge
of TCK, updated in the shadow latches, and applied to the associated device output pins on each falling edge
of TCK. This data also is updated in the shadow latches of the selected input BSCs and applied to the inputs
of the normal on-chip logic. Figures 4 and 5 show the 16-bit linear-feedback shift-register algorithms through
which the patterns are generated. An initial seed value should be scanned into the BSR before performing this
operation. A seed value of all zeroes does not produce additional patterns.

e- D>

A4l A3l A2 A1l

L

Ag-l ATl A6-l A5l
?:

3 ]

=

|

e

-

B8O Br7-O BeO B5-O B4O B3O B2O  B1O
Figure 4. 16-Bit PRPG Configuration (OEA = 0, OEB = 1)
Be-l B74 B6-l B5-1 B4-| B3I B2-| B1-l

A8-0 A6-0 A5-0 A4-Q A3-0 A2:0

Figure 5. 16-Bit PRPG Configuration (OEA=1, OEB= 0)

A7-0
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parallel-signature analysis (PSA)

Data appearing at the selected device input pins is compressed into a 16-bit parallel signature in the
shift-register elements of the selected BSCs on each rising edge of TCK. This data is updated in the shadow
latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow
latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 6 and 7 show
the 16-bit linear-feedback shift-register algorithms through which the signature is generated. An initial seed
value should be scanned into the BSR before performing this operation.

Ag-l ATl A6l A5-l A4l A3l A2 At-l

MASKX

@ =:)D_ B&O B0 B6-O B50 B4O B3O B2O0  B1-O

Figure 6. 16-Bit PSA Conflguration (OEA = 0, OEB = 1)

@ - :)D- A8-O A7-0 A6O A50 A4O  A3-0 A20 A10

Figure 7. 16-Bit PSA Configuration (OEA = 1, OEB = 0)
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simuitaneous PSA and PRPG (PSA/PRPG)
Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the

shift-re

gister elements of the selected input BSCs on each rising edge of TCK. This data is updated in the

shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same

time, a
on eacl
on eac

n 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output BSCs
h rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins
h falling edge of TCK. Figures 8 and 9 show the 8-bit linear-feedback shift-register algorithms through

which the signature and patterns are generated. An initial seed value should be scanned into the BSR before
performing this operation. A seed value of all zeroes does not produce additional patterns.

MASKX

MASKX

As-l A5l A4l A3l A2- A1l

g

A7-l

:

A6-l

»
L

»
L

Bg-O B6-O B5-0 B4-O B3-0 B2-0 B1-O

Figure 8. 8-Bit PSA/PRPG Configuration (OEA = 0, OEB = 1)

B7-0

A4-0 A3-0 A2-0

A6-0

A8-0 A5-0

Figure 9. 8-Bit PSA/PRPG Configuration (OEA = 1, OEB = 0)

A7-0
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simultaneous PSA and binary count up (PSA/COUNT)

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same
time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output BSCs
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins
on each falling edge of TCK. The shift-register elements of the opposite output BSCs count carries out of the
selected output BSCs, extending the count to 16 bits. Figures 10 and 11 show the 8-bit linear-feedback
shift-register algorithms through which the signature is generated. An initial seed value should be scanned into

the BSR before performing this operation.

Ag-l AT-l A6l A5-l A4l A3l A2 Al

MASKX

LsSB

%E (00000

Figure 10. 8-Bit PSA/COUNT Configuration (OEA = 0, OEB = 1)

MASKX

LsB

B7-0 B6-O BS-O B4-0 B3-0 B2-0 B1-O

S gopoooa

A7-0  A6-O  A50 A3-0  A2:0 A1-0
Figure 11. 8-Bit PSA/COUNT Configuration (OEA = 1, OEB = 0)
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timing description

All test operations of the 'ABT8543 are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output pins on the falling
edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the value
of TMS on the falling edge of TCK and then applying a rising edge to TCK.

A simple timing example is shown in Figure 12. In this example, the TAP controller begins in the
Test-Logic-Reset state and is advanced through its states, as necessary, to perform one instruction-register
scan and one data-register scan. While in the Shift-IR and Shift-DR states, TD! is used to input serial data, and
TDO is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5

details the operation of the test circuitry during each TCK cycle.

Table 5. Explanation of Timing Example

CY:;(I:.'E((S) ;gESRTﬂ:i DESCRIPTION

1 Test-Logic-Reset ;I;‘h:i ;ss 52?3::16 fo a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward

2 Run-Test/Idle

3 Select-DR-Scan

4 Select-IR-Scan

5 Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the
Capture-IR state.

6 Shift-IR TDO be.cc.:mes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP
on the rising edge of TCK as the TAP controller advances to the next state.
Onebit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value

7-13 Shift-IR 11111111is serjally scannedintothe IR. Atthe game time, the 8-bit t?inaryvalue10000001 is serially scanned

out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR.

14 Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.

15 Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK.

16 Select-DR-Scan

17 Capture-DR 22;335; ::gti:er captures a logic 0 value on the rising edge of TCK as the TAP controller exits the

18 Shitt-DR TDO be}:gmes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP
on the rising edge of TCK as the TAP controller advances to the next state.

19-20 Shift-DR The binary value 101 is shifted in via TD, while the binary value 010 is shifted out via TDO.

21 Exit1-DR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.

22 Update-DR In general, the selected data register is updated with the new data on the falling edge of TCK.

23 Select-DR-Scan

24 Select-IR-Scan

25 Test-Logic-Reset | Test operation completed
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T™MS

TDI

TDO ZRRKRKA
Q C|x|Ec|mx [+ c|lxc|&|Es|%®
s|1S]§|§|E £ 5|8 |a a oo @
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TAP |8 |8 |& (|8 (7] g ||k |2 5 Z|I8 |5 %2

Controller| @ [ £ | & | % [ 8 S|a g Sl2|5|9

state [ (2|8 § 8|° 3 § 4
173 17
8 & & & 8

@ 3-State (TDO) or Don’t Care (TDI)
Figure 12. Timing Example

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply vOItage range, VGG - vvveeriiii et iie et ie it -05Vto7V
Input voltage range, V): except I/O ports (see Note 1) ........ e teie i, -05Vto7V
fOports (seeNote 1) ...ovveiininai i e -05Vto55V

Voltage range applied to any output in the high state or power-off state, Vg ..... e -05Vto55V
Current into any output in the low state, lo: SNS4ABT8543 .......c.viiiiiiiiiieiiiiinnne, 96 mA
SN74ABTB543 .. ..ceieiiiiiitiitnnneenennaranns 128 mA

Input clamp current, Ik (VI<0) oonrnriii i i i it it e e -18 mA
Output clamp current, Iok (VO <0) «oniniiiiii it e e et e s -50 mA
Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): DL package ...........cc.couvuen 0.7W
DWpackage .................. 1.7W

Storage temperature range, Tgtg «« v -« vvnerrren ettt -65°C to 160°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Theinput and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed.

2, The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils.
Formoreinformation, refertothe Package Thermal Considerations application note inthe ABT Advanced BiCMOS Technology Data
Book, literature number SCBD002.
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recommended operating conditions (see Note 3)

SN54ABT8543 | SN74ABT8543 UNIT
MIN  MAX MIN MAX

\/ele] Supply voltage 4.5 55 4.5 5.5 \
VIH High-level input voltage 2 2 v
VIL Low-level input voltage 0.8 0.8 \'
\i Input voltage 0 Vce 0 Vce v
IoH High-level output current —24 32| mA
loL Low-level output current 48 64| mA
AYAv  Input transition rise or fall rate 10 10| nsiV
TA Operating free-air temperature -55 125 —40 85 °C

NOTE 3: Unused pins (input or I/O) must be held high or low to prevent them from floating.
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

Ta =25°C SN54ABT8543 | SN74ABT8543
PARAMETER TEST CONDITIONS UNIT
MIN TYPt MAX MIN  MAX MIN MAX
ViK Voo =45V, I|=-18 mA -1.2 -1.2 -1.2 \
Voo =45V, loH =-3 mA 25 25 2.5
Veoc =5V, IoH =-3 mA 3 3 3
VOH \
IOH = —24 mA 2 2
Vec =45V
IoH =-32 mA 2* 2
loL = 48 mA 0.55 0.55
VoL Voc=45V oL q \
loL =64 mA 0.55 : 0.55
CE, LE,
| OF. TCK Vo =55V, V|=Vggor GND +1 11 +1 oA
A or B ports Vee =55V, Vi =V or GND +100 +100 +100
IH TDI, TMS Vec =55V, Vi=Vge 10 10 10| pA
m TDI, TMS Voo =565V, V| = GND —40 -160] -40 -160( —40 -160| pA
lozw¥ Vec =55V, Vo=27V 50 50 50| pA
loz ¥ Voc =55V, Vo=05V -50 -50 50| pA
loff VcG =0, ViorVos4.5V +100 £100] pA
lozpu Vec=0to2V, Vp=05Vor27V +50 150 +50] pA
lozPD Vcc=2Vto0, Vpo=05Vor27V 50 50 +50 pA
ICEX | Outputs high |Voc =565V, Vo=55V : 50 50 50| pA
108 Vec =55V, Vo=25V -50 -100 -180 -50 -180 -50 -180| mA
Vog =55V, Outputs high 0.9 2 2 2
Icc A or B ports I0=0, Outputs low 30 38 38 ) 38| mA
Vi=Vcg or GND [ outputs disabled 0.9 2 2 2
Ve =556V,0Oneinputat3.4V,
aigcf Other inputs at Vg or GND 15 15 15 mA
Ci Controlinputs |V)|=25Vor0.5V 3 pF
Cio A or B ports Vo=25Vor05V 10 pF
Co TDO Vo=25Vor0.5V 8 pF

* On products compliant to MIL-PRF-38535, this parameter does not apply.

1 Al typical values are at Vg = 5 V.

% The parameters lozH and loz|_ include the input leakage current.

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second.

1 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vg or GND.
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timing requirements over recommended ranges of supply voltage and operating free-air
Pl |

temperature (unless otherwise noted) (normal mode) (see Figure 13)
SN54ABT8543 | SN74ABTSS543 |
MIN MAX| MIN MAX
tw Pulse duration LEAB or LEBA high or low 3 3 ns
tsu Setup time A before LEABT or B before LEBAT 35 3 ns
th Hold time A after LEABT or B after LEBAT 15 05 ns

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (test mode) (see Figure 13)

SN54ABT8543 | SN74ABT8543 UNIT
MIN MAX MIN MAX
felock  Clock frequency TCK 0 50 0 50| MHz
tw Pulse duration TCK high or low 5 5 ns
Aor B or CE or LE or OE before TCKT 6 5
tsy Setup time TDI before TCKT 6.5 6 ns
TMS before TCKT 6
Aor B or CE or LE or OE after TCKT 05 0
th Hold time TDI after TCKT 0 0 ns
TMS after TCKT 0 0
tg Delay time Power up to TCKT 50 50 ns
tr Rise time Ve power up 1* 1 us
* On products compliant to MIL-PRF-38535, this parameter is not production tested.
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (normal mode) (see Figure 13)

SN54ABT8543
FROM TO Vee=5Y,
PARAMETER (INPUT) (OUTPUT) Ta = 25°C MmN max | UNT
MIN TYP MAX
t . 47 .
PLH AorB BorA 2 37 2 55 ns
tPHL 1.5 3.5 4.4 1.5 58
t 2 4.7 5.6 2 8.1
t:::: LEAB or LEBA BorA 5 21 5 15 73 ns
t 2 4.2 5.2 2 75
t;ir CEAB or CEBA BorA > 27 6.1 > a4 ns
t — 2 44 5.4 2 6.7
t:?: OEAB or OEBA BorA > 52 72 > 75 ns
tPHZ 2.5 5.8 6.8 25 9.1
Lz CEAB or CEBA BorA 25 53 53 Y] 87 ns
tpPHZ — 2 5.9 6.9 2 8.3
OEAB or OEBA BorA ns
tpLz 2 5.2 6.2 2 7.8

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (normal mode) (see Figure 13)

SN74ABT8543
FROM TO Vee=5V,
PARAMETER (INPUT) (OUTPUT) Ta = 25°C N max | UNT
MIN TYP MAX
t 7 45 )
PLH AorB BorA 2 s 2 52 ns

1PHL 15 35 44| 15 55
tPLH 2 4.7 56 2 7.8

BorA ns
tPHL LEAB or LEBA 15 41 5| 15 69
tpzH 2 42 52 2 72

BorA ns
tpzL CEAB or CEBA 2 47 57| 2 83
tPZH 2 4.4 5.4 2 6.5

BorA ns
tpzL OEAB or OEBA 2 52 62 2 75
tpHZ 25 5.8 6.8 2.5 8.8

BorA
tpLz CEAB or CEBA ' 25 53 63| 256 8|
1 _ 2 59 69 2 79

PHZ OEAB or OEBA BorA ns
tpLz 2 5.2 6.2 2 7.4
‘b TEXAS
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switching characteristics over recommended ranges of supplg voltage and operating free-air
temperature (unless otherwise noted) (test mode) (see Figure 13)
Vee=5V,
FROM TO 120 aeec SN54ABT8543 | SN74ABT8543
PARAMETER (INPUT) (OUTPUT) A UNIT
MIN TYP MAX| MIN MAX| MIN MAX
fmax TCK 50 90 50 50 MHz
t 35 8 95| 35 127 35 12
PLH TCKL AorB ns
tPHL 3 77 9 3 12 3 15
t 25 43 55| 2 7| 25 .
FLH TCKL DO = >4 s
tPHL 25 42 55| 25 7| 25 65
4 45 82 95| 45 125| 45 12
Pzh TCKL AorB ns
tpzL 45 9 105 41 135 4.5 13
t 25 4, ] . 7 ] )
PzH TCKL TDO 3551 28 25 851 s
tpzL 2.5 4.9 6 25 75 2.5 7
t 35 84 105 ) 14| 35 13
PHZ TCKL AorB 35 S ns
tpLZ 3 8 105 3 135 3 13
t 3 59 9 )
PHZ TCKL TDO ! 3 3851
tpLz 3 5 65 3 8 3 75
‘U TEXAS
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PARAMETER MEASUREMENT INFORMATION

o7V

O Open

From Output TEST Y]
Under Test GND
tPLH/tPHL Open
CL =50 pF tpLZ/tpzL 7V
(see Note A) tPHZ/PZH Open
LOAD CIRCUIT
-\ 3v
Timing Input )(1.5 v
[\ ov
}‘_‘_ tw — k——*———ql
| 1, t
| | av e "o
Input v I | v
nput 1.5V 15 Data Input X1.5 v Xms v
oV ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PULSE DURATION SETUP AND HOLD TIMES
3V 3V
Output
Input X‘I.SV 15V X‘I.SV XI.SV
| | ov Control | | oV
] I le—p! tPzL —p  l— I
tPLH —¢—, | tPHL B Y
I ,—-|—§l ———VoH ?“‘P“: | P2 !c— a5V
Output 1 15V | 1.5V a;?‘ :;';‘ v | 1.5V VoL +0.3V
| | VoL {see Note B) ' > — == Vou
e—p— | | PHZ
tpHL ——] | 'PLH tbzH b r_

Output

| | VOH | o ==y YOH
Waveform 2 VOoH-0.3V
Output 15V 15V StatOpen }'! 15V —\ ov

——— VoL (see Note B)

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING

NOTES: A. Cg includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo =50 Q, t;<2.5ns, tf<2.5 ns.
D. The outputs are measured one at a time with one transition per measurement.

Figure 13. Load Circuit and Voltage Waveforms
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Members of the Texas Instruments SN54ABT8646 . .. JT PACKAGE
SCOPE™ Family of Testability Products SN"ABT"S“G(;I_-C;:'\;'%FA‘I)DW PACKAGE
Compatible With the IEEE Standard
1149.1-1990 (JTAG) Test Access Port and cLkAB[l 1 U 28[] cLkBA
Boundary-Scan Architecture saB[l2 27[] SBA
Functionally Equivalent to 'F646 and DIR[}a 26[] OE
*ABT646 in the Normal-Function Mode A1[l4 25)] B1
® SCOPE™ Instruction Set A2lls  2aflB2
— IEEE Standard 1149.1-1990 Required A3lle  23)1B3
Instructions, Optional INTEST, CLAMP, GND[}7 22[] B4
and HIGHZ Adlls  21Vee
— Parallel-Signature Analysis at Inputs As[]e 20[] B5
With Masking Option Asfl1o0 19} B6
— Pseudo-Random Pattern Generation A7l 1sflB7
From Outputs As[l12  17{lB8
— Sample Inputs/Toggle Outputs TDOfj13  16f] TDI
- Binary Count From Outputs T™™s[]14  1s[] TCK
— Even-Parity Opcodes
© Two Boundary-Scan Cells Per I/O for SN54ABT8646 . . . FK PACKAGE
Greater Flexibility (TOP VIEW)
© State-of-the-Art EPIC-I1IB™ BICMOS Design P - S
Significantly Reduces Power Dissipation mMOMoO>mm
® Package Options Include Plastic ( '_4"_3"3"1_'3"57"5'6
Small-Outline (DW) and Shrink OE s o 2s[]B7
Small-Outline (DL) Packages, Ceramic Chip sBA [J6 24[]B8
Carrlers (FK), and Standard Ceramic DIPs CLKBA 7 23[] 7O
) cLkaB [J8 22[} TCK
saB ]9 21[J TMS
description DIR [J 10 20[] TDO
, ) INRIRY 19[] A8
The 'ABT8646 and scan test devices with octal 121314 15 16 17 18
bus transceivers andregisters are members of the L T ———
Texas Instruments SCOPE™ testability 22 (% 225

integrated-circuit family. This family of devices
supports IEEE Standard 1149.1-1990 boundary
scan to facilitate testing of complex circuit-board
assemblies. Scan access to the test circuitry is
accomplished via the 4-wire test access port
(TAP) interface.

In the normal mode, these devices are functionally equivalent to the 'F646 and 'ABT646 octal bus transceivers
and registers. The test circuitry can be activated by the TAP to take snapshot samples of the data appearing
at the device pins or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does
not affect the functional operation of the SCOPE™ octal bus transceivers and registers.

SCOPE and EPIC-IIB are trademarks of Texas Instruments Incorporated.

Pnowcm:fo DA‘{A Information Is w‘:olg as 0'1 ublkl:tﬂon date. i Copyright © 1996, Texas Instruments Incomorated
Products conform to specifications per the terms of Texas Instruments On products compliant to MIL-PRF-38535, all parameters are tested
standard warranty. p g does not Include 4

e o b IEXAS unless otherwise noted. On all other products, production

INS’rRUM ENTS processing doss not necessarily Include testing of all parameters.
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description (continued)

~ Transceiver function is controlled by output-enable (OE) and direction (DIR) inputs. When OE is low, the

transceiver is active and operates in the A-to-B direction when DIR is high or in the B-to-A direction when DIR
is low. When OE is high, both the A and B outputs are in the high-impedance state, effectively isolating both
buses.

Data flow is controlled by clock (CLKAB and CLKBA) and select (SAB and SBA) inputs. Data on the A bus is
clocked into the associated registers on the low-to-high transition of CLKAB. When SAB is low, real-time A data
is selected for presentation to the B bus (transparent mode). When SAB is high, stored A data is selected for
presentation to the B bus (registered mode). The function of the CLKBA and SBA inputs mirrors that of CLKAB
and SAB, respectively. Figure 1 shows the four fundamental bus-management functions that can be performed
with the "ABT8646.

In the test mode, the normal operation of the SCOPE™ bus transceivers and regnsters is inhibited and the test
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry
performs boundary-scan test operations as described in IEEE Standard 1149.1-1990.

Four dedicated test pins control the operation of the test circuitry: test data input (TDI), test data output (TDO),
test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing functions
such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation (PRPG) from
data outputs. All testing and scan operations are synchronized to the TAP interface.

The SN54ABT8646 is characterized for operation over the full military temperature range of -55°C to 125°C
The SN74ABT8646 is characterized for operation from —40°C to 85°C.

FUNCTION TABLE
. INPUTS DATA I/O
OE DIR CLKAB CLKBA SAB SBA A1-A8 B1-B8 OPERATION OR FUNCTION

X X T X X X Input Unspecifiedt Store A, B unspecifiedt
X X X T X X Unspecifiedt Input Store B, A unspecifiedt
H X 7 ) X X Input Input Store A and B data

H X L L X X Input disabled Input disabled Isolation, hold storage
L L X X X L Output Input Real-time B data to A bus
L L X X X H Output Input disabled Stored B data to A bus
L H X X L X Input ) Output Real-time A data to B bus
L H X X H X Input disabled Output Stored A data to B bus

T The data-output functions can be enabled or disabled by various signals at OE and DIR. Data-input functions are always enabled;'i.e., data at
the bus pins is stored on every low-to-high transition of the clock inputs.
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TN TN
i
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< 1 [
2 2
o T TIT 1 o
)
I III |
LJJLd
Lo 72 L 4
26 3 1 28 2 27
OE DIR CLKAB CLKBA SAB SBA
L L X X X L
REAL-TIME TRANSFER
BUS B TOBUSA
lg -~
I
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I
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26 3 1 28 2 27
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Pin numbers shown are for the DL, DW, and JT packages.
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TRANSFER STORED DATA
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Figure 1. Bus-Management Functions
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functional block diagram

Boundary-Scan Reglster

D
DIR .3__>_ . 3
CLKBA LD——
SBA ""’_.D_ l[> ’
CLKAB __D_ | 33_
sAB Z_D_ ll> r
i D
—F ¢t X | _D_
E IpSut= %}Dﬁr
A14_ 25
c1<—
. O
—OG[% 1D
—OQ——J _q_
e _ One of Elght Channels
BypassIReglster L -l_
Boundary-Control
Register
v l 18 TDO

L (L

Vee

ik

15

NS
e

s 2 >—
NS

TCK

\

Pin numbers shown for the DL, DW, and JT packages.

TAP
Controller

Instruction Register

B1
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Terminal Functions

TE:;‘;";AL DESCRIPTION
A1-A8 Normal-function A-bus I/O ports. See function table for normal-mode logic.
B1-B8 Normal-function B-bus I/O ports. See function table for normal-mode logic.
CLKAB, CLKBA | Normal-function clock inputs. See function table for normal-mode logic.
DIR Normal-function direction-control input. See function table for normal-mode logic.
GND Ground
OE Normal-function output-enable input. See function table for normal-mode logic.
SAB, SBA Normal-function select inputs. See function table for normal-mode logic.
TeK Test clock. On.e of four terminals rgquired by IEEE Standard 1149.1-1990. Test operg’tions of the device are synchronous
to TCK. Data is captured on the rising edge of TCK, and outputs change on the falling edge of TCK.
DI Test data input. Ong of fogr terminals required by I_EEE Sta.ndard 1149.1-1990. TDI is the §erial input for shifting data
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected.
D00 Test data ou.tput. Oqe of fopr terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data
through the instruction register or selected data register.
™S Test mode select. One of fot{r terminals required by IEEE Stapdard 1199.1—1990. TMS input directs the device through
its TAP controller states. An internal pullup forces TMS to a high level if ieft unconnected.
Vee Supply voltage
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test architecture

TMS=H

Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip
control signals for the test structures in the device. Figure 2 shows the TAP-controller state diagram.

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully
one-half of the TCK cycle.

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan
architecture and the relationship among the test bus, the TAP controller, and.the test registers. As shown, the
device contains an 8-bit instruction register and three test-data registers: a 40-bit boundary-scan register, an
11-bit boundary-control register, and a 1-bit bypass register.

A

Test-Logic-Reset )

TMS =L

A

TMS=H TMS=H TMS=H
Run-Test/Idle >——“ Select-DR-Scan Select-IR-Scan

3

TMS=L TMS =L T™MS=L
H‘rms =H TMS=H /——J
Capture-DR )2 ¢ Capture-IR
T™S =L ‘TMS =L
Shift-DR Shift-IR
TMS =L TMS =L
TMS =H
4
TMS=H TMS=H
TMS =L
y

Pause-DR Pau

= =
= =
7 7
n i
x r

TMS=L TMS =1L
TMS=H
;—\ TMS=L TMS =L
Exit2-DR Exit2-IR
— N\ >
'TMS =H TMS=H
TMS=H TMS=L TMS=H TMS=L

Figure 2. TAP-Controller State Dlagram
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state diagram description

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device.
The state diagram shown in Figure 2 is in accordance with IEEE Standard 1149.1-1990. The TAP controller
proceeds through its states based on the level of TMS at the rising edge of TCK.

As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive
TCK cycles. Any state that does not meet this criterion is an unstable state.

There are two main paths through the state diagram: one to access and control the selected data register and
one to access and contro! the instruction register. Only one register can be accessed at a time.

Test-Loglc-Reset

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data
registers also can be reset to their power-up values. .

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left
unconnected or if a board defect causes it to be open circuited.

For the '"ABT8646, the instruction register is reset to the binary value 11111111, which selects the BYPASS
instruction. Each bit in the boundary-scan register is reset to logic 0. The boundary-control register is reset to
the binary value 00000000010, which selects the PSA test operation with no input masking.

Run-Test/Idle

The TAP controller must pass through the Run-Tesv/ldle state (from Test-Logic-Reset) before executing any test
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans.
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. .

The test operations selected by the boundary-control register are performed while the TAP controller is in the
Run-Test/Idle state.

Select-DR-Scan, Select-IR-Scan

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or
instruction-register scan.

Capture-DR

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the
Capture-DR state, the selected data register can capture a data value as specified by the current instruction.
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the
Capture-DR state.

Shift-DR

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic
level present in the least-significant bit of the selected data register.

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle.
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR).
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state.
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Exit1-DR, ExIt2-DR

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register.

On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the
high-impedance state.

Pause-DR

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data.

Update-DR

If the current instruction calls for the selected data register to be updated with current data, then such update
occurs on the falling edge of TCK, following entry to the Update-DR state.

Capture-IR

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs
on the rising edge of TCK upon, which the TAP controller exits the Capture-IR state.

For the "ABT8646, the status value loaded in the Capture-IR state is the fixed binary value 10000001.
Shift-IR

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and,
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to
the logic level present in the least-significant bit of the instruction register.

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state.

Exit1-IR, Exit2-IR

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register.

On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the
high-impedance state.

Pause-IR

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss
of data.

Update-IR

The current lnstructlon is updated and takes effect on the falling edge of TCK, following entry to the
Update-IR state.
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register overview

With the exception of the bypass register, any test register can be thought of as a serial-shift register with a
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register
can be parallel loaded from a source specified by the current instruction. During the appropriate shift state
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from
the shift register.

instruction register description

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information
contained in the instruction includes the mode of operation (either normal mode, in which the device performs
its normal logic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation
to be performed, which of the three data registers is to be selected for inclusion in the scan path during
data-register scans, and the source of data to be captured into the selected data register during Capture-DR.

Table 3 lists the instructions supported by the’ABT8646. The even-parity feature specified for SCOPE™ devices
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for
SCOPE™ devices but are not supported by this device default to BYPASS.

During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated,
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the
binary value 11111111, which selects the BYPASS instruction. The IR of scan is shown in Figure 3.

Bit7
TDI —| Parity F—D Bité [—»| Bit5 [—» BIit4 [—»{ Bit3 F—F Bit2 —» Bit1 > (Elstg) —» TDO
(MSB)

Figure 3. Instruction Register Order of Scan
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data register description

boundary-scan register

The boundary-scan register (BSR) is 40 bits long. It contains one boundary-scan cell (BSC) for each
normal-function input pin, two BSCs for each normal-function /O pin (one for input data and one for output data),
and one BSC for each of the internally decoded output-enable signals (OEA and OEB). The BSR is used 1) to
store test data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the
device output pins, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic
and/or externally at the device input pins. '

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or
in Test-Logic-Reset, the value of each BSC is reset to logic 0.

When external data is to be captured, the BSCs for signals OEA and OEB capture logic values determined by
the following positive-logic equations: OEA = OE e DIR, and OEB = OE e DIR. When data is to be applied
externally, these BSCs control the drive state (active or high-impedance) of their respective outputs.

The BSR order of scan is from TDI through bits 39-0 to TDO. Table 1 shows the BSR bits and their associated
device pin signals.

Table 1. Boundary-Scan Register Configuration

BSR BIT DEVICE BSRBIT DEVICE BSRBIT DEVICE BSR BIT DEVICE BSRBIT DEVICE

NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL
39 OEB 31 A8-| 23 A8-O 15 B8-I 7 B8-O
38 OEA 30 A7-l 22 A7-0 14 B7-1 6 B7-0
37 DIR 29 A6-l 21 A6-O 13 B6-1 5 B6-O
36 OE 28 A5-l 20 A5-0 12 B5-1 4 B5-O
35 CLKAB 27 Ad-| 19 A4-0 1 B4-| 3 B4-O
34 CLKBA 26 A3-l 18 A3-0 10 B3-| 2 B3-0
33 SAB 25 A2-l 17 A2-0 9 B2-| 1 B2-0
32 SBA 24 Al-l 16 A1-O 8 B1-l 0 B1-O
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boundary-control register

The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to
implement additional test operations not included in the basic SCOPE™ instruction set. Such operations include
PRPG, PSA with input masking, and binary count up (COUNT). Table 4 shows the test operations that are
decoded by the BCR.

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is
reset to the binary value 00000000010, which selects the PSA test operation with no input masking.

The BCR order of scan is from TDI through bits 10-0 to TDO. Table 2 shows the BCR bits and their associated
test control signals.

Table 2. Boundary-Control Register Configuration

EST
BORBIT | o irmoL | BORBIT | covroy | BOREM | ooy
SIGNAL SIGNAL SIGNAL
10 MASK8 6 MASK4 2 OPCODE2
9 MASK7 5 MASK3 1 OPCODE1
8 MASK6 4 MASK2 0 QOPCODEOQ
7 MASKS 3 MASK1 —_ —_

bypass register

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path,
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. During
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4.

Tl —>»| Bito |—» TDO

Figure 4. Bypass Register Order of Scan
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instruction-register opcode description

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of
each instruction.

Table 3. Instruction-Register Opcodes

BT T BT 51' SCOPE OPCODE DESCRIPTION SELECTED DATA MODE
MSB - LSB

00000000 EXTEST/INTEST Boundary scan Boundary scan Test
10000001 BYPASSY Bypass scan Bypass Normal
10000010 SAMPLE/PRELOCAD Sample boundary Boundary scan Normal
00000011 INTEST/EXTEST Boundary scan Boundary scan Test
10000100 BYPASS?t Bypass scan Bypass Normal
00000101 BYPASSH Bypass scan Bypass Normal
00000110 HIGHZ Control boundary to high impedance Bypass Modified test
10000111 CLAMP Control boundary to 1/0 Bypass Test
10001000 BYPASS? Bypass scan Bypass Normal
00001001 RUNT Boundary run test Bypass Test
00001010 READBN Boundary read Boundary scan Normal
10001011 READBT Boundary read Boundary scan Test
00001100 CELLTST Boundary self test Boundary scan Normal
10001101 TOPHIP Boundary toggle outputs Bypass Test
10001110 SCANCN Boundary-control register scan Boundary control Normal
00001111 SCANCT Boundary-control register scan Boundary control Test
All others BYPASS Bypass scan Bypass Normal

1Bt 7 is used to maintain even parity in the 8-bit instruction.
$ The BYPASS instruction is executed in lieu of a SCOPE ™ instruction that is not supported in the 'ABT8646.

boundary scan

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into
the output BSCs is applied to the device output pins. The device operates in the test mode.

bypass scan

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in the normal mode.

sample boundary

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the
normal mode.
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control boundary to high impedance

This instruction conforms to the |IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in a modified test mode in which all device I/0 pins are placed in the high-impedance state, the device
input pins remain operational, and the normal on-chip logic function is performed.

control boundary to 1/0

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is
selected in the scan path. Alogic O value is captured in the bypass register during Capture-DR. Data in the input
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device
output pins. The device operates in the test mode. '

boundary run test

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP),
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up
(PSA/COUNT).

boundary read

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This
instruction is useful for inspecting data after a PSA operation.

boundary self test

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR.
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and
shadow-latch elements of the BSR. The device operates in the normal mode.

boundary toggle outputs

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of
TCKin Run-Test/Idle, updated in the shadow latches, and applied to the associated device output pins on each
falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and is applied to the
inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in the input BSCs.
The device operates in the test mode.

boundary-control-register scan

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This
operation must be performed before a boundary-run test operation to specify which test operation is to
be executed.
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boundary-control-register opcode description

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed
whilethe RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation
of each BCR instruction and illustrate the associated PSA and PRPG algorithms.

Table 4. Boundary-Control Register Opcodes

BINARY CODE
BIT2-BITO DESCRIPTION
MSB — LSB

X00 Sample inputsftoggle outputs (TOPSIP)
X0t Pseudo-random pattern generation/16-bit mode (PRPG)
X10 Parallel-signature analysis/16-bit mode (PSA)
011 Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG)
M Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT)

In general, while the control input BSCs (bits 39-32) are not included in the sample, toggle, PSA, PRPG, or
COUNT algorithms, the output-enable BSCs (bits 39-38 of the BSR) do control the drive state (active or high
impedance) of the selected device output pins. These BCR instructions are valid only when the device is
operating in one direction of data flow (that is, OEA # OEB). Otherwise, the bypass instruction is operated.

PSA input masking

Bits 10-3 of the BCR specify device input pins to be masked from PSA operations. Bit 10 selects masking for
device input pin A8 during A-to-B data flow or for device input pin B8 during B-to-A data flow. Bit 3 selects
masking for device input pins A1 or B1 during A-to-B or B-to-A data flow, respectively. Bits intermediate to 10
and 3 mask corresponding device input pins, in order, from most significant to least significant, as indicated in
Table 3. When the mask bit that corresponds to a particular device input has a logic 1 value, the device input
pin is masked from any PSA operation, i.e., the state of the device input pin is ignored and has no effect on the
generated signature. Otherwise, when a mask bit has a logic 0 value, the corresponding device input is not
masked from the PSA operation.

sample inputs/toggle outputs (TOPSIP)

Data appearing at the selected device input pins is captured in the shift-register elements of the selected BSCs
on each rising edge of TCK. This data is updated in the shadow latches of the selected input BSCs and applied
to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected output BSCs is
toggled on eachrising edge of TCK, updated in the shadow latches, and applied to the associated device output
pins on each falling edge of TCK.
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pseudo-random pattern generation (PRPG)

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge
of TCK, updated in the shadow latches, and applied to the associated device output pins on each falling edge
of TCK. This data also is updated in the shadow latches of the selected input BSCs and applied to the inputs
of the normal on-chip logic. Figures 5 and 6 show the 16-bit linear-feedback shift-register algorithms through
which the patterns are generated. An initial seed value should be scanned into the BSR before performing this
operation. A seed value of all zeroes does not produce additional patterns.

Ag-l ATl A6-l A5-| A4l A3-l A2 A1l
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EE A A

B8-O B7-0 B6-O B5-0 B4-0 B3-0 B2-0 B1-0

Figure 5. 16-Bit PRPG Configuration (OEA = 0, OEB = 1)

B8l B7-l B6-I B5-1 B4-] B3- B2-l B1-l
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A8-0 A7-0 A6-0 A5-0 A4-O0 A3-0 A2-0 A1-0

Figure 6. 16-Bit PRPG Configuration (OEA=1, OEB= 0)
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paraliel-signature analysis (PSA)

Data appearing at the selected device input pins is compressed into a 16-bit paralle! signature in the
shift-register elements of the selected BSCs on each rising edge of TCK. This data is updated in the shadow
latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow
latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 7 and 8 show
the 16-bit linear-feedback shift-register algorithms through which the signature is generated. An initial seed
value should be scanned into the BSR before performing this operation.

A8l ATl A6-1 A5l A4l A3l A2- A1l

= —(P)« —De (‘4'34——

B8-O B7-0 B6-O B5-0 B4-O B3-0 B2-0 B1-0

MASKX

Figure 7. 16-Bit PSA COanguratldn (OEA =0, OEB = 1)

B8-l B7-1 B6-I BS-I B4-I B3-1 B2-| B1-l

MASKX

® ~:)D_ A8-0 A-0 A6O AS50 A4O A3O0 A20  A1-O

Figure 8. 16-Bit PSA Configuration (OEA = 1, OEB = 0)
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simultaneous PSA and PRPG (PSA/PRPG)

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same
time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output BSCs
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins
on each falling edge of TCK. Figures 9 and 10 show the 8-bit linear-feedback shift-register algorithms through
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before
performing this operation. A seed value of all zeroes does not produce additional patterns.

AB-l A7-l AG-l A5-| A4l A3l A2- A1-l

@ :)D— B8-O B7-0 B6-O B5-0 B4-O B3-0 B2-0 B1-0

Figure 9. 8-Bit PSA/PRPG Configuration (OEA = 0, OEB = 1)

MASKX

@ - D ABO A7-0 AB-O A5-0 A4O A3-0 A20 A1-0

Figure 10. 8-Bit PSA/PRPG Configuration (OEA =1, OEB = 0)
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simultaneous PSA and binary count up (PSA/COUNT)

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same
time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output BSCs
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins
on each falling edge of TCK. In addition, the shift-register elements of the opposite output BSCs count carries
out of the selected output BSCs extending the count to 16 bits. Figures 11 and 12 show the 8-bit linear-feedback
shift-register algorithms through which the signature is generated. An initial seed value should be scanned into

the BSR before performing this operation.

Ag-l AT-l AG-l A5-| A4l A3l A2- Al-l

MASKX

LsB

?D“ 000000

Figure 11. 8-Bit PSA/COUNT Configuration (OEA = 0, OEB = 1)

MASKX

LsB

B7-0 B6-O B5-0 B4-O B2-O0 B1-0

®-J > QE‘]QQQQQ

A7-0 A0  A50
Figure 12. 8-Bit PSA/COUNT Configuration (OEA = 1, OEB = 0)
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timing description

Alitest operations of the '"ABT8646 are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output pins on the falling
edge of TCK. The TAP controller is advanced through its states (as shown in Figure 2) by changing the value
of TMS on the falling edge of TCK and then applying a rising edge to TCK.

A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details

the operation of the test circuitry during each TCK cycle.

Table 5. Explanation of Timing Example

CYI:?.:(S) Ié"l':ESRT‘I:ZIE( DESCRIPTION

1 Test-Logic-Reset ;I;::i |ess ;t‘;znsg::ga t.o alogic 0 value on the falling edge of TCK to begin advancing the TAP controller toward

2 Run-Test/Idle

3 Select-DR-Scan

4 Select-IR-Scan

5 Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the
Capture-IR state.

6 Shift-IR TDO be_cs)mes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP
on the rising edge of TCK as the TAP controller advances to the next state.
Onebitis shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value

7-13 Shift-IR 11111111is serjaﬂy scannedintothe|R. Atthe s.ameﬁme, the 8-bit t?inaryvalue 10000001 is serially scanned

out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR.

14 Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.

15 Update-iR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK.

16 Select-DR-Scan

17 Capture-DR 'g;:tg)r/gans; :gti:er captures a logic 0 value on the rising edge of TCK as the TAP controller exits the

18 Shitt-DR TDO be_C9mes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP
on the rising edge of TCK as the TAP controller advances to the next state.

19-20 Shift-DR The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO.

21 Exit1-DR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.

22 Update-DR In general, the selected data register is updated with the new data on the falling edge of TCK.

23 Select-DR-Scan

24 Select-IR-Scan

25 Test-Logic-Reset | Test operation completed

ﬂi TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




SN54ABT8646, SN74ABT8646
SCAN TEST DEVICES WITH
OCTAL BUS TRANSCEIVERS AND REGISTERS

SCBS123E - AUGUST 1992 - REVISED JULY 1996

1 2 3 4 5 6 7 8 9 10 11 12 13 14 156 16 17 18 19 20 21 22 23 24 25

gslelcle | [ rle|s|@x o« c|lclcs|ls]|s
213 g § b3 o ol g a o cl|lo g g 3
e|3|%9|%9]|5 £ E|8|e|¢ £ AR AR AL

TAP ool |z |§ 7} w| e |z |3 = x| S|le(x|d
Skl O 0 © = =T Y ] w ald | T | &

Controller/ @ | £ |2 |5 |8 S| |® S|is|e|®
o 3| Q Q 8 (5] g o |

State 1 |l |2 (',-; 2 2 g ot

B 3 & 3 2

[ =

@ 3-State (TDO) or Don’t Care (TDI)

Figure 13. Timing Example

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, VEG «vvvverreririieriniiinnnenen. e ieeraeeiereaeeas ... 05Vto7V
Input voltage range, V) (except /O ports) (see Note 1) .................................. -0.5Vto7V
Input voltage range, V| (/O ports) (see Note 1) ....cviiiiiiiiiiiiiiiiiiiiiiiiiees -05Vto55V
Voltage range applied to any output in the high state or power-off state, Vo ..............-05Vt0 5.5V
Current into any output in the low state, lo: SN54ABT8646 ...........cccoviiimneinennueanasn. 96 mA
SN74ABT8646 ......ciiviiiirrieinnerannennnns 128 mA

Input clamp current, lik (V;<0) ......... Ceerenreeieeneean P -18 mA
Output clamp current, [ok (VO <0} vrniieiii e i ae s -50 mA
Maximum power dissipation at Tp = 55°C (in still air) (see Note 2):DLpackage .............covui 0.7W
DWpackage ...........coonne 1.7W

Storage temperature range, Tatg « ... v vvvvviiitiiiiiiii ~65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating oondmons" is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed.

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace fength of 750 mils.
Formore information, refertothe Package Thermal Considerations application notein the ABT Advanced BiCMOS Technology Data
Book, literature number SCBD002.

3-70

b TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN54ABT8646, SN74ABT8646
SCAN TEST DEVICES WITH
OCTAL BUS TRANSCEIVERS AND REGISTERS

SCBS123E ~ AUGUST 1992 ~ REVISED JULY 1996

recommended operating conditions (see Note 3)

SN54ABT8646 | SN74ABTE8646 UNIT
MIN MAX MIN  MAX

vece Supply voltage 4.5 5.5 45 5.5 \
VIH High-level input voltage 2 2 \'
ViL Low-level input voltage 0.8 0.8 \
\] Input voltage 0 Vge 0 Vce v
IoH High-level output current =24 32| mA
loL Low-level output current 48 64| mA
AYAv  Input transition rise or fall rate 10 10| nsiV
TA Operating free-air temperature -55 125 —40 85 °C

NOTE 3: Unused pins (input or //O) must be held high or low to prevent them from floating.

*5‘ TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3-71



SN54ABT8646, SN74ABT8646
SCAN TEST DEVICES WITH
OCTAL BUS TRANSCEIVERS AND REGISTERS

SCBS123E ~ AUGUST 1992 - REVISED JULY 1996

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

TA =25°C SN54ABT8646 | SN74ABT8646
PARAMETER TEST CONDITIONS UNIT
MIN TYPt MmAX MIN  MAX MIN  MAX
ViK Voo =45V, Ij ==18 mA -1.2 -1.2 -12] v
Veg=45V, IOH = =3 mA 25 25 25
VoH Ve =5V, IOoH = -3 mA 3 3 v
Vog =45V IOH = -24 mA 2 2
IOH = =32 mA o 2
VoL Voo =45V loL = 48 mA 0.55 0.55 v
loL = 64 mA 0.55* 0.55
CLK, DIR, .
I OE, 8, TCK _ |vgg =55V, V|=Vgg or GND *! il oA
A or B ports +100 +100 +100
IH TDI, TMS Vog =55V, Vi=Vee 10 10 10] pA
L TDI, TMS Vee =565V, V}=GND -40 —160| —40 -160] —40 -160| pA
lozht Voo =55V, Vo=27V 50 50 50| pA
lozL* Voo =55V, Vo=05V 50 50 50| pA
loff ' Vee =0, ViorVpo<4.5V +100 +100| pA
lozPU Voc=0t02V, Vg=05Vor27V 450 +50 50| pA
lozPD Vec=2VtoO, Vo=058Vor27V 150 150 50 pA
lcEx |Outputshigh [voo=55V, Vo=55V 50 50 50| pA
108 VoG =55V, Vo=25V -50 -100 -180| -50 -180| -50 -180| mA
Voc=55V, Outputs high 0.9 2 2 2
Icc A or B ports lo=0, Outputs low 30 38 38 38 mA
Vi=Vceor GND [ outputs disabled 0.9 2 2 2
s ] ] m
Ci Control inputs |Vj=25Vor0.5V 3 pF
Cio A or B ports Vo=25Vor0.5V . 10 pF
Co |TDO Vo=25Vor05V 8 pF

* On products compliant to MIL-PRF-38535, this parameter does not apply.

T All typical values are at VoG =5 V.

¥ The parameters IozH and lozy_ include the input leakage current.

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second.

9 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Veg or GND.
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timing requirements over recommended ranges of sugply voltage and

operating free-air

temperature (unless otherwise noted) (normal mode) (see Figure 14)
SN54ABTB8646 | SN74ABT8646 UNIT
MIN  MAX MIN  MAX
folock  Clock frequency CLKAB or CLKBA 0 100 0 100 | MHz
tw Pulse duration CLKAB or CLKBA high or low 3 3 ns
tsu Setup time A before CLKABT or B before CLKBAT 4.7 4.5 ns
th Hold time A after CLKABT or B after CLKBAT 0 0 ns

timing requirements over recommended ranges of supply voltage and
temperature (unless otherwise noted) (test mode) (see Figure 14)

operating free-air

SN54ABT8646 | SN74ABT8646
MIN MAX MIN MAX UNIT
fclock  Clock frequency TCK 0 50 0 50| MHz
tw Pulse duration TCK high or low 5 5 ns
A, B, CLK, DIR, OE, or S before TCKT 7 5
tsu Setup time TDI before TCKT 6 6 ns
TMS before TCKT 6 6
A, B, CLK, DIR, OE, or S after TCKT 0 0
th Hold time TDI after TCKT 0 ] ns
TMS after TCKT 0 0
tq Delay time Power up to TCKT 50" 50 ns
tr Rise time V¢ power up 1 1 us
* On products compliant to MIL-PRF-38535, this parameter is not production tested.
‘Ei TEXAS
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (normal mode) (see Figure 14)

SN54ABT8646
FROM TO Voc=5V,
PARAMETER (INPUT) (OUTPUT) Ta = 25°C MmN max | UNT
MIN  TYP MAX

fmax CLKAB or CLKBA 100 130 100 MHz
t 2 3.7 4.5 2 55
PLH AorB BorA ns
tPHL 2 3.5 4.6 2 5.8
tPLH 3 4.4 5.3 3 6.3

CLKAB or CLKBA BorA ns
tPHL 25 4.3 5.2 25 6.7
1 2 4.8 6 2 75
PLH SAB or SBA BorA ns
tPHL 2 47 59 2 78
| 25 4.4 5.4 25 6.6
PzH DIR BorA ns
tpzL 3 48 62 3 841
% 25 - 44 5.4 25 6.7
PZH O BorA ns
tpzL 3 5.2 6.2 3 7.6
1 3 6 7.9 3 8.9
PHZ DIR BorA ns
tpLz 3 52 66 3 81
i — 2 5.9 7.7 2.8 8.6
PHZ oF BorA ns
tpL7 3 52 62 3 83

switching characteristics over recommended ranges of supply voitage and operating free-air
temperature (unless otherwise noted) (normal mode) (see Figure 14)

SN74ABT8646
FROM TO Voc=5V,
PARAMETER (INPUT) (OUTPUT) Ta = 25°C MmN max ] UNT
MIN TYP MAX
fax CLKAB or CLKBA 100 130 100 MHz
1 2 37 45| 2 52
PLH AorB BorA ns
tPHL 2 35 44 2 55
1 3 44 53 3 6
PLH CLKABorCLKBA | BorA ns
tPHL 25 4.3 5.2 2.5 6.2
1 2 48 6 2 73
PLH SAB or SBA BorA ns
tPHL 2 4.7 5.9 2 7.4
1 25 44 53| 25 65
PzH DIR BorA ns
tpzL 3 4.8 6.2 3 7.1
1 25 44 54| 25 65
PZH OE BorA ns
tpzL 3 5.2 6.2 3 75
1 7 3 s
PHZ DIR BorA 3 68 851 s
tpLz 3 52 62 3 79
1 — 3 59 69 3 79
PHZ OF BorA ns
tPLZ 3 52 62 3 74
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (test mode) (see Figure 14)

SN54ABT8646
FROM T0 Veg=5V,
PARAMETER (INPUT) (OUTPUT) Tp =25°C mn  max | UNT
MIN  TYP MAX

fmax TCK 50 90 50 MHz
t 35 8 9.5 3.5 134

PLH TCKL AorB ns
tPHL 3 7.7 10 3 12
t 25 4.3 5.5 2.5 7

PLH TCKL TDO ns
tPHL 25 42 55| 25 7

t 4.5 8.2 9.7 4.5 12.5

iZAx TCKL AorB ns
tpzL 45 9 11.2 45 135
§ 25 4.3 5.5 2.5 7

PZH TCKL DO ns
tpzL 25 4.9 6 2.5 7.5
t 3.5 8.4 13 35 145

PHZ TCKL AorB ns
tpLz 3 8 105 3 135
t 3 5.9 7 3 9

PHZ TCKL TDO ns
tpLz 3 - 5 6.5 3 8

temperature (unless

switching characteristics over recommended ranges of supply voltage and operating free-air
otherwise noted) (test mode) (see Figure 14)

SN74ABT8646
FROM TO Vec=5V,
PARAMETER (INPUT) (OUTPUT) T = 25°C mn  max | UNT
MIN TYP MAX

fmax TCK 50 90 50 MHz
1 35 8 95| 35 12

PLH TeKL AorB ns
tPHL 3 7.7 9 3 15

1 25 43 55| 25 65

PLH TCKL TDO ns
tPHL 25 42 55| 25 65
[ 45 82 95| 45 12

PZH TCKL AorB ns
tpzL 45 9 105 45 13

1 25 43 55| 265 65

PZH TCKL TDO ns
tpzL 25 4.9 6 2.5 7
1 35 84 105| 35 135

PHZ TCKL Aor8 ns
tpLZ 3 8 105 3 13

1 3 59 7 3 85

PHZ TcKl TDO ns
tpLz 3 5 6.5 3 7.5
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PARAMETER MEASUREMENT INFORMATION

o v
From Output O Open
Under Test GND TEST s1
CL=50pF tPLH/tPHL Open
(see Note A) 500 Q tpLZ/tPZL 7v
I tPHZ/tPZH Open
LOAD CIRCUIT
-\ 3v
Timing Input % 15V
1\— ov

! t th
! | 3y | Su
! ! 3v
Input 1.5V 15V Data Input X1.5 v th v
ov ov

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PULSE DURATION SETUP AND HOLD TIMES
3v 3V
Output X X 5V )
Input XLSV >l<1.5v ov Control ' 15V | 1. oV
| | le—pl tPzL ¥ |
tpLH —¢—P| — tPHL ! !
I L~ —— Von Wavermput Ry 35V
aveiorm
Output ! 15V | 15V e I XY 1 LvgLsoav
VoL | —=——— VoL
| | {see Note B) | LteHz M (e
1PHL —H—b| I‘_HL tPLH tPzH-¥ | ‘

Output

I | VOH  wavetorm2 ! Von—oav VoH
Output 15V 1.5V $1.atOpen 15V oy

——— VoL (see Note B)

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING

NOTES: A. CL includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo =50 Q, t, <2.5 ns, tf<2.5ns.
D. The outputs are measured one at a time with one transition per measurement.

Figure 14. Load Circuit and Voltage Waveforms
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® Members of the Texas Instruments SN54ABT8652. .. JT PACKAGE
SCOPE™ Famlly of Testabllity Products SN74A379552&6:";|‘E33)°W PACKAGE
© Compatible With the IEEE Standard
1149.1-1990 (JTAG) Test Access Portand okasll1 ~ 28l cLkea
Boundary-Scan Architecture sAB[l2 27[] sBA
© Functionally Equivalent to 'F652 and OEAB[l3 26]) OEBA
'ABT652 in the Normal-Function Mode Allls 25]] B1
® SCOPE™ Instruction Set A2[]s  24[]B2
~ |EEE Standard 1149.1-1990 Required A3[le 23[1 B3
Instructions, Optional INTEST, CLAMP, GND[]7 22[] B4
and HIGHZ Adlls 21l Vee
-~ Parallel-Signature Analysis at Inputs Asllo 20[] B5
With Masking Option A6ll1o  19[lB6
— Pseudo-Random Pattern Generation A7[ 141 18]l B7
From Outputs Aslli2  17[lB8
- Sample Inputs/Toggle Outputs TDO[] 13 16{] TDI
- Binary Count From Outputs TMs[f14 15[ TCK
- Even-Parity Opcodes

® Two Boundary-Scan Cells Per I/O for

Greater Flexibility SN54ABT8652 ... FK PACKAGE

(TOP VIEW)
® State-of-the-Art EPIC-I1B™ BICMOS Design o
Significantly Reduces Power Dissipation sz o8s
© Package Options Include Shrink /T T
Small-Outline (DL) and Plastic OEBA[]5 4321 2827 2525[ 87
Small-Outline (DW) Packages, Ceramic seafl e ° 24[] B8
Chip Carrlers (FK), and Standard Ceramic CLKBA[] 7 23] oI
. DIPs (JT) CLKAB[] 8 22[} TCK
- saB[] s 21[] T™MS
description OEAB[] 10 20f] oo
The 'ABT8652 scan test devices with octal bus At 1 19[] A8
transceivers and registers are members of the J213 14 15 16 17 18
Texas Instruments SCOPE™ testability y2gz9en
integrated-circuit family. This family of devices (z, <

supports IEEE Standard 1149.1-1990 boundary
scan to facilitate testing of complex circuit-board
assemblies. Scan access to the test circuitry is
accomplished via the 4-wire test access port
(TAP) interface.

In the normal mode, these devices are functionally equivalent to the 'F652 and 'ABT652 octal bus transceivers
and registers. The test circuitry can be activated by the TAP to take snapshot samples of the data appearing
at the device pins or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does
not affect the functional operation of the SCOPE™ octal bus transceivers and registers.

SCOPE and EPIC-IIB are trademarks of Texas Instruments Incorporated.

P loers cotomm s acieatons po ine rms of Jubllcation dats, Copyright © 1996, Texas Instruments Incorporated
s conform to 8 ons 8 terms of Texas Ins! on o
ndard waany. roducion rocsssing 606 ot necssary nciude ‘.’i TexAs Urige g nowe: On ul G Hroducs producion

§ warra
testing of all parameters. l processing does not necessarlly include testing of all parameters. .
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description (continued)

Data flow in each direction is controlled by clock (CLKAB and CLKBA), select (SAB and SBA), and
output-enable (OEAB and OEBA) inputs. For A-to-B data flow, data on the A bus is clocked into the associated
registers on the low-to-high transition of CLKAB. When SAB is low, real-time A data is selected for presentation
to the B bus (transparent mode). When SAB is high, stored A data is selected for presentation to the B bus
(registered mode). When OEAB is high, the B outputs are active. When OEAB is low, the B outputs are in the
high-impedance state. Control for B-to-A data flow is similar to that for A-to-B data flow but uses CLKBA, SBA,
and OEBA inputs. Since the OEBA input is active low, the A outputs are active when OEBA is low and are in
the high-impedance state when OEBA is high. Figure 1 shows the four fundamental bus-management functions
that can be performed with the 'ABT8652.

In the test mode, the normal operation of the SCOPE™ bus transceivers and registers is inhibited and the test
circuitry is enabled to observe and control the 1/0 boundary of the device. When enabled, the test circuitry
performs boundary-scan test operations as described in IEEE Standard 1149.1-1990.

Four dedicated test pins control the operation of the test circuitry: test data input (TD1), test data output (TDO),
test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing functions
such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation (PRPG) from
data outputs. All testing and scan operations are synchronized to the TAP interface.

The SN54ABT8652 is characterized for operation over the full military temperature range of —-55°C to 125°C.
The SN74ABT8652 is characterized for operation from —40°C to 85°C.

FUNCTION TABLE
INPUTS DATA I/O
—— OPERATION OR FUNCTION
OEAB OEBA CLKAB CLKBA SAB SBA A1-A8 B1-B8
L H X X X X Input disabled Input disabled Isolation
L H T ) X X _ Input Input Store A and B data
X H T L X X Input Unspecifiedt Store A, hold B
H H T T x# X Input Output Store A in both registers
L X L T X X Unspecified? Input Hold A, store B
L L T T X x¥ Output Input Store B in both registers
L L X X X L Qutput Input Real-time B data to A bus
L L X X X H Output Input Stored B data to A bus
H H X X L X Input Output Real-time A data to B bus
H H X X H X Input Output Stored A data to B bus
R R I

T The data-output functions can be enabled or disabled by a variety of level combinations at OEAB or OEBA. Data-input functions are always
enabled; i.e., data atthe bus terminals is stored on every low-to-high transition of the clock inputs.

¥ Select control = L: clocks can oceur simultaneously.
Select control = H: clocks must be staggered in order to load both registers.

3-78
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Figure 1. Bus-Management Functions
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functional block diagram

Boundary-Scan Reglster

OEAB 8

i

OEBA 26

Y

CLKBA

!

sBa 2L

L
cLkas - L 3)_

SAB
> 1 : !
O
l—' 1D
_ 25 B1
‘ O
D

Y
4

vy
J

4
A1 —

| .
Y
g
A

One of Eight Channels
— _—
Bypass Reglster |_
Boundary-Control
Reglster
Vee | - 13
16 TDO
™1 . Instruction Reglst
Vee
™S 14
l/ TAP
15 N Controller
TCK l/

Pin numbers shown are for the DL, DW, and JT packages.
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Terminal Functions

TERMINAL
NAME DESCRIPTION
A1-A8 Normal-function A-bus I/O ports. See function table for normal-mode logic.
B1-B8 Normal-function B-bus I/O ports. See function table for normal-mode logic.
CLKAB, CLKBA | Normal-function clock inputs. See function table for normal-mode logic.
GND Ground
OEAB, OEBA Normal-function output-enable inputs. See function table for normal-mode logic.
SAB, SBA Normal-function select inputs. See function table for normal-mode logic.
TCK ' Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous
to TCK. Data is captured on the rising edge of TCK, and outputs change on the falling edge of TCK.
oI Test data input. One of four terminals required by |IEEE Standard 1149.1-1990. TDI is the serial input for shifting data
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected.
DO Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data
through the instruction register or selected data register.
™S Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP
controller states. An internal pullup forces TMS to a high level if left unconnected.
Veo Supply voltage
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test architecture

TMS=H

TMS=L

Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to |IEEE Standard
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip
control signals for the test structures in the device. Figure 2 shows the TAP-controller state diagram.

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully
one-half of the TCK cycle.

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the
device contains an 8-bit instruction register and three test-data registers: a 38-bit boundary-scan register, an
11-bit boundary-control register, and a 1-bit bypass register.

Test-Logic-Reset Y«

TMS =L
TMS=H TMS =H TMS=H
Run-Tesvldle y Select-DR-Scan Select-IR-Scan 4
Y

TMS =L TMS=L

v

—TMS=H TMS=H /-—-4
£ Capture-DR ) < Capture-IR >

TMS =L TMS=L

Y

Shift-DR
TMS=L

TMS =H

A
TMS=H g \
1 Exit1-DR <
—

T™MS =L
4
Pause-DR
TMS=L
TMS=H

y

Exit2-DR T\rMs =t
. TMS =H TMS=H
TMS=H T™MS =L TMS=H TMS =L

Figure 2. TAP-Controller State Diagram
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state diagram description

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device.
The state diagram shown in Figure 2 is in accordance with IEEE Standard 1149.1-1990. The TAP controller
proceeds through its states based on the level of TMS at the rising edge of TCK.

As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive
TCK cycles. Any state that does not meet this criterion is an unstable state.

There are two main paths through the state diagram: one to access and control the selected data register and
one to access and control the instruction register. Only one register can be accessed at a time.

Test-Loglc-Reset

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data
registers also can be reset to their power-up values.

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more
than five TCK cycles if TMS is left high. TMS has an internal pullup resistor that forces it high if left unconnected
or if a board defect causes it to be open circuited. '

For the 'ABT8652, the instruction register is reset to the binary value 11111111, which selects the BYPASS
instruction. Each bit in the boundary-scan register is reset to logic 0 except bit 36, which is reset to logic 1. The
boundary-control register is reset to the binary value 00000000010, which selects the PSA test operation with
no input masking.

Run-Test/Idle

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans.
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. The test
operations selected by the boundary-control register are performed while the TAP controller is in the
Run-Test/Idle state. '

Select-DR-Scan, Select-IR-Scan

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or
instruction-register scan.

Capture-DR

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the
Capture-DR state, the selected data register can capture a data value as specified by the current instruction.
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the
Capture-DR state.

Shift-DR

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic
level present in the least-significant bit of the selected data register.

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle.
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR).
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state.
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Exit1-DR, Exit2-DR

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state.

Pause-DR

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data.

Update-DR

If the current instruction calls for the selected data register to be updated with current data, then such update
occurs on the falling edge of TCK, following entry to the Update-DR state.

Capture-IR

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs
ontherising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'ABT8652, the status
value loaded in the Capture-IR state is the fixed binary value 10000001.

Shift-IR

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI aﬁd TDO and,
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to
the logic level present in the least-significant bit of the instruction register.

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state.

Exit1-IR, Exit2-IR

The Exit1-1R and Exit2-IR states are temporary states thatend an instruction register scan. Itis possible toreturn
to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the first falling
edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state.

Pause-IR

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain
indefinitely. The Pause-IR state suspends and resumes instruction register scan operations without loss of data.

Update-IR

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the
Update-IR state.
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register overview

With the exception of the bypass register, any test register can be thought of as a serial-shift register with a
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register
can be parallel loaded from a source specified by the current instruction. During the appropriate shift_state
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from
the shift register.

instruction register description

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information
contained in the instruction includes the mode of operation (either normal mode, in which the device performs
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation
to be performed, which of the three data registers is to be selected for inclusion in the scan path during
data-register scans, and the source of data to be captured into the selected data register during Capture-DR.

Table 3 lists the instructions supported by the ’ABT8652. The even-parity feature specified for SCOPE™ devices
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for
SCOPE™ devices but are not supported by this device default to BYPASS.

During Capture-IR, the IR captures the binary value 10000001. As an instruction is shiftedin, this value is shifted
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 3.

Bit7
101 —»| Parity |—»| Bite | Bits || Bita || Bus | sz || sit1 | B0 | 00
o (LSB)

Figure 3. Instruction Register Order of Scan

"4‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3-85



SN54ABT8652, SN74ABT8652
SCAN TEST DEVICES
WITH OCTAL BUS TRANSCEIVERS AND REGISTERS

SCBS122F ~ AUGUST 1992 - REVISED DECEMBER 1996

data register description

boundary-scan register

The boundary-scan register (BSR) is 38 bits long. It contains one boundary-scan cell (BSC) for each
normal-function input and two BSCs for each normal-function I/O (one for input data and one for output data).
The BSRis used to store test data that is to be applied internally to the inputs of the normal on-chip logic and/or
externally to the device output terminals, and/or to capture data that appears internally at the outputs of the

normal on-chip logic and/or externally at the device input terminals.

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or
in Test-Logic-Reset, the value of each BSC is reset to logic 0 except BSC 36, which is reset to logic 1.

The BSR order of scan is from TDI through bits 37-0 to TDO. Table 1 shows the BSR bits and their associated
device pin signals.

Table 1. Boundary-Scan Register Configuration

BSRBIT | DEVICE | BSRBIT | DEVICE | BSRBIT | DEVICE | BSRBIT | DEVICE | BSRBIT | DEVICE

NUMBER | SIGNAL | NUMBER | SIGNAL | NUMBER | SIGNAL | NUMBER | SIGNAL | NUMBER | SIGNAL
37 OEAB 31 AB-l 23 A8-O 15 B8l 7 B8-0
36 OEBA 30 A7 22 A7-O 14 B7-l 6 B7-O
35 CLKAB 29 A6-l 21 A6-O0 13 B6-I 5 B6-0
34 CLKBA 28 A5-| 20 A5-0 12 BS5-I 4 B5-O
33 SAB 27 Ad-| 19 A4-0 1 B4-I 3 B4-0
32 SBA 26 A3-l 18 A3-0 10 B3-l 2 B3-0
— — 25 A2-| 17 A2-0 9 B2-I 1 B2-0
— — 24 Al-l 16 A1-0 8 B1-l 0 B1-0

boundary-control register

The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to
implement additional test operations notincluded in the basic SCOPE™ instruction set. Such operations include
PRPG, PSA with input masking, and binary count up (COUNT). Table 4 shows the test operations that are
decoded by the BCR.

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is
reset to the binary value 00000000010, which selects the PSA test operation with no input masking.

The BCR order of scan is from TDI through bits 10-0 to TDO. Table 2 showsthe BCR bits and their associated
test control signals.

Table 2. Boundary-Control Register Configuration

BORBIT | ovraoL | BSRBIT | ovrao, | BORBIT | oNrdor

SIGNAL SIGNAL SIGNAL
10 MASK8 6 MASK4 2 OPCODE2
9 MASK7 5 MASK3 1 OPCODET1
8 MASK®6 4 MASK2 0 OPCODEOQ
7 MASK5 3 MASK1 — —
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bypass register

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path,
thereby reducing the number of bits per test pattern that must be applied to complete a test operation.

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in

Figure 4.

TDI —»{ Bito

——>» TDO

Figure 4. Bypass Register Order of Scan

instruction-register opcode description

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of
each instruction.

Table 3. Instruction-Register Opcodes

t
BT B0 SCOPE OPCODE DESCRIPTION SELECTED DATA MODE
MSB - LSB

00000000 EXTEST/INTEST Boundary scan Boundary scan Test
10000001 BYPASSY Bypass scan Bypass Normal
10000010 SAMPLE/PRELOAD Sample boundary Boundary scan Normal
00000011 INTEST/EXTEST Boundary scan Boundary scan Test
10000100 BYPASSH Bypass scan Bypass Normal
00000101 BYPASS# Bypass scan Bypass Normal
00000110 HIGHZ Control boundary to high impedance Bypass Modified test
10000111 CLAMP Control boundary to 1/0 Bypass Test
10001000 BYPASS# Bypass scan Bypass Normal
00001001 RUNT Boundary run test Bypass Test
00001010 READBN Boundary read Boundary scan Normal
10001011 READBT Boundary read Boundary scan Test
00001100 CELLTST Boundary self test Boundary scan Normal
10001101 TOPHIP Boundary toggle outputs Bypass Test
10001110 SCANCN Boundary-control register scan Boundary control Normal
00001111 SCANCT Boundary-control register scan Boundary control Test
All others BYPASS Bypass scan Bypass Normal

1T Bit 7 is used to maintain even parity in the 8-bit instruction.
¥ The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABT8652.

boundary scan

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into
the output BSCs is applied to the device output terminals. The device operates in the test mode.
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bypass scan

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in the normal mode.

sample boundary

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the
normal mode.

control boundary to high impedance

This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in a modified test mode in which all device I/0 terminals are placed in the high-impedance state, the
device input terminals remain operational, and the normal on-chip logic function is performed.

control boundary to 1/0

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is
selected inthe scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device
output terminals. The device operates in the test mode.

boundary run test

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during
Run-Test/ldle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP),
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up
(PSA/COUNT).

boundary read

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This
instruction is useful for inspecting data after a PSA operation.

boundary self test

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR.
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and
shadow-latch elements of the BSR. The device operates in the normal mode.

boundary toggle outputs

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of
TCKin Run-Test/Idle, updated in the shadow latches, and applied to the associated device output terminals on
each falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and is applied to
the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured in the input
BSCs. The device operates in the test mode.

boundary-control-register scan

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This
operation must be performed before a boundary-run test operation to specify which test operation is to
be executed.
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boundary-control-register opcode description

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation
of each BCR instruction and illustrate the associated PSA and PRPG algorithms.

Table 4. Boundary-Control Register Opcodes

BINARY CODE
BIT2-BITO DESCRIPTION
MSB - LSB

X00 Sample inputs/toggle outputs (TOPSIP)
X01 Pseudo-random pattern generation/16-bit mode (PRPG)
X10 Parallel-signature analysis/16-bit mode (PSA)
o1 Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) ‘
m Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT)

In general, while the control input BSCs (bits 37-32) are not included in the sample, toggle, PSA, PRPG, or
COUNT algorithms, the output-enable BSCs (bits 37-36 of the BSR) do control the drive state (active or high
impedance) of the selected device output terminals. These BCR instructions are valid only when the device is
operating in one direction of data flow (that is, OEAB = OEBA). Otherwise, the bypass instruction is operated.

PSA input masking

Bits 10~3 of the BCR specify device input terminals to be masked from PSA operations. Bit 10 selects masking
for device input pin A8 during A-to-B data flow or for device input pin B8 during B-to-A data flow. Bit 3 selects
masking for device input terminals A1 or B1 during A-to-B or B-to-A data flow, respectively. Bits intermediate
to 10 and 3 mask corresponding device input terminals in order, from most significant to least significant, as
indicated in Table 3. When the mask bit that corresponds to a particular device input has a logic 1 value, the
device input pin is masked from any PSA operation, i.e., the state of the device input pin is ignored and has no
effect on the generated signature. Otherwise, when a mask bit has a logic 0 value, the corresponding device
input is not masked from the PSA operation.

sample inputs/toggle outputs (TOPSIP)

Data appearing at the selected device input terminals is captured in the shift-register elements of the selected
BSCs on each rising edge of TCK. This data is updated in the shadow latches of the selected input BSCs and
applied to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected output BSCs
is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated device
output terminals on each falling edge of TCK.
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pseudo-random pattern generation (PRPG)

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge
of TCK, updated in the shadow latches, and applied to the associated device output terminals on each falling
edge of TCK. This data also is updated in the shadow latches of the selected input BSCs and applied to the
inputs of the normal on-chip logic. Figures 5 and 6 show the 16-bit linear-feedback shift-register algorithms
through which the patterns are generated. An initial seed value should be scanned into the BSR before
performing this operation. A seed value of all zeroes does not produce additional patterns.

A8l A7-l A6- A5l A4l A3l A2-] Al

HO-OHH -y

—Pe D+ —(PDe——

=

@ B :)D_ B8-O B7-0 B6-O B5-0 B4-0 B3-O B2-O0

Figure 5. 16-Bit PRPG Configuration (OEAB = 1, OEBA = 1)
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o

B8l B7- B6-I B5-1 B4-l B3-1 B2-|

@ @ De—o

@ :)D_ " A8-O0 A7-0 A6-O A5-0 A4-O A3-0 A2-0 A1-0

Figure 6. 16-Bit PRPG Configuration (OEAB = 0, OEBA = 0)
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parallel-signature analysis (PSA)

Data appearing at the selected device input terminals is compressed into a 16-bit parallel signature in the
shift-register elements of the selected BSCs on each rising edge of TCK. This data is updated in the shadow
latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow
latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 7 and 8 show
the 16-bit linear-feedback shift-register algorithms through which the signature is generated. An initial seed
value should be scanned into the BSR before performing this operation.

[O— MASKX

=
®- D>

A8 A7-l A6-l A5-l A4l A3l A2-l At-l

B8-O B7-0 B6-0 B5-O B4-0 B3-0 B2-O B1-0

Figure 7. 16-Bit PSA Configuration (OEAB = 1, OEBA = 1)

B8- B7- B6-I B5-1 B4-| B3 B2- B1-|

BB £

D D

AB-O A7-0 A0 A50 A4O0 A30 A20  A1O
Figure 8. 16-Bit PSA Configuration (OEAB = 0, OEBA = 0)
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simultaneous PSA and PRPG (PSA/PRPG)

Data appearing at the selected device input terminals is compressed into an 8-bit parallel signature in the
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same
time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output BSCs
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output
terminals on each falling edge of TCK. Figures 9 and 10 show the 8-bit linear-feedback shift-register algorithms
through which the signature and patterns are generated. An initial seed value should be scanned into the BSR
before performing this operation. A seed value of all zeroes does not produce additional patterns.

A8l A7-l A6- A5-| A4l A3l A2 Al

@ ) :)D— B8-O B7-0 B6-0 B5-0 B4-0 B3-0 B2-0 B1-O

Figure 9. 8-Bit PSA/PRPG Configuration (OEAB = 1, OEBA = 1)

@=fj»

MASKX

ABO A7-0 AGO A5-0 A4O  A3-0 A20  A10
Figure 10. 8-Bit PSA/PRPG Configuration (OEAB = 0, OEBA = 0)
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simultaneous PSA and binary count up (PSA/COUNT)

Data appearing at the selected device input terminals is compressed into an 8-bit parallel signature in the
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same

time,

an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output BSCs

on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output
terminals on each falling edge of TCK. In addition, the shift-register elements of the opposite output BSCs count
carries out of the selected output BSCs extending the count to 16 bits. Figures 11 and 12 show the 8-bit
linear-feedback shift-register algorithms through which the signature is generated. An initial seed value should
be scanned into the BSR before performing this operation.

Ag-l A7l A6-l A5-l A4-| A3l A2 At-l

MASKX

LsB

o QE0OO

B&-O BT-O B6-O  B5-O B3.0 B2O0  B1-0
Figure 11. 8-Bit PSA/COUNT Configuration (OEAB = 1, OEBA = 1)

MASKX

LSB

& 000000

A7-0 A5-0 A3-0 A2-0 A1-0
Figure 12. 8-Bit PSA/COUNT Configuration (OEAB = 0, OEBA = 0)
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timing description

Alltest operations of the "ABT8652 are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output terminals on the
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 2) by changing the
value of TMS on the falling edge of TCK and then applying a rising edge to TCK.

A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details

the operation of the test circuitry during each TCK cycle.

Table 5. Explanation of Timing Example

TCK TAP STATE
CYCLE(S) | AFTERTCK DESCRIPTION
" TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controlier toward
1 Test-Logic-Reset | o desired state. )
2 Run-Test/Idle
3 Select-DR-Scan
4 Select-IR-Scan
5 Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the
apiure Capture-IR state.
6 Shift-IR TDO becomes active and TD! is made valid on the falling edge of TCK. The first bit is shifted into the TAP
on the rising edge of TCK as the TAP controller advances to the next state.
One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value
7-13 Shift-IR 11111111 is serially scannedinto the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned
i out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-1R.
14 Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.
15 Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK.
16 Select-DR-Scan
The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the
17 Capture-DR Capture-DR state.
18 Shift-DR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP
on the rising edge of TCK as the TAP controller advances to the next state.
19-20 Shift-DR The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO.
21 Exit1-DR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK.
22 Update-DR In general, the selected data register is updated with the new data on the falling edge of TCK.
23 Select-DR-Scan
24 Select-IR-Scan
25 Test-Logic-Reset | Test operation completed
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Figure 13. Timing Example

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage 1ange, VoG < v vv v e e i e, -05Vto7V
Input voltage range, Vi: exceptl/Oports (seeNote 1) ..., -05Vto7V
O ports (see Note 1) ..o i et -05Vio5.5V

Voltage range applied to any output in the high state or power-off state, Vo ............ ..—05Vtob55V
Current into any output in the low state, |g: SN54ABT8652 ............. e e . 96 mA
SN74ABTBB52 .....ccoiiiiiiieiiiiiinienannes 128 mA

Input clamp current, K (V1<0) ooninei e e e -18 mA
Output clamp current, lok (VO <0) - onvntnt it e et -50 mA
Maximum package power dissipation at T = 55°C (in still air) (see Note 2): DL package ........... 0.7W
DW package ....... L 1TW

Storage temperature range, Tgg - -+ «vverrrrenan e —-65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils.
Formoreinformation, referto the Package Thermal Considerations application notein the ABT Advanced BiCMOS Technology Data

Book, literature number SCBD002.
recommended operating conditions (see Note 3)

SN54ABT8652 | SN74ABT8652 UNIT
MIN  MAX MIN  MAX
Vce Supply voltage 45 55 4.5 55 \
VIH  High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \%
V' Input voltage 0 Vce 0 Vce \
IoH High-level output current -24 -32| mA
loL Low-level output current 48 64| mA
At/Av  Input transition rise or fall rate 10 10| ns/V
TA Operating free-air temperature -55 125 —40 85 °C
NOTE 3: Unused pins (input or I/O) must be held high or low to prevent them from floating.
{f
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electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

Ta =25°C SN54ABT8652 | SN74ABT8652
PARAMETER TEST CONDITIONS UNIT
. MIN TYPt MAX MIN  MAX MIN  MAX
VIK Vee =45V, l|=-18 mA -1.2 -1.2 -1.2 \%
Vec=45V, loH =-3mA 2.5 2.5 2.5
Ve =5V, loH=-3mA 3 3 3
VoH \
IoH =24 mA 2 2
Voo =45V
loH = -32mA 2" 2
loL = 48 mA 0.55 0.55
VoL Voo =45V \
loL =64 mA 0.55* 0.55
CLK, OEAB
SERE - +1 +1 +1
I OEBA, S, TCK [veg =55V, V| =V or GND pA
A or B ports +100 1100 +100
{IT%] TDI, TMS Vcc=55V, Vi=Vce 10 10 10] pA
L TDI, TMS Vecc =55V, V) = GND -40 -160 -40 -160 —40 -160| pA
lozut Ve =55V, Vo=27V 50 50 50| pA
lozi* Veg =55V, Vo=05V -50 -50 -50| pA
lozpPu Vcc=0t02V,Vo=05Vor27V +50 150 50| pA
lozPD Vec=2Vto0,Vo=05Vor27Vv +50 150 150 pA
loff Vee =0, ViorVp<4.5V +100 +100| pA
ICEX I Outputs high Vec =55V, Vo=55V 50 50 50 pA
108 Vcc =55V, Vo=25V -50 -100 -180 -50 -180 ~50 -180| mA
Veg =55V, Outputs high 0.9 2 2 2
Icc A or B ports lo=0, Outputs low 30 38 38 38 mA
Vi=VocorGND - 'outputs disabled 0.9 2 2 2
Vgcc =5.5V,0Oneinputat3.4V,
aigct Other inputs at Vg or GND 15 15 15) mA
(o] Control inputs | Vj=25Vor0.5V 3 . pF
Cio A or B ports Vo=25Vor05V 10 pF
Co TDO Vo=25Vor05V 8 pF

* On products compliant to MIL-PRF-38535, this parameter does not apply.

t Al typical values are at Vg = 5 V.

 The parameters IozH and lozy include the input leakage current.

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second.

1 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vg or GND.
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timing requirements over recommended ranges of sugply voltage and

operating free-air

temperature (unless otherwise noted) (normal mode) (see Figure 14)
SN54ABT8652 | SN74ABT8652 UNIT
MIN  MAX MIN  MAX
folock  Clock frequency CLKAB or CLKBA 0 100 0 100 | MHz
tw Pulse duration CLKAB or CLKBA high or low 3 3 ns
tsu Setup time A before CLKABT or B before CLKBAT 5.1 45 ns
th Hold time A after CLKABT or B after CLKBAT 05 0 ns

timing requirements over recommended ranges of supply voltage and

operating free-air

" temperature (unless otherwise noted) (test mode) (see Figure 14)

SN54ABT8652 | SN74ABT8652 UNIT
MIN  MAX MIN MAX
felock _ Clock frequency TCK 0 50 [ 50 | MHz
tw Pulse duration TCK high or low 5 5 ns
A, B, CLK, OEAB, 5E_BK, or S before TCKT 51 5
tsu Setup time TDI before TCKT 6 6 ns
TMS before TCKT 6 6
A, B, CLK, OEAB, OEBA, or S after TCKT 06 0
th Hold time TDI after TCKT 0.9 0 ns
TMS after TCKT 0.9 0
tq Delay time Power up to TCKT 50* 50 “ ns
tr Rise time Ve power up 1" 1 us
* On products compliant to MIL-PRF-38535, this parameter is not production tested.
‘5 TEXAS
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (hormal mode) (see Figure 14)

SN54ABT8652
FROM TO Vee =5V,
PARAMETER (INPUT) (OUTPUT) Ta=25°C mn  max | UNT
MIN  TYP MAX

fmax CLKAB or CLKBA 100 130 100 MHz
t 2 37 51 2
PLH AorB BorA 8 ns
tPHL 15 35 44| 15 58
tPLH : 25 44 5.3 25 63| -

CLKAB or CLKBA BorA ns
tPHL 25 43 54| 25 67
[ 2 48 6.1 2 7
PLH SAB or SBA BorA > ns
tPHL 2 4.7 6.7 2 7.8
tpzH — BorA 17 44 54 1.7 67|

r ns

tpzL OEAB or OEBA 2 52 62 2 76
t — 2 59 69 2 83
PHZ OEAB or OEBA BorA ns
tpLz 2 52 62 2 78

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (normal mode) (see Figure 14)

SN74ABT8652
: FROM TO Vec=5V,
PARAMETER (INPUT) (OUTPUT) T = 25°C mn  max| UNT
MIN TYP MAX
fmax CLKAB or CLKBA 100 130 100 MHz
t 2 37 45 2 52
PLH AorB BorA ns
tPHL 15 35 44| 15 55 :
tPLH 25 44 53| 25 6
CLKAB or CLKBA BorA ns
tPHL 25 43 52| 25 62
t 2 48 6 2 7.
PLH SAB or SBA BorA 31 s
tPHL 2 4.7 5.9 2 74
tpzH 2 4.4 5.4 2 6.5
BorA ns
tpzL OEAB or OEBA 2 52 6.2 2 75
t _ 2 59 69 2 - 79
PHZ OEAB or OEBA BorA ns
tpLZ 2 52 6.2 2 74
‘V TEXAS
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (test mode) (see Figure 14)

SN54ABT8652
FROM TO Vec=5V,
PARAMETER (INPUT) (OUTPUT) Ta =25°C MmN max | UNT
MIN  TYP MAX

fmax TCK 50 90 50 MHz
¢ 3.5 8 102 3. 137

PLH TOKL AorB S ns
tPHL 3 7.7 9 3 12

I 25 4.3 5.5 25 7

PLH TCKL TDO ns
tPHL 2.5 4.2 5.5 25 7

I{ 4.5 8.2 9.5 43 125

PZH TCKL AorB ns
tpzL 4.5 9 105| 45 135

I{ 25 4.3 5.5 2.5 7

PZH TCKL TDO ns
tpzL 25 49 6| 25 75

t 3.5 84 129 3.5 14

fHE TCKL AorB ns
tpLZ 3 8 105 3 135

t 3 5.9 7 3 9

PHZ TCKL TDO ns
tpLz 3 5 65 3 8

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (test mode) (see Figure 14)

SN74ABT8652
FROM 10 , Vec=5V,
PARAMETER (INPUT) (OUTPUT) Ta = 25°C min max | UNT
MIN _TYP MAX

max_ TCK 50 90 50 MHz
t 35 8 95| 385 12
PLH TCKL AorB ns
PHL 3 77 9 3 15
T 25 43 55| 25 65
PLH TCKL TDO ns
tPHL 25 4.2 5.5 25 6.5
1 45 82 95| 45 12
£z TCKL AorB ns
tpzL 4.5 9 10.5 45 13
t . R X . R
PZH oKL 00 2543 65| 25 65|
tpzL 25 4.9 6 25 7
T 35 84 105| 35 135
PHZ TCKY AorB ns
tpLz 3 8 105 3 13
N 3 s .
PHZ TCKL TDO 59 ! 3 85 e
tpLz 3 5 65| 3 75
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’ PARAMETER MEASUREMENT INFORMATION

o7V
o
From Output Open TEST 81
Under Test GND
CL =50 pF tPLH;‘PHL O:SH
L= tpL2/tPZL
(see Note A) tpHZ/tPZH Open
LOAD CIRCUIT
Timing Input _>(1 5V *Y
ming Inpu )
1\— ov
v e
t th
| | 3v | | .
Input 1.5V 15V | I
- * Data Input X1.5 v X1 S5V
ov oV
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PULSE DURATION SETUP AND HOLD TIMES
3V 3v
Input 15V 15V Output )(1.5 v 15V
Control
] ] oV ; —HI — I ov
| i le—p— ¢ PZL
tPLH —¢—P, | 'PHL | iz = |
| i~ —— Vo Wave tput PLZ 79 r_ 35V
Output | 15V | 15V aveform S 15V | e 403V
siat7v oL+03V
| | VoL (see Note B) Il LtHz ¥ fe- o
toHL —¢—)| ¢~ tPLH tpzH | |

Qutput |

| ! VoH /——{ v sy VOH
Waveform 2 VOH~-03V
Output 1.5V 1.5V 1 at Open 15V oy

——= VoL (see Note B)

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING

NOTES: A. Ct includes probe and jig capacitance.

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, ty < 2.5 ns, tf < 2.5 ns.

D. The outputs are measured one at a time with one transition per measurement.

Figure 14. Load Circuit and Voltage Waveforms
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© Members of the Texas Instruments SN54ABT8952. .. JT PACKAGE .
SCOPE™ Famlly of Testability Products 3N74ABTB952&6:\';|2$)°W PACKAGE
® Compatible With the IEEE Standard
e 1660 LTAD| Tst AccesPort e _owoell; Tahouar
CLKENAB[|2  27[] CLKENBA
© Functionally Equivalent to 'BCT2952 and OEAB[l3 26[) OEBA
’ABT2952 in the Normal-Function Mode
Atlla  2s]lB1
® SCOPE ™ Instruction Set A2(ls 24]] B2
® |EEE Standard 1149.1-1990 Required A3[ls 23[1 B3
Instructions, Optional INTEST, CLAMP, and GND[}7 22]] B4
HIGHZ A4l 21fI Ve
© Parallel-Signature Analysis at Inputs With A5lle  20[IB5
Masking Optlon Asl10  19flB6
® Pseudo-Random Pattern Generation From ﬁgE :; :3 % g;
Outputs t00[13  16f] TDI
© Sample Inputs/Toggle Outputs ™s1s  1s[Tck
® Binary Count From Outputs
® Even-Parity Opcodes SN54ABT8952. . . FK PACKAGE
© Two Boundary-Scan Cells Per /O for (TOP VIEW)
Greater Flexibility o
oo Owo
@ State-of-the-Art EPIC-IIB™ BICMOS Design MOOMMm>mm
Significantly Reduces Power Dissipation L4"—3"-2-"T"2—8"-2—;t;é
® Package Options Include Shrink oesalls ° 25[]B7
Small-Outline (DL) and Plastic CIKENBA {1 6 24[] B8
Small-Outline (DW) Packages, Ceramic ckBall 7 23[] 7D
Chip Carriers (FK), and Standard Ceramic cLkas [l 8 22[] TCK
DIPs (JT) CIKENAB [] ¢ 21[J TMS
OEAB[] 10 20[] TDO
description ALl 19[] A8
12 1314 15 16 17 18
The 'ABT8952 scan test devices with octal [ carrl
registered bus transceivers are members of the 222932288
Texas Instruments SCOPE™  testability o

integrated-circuit family. This family of devices
supports IEEE Standard 1149.1-1990 boundary
scan to facilitate testing of complex circuit-board
assemblies. Scan access to the test circuitry is
accomplished via the 4-wire test access port
(TAP) interface.

In the normal mode, these devices are functionally equivalent to the 'BCT2952 and 'ABT2952 octal registered
bus transceivers. The test circuitry can be activated by the TAP to take snapshot samples of the data appearing
at the device pins or to perform a self-test on the boundary-test cells. Activating the TAP in normal mode does
not affect the functional operation of the SCOPE™ octal registered bus transceivers.

SCOPE and EPIC-IIB are trademarks of Texas Instruments Incorporated.

Copyright © 1996, Texas Instruments Incorporated

UNLESS OTHERWISE NOTED this document contains PRODUCTION

D:;rdkﬂmmaﬂon current g of publcaton cta Product corfom o w On products compitant to MIL-PRF-38535, all parameters are tested
8 lons per the 8 of Texas instrumen waimanty. T unfess otherwise noted. On all other ucts, production
ke does not y Include testing of all l EXAS procsssing does not necessarily lndudohﬂwm all paprameim.
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description (continued)

Data flow in each direction is controlled by clock (CLKAB and CLKBA), clock-enable (CLKENAB and
CLKENBA), and output-enable (OEAB and OEBA) inputs. For A-to-B data flow, A-bus data is stored in the
associated registers on the low-to-high transition of CLKAB, provided that CLKENAB is low. Otherwise, if
CLKENAB is high or CLKAB remains at a static low or high level, the register contents are not changed. When
OEAB is low, the B outputs are active. When OEAB is high, the B outputs are in the high-impedance state.
Control for B-to-A data flow is similar to that for A-to-B, but uses CLKBA, CLKENBA, and OEBA.

In the test mode, the normal operation of the SCOPE™ registered bus transceivers is inhibited, and the test
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry
performs boundary-scan test operations as described in IEEE Standard 1149.1-1990.

Four dedicated test pins control the operation of the test circuitry: test data input (TDI), test data output (TDO),
test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing functions
such as parallel signature analysis (PSA) on data inputs and pseudo-random pattern generation (PRPG) from
data outputs. All testing and scan operations are synchronized to the TAP interface.

The SN54ABT8952 is characterized for operation over the full military temperature range of -55°C to 125°C.
The SN74ABT8952 is characterized for operation from —40°C to 85°C.

FUNCTION TABLET
{normal mode, each register)
INPUTS OuTPUT
OEAB CLKENAB CLKAB A B
L L T L L
L L T H H
L H X X Bp
L X L X Bo
H X X X z

T A-to-B data flow is shown; B-to-A data flow is similar
but uses OEBA, CLKENBA, and CLKBA.

3-102
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functional block diagram

Boundary-Scan Register
oEBA 28 >—-1 =
CLKENBA -2L >-—-
cLkBea 28 >—
OEAB -"——D—
2
CLKENAB .+ |
CLKAB ‘————D—
MUX > C1
e ™| |
1 —11D
!— 1
4
Al —
2 B
C1g— | 'mux
G1[—
1D 7
7]
One of Eight Channels
L el
Bypass Register L
Boundaq-Conliol
Register
Vee | .
13 TDO
DI 16 - Instruction Register
Vce
14 J
™S >*
TAP
15 \ Controller
TCK >

Pin numbers shown are for the DL, DW, and JT packages.
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Terminal Functions

TERMINAL
NAME DESCRIPTION
A1-A8 Normal-function A-bus I/O ports. See function table for normal-mode logic.
B1-B8 Normal-function B-bus I/O ports. See function table for normal-mode logic.
CLKAB, CLKBA Normal-function clock inputs. See function table for normal-mode logic.
CLKENAB, CLKENBA | Normal-function clock-enable inputs. See function table for normal-mode logic.
GND Ground
OEAB, OEBA Normal-function output-enable inputs. See function table for normal-mode logic.
TCK Test clock. One of four pins required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK.
Test data input. One of four pins required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data
TDI through the instruction register or selected data register. An internal pullup forces TDI to a high level if left
unconnected.
TDO Test data output. One of four pins required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data
through the instruction register or selected data register.
™S Test mode select. One of four pins required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP
controller states. An internal pullup forces TMS to a high level if eft unconnected.
Voo Supply voltage
‘V TEXAS
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test architecture

Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The
TAP controller monitors two signals from the test bus, namely TCK and TMS. The TAP controller extracts the
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram.

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully
one-half of the TCK cycle.

The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan
architecture and the relationship among the test bus, the TAP controller, and the test registers. As illustrated,
the device contains an 8-bit instruction register and three test-data registers: a 38-bit boundary-scan register,
an 11-bit boundary-control register, and a 1-bit bypass register.

&

Test-Logic-Reset Y

TMS=H T™MS=L
~ TMS=H TMS =H TMS =H
Run-Testidle = Select-DR-Scan Select-IR-Scan
TMS=L ™S =L ™S=L
y

L TMS=H TMS=H
Capture-DR Capture-IR >
™S =L ™S=L
[\. Shift-DR ——bun-m /\
™S =L T™MS=L
T™MS =H

TMS=H

™S =H L—\L TMS = H
e B

TMS =L TMS=L
Y
Pause-DR > Pause-IR
TMS =L TMS =L
TMS =H i

TMS=H
TMS =L TMS=L
ExIt2-DR Exit2-IR

10

| TMS =H T™MS =H
‘—mte-mi > Update-IR
TMS=H TMS =L TMS = H T™MS =L

Figure 1. TAP-Controller State Diagram

*!? TExXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3-105



SN54ABT8952, SN74ABT8952
SCAN TEST DEVICES WITH
OCTAL REGISTERED BUS TRANSCEIVERS

SCBS121D - AUGUST 1992 — REVISED JULY 1996

state diagram description

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device.
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller
proceeds through its states based on the level of TMS at the rising edge of TCK.

As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in
the state diagram) and ten unstable states. A stable state as a state the TAP controller can retain for consecutive
TCK cycles. Any state that does not meet this criterion is an unstable state.

There are two main paths through the state diagram: one to access and control the selected data register and
one to access and control the instruction register. Only one register can be accessed at a time.

Test-Logic-Reset

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data
registers also can be reset to their power-up values.

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left
unconnected or if a board defect causes it to be open circuited.

For the *ABT8952, the instruction register is reset to the binary value 11111111, which selects the BYPASS
instruction. Each bit in the boundary-scan register is reset to logic 0 except bits 37-36, which are reset to logic 1.
The boundary-control register is reset to the binary value 00000000010, which selects the PSA test operation
with no input masking.

Run-Test/Idle

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans.
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle.

The test operations selected by the boundary-control register are performed while the TAP controller is in the
Run-Test/ldle state.

Select-DR-Scan, Select-IR-Scan

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or
instruction-register scan.

Capture-DR

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the
Capture-DR state, the selected data register can capture a data value as specified by the current instruction.
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the
Capture-DR state.

Shift-DR

Upon entry to the Shift-DR state, the data register is placed in the scan path between TD! and TDO and, on the
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic
level present in the least-significant bit of the selected data register.

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle.
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR).
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state.
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Exit1-DR, Exit2-DR

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register.

On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the
high-impedance state.

Pause-DR

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data.

Update-DR

If the current instruction calls for the selected data register to be updated with current data, then such update
occurs on the falling edge of TCK, following entry to the Update-DR state.

Capture-IR

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state.

For the 'ABT8952, the status value loaded in the Capture-IR state is the fixed binary value 10000001.
Shift-IR

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and,
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to
the logic level present in the least-significant bit of the instruction register.

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state.

Exit1-IR, Exit2-IR

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register.

On the first falling edge of TCK after entry to Exiti-IR, TDO goes from the active state to the
high-impedance state.

Pause-IR

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss
of data.

- Update-IR

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the
Update-IR state.
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register overview

With the exception of the bypass register, any test register can be thought of as a serial-shift register with a
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register
can be parallel loaded from a source specified by the current instruction. During the appropriate shift state
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from
the shift register.

instruction register description

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information
contained in the instruction includes the mode of operation (either normal mode, in which the device performs
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation
to be performed, which of the three data registers is to be selected for inclusion in the scan path during
data-register scans, and the source of data to be captured into the selected data register during Capture-DR.

Table 3 lists the instructions supported by the 'ABT8952. The even-parity feature specified for SCOPE™ devices
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for
SCOPE™ devices but are not supported by this device default to BYPASS.

During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated,
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2.

Bit7
TDI —»{ Parlty |—»1 BIt6 |—»| Bits§ [—»] Bit4 [—»{ BIt3 —»] Bit2 |—» Bit1 [—» Bito —» TDO
(MSB) (LSB)

Figure 2. Instruction Register Order of Scan
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data register description

boundary-scan register

The boundary-scan register (BSR) is 38 bits long. It contains one boundary-scan cell (BSC) for each
normal-function input pin and two BSCs for each normal-function I/O pin (one for input data and one for output
data). The BSR is used 1) to store test data that is to be applied internally to the inputs of the normal on-chip
logic and/or externally to the device output pins, and/or 2) to capture data that appears internally at the outputs
of the normal on-chip logic and/or externally at the device input pins.

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The
contents of the BSR can change during Run-Test/ldle as determined by the current instruction. At power up or
in Test-Logic-Reset, the value of each BSC is reset to logic 0 except BSCs 37-36, which are reset to logic 1.

The BSR order of scan is from TDI through bits 37-0 to TDO. Table 1 shows the BSR bits and their associated

device pin signals.

Table 1. Boundary-Scan Register Configuration

BSRBIT DEVICE BSR BIT DEVICE BSRBIT DEVICE BSR BIT DEVICE BSR BIT DEVICE
NUMBER | SIGNAL | NUMBER | SIGNAL | NUMBER | SIGNAL | NUMBER | SIGNAL | NUMBER | SIGNAL
37 OEAB 31 A8-| 23 A8-O0 15 B8-I 7 B8-O
36 OEBA 30 A7-l 22 A7-0 14 B7-1 6 B7-0
35 CLKAB 29 A6-1 21 A6-0 13 B6-1 5 B6-O
34 CLKBA 28 A5l 20 A5-0 12 B5-1 4 B5-0
33 CLKENAB 27 Ad-l 19 A4-0 1 B4-l 3 B4-0
32 CLKENBA 26 A3-l 18 A3-0 10 B3-I 2 B3-0
— — 25 A2-| 17 A2-0 9 B2-1 1 B2-0
— — 24 Al 16 A1-0 8 B1-l 0 B1-O
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boundary-control register

The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to
implement additional test operations notincluded in the basic SCOPE ™ instruction set. Such operationsinclude
PRPG, PSA with input masking, and binary count up (COUNT). Table 4 shows the test operations that are
decoded by the BCR.

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is
reset to the binary value 00000000010, which selects the PSA test operation with no input masking.

The BCR order of scan is from TDI through bits 10-0 to TDO. Table 2 shows the BCR bits and their associated
test control signals.

Table 2. Boundary-Control Register Configuration

TEST

BCRBIT | ooyrmoL | BOREM | ourroL | BORBM | o JCro
SIGNAL SIGNAL SIGNAL

10 . MASKs8 6 MASK4 2 OPCODE2
9 MASK7 5 MASK3 1 OPCODET1

8 MASK6 4 MASK2 0 OPCODEOD
7 MASK5 3 . MASK1 -_ —_

bypass register

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path,
thereby reducing the number of bits per test pattern that must be applied to complete a test operation.

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in
Figure 3. :

0l ——»{ BIt0 |—» TDO

Flgure 3. Bypass Register Order of Scan
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instruction-register opcode description

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of
each instruction.

Table 3. Instruction-Register Opcodes

ARY CODET

BB s BT 0 SCOPE OPCODE DESCRIPTION S e MODE

MSB — LSB

00000000 EXTEST/INTEST Boundary scan Boundary scan Test
10000001 BYPASST - Bypass scan Bypass Normal
10000010 SAMPLE/PRELOAD Sample boundary Boundary scan Normal
00000011 INTEST/EXTEST Boundary scan Boundary scan Test
10000100 BYPASSE Bypass scan Bypass Normal
00000101 BYPASSt Bypass scan Bypass Normal
00000110 HIGHZ Control boundary to high impedance Bypass Modified test
10000111 CLAMP Control boundary to 1/0 Bypass Test
10001000 BYPASSH Bypass scan Bypass Normal
00001001 RUNT Boundary run test Bypass Test
00001010 READBN Boundary read Boundary scan Normal
10001011 READBT Boundary read Boundary scan Test
00001100 CELLTST Boundary self test Boundary scan Normal
10001101 TOPHIP Boundary toggle outputs Bypass Test
10001110 SCANCN Boundary-control register scan Boundary control Normal
00001111 SCANCT Boundary-control register scan Boundary contro! Test
All others BYPASS Bypass scan Bypass Normal

1 Bit 7 is used to maintain even parity in the 8-bit instruction.
1 The BYPASS instruction is executed in lieu of a SCOPE ™ instruction that is not supported in the ’ABT8952.

boundary scan

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is -
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logicis captured in the output BSCs. Data that has been scanned
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into
the output BSCs is applied to the device output pins. The device operates in the test mode.

bypass scan

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in the normal mode.

sample boundary

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the
normal mode.
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control boundary to high impedance

This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device
operates in a modified test mode in which all device I/0 pins are placed in the high-impedance state, the device
input pins remain operational, and the normal on-chip logic function is performed.

control boundary to 1/0

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is
selected inthe scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device
output pins. The device operates in the test mode.

boundary run test

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during
Run-Test/ldle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP),
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up
(PSA/COUNT).

boundary read

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This
instruction is useful for inspecting data after a PSA operation.

boundary self test

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR.
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and
shadow-latch elements of the BSR. The device operates in the normal mode.

boundary toggle outputs

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of
TCKin Run-Test/Idle, updated in the shadow latches, and applied to the associated device output pins on each
falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and is applied to the
inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in the input BSCs.
The device operates in the test mode.

boundary-control-register scan

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This
operation must be performed before a boundary run test operation to specify which test operation is to be
executed.
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boundary-control register opcode description

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation
of each BCR instruction and illustrate the associated PSA and PRPG algorithms.

Table 4. Boundary-Control Register Opcodes

BINARY CODE
BIT2-BITO DESCRIPTION
MSB - LSB

X00 Sample inputs/toggle outputs (TOPSIP)
X01 Pseudo-random pattern generation/16-bit mode (PRPG)
X10 Parallel-signature analysis/16-bit mode (PSA)
011 Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG)
m Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT)

In general, while the cc .. ol input BSCs (bits 37-32) are not included in the sample, toggle, PSA, PRPG, or
COUNT algorithms, the vutput-enable BSCs (bits 37-36 of the BSR) do control the drive state (active or high
impedance) of the selected device output pins. These BCR instructions are valid only when the device is
operating in one direction of data flow (that is, OEAB = OEBA). Otherwise, the bypass instruction is operated.

PSA input masking

Bits 10-3 of the BCR specify device input pins to be masked from PSA operations. Bit 10 selects masking for
device input pin AL during A-to-B data flow or for device input pin B8 during B-to-A data flow. Bit 3 selects
masking for device input pins A1 or B1 during A-to-B or B-to-A data flow, respectively. Bits intermediate to 10
and 3 mask corresponding device input pins in order from most significant to least significant, as indicated in
Table 3. When the mask bit that corresponds to a particular device input has a logic 1 value, the device input
pin is maskad from any PSA operation, i.e., that the state of the device input pin is ignored and has no effect
on the generated signature. Otherwise, when a mask bit has a logic 0 value, the corresponding device input
is not masked from the PSA operation.

sample inputs/toggle outputs (TOPSIP)

Data appearing at the selected device input pins is captured in the shift-register elements of the selected BSCs
on each rising edge of TCK. This data is updated in the shadow latches of the selected input BSCs and applied
to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected output BSCs is
toggled on eachrising edge of TCK, updated in the shadow latches, and applied to the associated device output
pins on each falling edge of TCK.
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pseudo-random pattern generation (PRPG)

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge
of TCK, updated in the shadow latches, and applied to the associated device output pins on each falling edge
of TCK. This data also is updated in the shadow latches of the selected input BSCs and applied to the inputs
of the normal on-chip logic. Figures 4 and 5 illustrate the 16-bit linear-feedback shift-register algorithms through
which the patterns are generated. An initial seed value should be scanned into the BSR before performing this
operation. A seed value of all zeroes does not produce additional patterns.

A8-| ATl A6-| A5-| A4l A3-l A2-] At
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Figure 4. 16-Bit PRPG Configuration (OEAB = 0, OEBA = 1)
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Figure 5. 16-Bit PRPG Configuration (OEAB=1, OEBA = 0)
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parallel-signature analysis (PSA)

Data appearing at the selected device input pins is compressed into a 16-bit parallel signature in the
shift-register elements of the selected BSCs on each rising edge of TCK. This data is updated in the shadow
latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow
latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 6 and 7
illustrate the 16-bit linear-feedback shift-register algorithms through which the signature is generated. An initial
seed value should be scanned into the BSR before performing this operation.

MASKX

A8l

A7l A6- AS-l A4l A3-l

B8-O B7-0 B6-O B5-0 B4-0 B3-0 B2-O0 B1-0

Figure 6. 16-Bit PSA Configuration (OEAB = 0, OEBA = 1)

A8-O A7-0 A6-O A5-0 A4-0

Figure 7. 16-Bit PSA Configuration (OEAB = 1, OEBA = 0)
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simultaneous PSA and PRPG (PSA/PRPG)

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same
time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output BSCs
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins
on each falling edge of TCK. Figures 8 and 9 illustrate the 8-bit linear-feedback shift-register algorithms through
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before
performing this operation. A seed value of all zeroes does not produce additional patterns.

A8-l A7l A6-l AS5-| A4l A3l A2-l A1l

MASKX

@ ) :)D- B8-0 B7-0 B6-O B5-0 B4-0 B3-O B2-O B1-0

Figure 8. 8-Bit PSA/PRPG Configuration (OEAB = 0, OEBA = 1)

MASKX

D A8-O A7-0 A6-0 A5-0 A4-O A3-0 A2-0 A1-0

Figure 9. 8-Bit PSA/PRPG Conflguration (OEAB = 1, OEBA = 0)
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simultaneous PSA and binary count up (PSA/COUNT)

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same
time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output BSCs
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins
on each falling edge of TCK. In addition, the shiit-register elements of the opposite output BSCs count carries
out of the selected output BSCs extending the count to 16 bits. Figures 10 and 11 illustrate the 8-bit
linear-feedback shift-register algorithms through which the signature is generated. An initial seed value should
be scanned into the BSR before performing this operation.

MASKX

MASKX

o> 2000

A8-l A7-1 A6-l A5l A4-l A3-l A2 A1l

LsB

B7-0 B6-O B5-0 B4-O B3-O B2-O0 B1-0

Figure 10. 8-Bit PSA/COUNT Configuration (OEAB = 0, OEBA = 1)

490

o 0000000

LSB

A7-0 A6-0 A3-0 A2-0 A1-0

Figure 11. 8-Bit PSA/COUNT Configuration (OEAB = 1, OEBA = 0)

‘Vf TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75266 3-117



SN54ABT8952, SN74ABT8952
SCAN TEST DEVICES WITH
OCTAL REGISTERED BUS TRANSCEIVERS

SCBS121D ~ AUGUST 1992 — REVISED JULY 1996

timing description

Alltest operations of the 'ABT8952 are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs
is captured on the rising edge of TCK. Data appears on th