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Test-Bus Controller SN74ACT8990

Peter Forstner Standard Linear & Logic

ABSTRACT

This application report describes IEEE Std 1149.1 test-bus controller (TBC) SN74ACT8990
from Texas Instruments (TIO). The first part explains the architecture and operation of the
TBC; the second part uses examples to explain the programming procedure.
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1 Introduction

There has been a dramatic increase in the complexity of electronic systems as a result of
advances in the integration of semiconductors, the introduction of new packaging techniques
[surface-mount device (SMD)], and the consequent use of double-sided circuit boards. However,
increased component density on circuit boards presents challenges to testability because the
number of necessary test vectors increases out of proportion with complexity. By using nail-bed
adapters, it is possible to partition the system to be tested, thereby reducing significantly the
number of test vectors, although high SMD component density on double-sided boards reduces
the number of possible contact areas for nail-bed adapters. Therefore, the escalating problems
of testability can be solved only with a completely new concept.

In 1985, leading electronic manufacturers founded the Joint Test Action Group (JTAG) to
develop a new and cost-effective test concept. The result of this was IEEE Std 1149.1. This
standard requires the use of special test circuits at the inputs and outputs of selected
semiconductor components, together with logic to control such test circuits. A 4-wire serial test
bus combines the test circuits into a complete test group that is controlled via the test bus. In this
way, with only four lines, the complete system can be partitioned and tested.

Tl application report EB193 describes these test methods in detail, and presents

IEEE Std 1149.1-compatible system controllability observability partitioning environment
(SCOPEL) bus drivers from TI. Application report EB203 assumes an understanding of test
methods compliant to IEEE Std 1149.1.

The control of an IEEE Std 1149.1-compatible test system usually is performed by a computer.
TBC SN74ACT8990, which can be connected to a computer like a normal interface circuit,
completely controls the IEEE Std 1149.1 test bus (see Figure 1). The computer first configures
the TBC, then loads in parallel the test commands and test vectors. The TBC transfers these
commands and vectors to the system, thereby generating the signal sequence required by
IEEE Std 1149.1. The processor can read the result in parallel from the TBC, after the test data
has addressed the logic to be tested. This application report describes the operation of the TBC,
and explains the programming procedure with examples.

TEST TEST

DEVICE DEVICE

[ B f2
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DAIA TEST TZ‘: ™ rex T O ™ 1ok g9

BUS 3 ) 3 §

PROCESSOR |"A00RESS } CONTROLLER |Tuis | |
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Figure 1. Test System With TBC SN74ACT8990

SCOPE is a trademark of Texas Instruments.
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To reduce the applications work by the user needed to control IEEE Std 1149.1-compatible test
systems, Tl offers the computer program Advanced Support System for Emulation and Test
(ASSETD) together with a plug-in computer board. TBC SN74ACT8990 is used on this board.
ASSET allows easy development of test programs for which the user needs no understanding of
the function of the TBC. First, a library with the IEEE Std 1149.1-compatible circuits that are to
be used must be assembled. A library with all standard TI components is supplied. Then, the
complete system to be tested must be described with components from the library. After the
system description, ASSET needs only the test vectors before testing can begin. This system
also is suited ideally to supporting the circuit designer during the test phase.

If built-in self-test (BIST) is to be incorporated into an electronic system, TBC SN74ACT8990, in
combination with the scan-path selector SN74ACT8999 and a microprocessor, provides an ideal
basis (see Figure 2). The main computer can give the microprocessor the signal to start BIST
via the IEEE Std 1149.1 test bus. The result of the self-test is communicated from the
microprocessor to the main computer.

BOARD #1 BOARD #2
| ]
TEST TEST
DEVICE DEVICE
AN o I O I AN o I Y
¥ ;_BIST CONTROLLER| [} ;'BIST CONTROLLER
TEST | TEST |
DEVICE I PROCESSOR DEVICE | PROCESSOR
12 | 2 *1 |
' I | I
TEST | TBC TEST | 18C
DEVICE 1 DEVICE l
13 ! 3 |
) ! ) i
TEST { TEST l
DEVICE : SPS DEVICE l SPS
L | LA |
| !
L L
- 0
™S
PROCESSOR DS 18C |
™

Figure 2. System With Built-In Self-Test (BIST)

If a large system is composed of several subsystems, it is advantageous to have BIST in each
subsystem. The self-test then can be implemented simultaneously in all subsystems, resulting in
significant reduction of test time.

This is one of the cases in which direct programming of the TBC is necessary, and in which this
application report is intended to give assistance.

ASSET is a trademark of Texas Instruments.
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2.1

Hardware

TBC SN74ACT8990 provides the interface between a processor and the IEEE Std 1149.1 test
bus. Both interfaces can be operated asynchronously, that is, the clock of the computer does not
need to be synchronized with the test clock TCK.

Processor Interface
The processor interface consists of the following:

e 5-bit address bus (A0-A4)
e 16-bit data bus (D0-D15)
» Read line (RD)

« Write line (WR)

 Status line (RDY)
 Interrupt line (INT)

The TBC is connected to the processor like a normal interface circuit, whereby the address
decoder can be implemented as PAL (see Figure 3). Clock signal TCLK is buffered in the TBC,
then transferred to the test system as the TCK signal, which can be derived from an
independent clock generator or the processor clock, or be provided from the test system.

l DATA BUS I
/\ /\,
P 9 ADDRESS BUS rd I
P CONTROL
RD W L » 7D W oY
PROCESSOR MEMORY ADDRESS T8C
DECODER [P WRive 1ok 1o 1o TOF [@TCLK

il

Figure 3. Connection of the TBC to a Microprocessor

Test-Bus Controller SN74ACT8990 5



{'f TEXAS
SCAA044 INSTRUMENTS

Five address lines can be used to address 24 internal registers:

e Ten control registers

e Two command registers

* Six registers to control internal counters
e Four status registers

* One register for transmit data

e One register for receive data

Sixteen registers can be read and overwritten, seven are readable only, and one register can
only be written to. The remaining eight potential registers are not occupied. Section 3,
Programming, gives details of the registers. The timing of a write cycle is shown in Figure 4, and
a read cycle is shown in Figure 5.

ADRS4-0 X‘Lo“d oddress><
DATA15-0 X valia dota X

_
recovery time for recovery time
previous operations of this write

Figure 4. Timing Diagram of Processor Interface When Writing

ADRS4-0 X volid address X
S\
DATA15-0 — valid data ),

™ NIV —
Fov \ /N

recovery time for recovery time of this
previous operations read if from read buffer

Figure 5. Timing Diagram of Processor Interface When Reading
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2.2 Test Bus Interface
According to IEEE Std 1149.1, the test bus interface consists of:
* One test pulse input (TCKI)
* One test pulse output (TCKO)
* One test data output (TDO)
* Two test data inputs (TDIO, TDI1)
* Two test mode select outputs (TMSO, TMS1)

* Four lines, which can be used as further TMS outputs (TMS2-TMS5), or can be
programmed as event inputs/outputs (EVENTO-EVENT3)

* One line, test bus off (TOFF), to reset all test outputs to a high-resistance state

* One input, test bus reset (TRST), to reset the TBC and all test circuits. The use of this input
is optional because the TBC and the test systems have a software reset.

Figure 6 shows the connection of an IEEE Std 1149.1 test system to the TBC. Here, only one
TMS signal is needed so that ,in this case, all four event inputs/outputs (EVENTO-EVENT3) are

available. Because signals TMS2—-TMS5 use the same lines as event inputs/outputs, the

number of available event inputs/outputs is reduced if more than two test systems are connected
to the TBC (see Figure 7).
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Figure 6. Connection of a IEEE Std 1149.1 Test Bus to the TBC

Test-Bus Controller SN74ACT8990 7
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Figure 7. Connection of Two IEEE Std 1149.1 Test Buses to the TBC
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The TDO of several test systems can be connected in parallel and to a TDI input of the TBCs
because they are active only during the shift operation (SHIFT-DR, SHIFT-IR) and are otherwise
in a high-impedance state. If the test bus signals must be buffered (see Figure 8), the TDO
output of the test system can no longer be in the high-impedance state. For this eventuality, two
test data inputs (TDIO, TDI1) are available.
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Figure 8. Connection of Several IEEE Std 1149.1 Test Buses to the TBC,

With Buffering of the Test Bus Signal

Test-Bus Controller SN74ACT8990 9
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2.3 Architecture
Figure 9 shows the block diagram of the TBC, consisting of six functional blocks:
* Sequence block
e Serial block
e Event block
e Counter block
e Command block
e Host block
4
> evenT COUNTER COMMAND
<: BLOCK BLOCK BLOCK
[ READ DATA BUS ﬁ {}IJ
TMS5-2 L{) LA L]
EVENT3—0 WRITE_DATA BUS |
ST I 1
7 @—  SERIAL 16
T™MS1-0 <F SEBOL%ECNKCE _—— BLOCK <¢5| DATA
DI -0 Y — o <\ ADDRESS
SO sLock [
TCKO & WR
TCKI > ROY
L WT
TRST >

10

Figure 9. Block Diagram of TBC SN74ACT8990
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2.3.1 Sequence Block

The sequence block (see Figure 10) traces the test system through the status diagram (see
Figure 21). During this process, the actual status of the test system is always known. The
signals TMS, TDO, and TDI are generated by the sequence block according to IEEE Std 1149.1.
During the SHIFT-DR and SHIFT-IR states, it uses the serial data out (SDO) data from the serial
block to generate the TDO signal. Additionally, the sequence block transfers the TDI received
data over the serial data in (SDI) line to the serial block.

Control TOFF
Signals from Requested

Stote —— Stote

Machines Logic Sequence Dos > ™0
Stotus ond - Generator
Control {
Signais for MS §:

Stotus O ~0 ™SO0
Registers ond g-—o\ O—— TMSH
Other Blocks

_ —g—o\o—-— ™S2
" —-&—o\o— ™S3
— U {§
oM | x - —O._ O—— TMS4
Seriol le—] Link | | —_lﬁo\o—— ™SS
Dato { Sequence Deloy
In ond Out | ==——— Acceptor / Logic Switches to Connecl ond
Disconnect TMS Signois Operoted by
1] the Connect Mode 5-0 Control Bits
o |, S TOI0
X <] TOI
h ‘—Link Deloy 4-0 Conlrol Bits ~—v—'
Connect Data t Control Bit ‘ Connect Data O Control Bit T
orget
Interfoce
"MS” is the mode source signol. Pins
"DMS’ is the deloyed~mode source signol.
"DOS" is the dota-out source signal.
DIS” is the dato—in source signol.

Figure 10. Sequence Block

These programming possibilities are important for the user:

e Choice of the TMS line to be used (TMS0-TMS5)

» Switching of all test bus lines into a high-resistance state
* Choice of the TDI line to be used

* Programmed delay of the test bus signals (link delay)

Test-Bus Controller SN74ACT8990 11
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The link-delay logic allows a simple way to account for flip-flop chains that are switched in the
signals TDO, TDI, and TMS between the TBC and the test board (see Figure 11). These
flip-flops can be used, for example, to synchronize signals coming from long lines from the TBC

SN74ACT8990 to test boards.

TCKH—> TCK
- r;— 0 D O 14
™S : =2 _’_El—ﬂ ™S
TBC TARGET
D0 e oo o o D fo o TOI
e | TH ] [Fee] (e
! = fo o fo o} 0 [o TDO
TRST +pe | e | e | e TRST
; >
TEST RESET

Test-Bus Controller SN74ACT8990

Figure 11. Link-Delay Logic
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2.3.2

Serial Block

An understanding of the operation of the serial block is an important requirement for the
application of the TBC (see Figure 12). The serial block supplies the commands and data that
are sent to the IEEE Std 1149.1-compatible test boards in the SHIFT-IR and SHIFT-DR states.
In the same way, it collects the bits that are read back from the TDO output of the test board.

Internat

Read Dato
Bus
163
Read
Seriol Buffer
iol
Length (two words deep)
Control Bit 16 $
| Recd Tronsfer Function I
" 16 $ B:circulolc
a
v 16-Bit Shifter—FIF ]——
16-Bit Shifter—FIFO I_ X 58t Shifter-FIFO
? T Overwrite Dota 10
t | R
. Outstanding Write Tronsfer Functiion ' MUX
Seriol Dato In Bit 16$ Write Buffer
from TDI1-0 Pins Counter wei 1-0
rite
Via Sequencer Buffer
ol
Block (two words deep) Serial Dolo Out
\% $ to TDO Pins Vio
in Counter Block 1 Sequencer
Internal Block

Write Dota
Bus

Figure 12. Serial Block

The SDO passes through the following sequence block to reach the test board as the TDO
signal. The SDO signal can be chosen from the following via the multiplexer MUX2:

e SDO data derives from the WRITE BUFFER.

e Die SDO data derives from the SHIFTER-FIFO.
e SDO data consists only of ones.

* SDO data consists only of zeros.

The microprocessor writes data and commands into the WRITE BUFFER, which are sent to the
test board via the SDO output. This WRITE BUFFER consists of two 16-bit registers. If the
computer writes a 16-bit word into the first register, this register can be shifted out immediately
via SDO. In the meantime, it is possible to write the next 16-bit word into the second register.
The functional control of the register — that is, which register is transferring data and which can
be addressed by the computer — is automatically performed by the TBC. The user must only
request, via a status register, how many registers of the WRITE BUFFER are empty.

The write transfer function allows the user to choose whether the WRITE BUFFER should be
shifted to the right, i.e., starting with the least significant bit (LSB), or to the left, i.e., beginning
with the most significant bit (MSB).

Test-Bus Controller SN74ACT8990 13
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The TDI receiver data from the test board first pass through the sequence block, and then are
shifted over the SDI into the SHIFTER-FIFO. The SHIFTER-FIFO is a shift register, whose
length can be programmed to 16 bits or 32 bits with the help of the multiplexer MUX1. After
reset, the SHIFTER-FIFO is loaded with 1s. All bits that leave the SHIFTER FIFO during a shift
process are stored in the READ BUFFER.

The READ BUFFER, like the WRITE BUFFER, consists of two 16-bit registers. The operation is
similar to that of the WRITE BUFFER; the only difference is that the data flow is in the reverse
direction, i.e., the processor reads the data. The processor can determine via a register how
many registers of the READ BUFFERSs contain data. Because, as explained previously, the
SHIFTER-FIFO is loaded with 1s on reset, the first bits that the computer reads from the READ
BUFFER are 16 or 32 1s, depending on length to which the SHIFTER-FIFOs have been
programmed. Only then will the first bits arrive from the TDI input.

The bit-by-bit transfer of data from the SHIFTER-FIFO to the READ BUFFER is performed by
the read transfer function. It allows the user the following programs:

e Bits are transferred from the right into the WRITE BUFFER, with the first transmitted bit as
LSB in the WRITE BUFFER.

* Bits are transmitted from the right into the WRITE BUFFER, with the last transmitted bit as
LSB in the WRITE BUFFER.

Event Block

With the help of the event block, external events can be used to influence the test program, or
transferred to the control computer from the event block as an interrupt. The operation of the
event block is only of interest to those users who want to control the test program in accordance
with events. If no such control is required, the following section can be skipped.

Figure 13 shows the block diagram of the event block inputs. Each input has its own event
detector, which reacts on recognizing predetermined events. In addition, the two 16-bit backward
counters (COUNTER20 and COUNTER21) are available to count events (see Figure 15). These
counters also can be configured as two combined 16-bit counters (see Figure 16) and as a
32-bit counter (see Figure 17). The multiplexers of the event blocks allow the programming of a
variety of different functions.

Test-Bus Controller SN74ACT8990
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Figure 13. Inputs of the Event Block

For example, the EVENTO input can be switched directly to the event detector by use of the
multiplexer MUX 0. The EVENT DETECTOR 0 is programmed to recognize a particular event,
e.g., the arrival of a rising pulse edge. It is, however, also possible to count events that occur at
the EVENTO input only with COUNTERZ20. After the counter of the COUNTER UPDATE register
of the counter blocks (see Figure 18) has been loaded with the required value, on arrival of an
event at the EVENTO input it will be decremented by one. At the zero crossing of COUNTER20,
the event detector activates its output.

The control computer has no direct access to COUNTER20 and COUNTER21; however, the
COUNTERZ2 UPDATE register can be written to from the control computer. If COUNTER20 and
COUNTERZ21 are loaded in parallel, this always takes place with the value in the COUNTER2
UPDATE register.

The output circuit of the event block is shown in Figure 14. For each output, two latches are
available. One latch stores the required output level, the second latch allows the driver to switch
into a high-resistance state and, therefore, to configure the connection as an input.

Test-Bus Controller SN74ACT8990 15
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Figure 14. Outputs of the Event Block

COUNTER20 and COUNTER21 can be configured as follows:

e COUNTER20 and COUNTER21 work as separate 16-bit counters.

e COUNTER20 and COUNTER21 work as combined 16-bit counters. In this case, both
counters are implemented as separate 16-bit counters, but COUNTER20 is loaded from the
COUNTER UPDATE register until COUNTER21 has the first zero crossing. In this case, two
events control the event recognition. For example, it can be programmed so that the first
event must occur 55 times, and then the second event 12,345 times, before the event

detector responds.

* Both counters are connected together to make a 32-bit counter (COUNTER?2).

Test-Bus Controller SN74ACT8990
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Figure 15. COUNTER20 and COUNTER21 Configured as Separate 16-Bit Counters

Figure 16. COUNTER20 and COUNTERZ21 Configured as Combined 16-Bit Counters
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Figure 17. COUNTER20 and COUNTER21 Configured as One 32-Bit Counter (COUNTER?2)

2.34

Counter Block

The part of the counter block (see Figure 18) that is relevant for the user consists of:

COUNTER1 UPDATE register
32-bit backwards counter (COUNTER1)
COUNTER1 CAPTURE register

Counter 1 Logic
F-——T—T—TT=T77—77 77~ A
| 1
: Update 1-0 Registers : LsB
| 37 | Counter Logic
1 |
| 1 To
I 32-8Bit Counter 1 { f———— Serial
| | Block
I Si'f ! Outstanding
I | Bit
: Copture 1-0 Registers : Counter Logic
| |
L e _ - J

Figure 18. Counter Block
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COUNTERU1 is used to count the SHIFT-DR, SHIFT-IR, and RUN-TEST/IDLE states. Also, it is
possible to use it to count events. For this purpose, however, COUNTER20 and COUNTER21
are primarily available.

The control computer has no direct access to COUNTER1; it can only write into the
COUNTER1 UPDATE register and read the COUNTER1 CAPTURE register. If COUNTERL1 is
loaded in parallel, this always is done with the value of the COUNTER1 UPDATE register. The
actual count state of COUNTER1 can be copied parallel into the COUNTER1 CAPTURE
register. From there, the actual count state can pass to the controlling computer.

2.3.5 Command Block

The command block contains two command registers (MAJOR COMMAND and

MINOR COMMAND) (see Figure 19). In addition, all status registers are part of this block. The
command block, with the command decode logic, controls the command process, with no
intervention required by the user.

To
From To/From Host Block
Event Block Serial Block Stotus Logic
Major Command Logic
e —————— = I Fe———t——=—=

_',lsn 3 dl.', I
S‘!’o:e 3&’&%’; . —|-¢| Interrupt Flogs I
Serial Control

! ! ond I
I | Stotus Logic |

| |
Commond ng:(l: &3{{,‘.’;’,‘,‘;" StotusO Register
Decoder | —of | 1
Logic | |
: sgl(mecl‘m:hhc ] Stotus1 Register

. - Counter Controf

10l

and
- Stotus Logic
,leor ngmmond |._. Stotus2 Register
L e e ]
: !

To/From _ To/From
Sequencer Counter Block
Block

Figure 19. Command Block
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Host Block

The tasks of the host block include data-bus signal conditioning, decoding addresses and

control lines, and conditioning interrupts for the control computer. In addition, the host block
includes the reset logic and the buffering of the test pulse TCK. This block also performs its
functions with no intervention required by the user.

Write
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Read
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Write
Decodes
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Interrupt
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Interrupt
Enables

Synchronous
Softwore Reset
Asynchronous
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One Host Block
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Programming

The control computer has access to the functions of the TBC using 24 registers, which are listed
in Table 1. The ten control registers configure the TBC. The 32-bit command register is made up

of a combination of the MAJOR COMMAND and MINOR COMMAND registers. With the

MAJOR COMMAND register, presets of the commands are implemented, while the MINOR

COMMAND register controls the execution; the commands are started, interrupted, or

terminated. With the four COUNTER UPDATE and two CAPTURE registers, the counters of the

event block and the counter block are controlled. The internal state of the TBC can be

ascertained over three STATUS registers. The READ BUFFER and WRITE BUFFER are used

to exchange data between the test board and the controlling computer.

Table 1. Registers of TBC SN74ACT8990

ADR Register Name Application Access
00 CONTROLO Interrupt Control Bits Read/Write
01 CONTROL1 Special Function for Production Test Read/Write
02 CONTROL2 TMSO .. TMS5 Connections Read/Write
03 CONTROL3 TMS/EVENT Function, Read/Write

TDO on/off, TMS/TCK Data Format
04 CONTROL4 Delay, Read/Write
Data Format of TDI and TDO pins
05 CONTROLS EVENT pins Data Output and Direction Read/Write
06 CONTROL6 Event Choice of EVENT0/1 Inputs Read/Write
07 CONTROL? Event Choice of EVENT2/3 inputs Read/Write
08 CONTROLS8 COUNTER1 Control Read/Write
09 CONTROLS COUNTER2 Control Read/Write
0A MINOR COMMAND Replace Interrupt Flag Bits, Read/Write
Contro! of Test Run,
Read Status, load counters and count,

Software RESET

0B MAJOR COMMAND STATE Command, Read/Write
EXECUTE Command,

SCAN Command
0C COUNTER1 UPDATEQ COUNTER1 Lower Value Word Read/Write
0D COUNTER1 UPDATE1 COUNTER1 Higher Value Word Read/Write
OE COUNTER2 UPDATEQ COUNTER2 Lower Value Word Read/Write

or COUNTER20
OF COUNTER2 UPDATE" COUNTER2 Higher Value Words Read/Write

or COUNTER21
10 STATUSO Internal States Read only
11 STATUS1 External Signals and Requests Read only
12 STATUS2 State of test board and Buffer Read only
13 STATUS3 not used Read only
14 CAPTUREQ COUNTER1 Lower Value Word Read only
15 CAPTURE1 COUNTER1 Higher Value Word Read only
16 READ BUFFER Input Buffer for TDI Read only
17 WRITE BUFFER Output Buffer for TDO Write only

Test-Bus Controller SN74ACT8990 21
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Registers

In this section, the individual bits of all registers of the TBC are presented in tables. The table

heading includes the register name and a short description of the register function. Within the

tables, all bits are described individually. The bit numbers are assembled in groups of four bits
each to simplify the presentation in hexadecimal form.

o Register function Register Name
Description of bits Bit Number
Interrupt Control bits CONTROLO
EVENTO'generates an interrupt: 0
0: No
1. Yes ¥
EVENT1 generates an interrupt: 1
0: No
1: Yes
EVENT2 generates an interrupt: 2
0: No
1: Yes

Test-Bus Controller SN74ACT8990
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CONTROLO

Interrupt Control bits CONTROLO
EVENTO generates an interrupt: 0
0: No
1. Yes
EVENT1 generates an Interrupt: 1
0: No
1: Yes
EVENT2 generates an Interrupt: 2
0: No
1: Yes
EVENTS3 generates an interrupt: 3
0: No
1: Yes
The COUNTER1 EXECUTE Flag generates an Interrupt: 4
0: No
1. Yes
The COUNTER1 SCAN Flag generates an Interrupt: 5
0: No
1. Yes
NULL 76
The SUSPEND Flag generates an Interrupt: 8
0: No
1. Yes
The END Flag generates an Interrupt: 9
0: No
1. Yes
The RESUME Flag generates an Interrupt: A
0: No
1: Yes
The BEGIN SCAN Flag generates an Interrupt: B
0: No
1. Yes
The BUFFER ERROR Flag generates an Interrupt: C
0. No
1. Yes
The BUFFER READY Flag generates an Interrupt: D
0: No
1. Yes
The ABORT Flag generates an Interrupt: E
0. No
1. Yes
The FINISH Fiag generates an Interrupt: F
0: No
1. Yes

Test-Bus Controller SN74ACT8990 23



SCAA044

{'f TEXAS
INSTRUMENTS

CONTROL1

Special Functions for Production Test

CONTROL1

Each Bit:
0: Normal operation
1. Test operation for Production Test

3210

Not used

7554

Each Bit:
0: Normal operation
1. Test operation for Production Test

BA9S

Not used

FED

When using the SN74ACT8990 as controller of a test bus according to IEEE Std 1149.1, all bits
of these registers must be set to zero by the user. With the help of these registers, the
manufacturer can switch various parts of the component into test operation during production
test. This allows a comprehensive, but simple, functional examination of the internal circuitry.

CONTROLZ

24

TMSO0 .. TMS5 Connections

CONTROL2

TMSO is connected with internal TMS source:
0: No
1. Yes

TMS1 is connected with internal TMS source:
0: No
1. Yes

TMS2 is connected with internal TMS source:
0: No
1. Yes

TMS3 is connected with internal TMS source:
0: No
1. Yes

TMS4 is connected with internal TMS source:
0: No
1. Yes

TMSS5 is connected with internal TMS source:
0: No
1. Yes

NULL

FEDC

BA98 |76

The component generates a TMS signal internally. This signal can be extracted at the pins
TMSO0-TMS5. All TMS pins that are not connected to the internal TMS source remain in a static

State.
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CONTROL3

Function of the TMS/EVENT pins, CONTROL3
Data Format of the TMS and TCK pins
TMS2/EVENTO: 0
0: EVENT Input or Output
1: TMS2 Output
TMS3/EVENT1: 1
0. EVENT Input or Output
1. TMS3 Output
TMS4/EVENT2: 2
0: EVENT Input or Output
1. TMS4 Qutput
TMSS5/EVENTS: 3
0: EVENT Input or Output
1. TMS5 Output
TCKO on/off: 4
0: TCKO Output is switched on
1. TCKO Output is switched off
TDO on/off: 5
0: TDO Output is switched on
1. TDO Output is switched off
TMS on/off: 6
0: all TMS Outputs are switched on
1. all TMS OQutputs are switched off
EVENT on/off: 7
0. all EVENT Outputs are switched on
1. all EVENT Outputs are switched off
Output Bit Format: BA98
0000: for operation to IEEE 1149.1
else; for operation with special TI components
TCKO Output signal if TCKO Bit D is set to 1. C
0. static O-signal
1. static 1-signal
TCKO Data Format: D
0. TCKO is connected with internal TCK source
1. static signal
NULL FE
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Delay, Data Formats of TDI and TDO Pins

CONTROL4

Delay:

00000 to 11111:  with these bits, the LINK DELAY
Registers can be set to a delay from
0 to 31 bits length.

4

3210

SHIFTER-FIFO Length:
0. 16 bits
1. 32 bits

TDI Selection:

00,

01: The internal TDO signal is the source for the
internal signal TDI

10: The TDIO Input is the source for the internal signal
TDI

11: The TDI1 Input is the source for the internal signal
TDI

76

TDO Sending Data:
00: TDO sends O's
01: TDO sends 1's
10: TDO sends data of the SHIFTER-FIFO
11. TDO sends data of the WRITE BUFFER

98

READ BUFFER on/off:
0: The received data is ignored after flowing through
the SHIFTER-FIFO
1. The received data is transferred to the READ
BUFFER after flowing through the SHIFTER-FIFO

Transfer Format:
0. At data transfer, the LSB is always sent/received
first
1. At data transfer, the MSB is always sent/received
first

TDI Data Transfer:
0: TDI Data Transfer on leading edge
1. TDI Data Transfer on trailing edge

EVENT Data Transfer:
0. EVENT Data Transfer on leading edge
1. _EVENT Data Transfer on trailing edge

NULL

FE
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CONTROLS

EVENT Pins Output Data and Direction of Flow CONTROL5
EVENTO Output Data: 0
0: O-Level

1. 1-Level
EVENT1 Output Data; 1
0: O-Level

1: 1-Level
EVENT2 Output Data: 2
0: O-Level

1. 1-Level
EVENT3 Output Data: 3
0: O-Level

1. 1-Level
NULL 7654

EVENTO Data Flow Direction: 8
0: EVENTO is an input
1: EVENTO is an output
EVENT1 Data Flow Direction: 9
0: EVENT1 is an input
1. EVENT1 is an output
EVENT2 Data Flow Direction: A
0. EVENT2 is an input
1. EVENTZ2 is an output
EVENT3 Data Flow Direction: B
0: EVENT3 is an input
1. EVENT3 is an output
NULL FEDC
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Event Choice at the EVENTO0/1 Inputs

CONTROLS6

EVENTO sets the SUSPEND REQUEST Flag:
0: No
1. Yes

EVENTO sets the END REQUEST Flag:
0: No
1. Yes

EVENTO sets the RESUME REQUEST Flag:
0: No
1. Yes

EVENTO sets the BEGIN REQUEST Flag:
0: No
1. Yes

EVENTO is synchronous or asynchronous:
0: The recognition of the EVENTO is asynchronous
1._The recognition of the EVENTQ is synchronous

EVENTO Masking:
0: The recognition of the EVENTO always occurs
1: No EVENTO recognition during CAPTURE-DR,
SHIFT-DR, EXIT1-DR, PAUSE-DR, EXIT2-DR,
CAPTURE-IR, SHIFT-IR, EXIT1-IR, PAUSE-IR,
EXIT2-IR

Asynchronous EVENTO recognition:
00: Trailing Edge at Input EVENTO
01: Leading Edge at input EVENTO
10: Zero passing of COUNTER20
11: Zero passing of COUNTER21

Synchronous EVENTO recognition of 2 successive TCK

edges:

00: 1-Level --> O-Level
01: O-Level --> 1-Level
10: O-Level --> O-Level
11: 1-Level --> 1-Level

76

EVENT1 sets the SUSPEND REQUEST Flag:
0: No
1: Yes

EVENT1 sets the END REQUEST Flag:
0: No
1: Yes

EVENT1 sets the RESUME REQUEST Flag:
0: No
1: Yes

EVENT1 sets the BEGIN REQUEST Flag:
0. No
1: Yes

EVENT1 is synchronous or asynchronous:
0: The recognition of the EVENT1 is asynchronous
1. The recognition of the EVENT1 is synchronous

EVENT1 Masking:
0: The recognition of the EVENT1 always occurs
1. No EVENT1 recognition during CAPTURE-DR,
SHIFT-DR, EXIT1-DR, PAUSE-DR, EXIT2-DR,
CAPTURE-IR, SHIFT-IR, EXIT1-IR, PAUSE-IR,
EXIT2-IR
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CONTROLG6 (Continued)

Asynchronous EVENT1 recognition: FE
00: Trailing Edge at input EVENT1
01: Leading Edge at input EVENT1
10: Zero passing of COUNTER20
11: Zero passing of COUNTER21
Synchronous EVENT1 recognition of 2 successive TCK
edges:
00: 1-Level --> O-Level
01: 0O-Level --> 1-Level
10: O-Level --> O-Level
11: 1-Level --> 1-Level
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Event Choice of the EVENT2/3 Inputs

CONTROL7

EVENT2 sets the SUSPEND REQUEST Flag:
0: No
1. Yes

EVENT2 sets the END REQUEST Flag:
0: No
1. Yes

EVENT2 sets the RESUME REQUEST Flag:
0: No
1: Yes

EVENT2 sets the BEGIN REQUEST Flag:
0: No
1. Yes

EVENT2 is synchronous or asynchronous:
0: The recognition of the EVENT2 is asynchronous
1. The recognition of the EVENT2 is synchronous

EVENT2 Masking:
0: The recognition of the EVENT2 always occurs
1. No EVENT2 recognition during CAPTURE-DR,
SHIFT-DR, EXIT1-DR, PAUSE-DR, EXIT2-DR,
CAPTURE-IR, SHIFT-IR, EXIT1-IR, PAUSE-IR,
EXIT2-IR

Asynchronous EVENT2 recognition:
00: Trailing Edge at input EVENT2
01: Leading Edge at input EVENT2
10: Zero passing of COUNTER20
11: Zero passing of COUNTER21

Synchronous EVENT2 recognition of 2 successive TCK

edges:

00: 1-Level --> Q-Level
01: O-Level --> 1-Level
10: O-Level --> O-Level
11: 1-Level --> 1-Level

76

EVENTS3 sets the SUSPEND REQUEST Flag:
0. No
1. Yes

EVENTS3 sets the END REQUEST Flag:
0: No
1. Yes

EVENTS3 sets the RESUME REQUEST Flag:
0: No
1. Yes

EVENTS3 sets the BEGIN REQUEST Flag:
0: No
1. Yes

EVENTS3 is synchronous or asynchronous:
0: The recognition of the EVENT3 is asynchronous
1. The recognition of the EVENT3 is synchronous

EVENT3 Masking:
0: The recognition of the EVENT3 always occurs
1. No EVENT3 recognition during CAPTURE-DR,
SHIFT-DR, EXIT1-DR, PAUSE-DR, EXIT2-DR,
CAPTURE-IR, SHIFT-IR, EXIT1-IR, PAUSE-IR,
EXIT2-IR
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CONTROL?7 (Continued)

asynchronous EVENTS3 recognition: FE
00: Trailing Edge at input EVENT3
01:. Leading Edge at input EVENT3
10: Zero passing of COUNTER20
11: Zero passing of COUNTER21
synchronous EVENT3 recognition of 2 successive TCK
edges:
00: 1-Level --> O-Level
01: O-Level --> 1-Level
10: O-Level --> O-Level
11: 1-Level --> 1-Level

CONTROLS8

COUNTER1 Control CONTROLS
COUNTER1 sets the SUSPEND REQUEST Flag during 0
Zero passing:
0: No
1. Yes
COUNTER1 sets the END REQUEST Flag during zero 1
passing:
0: No
1: Yes
COUNTER1 is loaded by the COUNTER1 UPDATE 2
Register during zero passing:
0: No
1. Yes
COUNTER 1 counts 54,3
000,
001: never.
010: the clock edge of TCK in RUN-TEST/IDLE state
during an EXECUTE command.
011: always when an EXECUTE command is executed.
100,
101: with the EVENT DETECTOR, which is selected with
Bits 7 and 6.
110: if an O-Level exists at the EVENT PIN selected by
Bits 7 and 6.
111: if an 1-Level exits at the EVENT PIN selected by
Bits 7 and 6.
COUNTER1 reacts on 76
00: EVENT DETECTORO or the input EVENTO
01: EVENT DETECTOR1 or the input EVENT1
10: EVENT DETECTOR?2 or the input EVENT2
11. EVENT DETECTORS or the input EVENT3
if the Bits 5 and 4 have the value 100,101,110 or 111. In
all other cases the value of these bits is without

significance.
not used FEDC | BA9S8
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COUNTER2 Control

CONTROL9Y

COUNTER?2 is loaded with an

000: O-Level at the EVENTO Input.
001: 1-Level at the EVENTO Input.
010: O-Level at the EVENT1 Input.
011: 1-Level at the EVENT1 Input.
100: O-Level at the EVENT2 Input.
101: 1-Level at the EVENT2 Input.
110: O-Level at the EVENT3 Input.
111: 1-Level at the EVENT3 Input.

210

COUNTER20 is loaded by the COUNTER2 UPDATEO
Register:

0. Yes

1: No

COUNTERZ20 is loaded during zero passing:
0: No
1. Yes

COUNTER20 counts

000: if there is a trailing edge at the input EVENTO.
001: if there is a leading edge at the input EVENTO.
010: if there is a trailing edge at the input EVENT1.
011: if there is a leading edge at the input EVENT1.
100: if there is a trailing edge at the input EVENT2.
101: if there is a leading edge at the input EVENT2.
110: if there is a trailing edge at the input EVENT3:
111: if there is a leading edge at the input EVENTS3.

765

COUNTERZ2 can be loaded by an
0: asynchronous signal at the EVENT input.
1:_synchronous signal at the EVENT input.

COUNTER20 and COUNTER21 work as

00: separate 16-Bit counters; only COUNTER20 can be
loaded by an asynchronous input signal.

01: separate 16-Bit counters; both counters can be
loaded by an asynchronous input signal.

10: two tied 16-Bit counter

11: one 32-Bit counter. This counter can be loaded by
an asynchronous input signal.

A9

COUNTER21 is loaded by the COUNTER2 UPDATE1
Register:

0. Yes

1. No

COUNTER21 is loaded at zero passing:
0: No
1. Yes

COUNTER21 counts

000: if there is a trailing edge at the input EVENTO.
001: if there is a leading edge at the input EVENTO.
010: if there is a trailing edge at the input EVENT1.
011: if there is a leading edge at the input EVENT1.
100: if there is a trailing edge at the input EVENT2.
101: if there is a leading edge at the input EVENT2.
110: if there is a trailing edge at the input EVENTS3.
111. if there is a leading edge at the input EVENT3.

FED
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MINOR COMMAND

Replace Interrupt Flag Bit 8 to 15 MINOR COMMAND
Set/Reset the Interrupt Flag Bit 8: 0
0: No
1: Yes
Set/Reset the Interrupt Flag Bit 9: 1
0: No
1: Yes
Set/Reset the Interrupt Flag Bit 10: 2
0. No
1: Yes
Set/Reset the Interrupt Flag Bit 11: 3
0: No
1. Yes
Set/Reset the Interrupt Flag Bit 12: 4
0: No
1: Yes
Set/Reset the Interrupt Flag Bit 13: 5
0: No
1. Yes
Set/Reset the Interrupt Flag Bit 14: 6
0: No
1: Yes
Set/Reset the Interrupt Flag Bit 15: 7
0. No
1. Yes
NULL BA98
0001: Reset the Interrupt Flag Bits 8 to 15 FEDC
0011: Set the Interrupt Flag Bits 8 to 15

Replace Interrupt Flag Bits 0 to 5 MINOR COMMAND
Set/Reset the Interrupt Flag Bit O: 0
0: No
1: Yes
Set/Reset the Interrupt Flag Bit 1: 1
0: No
1: Yes
Set/Reset the Interrupt Flag Bit 2: 2
0: No
1. Yes
Set/Reset the Interrupt Flag Bit 3: 3
0: No
1. Yes
Set/Reset the Interrupt Flag Bit 4: 4
0: No
1: Yes
Set/Reset the Interrupt Flag Bit 5: 5
0: No
1: Yes
NULL BA98 (76

0000: Reset the Interrupt Flag Bits 0 to 5 FEDC
0010: Set the Interrupt Flag Bits 0 to 5
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Controlling the Test Operation MINOR COMMAND
Set/Reset the SUSPEND REQUEST Flag: 0
0: No
1. Yes
Set/Reset the END REQUEST Flag: 1
0: No
1. Yes
Set/Reset the RESUME REQUEST Flag: 2
0: No
1. Yes
Set/Reset the BEGIN REQUEST Flag: 3
0: No
1. Yes
NULL 4
Enable start of an EXECUTE Command: 5
0: No
1. Yes
Canceling a SCAN or EXECUTE Command: 6
0: No
1. Yes
Enable start of a STATE, SCAN or EXECUTE Command: 7
0: No
1. Yes
NULL BA9S8

0100: Bits 0 to 3 reset the Flags FEDC
0101: Bits 0 to 3 set the Flags

Read status, load counter, and count MINOR COMMAND
Load COUNTER1 UPDATE into COUNTER1: 0
0: No
1. Yes
Count COUNTER1: 1
0: No
1. Yes
Load COUNTER1 into the CAPTURE status register: 2
0: No
1: Yes
NULL 3
Load COUNTER2 UPDATEOQ into COUNTER20: 4
0: No
1. Yes
Load COUNTER2 UPDATE1 into COUNTER21: 5
0: No
1: Yes
Refresh STATUSO, STATUS1 and STATUS2 registers: 6
0: No
1: Yes
NULL BA98 |7
0110: Read status, load counter, and count FEDC
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Software RESET MINOR COMMAND

Reset complete '"ACT8990: 0
0: No
1: Yes

Reset interrupt flags: 1
0. No
1. Yes

Reset READ BUFFER and WRITE BUFFER: 2
0: No
1. Yes

Reset REQUEST flags: 3
0. No
1. Yes

NULL BA98 [ 7654

0111: Reset the whole component FEDC

MAJOR COMMAND

STATE Command MAJOR COMMAND

New state after executing the command: 210
000,

001: TEST-LOGIC-RESET
010,

011: RUN-TEST/IDLE
100: SHIFT-DR

101: SHIFT-IR

110: PAUSE-DR

111: PAUSE-IR

NULL BA98 | 7654 |3

0001: STATE Command FEDC

The STATE command is used to set the test board into a new state. There is no other activity
during that command:

Event recognition, and all counters, are ignored.
COUNTER1 is ignored and does not count, even if the RUN-TEST/IDLE state occurs.

Data buffer is ignored and remains unchanged, even if a SHIFT-DR state or a SHIFT-IR
state occurs.

SHIFTER-FIFO is ignored and remains unchanged, even if a SHIFT-DR state or a SHIFT-IR
state occurs.

Execution of the command cannot be suspended.

To reach the new state, only the temporary states SELECT-DR-SCAN, CAPTURE-DR,
EXIT1-DR, UPDATE-DR, SELECT-IR-SCAN, CAPTURE-IR, EXIT1-IR, and UPDATE-IR are
used. The sole exception is the start of the TEST-LOGIC-RESET state. In this case, first
change to RUN-TEST/IDLE state. Only then will this procedure lead, exclusively, via
temporary states, to the new state.
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EXECUTE Command MAJOR COMMAND
New state after execution of command: 210
000,
001: TEST-LOGIC-RESET
010,
011: RUN-TEST/IDLE
100: SHIFT-DR
101. SHIFT-IR
110: PAUSE-DR
111. PAUSE-IR
States for execution and suspension of commands: 3

0: Execution of command in RUN-TEST/IDLE state
and suspension in PAUSE-DR state.

1. Execution of command in RUN-TEST/IDLE and
suspension of the execution of command in
PAUSE-IR state.

Suspension or Cancellation of Commands: 54

00,

01: During zero passing of COUNTER1 the execution
of command is suspended or cancelled.

10: The execution of the command is finished after the
EXECUTE state has been passed through once.
COUNTERT1 is not used.

11: The execution of the Command is cancelled after
the EXECUTE state has been passed once.
COUNTERH1 is not used.

Starting and executing the commands: 76

00,

01: The selected new state is controlled directly. This
case corresponds to the STATE COMMAND, but
can not be controlled by events.

10: The execution of the command is suspended
immediately after the start (SLEEP STATE)

11: The execution of command begins with it's start

SUSPEND and RESUME Flag: 8

0: If the execution of command is suspended, then the
SUSPEND flag is resetted, if the execution of the
command is resumed, then the RESUME flag is
Reset.

1. If the execution of the command is suspended or
resumed, then the SUSPEND flag as well as the
RESUME flag are reset.

NULL BA9

0010: EXECUTE command FEDC

Using the EXECUTE command, a defined number of RUN-TEST/IDLE cycles can be executed.
The execution of this command can be suspended and resumed.
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SCAN Command

MAJOR COMMAND

New state after executing the command:
000,

001: TEST-LOGIC-RESET

010,

011: RUN-TEST/IDLE

100: SHIFT-DR

101: SHIFT-IR

110: PAUSE-DR

111: PAUSE-IR

210

States for execution and suspension of commands:

0: Execution of command in SHIFT-DR state and
suspension of execution of command in PAUSE-DR
state.

1. Execution of command in SHIFT-IR state and
suspension of execution of command in PAUSE-IR
state.

Suspension and cancellation of commands:

00,

01: During zero passing of COUNTER1 the execution
of command is suspended or cancelled.

10: The execution of the command is finished, after the
EXECUTE state has been passed through once.
COUNTER1 is not used.

11: The execution of the command is cancelled, after
the EXECUTE state has been passed through once.
COUNTERA1 is not used.

54

NULL

BA9S

76

0011: SCAN Command

FEDC

Using the SCAN command, a defined number of SHIFT-DR cycles or SHIFT-IR cycles can be
executed. The execution of this command can be suspended and resumed.

COUNTER1 UPDATEO

COUNTER1 Lower Value Word

COUNTER1 UPDATEO

The lower value 16-Bit word of COUNTER1 can be loaded
with the contents of this register.

FEDC | BA98

7654

3210

COUNTER1 UPDATE1

COUNTER1 Higher Value Word

COUNTER1 UPDATE1

The higher value 16-Bit word of COUNTER1 can be
loaded with the contents of this register.

FEDC [ BA98

7654

3210

The 32-bit COUNTER1 is used for counting the numbers of shift operations with the SCAN
command in the SHIFT-DR state and the SHIFT-IR state. Additionally, it is used for counting the
RUN-TEST/IDLE cycles during an EXECUTE command. COUNTER1 also is able to count

events.
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COUNTERZ UPDATEO

COUNTER2 Lower Value Word COUNTER2 UPDATEO

or COUNTER20

The lower value 16-Bit Word of COUNTER2 or of | FEDC |BA98 |7654 13210
COUNTER20 can be loaded with the contents of this

register.

COUNTERZ2 UPDATE1

COUNTERZ2 Higher Value Word COUNTER2 UPDATE1

or COUNTER20

The higher value 16-Bit word of COUNTER2 or of |FEDC | BA98 | 7654 (3210

COUNTER21 can be loaded with the contents of this
register

Both COUNTER20 and COUNTER21 can be used as two independent 16-bit counters (see
Figure 15), two combined 16-bit counters (see Figure 16), or as one 32-bit counter
(COUNTER?2) (see Figure 17). In both cases, they can be used for counting events that occur at
the EVENTO-EVENT3 inputs.
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STATUSO

: internal States STATUSO
An event occurred at the EVENT DETECTORO: 0
0: No
1. Yes
An event occurred at the EVENT DETECTOR1: 1
0: No
1. Yes
An event occurred at the EVENT DETECTOR2: 2
0: No
1: Yes
An event occurred at the EVENT DETECTORS: 3
0. No
1. Yes
Zero passing of COUNTER1: 4
0: No
1: Yes
Zero passing of COUNTER1 during a SCAN command: 5
0: No
1. Yes
NULL 76

The execution of an EXECUTE command is suspended: 8
0: No
1. Yes
The execution of an EXECUTE Command is finished: 9
0: No
1. Yes
The execution of an EXECUTE Command is resumed: A
0: No
1. Yes
The execution of an EXECUTE Command is started: B
0: No
1. Yes
A failure occurred at the READ BUFFER or at the WRITE C
BUFFER:
0: No
1 Yes
The WRITE BUFFER is empty and the READ BUFFER is D
full:
0: No
1. Yes
Only buffers in use are addressed.
The execution of a command is cancelled: E
0: No
1. Yes
The execution of a command is finished: F
0: No
1. Yes
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External Signals and Requests

STATUS1

The Input signal EVENTO is an
0: O-Level
1: 1-Level

The Input signal EVENT1 is an
0: O-Level
1. 1-Level

The Input signal EVENT2 is an
0. O-Level
1: 1-Level

The Input signal EVENT3 is an
0. O-Level
1. 1-Level

NULL

7654

A request for suspending an EXECUTE Command exists:
0: No
1. Yes

A request for finishing an EXECUTE Command exists:
0: No
1: Yes

A request for resuming an EXECUTE Command exists:
0: No
1. Yes

A request for starting an EXECUTE Command exists:
0: No
1. Yes

NULL

DC

State of execution of a command:
0: The execution of an active command is suspended
or no command is in process.
1. An active command is in process or the process is
finishing.

A command is active:
0: No
1. Yes
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STATUSZ2

State of the Test Board and of the buffers

STATUS2

Actual state of Test Board:
0000,

0001: TEST-LOGIC-RESET
0010,

0011: RUN-TEST/IDLE
0100: SHIFT-DR

0101: SHIFT-IR

0110: PAUSE-DR

0111: PAUSE-IR

1000: Temporary state

3210

NULL

7654

WRITE BUFFER State:
00: both WRITE BUFFERSs are empty
01: not used
10: one WRITE BUFFER is empty, one is full
11: both WRITE BUFFERs are full

98

NULL

BA

READ BUFFER State:
00: both READ BUFFERs are empty
01: one READ BUFFER is empty, one is full
10: not used
11: both READ BUFFERSs are full

DC

NULL

FE

STATUS3

Not Used

STATUS3

NULL

FEDC | BA98 | 7654 [ 3210

CAPTUREO

COUNTER1 Low Value Word

CAPTUREQ

This register can be loaded with the lower value 16-Bit
Word of COUNTER1 and afterwards it can be read.

FEDC

BA98 | 7654

3210

CAPTURE1

COUNTER1 High Value Word

CAPTURE1

This register can be loaded with the higher value 16-Bit
Word of COUNTER1 and afterwards it can be read.

FEDC

BA98 | 7654

3210

The actual value of COUNTERL1 can be loaded into the CAPTUREO and CAPTUREL registers.
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READ BUFFER
Input Buffer for TDI READ BUFFER
16-Bit Receive Data FEDC | BA98 | 7654 [ 3210
WRITE BUFFER
Output Buffer for TDO WRITE BUFFER
16-Bit Transmission Data FEDC [ BA98 | 7654 [ 3210
3.2 Typical Programming Procedure

42

Using a test board according to IEEE Std 1149.1, the commands typically are sent first to the
test components with IR-SCAN, and the necessary test vectors communicated with subsequent
DR-SCANSs. Simultaneously, a DR-SCAN reads the system answer from the previous test
vector. For a test of the connecting lines, the following procedure is typical:

1.
2.
3.

5.

IR-SCAN: command EXTEST for all test components
DR-SCAN: shift first test vector in all test components

DR-SCAN: read system reply to the first test vector and shift second test vector to all test
components

DR-SCAN: read system reply to the second test vector and shift third test vector to all test
components.

Etc.

An IR-SCAN approximates in programming to a DR-SCAN. Only bit 3 in the

MAJOR COMMAND register must be programmed to 1 for an IR-SCAN, or to 0 for a DR-SCAN.
To implement an IR-SCAN or DR-SCAN under the control of the TBC, the following
programming steps are necessary:

1.

First, the TBC must be configured using the ten control registers. If this already has been
done, only some necessary changes to the configuration might need to be made.

The COUNTER1 UPDATE register must be programmed according to the length of the
shift register.

Using the MAJOR COMMAND, IR-SCAN or DR-SCAN is selected and, subsequently, the
MINOR COMMAND starts the execution of the commands.
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4. a) The STATUS register allows control of the status of the WRITE BUFFER. If one of the
two buffers is empty, 16 command bits or 16 bits of the test vector must be written into the
WRITE BUFFER. These bits are shifted from the TBC, over the TDO line, into the test
board. Simultaneously, the TBC collects the bits from the TDI input into the SHIFTER
FIFO. During this shifting operation, bits inevitably fall out at the other end of the shift
register; these are read into the READ BUFFER via the READ TRANSFER FUNCTION.

b) If the STATUS register shows that data in the READ BUFFER is available, this data must
be read from the READ BUFFER.

c) Steps 4a and 4b should be continued until all bits in the test board have been written. For
the final iteration, usually less than 16 bits need to be shifted. Unneeded bits of the WRITE
BUFFER will be ignored by the TBC; excess bits from the READ BUFFER are filled by the
TBC with zeros.

5. The last data bits read from the TDI input are now in the SHIFTER-FIFO, and must be
transferred into the READ BUFFER in order to proceed from there to the control computer.

Since the TBC continually sends the clock signal TCK to the test board, movement through the
status diagram (see Figure 21) can be halted in only one of the six static states:

TEST-LOGIC-RESET
RUN-TEST/IDLE
SHIFT-DR
PAUSE-DR

SHIFT-IR

PAUSE-IR

If an interrupt in the shift cycle is necessary (e.g., the control computer has not yet written the
next data in the WRITE BUFFER, or because both READ BUFFERs are full), the TBC changes
to the PAUSE-DR or PAUSE-IR state. It remains there until the shift cycle can again proceed.
The state in which the test board should wait after executing a command is chosen with the
MAJOR COMMAND. In most cases, the RUN-TEST/IDLE state is used. If the PAUSE-DR or
PAUSE-IR states are chosen, the fact should be noted that, after ending a command, the
UPDATE-DR or UPDATE-IR phases would not proceed.
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Figure 21. |IEEE Std 1149.1 Test Access Port (TAP) Status Diagram

4  Examples

The programming of TBC SN74BCT8244N is demonstrated in the following examples. All
examples assume the use of the same test board with two SN74BCT8244N SCOPE octals.

4.1

Example Test Board

All examples in this section are based on the same test board. To simplify an understanding of
the examples, this test board consists of two SN74BCT8244N SCOPE octals from Tl (see
Figure 22). The programming methods used with more complex test boards are basically the
same.

44
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4.2
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Figure 22. Hardware Example: Two SCOPE Octals SN74BCT8244N

The shift registers of the test boards are in the following states:

* SHIFT-IR state
— 16-bit INSTRUCTION register (IR)

* SHIFT-DR state
— 36 boundary scan cells (BSCs)
— 4-bit BOUNDARY CONTROL register (BCR)
— 2-bit BYPASS register

Software Examples

The first examples show the programming of three basic functions:

e Load commands in the test board
e Load test vectors in the test board
e Copy SHIFTER-FIFO in the READ BUFFER

The next example essentially is a combination of the three basic functions:
e EXTEST

Finally, the pseudo-random pattern generation/parallel signature analysis (PRPG/PSA) is
demonstrated with examples, with and without event control:

e PRPG/PSA without event control
e Event-controlled PRPG/PSA

Test-Bus Controller SN74ACT8990
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4.2.1
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Each software example commences with a table, giving an overview of the basic functions that
are used.

The programming of the registers is explained in detail in the tables. The tables show the
register name and the direction of data flow, i.e., whether the register is being written into or
read. In addition, descriptions of the individual bits and the resulting bit combinations are
included, whether binary or hexadecimal.

Description of Bits

Register name

Description of Bits

WRITE

CONTROL4

Binary Value of bits

NO LINK DELAY

0jo000

16-Bit long SHIFTER-FIFO

TDI0 input is the source for the internal TDI signal

TDO transmits data of WRITE BUFFER

11

TDI input data are transmitted after transfer
SHIFTER-FIFO in READ BUFFER

LSB sentireceived first

TDI data transfer on leading edge

0

EVENT data transfer of no significance

0

NULL 00

0

7 0

Load Commands in Test Board

hexadecimal Value of bits

Nr.

MAJOR COMMAND

Commands for both Command Final state
SCOPE™ OCTALs execution

Description

each 8-Bits READBT IR-SCAN RUN-TEST/IDLE

Load READBT
command in test board

At the beginning of a test, the TBC always should be reset.

Write | MINOR COMMAND
Complete reset 0001
NULL 0000|0000
MINOR COMMAND Type: Software RESET 0111
7 0 0 1
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After reset of the whole TBC, it should be configured with the ten control registers:

TDIO as test data input
TMSO0 as TEST MODE SELECT output

No interrupt transferred to the control computer

The TMS2-TMS5/EVENTO-EVENT3 inputs/outputs are made TMS outputs, but are not

used, so that the event logic remains unchanged.

Write | CONTROLO

No interrupt at event

0000

No interrupt with COUNTER1 Flags

00

NULL

00

No interrupt from command output flags

0000

No interrupt from change of a buffer state

00

No interrupt on ending command

00

Write | CONTROL1

No production test operation

0000

NULL

00

00

No production test operation

0000

NULL

000

Write | CONTROL2

Switch on TMS0, switch off TMS1..5

00

0001

NULL

0000

0000

00

0

0

Write | CONTROL3

TMS2..5/EVENTO..3 are TMS outputs
(here without significance)

1111

Test pulse output TCKO is switched on

Test data output TDO is switched on

all TMS outputs are switched on

all EVENT inputs/outputs are switched off

Operation to IEEE 1149.1

0000

TCKO is connected with the internal TCK source

00

NULL

00

Test-Bus Controller SN74ACT8990 47



SCAA044

{'f TEXAS
INSTRUMENTS

Write | CONTROL4

No LINK DELAY

0000

16-Bit long SHIFTER-FIFO

TDIO input is the source for the internal TDI signal

10

TDO transmits data of WRITE BUFFER

11

TDI input data are transmitted into the READ BUFFER
after passing through the SHIFTER-FIFO

The LSB is transmitted or received first

TDI Data transfer at the leading edge

EVENT Data transfer without significance

NULL

00

Write | CONTROL5

The EVENT output levels are here without significance

0000

NULL

0000

The EVENT Data direction is here without significance

0000

NULL

0000

Write | CONTROLS6

EVENTO sets no Flags

0000

No recognition of EVENTO

0000

EVENT1 sets no flags

0000

No recognition of EVENT1

0000

Write | CONTROL7?

EVENT2 sets no Flags

0000

No recognition of EVENT2

0000

EVENT3 sets no Flags

0000

No recognition of EVENT3

0000

Write | CONTROLS

COUNTER1 does not set the SUSPEND REQUEST Flag

COUNTERT1 does not set the END REQUEST Flag

COUNTER(1 is loaded at zero passing by the
COUNTER1 UPDATE register

COUNTER1 does not count at events or EXECUTE
commands

00

COUNTERT1 does not respond to an event

00

NULL

0000

0000

48 Test-Bus Controller SN74ACT8990

0

0




{9 TEXAS
INSTRUMENTS SCAA044

Write | CONTROL9
COUNTER? is not used 0000]0000}0000f0000

0 0 0 0

After configuration of the TBC with the ten control registers, the full length of the shift register
should be loaded into COUNTERL.

Write | COUNTER1 UPDATEOQ
Command registers of two SCOPE OCTALs are together | 0000 § 0000 | 0000 J 1111
16 bits long = COUNTERT lower value bits: 16-1=15
0 0 0 F
Write | COUNTER1 UPDATE1
COUNTER1 higher value bits are 0 0000]0000J0000]0000
0 0 0 0
Write | MINOR COMMAND
Load COUNTER1 from COUNTER1 UPDATE register 001
NULL 0
No operation with COUNTER2 or Status 000
NULL 0000 |0
MINOR COMMAND Type: 0110
Read status, load counter and count
6 0 0 1

With the MAJOR COMMAND, presets are chosen and the MINOR COMMAND starts the shift
operation.
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Write

MAJOR COMMAND

State after completing the command:
RUN-TEST/IDLE

011

Execute command in SHIFT-IR and put command in
PAUSE-IR state

Terminate command at zero passing of COUNTER1

00

NULL

0000

00

MAJOR COMMAND Type:
SCAN command

0011

Write | MINOR COMMAND

All Flags are reset

0000

NULL

Start of a SCAN command

100

NULL

0000

MINOR COMMAND Type:
Control of the test procedure

0101

The TBC now is ready to send commands to the test board via TDO, and to receive the status of
the test board via TDI.

Before the WRITE BUFFER is written, the status of the WRITE BUFFER must be interrogated.

Write | MINOR COMMAND
Load COUNTER1 in the CAPTURE register 100
NULL 0
refresh all 3 STATUS registers 100
NULL 000010
MINOR COMMAND Type: 0110
Read status, load counter and count
6 0 4 4

50 Test-Bus Controller SN74ACT8990




{9 TEXAS
INSTRUMENTS

SCAA044

The STATUS2 register now contains the following bit combination:

Read ] STATUS2

test board is in PAUSE-IR state

0111

NULL

0000

both WRITE BUFFER are empty

00

NULL

00

both READ BUFFER are empty

00

NULL

00

Write | WRITE BUFFER

READBT command for SCOPE™ QCTAL U2

1000]1011

READBT command for SCOPE™ OCTAL U1

100041011

8 B 8 B

As soon as the WRITE BUFFER has been loaded, the TBC begins to shift the data. Since the
16 bits of the WRITE BUFFER exactly match the length of the shift register, the WRITE
BUFFER needs no further data. The next step is the reading of the READ BUFFER. For this, the
status must be interrogated first, and only when the READ BUFFER is filled with data can it be

read out.

Write | MINOR COMMAND

Load COUNTERT1 in the CAPTURE register

100

NULL

refresh all 3 STATUS registers

100

NULL

000010

MINOR COMMAND Type:
Read status, load counter and count

0110

6 0 4 4

The READ BUFFER can be read out if the STATUSS register contains the following bit

combination:
Read | STATUS2
Test board is in RUN-TEST/IDLE state 0011
NULL 0000
both WRITE BUFFER are empty 00
NULL 00
one READ BUFFER contains Data 01
NULL 00
1 0 0 3

Test-Bus Controller SN74ACT8990
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The following value now can be read out from the READ BUFFER:

Read | READ BUFFER
1's of SHIFTER-FIFOs after reset 1111 (1111(1211]1111

F F F F

The status information of the two SCOPE octals is now in the SHIFTER-FIFO. If a test vector is
shifted into the test board, the next 16 bits of the READ BUFFER will contain the status
information of the two SCOPE octals. If it is required to receive the status information
immediately, the contents of the SHIFTER-FIFO must be copied into the READ BUFFER. An
example of this is given in section 4.2.3.

Load Test Vector in Test Board

MAJOR COMMAND
Nr. Data for both Command Final state Description
SCOPE™ OCTALs execution
1 Each 18 bits test DR-SCAN RUN-TEST/IDLE Load test vector
vector

Loading a test vector into the test board differs from loading commands in the following
respects:

e Length of the shift register is 36 bits.
e DR-SCAN must be chosen to shift the test vector.

The control registers should be programmed only if they differ from a previous program. Since
the DR-SCAN usually follows an IR-SCAN, the control registers do not need to be programmed
again. A detailed description of the control register programming is given in section 4.2.1.

Write CONTROLO 0 0 0 0
Write CONTROLA1 0 0 0 0
Write CONTROL2 0 0 0 1
Write CONTROL3 0 0 8 F
Write CONTROLA4 0 7 8 0
Write CONTROLS 0 0 0 0
Write CONTROLS6 0 0 0 0
Write CONTROL7 0 0 0 0
Write CONTROLS 0 0 0 4
Write CONTROLS 0 0 0 0
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COUNTER1 now must be programmed to the length of the shift register: 36 — 1 = 35 = 0x23.

Write COUNTER1 UPDATEOQ 0 0 2 3
Write COUNTER1 UPDATE1 0 0 0
Write MINOR COMMAND 6 0 0 1

With the MAJOR COMMAND, now the DR-SCAN is chosen. The MINOR COMMAND then
starts the shifting operation again.

Write | MAJOR COMMAND

State after executing command 011

RUN-TEST/IDLE

Execution of command in SHIFT-DR state and suspension 0

of command in PAUSE-DR state

Terminate command at zero passing of COUNTER1 00
NULL 0000 |00

MAJOR COMMAND type: 0011

SCAN command

Write | MINOR COMMAND
All Flags are reset. 0000
NULL 0
Start of a SCAN command 100
NULL 0000

MINOR COMMAND type: 0101
Control of test process

The WRITE BUFFER now can be fed with data again, and the READ BUFFER read out.
Reading out STATUS2 register again ensures that the buffer is ready.

[ write | MINOR COMMAND G 0 4 4 |

Read | STATUS2
Test board is in PAUSE-DR state 0110
NULL 0000
both WRITE BUFFER are empty 00
NULL 00
both READ BUFFER are empty 00
NULL 00
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If both WRITE BUFFERSs are empty, 2 x 16 bits can be entered immediately.

Write | WRITE BUFFER
1Y1..1Y4,2Y1..2Y4 Test sample of the SCOPE™ OCTAL
U2

1A1..1A4,2A1..2A4 Test sample of the SCOPE™ OCTAL
Uz

0010|0001

01000011

Write | WRITE BUFFER
1G, 2G Test sample of the SCOPE™ OCTAL U2
1Y1..1Y4,2Y1..2Y4 Test sample of the SCOPE™ OCTAL
U1
1A1..1A4,2A1..2A2 Test sample of the SCOPE™ OCTAL
U1

00

1010111 |10

010101

If the TBC has shifted out the 32 bits of the WRITE BUFFER via TDO, it reads also 32 bits at the
TDI input into the SHIFTER-FIFO, and from there into the READ BUFFER. To be able to shift
further data into the test board, at least one 16-bit word from the READ BUFFER must be read
next. Via the STATUS2 register, it also must be determined if data is already available.

L Write | MINOR COMMAND | s 0 4 4 ]

Read | STATUS2

Momentary state of the test board 27?7

NULL 0000

Momentary state of WRITE BUFFER ?7?
NULL 00

At least one register of the READ BUFFER is full ?1
NULL 00

31 ? 0 ?

If this DR-SCAN example occurred before the example from section 4.2.1, the following values
can be read from the READ BUFFER:

Read | READ BUFFER
Status information of SCOPE™ OCTAL U2 100010001
Status information of SCOPE™ OCTAL U1 10000001
8 1 8 1
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If the READ BUFFER has been read, then at least 16 bits were shifted through the test board,
and, as a result, at least one register of the WRITE BUFFER must be empty. To be safe, the
status also can be ascertained before addressing the WRITE BUFFER. Since the shift register is
36 bits long and 32 bits have already been written into the WRITE BUFFER, only 4 bits from the
test vector are missing. The remaining 12 bits of the WRITE BUFFER can be occupied with any
desired words, because they will not be shifted out into the test board.

Write | WRITE BUFFER
2A3..2A4 Test sample of the SCOPE™ OCTAL U1 11
1G, 2G Test sample of the SCOPE™ OCTAL U1 00
bits not used anymore 0000 | 0000|0000
0 0 0 3

Finally, the last data from the READ BUFFER must be read out. Status interrogation again
ensures that data is available.

Write MINOR COMMAND 6 0 4 4
Read STATUS2 31 ? 0 ?
Read READ BUFFER
1Y1..1Y4,2Y1..2Y4 Test sample of the SCOPE™ OCTAL P22 1?7?27
U2
1A1..1A4,2A1..2A4 Test sample of the SCOPE™ OCTAL | 2?2?72 | 2?2?27
U2
? ? ? ?

Because only four bits have been shifted at the last shift operation, only four bits arrived from the
SHIFTER-FIFO to the READ BUFFER.

The following 16 bits are still in the SHIFTER-FIFO:

Write MINOR COMMAND 6 0 4 4
Read STATUS2 1 0 0 ?
Read READ BUFFER
1G, 2G Test sample of the SCOPE™ OCTAL U2 ?7?
1Y1..1Y2 Test sample of the SCOPE™ OCTAL U1 27
NULL 0000 | 0000 }0000
0 0 0 ?

e Six bits: 1Y3-1Y4, 2Y1-2Y4 (test sample of SCOPE octal Ul)
e Eight bits: 1A1-1Y4, 2Y1-2Y4 (test sample of SCOPE octal U1)

* Two bits: 1G, 2G (test sample of SCOPE octal U1)

The example in section 4.2.3 shows how these 16 bits can be copied into the READ BUFFER.
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4.2.3 Copy SHIFTER-FIFO Into the Read Buffer

Commands and MAJOR COMMAND
Nr. Data for both Command Final state Description
SCOPE™ OCTALs execution
1 - - - Read SHIFTER-FIFO

To copy the contents of the SHIFTER-FIFO into the READ BUFFER, the component must be
configured in such a way that the output data of the SHIFTER-FIFO serves as the source for the
input data of the SHIFTER-FIFO. Therefore, the FIFO must be connected as a circular memory.
Then, the SHIFTER-FIFO will be shifted, according to the program, 16 or 32 times. Because
each bit that leaves the SHIFTER-FIFO is copied into the READ BUFFER, the READ BUFFER
contains a copy of the SHIFTER-FIFO after this operation.

Write | CONTROL4
No LINK DELAY 010000
16-bit long SHIFTER-FIFO 0
Internal TDO is source for the internal TDI signal 00
TDO transmits data of the SHIFTER-FIFOs 10
TDl input data are transmitted after copying the SHIFTER- 1
FIFO into the READ BUFFER
The LSB is transmitted or received first 0
TDI data taking over at leading edge 0
EVENT data taking over here without significance 0
NULL 00
0 6 0 0
Write COUNTER1 UPDATEO 0 0 0 F
Write COUNTER1 UPDATE1 0 0 0
Write MINOR COMMAND 6 0 0 1
Write | MINOR COMMAND
All Flags are reset. 0000
NULL 0
Start of a SCAN command 100
NULL 0000
MINOR COMMAND type: 0101
Control of test process
5 0 8 0
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The contents of SHIFTER-FIFO can be removed from the READ BUFFER. If this is done as
shown in the example in section 4.2.2, the READ BUFFER contains the following bit sample:

Read | READ BUFFER
1Y3..1Y4,2Y1..2Y4 Test sample of SCOPE™ OCTAL U1 A EEEE
1A1..1A4,2A1..2A4 Test sample of SCOPE™ OCTAL U1 2?2 | 222727
1G, 2G Test sample of SCOPE™ OCTAL U1 ??
? ? ? ?

With this operation, the contents of the SHIFTER-FIFO remain unchanged, and the state of the
test board also remains unchanged.

4.2.4 EXTEST

With the three basic functions for the preceding section, an EXTEST for the test board used can
be made very easily. The following shifting actions are necessary for this:

Commands and MAJOR COMMAND
Nr. data for both Command Final state Description
SCOPE™ OCTALs execution
1 each 8 bits EXTEST IR-SCAN RUN-TEST/IDLE Load command in test
board

2 each 18 bits test DR-SCAN | RUN-TEST/IDLE Load 1st test vector
vector

3 each 18 bits test DR-SCAN | RUN-TEST/IDLE Read system reply to
vector 1st test vector and load

2nd test vector
4 - - - Read SHIFTER-FIFO

The following tables show the test vectors used and the system reply to this vector that results.

SCOPE™ OCTAL U1 SCOPE™ OCTAL U2
1G, 2G 1A1..1A4, 1Y1..1Y4, 1G, 2G 1A1..1A4, 1Y1..1Y4,
2A1..2A4 2Y1..2Y4 2A1..2A4 2Y1..2Y4
00 11010101 10011110 00 01000011 00100001
00 01011101 11010101 00 10011110 01000011

The necessary program steps for this already have been explained in detail in previous
examples, and are summarized here:

First, the TBC is reset and subsequently configured, with the help of the control register.

| Write | MINOR COMMAND | 7 0 0 1|
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1. Load command in test board
Write CONTROLO 0 0 0 0
Write CONTROL1 0 0 0 0
Write CONTROL2 0 0 0 1
Write CONTROL3 0 0 8 F
Write CONTROL4 0 7 8 0
Write CONTROLS5 0 0 0 0
Write CONTROLS6 0 0 0 0
Write CONTROL7? 0 0 0 0
Write CONTROLS 0 0 0 4
Write CONTROLS9 0 0 0 0

58

Both SCOPE octals are loaded with the command EXTEST. The value to be read from the
READ BUFFER is the 1s from the reset SHIFTER-FIFO.

Write COUNTER1 UPDATEOQ 0 0 0 F
Write COUNTER1 UPDATE1 0 0 0 0
Write MINOR COMMAND 6 0 0 1
Write MAJOR COMMAND 3 0 0 B
Write MINOR COMMAND 5 0 8 0
Write MINOR COMMAND 6 0 4 4
Read STATUS2 0 0 0 7
Write WRITE BUFFER 0 0 0 0
Write MINOR COMMAND 6 0 4 4
Read STATUS2 1 0 0 3
Read READ BUFFER F F F F
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2. Load first test vector

The first test vector is shifted into the two SCOPE octals. The first 16-bit word of the READ
BUFFER contains the status information, which the SCOPE octals produce on writing in a
command. Subsequently, bitmaps are read that were present in the SCOPE octals before
the beginning of the test.

Write COUNTER1 UPDATEOQ 0 0 2 3
Write COUNTER1 UPDATE1 0 0 0 0
Write MINOR COMMAND 6 0 0 1
Write MAJOR COMMAND 3 0 0 3
Write MINOR COMMAND 5 0 8 0
Write MINOR COMMAND 6 0 4 4
Read STATUS2 0 0 0 6
Write WRITE BUFFER 4 3 2 1
Write WRITE BUFFER 5 6 7 8
Write MINOR COMMAND 6 0 4 4
Read STATUS2 3N ? 0 ?
Read READ BUFFER
Status information of the SCOPE™ OCTALs U2 100010001
Status information of the SCOPE™ OCTALs U1 10000001
8 1 8 1
[ write WRITE BUFFER 0 0 0 3
Write MINOR COMMAND 6 0 4 4
Read STATUS2 31 ? 0 ?
Read READ BUFFER
1Y1..1Y4,2Y1..2Y4 Test sample of the 2?27 | 7?2?2727
SCOPE™ QOCTAL U2
1A1..1A4,2A1..2A4 Test sample of the 22?7?2727
SCOPE™ QCTAL U2
? ? ? ?
Write MINOR COMMAND 6 0 4 4
Read STATUS2 1 0 0 3
Read READ BUFFER
1G, 2G Test sample of the SCOPE™ OCTAL U2 ?7?
1Y1..1Y2 Test sample of the SCOPE™ OCTAL U1 ?7?
NULL 0000 | 0000|0000
0 0 0 ?
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3. Read system reply to first test vector and load second test vector

The next test vector now is shifted into the SCOPE octals. From the READ BUFFER, the
rest of the previous bitmap of the SCOPE octals can be read first, and then the system reply
of the SCOPE octals to the first test vector.

Write MINOR COMMAND 6 0 0 1
Write MAJOR COMMAND 3 0 0 3
Write MINOR COMMAND 5 0 8 0
Write MINOR COMMAND 6 0 4 4
Read STATUS2 0 0 0 6
Write WRITE BUFFER 4 3 2 1
Write WRITE BUFFER 5 6 7 8
Write MINOR COMMAND 6 0 4 4
Read STATUS2 3N ? 0 ?
Read READ BUFFER
1Y3..1Y4,2Y1..2Y4 Test sample of the 2?2?2727
SCOPE™ OCTAL U1
1A1..1Y4,2Y1..2Y4 Test sample of the FArdl ICarararal I ars
SCOPE™ QCTAL U1
2 Bit: 1G, 2G Test sample of the SCOPE™ OCTAL U1 7?7
? ? ? ?
| Write | WRITE BUFFER | o 0 0 3 |
Write MINOR COMMAND 6 0 4 4
Read STATUS2 3n ? 0 ?
Read READ BUFFER
1Y1..1Y4,2Y1..2Y4 Test sample of the 01000011
SCOPE™ OCTAL U2
1A1..1A4,2A1..2A4 Test sample of the 100111110
SCOPE™ OCTAL U2
9 E 4 3
Write MINOR COMMAND 6 0 4 4
Read STATUS2 1 0 0 3
Read READ BUFFER
1G, 2G Test sample of the SCOPE™ OCTAL U2 00
1Y1..1Y2 Test sample of the SCOPE™ OCTAL U1 01
NULL 000010000 (0000
0 0 0 4
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4. Read SHIFTER-FIFO

The missing 16 bits of the system reply still are in the SHIFTER-FIFO. To receive these bits,
the contents of the SHIFTER-FIFO must be copied into the READ BUFFER.

Write CONTROL4 0 6 0 0
Write COUNTER1 UPDATEO 0 0 0 F
Write COUNTER1 UPDATE1 0 0 0 0
Write MINOR COMMAND 6 0 0 1
Write MINOR COMMAND 5 0 8 0
Write CONTROL4 0 7 8 0
Read READ BUFFER
1Y3..1Y4, 2Y1..2Y4 Test sample of the 1110101
SCOPE™ QOCTAL U1
1A1..1A4, 2A1..2A4 Test sample of the 01]0111101
SCOPE™ OCTAL U1
1G, 2G Test sample of the SCOPE™ OCTAL U1 00
1 7 7 5

The EXTEST has been completed. The test vector was written with three shift operations
into the test board. In the same way, reading the system reply to the test vector of the READ
BUFFER is done in three steps:

3.) 16Bit 2.) 4 Bit 1.) 16 Bit
0001011101110101 0100 1001111001000011
The result is coded into the two SCOPE octals as follows:
SCOPE™ QCTAL U1 SCOPE™ OCTAL U2
1G, 2G 1A1..1A4, 1Y1..1Y4, 1G, 2G 1A1..1A4, 1Y1..1Y4,
2A1..2A4 2Y1..2Y4 2A1..2A4 2Y1..2Y4
00 01011101 11010101 00 10011110 01000011

4.2.5 PRPG/PSA

This example shows how, with the three basic functions, IR-SCAN, DR-SCAN, and read

SHIFTER-FIFO, and an additional EXECUTE RUN-TEST/IDLE block, a PRPG/PSA test can be
built up. New in this example is the command EXECUTE from the TBC, which can generate a
defined number of RUN-TEST/IDLE cycles.
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Command and MAJOR COMMAND
Nr. Data for both Command Final state Description
SCOPE™ OCTALs execution
1 each 8 bits SAMPLE IR-SCAN RUN-TEST/IDLE Load initial value
2 each 18 bits test DR-SCAN | RUN-TEST/IDLE
vector
3 each 8 bits SCANCT IR-SCAN RUN-TEST/IDLE Load BOUNDARY
CONTROL register with
PRPG/PSA
4 each 2 bits DR-SCAN | RUN-TEST/IDLE
PRPG/PSA
5 each 8 bits RUNT IR-SCAN PAUSE-IR load RUNT command
into common register
6 EXECUTE PAUSE-IR execute PRPG/PSA
7 each 8 bits READBT IR-SCAN RUN-TEST/IDLE read result vector
8 each 18 bits next test | DR-SCAN RUN-TEST/IDLE
vector
9 - - - Load SHIFTER FIFO

62

The example hardware uses the bit combination 01011101 as the input signal for the component
Ul. The signature at the inputs of U1 is determined from the bit combination and the initial value
used.

The signature at the inputs of U2 is based on the output signal from U1 and the initial value.
Only the initial value is decisive for the bit sequence of the PRPG. Now the PRPG and the PSA
of both SN74BCT8244N generate the following bit sequences:

PRPG SCOPE™ OCTAL U1 SCOPE™ OCTAL U2
PSA 1A1.1A4, 1Y1.1Y4, 1A1_1A4, 1Y1.1Y4
Nr. 2A1..2A4 2Y1..2Y4 2A1..2A4 2Y1..2Y4

11010101 10011110 01000011 00100001
1 10110111 11011111 10111111 00010000
2 10000110 01100111 00010000 10001000
3 00011110 10110011 11101111 01000100
4 10110010 11011001 01000100 10100010
5 00110100 11101100 01111011 11010001
6 01000111 01110110 11010001 11101000
7 01111110 10111011 10011110 01110100
8 11100010 11011101 01110100 10111010
9 00101100 11101110 01100111 01011101
10 11001011 01110111 01011101 10101110
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The following tables show the test vector used as an initial value and the expected system reply
to this vector after ten PRPG/PSA cycles:

SCOPE™ OCTAL U1 SCOPE™ OCTAL U2
1G, 2G 1A1..1A4, 1Y1..1Y4, 1G, 2G 1A1..1A4, 1Y1..1Y4,
2A1..2A4 2Y1..2Y4 2A1..2A4 2Y1..2Y4
00 11010101 10011110 00 01000011 00100001
00 11001011 01110111 00 01011101 10101110

First, the TBC must be reset.

{ Write | MINOR COMMAND | 7 0 0 1 |

1. Load initial values: IR-SCAN sample

Write CONTROLO 0 0 0 0
Write CONTROL1 0 0 0 0
Write CONTROL2 0 0 0 1
Write CONTROL3 0 0 8 F
Write CONTROLA4 0 7 8 0
Write CONTROLS 0 0 0 0
Write CONTROLSG6 0 0 0 0
Write CONTROL7 0 0 0 0
Write CONTROLS 0 0 0 4
Write CONTROLY 0 0 0 0
Write COUNTER1 UPDATEO 0 0 0 F
Write COUNTER1 UPDATE1 0 0
Write MINOR COMMAND 6 0 0 1
Write MAJOR COMMAND 3 0 0 B
Write MINOR COMMAND 5 0 8 0
Write MINOR COMMAND 6 0 4 4
Read STATUS2 0 0 0 7
Write WRITE BUFFER
SAMPLE command for SCOPE™ OCTAL U2 1000|1011
SAMPLE command for SCOPE™ OCTAL U1 10001011

8 B 8 B
Write MINOR COMMAND 6 0 4 4
Read STATUS2 1 0 0 3
Read READ BUFFER F F F F
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2. Load initial values: DR-SCAN test vector
Write COUNTER1 UPDATEO 0 0 2 3
Write COUNTER1 UPDATE1 0 0 0 0
Write MINOR COMMAND 6 0 0 1
Write MAJOR COMMAND 3 0 0 3
Write MINOR COMMAND 5 0 8 0
Write MINOR COMMAND 6 0 4 4
Read STATUS2 0 0 0 6
Write WRITE BUFFER 4 3 2 1
Write WRITE BUFFER 5 6 7 8
Write MINOR COMMAND 6 0 4 4
Read STATUS2 3N ? 0 ?
Read READ BUFFER
Status information of the SCOPE™ QCTALs U2 100010001
Status information of the SCOPE™ OCTALs U1 10000001
8 1 8 1
Write WRITE BUFFER 0 0 0 3 |
Write MINOR COMMAND 6 0 4 4
Read STATUS2 3/1 ? 0 ?
Read READ BUFFER
1Y1..1Y4,2Y1..2Y4 Test result of the ???? | ?2??7
SCOPE™ OCTAL U2
1A1..1A4,2A1..2A4 Test result of the ??2?2 1 7?2727?7°
SCOPE™ OCTAL U2
? ? ? ?
Write MINOR COMMAND 6 0 4 4
Read STATUS2 1 0 0 3
Read READ BUFFER
1G, 2G Test result of the SCOPE™ QCTAL U2 ?7?
1Y1..1Y2 Test result of the SCOPE™ OCTAL U1 ?7?
NULL 0000 (0000|0000
0 0 0 ?

64 Test-Bus Controller SN74ACT8990




{9 TEXAS
INSTRUMENTS SCAA044

3. Load BCR with PRPG/PSA: IR-SCAN SCANCT

Write COUNTER1 UPDATEO 0 0 0 F
Write COUNTER1 UPDATE1 0 0 0
Write MINOR COMMAND 6 0 0 1
Write MAJOR COMMAND 3 0 0 B
Write MINOR COMMAND 5 0 8 0
Write MINOR COMMAND 6 0 4 4
Read STATUS2 0 0 0 7
Write WRITE BUFFER
SCANCT Command for SCOPE™ QCTAL U2 00001111
SCANCT Command for SCOPE™ OCTAL U1 0000|1111

0 F 0 F
Write MINOR COMMAND 6 0 4 4
Read STATUS2 1 0 0 3
Read READ BUFFER

1Y3..1Y4,2Y1..2Y4 Test result of the FArdl B ararard
SCOPE™ QOCTAL U1
1A1..1Y4,2Y1..2Y4 Test result of the 2?2?7227 (7?7
SCOPE™ QCTAL U1
2 Bit: 1G, 2G Test result of the SCOPE™ QCTAL U1 ?7?
2 ? 2 ?
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4. Load BCR: DR-SCAN 8-bit PRPG/PSA

Write COUNTER1 UPDATEO 0 0 0 3
Write COUNTER1 UPDATE1 0 0 0 0
Write MINOR COMMAND 6 0 0 1
Write MAJOR COMMAND 3 0 0 3
Write MINOR COMMAND 5 0 8 0
Write MINOR COMMAND 6 0 4 4
Read STATUS2 0 0 0 6
Write WRITE BUFFER

8 Bit PRPG/PSA Command for SCOPE™ OCTAL U2 11

8 Bit PRPG/PSA Command for SCOPE™ OCTAL U1 11

NULL 0000 [ 0000|0000
0 0 0 F

Write MINOR COMMAND 6 0 4 4
Read STATUS2 31 ? 0 ?
Read READ BUFFER

1st Byte, Status information of SCOPE™ OCTALs U2 0001

NULL 0000 {0000 | 0000
0 0 0 1

66
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5. Load RUNT command in COMMAND register

Write COUNTER1 UPDATEOQ 0 0 0 F
Write COUNTER1 UPDATE1 0 0 0 0
Write MINOR COMMAND 6 0 0 1
Write ] MAJOR COMMAND
State after command execution: 111
PAUSE-IR
Execute command in SHIFT-IR and suspension of 1
command execution in PAUSE-IR state
Terminate command at zero passing of COUNTER1 00
NULL 0000 |00
MAJOR COMMAND type: 0011
SCAN command
3 0 0 F
| Write | MINOR COMMAND 5 0 8 0
Write MINOR COMMAND 6 0 4 4
Read STATUS2 0 0 0 7
Write WRITE BUFFER
RUNT command for SCOPE™ QCTAL U2 0000|1001
RUNT command for SCOPE™ OCTAL U1 0000 {1001
0 9 0 9
Write MINOR COMMAND 6 0 4 4
Read STATUS2 1 0 0 7
Read READ BUFFER
2nd Byte, Status information of SCOPE™ OCTAL U2 1000
Status information of SCOPE™ OCTAL U1 1000|0001
BOUNDARY CONTROL register ??
of SCOPE™ OCTAL U2
BOUNDARY CONTROL register ?7?
of SCOPE™ QCTAL U1
? 8 1 8
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6. Implement PRPG/PSA

Before the PRPG/PSA implementation can begin, the configuration of the TBC must be
changed. The COUNTERL1 is used to count the TCK edges during the RUN-TEST/IDLE states.

Write

CONTROLS

COUNTER1 does not set the SUSPEND REQUEST Flag

COUNTER1 sets the END REQUEST Flag

COUNTER1 is loaded by the COUNTER1 UPDATE

register at zero passing

COUNTER1 does not count at EXECUTE commands in

RUN-TEST/IDLE state

011]0

COUNTER1 does not react on any event

00

NULL

0000

0000

0

0

COUNTER1 is loaded now with the number of RUN-TEST/IDLE cycles. In this case, ten cycles
should be made. The register must be programmed with the value (10 — 1) = 9.

Write COUNTER1 UPDATEO 0 0 0 9
Write COUNTER1 UPDATE1 0 0 0
Write MINOR COMMAND 6 0 0 1

MINOR COMMAND and MAJOR COMMAND start the PRPG/PSA implementation.
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Write | MAJOR COMMAND

State after executing command: 111
PAUSE-IR

Command execution in RUN-TEST/IDLE state and 1
suspension of command in PAUSE-IR state
Terminate command at zero passing of COUNTER1 00
The command implementation starts immediately. 11
no significance here, since execution is not interrupted 0
NULL 000

MAJOR COMMAND type: 0010
EXECUTE command

Write | MINOR COMMAND
All Flags are reset. 1111
NULL 0

immediate start of EXECUTE command 100
NULL 0000

MINOR COMMAND type: 0100
Control of test run

Write | CONTROLS
COUNTER1 does not set SUSPEND REQUEST Flag 0
COUNTER1 does not set END REQUEST Flag 0

COUNTER?1 is loaded by COUNTER1 UPDATE register at 1
zero passing

COUNTER1 does not count events or EXECUTE 00jo0
commands

COUNTER1 does not react to any event 00

NULL 0000]0000
0 0 0 4
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7. Read result vector: IR-SCAN READBT

To read the result vectors, one of the two commands, READBT or READBN, must be used.
Other commands, such as EXTEST or SAMPLE, are written over during the UPIDATE-IR phase,
with the result of the PRPG/PSA.

Test-Bus Controller SN74ACT8990

Write COUNTER1 UPDATEO 0 0 0 F
Write COUNTER1 UPDATE1 0 0 0 0
Write MINOR COMMAND 6 0 0 1
Write MAJOR COMMAND 3 0 0 B
Write MINOR COMMAND 5 0 8 0
Write MINOR COMMAND 6 0 4 4
Read STATUS2 0 0 0 7
Write WRITE BUFFER
READBT command for SCOPE™ OCTAL U2 1000 (1011
READBT command for SCOPE™ QCTAL U1 100011011
8 B 8 B
Write MINOR COMMAND 6 0 4 4
Read STATUS2 1 0 0 3
Read READ BUFFER
Status information of SCOPE™ OCTAL U2 1000 {0001
Status information of SCOPE™ OCTAL U1 10000001
8 1 8 1
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8. Read result vector: DR-SCAN

Write COUNTER1 UPDATEOQ 0 0 2 3
Write COUNTER1 UPDATE1 0 0 0 0
Write MINOR COMMAND 6 0 0 1
Write MAJOR COMMAND 3 0 0 3
Write MINOR COMMAND 5 0 8 0
Write MINOR COMMAND 6 0 4 4
Read STATUS2 0 0 0 6
Write WRITE BUFFER 4 3 2 1
Write WRITE BUFFER 5 6 7 8
Write MINOR COMMAND 6 0 4 4
Read STATUS2 an ? 0 ?
Read READ BUFFER
Status information of SCOPE™ OCTAL U2 1000 {0001
Status information of SCOPE™ OCTAL U1 10000001
8 1 8 1
| Write WRITE BUFFER 0 0 0 3
Write MINOR COMMAND 6 0 4 4
Read STATUS2 31 ? 0 ?
Read READ BUFFER
1Y1..1Y4,2Y1..2Y4 Test result of the 10101110
SCOPE™ QCTAL U2
1A1..1A4,2A1. 2A4 Test result of the 0101 (1101
SCOPE™ OCTAL U2
5 D A E
Write MINOR COMMAND 6 0 4 4
Read STATUS2 1 0 0 3
Read READ BUFFER
1G, 2G Test result of the SCOPE™ QCTAL U2 00
1Y1..1Y2 Test result of the SCOPE™ OCTAL U1 11
NULL 0000 | 0000|0000
0 0 0 C
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9. Read SHIFTER-FIFO

Write CONTROL4 0 6 0 0
Write COUNTER1 UPDATEO 0 0 0 F
Write COUNTER1 UPDATE1 0 0 0 0
Write MINOR COMMAND 6 0 0 1
Write MINOR COMMAND 5 0 8 0
Write CONTROL4 0 7 8 0
Read READ BUFFER
1Y3..1Y4, 2Y1..2Y4 Test result of the 0111101
SCOPE™ QOCTAL U1
1A1..1A4, 2A1..2A4 Test result of the 11 {0010 1}11
SCOPE™ QOCTAL U1
1G, 2G Test result of the SCOPE™ OCTAL U1 00
3 2 D D
The system reply to the test vector is read by the READ BUFFER in three steps:
3.) 16 Bit 2.) 4 Bit 1.) 16 Bit
0011001011011101 1100 0101110110101110
The result, coded in the two SCOPE octals, is given below:
SCOPE™ OCTAL U1 SCOPE™ OCTAL U2
1G, 2G 1A1..1A4, 1Y1..1Y4, 1G, 2G 1A1..1A4, 1Y1..1Y4,
2A1..2A4 2Y1..2Y4 2A1..2A4 2Y1.2Y4
00 11001011 01110111 00 01011101 10101110

4.2.6 Event-Controlled PRPG/PSA

This example is a further development of the previous PRPG/PSA example. In this case,
however, the PRPG/PSA will start only when a rising edge has arrived five times at the event
input EVENT2.

The programming of the TBC is nearly identical with that of the PRPG/PSA example. Only the
sixth step, the execution of the PRPG/PSA, is somewhat changed. Therefore, only this sixth
step will be explained in detail; all other steps should be taken from the PRPG/PSA example.
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Commands and MAJOR COMMAND
Nr. data for both Command Final state Description
SCOPE™ OCTALs execution
1 each 8 bits SAMPLE IR-SCAN RUN-TEST/IDLE Load initial values
2 each 18 bits test DR-SCAN | RUN-TEST/IDLE
vector
3 each 8 bits SCANCT IR-SCAN RUN-TEST/IDLE Load BOUNDARY
CONTROL register with
4 each 2 bits DR-SCAN | RUN-TEST/IDLE PRPG/PSA
PRPG/PSA
5 each 8 bits RUNT IR-SCAN PAUSE-IR Load RUNT command
in command register
6 EXECUTE PAUSE-IR execute PRPG/PSA
7 each 8 its READBT IR-SCAN RUN-TEST/IDLE Read result vector
8 each 8 bits next test DR-SCAN | RUN-TEST/IDLE
vector
9 - - - Read SHIFTER FIFO
Implement PRPG/PSA

Before execution of the PRPG/PSA can begin, the configuration of the TBC must be changed.
COUNTERL1 is used to count the TCK edges during the RUN-TEST/IDLE state. COUNTERZ20

counts the events occurring at the EVENT2 input.

Write | CONTROL3

TMS2/EVENTO is TMS output
(here without significance)

TMS3/EVENT1 is EVENT input

TMS4 .. TMS5/EVENT2 .. EVENT3 are TMS outputs
(here without significance)

00

Test pulse output TCKO is switched on

Test data output TDO is switched on

All TMS outputs are switched on

All EVENT outputs are switched off

Operation to IEEE 1149.1

0000

TCKO is connected with internal TCK source

00

NULL

00
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Write | CONTROL4
No LINK DELAY 00000
16-Bit long SHIFTER-FIFO 0
TDI0 input is source for the internal TDI signal 10
TDO transmits data of the WRITE BUFFER 11
TDI input data are transmitted into READ BUFFER after 1
passing the SHIFTER-FIFO
The LSB is transmitted/received first 0
TDI data transfer at leading edge 0
EVENT data transfer at trailing edge 0
NULL 00

Write | CONTROL?
EVENT2 sets the RESUME REQUEST Flag 0100
Asynchronous recognition of EVENT2 0
EVENT2 recognition always occurs 0
Event is detected at zero passing of COUNTER20 10
EVENTS3 sets no Flags 0000
No recognition of EVENT3 0000

Write | CONTROLS
COUNTER1 does not set the SUSPEND REQUEST Flag 0
COUNTER1 sets the END REQUEST Flag 1

COUNTER1 is loaded by the COUNTER1 UPDATE 1

register at zero crossing

COUNTER1 counts the test edges during EXECUTE 0110

commands in RUN-TEST/IDLE state

Here without significance, because COUNTER1 does not 00

respond to any EVENT input

NULL 0000 (0000

0 0 1 6
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Write | CONTROL9
COUNTER? is loaded with an 0-Level at input EVENTO 000
(here without significance, since EVENTO is switched as

TMS2 output)

COUNTER20 is loaded by 1
COUNTER2 UPDATEDQ register
COUNTER20 is not loaded at zero passing 0

COUNTER20 counts leading edges at the input EVENT2 101
Loading of COUNTER?2 takes place with an asynchronous 0
signal at the event input
COUNTER20 and COUNTER21 work as separate 16 -bit 00
counters
COUNTER21 is not used 0000 1|0

COUNTERZ1 now is loaded with the number of RUN-TEST/IDLE cycles.

Write COUNTER1 UPDATEO 0 0 0 9
Write COUNTER1 UPDATE1 0 0 0 0
Write MINOR COMMAND 6 0 0 1

COUNTER20 now is loaded with the number of events. For five events, the value (5—-1) =4 is
to be programmed.

Write COUNTER1 UPDATEO 0 0 0 4
Write COUNTER1 UPDATE1 0 0 0 0
Write MINOR COMMAND 6 0 3 0

MINOR COMMAND and MAJOR COMMAND start the execution of the PRPG/PSA.
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Write | MAJOR COMMAND

State after executing the command:
PAUSE-IR

111

Execution of command in RUN-TEST/IDLE state and
suspension of the execution of command in PAUSE-IR
state

Terminate command at zero passing of COUNTER1

00

Execution of command is suspended right after the start
(SLEEP STATE)

10

here of no significance, since the process was not
interrupted

NULL

000

MAJOR COMMAND type:
EXECUTE command

0010

Write | MINOR COMMAND

All Flags are reset

1111

NULL

Immediate start of EXECUTE Command

100

NULL

0000

MINOR COMMAND type:
Control of test run

0100

The TBC now waits for five leading edges at the event input of EVENTZ2. Only then does
PRPG/PSA execution begin. After PRPG/PSA has been completed, the control registers must
be reset into the standard state.

The result now can be read out, as given in example PRPG/PSA.

Write CONTROLO 0 0 0 0
Write CONTROL3 0 0 8 F
Write CONTROLA4 0 7 8 0
Write CONTROL?7 0 0 0 0
Write CONTROLS 0 0 0 4
Write CONTROLS 0 0 0 0
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5

Summary

JTAG has developed a coordinated test concept based on boundary-scan techniques, whose
specification is embodied in IEEE Std 1149.1. This allows cost-effective testing of complex
electronic systems.

When using boundary-scan test methods according to IEEE Std 1149.1, it is necessary to
control this test bus with a computer. For this purpose, Tl has made available a suitable
peripheral component, the TBC SN74ACT8990. If the ASSET development system from Tl is
used to develop a test program, the computer program supplied programs the TBC.

BIST systems require direct programming of the TBC. Also in this case, the ASSET system and
additional translation programs offer easy and flexible programming solutions.

However, if the register of the TBC must be programmed directly, a detailed understanding of
this component and methods of programming it are necessary. The examples in this application
report make it easier for the user to undertake direct programming of the TBC.
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