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Descri pti on BOUNDARY SCAN SYSTEM W TH ADDRESS DEPENDENT | NSTRUCTI ONS 5 .
TECHNI CAL FI ELD The invention relates to |ntegratedd0|rCU|t testing and, in
articul ar rated circuit testing by a Boundary S
EACKGROUND AE%J éE?ANSI standard 1149.1 - 1990, also kno Ea&*%#ﬁgﬁand
Boundary Scan, is a standard for testing imategrated circuits as well as
circuit boards. In the 15 prior art, printed circuit boards were tested
by automatic test equipment (ATE) mhlch contacted special |ocations on a
board by neans of probe wres attache&mﬁGr&PBFE%e card. The probe card
interfaced wwth the ATE in a manner such that test slgnals could be sent to
and from 20 the ATE to speci ghgy er test. On the
ot her hand, Boundary Scan regHprggst inﬁﬁﬁﬁiﬂ s&ﬁﬁb &4 and dedi cat ed
pi ns be plaged on a chip so that software can be use to i npl enent test

procedures, rather than
TECHNICAL FIELD

The invention relates to integrated circuit
testing and, in particular, to integrated circuit testing
by a Boundary Scan system.

10

BACKGROUND ART
IEEE/ANSI standard 1149.1 - 1990, also known as

JTAG and Boundary Scan, is a standard for testing
integrated circuits as well as circuit boards. In the

15 prior art, printed circuit boards were tested by
automatic test equipment (ATE) which contacted special
locations on a board by means of probe wires attached to
a probe card. The probe card interfaced with the ATE in
a manner such that test signals could be sent to and from

20 the ATE to specific areas of a board under test., On the
other hand, Boundary Scan requires that certain registers
and dedicated pins be placed on a chip so that software
can be used to implement test procedures, rather than
ATE. Relatively inexpensive computers can now be used to

25 test integrated circuit chips even after the chip is
manufactured and shipped. Five dedicated pins provided
on chips with a Boundary Scan test capability communicate
with a Test Access Port (TAP) which gives access to logic
which executes Boundary Scan and other test procedures.

30 The pins are Test Data In (TDI), Test Data Out (TDO),
Test Clock (TCK), Test Mode Select (TMS) and Test Reset
(TRST) .

Three of the five dedicated pins, namely TMS,

TCK and TRST, access a simple state machine, with 16

35 states, known as the TAP Controller. In turn, the TAP
Controller, together with dedicated pins TDI and TDO
communicate with an Instruction Register, as well as with
two other registers which are mandatory in any Boundary
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of which may beconfiguratidn, verification, test, reliability evaluation
and so on. One further important feature of Boundary
Scan architecture is a set of test cells, one cell being
associated with each of the functional input/output pins

10 of the integrated circuit so that a cell may be used as
an input or output cell for the device. The cells are
arranged in a shift-register organization for serial
communication between the TDI and TDO pins.

In the book "The Boundary-Scan Handbook" by

15 K.P. Parker, the author states on p. 46 "User-defined
instructions may target standard registers (such as the
Boundary Register), portions of standard registers, or
concatenations of registers between TDI and TDO. Alter-
natively, new user-defined registers may be targeted*.

20 An object of the invention was to devise user-defined
registers which expand the usefulness of Boundary Scan
testing and to make the User-defined registers readily
accessible to software. ’

25 SUMMARY OF INVENTION
The above object has been met with a Boundary

Scan system which makes an increased number of data
registers addressable with a relatively small number of
instructions. This is accomplished with a new address

30 register which is accessed with an additional instruction
beyond the standard instructions in the Boundary Scan
instruction set. The new instruction, ADDILOAD, when
present in the instruction register, allows inspection or
loading of the newly provided address register. When the

35 ADDLOAD instruction is in the instruction register, the
address register may be inspected or loaded using the
standard CAPTURE-DR, SHIFT-DR, UPDATE-DR sequence. At
the same time the instruction register is not affected
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addr ess tion. Other instructions can be made address-independent
so that selected data registers can be individually
10 accessed by software. The Boundary Scan instruction set
now contains two types of instructions. A first type
includes address-depehdent instructions directed to
selected test data registers, depending on the state of
the address register, while a second type includes
15 address—independent instructions directed to specific
registers.
One of the advantages of the invention is that
- any instruction TESTDATA1l through TESTDATAn-1 may access
any of the test data registers 1 through (n-1) depending
20 upon the contents of the address registerQ For large n,
this can greatly reduce the number of instructions
required. The address register provides hierarchical
steering of instructions for test data registers.

25 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a plan view of an integrated circuit
chip employing Boundary Scan test circuits, according to
the prior art Boundary Scan standard, for testing the
chip.

30 Fig. 2 is a TAP controller state dlagram for
prior art instruction sequencing of the present
invention.

Fig. 3 is a block diagram of the test access
port (TAP) and register configuration of a Boundary Scan

35 System in accord with the present invention.
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functions and ground. Inward of the pins are boundary
register cells 15 indicated by square rectangular blocks
filled with the letter x. These cells can serve either
10 as input or output boundary register cells. Each cell is
a single shift register stage connected to an adjacent
cell. In this manner, each cell is linked to other cells
forming a boundary-scan register, shown in Fig. 3. When
the boundary scan register is selected as a serial path
15 between the TDI and TDO pins, boundary cell inputs and
outputs, i.e., chip inputs and outputs, may be observed.
Returning to Fig. 1 a test access port (TAP)
controller 17 is the heart of a boundary scan system.
The TAP controller includes a state machine which is
20 clocked at the TCK pin 19. IEEE Standard 1149.1
indicates that there shall be 16 states in the state
machine of the TAP controller which operate as shown in
the flow diagram of Fig. 2. Each state is shown in a
block with a ¢ or 1 indicating the signal on TM5 pin 21
25 of TAP controller 17. TMS is an acronym for test mode
select.

In Fig. 2, the column of blocks 25 is a data
column, while the column of blocks 27 is an instruction
column. The data column refers to a sequence of steps

30 for data registers, labeled DR while the instruction
column labels refer to a sequence of steps for an
instruction register IR. Returning to Fig. 1, the
instruction register 23 is shown to be immediately con-
nected to the TAP controller 17, while the data registers

35 25 are seen to be removed from the TAP controller. The
instruction register IR and the data registers DR will be
more fully discussed with reference to Fig. 3.
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Boundary Scan 35 ccord wit resent |nvent|on
oundary state, indlcateg by the block 35? Block 35 triggers

entry into the data column 25 or alternatively to the
instruction column 27. On entry into the data column,

10 the controller implements the CAPTURE-DR state, indicated
by block 37, being a sequence for test data registers.
With an alternative select signal, the SELECT-DR-SCAN
block 35 can trigger action by instruction column 37
where there is a SELECT-IR~SCAN block 55 which moves into

15 the CAPTURE-IR state block 57 where there can be a scan
sequence for the instruction register. On the other
hand, with another TMS signal, the controller can loop
back to the TEST-LOGIC-RESET state indicated by block 31
by means of a signal transmitted along line 56. The

20 CAPTURE-IR state requires that the instruction register
23 of Fig. 1 load a pattern of logic values for test
purposes. Exit from the CAPTURE-IR block 57 is either to
SHIFT-IR block 59 or to EXIT1-IR block 61 where there is
a further branching to PAUSE-IR block 63 or, in another

25 mode, to UPDATE-IR block 65. On the other hand, the
PAUSE-IR block 63 can lead to EXIT2-IR block 67 which
will loop back or proceed to UPDATE-IR block 65.

Returning to Fig. 2, the CAPTURE-DR block 37

loads a test data register selected by the current

30 instruction in the instruction register. This leads
either to EXIT1-DR block 39 or directly to SHIFT-DR block
41 where looping for a preset number of cycles may occur.
The EXIT1-DR block 39 leads either to PAUSE-DR block 43
where looping for a predetermined number of clock cycles

35 may occur or to UPDATE-DR block 45. When cycling through
the PAUSE-DR state 43 is complete, the EXIT2-DR state 47
is entered, terminating the pause condition. From the
EXIT2-DR state 47 the controller enters the UPDATE-DR
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35. The present invention works within the framework of
the state transitions shown in Pig. 2.
With reference to Fig. 3, TAP controller 17 is
10 shown to have dedicated input pins including the mode
select TMS pin 21, the test clock pin 19 and the reset
pin 20. The TAP controller 17 communicates with
instruction register 23 executing the states discussed
with reference to Fig. 2. The instruction register 23
15 communicates with instruction decoder 24 which provides
mode selection outputs on lines 103 communicated to the
various registers. Note that 1nstructlon reglster 23
resides between the test data input pin (TDI) 16 and the
test data output pin (TDO) 18. A number of other
20 registers are arranged in parallel between the TDI pin 16
and the TDO pin 18. These include the bypass register 52
and the boundary scan register 54. It will be remembered
that the boundary scan register contains the boundary
scan cells 15 shown in Fig. 1.
25 One of the salient features of the present
invention is the provision of address register 56 which
like the other registers previously discussed, as well as
the test data registers discussed below, exist between
TDI pin 16 and TDO pin 18. The address register is
30 accessed by executing an ADDLOAD instruction. When this
instruction is in the instruction register, the address
register is active between the TDI and TDO pins. The
address register may then be inspected or loaded using
the CAPTURE-DR, SHIFT-DR, UPDATE-DR sequence discussed
35 with reference to Fig. 2.
Also connected between the TDI input pin 16 and
the TDO output pin 18 is a plurality of data registers,
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as shown in the flow diagramof Fig. 2. Each state is shown in a block with
a 0 or 1 indiwetsspqsst he signal on TMS pin 21 25 of TAP carinsshsibe 17.
TM5 is an acronym for test node select. In Fig. 2, the colum of blocks 25
is a data columm, while the columm of bl ockks 27 is an instruction colum.
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| abel ed DR whil e, ' i Hﬁﬂ bels refer. to a sequence of steps
for an instructi %;rll&?%dgl (I:al:lr‘L'g%'R.8 e%r | r#gf%t gal’—“i %?sﬁ,dattﬁel]eﬂ%g#ﬁft?brfz
regi ster 23 is shownet a5t Pakadredistex r2,n6E¢ ckest data TaA@isberrol | er
17, while the danai) egB Stam@stdbt dad ﬁgqsq;ggnﬁ; osd-b,e rem)ye;j fromt h_eI ;I'AE
controller. The instructiQn regj r 4R t he data redi rs Wi e
more fully di scussed with_l'r?’gf ‘érg'g%%'té@t%é f’?’]‘ei? re‘-"vﬁ’i%%%@&%’m nes
PCT/ US98/ 23820 - whichnagiistgrt s rte be aqaessedpby pasftimmidrblinskruc-

tions. The address register must have a size sufficient

to be able to point to all related data registers.

Usually this will not be more than six or eight bits.

Table 1 below shows one possible instruction set to be

10 used with the present invention, indicating which

register is accessed for each instruction.

Instruction Name  Register Address Instruction Code
Sample/Preioad Boundary Scan Not Used - 00101010

15 Extest Bourdary Scan  Not tsed 00000000
Bypass Bypass Not Used mum
TESTDATAY TR(1 ton-1) 1 to n-1 10000000
TESTDATAZ TOR(1 to n-1) 1 to n-1 10016000

20 TESTDATAN-1 R(1 ton-1)  1ton1 11100000
TESTDATAN TORn only Not Used 11110000

Table 1. Instruction set using address-decoded
25 register access

Table 1 indicates that certain instructions are
addressed as dependent with regard to selection of a
particular register. Note that any one of the instruc-

30 tions TESTDATA 1 through TESTDATAN-1 may flow to any of
the test data registers 1 through N-1, i.e. registers 61,
62, . . ., 65 or 66. For a large number of registers,
this greatly reduces the number of instructions required
because any one of the instructions, for example,

35 TESTDATA 1, may be steered to any of the addressable data
registers by means of the contents of address register
56. Thus, the increased hardware overhead by providing
address register 56 is compensated by hierarchical
steering of instructions to any of the data registers.

40 Table 1 shows that not all test data registers
can use address selection. In this example, test data
register N, i.e. register 67, does not use address
selection and is accessed only by the TESTDATA N
instruction. 1In accord with the present invention, there



31 is an initialization state which receives an input fromTMs pin 21 in
Fig. 1. In one node, all test logic in registers 25 of Fig. 1 is disabled.

I n anot her node 5 RUN- TEST/ | DLE bl ock 33 is enabl ed. Wen triggered by
the TMS pi n, wohes2esimt r ol | er steps to the SELECT- DR- SCAN steptwuUssemizeat ed by
the bl ock 35. Block 35 triggers entry into the data colum 25 or
alternatively to the instruction colum 278~ n entry into the data col um,
10 the controller inplenments the CAPTURE-DR state, indicated by bl ock 37,

ool ShauCEr R kel ORIE e dtestcaspellidilt ARa AN INACHENGER:
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t he~CAPTURE- | R stegtisthlro2k BY ndtenéfelbed hypraddreassregisimyuébee for the
instruction regizdfiss €8 {H9:Ridt8bnh2Bgistit 3238t BBFaydRricugh! Tab he

controller can | oop back to the TEST-L C-RESET statg indi cated by bl ock
31 by meansg of f?ﬁ&ﬁiﬁeﬂ%s‘?ﬁ"t“t“gnm 5% ‘Fia'F'{-‘ﬁéa SBOWR N F39. 2eAPTURE- | R
state requires that the instruction register 23 of Fig. 1 |load a pattern of

| ogi ¢ val ues for tesSinfukiOmes. sixdkd fromdke CARIRE gebl ock 57 is either
to SHIFT-1R bl ock 59 or 1o

0,.EX! TJI- IR lg‘lagck g&myme&qm&pere is a further

branchi ng 10 PAUSE- | B 0eKk™63 Qs.md,rsc,anozz Oded 250000080@de, t o UPDATE-| R bl ock

Bypass Not Used 1111111

65.  On the other ha@rm&ﬂ? TORY 1 10000001
TESTOATA1_2 TORZ 2 10000010

15 TESTDATA!-n ToRN n 10001110
TESTDATAZ_{ TOR1 1 10010001

TESTDATAZ 2 ToR2 2 10010010

20 TESTDATAZ ORn n 10011110
TESTOATAN-1_1 TOR1 1 11100001

TESTDATAN-1_2 ToR2 2 11100010

25 TESTDATAR-1_n 0Rn n O 1omn
TESTDATAN TDRN Not Used 11110000

Table 2. Expanded instruction set using address-
30 decoded register access

Table 2 shows an expandéd instruction set

compared to the instruction set of Table 1. In Table 2,
each of the instructions TESTDATA 1 through TESTDATA

35 N-1 has been expanded to appear as é set of separate
instructions, with the separation indicated at the end of
each instruction. For eiample, the instruction TESTDATA
1_2 executes the TESTDATA 1 instruction specifically in
data register 2, i.e. register 62. Such an instruction

40 expansion is possible with no change in instruction
configuration relative to Table 1 if there are sufficient
don’t care bit conditions within the available
instruction codes. In the example of Table 1, the
rightmost bits of the instruction code are don’t care

45 bits during test data instruction execution. The
expanded test data instruction now accesses a single
register while the actual design maintains a minimum
number of instructions in a relatively simple instruction
decoder. While each test data instruction may access a



PAUSE- IR bl ock 63 can lead to EXIT2-IR block 67 which will |oop back or
proceed to UPDATE- | R bl ock 665. Returning to Fig. 2, the CAPTURE-DR bl ock 37
| oads a test data register selected by the current 30 instruction in the
instruction rw@i99e48s1 This | eads either to EXlI T1-DR bl ock gérusesdsaect|y
to SH FT- DR bl ock 41 where | ooping for a preset nunber of cycles may occur.
The EXI T1-DR bl ock 39 |eads either to PAUSE2DR bl ock 43 where | ooping for a
pr edet er mi ned nunber of clock cycles 35 may occur or to UPDATE-DR bl ock
45.  Wen cycli nglﬁ@ié’%iﬁ‘:‘ef AQﬁE hasdsd Gedistar CRAP 5 Gusela@oEX T2- DR

state 47 is enter erm In use condgi tion. romthe EXl T2-DR
state 47 the confgsﬂ: A ?“?’ﬁ °{HP%A YOReIistereg/ 24841

PCT/ US98/ 23420 -6- state 45-er—the SH FT-DR state 41. The UPDATE- DR bl ock
allows data to be |atched at the out pufSreiifiodi€mbecdat a regi sters. The
UPDATE- DR r &i ster provides a | atched aggk:eﬂdbutput of the test data
regi sters which normally 5 shift da ﬁsagﬁﬁﬁg The exit fromthis

state is back to the RUN- TEST/J DL&E{ Eat ) Tepryne-1Rt he SELECT DR- SCAN st at e
)] t s repeat for N cycles, N = IR len
10 (Instr;;:tism :1 A‘dkd.oad)
3 324 8

8) Update-IR
9) Select-DR-Scan
10) Captufe-DR
15 11) Shift-DR; repeat for N tycles, M = address register length
(Data = Target TOR’s address)
12) Exiti-DR
13) Update-OR
14) select-DR-Scan
20 . 15) Select-IR-Scan
16y Capture-1R
17) shift-IR; repeat for N cycles, N = IR length
{Instruction = Any address-specific instruction)
18) Exiti-IR
25 19> Update-IR
20) select-DR-Scen
21) Capture-DR
22) shift-Ddr; repeat for K cycles, X = TOR length
(Data = TDR data)
30 23) Exiti-DR
2%) Update-DR

a5 Table 3. Flow Diagram for Test Data Register Access

The full process for accessing address
dependent registers is shown in Table 3. First, the
ADDLOAD instruction is loaded into instruction register
23. Next, the address register is filled with the target

40 data register address. Then the desired address specific
instruction is loaded into the instruction register 23.
Finally, the target data register itself is loaded. as
new data is shifted in, at state SHIFT-DR, step 22, all
data is simultaneocusly shifted out on the TDO pin, for

45 inspection. At this point, the target data register has
been updated with new data and further operations may be
performed using these new data.

outputs from the data registers pass through a
first multiplexer 71 to a second multiplexer 73 which is

50 enabled through the TAP controller 17 to the TDO output
pin 18. Thus, the TAP controller controls both the
loading and scanning of instructions from the TDI pin 16
to the scanning and updating of registers by shifting



35. The present invention works within the framework of the state
transitions shown in Fig. 2. Wth reference to Fig. 3, TAP comtroller 17 is
10 shown to have dedicated i nput pins including the node select TMS pin
21, the test whogdasdai n 19 and the reset pin 20. The TAP CO@HﬁJsgﬁiuz]o?
communi cates with instruction register 23 executing the states di scussed
wth reference to Fig. 2. The instructionxeegister 23 15 conmmuni cat es
with instruction decoder 24 which provides node sel ection outputs on lines

103 communi cated, to the yvarjious registers. Note that instruction register
23 resides bet wSHtd ﬁé‘gtggthb%t%?q ?fﬂ%?“ﬁi?ﬁi’( T+ TBeaAdaxeRs (xagisgsra

out put pin (TDOS56lStearsudesirest addiress2@ependendi dhstsuetions rtanghe i n

paral | el betweervdriduiDtedt Naath dadikierd PR -al; ' !
bypass regi ster u552e @_gdft he bour]cdgr%g.scan %ﬁgﬁgﬁ.blﬁ%vﬁ#%%%%gmer ed
that the boundaryEcarTHRgH st SPASE? e Reryefyte drfi®d s 15 shown
in Fig. 1. 25 7registers. (ne of the salient features of the present
invention is the provisi omefvAddues sekeMstL re3dswbis Nkj ki WiaOter

regi sters previ O&Seré L SCUSS d,.as well as,the tes% dgt@areg_l sters

di scussed bel ow,CBNPSHIBR Vb'dh thS user-defingd FAB FeRt 1dataristducsss

register is 30 tionscéoremamy various figneriodd) @ABludihg umiilt-in When this
self-tests or scan-testing of an integrated circuit chip
10 by comparison of the various inputs and outputs with
signals placed on the TDI and TDO pins.



instruction is in the instruction register, the address register is active
between the TDI and TDO pins. The address register may then be inspected or
| oaded using the CAPTURE-DR, SHIFT-DR, UPDATE-DR sequence di scussed 35
with refer encéot%”ﬂ"g. 2. Al'so connected between the TD i nBGI/USP#R3429 and
the TDO output pin 18 is a plurality of dat,g_registers, WD 99/ 24841 .

PCT/ US98/ 23420 -7- including test data register 61; test_d Legi St r@
62 . . .; test data register N2, 65; test data regist ﬂ*§§§§: K%ﬁ é?ﬁeat
data register N, 67. ‘The content of addreagaimegi ster 5% det

which register is to be accessed by particular instruc- tions. The address

regi ster nust haye a size sufficient to be able to point to all related
data registers. EBua?I?PQQﬂ§§YWFFPnnB?SBeaERﬁﬂ?tPﬁaﬁ°§|%n%ﬁgﬁﬁiﬁﬂ bits—Tabl e
1 bel ow shows oneipositslaomprisingti on set to be 10 used with the present

nvention, igndi cating whi ghpraghsiey bf RERRRISstan E2rlk dhlddiki s
I nstruction Nane i stef, AddreSs, Instruction Code
functional pins of an integrated circuit chip,

a test access port controller connected to
dedicated Boundary Scan pins including TMS and TCK pins,

an instruction register communicating with the

io0 test access port controller and connected to dedicated
Boundary Scan pins including TDI and TDO pins,

a boundary register, a bypass register, a
plurality of test data registers and an address register
all connected in parallel between the TDI and TDO pins,

15 all of said registers communicating with the instruction
register, and

a software instruction set adapted for decoding
by the instruction register, said instruction set having
first instructions dependent on an address of a target

20 test data register and second instructions which are
independent of addresses and directed to specific
registers not among the addressible test data registers.

25 2. The apparatus of claim 1 wherein the software
instruction set is a standard instruction set augmented
with an additional instruction for the instruction
register, the additional instruction pointing to the
address register.

30
3. The apparatus of claim 1 wherein at least one test
data register, but not all test data registers, is
independent of an address.

35
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Sanmpl e/ Prel oad Boundary Scan T3 [ShelgheHd Bapieeesh 0 15 . Ext est
Boundary Scan Not Used 00000000 I
TESTDATAL TDR(1 to n-1) 1ton

D -

ss Not Used 11111111
ESTDATA2 TDR(1 to n-1)
1ton-1 100060998412 O TEST (1 todtn-1) PAT/US8/3420
11100000 TESTDATAn TDRn only Not Used 11110000 Table 1. [Instruction set
usi ng addr ess- decoded 25 =128gi ster access. Table 1

indicates that certain instructions are addressed as dependent with regard

to selection ofga pPafd ia%klhi‘ S B H A imNgt Fu%r%‘%i%iﬁé Lhe instruc- 30
tions TESTDATA 1 thraqu TESTDATAN-1 nmay flow to any, of thé test data
registers 1 thrRYHFRINYY of address depeidspt gpstructionsggvailgple Hipr 5

| arge nunmber ofeadlyitstsdr datshregiptent Wheredncaspatieioularetest dasd ructions
required becausg, itelNgs0kei fEtdd Uy Yol QBareldr € fosorecdipt! PATA 1,

may be steered to any of the_addressahl e data_ registers by neans of the
contents of add®ean Adgress r dependsiifs InStTuLkiPRased har dware overhead by
provi di ng address register 56 is conpensated by hierarchical steering of
instructions to any of the data registers. 40 Tabl e 1 shows

that not all test data registers g?ntyse address_selection, I.n this
exanpl e, test it o 2 Boundary Scan test apparatus for integrated

circuits of the type having a test access port (TAP)

10 controller with a standard instruction set, an
instruction register (IR), a boundary register, a bypass
register, a plurality -of dedicated boundary scan pins
including a test data in (TDI), a test data out (TDO)
pins, a plurality of circuit input and output pins with

15 associated boundary register cells, the improvement
comprising,

a plurality of test data registers connected in
parallel between TDI and TDO pins and having a size
sufficient to hold test data words, and

20 an address register connected in parallel with
the test data registers and having a size sufficient to
point to a selected test data register.

25 6. The apparatus of claim 5 wherein the standard
instruction set is augmented with an additional
instruction for the instruction register, wherein said
additional instruction points to the address register.

30
7. The apparatus of claim 6 wherein said address
register is loaded with the identification of a specific
test data register.

35

8. The apparatus of claim 5 wherein the standard
instruction set is augmented with address-dependent

| R O




register N, i.e. register 67, does not use address selection and is
accessed only by the TRSTDATA N instruction. In accord with the present

i nvention, there WD 99/ 24841 _

PCT/ US98/ 2342@0958248%y be a m x of address dependent and pcTUS98/23420

addr ess-1i ndependent test data registers. It should be noted that
instruction register 23 is not affected byt3ddr ess regi ster 56. Access to
instruction register 23 is always through TAP 5 controller 17 executing

the cycle shown g ,n kg fé@{glgft mlagﬁz %@g I nstruction
Code Sanpl e/ Prel .oa(jc nggi%é I‘ﬁgNot b‘oafg%oiggﬁ%ﬁsé Ext est
Boundary Scan @6‘5’“89 el ith address-depegdentsed

11111111 TESTDAWtruchRlS foxl the te&€08EW retiStRASAdN® at MBAst oRe
10000010 15 AarEESTRAT et 1HRRM, 001110 T, TA? 1 TDRI

1 10019001 24arkss pgiels Wfustibn sor, ohg 01 FRe teE dliie SFESTDATA2 n
TDRnN ffﬁ TESTDATAN- 1 1 TDR1 1 11100001

I



11101111 TESTDATAn TDRn N o] abl e 2. Expanded °
i nstruction set using address- decoded regi ster access

Tabl e 2 showsy@mw/¥ganded i nstruction set conpared to the k&ftﬁﬁdﬂﬁ&%@” set
of Table 1. In Table 2, each of the instjgucti ons TESTDATA roug

TESTDATA 35 N-1 has been expandeqmgﬂmﬁgﬁaﬂk as a set of separate .
instructions, Wedeildeby tREIALPBLioNG Gardat oal 19 hﬁri@nfbg@féé@mgwst ruction.
For exanpl eoridifial REiyCa,i O alEFTEMEA 12d? oPXARME CFaildS, TEQADAT Ahehded;
instruction specifically inemgiating ceginstunchihged (2. pagedister 62. Such an

I nstruction 40 expansion is possible with no change in instruction
configuration pel ata vebdrdaFgbsean édstl fa?,baraﬁss Sgdff Iiﬁt@ﬁ{»aég& t care bit
condi ti ons mﬁth'nﬁ&?g ayvai | able instruction codes. In the exanple of Table
1, the ri htnngir 11s° GOFRE* Mt ruction code are don't care 45  bits
during test data instrud pdnrakitytofdHBounhry cSqromcedlsesonniedtaed ot r uct i on

now accesses arGhd€ldhdPPinkeos i | thildiatelUairdAt GA1PRI Ntai ns a ni ni num

TESTDATAn-1_2 TDR2 2 1113Qﬂ%g§%§”“""““““TEﬁTDATAn-1 n TDRn n
o

nuber Of 1St TSt 0nS Ll hekeL Sheoelert! IBLELIEL UL S0, dpogger Wil e
dedicated Boundary Scan pins including TMS and TCK pins,

an instruction register communicating with the

10 test access port controller and connected to dedicated
Boundary Scan pins including TDI and TDO pins,

a boundary register, a bypass register, a
plurality of test data registers and an address register
all connected in parallel between the TDI and TDO pins,

15 all of said registers communicating with the instruction
register, said address register being loaded with an
address that identifies a specific one of the test
registers, '

a software instruction set adapted for decoding

20 by the instruction register, said instruction set having
first instructions dependent on an address of a target
test data register and second instructions which are
independent of addresses and directed to specific
registers not among the addressable test data registers,

25 said first instructions including an additional
instruction for the instruction register wherein the
additicnal instruction augments a standard instruction
set and points to the address register, and

wherein one of the test registers is selected,

30 the selected test register being determined by the
address loaded in the address register when the
additional instruction is executed.

2. Cancelled
35

3. The apparatus of claim 1 wherein at least one test
data register, but not all test data registers, is
independent of an address. T T e e
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WO 99/ 24841 . PCT/ US98/ 23420 -9- single
regi ster, the address register may be used to steer any instruction to any
register. 1) Test-Logic-Reset 5 . 2) Run-Test-ldle
3) Sel ect - DR-SOM24B#1 Sel ect- | R-Scan 5) Capture-1R 6) ShiftpCRysIsepat f or

- = o5 AddL
% Céﬁ!teiﬁ g 8)|5plj:'?gEIthg) Sel ect - DR- Scdf- 10 @%gHEE;TmS@EEN “ ddioad)
11) Shift-DR, repeat for Mcycles, N = addrefis r edRERHACER NGt h (Data =
Target TDR s adg esSpnel ApparhtisDRe ldaidpdateg ompti8dhylR- Scan 20
15) Select-| R—S%fg&&f@téla %ﬁﬁiLég dependent instructions available for
each test data register wherein the selected test-

register receives one of the address dependent
5 instructions.

5. A Boundary Scan test apparatus for integrated
circuits of the type having a test access port (TAP)

10 controller with a standard instruction set, an
instruction register (IR), a boundary register, a bypass
register, a plurality of dedicated boundary scan pins
including a test data in (TDI), a test data out (TDO)
pins, a plurality of circuit input and output pins with

15 associated boundary register cells, the improvement
comprising,

a plurality of test data registers connected
in parallel between TDI and TDO pins and having a size
sufficient to hold test data words,

20 an address register connected in parallel with
the test data registers and being loaded with an address
that identifies a specific test data register,

an additional instruction for the instruction
register wherein said additional instruction augments the

25 standard instruction set and points to the address
register, and

- wherein one of the test registers is selected,
the selected test register being determined by the
address loaded in the address register when the

30 additional instruction is executed.

6. Cancelled

7. Cancelled

35
8. The apparatus of claim 5 wherein the standard
instruction set is augmented with address-dependent
instructions. :
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17) Shift-1R repeat for N cycles, N= IR length (Instruction = Any
address-specific instruction) 18) Exitl-1R 25

19) Update-IR 20) Sel ect-DR Scan 21) Capture-DR 22) Shift-Dr; repeat for K
cycles, K= "WiR%4d#gth (Data = TDR data) 30 PCT/US98/23420 23)
Exit1-DR 24) Update-OR Table 3. Flow Di agram for Test Data Regi ster Access
35 The full process for accessing address dependent registers is shown in
Table 3. First, the ADDLOAD instruction i$/3 oaded into instruction register
23. Next, the address.register is filled with the target 40 data register
address. Then the desired address specific instruction is |loaded into the
instruction.register 23. Finally, the target data register itself is

| oaded. As new data is shifted in, at state SH FT-DR, step 22;—abl data is
si mul t aneously shifted out on the TDO pin, for 45 i nspection. At this
point, the target data regi ster has been updated with new data and further
operations may be perforned using these new dat a.

13
A 11
Tck ™I [ N

19 2?9972
SN .

17
T|I
TRST O— A <REGISTERS/LOGIC [ >15

" e e

21/6_66\666666

T™s / TDD )
23 \25 \13[

FIG. 1 (Prior Art)



Qut puts fromthe data registers pass through a first nmultiplexer 71 to a
second nultiplexer 73 which is 50 enabl ed through the TAP controller 17
to the TDO o n 18. Thus, the TAP controller controls both the

| oadi ng and sc %ﬁ?ﬁﬂ i nstructions fromthe TD pin 16 t PSS EMHhi ng
and updati ng of reglsters by shifting WO 99/ 24841

PCT/ US98/ 23420 -10- data out to the TDO out put pin 18. The address register
56 steers desired address dependent i2¢§ructions to the various test data
registers, allowing a rich selection Of user-defined instructions to be
steered to desired 5 regi sters. The various test data'registers may be
used in connection with the user-defined TAP test data instruc- tions for
many various functions, including built-in self=tests or scan-testing of an

integrated circuit chip 10 by conparison of the various inputs and
outputs with signals 48laced on the TDI and TDO pi n§6.
1 CxTest-Logic-Reset): C
¢ 0 r35 r55
0O Run-TestIdle ' >(Select-DR-Scan )——>(Select-IR-Scan
33/ o 0
v 37 v 57
A ,k-——{: Capture-DR ) ——%: Capture-IR :)
1O 0
! 41 ¥ 59
Shift-DR X )o »( Shift-IR X )o
1 1
v J39 L 2 (61
>( Exit1-DR Y L ("Exit IR —
| 0
43 vy (63
CPause—DR Do "~ ( Pause-IR D 0
1 1
0 ~ Y 47 0 y 67
—(_Exit2-DR ) ——(_Exit2-R
: 1 ' 1
v % {65
(Idea&;iﬁ§)<——— ( Ide;E:é%jk———
\( 1 Y 0 Y 1 4 0

FIG. 2



-12- Cainms 1. A Boundary Scan test apparatus for integrated circuits
conprising, 5 a plurality of Boundary Scan cells connected to
functional pwiseamlisgsgan i Ntegrated circuit chip, a test acceg&mﬂg%kgum
controller connected to dedi cated Boundary Scan pins including and TCK
pins, an instruction register communicating with the 10 test access port
controller and connected to dedi cated Boundary Scan pins including TD and
TDO pins, a boundary register, a bypa88register, a plurality of test data
regi sters and an address register all connected in parallel between the TD
and TDO pins, 15 all of said registers communicating with the

I nstruction register, said address register being | oaded with an address
that points to a specific.-gpne of the test registers, a software instruction

set adapted for decodi ng—2Q py tHe—TTsgruction register, said
i nstruction set havi g flir S3YRas8 Fonsfdependenf on an address of a
target test data regfster gpd second instructions I ch are i ndependent of
H r H S
addresses and directped tp-spectit+e
Boundary Scan Reg.
56 . c71
Address Register > Mux 1
e |
Test DataReg. 1 [
62 S
Test Data Reg. 2 T—
° 73
* 7 Mux 2 “’%10)07
TDI o " 3 18
16 65 *
C ¥
Test Data Reg. N-2 T
66 2
Test Data Reg. N-1 —T
67 :
Test Data Reg. N —-T
J} A A
103 I
__{Instruction
Decode 24
T 11
Instruction
21 Register
17 3 23
Tap
TCK
TRST ] Controller
20 19

FIG. 3
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regi'sters not anong the addressable test ‘data registers, |rst
I pstructions including an additional instruction for,ﬁg&??é 2 0
regi ster wherein the additional instruction augnents dard |nstruct|

set and accesses the address register, and wherein onm e JAN 2 %0
registers is selected 30 to be accessed t he sel ec regi ster

bei ng determ ned by the addr ess | oaded |h1¥he address regi ster when the
additional instruction is executed. 2. Cancelled 35 3. The apparatus of
claiml wherein at |east one test data.éf§&m§er but not all test data

regi sters, is independent of an address 12- 4. The appar atus of
claim1 further conprising a plurality of addr ess dependent I nstructions

avai labl e foragachal gaimdaky S8ahStEbr"MEpEtibCeor| rlagrdtsy (o0l Ster

recei ves one o; th addresséaigen ent |nstruct|ons Boundary

Scan test app9 5Fﬂgt?oF°PﬁF Fed
5 a plurality of Boundary Scan cells connected to

functional pins of an integrated circuit chip,
a test access port controller connacted to
dedicated Boundary Scan pins including TMS and TCK pins,
an instruction register communicating with the
10 test access port controller and connected to dedicated
Boundary Scan pins including TDI and TDO pins,

- a boundary register, a bypass register, a
plurality of test data registers and an address register
all connected in parallel between the TDI and TDO pins,

p all of said registers communjcating with the instruction
register, said address register being loaded with an
address that points to 2 specific one of the test
registers,

a software instruction set adapted for deceoding

20 by the instruction register, said instruction set having
first instructions dependent on an address of a target
test data register and second instructions which are
independent of addresses and directed to specific
registers not among the addressable test data registers,

25 said first instructions including an additionzl
instruction for the instruction register wherein the
additional instruction augments a standard instruction
set and accesses the address register, and

wherein ocne of the test registers is selected

30 to be accessed, the selected test register being
determined by the address loaded in the address register
when the additional instruction is executed.

2. Cancelled
35
3. The apparatus of .c¢laim 1 wherein at least one test

data register, but not all test data registers, is
independent of an address.
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circuits of the type having a tes %ccgg“ss’port ('PM:SGIS. 152273 o JetERR#830: (iagene/6

a Standard instruction set, an instruction register (IR, a boundary,
regi ster, "a bypass register, a plurality of dedicated §/ &/p%342 0

including a test data in (TD), a test data out (TDO urality of -
circuit input and output pins with 15 associ ated bou i.{)ér JyAN 2000
cells, the inprovenent conprising, a plurdidty of test data registers
connected in parallel between TDI and TDO pins and having a size sufficient

to hold test data e'iaddress regi ster connected in

ds, 20 an
parallel with The \t,@? WRAT3LNE 0 1aim b SHFHT FRPRF IS Aaddr ess t hat
points to a spetwrakitysof daddressidépendean: adtruetionsn avaidable ffux t he

instruction regiaH kel ety Lsﬁgs@&di‘%%@dhiag régl'[é'cg_{;e‘f%%t s the 25

standard instruct]on set and actesses I'ess regl wher gi n one

of the test rcEfEieterxeceives ope phHthe adidress Wdepaendent: ed t est
Tegi ster ®ei nginketrictivss by the address | oaded in the address register 30
when the additional instruction is executed. 6. Cancel l ed 7. Cancel | ed

5. A Boundary Scan test apparatus for integrated
circuits of the type having a test access port (T2a®)

10 controller with a standard instruction set, an
instruction register (IR), a boundary register, a bypass
register, a plurality of dedicated boundary scan pins
including a test data in (TPI), a test data out (TDO)
pins, a plurality of circuit input and output pins with

15 assoclated boundary register cells, the improvement
comprising,

a plurality of test data registers connected
in parallel between TDI and TDO pins and having a size
sufficient to hold test data words,

20 an address register connected in parallel with
the test data registers and being loaded with an address
that points to a specific test data register,

an additional instruction for the instruction
register wherein said additional instruction augments the

25 standard instruction set and accesses the address
register, and

wherein one of the test registers is selected
to be accessed, the selected test register being
determined by the address loaded in the address register

30 when the additional instruction is executed.

6. Cancelled

7. Cancelled

35
8. The apparatus of claim 5 wherein the standard
instruction set is augmented with address-dependent
instructicns.




35 8.

augnment ed wi th addr ess- dependent i nstructions. .
PCT/ US98/ 23420 -13- 9. The apparatus of claim?5 wherein the
UGNt ot Lk AUAERSIRREDABALY NSt T UCRER

i nstruction set
test data regqi

The, apparatus of claim5 wherein the standard instﬁgg@?335§§}'f2*

and at | east onbtem
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(57) Abstract

Boundary scan integrated circuits are pro-
vided with a plurality of new registers (56, 61,
62, 65, 67) between two dedicated pins, Test
Data In (TD)) (16) and Test Data Out (TDO)
(18) pius. The registers include an address reg-
ister (56) and a plurality of test data registers
(61, 62, 65, 66, 67) which are addressed by the
address register using address instructions in the
(IR) (23). Instructions for the addressable regis-
ters may be steered to the correct register with
an ADDLOAD instructions placed in the (IR) fol-
lowed by an address—dependent register active be-
tween the (TDI) and (TDO) pins. Any instruc-
tion from a set of address—dependent instructions
may be steered to any register handling address
dependent instructions allowing a small number
of instructions to be used in a large number of
addressable data registers. Non-addressable reg-
isters, such as the boundary scan registers (54),
use address—independent instructions.
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