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A testing assembly (10), and an associated method, for testing v
an integrated circuit device (12). The testing assembly (10) is 10 88 /P
| capable of testing an integrated circuit device (12) having a large 4 s b
number of input and output terminals formed of either single-ended : :
terminals (16) or differential terminals (20, 22). Static testing, both : n /MY w 2
functional and parametric, can be performed upon the integrated ' ' id
circuit device (12). Additionally, dynamic testing of the integrated ) -
circuit device (12), even integrated circuit devices operable at high 74 oP /

ies, is possible through operation of the testing assembly Y .
(10). Test signals are applied by way of signal tails (54, 56, S8) to S
the device (12) undergoing testing. A test signal response indicator [ 18 y
(78) is coupled to observe responses to the test signals. i
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paoduct testing. More particularly, the present invention
relates to a testing assembly capable of testing and
evaluating an integrated circuit device operable at high
frequencies and having a large number of input and cutput
terminals.

Test signals are applied, if desired, to .each
terminal of the integrated circuit device to permit
testing of the entire integrated circuit device. Test
signals can be applied both to differential terminals, and

to single-ended terminals.

BACKGROUND OF THE INVENTION

The fabrication process by which an integrated
circuit device is formed is a complex process. The
integrated circuit device is fabricated upon a wafer, the
integrated circuit (IC) wafer, and subsequently packaged
into an integrated circuit (IC) package.

Even when the fabrication process is closely
controlled and maintained  under strict supervision,
defective integrated circuit wafers are sometimes formed.
And, packaging errors, such as missed connections or
misconnections, c¢an occur during packaging of the
integrated circuit device. Testing for defects and
packaging errors is therefore required to ensure that a

defective IC package is not used in- an electronic circuit.



met hodol ogi es of boundary scan testing have been set forth. For instance,
the I'nstitute of Electrical and El ectronics Engineers (I EEE) standard test
access port and 25 boundary scan architecture, |EEE Standard :
1149, 1-1990, has been pronulgated to set forth industry-w de standards fo
boundary scan testing. In general, such standards call for the formation of
a test accessy(ofiosgs AP) state nmachine which allows 30 C Op&TSko7/R0Es
access to a boundary scan architecture. To inplenent the boundary scan
architecture, the integrated WO 97/ 29384
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on-wafer testing is partially or completely deferred, and
testing occurs only after packaging. Such deferral is,
however, at the cost, typically, of the resultant need to
discard an increased number of packaged, integrated
10 circuit devices. Defects which would otherwise be
~detected on-wafer. are detected only after packaging of the
integrated circuit gevides. |
With the trend towards evermore densely populated
integrated circuit devicéé having more highly integrated
15 components operable at higher frequenqies of operation,
the problems attendant to the testing of an integrated
circuit wafer or é padkaged integrated circuit device
formed therefrom becomefhore complex.
As the integrated circuits have become increasingly
20 more highly-integrated, boundary scan techniques for
detecting faults have become widely utilized. Standard
methodologies of boundary scan testing have been set
forth. - For instance, the Institute of Electrical and
Electronics Engineers. (IEEE) standard test access port and
25 boundary scan architecture, IEEE Standard 1149.1-1990, has
been promulgated to set forth industry-wide standards for
boundary scan testing.
In general, such standards call for the formation of
a test access port (TAP) state machine which allows
30 control and access to a boundary scan architecture. To

implement the boundary scan architecture, the integrated
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integrated circuit device, thus giving rise to the term
boundary scan.

Boundary scan techniques can also be utilized to test
the integrated circuit device while still on-wafer.

Testing of the internal logic of the integrated circuit

device is possible by way of the test port. Boundary scan -
‘functions can be used'fgx the testing of primary inputs

and outputs of the integrated circuit device to achieve -

controllability and observability of the chip-interiox
side of the input and output terminals.
Conventionally, automatic test equipment (ATE) is

utilized for testing _of integrated circuit devices.

Conventional ATE typically includes a “testhead” and a -

workstation to provide operator control of the integrated
circuit device undergoing testing, the "“device under test”
{(DUT) . A fixture is required to interconnect, or
interface, the testing equipment with the integrated
circuit device. Such a fixture is of dimensional, and
other, characteristics corresponding to the particular
integrated circuit device. A probe card having pin
contactors, or probe *"“needles”, for connecting with
terminals of the integrated circuit device connects the
integrated circuit device with the test resources of the
ATE. The ATE typically utilizes three kinds of test

resources: drivers which drive logic inputs, comparators



t he high frequencies of operation of the integrated circuits is not
practical . Further, differential termnals are oftentines utilized in
hi gh- speed i ntegrated 10 circuit devices. Differential termnals are
formed of termnal pairs in which differential signals are offset in

vol t‘age rel afb\e9ndags ONE anot her, one signal referred to as pHpsEARbIRYE
signal and the other signal referred to as the negative signal. An
external positive 15 differential of signals applied to a termnal
pair corresponds to an internal logical "1", an external negative

- differential corresponds to an internal |ag.cal "O'. To be able to neasure
correctly a differential signal in a non-idealized environnent,

differential 20 forraate¥prétdhg 'RitPuteldata FXiagll "YSh- o leugéovggf'el y
vol tage conparators capable of quantizing signals in thtee voltage w ndows
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PCT/ SE97/ 00068 ate 1Feudt %év1ces, particularly at
the high frequencies of operation of the integrated

circuits 4is not practical. Further, differential
terminals are oftentimes utilized in high-speed integrated

10 circuit devices. Differential terminals are formed of
terminal pairs in which differential signals are offset
in voltage relative to one another, one signal referred
to as the positive signal and the other signal referred
to as the negative signal. An external positive

15 differential of signals applied to a terminal pair
corresponds to an. internal 1logical “1", an external
negative differential corresponds to an internal logical
wov, To be able to measure correctly a differential
signal in a non-idealized environment, differential

20 receivers are required. Existing ATEs include merely
voltage comparators capable of quantizing signals in three
voltage windows relative to a ground potential and are
additionally inadequate to test many integrated circuit
devices for this reason.

25 Therefore, existing apparatus and methodologies of
testing complex, integrated circuit devices are inadequate
to test properly the integrated circuit devices. And, as
the size, complexity, and operational frequencies of
state-of-the-art, integrated circuit devices continue to

30 increase, the need for improved manners by which to test



the integrated circuit devices shall becone even nore pressing. Testing
apparatus which permts appropriate and econom c testing of such integrated
circui't devices, 5 operabl e at high frequencies of operation, is
therefore necessary. It is in light of this background information related
to testing apwaveresssfor testing integrated circuits that th&CTSER0PES, N

I mprovenents of the present invention have 10 evol ved. SUMMARY OF THE

| NVENTI ON The present invention advantageously provides a testing assenbly,
and an associ ated nmethod, for testing 15 an integrated circuit device,
once fabricated. Static testing, both fumdti onal and parametric testing,
and al so dynamc testing of the circuit device can be perfornmed through
operation of the thetingegratedl girFuiti dgvirean shaldghmcemecigvan tmeesi ce
havi ng al nost 20 any nunmber of input and output termnals is possible.
Such terninals car P2 ned of single-ended terminals or differentia

termnal pairs, or anwmﬂ&sglahpgaraf;ugueihﬁﬂfpémitéym:@&:r&atm N&h& .
Testing operations can be perforned either on-wafer or. after

packagi ng oper at | efenoRiR l‘e?@éﬁlpgr fofy nﬁHchnci“c%%&&ﬁad’e’&"f%‘egi’ﬁ?%‘aes'
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upon the |ntegrat% erreni T ages, - connections formed dur
packagi ng operatlﬁéeecemméurther be tested.

It is in light of this background information related
to testing apparatus for testing integrated circuits that
the significant improvements of the present invention have

10 evolved.

SUMMARY OF THE INVENTION
The present invention advantageously provides a
testing assembly, and an associated method, for testing
15. an integrated circuit device, once fabricated. Static
testing, both functional and parametric testing, and also
dynamic testing of the circuit device can be performed
through operation of the testing assembly.
Testing of an integrated circuit device having almost
20 any number of input and output terminals is possible.
Such terminals can be formed of single-ended terminals or
differential terminal pairs, or any combination of such
different types of terminals.
Testing operations can be performed either on-wafer
25 or after packaging operations have been performed and the
packaged integrated circuit packages have been created.
When testing operations are performed upon the integrated
circuit packages, connections formed during the packaging
operations can further be tested.
30 Test signals can be applied to large numbers of

terminals concurrently without the conventional



30 Test signals can be applied to | arge nunbers of termnals
concurrently w t hout t he conventi onal WO 97/ 29384

PCT/ SE97/ 00068 -6- requirenment to utilize a large nunber of channels,
otherwi se required to test the integrated circuit devices. Addi tionally,

test signal s w@oydess@pplied to an integrated circuit devicemﬁﬂmﬂﬁh§%$
dynam c testing of the 5 circuit device to provide indications o

operability of the integrated circuit device at high frequencies. Testing

of integrated circuit devices, both while still on-wafer and subsequent to
packagi ng, can be economically performed._clntegrated circuits determ ned

10 to have either defects or connection errors can be marked, or

otherwi se set agbgRirdmeMISW L2y ;sHChy def | VaubL Ui de Ayl g18re not
.used in an electronic circuit. In these and ot'her aspects, therefore, a

t esting assenbl gthexwisen requbredttal testthblle imstgraved oieguit elévikes.

. circuit having a pl ity of qtermnals. . A voltage signal .generator
‘generates test si gna%‘g&%‘%yoseaflelﬁedt% tﬁ‘b%n?%?/ef’?g Res%é?ﬁ'll%ﬂalm an
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the voltage sigopd OREAIYG (B ARS£S8ke5EETat high frequencies.

' ' Testing of integrated circuit devices, both while
still on-wafer and subsequent to packaging, can be
economically performed. Integrated circuits determined

10  to have either defects or connection errors can be marked;
or .otherwise set aside; to ensure that such defective
circuit devices are not used in an electronic circuit.

In these and other aspects, therefore, a testing -
assembly, and an associated method, tests an integrated

15 circuit having a plurality of terminals. A voltage signal
generator generates test signals of selected voltage
levels. A signal rail interconnects the voltage signal
generator and at least selected terminals of a first group
of the plurality of terminals of the integrated circuit.

20 The signal rail concurrently applies the test signals
generated by the voltage signal generator to the selected
terminals. A test signal-response indicator is coupled
to at least selected terminals of a second group of the
plurality of terminals of the integrated circuits. A test

25 signal-response indicator is coupled to the selected
terminals of the plurality of terminals of the integrated
circui;. The test- signal-response indicator indicates
values of output signals generated at the second group of
terminals responsivé to application of the test signals

30 to the terminals. If the output signals indicated by the

test signal-response indicator are of other than desired



termnals. A test signal-response indicator is coupled to at |east sel ected
termnals of a second group of the plurality of termnals of the integrated
circuitts. A test 25 signal -response indicator is coupled to the :
selected terminals of the plurality of termnals of the integrated circuit.
The *t est si gnwo-978838énse i ndi cat or indi cates val ues of out pug“msﬁw
generated at the second group of term nals responsive to application of the
test signals 30 tothe termnals. |If the output signals indicated by
the test signal-response indicator are of other than desired WD 97/ 29384
PCT/ SE97/ 00068 -7- values, a circuit defect7or connection problem m ght be
the cause of such indication. A nore conplete appreciation of the present

i nvention and t hoaduepe Bheirohitadefectbeni aeanesinn rrablem miahkpieyi ng

drawi ngs which are briefly su [ized. the follow ng detailed
description of tﬁz‘epfzgé‘gﬁt?g-g]‘g&%f]érﬁile%%é%#ddi ments of the invention, and
the appended cl ai 5. AOmore RidnpiebeSahprddiENioh JEiHRAENEHt Fprartibni S a

partial, functional block, partial perspective illustration of the testing
assenbly of an e@Bddi F®t &CoPfe FHEXERE | SRnt RS B&AdPsHed frem edhean

exenpl ary i gt egr -edmphhfihd S8 itls which are briefly summarized below,
the following detailed description of the presently-
preferred embodiments of the invention, and the appended

claims.

10 BRIEF DESCRIPTIQN OF THE DRAWINGS .

Figure 1 is a partial, functiomnal block, partial
perspective illustration of the testing assembly of an
embeodiment of the presént invention positioned to test an
exemplary integrated circuit device.

15 Figure 2 is a simplified circuit schematic of"
| circuitry including a differential, bi-directional"
terminal, exemplary of é terminal formed on the integrated
circuit pictured together with the testing assembly in
Figure 1. |
20 Figure 3 is a flow diagram which lists the steps of
a method of an embodiment of the present invention for
performing static tests upon differential receivers of
bidirectional terminal pairs.

Figure 4 is a flow diagram which lists the steps of

25 a method of an embodiment of the present invention for
performing static tests upon differential transmitters of
bidirectional terminal pairs.

Pigure 5 is a flow diagram which lists the steps of
a method of an embodiment of the present invention for

30 performing tests upon built-in differential termination

units of bidirectional terminal pairs.



15
I ncl udi ng
term na

tésting assenbly in Figure 1. 20
lists the stgpgofiesgy Met hod of an enbodi nent of the present pamsEvhiosasf Or -

Figure 2 is a sinplified circuit schematic of circuitry

a differential, bi -directional termnal, exenplary of a
formed on the integrated circuit pictured together with the

performng static tests upon differential receivers of bidirectional

t er m nal

pairs.

Figure 4 is a flow diagramwhich |ists the steps of 25

met hod of an-enbodi ment of the present invention for performng static
tests upon differential transmtters of biglirectional term nal pairs.
Figure 5is a flow diagramwhich lists the steps of a nethod of an

embodi ment of the er§ d e |V aY 20160 aBlgram R ﬂgﬁstﬁﬂ s of

built-in differentia

WO 97/ 293

Figure 6 is a f
enbodi ment of t

84

rmnation units o I direction
a method of an embodiment of the prd2@htSHIVeDRA68 £8r

| ow,di ich L the steps of t hod qf
REEPERENG FROGAE: GRoESr BEP dARMgeLPatic Tindile-aidee

Figure 3 is a flow di agram which

term nal” pairs.

a

receivers of sigpgkpifggtgd termnals. 5 Figure 7 is a flow diagram

for

whi ch Iistg the steps of a nethod of an enbodi nent of the present

10

15

20

25

30

Figure 7 is a flow diagram which lists the steps of
a method of an embodiment of the present invention for
performing static tests upon transmitters of single-ended
terminals.

Figure 8 is a flow diagram which lists the steps of
a method of an embodiﬁent of the present invention for
performing tests upon built-in termination units of
single-ended terminals.

Figure 9 is an illustration of a manner by which
narrow pulses can be formed during operation of an
embodiment of the present invention to permit dynamic
testing of an integrated circuit device.

Figure 10 is a . simplified circuit schematic
illustrating portions of the testing apparatus of an
embodiment present invention and portions of an exemplary
integrated circuit undergoing testing by the testing
assembly.

Figure 11 is a flow diagram which lists the method
steps of a method of an embodiment of the present
invention to perform dynamic testing of an integrated
circuit device. |

Figure 12 is a circuit schematic of a portion of a
testing assembly of another embodiment of the present
invention. _

Figure 13 is an enlarged view of a single probe
element which forms a portion of the testing assembly

shown in Figure 12,

i nvention



performng static tests upon transmtters of single-ended termnals. Figure
8is aflowdiagramwhich lists the steps of 10 a nethod of an
enbodi’'ment of the present invention for performng tests upon built-in
térmnation units of single-ended termnals. Figure 9 is an illustration of
a manner by wWQ/2984 ow pul ses can be formed during operati SCTGEIUNOE; -
enbodi nent of the present invention to permt dynamc testing of an
integrated circuit device. Figure 10 is a sinplified circuit

schematic illustrating portions of the testing apparatus of an enbodi nent
present invention and portions of an exenpl#y 20 Integrated circuit
undergoi ng testing by the testing assenbly. Figure 11 is a flow diagram
whi ch |ists the nPEBAILER RRSARIPTIAMN hod of an enbodi nent of the present

Flgure 12 19 & cf roul {NEERERHIY cEbr ber Bighe8r T o Fonyind BBHbBER °°
anot her enbodi menghewnt GenpraiEpt atnuent iim. péstianelB togevhean | witdedani ew
of a.single probe 30 el enent which fqorms a portion of the testing .
assenmbl y shown inip‘pggrgtg@_ circuit device 12, a portion of which is
5 illustrated in the figure. The integrated circuit device
12 illustrated in the figure is fabricated as part of an
integrated circuit wafer.
In conventional manner, many integrated circuit
devices are typically fabricated upon a single integrated
10 circuit wafer. As mentioned préviously, once fabricated,
the integrated circuit devices are packaged to form
integrated circuit packages. The testing apparatus 10 is -
also operable to test a packaged integrated circuit
package, and the packaged integrated circuit package can
15 instead be illustrated to form the integrated circuit
device 12 in the figure. Additionally, while the testing -
assembly 10 is positioned together with only a single
integfated gircuit device 12, the testing assembly wmay
also concurrently test additional numbers of the
20 integrated circuit devices fabricated upon the wafer.
The portions of the integrated circuit device 12
illustrated in the figure include a chip interior portion
14, typically formed of a 1large number of circuit
elements. The circuit elements are fabricated and
25 interconnected to form a desired circuit. The chip
interior portion 14 is coupled, in conventional manner,
to input and output terminals, here single-ended, bi-
directional terminals 16, each forming a cell 17 and
differential, bi-directional terminal pairs 18, each

30 formed of two terminals 20 and 22. When on-wafer, the

terminals are sometimes referred to as “bond pads”, and,
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devices are typically fabricated upon a single integrated 10 circu
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As mentioned previously, once fabricated, the integrated circuit
devices are packaged to formintegrated_gig.cuit packages. The testing
apparatus 10 is also operable to test a packaged integrated circuit

package, and t bgcBagiRuadel)t Rheateininais land2ckad814a0rad Formelstagad be
illustrated to formthe integrated circuit devicé 12 in the figure.
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I'p Interior portion 14 Is coup In c enti
integrated circuit device includes large numbers of

single-ended or differential terminal pairs, or
combinations thereof. -

As wentioned previously, as integrated circuit
devices increasingly become more complex and include
greater numbers of input and output terminals, use of
conventional testing apparatus to test for proper
operation of the-integréted circuit device has become, at
times, impractical. Such conventional, testing apparatus
additionally is typically unable to test properly:
differential terminal pairs, or to test circuits which are:
operable at high frequencies.

The testing apparatus 10 overcomes the problems
associated with conventional testing apparatus utilized
to test integrated circuits. The apparatus 10 pexrmits the
application of testing signals to an integrated circuit
having even very large numbers of terminals. The
terminals can include single-ended, bi-directional input
and output terminals, differential, bi-directional input
and output terminals, or combinations of such terminals.
And, test signals generated by the testing apparatus can
further be applied to integrated circuit devices to test
their operability at high frequencies.

The integrated circuit of the exemplary integrated

circuit device 12 incorporates the standard, boundary scan

manner,



to input and output termnals, here single-ended, bi- directional termnals
16, 'each formng a cell 17 and differential, bi-directional termnal pairs
18, each 30 formed of two termnals 20 and 22. Wen on-wafer, the
termnals are sonetines referred to as "bond pads", and, WO 97/ 29384
PCT/'SE9/ 00068W01RI298Ace packaged, the terninals anal ogously ZFESEX/NRS as
"pins" or "leads." Two single-ended termnals 16 and three differenti al
pairs of termnals 20 and 22 illustrated in the figure are 5 merely
exenplary of the termnals typically formng portions of an integrated
circuit device. Typically, an integrated <d¥cuit device includes |arge
nunbers of singl e-ended or differential termnal pairs, or

conbi nati ons t heglesfents) in accomianaeenwithedthr eAforementigned| REER at ed

Coars eVt ces NARY T9ukshacore) P 19TREEEA00S | BGLUG, I/ e

nunbers of input t'érm nal ;" usé convent i sting

appar at us to tesintefrated afiiAnat tidrefodd efwitilag almslludde bdurithishee has
becone, at 15 times,_ dinpractical, Such conventional, testing apparatus
additional ly is 253% 2813F whresesiated wbdhaash of rehentinglewndad)

pairs, or {0 tegle,GiitaHLt $6 WG o8’ EnOPESP @ Akl e f(AAHAAEECF0 and

22 of the differential terminal pairs forming the cells
18. The boundary scan cells 24 are connected togeéher to
form a boundary scan register.

The boundary scan register formed of the boundary

10 scan cells 24 is coupled to additional on-chip test logic
25, conventional of boundary scan circuitry here including
the elements pictured in the block. A test data input
(TDI) 26 and an instruction register 28 form portions of
the test logic 25. A test data output (TDO) 32 is also

15 coupled to the boundary scan register and the instruction
register. - |

A test access port (TAP) controller 34, functionally
operative as a state machine, is further pictured to
receive inputs supplied at a test clock (TCK)} terminal 36

20 and to a test mode select (TMS) terminal 38.

Additional details relating to, and describing
operation of, the boundary scan architecture can be found
in the aforementioned IEEE Standard.

The testing assembly 10 includes a selectable voltage

25 supply 52 operable to generate test signals of selected
voltage levels. The test signals are generated on supply
rails 54, 56, and 58 which are coupled to the voltage
supply 52 by way of output ports 64, 66, and 68,
respectively, of the voltage supply.

30 The supply rail 54 contacts with the single-ended

terminals 16 forming the cells 17 through resistors 72,



The testing apparatus 10 overcones the problens 20 associated wth
conventional testing apparatus utilized to test integrated circuits. The
apparatus 10 permts the application of testing signals to an integrated
circuit having even very |arge nunbers of term nals. The termnal s
can ‘i ncl ude wowieasanded, bi-directional input 25 and outpgdiseenéssgnal s,
differential, bi-directional input and output term nals, or conbinations of
such termnals. And, test signals generated by the testing apparatus can
further be applied to integrated circuit devices to test their operability

at high frequencies. 30 The integyated circuit of the exenplary
integrated circuit device 12 incorporates the standard, boundary scan WO
97/ 29384 _ the supply rail 56 contacts with tHECTe®h9A/LP039§8£I@0eNnts in
accordance with the arorenenti oned | EEE Standard 1149.1. The

illustrated pdraymimalopairseforming s&hedcelieuld thraughoresistoner74 ncl udes

boundary scan 4 i ) t f .the. single-ended :
termnals 16 f%ré z:éét ﬁgﬁg’gﬁl gégj; %\%d%rﬁgac{kes(r)ﬁlng §%§Oggmg§§fﬁf§% HRE
differential teshd nermpaal sphirsn fuyning chel selfs 1theHrougHarysssesrsel | s
24 are cognected toggther to forma boundary scan register. The boundary

scan regiSter formed Ry ASEIHRFIISy 78. andc R are| sach of twpgrdanre o
addi.tional on- GhiudeiniciPinateh AYBEIY chBakighaPOHI U8RV SGRRe TSHI tTY

here incl udi ng
which the device under test is constructed to operate.
While, for purposes of illustration, only the
terminals formed at the left-hand side (as-shown) of the
10 portion of the integrated circuit device are shown in the
figure, the supply rails can similarly be positioned to -
permit contact with additional terminals of the device,
typically positioned near additional edge surfaces, or
elsewhere, of the integrated circuit device. '
15 The test signals formed at the output port'64 are of -
selected voltage levels V, which may be of selected:
sequences of voltage levels, as shall be described in -
greater detail below. Test signals of voltage levels vy
are formed at the output-port 66 of the voltage supply,
20 and test signals of voltage levels V, are formed at the
output port 68 of the voltage supply. The voltage levels
of the test signals are generated to be of values, e.qg.,
to function as a stimulus to receivers, to function as
load voltages for transmitters, and to function as a
25 stimulus and/or load voltage for built-in terminations.
Such receivers, transmitters and built-in terminations
form portions of the cells 17 and 18, as shall be noted
below. _
The testing assembly 10 further includes an observer
30 and controller 78 which contacts with the test logic 25.

Values of the boundary scan cells locaded into the test



the el ements pictured in the block. Atest data input (TD) 26 and an

I nstruction register 28 formportions of the test logic 25. A test data

out put: (TDO 32 is also 15 coupl ed to the boundary scan register and the
instruction register. A test access port (TAP) controller 34, functionally
operative as wosmapmsnachine, is further pictured to recei ve PCHEEI00068
supplied at a test clock (TCK) termnal 36 20 and to a test node sel ect
(TMB) terminal 38. Additional details relating to, and describing operation
of , the boundary scan architecture can be found in the aforenentioned | EEE
Standard. The testing assenbly 10 incl udesia-sel ectabl e voltage 25
supply 52 operable to generate test signals of selected voltage |evels. The
test signals arelggierzs asesponsipel yor géherSﬂioﬁGanth@pﬂS-OMiien afetkoupl ed

to the voltage supply 52 b of out ort 64, 66 d.68,
respectively, oftefik #Hopa 39(; s%p teg Ec’s‘bbpﬁ}"r‘&% 2 ¥Rt act s

wi th the single- QQSPvé&rkH} R§les céﬁtieimﬁgvé.he 1¢ckhe v1ddy Gr@erieai by or s
72, WO 97/ 293 PCT/ SEQ7/ 00068
-12- the supply théICQﬁtxniﬂﬁscﬂﬁ arehother tthan dgeired wlusk PoARLAGY

pai rs form go the coglls 18 fAnough Jisehitokbvibe A diifhes BBt f 31 4nd8

contacts with th&
observer and contrcller 78 can also be utilized for

additional functions, inter alia, to.test unidirectional
terminals in conventional manner.
During operation of the testing assembly 10, test
10 signals are generated. The test signals are applied to
the terminals 16, 20 and 22. The values of the boundary
scan cells are loaded into the test 1logic, and a
determination can be made of the operability of ‘the
iﬁtegrated circuit device 12 —responsive to the
15 cbservations of the test port observer and controller 78.
The illustrated portion of the integrated circuit
further includes terminals 79, here coupled to receive
signals generated by the controller and observer 78. As:
shall be described in detail with respect to Figure 9
20 below, the terminals 79 extend to uni-directional
receivers which form portions of the integrated circuit.
The testing assembly 10 further includes a plurality
of power supplies, of which the circuit power supply 80
is exemplary. The power supply B0 supplies operative
25 power to the power contacts 82 formed on the integrated
circuit device 12 by way of lines 84. Each power supply
can also have multiple numbers of contacts.
The selectable voltage supply 52, the test port
cbgserver and controller 78, and the power supply 80 are
30 coupled to an exemplary work station 86 by way of cables

88. Control signals generated at the work station are



the termnal pairs formng the cells 18 through resistors 5 76. The
resisstors 72, 74, and 76 are each of inpedance val ues which match closely

t he si-gnaling environnment in which the device under test is constructed to
operate. Wiile, for purposes of illustration, only the termnals forned at
t he 'l ef t - hangypép@agdsas- shown) of the 10 portion of the i nicesEdyowdss
circuit device are shown in the figure, the supply rails can simlarly be
positioned to permt contact with additional term nals of the device,
typically positioned near additional edge surfaces, or el sewhere, of the
integrated circuit device. 15 Theqhest signals fornmed at the output
port 64 are of selected voltage levels V, which may be of sel ected

sequences of VOEEQHSm!i.EﬂS&SuFSﬁ thel leabiedensr itRetdrt e yperalebal bebel ow.
Test signals of voltage levels V. are forned at the output "port 66 of the

vol t age supply, sg6h de&dGESesandighgnelafgemﬁtagﬁﬂIa&uﬁuchﬁdQMiSEBoman at
the output port 68 of the vpltage ly. . The voltage |levels of the test
signals are gen& 5?egetﬁu%%fﬁ3\%? 3%%0 v\)e/o_ré;_s,tatt&o uﬁgﬁ:%lﬁyas a stimulus to
receivers, to functipigagel oad i9Quistgaseboran r axefipllheys, @FEdrentyqati on
as a 25 stimulus and/or | oad voltage for built-1n term nations. Such

recei vers, 3transsruier)l BREr KEQrRing, a &edilndbi sagetbem wikh jasiditirnaie

e oty onobog gAY WS e BHF deShuinpaa bty ALl b

| ogi ¢ 25. Val uesfofthehdrtegrdzed sdacudel devicedad ishbent Ha tFdgire 1.
The terminal pair forming the cell 18 includes a positive
terminal 20 and a negative terminal 22 formed upon, or

10 otherwise accessible at, a surface of the integrated
circuit device 12.

‘The positive terminal pad 20 is coupled to an input
terminal of an amplifier forming a receiver 96 and to an
output of an amplifier forming a transmitter 98, through

15  a resistor 102. Analogously, the negative terminal 22 is
coupled to a negative input of the receiver 96 and to a
negative output of the transmittexr 98 through the resistor
104. The ' resistors 102 and 104 are of impedances
designated by R,.

20 Differential inputs received at the terminal pads 20
and 22 are applied to the receiver 96, and internally-
generated output signals applied to the transmitter 98 on
line 106 are supplied to the terminal pads 20 and 22.

The terminal pair forming the cell 18 is also

25 illustrated to include a built-in termination unit 108
formed of a positive termination resistor 112 and negative
termination resistor 114. The resistor 112 is coupled
between the terminal pad 20 and a signal ground, and the
resistor 114 is coupled between the terminal pad 22 and

30 the signal ground.



WD 97/ 29384 ' PCT/ SE97/ 00068 - 13-

| ogtc 25 responsive to generation and application of the test signals to
the inmtegrated circuit device 12 are observed by the controller 78. If the
val ues observed by the controller 78 are other than desired val ues, a

def éct 5 voImEeIBnt egrated circuit device 12 ni ght exist. PCT/SEOZ00088 o vor
and controller 78 can also be utilized for additional functions, inter

alia, to test unidirectional termnals in conventional manner. EUring
operation of the testing assenbly 10, test 10 signal s are generat ed.

The test signals are applied to the term-a&ks 16, 20 and 22. The val ues of
the boundary scan cells are loaded into the test logic, and a determ nation
can be nmade of the opesuht¢htqﬂeﬂénthélﬁningﬂud&ajswdtcbaﬁtllﬂkvﬁnbllﬂg
responsive to the 15 observations of .the test part r..and
control ler 78. BOSiFEPRRY r’é”t’gd'nﬁa*’?'i“'b??’bfthfahgemf%ﬂr gﬁ ‘Efftzzfaﬁf‘fiher

i ncludes term n@he ¢3rmifhei6RUReSIEtdys AQQ waasiLyad! ﬁewﬂ@g by the
controller and observer 78. As shall be described in detail with respect to
Figure 9 20 bel owPosihtoning @fnthe swikcheg: efidthe swiksh- alenent a4
receivers i ch .for or n the d r

assenbl y 1§hfurt1ﬁ‘er cI%dfe) ér_:o elﬁir]aﬁhpy %@%E(;mifé %B Froi-.fl?gd eb}{]i chtt he
circuit power supRfinda39 scan cells. here a f£flip- flop 118 thereof,

connection thereto represented by the line 120. The
boundary scan cells are similarly coupled, here by a flip-
flop 122 thereof, to the enable control input of the
10 transmitter 98, such connection indicated by the line 124
extending between the flip-flop 122 and the transmitter
98. The boundary scan cells are further similarly
~ coupled, here by a flip-flop 126 thereof, to the receiver,
such comnection indicated by the line 127 extending
15 between the £lip-flop 126 and the enable control input of
the receiver 96. The flip-flops 118, 122, ana 126 may,
e.g., alternately be formed of a mode register of test
logic.
- Boundary scan cells 128 and 129 are further
20 illustrated in the figure. The cell 128 is coupled to
line 106 through a multiplexer 130 to the transmitter 98,
and the cell 129 is coupled to the output of the receiver
96. Line 131 forms a second input to the multiplexer 130.
As shall be described with respect to Figure 9 below,
25 narrow pulses axe generated on the 1line 131 when
performing dynamic testing of the integrated circuit
device. Both cells 128 and 129 are coupled to core
circuit logic of the chip interior portion 14 (shown in
Pigure 1)..
30 Pigure 2 further illustrates a built-in high-speed

pulse detector 132 formed of the elements positioned



I's exenpl ary. The power supply 80 supplies operative 25
power contacts 82 formed on the integrated circuit device 12 by way of

power to the

| ines 84. Each power supply can al so have nultiple nunbers of contacts.
sel ect abl e voltage supply 52, the test port observer and controller 78, and
the power suppdynessare 30 coupled to an exenplary wor k spei/smretifssby
way of cables 88. Control signals generated at the work station are
97/ 29384 PCT/ SE97/ 00068 - 14-

transmtted upon the cables 88 to control operation of such devices,

The

WO

and

signal s generated at such devices can al sqghe supplied to the workstation

thereby. Figure 2 illustrates an exenplary, differential

5

t er m nal

pair

forming a cell ifchanelhey widdk AdHdudnal SAdKNI LAY LHET Rghgbl™ i tion

of the integrat

circuit of the integrated circuit device ™12 shown in

Figure 1. The t paxtagulpxly,f bhei pglsdecdetedtds 138 | intEidespesipaize of

termnal 20 and_a.,negative rmhnal, 22 r .up o] 0, ot herw se
accessi bl e at, 5'%’8#38 soﬁfh@‘?ﬁt:’e ra&g‘&?ﬁﬁ-?a??"ﬁéﬁ‘%&ﬁf“ﬁﬁ@%&& tive
termnal pad 20the gev@ieértgs adhd Hldo ey Febalvel aapiRed! didril [ HeFeny a

receiver 96 and to an output of an anplifier formng a transmtter 98,
through 155 aardegical lope” genaxi®sk by anrshaEgReTion einath ghowm)i

of the circuit undergoing tests. The signal of the

logical *“one” value is here, representative of a “passed”

test. An output of the flip-flop 133 is coupled to an

input of the flip-flop 134. An output of the flip-flop

10 134 is also provided to a reset input of the flip-flop

133. Operation of the pulse detector 132 shall be

described more fully with respect to Figures 10-11 below.

Once the testing assembly 10 is positioned to contact

the terminals of the integrated circuit device 12 which

15 is to undergo testing, test procedures can be performed

to test the operation of the integrated circuit device.

In one embodiment, static tests are pexrformed upon the

terminals first to determine the functionality of the

integrated circuit devices and then, if the circuit is

20 determined to be functional, to determine the parameters

of operation of the device viz., parametric testing of the

circuit is performed to determine if the integrated

circuit meets parametric specifications.

And, dynamic

testing of the integrated circuit device is performed to

25 determine whether the integrated circuit device is

operable at desired frequencies of operation.

While not separately shown, it should, of course, be

understood that a single-ended terminal pair could

similarly be illustrated together with the. additional

30 circuitry shown in Figure 2.

S



coupled to a negative input of the receiver 96 and to a negative out put of
thetransmtter 98 through the resistor 104. The resistors 102 and 104
are of' i npedances desi gnated by RD. 20 Differential inputs received
at the termnal pads 20 and 22 are applied to the receiver 96, and
internal | y- (W@®72984 output signals applied to the transmi t PEFSEEMS) | e
106 are supplied to the term nal pads 20 and 22. The termnal pair formng
the cell 18 is also 25 illustrated to include a built-in termnation
unit 108 formed of a positive termnation resistor 112 and negative

term nation resistor 114. The resistor 11217s coupl ed between the term nal
pad 20 and a signal ground, and the resistor 114 is coupl ed between the
ternminal pad 22 and 3Migure & Silpatiragesuthe methodoptepgogaf a method,

PCT/ SE97/ 00068 -15- A swi tch-.el 116 ] it 1 7B
posi ti oned in-Ii%i??ﬁn%ﬁﬂﬁ¥%%%¥'gg?%?ﬁalﬁﬁggéé%%5§93 éﬁgﬁgct%ééngﬁ?%%tion
resistors 112 anghdldiffées@ecidly ateceiResis!,i af nppich the seceites 96 ohe

switch elenent 116 5 in_the, illustrated enpodinment is cqontrolled by
the boundary scahkhecigm®ingd, gadxr 18.pSshoyp 18 gFigHKSedr 18 Xan t R et o

represent eds by ty QEachlng:_e%%Q' are RE-fAtREANYoR CAtE RIFFarahei Sl Pelait¥rs

coupl ed, here by a
to determine their functionality and the parameters of

their operation. First, and as indicated by the block
136, the differential transmitters, such as the
transmitter 98 éhown in Figure 1, are disabled, for
10 example, by way of the teét port of the tap machine 34.
The built-in termination units, such as the built-in
termination unit 108 are disabled, as indicated by the
Block 137. Disabiing of the transmitters by way of, e.g.,
line 124 and termination units by way of, e.g., line 120
15 can also occur concurrently or in reverse order.
Thereafter, and as indicated by the block 138, the
receivers are tested to determine their sensitivity and
common mode range. Such testing can be performed, for
example, by applying, in an iterative procedure together
20 with blocks 140 and 141 noted below, minimum positive and
negative differential voltages at the extremes of the
common mode range on the positive and negative supply
rails 56 and 58, respectively, such rails forming portions
of the testing assembly 10 shown in Figure 1.
25 Responses formed by the receivers can be read, as
indicated by block 140, wvia the boundary scan cells by,
for example, a test port observer and controller 78
forming the portion of the assembly 10 of Figure 1. Then,
and as indicated by the decision block 141, a
30 determination is made as to whether further testing is

required. If so, i.e., if the iterative procedure is



flop 122 thereof, to the enable control input of the 10 transmtter 98,
sucht connection indicated by the line 124 extendi ng between the flip-flop
122 and the transmtter 98. The boundary scan cells are further simlarly
coupl ed, here by a flip-flop 126 thereof, to the receiver, such connection
I ndi cat ed by wdnerdesgae 127 extendi ng 15 bet ween the fli p- fecuseEdZOooed t he
enable control input of the receiver 96. The flip-flops 118, 122; and 126
may, e.g., alternately be forned of a node register of test |ogic. Boundary
scan cells 128 and 129 are further 20 illustrated in the figure. The
cell 128 is coupled to line 106 through ajgul tiplexer 130 to the
transmtter 98, and the cell 129 is coupled to the output of the receiver

96. Line 131 fopBRpRefe@ONEnbNRds Wi-ank® MY titaxSPadidOroAB18ER! hakBe
described with respect to Figure 9 bel ow, 25 narrow pulses are

generated on ©hberwise theilnowhyansdy fis riakendytrinblocksi4digand the
I ntegrated circuit dgvicqest E%“JL%H? I%Q%ZB and 129 are coupled to core
circuit logic of SPREVEhI T Rt et i St P ASESH 14 (shown in Figure 1). 30
Figure 2 further il|gcatdebestdubdn -amnlodgiusinedst perFormetcapboh t82

formed of the el enents positioned W97/ 29384

PCT/ SE97/ 09068 differential transmitters of the differential terminals.
Figure 4 illustrates a method, shown generally at 143,
listing the method steps of a method for performing static
tests upon differential transceivers. First, and as
indicated by the block 144, the differential transmitters,

10 such as the transmitter 98 shown in Figure 2, are enabled.
The transmitters are enabled, for instance, by way of the
test port of the boundary scan circuitry, as above
described. 1In the exempléry terminal pair illustrated’'in
Figure 2, the transmitter 98 thereof is enabled responsive

15 to appropriate input on line 124. " Then, and as
indicated by the block 146, the differential receivers,
of which the receiver 96 shown in Figure 2 is exemplary,
are enabled. And, as indicated by the block 147, the
built-in termination devices are disabled. Again, other

20 orders of sequences, or concurrent enabling and disabling
is possible. In the terminal pair 18 illustrated in
Figure 2, the switches 117 and 117B of the switch element
116 are opened, responsive to appropriate commands
generated on the line 120.

25 Thereafter, the transmitters are tested for level and
drive strength of both pullup and pulldown circuitry on
both their positive and negative outputs, as indicated by
the block 148. With reference back to Figure 2, a logical
1" gtored at the cell 128 activates the positive pullup

30 and negative pulldbwn. Analogously, a logical *0" stored

at the cell 128 activates pulldown on positive and pullup



wi thin the bl ock, shown in dash, in the figure. More particularly, the
pul se detector 132 includes a pair of flip-flops 133 and 134. The flip-flop
133 is’coupled to the receiver 96 and also to receive a fixed signal, here
5° a | ogical "one" generated by another portion (not shown) of the
circuit under NQP9Msts.  The signal of the |ogical "one" FOTHEEITN6E o
representative of a "passed" test. An output of the flip-flop 133 is
coupled to an input of the flip-flop 134. An output of the flip-flop 10

134 is also provided to a reset input of the flip-flop 133. Operation of

t he pul se detector 132 shall be described-@8~e fully with respect to
Figures 10-11 below. Once the testing assenbly 10 is positioned to contact
the terninal s of ohhexegatdgyeat edWbenc Hestdog C@QZtmm@rS with otheder go

testing, test pr ures can e perforyred to test th er n. of e

i nt egrated circui Fsgﬁﬁcag’palr 7 -8Re %o’lﬂ%@ﬁ"ﬁ ?%?I (ittggfs %‘f 5 &F ggﬁed
upon the terni nakgsti feigna0 dpEmidived (e tHaCclEuppali aiofl gdeis ntegéet ed
circuit devices and then, if the circuit is 20 determ ned to be

functional, to dEREBRNES thR qﬁa@aﬂ‘evevelas%ﬁe%vah ghdothe foliagecdeves .

parametric gesti el éi%ﬁa t heg 3
i nt egr at ed (5:| rchtQ (r%eet rs)d?eﬁéz;dr ametri cs%pem | ca??%g%ﬂ@ Eié?di?dﬂn%ltm C ot est | ng
of the integrat edgenerated dEvtwnadxfﬂandhﬁr&edeis 25The xkapmnseneo shehher

the integrated _gircuit Vi C er,abl e at i red_frequencies o
operatlong Vihi | e SAEESEERE, 5587"?? H&Mﬁqp +8H er?fs AFLF B%nlﬁnHEFEtood

that a single-apdgd cherdiralic PobponseUisl read, as indicated by block
149, |
10 By generating test s.ignals on the supply rail 56 of
a low value, and by generating test signals on the supply
r_éil 58 of two different values, circuit pullup on
négative output of the transmitter are tested.

In analogous manners, the circuit can be tested for

15 pulldown responses for both positive and negative outputs.
To test for circuit pulldown response on poitive outputs,
the test signals generated on the supply rail 58 are
selected to be .of high voltage levels and the test
signals generated on the supply rail 56 are selected to

20 be two separate values, and the receiver response to such
differing levels is observed.

To test for pulldown response of the circuit
responsive to a negative output, the test signals
generated on the supply rail 56 are set at high voltage

25 levels, and the test signals generated on the supply rail
58 are selected to be of two different values. The
receiver response is then observed.

As indicated by the decision block 151, a
determination is made as to whether further testing is

30 required. If so, the yes branch is taken back to block
148. Otherwise the no branch is taken to block 152 and



simlarly be illustrated together with the. additional 30 circuitry
shown in Figure 2. WD 97/ 29384

PCT/ E97/ 00068 -17- Figure 3 illustrates the nethod steps of a nethod, shown
generally at 135, for performng static tests upon the differenti al

recei vers, owowhizeisst he receiver 96 of the term nal pair 18pCTISEOT00068
Figure 2 is exenplary. The 5 static tests are perforned upon the
differential receivers to determne their functionality and the paraneters
of their operation. First, and as indicated by the block 136, the
differential transmtters, such as {4 transmtter 98 shown in Figure
1, are disabled, for 10 exanpl e, by way of the test port of the tap

machi ne 34. The Hulidrardhiteed RebtolsUbekminatéd, asThdiviidl -ofes of
termnation unit 108 are di sabled, as indicated by the block 137. Di sabling
of the transnitthe sabgvesyoesd &egts |gane kg4 or@egi naAandnwhent ndy way

f, e.g., |i a..al ' der.
Ther eafier, and Siny tePERd, “Pno TR, BRen e By LeSRIT S

det er mi ne t hei rceasiisiatiedi.t y and common node range. Such testing can be

performed, for exanpl.e, by applying, .in an iterative procedure together 20
with bl ocRs 140 and Ff'@l‘rﬁotsedﬁt}éﬁf\?ﬁatﬁ%iamﬂﬁ it i%@”ﬁhcﬁ‘?ﬂ%ﬁh’e at

differenti al ngﬁg%%raiekéﬁnéxéﬁémﬁ-itth‘.ert_nination units, such as

the unit 108 shown in Figure 2, according to an embodiment

of the present invention. First, the built-in termination

units are enabled, as indicated by the block 154. 1In the

10 terminal pair 18 shown in Figure 2, the built-in

‘termination unit 108 is enabled by closing the switch

elements 117A and 117B by way of appropriate input on the

line 120. As indicated by the block 156, the receivers

are enabled. And, as indicated by the block 158, the

15 differential transmitters are disabled, for example, by

way of the boundary scan circuitry. Again concurrent
enabling and disabling or other sequences are possible.

The termination units are then, as indicated by the
block 160, tested for impedance matching. With respect

20 to the testing apparatus 10 shown in Figure 1, test
signals are generated on the supply rails 56 and S8. The
voltage level of the test signal generated on the supply
rail 58 is first set to be slightly higher than the
voltage level of the test signal generated on the supply

25 rail S56.

Then, the voltage level of the test signal generated
on the supply rail 58 is set to be somewhat less than the
voltage level of the test signal generated on the supply
rail 56. Such test can be repeated at several different

30 voltage levels, thereby to determine the impedance

matching of the resistors of the built-in termination unit



common node range on the positive and negative supply rails 56 and 58,
resﬁectively, such rails formng portions of the testing assenbly 10 shown

in Figure 1. 25 Responses fornmed by the receivers can be read, as
i hdi cated by bl ock 140, via the boundary scan cells by, for exanple, a test
port obser ver WRNT29¥4t r ol | er 78 forming the portion of the ad&df of
Figure 1. Then, and as indicated by the decision block 141, a 30
determ nation is nmade as to whet her further testing is required. I f so,

i.e., if the iterative procedure is WO 97/ 29384
PCT/ SEQ7/ 00068 - 18- conpleted, the yes bradr is taken back to bl ock 138.
O herwi se the no branch is taken to block 142 and the receiver test is

term nated. Statid8® Befunctianaofl wdinge lsveder f Afhen each efheswh test

1 ustrat e a mothoRe iR ASFaFPySaTl A <hRAT, 47 PaschBi B ek o .

met hod for perfouging Ihah @ ideterminadichnf israadeé Alad rianEeaivedy :‘oy thEl rst,
and as indicated by the blqock 144, the differential transmtters,

such as the tranS¥cigdPno®logk, 162, Mgy ke whether addjtdenat hé‘%ﬂ%‘?ﬁters
bl edg f f t tgpf ¢
are enabl edg tor m'a'%%ﬁ'ﬁﬁﬁ‘etegi‘..tw?ylg r&&ﬁ"lf@é %2 zﬂée&g}'%st izl

circuitry, as above descCri bed n the éxenplary ternin
in taken back to block 160. Otherwise, the no branch is

taken to block 164.

As indicated by the block 164, the differential

transmitters are enabled, again, for example, by way of

10 the boundary scan circﬁitry. Then, and as indicated by
the block 166, the impedance characteristic of the
termination unit is tested. The transmitter outputs are
set to generate high output signal levels and the test
signal generated on the supply rail 58 is selected to be

15 of two separate values. The termination unit impedance
is determined as a function of voltage level.

As indicated by the decision block 168, a
determination is made as to whether further impedance
testing is required. If so, the yes branch is taken back

20 to block 166. Otherwise the no branch is taken to block
169 and the testing is terminated. The testing process
can thereby be iteratively performed.

Figure 6 illustrates a method, shown generally at
173, for performing ' static tests upon single-ended

25 receivers. First, and as indicated by the block 174, the
transmitters are disabled, for example, by way of the
boundary scan circuitry. Then, the built-in termination
units, on terminals including such units, are disabled,
as indicated by the block 176.

30 Then, as indicated by the block 178, the receivers

of the single-ended terminals are tested to determine



Figure 2, the transmtter 98 thereof is enabled responsive 15 to

appropriate input on line 124. Then, and as indicated by the
bl ock *146, the differential receivers, of which the receiver 96 shown in
Figure 2 is exenplary, are enabl ed. And, as indicated by the block 147,

the” bui | t - i nwieemiosmat i on devi ces are di sabl ed. Again, ot her ¥A/SE97/m006ker s of
sequences, or concurrent enabling and disabling is possible. In the
terminal pair 18 illustrated in Figure 2, the switches 117 and 117B of the
switch elenent 116 are opened, responsive to appropriate commands generat ed
on the line 120. 25 Thereafter, the-transmtters are tested for

| evel and drive strength of both pullup and pulldown circuitry on both

their positive gRdipegain dhdWftdets ESomNEbmi0d thighbe ponds 14GitW th
reference back to Figure 2, a logical "1" stored at the cell 128 activates

t ge; posi t ij ve pulFpEpech to thedtrehieg assambliodf. showmiagBignre % ItsHtcal
wosLored at theshghk A28 gehevdtes BH' bHQVRuBBIPOSRLLYRadd oA ludy

negati ve. Wiesigfaalsnaré hiornednofi highsand tlov lveltagei bevelxpar ahen, for
I nstance, the voltage | evel s of thg#test sign enerated on the supply

. |
rail 58 is2fi rsBSck dicates Ry She,blogk b8 addns PLYAY YERPIUIVELD evel
5  of the teska3h0Rabutictsiehge PRL4ECOEUPRE Yrédl |sRfhdlS is observed

by the test port observer and dontroller 78. Thereafter,
a determination is made at decision block 181 a to whether
further testing is required. If so, the yes bfanch is
10 taken back to block 178. Otherwise, the no branch is
taken to block 182, and testing is terminated.
Figure 7 illustrates a method, shown generally at
183, for pérforming static tests on single-ended
transmitters. First, and as indicated by the block 184,
15 the transmitters and receivers of the single-ended
terminals are enabled. Then, and as indicated by the
block 186, the built-in termination units are disabled.
Then, the transmitters are tested to ensure the
functionality of their level and drive strength pullups
20 and pulldowns, as indicated by the block 188. Pullups and
pulldowns are activated in manners analogous to those
described with respect to method block 148 shown in the
flow diagram of Figure 4, pertaining to the positive
terminals of the terminal pairs. In one embodiment, four
25 tests are performed upon the circuit. The single-ended
transmitter pullup capabilities are tested in a two-pass
procedure in which the test signal generated on the supply
rail 54 is selected toc be of two different values. The
receiver responses of the terminals are observed. The

30 single-ended transmitter pulldown capabilities are



generated at two different |evels. The response to such different signal

| evel s i s observed. After each test step, the circuit response is read,
as indicated by block 149. 10 By generating test signals on the
supply rail 56 of a |ow value, and by generating test signals on the supply
rail 58 of t\WO®WR®4 ent values, circuit pullup on negativePEUSENIO0088 t he
transmtter are tested. In anal ogous manners, the circuit can be tested for
15 pul | down responses for both positive and negative outputs. To test
for circuit pulldown response on positive outputs, the test signals
generated on the supply rail 58 are sel ect€3-to be of high voltage |evels
and the test signals generated on the supply rail 56 are selected to 20
be two separat e \swimidsxrlyntesheds echf ey eagbpsngs sequente di therdinpuidvel s

i s observed. To test for pulldo [ £SDONSE he ¢hLiu responsive to a
negative output, ﬁqﬁfqﬁﬁﬁ:lflﬁﬁgﬁn B%nghéh E’ gﬁ%p#agrall 56 are set
at high voltage 25  Thew¢l andoad imeidssda suygmbsaeeﬂemhemﬁktm sappl y
rail 58 are selected to be of two dlfferent val ues. The receiver response

i s then observed. de@rmmtéaneés m? e [R8 tRechstdher fusbher desti Ry is

Setel et % o AR Lo ML YebrhReh 1t o S 1,

taken to bl ock 15@thérklse, the no branch is taken to block 191 and the
transmitter test is terminated. Iterative execution of
the above-listed test procedures can thereby be performed.

Figure 8 illustrates a method, shown generally at

10 193, of a method for testing built-in termination units
of single-ended terminals. The termination units of the
single-ended terminals are analogous to the termination
units of the terminal pair 18 shown in Figure 2.

First, and as indicated by the block 194, the built-

15 in termination units are enabled. And, as indicated by’
the block 196, the receivers of the single-ended terminals
are enabled. Then, and as indicated by the block 198, the
single-ended transmitters of the single-endéd terminals
are disabled.

20 The impedances of the termination units are then
tested, as indicated by the block 199. Again, the testing
can be performed in a two-pass process wherein the voltage
levels of the test signals generated on the supply rail
54 are of two different values, and the responses of the

25 receivers of the terminals are observed, as indicated by
the block 200.

As indicated by decision block 201, a determination
is made as to whether further testing is required. 1If so,
the yes branch is taken back to block 199. Otherwise, the

30 " no branch is taken to block 202 and the testing is
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the‘transmtter test is termnated. |ndividual ones of the above-noted
tests tan be perforned, and when no further testing is required
transmtter testing is termnated. 5 Figure 5 illustrates a

met hod, showwoo@pessal | y at 153, for testing the built-in terp@Epibigesuni ts,
such as the unit 108 shown in Figure 2, according to an enbodi nent of the

present invention. First, the built-in termnation units are enabl ed, as
i ndicated by the block 154. In the 10 termnal pair 18 shown in
Figure 2, the built-in termnation unit,108 is enabled by closing the
swtch elenents 117A and 117B by way of appropriate input on the |ine 120.

As indicated bypihgiRdOsk. 1561‘hé hen124Ck¥ehS St i9APLEGcea il aBlve-

i ndi cated by the block 158, the 15 differential transmtters are
di sabl ed, for edamderJWme:mfreﬂwe bleounetaaymebm perfoamied,. Agai n

concurrent enabling l.sabl kng o ces.ar ssi bl e. ,The
termnation units ar aq:mn k ﬁla?ca setg' %%c%glgbgoqeé%ﬁ’ém

i rpedance mat ch@ypgamd tdesftﬁsige@f an 1ntb§rﬁ€6dt@§:§dtﬂg: FeRAcal, Uguel 550"\“ in
Figure 1, test S|gnals are generated on the supply rails 56 and 58. The

voltage | evel ofheReviaq 17 ghawrydmeFigugeoh-the supply rail 58 is first
set to be slightly W%SWQQ}gFFrégééaﬁ%dxﬁx\é@ b§ whith bfilrct) Bl3kes

generated on the supply
can be generated during operation of an embodiment of the

present invention. The pulses are utilized to perform
dynamic testing of the circuit device undergoing tests.

10 As mentioned previously, state-of-the-art, integrated
circuits are cénstructed to be operable at increased
frequency levels. Existing testing circuitry is unable
to generate test signals to perform dynamic testing of
such circuits. PFigure 9 illustrates a manner by which

15 = test pulses can be created of pulse widths of small time
duration (i.e., narrow pulse widths).

The pulses so-generated can be utilized for purposes
of dynamic testing of the integrated circuit device
undergoing tests. Signals of characteristics

20 corresponding to those of waveforms 202 and 204 are
generated by the observer and controller 78 (shown in
Figure 1) and applied to the terminals 79. The terminals
79 form inputs of a receiver portion 206 of a uni-
directional terminal.

25 The signals 202 and 204 are slightly out-of-phase
with one another, and the value of the signal 204 is less
than the value of the signal 202 at all times but for when
the signal 204 changes state from a low value to a high
value prior to the time at which the signal 202 changes

30 from a low value to a high value.



Then, the voltage |level of the test signal generated on the supply rail 58
Is set to be sonewhat |ess than the voltage | evel of the test signal
generated on the supply rail 56. Such test can be repeated at several
different 30 voltage levels, thereby to determne the inpedance
matchi ng of t WOPH2MB« ors of the built-in termnation unit TH0683,4
PCT/ SE97/ 00068 -21- as a function of voltage |level. After each of such test
steps, the circuit response is read, as indicated by block 161. Then a
determ nation is made, as indicated by the decision block 162, as to

whet her addi ti onal inpedance 5 mat chi ng-3%sting is required. If so, the
yes branch is taken back to block 160. Oherw se, the no branch is taken
to block 164. As indi Fheedréseivar bRBEK iE64operating f ased | diffexenhiialt er s

are enabl ed, again, for anpl.e o] ..:1he ndary..sgcan

o reartry  rhd! st B AR neérdaCh Metei bl S Me i bulse
characteristic ofwHehethervalifi iofnthei ignsal etiteds dgheatdrthaint ERé valyeut S
are set to generate high output signgl |levels and the test, signal
generated on the &ufhey %J&qals@?sga&& Eetungotea1dow legigad

Vol tage | evel . adUir CELds) KFRIERCCS D RTINS 2607, HhE! Bhate
difference between the signals 202 and 204 is
determinative of the pulse width of the pulse 208. By
proper selection of the phase difference, the pulse 208
generated by the receiver 206 is caused to be of

10 characteristics which.can be used for dynamic testing of
- the integrated circuit device undergoing testing. The
pulses, such as pulse 208, generated by the receiver 206

can be applied to other circuit elements of the integrated
circuit device undergoing testing, thereby to dynamically

15 test the operation of such circuitry. |

High-frequency signals are not required to be
generated externally by the tester apparatus as long as
signals.are maintained in a desired phase relationship to
one another in a manner analogous to the relationship of

20 the signals 202 and 204 illustrated in Figure 9.

Figure 10 illustrates portions of the testing
apparatus 10 and the integrated circuit device 12 shown
previously in Figure 1. The supply rails 56 and 58 and
resistors 74 and 76 of the testing apparatus 10 are again

25 shown. During dynamic testing, the supply rails are set
to appropriate signal ground voltage levels. Portions of

a terminal pair 18 are similarly again shown to include
terminals 20 and 22, a receiver 96, and a transmitter 98.

The transmitter 98 is coupled to receive narrow

30 pulses, such as the narrow pulse 208 generated as

described with respect to Figure 9 above. The built-in



determnation is made as to whether further inpedance testing is required.
If so, the yes branch is taken back 20 to block 166. O herw se the no
branch is taken to block 169 and the testing is term nated. The testing
process can thereby be iteratively performed. Figure 6 illustrates a
met hod, showyodgaessal |y at 173, for performing static testsPOESEI?/00068

si ngl e-ended 25 receivers. First, and as indicated by the bl ock 174,
the transmitters are disabled, for-exanple, by way of the boundary scan
circuitry. Then, the built-in termnation units, on term nals including
such.units, are disabled, as indicated byaghe block 176. 30 Then,
as indicated by the block 178, the receivers of the single-ended termnals

are tested to dﬁigﬁ”&ﬁégd p¥0 7408 r 132 is also again illustrated
PCT/ SE97/ 00068 -22- their gain and offsets fromnom nal trigger points.

Wth respect toirhtheefiguygeassdabngted R¥RVIPUSYithe Pulse Sgtestghal s are

generated on th i T t S) med, Ofe. Qi and
| ow vol tage | evg?éef%]}eﬁr‘lj,’e%sg gélidrs %(ﬁl@ tg;b%%%%e%ﬁoggi 18&805#2%3%5@ ver
responsi ve to eagbednpitevioubige thkudldb-flept a3B siggnedupledbser ¥Rd by

the test port observer and controller 78. Thereafter, .a determpation is
made at de¥isi oRePEH¥RT 188 andoalAe: ker TEGREKE 2t E4¥PAgSEenRrbquireEl. @ | §

so, the yes bragghiif) “one” generated by another portion (not shown) of
the circuit undergoing tests. The signal of the logical
“one” value is here, representative of a “passed” test.
An output of the flip-flop 133 is coupled to an input of

10 the flip-flop 134. An output of the flip-flop 134 is also
provided to a reset input of the flip-flop 133. Pulses
can be applied to single-ended terminals in manners
analogous to their application to the differential
terminals described with respect to Figure 10.

15 Figure 11 illustrates the method steps of a method,
shown generally at 222, for performing a high-speed,
dynamic test of an integrated circuit device utilizing the
narrow pulses, such as the pulse 208 described above.

First, and as indicated by block 224, the built-in

20 termination devices are disabled. Then, and as indicated
by the block 226, the pulse detectors, such as the pulse
detectoxr 212, are cleared by scanning a logical “one”
through the boundary scan cells of the boundary scan
circuitry of the integrated circuit. |

25 Then, and as indicated by the block 228, the pulse
detectors are “armed” by scanning a logical-value “zero”
into the flip-flop 216. Then, and as indicated by the
block 232, signals, such as the signals 202 and 204 are
generated and applied to a receiver, such as the receiver

30 206 shown in Figure 9, thereby to form a test pulse.
Then,; and as indicated by the block 234, results of the



10 taken back to block 178. (O herwi se, the no branch is taken to bl ock
182, and testing is termnated. Figure 7 illustrates a nethod, shown
generadlly at 183, for performng static tests on single-ended transnitters.
First, and as indicated by the bl ock 184, 15 the transmtters and
receivers of WO9189384i ngl e-ended terminals are enabled.  ThE&RT/SEN/POYS

I ndi cated by the block 186, the built-in termnation units are disabl ed.
Then, the transmtters are tested to ensure the functionality of their

| evel and drive strength pullups 20 and pul | downs, as indicated by the
bl ock 188. Pullups and pull downs are acti+&#t-ed i n manners anal ogous to

t hose described wth respect to nethod bl ock 148 shown in the flow di agram
of Figure 4, pertteat repn doe hepminad: herevaiiabisgn the walwesalofpdihes. | n
one enbodi nent, four 25 tests_ar rformed upon the circuit. The

si ngl e- ended traﬁ§ﬁFF%§V BEPPuﬁlﬁgﬂgﬁgfities are tested in a two-pass

procedure in which thgigagksSignald geneLMistrape hhpostiul Wi ehé Gbtiing
selected to be of two different_ values. The receiver responses of the

termnals are obafspmbly Ife o) a Lprighex cfabadivenhs@h ( Ehe mASERN
capabilitie argnyeﬂ%§5%2/29§§4the i&&egrated circuit device undﬁﬁ?oiqg .
- t circuit

PCT/ E97/ 00068 -2 simlarly tested. ter each test sequence,

response i s read,tetingdtodveddnred prépdsly, contact must be made by the
testing apparatus with the terminals of the integrated
circuit devicé undergoing testing. If contact is not
appropriately made, the testing operations are likely to
10 be inadequate. Therefore, it is important to ensure that
the testing apparatus contacts with all of the terminals

of the integrated circuit.
The circuitry illustrated in Figures 12 and 13,
referred to generally at 238, provides an indication of
15 contact between the testing apparatus and the terminals
of the integrated circuit device undergoing testing. The
circuitry 238 is exemplary of the circuitry which provides
indications of contact of the various bidirectional
portions of the device undergoing testing. Here, the
20 ‘circuitry 238 is shown to test the contact of the testing
apparatus to three exemplary terminals 16, 20, and 22 of
the integrated circuit device undergoing testing. Such
circuitry is duplicated for each terminal 16, 20, and 22,
as appropriate, of the integrated circuit device

25 undergoing testing.

. The signal rails 54, 56, and 58 are again shown to
extend to terminals 16, 20, and 22 through resistors 72,
74, and 76, respectively, as previously shown in Figure
1. The resistors 72, 74, and 76 are preferably of low
30 impedance values to permit operation of the circuit with

low levels of current drain. The circuitry 238 here is



Then, and as indicated by the decision block 190, a determ nation is nade

as to whether further testing is 5 required. |If so, the yes branch is

taken to block 188. Ot herwi se, the no branch is taken to bl ock 191 and the
transmtter test is termnated. Iterative execution of the above-listed

t est- procedupRsorpessst hereby be perforned. Figure 8 ill ustratrg/sEersioésod,
shown generally at 10 193, of a nethod for testing built-in term nation

units of single-ended termnals. The termination units of the single-ended
termnals are anal ogous to the term nation units of the term nal pair 18

shown in Figure 2. First, and as indicatgeggby the block 194, the built- 15
in termnation units are enabled. And, as indicated by the block 196, the

receivers of th 9!-_8 fﬂ?ﬁﬁhéeé%&%éc@-r&e%ia@e%reﬁ%nvoqquasnﬁéI cat ed
by the bl ock 19 e single-ended transmtters of the single-énded

termnals are dnsablug@n 2ghich a réﬂwmmpedmk@%flshsmmgdtl onAunits

are then tested, as nd| C bg/ t he % e? %I n st ng an be
performed in a Fﬁf)nﬁ Emf)a%%gs iR %t B e%c}'l ?vel g’ % ?g
si gnal s generat g¢g, orpd,heatidprdy. ralA ate ceDéctreddi fd‘fereaéhvaimeaheand

t he responses of the 25 receivers of the termnals are observed, as
i ndi cat ed By t hbranstata® 24& iHFmled Fp @ ANSAPEAsER 2pe, Of the

det ermnat! o0 | SuERE B4 Ao ohSHISTaLRA, A dRaukgorl Lo,

taken to bl ock £fansiwktdim 24dsEineg cospled between the voltage line 240
and light emitting diodes 246. The diodes 246 are coupled
to an offset potential (e.g., a ground potential) through
10 resistor 248. If adequate contact with any of the
terminals 16, 20, and 22 is not formed, the transistor 244
associated with such terminal turns-on, the diode 246
associated therewith turns-on, and a signal is generated
on line 247. Line 247 is coupled to a bad contact alarm

15 250, and appropriate annunciation is made.

The voltage levels of the supply rails 54, 56, and

58 and of the line 240 are selected such that, when the
contact is made with a terminal 16, 20, or 22, as
relevant, the voltage drop across the corresponding one
20 of the resistors 72, 74, or 76 causes the voltage
differential between the line 240 and the gate electrode
not to be great enough to turn the transistor on.
Conversely, if the proper contact is not made with the
terminal, the voltage differential .between the gate
25 electrode of the associated transistor and the line 240
is great enough to turn the transistor on, and power the
associated diode 246. While the illustrated embodiment
utilizes p-channel MOSFET transistors 244, other
transistors can, of course, instead be utilized with
30 appropriate changes in biasing voltages on the lines 54,

56, and 58, as appropriate.
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term nat ed. The multi-step testing procedure above- described can thereby
be iteratively performed. Operation of the testing apparatus 10 further
permts dynam c testing of an integrated circuit device, such as 5 t he
devi'ce 12" showoémosdgure 1. Figure 9 illustrates a manner byYCHFEXHOPES r ow
pul ses can be generated during operation of an enbodi nent of the present

invention. - The pul ses are utilized to performdynanmc testing of the
circuit device undergoing tests. 10 As nentioned previously,
state-of-the-art, integrated circuits are28enstructed to be operabl e at

increased frequency levels. Existing testing circuitry is unable to
generate test signal spupipgrimivbaly positivcesngngf oﬁh@m@ngcappg:atusi gure

9 illustrat by wh | b
i dths of ‘smal | APyECHRAT OHLKh B inkadTared SERuiEaaRlycl THIE atinlY °¢

so-generat ed can agebhteldZ8 iPhe PRU4POSHD 198 WHEDNEIC ateﬁeteamgcuf cbherol
i ntegrated circui't devi ce undergoi ng tests. gnal s

characteristics aﬁrangemenéspendeﬁgrmén?h8§§nthﬁa$€F§FﬁS EBEaEﬂEuQOAsare
Po the terménal s PPPeTAE ( BPRIERPASY 7 el de” el Rubhed 280 )06
of a uni- facilitates troubleshooting operations, if necessitated,
to complete the proper contacting of the testing apparatus
.with the integrated circuit undergoing testing.
Figure 13 illustrates an exemplary physical

10 arrangement of contact detecting circuitry for probe card
fixturing of a device under test which forms a portion of
the testing assembly 10 including the circuitry 238 shown
in Figure 12. The small distance separating the resistor
and the probe tip is shown in Figure 13. Such small

15 distance facilitates high-speed, i.e., dynamic testing
operations. Inadequate connections between the testing
assembly and . terminals of the integrated circuit
undergoing testing are detected and indicated so that
appropriate correction of the connection can be

20 effectuated. While the physical arrangement of the
circuitry 238 utilized in the testing of a packaged
integrated circuit is not separately shown, the
arrangement is similar but for the positioning of the
transistors 244 thereof.

25 Operation of various of the embodiments of the
present invention permits an integrated circuit device
having almost any number of input and output terminals to
be tested. Static testing, both functional and parametric
testing, and also dynamic testing of the circuit device

30 can be performed.



directional termnal. 25 The signals 202 and 204 are slightly
out-- of - phase with one another, and the value of the signal 204 is |less than
the val ue of the signal 202 at all tines but for when the signal 204
changes state froma |low value to a high value prior to the tinme at which

t he signal 2%¢9hessges 30 froma | ow value to a high val per/sEe7/00688
97/ 29384 PCT/ SE97/ 00068 -25- The

receiver 206 is operative as a differential conparator and generates a

positive-val ued out put pul se when the value of the signal 204 is greater
than the value of the signal 202 and retuggs to a |ow | ogical value at 5
other tines, thereby to form pul se 208. The phase difference between

the signals 202 @t idQégrhtededBFdiitaldeecef u @@rg&ngﬁ' tWs€lifgObad he

pul se 208. By proper selection of the phase difference e pul se 208
gener at ed by t h:nclawis mngz@&er@edaMLmlseom dmfereuhaaéctemsml:s

whi ch can be used, for d nan1c ng.of the int gQ?t circyit deV|
under goi ng test?ﬁ‘fgz.'s' 1 u ses c%lé’sn p sgufﬁ& 1&2‘%&? (Lj:

receiver 206 cafefeiray.ed to other circuit elenments of the |ntegrated
circuit device undergoing testlngl?thereby to dynamcally 15 test the

operati onf such ci ingy operghipRe At e Reffames eikberr equvarierto be

or after packaging operations have been performed and the
packaged integrated circuit packages héve been created.
When testing operations are performed upon the integrated
- circuit packages, connections formed during the packaging
10 operations can further be tested. |

Test signals can be also be applied to an integrated
circuit device to permit dynamic testing of the circuit
device to provide indications of operability of the’
integrated circuit device at high frequencies. Testing

15 of integrated circuit devices, both while still on-wafer
and subsequent to packaging, c¢an be economically
performed. Integrated circuits determined to have defects
found to have either defects or connection exrrors can be

" marked, or otherwise set aside, to ensure that such

20 defective circuit devices are not used in an electronic
circuit.

The previousg descriptions are of preferred examples
for implementing the invention, and the scope of the
invention éhould not necessarily be limited by this

25 description. The scope of the present invention is

defined by the following claims.



generated externally by the tester apparatus as long as signals are

mai ntai ned in a desired phase‘Te#afFensth_Lg_ggﬁ anot her in a manner

anal ogous to the relationship the signals 202 and 204 illustrated
in Figure 9. Figure 10 iIIusmgigﬂ,ILmMm of the testing apparatus
10 and the i Ve384 circuit de il ﬂreviously in PFH% “%”sThe
supply rails 56 and 58 and resistors 74 an8l 76 of the testing apparatus 10

are again 25 shown. During dynam c testing, the supply rails are set to
appropriate signal ground voltage |evels. Portions of a termnal pair 18
are simlarly again shown to include ternrddts 20 and 22, a receiver 96, .
and a transmtter 98. The transmtter 98 is coupled to receive narrow 30
pul ses, such aWHAThHES AIMBDOISse 208 generated as described with

respect to Figure 9 ove., T, Ry / .
PCT/ SE97/ 00068 - 26- ﬁ?'gh s‘beeéés‘gltﬂieaé@d%“f“é%]t%\&‘?’gzg‘?ggé?%oa%géu‘“r%eﬁf?ﬁ'%?rat ed
in the figure. Asinetid Aeeiceudiawinge puplerdiiegt @f 1B&rmiredlglessaipair

of flip-flops 133 and 134. As further noted previously, the flip-flop 133
i s coupl ed to thEesting assamily §OWREASANGs to receive a fixed signal, here

a | ogical "ene" generated byARg eesiaﬂaiigagéﬂﬂoéw)ge% LBeng! £E41
undergoi ng tests. The signal of The |0gica one" value~i s here,
represent ati ve ofignidbessidelestied voltage levels;
a signal rail interconnecting said voltage
signal generator and at least selected terminals of a
first group of the plurality of terminals of the
10 integrated cifcﬁit device, said signal rail for
.concurrently applying'the test signals generated by said
voltage signal generator to the selected terminals; and
a test signal-response indicator coupled to
selected terminals of a second group of the plurality of -
15 terminals of the integrated circuit device, said test
| signal-response indicator for indicating values of output

signals generated at the terminals responsive to

application of the test signals to the terminals.

20 2. The testing assembly of claim 1 wherein the test
signals generated by said voltage signal generator are
formed by the plurality of signal portions, each signal

portion of a selected voltage level.

25 3. The testing assembly of claim 1 wherein said
signal rail comprisés a first signal rail and a second
signal rail, said first rail interconnecting said voltage
signal generator and a first subset of the selected
terminals of the plurality of terminals, and said second

30 signal rail interconnecting said voltage signal generator



An output of the flip-flop 133 Ls_QQgQng_ngan I nput of 10 t he
flip-flop 134. An out put the flip-flop 134 is also provided to a reset
i nput "of the flip-flop 1332'”’ ‘ plied to single-ended termnals
by i'mfym mn the differential termnals
0."15 +

i'n manners anal ogous to th
descri bed wiwoomzsepect to Figure Figure 11 iPCTISEN7M0068 t he

nmet hod steps of a nethod, shown generally at 222, for performng a

hi gh- speed, dynam c test of an integrated circuit device utilizing the
narrow pul ses, such as the pul se 208 descri bed above. First, and as

I ndi cated by block 224, the built-in 20 -32term nation devices are

di sabl ed. Then, and as indicated by the block 226, the pul se detectors,
such as the pulsifa dgt sebond2 Bhbsate off eohe€dselestadNegminhdgi &F tipne”
t hrough the boundar%_scan cells of_the boundary scan circuitry of the

i ntegrated cir@}urality of texrmipaks.and as indicated by the block 228, the
pul se detectors are "arnmed" by scanning a | ogical-value "zero" into the
flip-flop 216. Then, and as indicated by the block 232, signals, such as
the signals 202 and4204 The destiagecsmetbdyplofedladima I adwredm salch as
t he receier 206 _sho in Figure 9, thereby_to forma test pul se.

30
Then and ds i ndCHAAEE BISRHE IBERTIE S €8s 30F 2 ¥§fe CUtPp BIFD ARg
PCT/ SE97/ 00068 5 Zecond output port, said first signal rail coupled to

said first output port and said second signal rail coupled

to said second output port.

10 5. The testing assembly of claim 4 wherein the
plurality of terminals include differential terminal
pairs, each terminal pair having a positive terminal and
a negative terminal, and wherein said first signal rail ~
is coupled to the positive terminals of the differential

15 terminal pairs and_said second signal rail is coupled to

negative terminals of the differential terminal pairs.

6. The testing assembly of claim 5 wherein the test
signals generated by said voltage signal generator
20 comprise positive differential voltage signals applied to

the differential terminal pairs.

7. The testing assembly of claim 5 wherein the
test signals generated by said voltage signal generator
25 comprise negative differential voltage signals applied to

the differential terminal pairs.

8. The testing assembly of claim 5 wherein the test
signals generated by said voltage signal generator
30 comprise a plurality of different, differential voltage

signals applied to the differential terminal pairs.



test can be determined by evaluating the values of the boundary scan
circuitry. Figures 12 and—i3—1ttustrate a portion of the testing assenbly

10 of "a further enbodi nent i i nvention. For the

i ntegrated circuit device qmﬂiﬂﬂlﬂmﬁﬂalllm to be tested properl cont act
must be nmade WPIRBBE est i ng apparatus Wt hx t he term nals of F&EFF% at ed
circuit device undergoing testing. If contact is not appropriately nade,
the testing operations are likely to 10 be i nadequate. Therefore, it is
i mportant to ensure that the testing apparatus contacts with all of the
terminals of the integrated circuit. The c#¥cuitry illustrated in Figures
12 and 13, referred to generally at 238, provides an indication of 15
contact between the t®sti fpreapp@cking angsemblyer fEnafdadh the Fwrelgnt ed
circuit device up fol| st | LLLY ' a he
circuitry which %r'@#‘déejg% %‘gl %%?ig%n%ﬁ%fi%gggtég%% 8%%?{?\/0?&& ?’g&é Egt%eﬁ

bi directional pogdidnsigial heaide\dme thadaitgdiesgt! seletged téminaldcoR0

circuitry 238 is shown to test the con;act of the testi n]g%appqrat us to
three exenpl ary tR8 fiiF@tsgTeUP Rf thedP2yratitneh hexgiatyy S EuPLgRRYi ce
under goi ng 4 esti Agsy Sutarebhisdting !s%iﬁ“@bl&%@%ibﬁﬁl%fﬁo@ Bad dfe 20,
and 22, as appropriate, of the  integrate circuit™ device 25

under goi ng t estiayy. 1&het seghatted| tersinmals, cfinthéSE irset aguoup sthweuglo

extend to termnal s,16 0, ,and 2 hr,ough resistors 72, 74, and 76,
respectively, ass%}%v"ffot}é?ts I?&ﬁn%'f"keégﬁg?eefement. |

10. The testing assembly of claim 9 wherein said at
10 least one impedénce element comprises a plurality of
impedance elements, an impedance element of said plurality:
of impedance elements coupled between said signal rail and.
each of the selected terminals of the first group of the
plurality of terminals.
15
11. The testing assembly of claim 5 wherein said at
least one impedance element exhibits an impedance level
generally matching impedance levels of ‘at least portions
of the integrated circuit device.
20
12. The testing assembly of claim 1 wherein the
plurality of terminals includes signal-ended terminals,
and wherein said signal rail is coupled to said signal-
ended terminals.
25
13. The testing assembly of claim 12 wherein the
test signals generated by said voltage signal generator
are of voltage levels at least as large as a selected,

minimum voltage level.
30



1. The resistors 72, 74, and 76 are preferably of |ow 30 | npedance

vakues to permt operatlon e#~%he-eLLQULL_MLLh_Iom/Ievels of current drain.
The circuitry 238 he S mﬁ!97/29384

PCT/ SE97/ 00068 - 28- shovvn to ﬂﬂ m ﬂﬂt m -check reference voltage |line
240 upon whwahomeossaf er ence v A ed. A transiEgwsE260é6s S

associ ated with each of the tern1na|s 16 and 22. A gate el ectrode
of each of the 5 transistors 244 is coupled to an appropriate one of the
signal rails 54, 56, or 58. Remmining electrodes of the transistors 244 are
coupl ed between the voltage |line 240 andglight em tting di odes 246. The

di odes 246 are coupled to an offset potential (e.g., a ground potential)

through 10 resisp@r 2¢ge teéhﬁgleayaéﬁbwnéﬁcmmhmnwafre&hecfherm nal s
16, 20, and 22 is not forned, the transistor 244 associated with such

term nal turnstest ﬁnsnélsdseeqsaee@obyayeeﬂtvn#%ﬂsqrsxgnakpgnnengmgra

signal is gener; Eegfoyoit%%f'eazﬂbelgi ?83341.7}1&? Ce%'é&?%e 8% (?%‘ %ﬁ C"\?et :_aLct al arm

15 250, and approprl nnuncratron 1S mad 3% *of the
supply rails 54, 56, and 58 and of the I|ne 240 are selected such that,
when the contact is made_ wth a term nal Zg,sor 22 as rel evant, the

vol tage dPop acrossiPhe 3%?r§§55ﬁﬂ$n§sﬂﬁ@b§b of ' glaimel, wberedns said 74,

or 76 causes IRgcVBL4RSE response indicator comprises a digital value

indicator.

16. The testing assembly of claim 15 wherein the

10 - digital value indicator comprises a boundary scan device.

17. The testing assembly of claim 16 wherein said
boundary scan device comprises'a test data output of a
boundary scan element forming a portion of the integrated

15 circuit device.

18. The testing assembly of claim 1 further
‘comprising a contact determiner for determining whether
said signal rail contacts properly with the at least

20 selected terminalé of the first group of the terminals of

the integrated circuit device.

19. The testing assembly of claim 1 wherein the test

signals generated by said voltage signal generator are of

25 characteristics which, when applied to the integrated
circuit device, test for dynamic operatiblity of the

integrated circuit device.

20. The testing assembly of claim 1 wherein the
30 integrated circuit device further comprises a pulse-signal

comparator-receiver, in said voltage signal generator



differential between the |ine 240 and the—gate el ectrode not to be great
eneugh to turn the transistT _ , If the proper contact is not
made With the termnal, the "m"mmmmi@'ynal bet ween the gate 25

el ectrode of the associated trahsistor an he line 240 is great enough to
tufn the traf@8¥M8on, and power the associated di ode 246.9W¢W5%W
Illustrated enbodi nent utilizes p-channel MOSFET transistors 244,

ot her transistors can, of course, instead be utilized with 30

appropriate changes in biasing voltages on the Iines 54, 56, and 58, as
appropri at e. WD 97/ 29384 -35-

PCT/ SE97/ 00068 -29- During initial positioning of the testing apparatus 10
t oget her with arfurthay foxdgeneraringedi £trst imiajnsulgenandt adserend ne

247 can be used in f Cc (o] Menfe t L.N en_ { he
testing appar at ussqugalsi)%q%%r gﬁ%r %{) 9%8%#{‘?%%‘&. © %Fgﬁ%?‘ﬁgk'g?" Jf‘ﬁeezt'

di odes 246 facithd aiast! anddbeebadt signapepuElised)S reisbebCieedy| dbEEket! O
conpl ete the proper contacting of the testing apparatus with the integrated

circuit undergoi+ty BRARS KLlakige &o pre @atherat 83d Bhe 8xernd apignal
physical 1G A gobaf Rt Rkifigh VA1) (HaACYl hhkiflh PLARE SAT
fixturing of a device under test I'C ornms a portion of the testing
assenbly 10 i nclthi fjrebhestimalipulpe? 3gdshbvan greater minimum value than
a minimum value of the first signal pulse, and the
comparator-receiver of the integrated circuit device for
generating a test pulse when the first signal pulse is of

10 a value greater than a value of the second signal pulse.

21. The testing assembly of claim 19 wherein the

first group of;the plurality of terminals each comprise

a transmitter portion and wherein the test pulse generated

15 by the comparator-receiver is applied to transmitter

portions of each of the plurality of terminals.

22. A method for dynamic testing of an integrated
circuit device having a plurality of bidirectional
20 terminals, each bidirectional termiﬁal having a receiver
and a transmitter, and a pulse-signal comparator-receiver,
said method comprising the steps of:

generating a first signal pulse, the first
signal pulse having a first-signal minimum signal value

25 and a first-signal maximum signal value;
generating a second signal pulse, the second
 signal pulse having a second-signal minimum signal, the
second-signal minimum signal value greater than the first-
signal minimum signal value, and a second signal-maximum
30 signal value, the gsecond-gignal maximum signal value

greater than the first-signal maximum signal value, the



in Figure 12. The snull distance separating the resistor and the probe tip
is Shown in Figure 13. Such snmal | . di stance facilitates high-speed,

| . 15
i.e., dynamic testing operatio m l’ M nnections between the _
testing assenbly and term nal s’] " mmﬂl IMﬁd circuit undergoing testing

*

are det ect edwionetrossdi cat ed so that®apprdprisate correction miT/sEIN6v06s
connection can be 20 ef f ect uat ed. Wi | e the physical arrangenment of
the circuitry 238 utilized in the testing of a packaged integrated circuit
is not separately shown, the arrangenment is sinmlar but for the _
positioning of the transistors 244 thereakg.25 Operation of various
of the enbodi nents of the present invention permts an integrated circuit

devi ce having akstshdashgrilTheiLuel phlBY oKk Ul phak! Fidd Svd P gnkest ed.
Static testing, both functional and paranetric testing, and al so dynam c

testing of the ER¥Ehi BigRAt ale:  can be perforned. WO 97/ 29384
ncl ude. si ngl o- ended ¢ or VIS h (3tkk, BRhEE HRLS A e Gecha™ "
conbi nation of sighalliphibsento ttyhre pulise-eignadl somparator rededsier}d
operationsscan be perfornfgnﬂéghera Og_e\évgf ergulse at the pulse signal
comparator-receiver responsive to application of the first
and second signal pulses, respectively, during said step
of applying; and

providing the test signal formed during said
10 step of testing to the transmitters of the bidirectional

terminals.

23. A method for testing to ensure proper formation
of an integrated circuit device, the integrated circuit’
15 having a plurality of terminals, said method comprising
the steps of:
generating test signals of selected voltage
levels;
concurrently applying the test signals generated
20 during said step of generating to at least selected
terminals of a first group of the plurality of terminals;
and
indicating values of output signals generated
by the integrated circuit responsive to application of the

25 test signals to a second group of the terminals.

24. In a testing assembly having probe elements for

contacting with a device under test, an improvement of a
contact determiner for determining contact of the probe

30 elements with a device under test, said contact determiner

comprising:



or after packagi ng operations havebeen—perforned and the packaged
intkgrated circuit packages have \When testing operations are
perforned upon the integrated cir WHUMHHHH nnections forned during
t he; packagi ng_10 operations cars ed Test signals can be
al so be appli ¥PYH93 i ntegrated circuit device to pernit dy P 9TGE8 g
of the circuit device to provide indications of operability of the
integrated circuit device at high frequencies. Testing 15 of integrated
circuit devices, both while still on-wafer and subsequent to packagi ng, can
be economically perforned. Integrated circ#?*s determ ned to have defects
found to have either defects or connection errors can be narked, or

ot herwi se set aside, Bo S¥Hd&@he dawiices havidy a fifett sidecanduiat sbedndes
are not used in l,ectronic circuit. The previous descriptions are of
preferred exanpl €S tér inplementing the invention, and the scope of the

i nvention shoul d not aevexsagelgbﬁxbéIdﬂdpmidbxotbh$d251rst(E¥HH'd§'d¥1d
The scope of the gsé i nvention is defined by the foll ow ng clains.

-31- WHAT IS CLA eyiceia testing assenbly for testing an integrated

circuit devgce haV'ngaﬁ BhHuALihYoPf cbGbIRAALS s Gecond side of said
switch device; and
said switch device positionable in a closed position

when any of the probe elements fails to contact with the

device under test.



testing assenbly conprising: 5 ' a voltage signal generator for
generating test signals of selected voltage |evels; a signal rai

i nterconnecting said voltage signal generator and at | east sel ected
terminals of a first group of the plurality of terminals of the 10

i ntegrated ciwoQaweIls4evi ce, said signal rail for concurPEKiSES]/00068
applying the test signals generated by sai goltage signal generator to the
selected termnals; and a test signal-respoﬁse i ndi cator coupled to
selected termnals of a second group of the plurality of 15 term nal s of
the integrated circuit device, said test signal-response indicator for

I ndi cating values of output signals generated at tNge term nals responsive
to application of the test signals to the t er midBal A" 20 2. The
testing assenbly of claiml1 wherein the test gjgnéals generated by said
vol t age si gnal generatog)are formed by thegpl ypagfity of signal portions,
each signal portion of a:elected vol tage | eyl / 25 - 3. The

testing assenbly of claingl wherein %?'d‘ﬁi rail conprises a first
signal rail and a second signal rail, ' ifst rail_interconnecting said
vol tage signal generator and a first sulfs f the gel ed term nal s of
the plurality of terminals, and said s¢c 3072 1634l il 14 12
i nterconnecting said voltage signal g¢n or A 79

16-A ., g2

- LS}’ op 79
1 712/% 11/ /e /.
27 { /pormion /¢ -
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74 76/20 22 ,82 -
7476 /% 72
76 18/. 24
. 64 66 7%
68 Lot F——tLF
- 34>[-——7 36
2
SELECTABLE | |, 5 e % \( /38 | TEST PORT
| ‘Q%LJ{}EE a4 ] CONTROL AND | A
25 OBSERVATION 78
4
CIRCUIT
52 POWER 80
SUPPLY

c0 T‘SB C(l)NTROL '
NTROL 88 SIGNALS CONTROL
SIGNALS 88 SIGNALS

FIG. 1




-32- and a second subset of the selected termnals of the plurality of
termnals. 4. The testing assenbly of claim3 wherein said 5 vol t age
si gnal ‘generator conprises a first output port and a second output port,
said first signal rail coupled to said first output port and said second
signal rail coSY?¥™ said second output port. 10 5. PCTSES7/0068: i ng
assenbly of claim4 wherein the plurality 9fgtermnals include differential
termnal pairs, each termnal pair having a positive termnal and a
negative termnal, and wherein said first signal rail is coupled to the
positive termnals of the differential 15 termnal pairs and said second
signal rail is coupled to negative termnals of the differential term nal
pairs. 6. The testing assenbly of claim5 wherein the test signals
generated by said voltage signal generator 20 conprise positive
differential voltage signalstapplied to,the,differential termnal pairs. 7.
The testing assenbly of cl Z&ZBB wher ei rga test signals generated by said
~vol tage signal generator 25’;5,9(:onpri sé’% 11 VG il 81c0R tud il o1 g €
signals applied to the difenential ternipnal ailrs. 8. Fhe testihg
assenbly of claim5 wherern tjhe test signal ssgerier at ed byssai d vol ¥ age<

si gnal generator 30 C ; pl ; iffe‘-e-n-t-,d-d-i-f-feren i alS

vol tage signals applied { rmi nal | pairs. i g
1 - i
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WD 97/ 29384 PCT/ SE97/ 00068 -33- 9.
The *testing assenbly of claim 1 further conprising at |east one

i npedance el ement coupl ed between said signal rail and the at | east
selected termnals of the first group of the plurality of ternminals, said
signal 5 r aWP 9739384 connecti ng sai d vol tage signal gener at oPCHBEP70PRSS 5t

| east selected termnals of the first group through said at | east one

i npedance el enent. 10. The testing assenbl /®f claim 9 wherein said at 10
| east one i npedance el enent conprises a plurality of inpedance el enents, an
| npedance el enent of said plurality of inpedance el enments coupl ed between
said signal rail and each of the selected termnals of the first group of
the plurality of termnals. 15 11. The testing assenbly of claim9 wherein
said at | east one inped nt exhibits an i el generally

mat chi ng i npedance | g %grtions t SRATIOWTESGr atgd Gi,r cui t
device. 20 12. The tlest iDIRFERENTIAUDI v }o 1% aimi1 er BIFFERERBALDp| ur, 1i of
term nal s includes s\gnaRECEIVERS t erfri nal s, and er BANSMITERS sifnal rail is
coupl ed to said sighal™>—emeege =fi nal s. 25 )
DISABLE : ENABLE
DIFFERENTIAL P~ 198 DIFFERENTIAL | 144
TRANSMITTERS TRANSMITTERS
¥ ¥
DISABLE ENABLE
BULT-IN  |~137 DIFFERENTIAL. | 146
TERMINATION RECEIVERS
UNITS T
'l DISABLE .
| TEST RECEIVERS E%‘ﬂ};;}f(’m 147
FOR SENSITIVITY | ~138 DEVICES :
AND COMMON
MODE RANGE .l
L RANTSESITHERS |
TRANSM
REENER b FOR LEVEL AND [™148
RESPONSE 140 DRIVE STRENGTH
v
IS READ
OUTPUT ~\-149
FURTHER TESTING
REQUIRED ? RESPONSE
IS
TERMINATE R e
RECEIVER '\_1 42 '\
TEST 151
FIG. 3 TERMINATE
TRANSMITIER  [\_159
TEST

FIG. 4



13. The testing assenbly of claim 12 wherein the test signals generated by
sai d“vol tage signal generator are of voltage |levels at |east as large as a
sel ected, m ninum voltage |level. 30 WO 97/ 29334

PCT/SE97/00068 §§B ééﬁ The testing assenbly of claim 12 wherein the test
signal s generate 9 I d vol tage S|gnal generator are of vol t ROFSED068

| ess than a sel ected voltage |evel. The testing assenbly of
claiml1l wherein said test signal response |%ﬁﬁcator conprises a digital

val ue indicator. 16. The testing assenbly of claim 15 wherein the 10
digital value indicator conprises a boundary scan device. 17. The testing
assenbly of claim 16 wherein said boundary scan device conprises a test
data out put of a boundary scan el enent formng a portion of the integrated

15 .circuit device. 18. The testing assenbly of claim21 further
conprising a contact determ ner for determ ning whether said signal rai
contacts properly wtH the at | east\ 20 selected termnals of the first

group of the ternmni nalfs kST @mBUlLﬂi‘t'%g BB circuit device. 19. The testing
assenbly of claimi1 WhEERMINATIONCUNI

)
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signals generated by said voltage signal generator are of 25
characteristics which, when applied to the integrated circuit device, test

. for- dynam c operatiblity of the integrated circuit device. 20. The testing
assenbly of claim1l wherein the 30 integrated circuit device further
conpri ses a pWaY/2938¢nal conparator-receiver, in said voltagémg

gener at or WO 97/ 29384

PCT/ SE97/ 00068 -35- further for generatin&ﬁffirst signal pulse and a
second signal pulse for application to the conparator-receiver, the first
and second signal pul ses, respectively, offset in phase relative to one
anot her, and the second signal 5 pul se of a greater maxi num val ue than a
maxi nrum val ue of the first signal pulse and of a greater m ninmum val ue than
a mnimmvalue of the first signal pulse, and the conparator-receiver of
the integrated circuit device for generating a test pulse when the first
signal pulse is of 10 a—al-be greater than a t second signa
pul se. 21. The testjhg SWBHEAESY of\clai.m 19 wher ei STATIRTERT Rgyp of the
plurality of term nal sSINGtHE-ENDERDri 3¢ i?jglansni kD mgerein t he
15 RECEIMBRS he Lonparator-r ed to
transmtter portions ® e plurality of 22. A net hod

for dynam c testing Of—ai— H—at ed ENABLE
ENABLE
nsiee P74 TRansurmers P 184
TRANSMITTERS AND RECEIVERS
¥ y
DISABLE DISABLE
BULT-IN |-176 BUILT-IN | ~186
TERMINATION TERMINATION
DEVICES DEVICES
T st TEST
RECEIVERS L-178 TRANSMITTERS | -188
FOR GAIN FOR LEVEL AND
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FURTHER TESTING FURTHER TESTING
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190
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FIG. 6 FIG. 7



circuit device having a plurality of bidirectional 20 term nals, each
bidérectional termnal having a receiver and a transmtter, and a

pul se-signal conparator-receiver, said nmethod conprising the steps of:
generating a first signal pulse, the first signal pulse havin
first-signal W@PHI84&i gnal val ue 25 and a first-signal 72908 o
val ue; generating a second signal pulse, 3? second signal pulse having a .
second- si gnal m ni mum signal, the second- 3% m ni nrum si gnal val ue
greater than the first- signal mninmum signal value, and a second

si gnal - maxi num 30 signal value, the second-signal maxi num signal val ue
greater than the first-signal maximum signal value, the - 36-

second-si gnal value pul se offset in phase relative to the first signa

pul se; applying the fir pul se and the sgeond—s al pulse to the
pul se-signal conparatgr refgsi\ofr; 5 pul se
at the pulse signal{ comBUNIAHIN - r ece
first and second signyl mERmmwNSesctlvel y, du 5
and providing the test™s o+=med during said._10

s¥ep of applying;
qrpn of testing to

the transmtters of the_hidif iopnal term nals. DISABLE
ENABLE . BUILT-IN | 224
BUILT-IN | 194 TERMINATION
TERMINATION DEVICE
UNiTS J
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23. A nethod for testing to ensure proper formation of an integrated
circuit device, the integrated circuit 15 having a plurality of
terninals, said nethod conprising the steps of: generating test signals of
sel'ected vol tage | evels; concurrently applying the test signals generated
20 during s3YXOER9¥ of generating to at |east selected ter MGRASRIT/ON6S
first group of the plurality of terninals;,ﬁﬂg i ndi cati ng val ues of out put
signals generated by the integrated circuit’‘responsive to application of

t he 25 test signals to a second group of the termnals. 24. In a testing
assenbly having probe elenents for contacting with a device under test, an
i nprovenent of a contact determ ner for determ ning contact of the probe 30
el enents with a device under test, said contact determ ner conprising:

WO 97/ 29384 JBYTESEQ;?OOOGB -37- a switch device
having a first side and a second sille] a°voltage source coupled to said
.first side of said swtch device; 5 an ann%&%zncn coupled to said

second side of said 202

79 206
Nes o, OB [ i
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switch device; and said switch device positionable in a closed position

. wherr any of the probe elenents fails to contact with the device under test.
- 38< 25. A testing assenbly for testing an integrated circuit device
having a plurality of termnals, said testing assenbly conprisin

vol tage signal @934o0r for generating test signals of selecﬂ@ﬂgﬂwﬂ

| evel s; a signal rail .interconnecting said gl tage signal generator and at

| east selected termnals of a first group of the plurality of termnals of
the integrated circuit device, said signal rail for concurrently applying
the test signals generated by said voltage signal generator to the sel ected
termnals; a contact determ ner coupled to said signal rail, said contact
determ ner for determ ning whether said signal rail contacts properly with
the at |east selected term nals of ;Eg(gyrstzggpup of the plurality of
termhals; and a238st signal -respon dl ca coupled to selected
termnals of a seco group of thegplurality of t@@m nals of the Pt egrat ed
circuit device, said test7 i gnal - Yesponsg,i ndi ca 'r for 4 dlcatué‘ val ues
of out put signral ergt at t ter .Is r espgnsi appl Kgati on of

t he test mgn&?",sogevl X ] : m- Feehdd 49 - g2 | nt egrated
circuit device hag ng a pluralfity ternlnal sa$ nmet hod donpri sing the
steps of: connect ﬁg a testing ass Hbly to at Ieas a portiong of said

plurality of ter og ed devieerr-saHa—tegrat ed
circuit devi Cﬁﬁ% ‘ﬁd‘EE pI |ty ele that share hccess to either a
single termn disablirmnéb Least a first

a si gt of
el ement of said int egra’?&? rfﬂt deV| CB 244 244

r al

246~ 246~ 46~gy
c&%m
7;7 ALARM

N
?\\243 250

T0 LED | C~CHECK REF VOLTAGE

VoVn, OR Vs .7
pine 58 np




. 4804133 -5
endblihg at least a second elenment of said integrated circuit device;
testing said second elenent of said integrated circuit device; readi n Oﬂlc%,

out put response jﬂlﬂmm circuit device; and term nating the
testing of said II "ﬂ said integrated, - . The

met hod according t'o € atm 26,swherein: the step of REPEA@W]T QHEB?
conprises the step of disabling at |east a transmijt nation
unit; the step of enabling further conprises the gt p%rﬁ‘gea@b? at | east
. a receiver, and -39- the step of testing furthgrjco | ‘The}siep of
testing said receiver. 28. The met hod accordi ng]t Aher Bin: the
- step of testing said receiver further conprises the step of testing

“differential receivers for sensitivity or comon Moo Tamge—29- The

met hod according to Caim27, wherein: the step of testing said receiver
further corrpri ses2s.he Attesﬁng]iﬁsemblsfdrtagingahdltagat;éhw@itdé\mehg@immamydfmmals,
sai d recei Vermﬁ%sﬁ Sk ﬁoﬁﬁ% . The met hod according to C aim 26,
wherein: the step o |sabI|ng urther conprises the step of dlsabllng at

| east a termination unf Yoltagafignagensralor for gepgplingdest %&‘P’ﬁ@fs‘*@ﬁ%‘f"f‘%éﬂ@ fie step
of enabling at |east aasigabialRiercdidcting bdidviltagelsighil geratbr hridat laasemeafedteﬁﬁﬁalmg
further corrprlssthe .t " t hod
according to 8 ﬁ”rﬁr%‘ﬁ’ O%wﬁglu%lﬂ'o?feﬁlgﬁst&ﬁw%}é %étsc %‘Lg‘ggfedégdm {fe
further corrprcpmemlhemﬁxlwhvﬁst ﬁlwtsmﬁgra@ﬁb? @?F‘b‘f?!tﬁﬁlﬂﬂl?laﬁ‘smﬂf l°é‘P6§°1F°(§?d | evel

or drive str qgailnils;

a contact determiner coupled to said signal rail, said contact determiner for determining
whether said signal rail contacts properly with the at least selected terminals of the first group of the
plurality of terminals; and

a test signal-response indicator coupled to selected terminals of a second group of the
plurality of terminals of the integrated circuit device, said test signal-response indicator for indicating
values of output signals generated at the terminals responsive to application of the test signals to the

terminals.

26. A method for testing an integrated circuit device having a plurality of terminals,

said method comprising the steps of: o

connecting a testing assembly to at least a portidn of said plurality of terminals of
said integrated circuit device, said integrated circuit device having a plurality of elements that
share access to either a single terminal or a single set of terminals;

disabling at least a first element of said integrated circuit device;

enabling at least a second element of said integrated circuit device;

testing said second element of said integrated circuit device;

reading an output response of said integrated circuit device; and

terminating the testing of said second element of said integrated circuit device.

27. The method according to Claim 26, wherein:
the step of disabling further comprises the step of disabling at least a transmitter
and a termination unit;

the step of enabling further comprises the step of enabling at least a receiver; and '

| amenpep sHeet |



32.°  The nethod accor di-nrg—to—CHai-m-30, wherein: the <REBLACEMI‘SHEET' d

transmtter furthe ' E tep of testing saiq framsmrttet

| evel or drive str m.tter being singl¢-

met hod- accor di ng tgwm}ﬂl "Mﬂ in: the step of diga |cﬁg"#ﬁﬂ9ﬁ8r
conprises the step of disabling at least a transmttey,
enabling further conprises the step of epggling at legst a recei ver and} a
termnation unit; and the step of testing further conprrses—tie—step—ef
testing said term nefeisesp of festing further 66npridés the st&p of temtingaaid aeceiverdi ng to C ai m
33, wherein: the step of testing said termnation unit further conprises
the step of testing an inpedance aspect of said termnation unit. 35. The
net hod accordi ng. torﬁlaiemoséccofd.ﬂgtthelanﬁarzpﬂeséxmg the steps o;t en?EI i n? at

| east said transmitter and retesiin term nati.on un| a es ep
of testing said ter HeFHPI% gl‘f's'ﬂﬂﬁsf“d H’ glcﬂm!’ﬂ%esélfeesbepé’f eFtéﬂgé’g sk ai d

term nat i QBceid fof senbilidity 6:QUsRInion@sodt kget ep of retesting an i rrpedance
aspect of said termnation unit. AI\/ENDED SHEET

29.  The method according to Claim 27, wherein:
the step of testing said receiver further comprises the step of testing said receiver

for gain or offset, said receiver being single-ended.

30.  The method according to Claim 26, wherein:
the step of disabling further comprises the step of disabling at least a termination
unit;
the step of enabling further comprises the step of enabling at least a receiver and a
transmitter; and

the step of testing further comprises the step of testing said transmitter.

31.  The method according to Claim 30, wherein:
the step of testing said transmitter further comprises the step of testing differential

transmitters for level or drive strength.

32. The method according to Claim 30, wherein:
the step of testing said transmitter further comprises the step of testing said
transmitter for level or drive strength, said transmitter being single-ended.
33. The method aécording to Claim 26, wherein:
the step of disabling further comprises the step of disabling at least a transmitter;
the step of enabling further comprises the step of enabling at least a receiver and a
termination unit; and

the step of testing further comprises the step of testing said termination unit.

AMENDED  syper
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34.  The method according to Claim 33, wherein:
the step of testing said termination unit further comprises the step of testing an

impedance aspect of said termination unit.

35.  The method according to Claim 34, further comprising the steps of’
enabling at least said transmitter and retesting said termination unit after the step
of testing said termination unit; and
wherein the step of retesting said termination unit further comprises the step of

retesting an impedance aspect of said termination unit.
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