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METHOD AND APPARATUS FOR WAFER LEVEL ERATI VE
TESTING 5 Rel at ed Cag- 'ﬁﬂﬂcﬁﬂgﬂm BERA ifons

The present application | s related to the fql | owi REPMAGED Pat ent

appl i-cation: "Current Monitor -G roortis— Ber nard
Pappert, et al., filed 10 in the U S as ﬁtent Application Nunmber

08/ 792,027 on February 4, 1997, and assigned to the assi gnee hereof.
Field of the Invention 15 This invention relates to testing of an
integrated circuit, and specifically to quiescent current testing and
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15 This invention relates to testing of an integrated circuit, and
specifically to quiescent current testing and wafer level testing.

1

Background of the Invention

20 When a complimentary metal oxide semiconductor (CMOS) circuit is
in a quiescent state, ideally no current is drawn from the power source by
the circuit. A defective CMOS logi¢ device may tend to draw current from
the power source. In theory, it is possible to characterize a CMOS logic
device by measuring the quiescent drain (source) current IDDQ and find

25 such a defective device. Although a defective CMOS device may exhibit
abnormal behavior in its transient current, it is generally anticipated that
the abnormal transient current due to a defective individual gate will be
masked by the overall circuit transient current. Of course it is possible to
build a current detector for almost every logic gate so that an abnormal

30 transient current can become detectable and the test speed improved.
However, such an approach would require much overhead and is probably
impractical in application.

_ There is much information regarding various prior art quiescent
current testing methods, including : "A Built-In Currént Monitor for CMOS

35 VLSI Circuits", by A. Rubio, et al., published by IEEE in 1995 at the European
Design and Test Conference held in Paris, France; "Built-in Current Testing,
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2 "by W Maly and M Patyra, published in the | EEE Journal of Solid

State Circuits, Vol. 27, No. 3, March 1992; "Proportional BIC Sensor
for Current Testing” by J. Rius and J. Figueras, published in Journal
of Electronic Testing, Theory and Appl i cations, 1992; and "Built-In
Current Sensor for 5 IDDQ Test in CM3S" % C Hsue and C. Lin, published
by AT&T Bel | Laboratories in Princeton; fromthe International Test
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20 output circuit nodes and additionally to the overlap current through the
PMOS and NMOS transistors in the circuit portion changing state. When
the transition is completed, the cell is in the quiescence state and, in practice,

IDD is near to zero and remains in this range until a new transition occurs.
The quiescent current is very sensitive to circuit degradation and other

25 defects which generate IDDQ many orders of magnitude greater than the
normal IDDQ. This characteristic is applied to detect defects by use of IDDQ
current.

Basically the measurement of the defective current of a device is

obtained through observation of the degraded level of the device Vdd. This

30 is due to the discharge of the parasitic capacitance of the power supply line
of the device, Vdd. Referring to FIG. 2, IDDQ current measurements require
an additional Vdd pad or a pseudo Vdd (PVdd) to supply dynamic current
through a switch, illustrated in FIG. 2 as switch 20. Two external digital
signals, activation 12 and monitor 14 are used to determine a delay time

35 indicative of a defective current. Note that the circuit labeled monitor label
10 in FIG. 2 may be repeated for every Vdd pin on the chip.



through a switch, illustrated in FIG 2 as switch 20. Two external digital
signals, activation 12 and nonitor 14 are used to determne a delay tine 35
i ndi cative of a defective current. Note that the circuit |abeled nonitor

| abel 10 in FIG 2 may be repeated for every Vdd pin on the chip.

3 Qui escent current neasurenen{s and tests offer information
regardi ng many aspects of the CMOS device.YIt is desirable to streamine
device testing and specifically the quiescent current testing by reducing
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The term "bus" will be used to refer to a plurality of signals or
conductors which may be used to transfer one or more various types of
informa.tion; such as data, addresses, control, or status. The terms "assert"
and "negate" will be used when referring to the rendering of a signal, status

25 bit, or similar apparatus into its logically true or logically false state,
respectively. If the logically true state is a logic level one, the logically false
state will be a logic level zero. And if the logically true state is a logic level
zero, the logically false state will be a logic level one.

For purposes of identification and continuity, pads or pins having

30 multiplexed functions and/or multiple names, such as a pad used for both
pseudo Vdd and output (PVdd/OUT0), may be referred to by any or all
applicable names, with multiple names separated for clarity. The absence of
any or all applicable names does not assume the absence of any function or
characteristic of the pad or pin.

35 It will be appreciated that for simplicity and clarity of illustration,
elements illustrated have not necessarily been drawn to scale. For examplé,
the dimensions of some of the elements are exaggerated relative to other



30 rmultiplexed functions and/or nultiple names, such as a pad used for
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appreciated that for sinplicity and clarit¥% of illustration, el enent s
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In one embodiment of the present invention, the current monitor,

test stimulus generator, response analyzer, and clock are all external to the
circuit under test (CUT), reducing the Silicon area necessary for test
implementation. For wafer level testing, the unused area of the scribe is

25 used for testing and then discarded during die assembly. Advantages of
such a testing method include the increased chip area available for designed
integrated circuits, the availability of variable frequency control which
allows the die to be tested at a higher frequency than is typically available at
wafer level test (i.e. the speed of the device tester), and the ability to use a

30 monitor circuit in the scribe for testing of multiple integrated circuits.

An alternate embodiment of the present invention utilizes those die
areas which are unused due to the configuration constraints of packaging
and other issues. For example, typically the corners are unavailable for

~ bond out due to thermal and mechanical stresses, which often result in
35 passivation cracking and other reliability issues. The use of these |
expendable portions of the die allows for efficient testing that does not
impinge on the functionality or available circuit area of the device. Use of
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Description of the Draw ngs . . FIG 1ghillusjtrat_es, i n bl ock
diagramform a test system i rPrgfdessaiptiomef the Brawingsnpodi nent of the
present invention; FIG 2 illustrates, in circuit diagramform

a detailed portio t est . syst.em of havj ng.a test, unit
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form qui escephitQtéRRl 6 thé Be, 91 dccordance with one embodiment of the present

invention;

20 FIG. 3 illustrates, in block diagram form, a portion of a wafer having
monitors contained in the scribe grid, in accordance with one embodiment
of the present invention;

FIG. 4 illustrates, in block diagram form, quiescent current scribe grid
unit, in accordance with one embodiment of the present invention;

25 FIG. 5 illustrates, in block diagram form, a wafer having a die and a
monitor unit, in accordance with one embodiment of the present
invention; _

FIG. 6 illustrates, in block diagram form, a die having test groups used
for quiescent testing, in accordance with one embodiment of the present

30 invention;

FIG. 7 illustrates, in block diagram form, a portion of the die of FIG. 6
having a monitor unit and logic circuitry for using a test group, in
accordance with one embodiment of the present invention;

FIG. 8 illustrates, in block diagram form, the monitor unit of FIG. 7, in

35 accordance with one embodiment of the present invention;

FIG. 9 illustrates, in block diagram form, a portion of the test group of
FIG. 7, in accordance with one embodiment of the present invention;



unit, in accordance with one enbodi nent of the present invention; 25

FIG 5 illustrates, in block diagramform a wafer having a die and a
nonitor unit, in accordance with one enbodi nent of the present

i nventi on; FIG 6 illustrates, in block diagramform a die
havi ng test groups used for quiescent éesti ng, in accordance wth one
enbodi nent of the present 30 invention; FIG 7 illustrates, in
bl ock diagramform a portion of the die of FIG 6 havi ng a nonitor
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embodlment of the present invention.

18 I?requency testing, in accordance mtl%tn

Detailed Description of the Drawings
20 '
FIG. 1 illustrates a test system 1 having a die 5 and a monitor unit 10.
Die 5 contains test unit 8 in a corner of the die and has at least one voltage
supply Vdd. Monitor unit 10 supplies supply voltage, Vdd, to die 5 by way
of conductor 16 and ground is provided to monitor unit 10 by way of
25 conductor 17. Die 5 provides an activation signal to monitor unit 10 by way
of conductor 12. The activation signal is provided by test unit 8. Test unit 8
receives a monitor signal via conductor 14 from monitor unit 10. Test unit
8 provides a pseudo Vdd or "PVdd" by way of conductor 18 to monitor unit
10. In one embodiment of the present invention, die 5 provides an IDDQ
30 mode signal to monitor unit 10. Additionally, die 5 provides an IDDQ
MOUDE signal on conductor 120 to monitor unit 10. IDDQ MODE signal
indicates when die 5 is operating and configured for IDDQ testing.
Monitor unit 10 is capable of performing quiescent testing on die 5.
The circuit portion of die 5 that is to be tested is referred to as the circuit
35 under test or "CUT".
FIG. 2 illustrates one embodiment of the present invention where
monitor unit 10 is as described in detail in the aforementioned paper by
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unit 10 by way of conductor 12. The aczlvatlon signal is provided by
test unit 8. Test unit 8 receives a nonitor signal via conductor 14

from noni t or Rabio. 1D1e5h§§Vddbond aaaomd/ ﬁﬁmcab@ﬁ& e edtBVdd by

way of conduct or 8t n uni F .ne e

present inventy tl gB“plr‘}cfﬁ fds cgnp} n%ﬂﬁlbx Soqfﬁ‘h"rt?’éﬁ%ni t
10. Addi ti onalr pne cbrmb@dm&rﬁmfe&eaneh&ﬁnvenﬂbﬁ]ﬁmi@m 16&is formaed borthe20
to nonitor u M@Eﬂﬁ?o I | a %ﬁgﬁﬂ Jol ' ating
and confi gure or %es &@ﬁ a metal lﬁ%}g i‘f ni fge‘ﬁ?b@é‘g e of
per f or m ng quwyt@t@r ieiga ﬁboran‘-lr@utt provided by, avayi @ﬁ:thetpprﬁtcatd} cﬁ-omdtectgr
that is to beid ARicthted aéfiﬁfFIGeQ 1§ gr@ﬁdba%%ﬁ tﬁe S d. NGSte that " CUT" .

FIG 2 illustrates one t he present e n where
o o uni t ESTET it S5 FNEeRt indbe ACrBe EHide LIF 5 Al Aontasedditional,
7 Rubi o. béhd dbaﬂuwakeaqnﬁhn&dsﬁhmﬁ madulmﬂ agsotidtedowfthed to

t t 10. d .t t 16.
" one. enbodi Fissot st e Hat Dtk %‘%%%8 &Pﬂ%’% PEEEHLE on the
waf er by d6nnpetformg atheofighctiomsecasistegewith opmmefrdmté enbodi ment, 5
duct 16 i h
Gonductor 16 T Shb ohbinted GFst fotostind Befiiohy ind BREr Efor of dic
grid. Note thBdefines festiundt 8y Jiest wt&ISrf@m\eén:n the ee@@n@@blpﬂ@rgpncp cbfee‘?,5
al so cont ai nsaagHl édragAls 1cdll3ﬂﬁbﬂ%ifdéd oUSARA e!ﬂéﬁt@v%d@é&afh%t Cliiegg, not

SBLSCLLXSaésiﬁélaté@al“t”wﬁ?n%éﬁ%iﬁfﬁ%M‘?ﬁ%{?ﬂ&? o By 41 BEF 2R T

oper ati on15f etgpled to monitor unit! 19 lonewayrioddonduttoofl2] whigh sused tonvent i on,

the upper Corgs‘% yigk o Eevagioh BBRAL®Rel s Wkioyhtes 8R! e figglPly=d 1

t he expendabl on" 0 rner 1S typlc Sonded
out and repr egatet2, amplifier:4 alevebdetector 26pand datshi28ai Insons eenbedimentof 2,

MONQUT 3, - andgfayj Wﬁféﬁént ﬁ%éﬁldns FhRid @%%ﬁx% 41P cifg{x‘iltx\‘}gﬁm ummto%ﬂbu 1908y of

conductor 12, tiQn sj Test nit
8 provides t hElGd-i Note m\atsgagﬁaMeN R@a&eea an&ﬁgvaﬂa%ﬁlgm iy prqyride

detector 28, ®the Abehinght dfMaRR28 MIBNOUT 3G coupled to monitor unit 10 by
way of conductor 14, which allows test unit 8 to receive a monitor signal.
The monitor signal is provided as an output of latch 28. PVdd 4 is coupled
to monitor unit 10 by way of conductor 18. PVdd 4 is a pseudo Vdd coupled
to switch 20 and amplifier 24 of monitor unit 10. Note that the PVdd 4 is
25 coupled to Vdd 6 through monitor unit 10 in the scribe grid. Conductor 16
also is coupled to an input of amplifier 24. Amplifier 24 is coupled to level
detector 26 by way of conductor 19. Level detector 26 is then coupled to latch
28 by way of conductor 13.
FIG. 3 illustrates the configuration of die and monitors on a portion
30 of wafer 70. Wafer 70 is formed by a plurality of die in a layout defined by
scribe grid 65. Here die 72 is an example of the die built on wafer 70. Die 72
is surrounded by four monitor units, 60, 61, 62, 63. Note that within the
parameters of wafer 70, each die has at least one adjacent monitor unit.
Alternate embodiments incorporate various configurations, some requiring
35 fewer monitor units. Each monitor unit is contained in the scribe grid.
Each monitor unit is similar to monitor unit 10. Monitor 63 is situated
between die 72 and die 74. In one embodiment of the present invention,



the present invention, Pvdd 4 powers all circuitry in nmonitor unit 10 of
FI& 2. Note that gate 22 is a NOR gate, and an activation signal is
provided 20 to the reset input of latch 28. MONOUT 3 is coupled to nonitor
unit 10 by way of conductor 14, which allows test unit 8 to receive a
noni tor signal . The nonitor signal is provided as an output of latch
28. Pvdd 4 is coupled to nonitor unit 20 by way of conductor 18. Pvdd 4
is a pseudo Vvdd coupl ed to switch 20 and anplifier 24 of nonitor unit
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62, 63. Note that wthin paranmeters of wa each die has at
| east one adj bcent_ nmonitor unit.  Alternate enbodi ments incorporate
various confi gur at Nese th@osthek eanbddifientd mdye Wiiorpoitité @hyumiinber fbich

SRt ik e e et
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enbodi nent of the present 3 |nv§nt|on, t 6 61, 62, 63 each
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die 72, where eac s tested usrn nonlPtor units on

n t he
each s de al | o seyeralipadsoneiusing BVAda0E2458 Vind 34 36, MOMOUT, 86,5440,
demands onganNgi4Roig1 4ai IN2 Mgt BNS 18! ard! EIND52. In the embodiment illustrated

in FIG. 4, IDDQ scribe grid unit 51 includes the pads illustrated as inciuded
in test unit 8 of FIG. 2. As illustrated in FIG. 2, pads ACT 2, MONOUT 3 and
PVdd 4 correspond to ACT 40, MONOUT 38, and PVdd 50 of FIG. 4
respectively. In IDDQ scribe grid unit 51, Vdd 34, Vdd 36, and GND 52 are
25 shorted to the corresponding power supply and ground pins on the device
to be tested. The embodiment illustrated in FIG. 4 does not require the
additional pads added in test unit 8 of FIG. 1, but utilizes the expendable area
of the scribe grid for implementation of pads for test. In one embodiment
of the present invention, monitor logic unit 54 is a composite of elements
30 contained in test unit 8 and monitor unit 10 according to FIG. 1.
FIG. 5 illustrates a test system, according to FIG. 2, where ACT 2,
MONOUT 3, PVdd 4, Vdd 6, and GND 7 are each coupled to monitor unit
10. In one embodiment the connection is made from each of ACT 2,
MONOUT 3, PVdd 4, Vdd 6, and GND 7 to monitor unit 10 by specifically
35 providing a path from each individual pad to the edge of the die and then
bridging through at least one layer of the scribe to meet monitor unit 10.
For continuity, the other bond pads are represented by cross hatching. The



15 configurations allow acconmodati on of various wafer geonetries.
Continuing to FIG 4, FIG 4 illustrates one enbodi nent of nonitor uni t
10, 1DDQ scribe grid unit 51, located in scribe grid 65. Monitor logic unit
54 is a part of 1DDQ scribe grid unit 51. Adjacent to nonitor logic unit 54
are several pads including Pvdd 30,32, 50, Vdd 34,36, MONOUT 38, ACT 40, 20
INO 42, INL 44, I N2 46, IN3 48, and G\D 529 In the enbodinent illustrated
in FIG 4, 1DDQ scribe grid unit 51 includes the pads illustrated as
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Referringlbo éhelmpleeserntation of multipletmonitors-llews Hetéttionnof & defedtdn die
of © ‘G 5.5 1285 80 S“efiegr%yﬁ?%h Gofiffet Fajeii® Puecaddyallon GERBLV° o7 "
bonded out  Additiompdhenaider nomsaldestecbralifions fix. e noNajuiesdent Idﬂttestmg)l ve
LT Shoptpr O A A LI B o
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consumed by t&r% Sllozmen in é Ir)]laggmgnt in the scribe grid typically results in reduced
design restrictions and increased test flexibility.
It is particularly advantageous to utilize the existing pads within die
5. For example, to overcome the disadvantages of adding excessive circuitry
25 within die 5, an alternate embodiment utilizes existing output buffers,
which are coupled to output pads, for switching. FIGs. 6 and 7 illustrate the
reuse of output buffers.
According to FIG. 6, die 71 includes several test groups 20, 21, and 29.
FIG. 7 gives a detailed description of test group 68. As illustrated in FIG. 6,
30 test group 68 includes PVdd/OUTO0 23, PVdd/ OUT1 35, Vdd 25, PVdd /OUT2
37, and PVdd/OUT3 27. During test, pad 23 is available for use as pseudo
Vdd , PVdd, and during normal operation pad 23 is available for as an
output, OUTO0. The other pads illustrated have similar designation. Similar
groupings are placed within test groups 21 and 29. Any number of output
35 pads may be included in a test group. The number of output pads is
typically dependent on the placement of Vdd pads. Test groups 20, 21, and




illustrated in FIG 3, nultiples of nonitor unit 10 nay be applied per die.
Muktiple nonitors allows greater power supply to die 5 which is
particularly desirable where die 5 has nmultiple power supply pads (i.e. Vvdd
15 6). Inplenentation of nultiple nDnitors all ows detection of a defect in
die 5 at any nonitor where each nonit recelves t he activation signal.
Addi tionally, under normal test condition . hon-qui escent 1dd testing)
nonitor unit 10 is effectively elimnated fron1the test system Power is
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unit 67 of th’@SB-Flgsent enbodi nent is contained within d| e 71, and

20 Continuing with FIG. 7, quiescent current testing is controlled by

monitor unit 67. Monitor unit controls the MUX 45 through MUX 47,
which are associated with output buffer to be used for testing. In one
embodiment of the present invention, during quiescent testing monitor
unit 67 may force all of output buffer P-channel pull-ups 33 to 31 on or off

25 while disabling output N-channel stack. Also, during quiescent testing
PVdd is supplied to pads 23 to 27. For operation outside of quiescent testing
normal function input (NFI) signals are provided to multiplexers 45 to 47
and pads 23 to 27 are configured as output pads where no external voltage is
supplied to pads 23 to 27.

30 Again referring to FIG. 7, Vdd 25 is coupled to monitor unit 67. An
activation signal is provided to monitor unit 67 from ACT 55. Monitor unit
67 provides a monitor sighal output to MONOUT 43. Refer to FIG. 8 for a
detailed description of monitor unit 67. An IDDQ mode signal is provided
to monitor unit 67, LFSR 57, and MUX 45 - 47 from IDDQ MODE 49. Vdd 25

35 is further coupled to the circuit under test (CUT) 73. Monitor unit 67 is

~ substantially different from monitor unit 10, as monitor unit 10 includes

switch 20 and monitor unit 67 utilizes the output buffer associated with




10 uses existing output buffers as switches during testing. vdd 25 is
associ at ed with a plurality of output pads, represented in FIGs. 6 and
7 by Pvdd/ QUTO 23 through Pvdd/ QUT3 27. An output buffer is coupled to
a power supply pad and an associ at ed output pad, and each output buffer
I's further coupled to an associ ated nq tiplexer. Qutput buffer 33 is
coupled to Vdd 25 and to 15 Pvdd/ QUTO 23. MUX 45 is coupl ed to out put
buffer 33. Simlarly, output buffer 31 is coupled to Vdd 25 and to
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20 the need for a separate PVdd pad.

FIG. 9 illustrates a port pin according to an alternate embodiment of
the test system of FIG. 2 applied to IDDQ scribe grid unit 51, where a port pin
has the pull up disabled. Switch 76 is coupled to Vdd 78 and also to output
buffer 77. Output buffer 77 is coupled to Vdd 78 and OUTO. In the alternate

25 embodiment illustrated in FIG. 9, an IDDQ mode signal is provided to '
coupler 69 and additionally to gate 75, where gate 75 is an inverter. A
normal function in (NFI) signal is provided to a CMOS coupler 69, where
coupler 69 is coupled to switch 76 and to the output of gate 75. In one

I

embodiment of the present invention, since all output P channel pull ups
30 are disabled during IDDQ testing, and therefore the current supplied

through switch 20 to the circuit under test is significantly reduced. The

resultant size of switch 20 is thereby reduced, which is highly desirable in

circuit design and fabrication.

When an IDDQ mode signal goes low it forces the monitor signal

35 low. Referring again to FIG. 2, note that the activation signal acts to turn

switch 20 on and off. Normal testing with power applied at Vdd is done

with activation low and switch 20 off. Relaxed normal testing is done with



FIG 8 offers a nore detailed illustration of one circuit enbodi nent of
nmonitor unit 67 fromFIG 7. Mounitor unit 67 receives inputs Vvdd, Pvdd,

| DDQ node signal, and an activation signal. Mnitor unit 67 provides 10
out put to MONOQUT 43, and provides a NOR signal. Specifically, nonitor

unit 67 receives | DDQ node signal as input.to | evel detector 58 from | DDQ
MODE 49. The | DDQ node signal is also provided to Amplifier 56.

Amplifier 56 is coupled to | evel detector 58. Level detector 58 is coupled
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ups, as in FlGy groups [LAg LFSRs, although there are many other configurations

consistent with the present invention. Input test group 91 is used to

interface directly with CUT 82. Test pattern generation is provided by LFSR

92, which is coupled to input test group 91 for application to CUT 82. A

25 pattern generator is also referred to as a stimulus generator. Stimulus
generation involves a pattern generated by LFSR 92 which provides various

voltages and signals to CUT 82 by way of input test group 91. Note that in

one embodiment data is provided to LFSR 92, as in FIG. 14. LFSR 92 is used

to collapse the stimulus generation, requiring a reduced number of input
30 resources for application to CUT 82.

The patterns, or stimulus, applied to CUT 82 may be provided using a
reduced number of input resources, and application methods include serial
application. The results, or responses to the testing, are provided as output
from CUT 82 to output test group 90. Note that input test group 91 and/or

35 output test group 90 may be resident on the die or alternately may be
contained in the scribe grid. Similarly, pattern generator LFSR 92 and/or
response analyzer LFSR 93 may be resident on the die or alternately may be



rel axed normal testing and during IDDQ testing, power is applied at Pvdd,
5as in FIG 2. The activation signal is maintained high during rel axed
normal testing. IDDQ testing is perfornmed with | DDQ node signa
hi gh and power applied to Pvdd, as in FIG 2. Were switch 20 is
inmplenmented in the expendabl e portion Qf the die, or in the scribe
grid, then both relaxed normal 10 testing“and |IDDQ testing are possible
with a single probe configuration and a si ngl e pass probe testing.
Contrast the eortaiedeintthelstcribe gaide dOutpid st group 90 whfurthersemipded poit P
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resources, a%tﬁ%ﬁohcﬁgg H%‘i’l? tin'?é"t%ﬂ‘iﬁe %ﬁéﬂu@ér ds1§rsxa€€<t%§uft6% hgéhﬂ

results, or responses rovid

82 to output thatswiichugp mmathN H&ﬁ timsg, té%tm{sﬂ"@u @ECHYI%F@F S@alout put

test group 90566%)/103&1&1%!@ eWitch20 OFFdi After tiend g Had ahﬁviﬁbh al remains
contained in or LF

he s be grid. Siml pat.t er n, gener 92 and/ or
response anal 192%-?11@#5& (ggllgéieﬁts 1pdicated g?"@SB & fRP ﬁi‘%%mﬁ‘gy be
13 20 diagram of FIG. 11 in the 111ustrated example, the time period tp to t3

represents the time when a quiescent IDD is above the desired IDDQ
threshold level. For the period following time t4, quiescent IDD is less than
the desired IDDQ threshold level. Note that at the end of each activation
signal cycle the monitor signal is available for testing during the sample

25 window.

FIG. 12 is related to FIG. 11, and illustrates the associated voltages

PVdd, Vdd, IDD as well as the output of amplifier 24, the output of level
detector 26, and monitor signal. There is a general correspondence of the
timing diagram of FIG. 12 to the timing diagram shown in FIG. 11. At time

30 tg the activation signal is high and switch 20 is turned ON. At this point
there is a corresponding spike in IDD, seen in FIG. 12. Beginning at time t1,
the Vdd level begins to decay. From time tj, the level output of amplifier 24
begins to increase and reaches a threshold level at time t;. Attainment of
the threshold level indicates a failure detection, and results in a high output

35 of level detector 26, with the resultant high monitor signal. Note that the
monitor signal remains high until time t3. Subsequent to time tp, the
output of amplifier 24 decays below the threshold level. The level detector



contained in the scribe grid. Qutput test group 90 is further coupled to
signature analyzer LFSR 93, also referred to as a response anal yzer. LFSR

93 is used to collapse test results or outputs, allowi ng a signature
associ at ed with a sequence of operation to be stored in a storage unit
such as a nenory 5 |location or register, fromwhere it may be serially
shifted out. FIG 11 |IIustrat<-:1§ a timng diagram associ at ed
wi t h one enbodi nent of the present invention illustrated in FIG 2.
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and results |n tector 26, w

es nt
hi'gh moni t or Gustistacs tharymeet thesissiarar ot sEacmorPrrecd o Bhg | |

time t3. Subs eéwﬁei phés hté’fplﬁs?or hé&dles witith Ré piceanniligrireént’withed@ys bel ow

the threshol dm;a gf Isb a-g 3 llngyc?l th%ec:.[oe?ac(%s with their respective pads on the CUT.

FIG. 13 illustrates probe card alignment 100, where probe card 101
25 contains probe needles corresponding to the pads of IDDQ scribe grid unit 51
of FIG. 4. For clarity and easy comprehension, only a few such needles are
illustrated. Specifically, the probe needles of probe card 101 include PVdd 30,
Vdd 34, 36, MONOUT 38, ACT 40, OUT1 87, OUT2 88. Vdd 34 and 36 are
shorted together on probe card 101, and one is aligned to die 5, which
30 contains the CUT, and one is aligned to monitor 62. Note that die 5 is part
of a wafer similar to wafer 70 of FIG. 3. Additionally, OUT1 87 and OUT2 88
are aligned to die 5, while the other needles listed above are aligned to
monitor 62. The needles illustrated in FIG. 13 are exemplary of similar
needles positioned within probe card 101 and aligned to die 5 and monitor
35 62. Additionally, the needles illustrated represent a portion of probe
 needles. In an alternate embodiment of the present invention, similar



14 " output is pulsed high at time t2 and goes | ow during the period
fromtinme t2 to tine t[err] Referring to FIGs. 2, 11, and
12, the timng diagrans illustrating the operation of one enbodi nent of
the present invention are detailed. In 5 operation, nonitor unit 10 is
enabl ed by the activation signal. At the 13 begi nni ng- of the nonitor

dg

signal cycle, which begins at the falling e of the activation
signal, power is disconnected fromVdd by the switch 20, which in one
enbodi nent i spartirsheipmibesveddids areqpositioned atourtdprobeecadciloindinterfacé DDQ

fault, Vvdd degays e anplifier
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signal s t d0tho cir i eltermade endmdlumntmj the presenisinviegtion is iimetratae it

surfaces t henFI@eM vgﬁlch% ts?rhﬂﬂf td ﬁ?é eﬁﬂ&%ﬁﬁﬂbn@ﬂﬁﬁ%rt@cﬂlﬁ FIG th Dat& ¥t act

pads are pins or

are ce in waf er,
so as to nat cRIQW e 6ﬁt§§€¥‘§% g%nqrﬁ&raS ﬁtm&é&gaas t 1@:‘}#5
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101 i ncl ude P
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aligned to di altexnajs frequency poavigionsta where theofrequendygprayided moay t or

62. Note that [ t f e FIG 3.
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enbodi nent of atldmrep fregaency thama ipaa gedvdieabecause of the mductance introduced
by the probe needles. Additionally, at wafer level testing it is difficult to
attach decoupling capacitors in close proximity to the die with necessary
25 short lead lengths between supply and ground.
Current monitor 86 is coupled to CUT 83 providing a Vdd to CUT 83.
Further response analyzer 84 is bi-directionally coupled to CUT 83.
Response analyzer 84 then provides data out. In one embodiment of the
present invention, data out is a serial output. A control signal is used for
30 control of the test system, and specifically stimulus generator 81, current
monitor 86, response analyzer 84 and clock generator 85. In one
embodiment of the present invention illustrated in FIG. 14, stimulus
generator 81 operates at a higher clock rate than the testing system.
Response analyzer 84 collapses into an output signature which in one
35 embodiment is serially shifted out on an external pin at a lower clock rate
than stimulus generator 81 for verification by the tester.




portions of probe needl es are positioned around probe card 101 and

I nterface with die 5 and nonitor 61, die 5 and nonitor 63, as well as
die 5 and nonitor 60. Still other enmbodi ments incorporate any

combi nati on of nmonitor units 60, 61, 62, and/or 63 with die 5. The

pl acenent of portions in 5 various confi ations allows for efficient and
robust testing of |large die, or diet have nodul es that consune
power strategically placed. Additionally, the present invention offers
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allows disabling of all circuit under test outputs, as 111ustrated in FIG. 9. The
reduced current consumed by CUT 83 during test results in smaller switches
and reduced costs.

25 The present invention offers a flexible method of testing die utilizing
the quiescent current measurements and analysis and incorporating the

expendable area of the scribe grid at wafer level. In one embodiment of the
present invention, the expendable area of the die, namely the corner
portions which are not bonded out, are incorporated into the test circuitry.

30 Alternate embodiments incorporate combinations and configurations
consistent with the present invention.

Operation of the Present Invention
35 According to the present invention, defective circuit detection is

accomplished through observation of voltage decay with respect to time.
The voltage observed is the decaying capacitive voltage of the power supply.



16 ) I n one enbodi nent of the present invention, clock generator

85; stinulus generator 81, and response anal yzer 84 are all external to
CUT 83, and are contained in the scribe grid of the wafer on which CUT
83 resides. By placing the testing circuitry in the scribe grid, the

effective usable die area 5 is increased ,,Additionally, nmultiple die my
be tested using the sane testing Ci rc&?try. The vari abl e frequency
control afforded by clock generator 85 overconmes one of the major
drawbacks i n T essdciated quicscengIDDvarreeddIDDQ, is a fimdiorspbtk demyi ofthen a

| d f '
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conf 1 rmad | on TEBHPR 4 fayan YL TSl el bR AT, e
in the diei svcbllrfgesmi'e(saqb dbterpad Wdel 6.0 Nomealespsration dndicatesr funetionaly.
Still another ention has t he
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generat or 185 are b'Bl‘;lh presandi inwentipn roiffers taemﬂ@o moritering dheeqitiesgent he
present I nvenigpy, W&VPPﬁEEQPW@éh@h&P&B&P 8d PV 2@ dBswitth 0D TeBeuflite

al l ows disabl|ng o circuit u t est  out pyt s Illustrated in FIG

9. The e%eéewd@a%mhwwmaa P monites ‘HHF i'ilrg wing prebe the |
smal | er swi t cq@Bvation & lrﬁﬁlﬂl%q:lﬁﬁmieﬂ to??ad ACT 2Thenptiesgester) and fioan

ff fl b h f test t h t t
reasur ement Exéﬁ%tﬁﬁ%»‘é 2 oA i Meptiduiie 10, JhdndHrBSGREEnEpt [ 00
scribe gri8 athewarfesent mmnohnﬂmtsmtmm srgnal rsfa lowe actlvepalglsaalnt i nvention,
the expendabl e ar eg,Qly;hAGAhe. aé:&?rﬁﬁbi{ sighal 16 fiistrated if 1qu1€;' 8@%&%8 are

not bonded out, are i ncorporat I rcul nat e

embodi ment s i Note Buatavben dh@ agtivation signal @,a)msegt@daswmh 20 tranaih@ingtcéﬂf Wi th
t he present 'D s t1me there will be a wait erlod Whlcﬁ% 'iﬁ&icﬁfécplf) 166kiR Wﬁfﬁe nt

det acti on i 5 sampmgﬁ;,ﬂ EURERA N A A T
respect tQaotiNMONOUT I$ieo belstrebed olfecinvide first éhmﬁtmﬂwst@tezhﬁaﬁlm Vg a
voltage of t ht?’g%orvr\{eorn1 orpsngal MONOUT, coincident with the sample window

indicates that the quiescent IDD of die 5 is greater than the IDDQ threshold

and there is some type of a defect in die 5.

As illustrated in FIG. 2, monitor unit 10, in one embodiment, is not
25 resident on die 5, and may be any of monitor units 60, 61, 62, 63 as
illustrated in FIG. 3. Note that monitor unit 10 is enabled between system
clock transitions by the activation signal, and during high activation signals,

test patterns are applied as input to die 5. Once the activation signal
transitions low, the monitoring function of monitor unit 10 begins. At the

30 beginning of such a monitoring cycle, power is disconnected from Vdd by
switch 20. Note that switch 20 in this embodiment of the present invention
is a P-channel switch transistor. In the presence of a quiescent Idd fault Vdd
decays through the anomalous current path. The amplifier stage serves to
amplify the difference between Vdd and PVdd. And where there is an IDDQ

35 fault, level detector 26 pulses high to SET latch 28. Latch 28 then turns
switch 20 on to prevent further drops in Vdd. Normal IDDQ testing will fail
a die on first pattern high IDDQ current. It is advantageous during debug



17 * The associated quiescent IDD current, IDDQ is a function of the

decay of the voltage Vdd and the tinme of that delay. The present
invention utilizes a pseudo power supply voltage, Pvdd, supplied to a
switch, as illustrated in FIG 2. In one enbodi nent of the present

I nvention, testing is resident on 5 die 5_ Pvdd is supplied to nonitor
unit 10 fromthe circuit under test. ring normal operations switch 20
is OFF and no voltage supplied to nmonitor unit 10 from pad Pvdd 4.
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enbodi ment of inventi transis
In the presenwafesprobgyidsieHIG. % gomannadsgan be uses:foy ACH 20 MENG

~anonal ous 20ur sRAPWEd 2. ARilfFRhie! efibodliA@at FRistRited Gn FIG. A WiliZas thae
difference beécvl\‘?beengr\ll C’ico %r}gw%\édgr'eaéa\ Podr 1\)’\41 srXCthhe, ‘MoNobt CJ,,% Pvdd 4.
According to FIG. 4, ACT 2 corresponds to activation pad 40, MONOUT 3
corresponds to MONOUT 38 and PVdd 4 to PVdd 32, 30 and 50. One
advantage of the embodiment illustrated in FIG. 4 is that the circuit is
25 complete within itself, including all required pads, and may be used to test
other die on the wafer.

Switch 20, as well as the activation and monitor signals, can be
implemented on die or in the scribe by breaching the top level of metal
through the edge seal. One embodiment of an implementation where the

30 die is connected to the monitoring unit through metal on the wafer is
illustrated in FIG. 5. Here only those pads associated with the quiescent
testing are connected to monitor unit 10. Note that monitor unit 10 is
contained within the expendable area of the wafer, while the pads associated
with quiescent current testing, namely ACT 2, MONOUT 3, PVdd 4, Vdd 6,

35 and GND 7, are all contained within die 5. Additionally, note that some of
the pads contained within die 5 are contained in the expendable portions of
die 5. With this implementation it is possible to perform both a relaxed



35 fadlt, level detector 26 pulses high to SET latch 28. Latch 28 then

t urns switch 20 on to prevent further drops in Vdd. Normal |DDQ testing
will fail a die on first pattern high IDDQ current. It is advantageous
during debug ' 18 nodes

to restore Vdd to Pvdd | evel and test additional states of the circuit
under test. A defective die may have onIy18ne or a few patterns that fail
I DDQ current testing. The rising edge of the activation signal then
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will be implemented. In this case a switch 20 equivalent is implemented

using the output buffers, however, the functioning of monitor unit 67

remains unchanged and the timing is according to FIG. 11. Note that the

only difference in this implementation of the present invention is that

25 monitor unit 67 is resident on die 71 and for switches it utilizes the output

buffers 23 to 27.

In order to save space on die 5 as illustrated in FIG. 13 it is desirable
to have all of the additional monitoring pads contained in the scribe of the
wafer. Referring to FIG. 4., IDDQ scribe grid unit 51, in one embodiment,

30 contains all of the monitoring functional pads in the scribe.

- Implementation of IDDQ scribe grid unit 51 as illustrated in FIG. 4 would be
according to FIG. 13, where probe needles make the necessary connections
between the pads contained in IDDQ scribe grid unit 51 and any
corresponding pads on the CUT. FIG. 13 illustrates probe card 101, which

35 provides monitoring supply voltages and signals as well as strobe signals to
die 5 and monitors 60 to 63. Here monitors 60 to 63 are configured to IDDQ
scribe grid unit 51 as illustrated in the embodiment illustrated in FIG. 4.




testing are connected to nonitor unit 10. Note that monitor unit 10 is
contained within the expendable area of the wafer, while the pads

associ at ed Wi th quiescent current testing, namely ACT 2, MONOQUT 3, Pvdd
4, vdd 6, 35 and G\D 7, are all contained within die 5. Additionally, note
t hat sone of the pads contained within die 5 are contained in the
expendabl e portions of die 5. Wth thi<s inplenentation it is possible
to performboth a rel axed _
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current monitor 86.

In the embodiment illustrated in FIG. 14, clock generator 85
independently provides a clock signal to CUT 83. Alternate frequency is
25 then available for festing CUT 83 at a higher frequency than is available

from the tester at probe. Test system 80 of FIG. 14 offers the advantages of

combining quiescent IDD testing with functional testing in a single test

environment, coupled with the ability to vary the test frequency to higher

levels than available within the test environment. Testers and test

30 environments are made flexible and last longer, eliminating the need to
purchase new test equipment for increasingly high speed devices.

The present invention utilizes the expendable areas of the die and
wafer for implementing the quiescent current testing. In one embodiment
of the present invention, corner pads are utilized for testing pads, where

35 such corner space is expendable and not to be bonded out in the package.
The present invention may be implemented using prior art monitor circuits
positioned within the scribe grid of the wafer. Note that the scribe grid area



waf er .t Referring to FIG 4., I1DDQ scribe grid unit 51, in one enbodi nent,
30- contains all of the nonitoring functional pads in the scribe.
| mpl enent ation of 1DDQ scribe grid unit 51 as illustrated in FIG 4 would

be according to FIG 13, where probe needl es nmake the necessary
connections bet ween the pads containeggin | DDQ scribe grid unit 51 and
any correspondi ng pads on the CUT. FI 13 illustrates probe card 101,

which 35 provides nonitoring supply voltages and signals as well as strobe
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stream i ni ng 3pesifieation, or detest @ny @eﬁémuarﬁhﬁgw v IRtegFity Ak
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t he present invention is illustrated in FIG 14. For functional testing
of CUT 83, patterns are prestored in stimulus generator 81 or provided
by data input. Stinulus generator provides the test patterns in a
reduced formto CUT 83. The patterns applied to CUT 83 will have a
resul tant output which is provided 20 to response anal yzer 84, which then
provi des data out, which may be processed by the test system Note that
Vdd is provided to CUT 83 from current nonitor 86. In the
enbodi nent illustrated in FIG 14, clock generator 85 i ndependent |y
provides a clock signal to CUT 83. Alternate frequency is 25 then
avai l able for testing CUT 83 at a higher frequency than is avail able




fromthe tester at probe. Test system 80 of FIG 14 offers th'T o ‘
of - conbi ning qui escent IDD testing with functional testin n '_§ BEEN
t est environnment, coupled with the ability to vary the tept fr éﬁ_?{)

to hi gher | evel s than available within the test environment. Testers
and test 30 environments are nade flexiblg and | ast longer, elimnating the
need to purchase new test equi pnment f . i ncreasingly high speed

devi ces. The present invention utilizes the expendabl e areas of
the die and waf er for inplenenting theCiihgscent current testing. In
one enbodi nent of the present invention, corner pads are utilized for
testing pads, where 35 such corner space is expendable and not to be bonded
out in the pa¥eaghim: The present invention may be inplenented using
prior art nonitor circuits positioned within the scribe grid of the
wafer. Note that the scribe grid area

21 i's typi caIAngfgrtgoﬁlgFgﬁlggorrpared to pad size and to circuit sizes.
Addi tional |y, i nprovenents, terations, and changes to the nonitor unit

may be inpl ement ed, giasi dig integhtet] sihatsNBofich 8efHedwafer; and The
present invention offers a nethod of wafer probe reducing the 5 nunber of

vectors refuired fafirdtabnitor chguitthtegrated en ussecond portion|of thawefer
nonitors per die for redundancy. The present invention does not preclude
normal testing, where twherginithersecand portign ef ithe matferlis separatecfronsthe
circuit by applying power directly to Vdd rather than supplying power

t hrough t he noni t orfixst portion ofthe wafer, therférsp menitor ¢inquit pevforming a

i ncor porates methods of using quiescent_ current testing to deternine if
a die confornms to a pr eﬁ!@ttée%maﬂon which; verifigs ayn intgpdad iaperationy ofdhect s
inadie, or to verifyéunc(:itional integrity of a die.

22 rst die.

10
2. The wafer of claim 1, wherein the first test operation measures a

current drawn by the first die.

3. The wafer of claim 1, wherein the second portion of the wafer is a

15 scribe grid of the wafer.

4. The wafer of claim 1, wherein the second portion of the wafer is an

expendable portion of the wafer.

20 5. A method for executing a test operation, comprising the steps of:
integrating a first die on a first portion of a wafer;
integrating a monitor circuit on a second portion of the wafer
wherein the second portion of the wafer is separate from the
first portion of the wafer; and
25 enabling the monitor circuit to perform a test operation which

verifies an intended operation of the first die.
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d ai ms A method for executing a test operation, conprijsThi§ SHEET HAS BEEN
steps of: integrating a first die on a first portion of{ a waREPLACED
integrating a nonitor circuit on a second portion of the wafer,"Wrererm e
second - portion of the wafer is separate fromthe first portion
of the wafer; and enabling the nonijor circuit to performa test
operation that neasures a current 2 drawn fromthe first die to
verify an intended operation of the first die. 2. A data processor
conpri si ng: control neans for providing a node control signal to
i ndi cate when the date processor operates in a first node and a
second node of operation; an out put buffer coupled to the control
means for receiving the node control signal and the output

buf fer recei vb.ng aAkdetarpropessat,icomprisingge, a portion of the
out put buffer providing a signal externally when the node contr ol

signal indicates t¢tmitelmepnsfersproviding atmede gontrel signal tendndicate wihenat i on
and the portion of the qutput buffer renoving the known operating, voltage
provi ded t® the data pr B PTARBEOY ARETAtRfINC® fiEstanode angl 2 serarebmesde; he
data processor operates in the second node of operation; and

moni tori ng neans for m)?lé ?B‘?qag‘&néaﬂacay of the known operating voltage to
deter i ne whether g 4! PhRESS S5aStea iR Hetnd Por B EhY S TRORS ©f

control signal and the output buffer receiving a known
operating voltage, a portion of the output buffer providing a
10 signal externally when the mode control signal indicates the
data processor operates in the first mode of operation and the
portion of the output buffer removing the known operating
voltage provided to the data processor when the mode control
signal indicates the data processor operates in the second mode

15 of operation.
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