SC14756MP METHOD OF TESTI NG FOR PONER AND GROUND
CONTI NUI TY OF A SEM CONDUCTOR DEVI CE BACKGROUND OF

THE | NVENTI ON [ 0001] The present invention relates
generally to continuity testing and, in particular,

to a method of testing for power and ground -
continuity of a sem conductor device. [0002] SC14756MP
I nterconnection faults such as, for exanple,” mssing
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and ball bond lifting are a source of package
‘defects. ContinuitySEdSCORQUCEORH T GIGRd to identi fy
and screen out sem conductor devices with

i nterconnection faults. Conventional |oad boards,
typically desi gnezcrerbUNalkH caEedNi7aNTparanetri ¢ and
functional testing, are not suitable for power and
ground continuity testing. Consequently, power and

gioaand comtHengirkeheSth(dnt Son CAETd QL Qéncdsiing ebt her
nodi fied or custom zed | oad boards. However, there
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mouléﬁﬁe desirabl e to”have a nethod of perform ng
gotere .and ground continuity testing for a

sem conduct or device using a conventional |oad board.
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0003] The fol | ow ng
Heted]l ed desericphheat bén pfaikry edicheragdifeentandle he

invention w e better understood when  read
R LG RPERSt HELSpRATiEd S aishodLrhed B bden
BNt iz balil bussr ai egiky ey Ofscarpbe gadkhge 1
defects. Continuity testing is performed to identify and
screen out gemiconductor devices with interconnection _
faults. Conventional load boards, typically designed and
fabricated for parametric and functional testing, are not
‘suitable for power and ground continulty testing.
Consequently, power and ground continuity.testing is
carried out using either modified or customized load
boards. However, there are considerable costs associated
with the use of‘such customized or modified load boards.
Hence, it would be desirable to have a method of performing'
power and ground continuity testing for a semiconductor

device usingia conventional load board.
BRIEF DESCRIPTION OF THE DRAWINGS

{0003] The fellowing detailed description of preferred
embodiments of the invention will be better understood when
read in conjunction with the appended drawings. The

present invention is illustrated by way of example and is




SC14756MP not limted by the acconpanying figures, in
which like references indicate simlar el enents.

[0004] FIG 1 is a flowhart depicting a nmethod of
~testing for power and ground continuity of a

sem conductor device in accordance with an enbodi,nen

of the present invention; [0005] FIG 2 is a SHE4556MP
schematic top plan view of a sem conductor device on
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continuity iflustrated in FIG 1 7s perforned; [0006]

FeGerangss alngihvaeter mididgramieheéussrating the |eve
of switching noise on a victimpin of a known good
sem conductor; and [0007] FIG 4 is a waveform di agram
[DbQ4Y r at iFEE t He id evélloothawnt t @éper i10) S rerhadvbet i m

i n_pf a_ sem conductor device. DETAI LED DESCRI,PTI
&“ﬁ%@ INVENF'EN 085 P T HeCaRt T Ed dsé ismlsﬁngggztor
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is intended as a description of the presently
PreEFRF I enbodi ments of the invention, and is not
intended to represent the only form in which the

present invention may be practiced. It is to be

UPRS st ood Tthat 2t hdssame echegaitval ehppf uptéfongiemy of a

. i.sh / different. e di ts, that ,are.
D8y QRTS8 Ll ety SPRETIEAS (0 Aiin 2o
soope ¢ind hgrouadentooniniSCl47BGMR rated in FIG. 1 is

performed;

[0006] FIG. 3 is a waveform diagram illustrating the
level of switching noise on a victim pin of a known good

semiconductor; and

-[0007] FIG. 4 is a waveform diagram illustrating the
level of switching noise on a victim pin of a semiconductor

device.
DETAILED DESCRIPTION OF THE INVENTION

[0008] The detailed description set forth below in
connection with the appended drawings is intended as a
description of the presently preferred embodiments of the
invention, and is not intended to represent the only form
in which the present invention may be practiced. It is.to
be understood that the same or eguivalent functions may be
accomplished by different embodiments that are intended to
be eanmpassed within the spirit and scope of the

invention.




[ 0009] The present invention provides a nethod of

testing for power and ground continuity of a

sem conductor device. The device includes a plurality

-of Input and Qutput (10) pins and at |east a pair of
power and ground pins. The nethod i ncl udes

identifying the power and ground pins. A victin1§pﬁ4756MP

is selected fromthe 10 pins for each of the power

and ground pins, and at |east one aggressor pin for

each victimpin is selected fromthe remaining 10

pPHES] The Bygmessentpiingeat ot opgd et dse taveenhadf pfst

oh8L e T RamoM Lo bo bRt e Y el aBhteor

devits. of Theswidvdltiengnbdides as epLorgairsd ofi tihput and
redete{nined data to  determ ne power and ground
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B89, prend arsmddehbodaet i1&estiAgfPrHROWRe#Ndnd ground
ground continuity of a sem conductor device having a
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the steps of 1dentifyin t%e power and ground I ns,

minl But estdngicitémi pipi bs $ebectdik fr@mithe femagathg IO
he 0 d power pins._ln .one.enbodi nen t he
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.least one aggressor _pin is selected fromthe
FEiThiEG 18 BPRSOTIRe Hiret deaRited SoVE0g) ef
detieemhAnbikst a8t atempared wRIONM cHeatenih8dddat hi €h
to low. The level of switching noise on the victim
eI e ROUPEd2NAndr eWed reeidtiirad tve vé| tBE d@vieni ng
noi se is conpared with predeterm ned data to determ ne
continuity of the pair of power and ground pins. The
KWEPd  of Thel presagt t hevarittidrmadisd aggvédser aphashod of

gé§%¥ﬂgn%okhso%ér and ground continuity of a semiconductor
device having a plurality of Input and Output (IO) pins and
at least a pair of power and ground pins. The method
includes the steps of identifying the power and ground
pins, and éelecting victim piﬁs from the IC pins for each
of the ground and power pins. In one embodiment, the power
and ground pins are paired and a victim pin is selected for
each pair of power and ground pins. At least one aggressor
pin is selected from.the remaining IO pins. The aggressor
pin is toggled between a first state and a second state
(e.g., high to low). The level of switching noise on the
victim pin is measured, and the measured level of switching
noise is compared with predetermined data to determine
continuity of the pair of power and ground pins. The steps
of selecting the victim and aggressor pins, toggling the at

ieast one aggressor pin, measuring the level of switching




| east one aggressor pin, neasuring the |evel of

switching 3 SC14756MP noise on the victimpin and
conmparing the neasured | evel of switching noise with
predeterm ned data are repeated for each identified

pair of power and ground pins. [0011] The present

i nvention further provides a conputer readable nedtGaroMP

tangi bl y enbodyi ng a programof instructions for

cont LA .
ROYEL éﬁ“&ﬁﬂ“vi G g&hTﬁgE%?% %%Q%%Q5m§neasured level of

sem conduct or devi c to be stored In a
senoclyi mndiaexec wieth byedepeonessdrdatthenmeviepeated for

includes a _.plurality_of |Input and Qutput, (10) pins

LG STt R BB 5 bputEr Sl it s, The
programincludes instructions to identify the power

and ground pins. Additionally, the programincludes
i[%%%?rthti O PEFeSERECETHENLICR | AT T FPVERES16 pPRButer

plagdhee dRWick tahg88th hnbdeind WRIrRRddLeund pins,
and instructions to select at” |east  one aggressor pin
TRYMY e rendionl RgWe0 phAsgFeun@armt iudtiymtgietinghet a -
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aggressor pins between a gh”state and a ['ow sta?e,
mestrwctdrserotrgabyur @ proevedonf et devigendnstuden a

ch victi in, and.instructjons t.0o conpar he D
SRR ok BrBusf S8 CRHFRG HaDS e M Aobr BRet B nacPair
satpowdr0 ahelt g-aliAge poMer arge gigiGncankingety of the
device. , [0012] Switc¢ching noise appears as an_ added

Ty tare ogf tﬁ]eaﬁﬁ{l%fvof%%%g@ww@ grghac PiBge of a

ABH 84 KA 1Rk Ohedpr8§Ph R ONHUGI s d8MGRctaBHsi 8o select a
i nduced on the quiet 10 pin when another 10 pin is
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one aggressor pin from the remaining IO pins for each
victim pin. The program also includes instructions to
toggle the aggressor pins between a high state and a low
state, instructions to measure a level of switching noise
on each victim pin, and instructions to compare the
measured levels of switching noise with predetermined.data

to determine power and ground continuity of the device.

[oo12] Switching noise appears as an added positive or
negative voltage on the signal trace of a quiét I0 pin of a
semiconductor device, and ig induced on the quiet IO pin
when another IO pin is toggled between a first state and a
second state, such as between a high state and a low state.
Specifically, when an IO pin of a semiconductor device is
toggled.between a high state and a low state, a time
varying current is induced, which in turn induces a change

in voltage level, otherwise known as switching noise, on a




Specifically, when an 10 pin of a sem conductor device

is toggled between a high state and a | ow state, a

time varying current is induced, which in turn

i nduces a change in voltage |evel, otherw se known as

swi tching noise, on a 4 SC14756MP (quiet 10 pin. _
Experi ments conducted by the inventors show thatsgﬁé756MP
| evel of switching noise on a quiet 10 pin of a '
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Iffers Tromthat on a quiet 10 pin-o nown goo
tkat comluctm]l cdewwdéchAogondisglgn a kpimtedénpin of a

Lnventi on .nakes use oﬁthhe difference i.n th§€]§¥eéi9£ers
h

W TERING 1ol S€Vor t Ré "quiet 10" p1H 16 qét &t

preseticer afn an guiker conpeat bdna flamdvn ddvod semiconductor
en conduct or devi.ce. Because sw tching noise |l evels

it difEHIYEAsuFe PFoRTThel et gpkgs use of

sedl goMCiC e devicee, 1thel péﬁsmt&mw%ntﬂo%_ep bAViEHESqRiet
met hod of testing: for power and ground continuity of a
e Evriducedecde ke PUsFagca ebriventiteraionnegd ipgafault
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ed for

nodified one 1s no |onger nee perform ng power

eard oy glinekotdnt meastiyedt Esom nghen ith gims wfesent

I nvention. Th resent. inventiqn . my he inplenented
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si ghal anplitudes. Further, the present .inveption ma
%eé‘gjimdglﬁéﬁ’ffeéeé{%cﬁ PEtRAge fEvEntienal drad hagrie that
appld efg-eaeadedsparkase WIS aa80dfi@lied one is
exanpl e, a Quad Flat Pack (QFP) package, with nmultiple

TFOWS I d "gEEaAd L prnBe T BT Eld Revero B4l Prepnd sprBynuity
'éég%ghg @qgﬁagﬁé'present invention. The present invention
may be implemented on conventional Digital/Mixe@—sigual
Automated Test Eqﬁipment (ATE) as such ATE are capablélbf
measuring signal amplitudes. Further, the present

‘invention may be implemented as.a package level test, and
may be applied to leaded package products such as, for
example, a Quad Flat Pack (QFP) package, with multiple

power and gréund pins, as well as to Ball Grid Array (BGA)

packages.

[0013] - Referring now to FIG. 1, a flowchart depicting a
method 10 of testing for power and ground continuity of a
semiconductor device in accordance with an embodiment of
the present invention is shown. The device includes a
plurality of Input and Output (IO) pins and at least a pair
of power and ground pins. A typical semiconductor device
tested using the method of the present invention includes

multiple power and ground pins.




[0013] Referring nowto FIG 1, a flowhart depicting
a nethod 10 of testing for power and ground
continuity of a sem conductor device in accordance

wi th an enbodi nent of the present invention is shown.

The device includes a plurality of Input and Qut
(10) pins and at least a pair of power and groung854756MP
pins. A typical sem conductor device tested using the
nmet hod of the present invention includes nultiple
power and ground pins. 5 SC14756MP [0014] The power

. &Pel4gl oundlp meowsfr Bhd device piwms idertlid idediae strep

1 That is, as the,pinzput of the  .devi.ce under st
Hamy fed b bndhi nT8ih Phe i ot of bifeg
detDcd hendshE teas WBIT) undeksdwod the tdigsewl inSkirhbhticn
the art. Next,, victin1§ins are selected fromthe 10
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sel ected for respective power and-ground pins. In one
st téfe deécengbnstem, 14 Heompsieth add t§eopadsr and
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PP, _paia;%s.gSAl Fes %ﬁ{i‘é@ny ihein 25 %?%é%%ected
tde Wepssd ivanpeoweveand dheunwd gidima.or Inqenet efbogiment of
0 pi_ns adjacent to the respectiv ower__and_.grqund
e RO ERr e s Poter e S P o Briiged: 2ha one
wieinl 41inTHiss sk ebesauser td-H G idicmgadeent Abh€hough
npst affected by anp

ower nd _ground pins ar o
T GifcGHiTedl) BRREr B6I TOF FRVEY QereriRaRehes Thetin or
difderenegn, N 1bhgihevehia @nsWd NGRS 98 power and
the.victimpin is nore noticeable and easily picked
3394ﬁ¢ théSe 216 Brﬁggr?@kMEﬁeyﬁQQﬂd-§@l@@Fiﬁgcﬁh@ Ries i m
Ud}5 148t IPB3St 18NBecause the I0 pins adjacent the power
and ground pins are most affected by an interconnection
fault in the latter, and hence the difference in the level
of switching ncise on the victim pin is more noticeable and

easily picked up on these IO pins.

{0015] After selecting the victim pins, at least one
aggressor'piﬂ is selected from the remaining IO pins_at
step 16. " In a preferred embddiment, the éelected aggressor
and victim pins share the same ground or power pin
internally in the DUT because the noise method of detection
is predominantly ground bounce noise instead of crosstalk
noise. The victim pin and the at least one aggressor pin
.for the respective power and ground pins may share a same
port of the ATE. The at least one aggressor pin is toggled
between a first state and a second gstate such as low to
high, at step 18, while the victim pin is held at a fixed
state, that is, either the high state or the low state.



aggressor pin is selected fromthe .remai ning 10 pins
at step 16. In a preferred enbodi nent, the sel ected
aggressor and victimpins share the same ground or
power pin internally in the DUT because the noise
met hod of detection is predom nantly ground bounce
noi se instead of crosstalk noise. The victin1pinsgﬁﬁ756MP
the at | east one aggressor pin for the respective

is har e ; L 0
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high, at step 18, whilge.the victimpin is held at
T, Dt R, 12 slibefibdrndi et R earedor e
pordst @trindl 9Gk4726MRrephez| eyefetfrmid Chinhgnagtgeot
on the victimpin, preferablgw t he maxi mum switchin
t
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hevel of sudieH RYAROLSBrigeCOPRALEH Wit the device is
predeterm ned data at step 22 to determi ne continuity
PPriee FHowelaghingtoahdspeps24 1 f Theheawgseged level of
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R RAWRT 28Rdg86QHA b DS A tHNGHeECeththgevice is
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has been tested.

[0016] The predetermined data comprises switching noise
measurements from at least one known good semiconductor
device, and is obtained by performing simulations on known
good semiconductor devices. A simulation is performed by
inserting a known good semiconductor device intc a test
socket of a load board, identifying the power and ground
pins of the known good device, and selecting a victim pin
for each identified power and ground pin {or identified
pairs of power and ground ping} and at least one aggressor
pin for each victim pin. The at least one aggressor piﬁ is
toggled while the wvictim pin is held at a fixed state, and
a level of switching noise on each victim pin is measured.
The switching noise measurements from the known good
semiconductor device are used in the derivation of the

acceptable range of switching noise values for a good unit.




[0016] The predeterm ned data conprises sw tching
noi se neasurenents fromat | east one known good

"~ sem conductor device, and is obtained by perform ng
simul ati ons on known good sem conductor devices. A
simulation is performed by inserting a known goog

seni conductor device into a test socket of a I oagtt®7°6MP
board, identifying the power and ground pins of the
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- switching noise values for a good unit. 7 SCL4756MP
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simulations may be performed on known good semiconductor

devices from five (5) different wafer lots.

[0017] As 1s evident ffom FIG. 1, a victim pin is
selected for each of the power and ground pine (or each
pair of the powér and ground pins) of the device, while at
least one aggressor pin is selected from the remaining IO
pins for each victim pin. The measured level of switching
noise on each victim pin is compared with predetermined
data to determine power and ground continuity of the

device.

[0018] Because the level of switching noise on each
victim pin is amplified by the toggling of greater numbers
of aggressor pins, a plurality of aggressor pins preferably
is selected at step 16 for each victim pin. The difference

in the level of switching noise is made more apparent when




sem conductor device, the sinmulation for a particul ar

type of sem conductor device is repeated on a nunber

of known good sem conductor devices of that type. For
exanple, the sinulations may be performed on known

good sem conductor devices fromfive (5) differeg%

wafer lots. [0017] As is evident fromFIG 1, av {fhpeMe
pinis selected for each of the power and ground pins

gs?éa@@mun&?éfs of faggregws& Ny gapé%pq@l%%); of the
le at | n
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nunbers of aggressor. pins are togg ccordingly, in
oy lenbedienehin ehke pbetr éset Mh@ikG phose etatheis

evi ce.are_toggled at step 18. For_.greater
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&€l eenietll agageress0pifk NSn ad ef 10ggled-tSwast Bat tabbyed,
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3t gt 16f VprHssibse ©iid e dldhough the ports are

toggled Sequentially, the effect is that the aggressor piné

are switched substantially simultaneously.

[0019] The level of switching noise on the victim pin is
measured at step 20 when the at least one aggressor pin is
toggled from either the high-to-low state or the low-to-
high state. Howevér, it is preferable to measure the level
of switching noise on the victim pin when the at least one
aggressor pin is toggled from the high state to the low
state bécause the level of switching noise on the victim

| pin is higher, and the difference in the level of switching
noise more apparent, at the falling edge of the aggressor

pin signal.

[0020] The method 10 shown in FIG. 1 is performed when a
semiconductor device to be tested, alsc known as the device
under test (DUT), is inserted into a test socket of a

‘conventicnal load board. To minimise the incidence of.




definable fromsane register) at a tinme. For exanple,

the selected aggressor pins in a first port may be
toggled, followed by those in a second port, until

all the selected aggressor pins are toggled. The tine
taken to assert the ATE ports is very short, thu

al though the ports are toggled sequentially, the§C14756MP
effect is that the aggressor pins are swtched
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ot eddpgl By Sreighet | Faaihdl sigdihes dorrg As degigned in a -

manner to eliminate or reduce reflectance.

[0021] The method described above may be implemented in
software as a program of instructions that are stored in a
- memory and executed by a processor. The program is
tangibly embodied in a computer readable medium, and
includes a plurality of instructions that, when executed,
causes the processor to perform the functions of the method
described. The processor 1is operably coupled to the
‘computer readable medium and retrieves the plurality of
instructions for execution. The program of instructions
may be embodied on one or more of computer hard disks,
floppy disks, magnétic drumg, static random access memory
'(SRAM) cells, dynamic random access memory (DRAM) cells,
electrically erasable (EEPROM, EPROM, flash) cells,
nonvolatile cellg, ferrcelectric or ferromagnetic memory,
compact disks (CDs), laser disks, optical disks, and any

like computer readable media.
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termnated wwth a 51 ohmtermnating resistor when the
board trace inpedance is 51 ohm The board trace '

i npedance can be neasured with the help of a Tine

‘Domain  Reflectonmetry Scope or nodel |l ed by performng

a signal integrity sinulation using Hyperlynx

softaare, mhjc% isy avai |l abl e from Ment or C}aphic§C14756MP
Corporation of San Jose, -California. Alternatively,

the |l oad board may be inpedance controlled by design.
That is, the board is designed in a manner to

eP922hat e M5t &Y@@t@d@rﬁfeﬁmb@gérn@@t $D02 rHesemst hpdention

fofrﬂ&?ﬁgé%@%x’l%d%ﬁ{lﬁ%%ﬁ@?é@ RS ff&*st aregas, a

program instructions at are store enory
anﬂbexenutqﬂjbyvaeproCeeﬁerpaﬂ%Enmnamudﬂnyce tbangdbtylng

nbodl ut er readabl e, nedi um i ncl udes

DR P FaenF o PHE T whe alae,cade, tRe
@@m@@ idhe mc@@as@ommmpe[ﬁi@fcsﬁﬁckweémtyooa&a@ﬂabh@ from
met hod _ descr,i bed. The processor is operably coupl ed .

Feeeterle ipicondresaabl Endred? iuid T etlierédes The

i &S e or '3@SEEH§EB8£‘Sf$19f %e%&nplﬁge REAGTAM
of instructions my enbodi ed on one Or

Eput\@DRav@ldi sk, VDﬁXobpyEdaskgE5ﬁ@gnéﬂchQran@,107
[ G m e Yy el nagj
B RS AEECR 0o e P el PO vosm,
s alvide VGBEPROVE . EPROM 14 ast), & lasyd 10envol atil e
cellscft ferr?electric or ferromagnetic nenory, conpact
(55& | aser disks, optical disks, and any |I|ike

conputer readabl e media. 10 SCL4756MP [0022] An

exegﬁlary enbodi nent of the present invention wll
e defdFfbed APEh* rd¥RrERES Ay Flagrapst ghhaimeg from

a dlgltal waveform display of an Automated Test Equipment
(ATE) . Referring now to FIG. 3, a waveform diagram
illustrating the level of switching noise on a victim pin
of a known good semiconductor device is shown. The
waveform diagram of FIG. 3 was obtained from a test
performéd on the known good devicé. Two (2) signals are
shown in FIG. 3: a first signal 32 shows the voltage level
on the victim pin and the second signal 34 shows the

voltage level on a selected aggressor pin.

[0024] In this test, the IO pin BPM0 (i.e., pin 105}

. adjacent the power and ground pair VDDX énd VSsX (i.e.,
‘pins 107 and 106, respectively) was selected as the victim
pin, and the IO pins PM1 and PM2 (i.e., pins 104 and 103,
regpectively) were selected as the aggressor pins. In the
test, the victim pin PM0O and the aggressor pins PM1 and PM2
shared the same DUT port. The victim pin PMO was held at a
low state of 0 volts (V), while the aggressor pins PM1 and '
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2 is atop plan view of one particul ar device tested
using the nmethod of the present invention. In this
case, the device is a MXOS12D-fam |y ni croprocessor
30 avail able from Freescal e Sem conductor, Inc. of

Austin, Texas. The m croprocessor 30 |ncludes fog514756MP
(4) pomer pi ns, nanely VDDl1l, VDDR, VDD2 and VDDX

(i.e., pins 13, 41, 65 and 107, respectively), and

ﬁﬂwwéflé BRI %Iu%%taﬂeﬂshyyvs?ﬁ}uléé%%%us1\§S§%t@«e@n a
X (i.e.,” pins 14, 40, 66 and 106, respéctively).

{1@9123q;t¢1rees>f $ shand she \‘Jmaveismm om%g}ahs éist ahped in
t t
qUI 5 n,en eg'llﬁy'g)l""% %EE?:HL% Wé’%%é ﬁrgt'%% Qrated ggrﬁmpmo

errlng wave
daagn@emureld wdtenathrgatibeckevel piis M1 @mm@mowamon
a victi of .a known good semi_.conductor device.is
Epgared Trem \Eﬁ\?e%ﬂﬁl 8FaGF ah? of LI OV FEREE -obfalAEGTM

£ DrRi e Sloi eenteemedr 093 6 he koM geed @&Yi ¢8s F¥Bsured
(2) signals are shown in FIG 3: a first signal 32

ShOWEE tHE R PagePMBvef the kpewnyigaqdndsivd cgndatheime

{»@C@r}%é‘d g.nal,Sl%‘_lLl%Qol‘ﬁéag ?emélr%é %el Q:\é@ée OBo& other
sel ect ed ‘aggressor pin. [ Inthis test, the 10

m&&pqwﬂiwﬁ wactlml91465?T4adP%tsnuiﬂw§ gower. . apdngr d8nd32
' i n 07 and .1
r espect i've SI%%)%1:Y§§i<¥el ec éCt‘g‘% fch% eva}‘:%t g’r% %g‘iénOtheﬁ %}ﬁree
iy st @MweandnHN@rQMH@ plmﬂlﬁnéﬁbﬂyanWDD@3and vs51 VDDR
vely) re S he aggr essor

a(rﬁsz%%‘& ?c??&nﬁ d:etﬁ%:e%’ §’gF§E§gFeal s "
ﬁwraem&wa_ kﬁbﬂﬁego&@ es&@i@or&ﬁ%mr devibesVhbet LR PEdine
PMO was held at . a low state of O volts (V), while the

té@ﬁ%e§§§rfﬁPﬁsdPEEEE%%tIﬁa@EH4WHGWP An acceptable range

of switching noise values was determined based on the
‘measured levels of switching ncocise for each of the victim

pins. These ranges are shown in Table 1 below.

POWER AND GROUND VIcTIiM PIN ACCEPTABLE RANGE
PaIRr OF SWITCHING NOISE
VDDl and VSS1 T4 < 1000 mVv
{(pins 13 and 14) (pin 15)
VDDR and VSSR PE4 < 550 mv
(ping 40 and 41) (pin 39)
VDD2 and V882 PAY < 1000 mV
(pins 65 and 66) {(pin 64)
VDDX and VSSX : MO < 850 mV
(pins 106 and 107) {(pin 105)
TABLE 1
[0025] The ranges shown in Table 1 were stored in a test

program and used in the method of FIG. 1 to sort bad
semiconductor units from good units. That is, the

acceptable range of switching noise values were used as the

predetermined data.
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PM2 were toggl ed substantially sinultaneously between
a high state of 5 V and the |ow state of 0 V. As shown
in FIG 3, the level of switching noise.on the victim
pin PMO was neasured when the aggressor pins PML and
PM2 were toggled fromthe high state to the | ow
state. A nax?%un1 swi tching noise l'evel of 830.0 SC14756MP
~mllivolts (nV) was nmeasured on the victimpin PMO of
t he known good device (at tine 28.0 nSec). Simlar
measurenents were taken for other respective victim
bP926PT4, ReEeraiaoPARw( EoeFIGpihs Wbef30m ghidgd4ms

) eI d h. of the other thr .
e e L L L S b O S s R
&EI}Rsemmtdﬂﬂﬂ@toandeVEEB aﬂd MEsZh . 'Th&m1®®hewa$m diagrams

r ed on a Iurallt of kpown good sem conduct or
aﬁ@f ﬁ‘%s “of"SHe © 5%He?y%8 P%EJ?OJFF?J&H @ Pr¥CEN P faPEPUNd

tOhSimARL1A6eeRt abh8gr 8A8ene Oho$WMHSGH RG RAese1vahugs
was det erm ned baseg on the neasured |l evels of

‘%W?Qi?ﬁ%sﬁéﬁrsélfiértb‘acﬁlﬁoﬁﬂf@ﬁiﬁ%ﬁ Ao ﬁ’lanIGThése Two

Tabl bel GRpU
oA %%%é%l%gglﬁ E%RA%% EAR fé% % éHQl No%\g S

WBD ArtdqdeSSeveT4or 1BQ0VIRLing piins ab@ ahd $4Fongi Aidi)l
Vb I VESIobRa9Z 18051 1R it ¢ 65eaRd 87 obhI R e
Bﬂ]ﬁ%eam@SVSSXrP&EMSd85@h@%¢0Qﬁhﬂ&W&O@daﬁdeﬁe7ﬁhépp@wer
ai'rto Zgérg)AB E 1 Léo%g;{ ;rrlg VSS e&?assg%\li%cltgd-rggl ghé— \\;I*Vleételm
pin, and the I0 pins PM1 and PM2 were selected as the
aggressor pins. As shown in FIG. 4, the victim pin DMO was
held at a low state of 0 V, while the aggressor pins PM1
and PM2 were toggled simultaneously between a high state of
5 V and the low state of 0 V. As can be sgeen, the level of
switching noise on the victim pin PMO0 was measured when the
aggressor pins PM1 and PM2 were toggled from the high state
~to the low state. In this test, the victim pin PMO was
found to have a maximum switching_noise level of 920.0
millivolts (mV). As this value exceeds the acceptable
range of switching noise wvalues for the victim pin PMO
listed in Table 1, the semiconductor device of FIG. 2 is

‘considered to have failed the power and ground continuity

test and is sorted as a bad unit.

[0027] ~ While various embodimentg of the invention have
been illustrated and described, it will be clear that the
invention is not limited to these embodiments only. |
Numerous modifications, changes, variations, substitutions,

and equivalents will be apparent to those skilled in the
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program and used in the method of FIG 1 to sort bad
sem conductor units fromgood units. That is, the
accept abl e range of switching noise val ues were used
as the predeterm ned data. 12 SCl14756MP [ 0026] -
Referring now to FIG 4, waveform di agrans s
illustrating the |level of switching noise on a vicC
pin of a sem conductor device are shown. The waveform
giragraihodf departdnieEeorRbtat negh Pt ReId YcBRJo? the
power and ground continuity test using the nethod
SABARC 197 Flag Jpserikednigr bpe oekabes- | i ke the

m croprocessor 30 of FIG 2. Two (2) signals are
shown in FIG 4: a first signal 36 shows the voltage

| evel on the victimpin and the second signal 38
shows the voltage |l evel on one of the aggressor pins.
In the test perfornmed, the 10 pin PMO adjacent the
power and ground pair VDDX and VSSX was sel ected as
the victim pin, and the 10 pins PML and PM2 were

Sel ected as the aggressor pins. As shown in FIG 4,
the victimpin PMOwas held at a low state of 0V,

whi |l e the ‘aggressor pins PML and PM2 were toggl ed

si mul t aneously between a high state of 5 V and the

| ow state of O V. As can be seen, the |evel of

swi tching noise on the victimpin PMO was mneasured.
when the aggressor pins PML and PM2 were toggled from
the high state to the low state. In this test, the
victimpin PMOwas found to have a maxi num swi t chi ng
noi se level of 920.0 mllivolts (mV). As this val ue
exceeds the acceptable range of sw tching noise
values for the victimpin PMO listed in Table 1, the
sem conductor device of FIG 2 is :

F14756MP
I'm
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consi dered to have failed the power and ground :
continuity test and is sorted as a bad unit. [0027]

Wi |l e various enbodi nents of the invention have been
illustrated and described, it will be clear that the
invention is not limted to these enbodi nents onlgC14756MP
Nurmer ous nodi fications, changes, variations,
substitutions, and equivalents will be apparent to

those skilled in the 13 SCGi4 peMP art, w thout
departing fromthe spirit and scope of the invention,
as described in the clains. 14 SCl14756MP CLAIMS 1. A

th f ot i i nui;ty of
e sorh condulior e vEc PO Bl Sk B anRkeli Y P
ofnt puitt yvamd G@usputicOh@hcponsianidegt theasievdcpaheving a
and d pins, .th d ¢ i sing: .
PREI 7 SRECHORER QROSHY oty I Gt AL dEaFtes Pair
SElEpfidMend Yrelht pifsf reme thalkd RivAgrekihhe device

for each of the gower and ground pins; selecting at.
| eastibH 14dydrassbe BPYCF b P WACBiRS pEntheoffYhes:

remaiddingt108gPENgict 991 NG e BRITeS$ehsPHRStREt Hoel ke
~a first staté and a second state; neasuring a | evel '
- Iofr swidhcwifngharobswebnarActrauret inhnspi n; and conpari ng

the @Eﬁ%%&ggalg¥ehg?gé LEU.09 RO %gnmggg eac% victim
predet erm nel ata to determme power and groun
mwiontfimom e remaining IO pins;

toggling the aggressor pins between a first state and
a second state;

measuring a level of switching noise on each victim
pin; and 7

comparing the measured levels of switching noise with

predetermined data to determine power and ground continulty

of the device.

2. The method of continuity testing of claim 1,
wherein a plurality of aggressor ping is selected for each

victim pin.

3. The method of cbntinuity testing of claim 2,
wherein the aggressor pins are toggled substantially

simultaneocusly.

4. The method of continuity testing of continuity
testing of c¢laim 1, wherein the level of switching nocige on
"each victim pin is amplified by the toggling of the

aggressor pins.
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of the device. 2. The nmethod of continuity testing of
claiml, wherein a plurality of aggressor pins is
selected for each victimpin. 3. The nethod of
continuity testing of claim2, wherein the aggressor

pins are toggled substantially sinmultaneously. 4 h

met hod of continuity testing of continuity testiﬁ816?56MP

claim1, wherein the |level of swtching noise on each

victign pi nries mdd b@dcgﬁtﬁﬁﬁiwg@ééﬂﬁgﬁ%ﬁ R8aim 1,

aggressor pins. 15 SC14756MP 5.” The net'hod of

vbarehui the tlestgIngfobwékahimd, nowhes e advdh [végsimopin is
on.e [ n syre n

TG T ol 3D 3o Re s She Pty TRAFEST oBER,

Stat e thoigh |shwtst abea GowTheanet hod of continuity

testing of claim5, wherein a maxi mum/|evel of

switching noise on each victim pin is neasured. 7.

The net hooref meembbidnvict Yoheshh gy Afepd idignck, c1Whar gin

10 pins adjacent to the power and ground pins are

WP R Tb P IRy dsFEt Pges‘&ﬂ’é@ﬂ#ﬁ%ir?%l.s%.OﬂTFFéCHthéEllm

Ofn contiuiide s esting of claim7, wherein the power

and ground pins are paired and one victim pinis

sel ected for each power and ground pin pair. 9. The

nmet h of ntinuity testi f_.claim.l, I he

Vi ct ?fn pi r?%l(%s%ﬁgﬁaha?%aé(ﬁlg%d?%%ygt%gpf%fg T e%?rg%ﬁo%l’ of

word inui IOy pliest erijaoéncl &b mHe power and ground pins are

selected as the respective victim pins.

8. The method of continuity testing of claim 7,
wherein the power and ground pins are paired and one victim

pin ig selected for each power and ground pin pair.

9. The method of continuity testing of claim 1,

wherein the victim pin is held at a fixed state.

10. The method of continuity testing of claim 1,
wherein the predetermined data comprises switching noise
measurements from at least one known good semiconductor

device.

11. The method of continuity testing of claim 1,
wherein the victim and aggressor pins are terminated with a
terminating resistor.

12. The method of continuity testing of c¢laim 11,

- wherein the terminating resistor has a resistance that
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wherein the predeterm ned data conprises sw tching
noi se neasurenents fromat |east one known good

sem conductor device. 11. The method of continuity
testing of claiml1, wherein the victimand aggressor

pins are termnated with a termnating resistor. %éé SEMP
The nmethod of continuity testing of claim11, wheraia
the termnating resistor has a resistance that 16

REALHSEMND + AL D RIahERCE I IPEIaRCE-Lfa & 9ad JRoand
on which the devicCe is tested. 13. A nethod of testing

flevigewe? werRtefound continuity of a seni conductor
devi ce, the device having a plurality of Input and
Qutput (10) pins and at least a pair of power and

gr ount3 pi s, methiesdretthadst onpr £ s ngowadentd fogiomgdt he

ower_and ground pi.ns_af the device; _.selecting victim
ERELa ik B U hiiendictie SHE vl Blureopvias™
poves1 Bl O auipeitPiafg; osepeet (1Y) abidLasiy GReleast a pair
aggressor pin fromthe remaining 10 pins; toggling
?%ep%few%fs# By §EBE 5 oF P e HERheEIRY IS st at e

and & daw StALR tMRABHLEDTaRd | SV&in®TpiM LEhicRg REL$Ee;
on the victi'm "pins; conparing the neasured |evel of
swi t it iRFigis@igitin ppredeten nitedQ asnsdafathe device

£6L SN € RAl! DULLY fha! dEcuf@HEmane 97 OuNd PLNS:
and repeating the victimpin seleé%lng step, the
‘agr essdrecting at least one aggressor pin from the
rémaining I0 pins; '

toggling the at least one aggressor pin between a high
state and a low state;

measuring.a level of switching noise on the victim
pins;

comparing the measured level of switching noise with
predetermined tést data to determine continuity of the
power and ground pins; and '

‘repeating the victim pin selecting step, the agressor
pin selecting step, the toggling step, the measuring step

- and the comparing step for each poWer and ground pin.

14. The method of continuity testing of claim 13,

wherein a plurality of aggressor pins is selected.

15. The method of continuity testing of claim 14,
wherein the aggressor pins are toggled substantially

simultaneously.

16. The method of continuity testing of claim 15,

‘wherein the level of switching noise on the victim pin is
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pin selecting step, the toggling step, the measuring

step and the conparing step for each power and ground
pin. 14. The nmethod of continuity testing of claim13,
wherein a plurality of aggressor pins is selected. 15.

The nethod of continuity testing of claim 14, “hgﬁﬁhgssMP
the aggressor pins are toggled substantially

simul taneously. 16. The nmethod of continuity testing

AkashAbM vhRan ﬂM@E%@%&ebQ%r EYEE Sfe svbdLIRIAN G AR %ehQQh
the victimpin is 7 SC14756MP neasured when the

agaFeskera piais sdméet-oggl ed froma high state to a | ow
state. 17. The nethod of continuity testing of claim
13, wherein the respective victimpins are adjacent
t hei r17 cor¥hes perdiodg ofr oundiandtpowest pinsf t8aithes,

d_of tinuity testing of cl 1
B etot ar o ar WaCA VorRiroed SRt g Hacedt chetr
seaseE ety igromnat aheagbwenepimown good

sem conductor device. 19. The method of continuity
testing of claim13, wherein t he power and ground

pins Bfe paid edrand afvazgﬁtmmptgst@erﬁngelo%c';;@gl&om
each power and ground pin pair A conput er

Yl heedirgdetangibed @mds@mmf@eqors@grtaiwag noise
rh 4§ MG QRS 5&8& BEWE&aQE‘d c!d!“é' cobﬁﬁ{:’cé‘

a sem conductor device R aV|ng a ura
dﬁmhdauput (10) pins and at |least a pair of power and
ground pins, the programto be stored in a nenory and
executed by a processor, the program conpri sing:
19. The method of continuity testing of claim 13,

wherein the power and ground pins are paired and a victim

pins are selected for each power and ground pin pair.

20. A computer readable medium tangibly embodying a
program of instructions for power and ground continuity
testing of a semiconductor device having a plurality of
Inpuf and Output (IO) pins and at least a pair of power and.
ground pins, the program to be stored in a memory and
executed by a processor, the program comprising:

‘instructions to identify the power and ground pins of
:the device; N

instructions to select a victim pin from the IO pins
of the device for each of the power and ground pins;

instructions to gelect at least one aggressor pin from
the remaining IO pins for each victim pin;

instructions to toggle the aggressor pins between a
high state and a low state;

instructions to measure a level of switching noise on

‘each victim pin; and
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instructions to identify the power and ground pins of

the device; instructions to select a victimpin from

the 10 pins of the device for each of the power and
ground pins; instructions to select at |east one
aggressor pin fromthe remaining 10 pins for each
victimpin; instructions to toggle the aggressor BF%§756MP
between a high state_and_a IOM(state; instruptipns to
Meas Uf s 18] @ <0k oS Wolnp k89 HOT Ra Qe AR KCHEM -

pin; and 18 SC14756MP instructions to conmpare the
Hebseh el [naidtes wathspiredat agnitd daiia i opdeteredintnpover

430 o Sl T G 1 RGV8E tﬂQdd@&f&g‘.d continuity of the

19




