Chip Tester, nmethod for providing timng information, test fixture
set, apparatus for post-processing propagation delay information,

nmet hod for post-processing delay 5 information, chip test set up and
nmet hod for testing devices under test Description 10 The present
invention is generally related to a chip tester, a nethod for
providing timng information, a test fixture set, an apparatus for
post - processi ng propagation delay information, a nethod for
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unshared) lines. Thus, in typical setups there are both shared
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a chip tester according to claim1, a nethod for providing

information for adjusting a timng of a chip tester according to
claim 21, aXesdnferPoféngst, adder PFRFANY: clayanpion ahsamﬁd-ragﬁ@s tora
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to claim?24, a.methaod. for post-processing a plurality of propagation
environment, . : .

del ay val ues accora'leng to claim32, a chip test set up according to

cl ai m 38Cand a nethod for sinultaneously testing two devices under

test accordimdg the field of testing devices it is sometimes preferred
’ to connect a plurality of devices under test to a common
line. Consequently, terminals of at least two devices under
test are connected to a common channel of a chip tester.

25 These terminals are typically designated as shared
terminals. However, some of the terminals of the devices
under test are preferably connected to channels of the chip
tester via individual ({(non-shared or unshared) lines. Thus,

in ﬁypical setups there are both shared terminals of

30 devices under test, which are connected to the chip tester
via a shared 1line and unshared terminals, which are
connected to channels of the chip tester wvia unshared

lines.,

35 However, the sharing of lines for connecting a plurality of
devices wunder test to a single channel brings along
significant difficulties in obtaining reliable test

results.



15 to claim 36. An enbodi nent of the present invention creates a chip
tester for testing at |least two devices under test. The chip tester
conprises a first channel and a second channel, 20 a tim ng

cal culator for generating a timng inflormation for the channel s of
the chip tester and a channel nodule configurator. The tim ng
calculator is adapted to generate a timng information for the
channels of the chip tester, and is further adapted to obtain a
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devi ces 13ndeto telsiim &dcordi ng to enbodi nents of the present
invention; 15 Fig. 3 shows a bl ock schematic diagramof a chip
tester, connected to two devices under test, according to an
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configurator. The timing calculator is adapted to generate
a timing information for the channels of the chip tester,
and 1is further adapted to obtain a propagation delay
25 difference information describing a difference between, on
the one hand, a propagation delay from a first channel port
of ‘the chip tester to a first terminal of the first device
under test (DUT) and, on the other hand, a propagation
delay from the first channel port of the chip tester to a
30 first terminal of a second device under test. The timing
calculator is adapted to provide a timing information for a
second channel of the chip tester connected to the first
device under test or to the second device under test on the
basis of the propagation delay difference information. The
35 channel module configurator is adapted to configure the
second channel of the chip tester on the basis of the -

timing information.



Fig. 4c shows a graphical representation of an exenplary wave form
whi ch may be present at a channel port of a chip 30 tester according
to an enbodi nent of the present invention; Fig. 4d shows a graphi cal
representation of exenplary wave fornms, which nay be present at the
channel ports of a chip tester according to an enbodi ment of the
present invention; 35 4 device under test according to an enbodi nent
of the preséfrraaviant e Pregsent IRYGBLACQr SERAERF MEPREsSRCatiedhoss

exenpl ary wam:dxrdieigTs toWhit BB NByrHEl 41 esertepaindeat 8Bdsm®f tHiides,
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tester agcording to an enbodi ment of the present invention; Fig. 6
shows a bl ock schematic di agram of an apparatus for _15 st
processi ng proyysgaEnds i a h%aPE@§?“50&BV8PﬁQ°?owéﬁleﬁggéﬁﬁEﬁPtﬁY be
t he present dewaritheahtakigg 7afelewseatgr apblesdd repyuesent dn eich an
actual dut board and possi bl e corresponding original propagation
delay 20 value files, according to an enbodi nent of the present

i nvention; Mig- 78 skbR¥sa §r apRPEBRtLEpr 852%FAR I A of2 a PUssi prESter,
effectigye dichaaricg@ard anpempbllifeaer 6 ESpRadh Ngsaid eatvera idh ;
Propagati on delay value file, according to an enbodi nent of the

present invention; _
Figs. 2a to 2c show possible configurations of two devices

under test, according to embodiments of the present
inveﬁtion;

15
Fig. 3 shows a block schematic diagram of a chip tester,
connected to two devices under test, according to an
embodiment of the present invention:;

20 Fig. 4a shows a graphical representation of an exemplary
wave form, which may be present at a channel port of a chip
tester according to an embodiment of the present invention:

Fid. 4b shows a graphical representation of an exemplary
25 wave form, which may be present at a channel port of a chip
tester accordiﬁg to an embodiment of the present invention:;

Fig. 4c shows a graphical representation of an exemplary
wave form, which may be present at a channel port of a chip
30 ‘tester according to an embodiment of the present invention;

Fig. 4d shows a graphical representation of exemplary wave

forms, which may be present at the channel ports of a chip

tester according to an embodiment of the present invention;
35

Fig. 4e shows a graphical representation of exemplary wave

forms, which may be present at terminals of the first



Fig. 7c shows a graphical representation of another possible
effective device under test board and possi bl e 30 corresponding

ef fective propagation delay value files, according to an enbodi nent

of the present invention; Figure 7d slHows an exanpl e of an extended
configuration for testing two duts; 35 5 difference value, according
to an enbodi nent of the present invention; ig. 9 sho a

gr aphi cal rePPELERHt BRI Fﬁs§1§ﬁﬁoqﬂﬁQQj§§e@n §m588bmﬁpﬁgo¥§t%% present
enbodi ment ofntdwet psresent invention; Fig. 10 shows a graphica
representation of a dut board conprising nore than 2 devi ces under
test, according to_an enbodi nent of the present invention;, 10 Fig. 11
shows a flowthar$£ofhans| AvEREPRECHRt ABALEBPNEHEIRt RF | OXGIP R BWave
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bl ock schenatieeniibepam of a chip tester according to an enbodi nent
of the present invention. The 20 chip tester of Fig. 1 is designated
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conpri ses a FR¥¥ttidnnel 130 and a second channel 132, wherein a dut
termnal of the first channel 130 is routed to a first channel port

134, and wh £in e 0 o) ﬁnﬁﬁ i e
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confi gurat i asmpditindtad i tha0 pfre@entheneBanneh; modul e confi gur at or
120. Optionally the first channel 130 may al so be connected to the

channel nodul e 35 configurator 120.
Fig. -7a shows a graphical representation of an actual dut

board and possible corresponding original propagation delay
20 wvalue files, according to an embodiment of the present

invention;

Fig. 7b shows a graphical representation of a possible
effective dut board and a possible corresponding effective
25 propagation delay value file, according to an embodiment of

the present invention;

Fig. 7c shows a graphical representation of another

possible effective device under test board and possible
30 corresponding effective propagation delay wvalue £files,

according to an embodiment of the present invention;

Figure 7d. shows an example of an extended configuration for
testing two duts;

35
Fig. 8 shows a graphical representation of an averaging

scheme for determining an average propagation delay



6 150 and a second device under test 160, which are connected to the
chip tester 100. However, it should be noted that the devices under
test 150, 160 are naturally not part of the chip tester. However, a
first termnal 152 of the first 5 devisce under test 150 is connected
to the first termnal port 134 of the chip tester 100, and the first
term nal 162 of- the second device under test 160 is al so connected to
the first chihneITsisid vEdHf 30 ERNE tostRrelbedinprboverthe present
preferably (iIntentaforiyecessary) a second terminal 10 164 of the second
devi ce under test 160 (which may be an input term nal or an out put
termnal, or an input/output termnal) is cabled to the second

channel portFiB6 dfshaws chigrapddicgd repreppnedeion adf ez it vagardy set,
second t er mMaddodbhPltd ke nbshiifext C8r URHET pt&5dn d 50yt idh ;may be
an 15 input termnal or an output term nal, or an input/output
termnal) is connected to the second channel port 136.
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tester 100 w ; W desedyhed. PrRagatd -, A8 hay
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bet ween, on ¥MRCGMETard, thepPspagati 6RverRt 2 from the first channel
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fromthe first’ channel port e Chip tester to a
term nal 16XhAradierdedsnd adéptceoanderar@st. Thus, the timng
cal cul ator of the chip tester handles information about a difference
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15 information for adjusting a timing of a chip tester,

according to an embodiment of the present invention.

Fig. 1 shows a block schematic diagram of a chip tester
according to an embodiment of the present invention. The
20 chip tester of Fig. 1 is designated in its entirety with
100. The chip tester 100 comprises a timing calculsator 110,
which is adapted to obtain (e.g. to read or to measure) a
propagation delay difference information 112. The timing
calculator 110 is further adapted to provide a timing
25 information 114 to a channel module configurator 120. The
chip tester 100 further comprises a first channel 130 and a
second channel 132, wherein a dut terminal of the first
channel 130 is routed to a first channel port 134, and
wherein a dut terminal of the second channel 132 is routed
30 to a second channel port 136. Moreover, the second channel
132 is cabled to the channel module configurator 120 to
receive timing configuration information 140 from the
channel module configurator 120. Optionally the first
channel 130 may also be connected to the channel module

35 configurator 120.

It should further be noted that the graphical
representation of Fig. 1 shows a first device under test



30 traveling to the first device under test 150 and to the second
devi ce under test 160. This information is relevant as the
propagation tinmes between the first channel port 134 and the
termnals 152, 162 of the devices undeér test 150, 160 nay be
different, for exanple, if the devices under 35 test 150, 160 are
connected to the first channel port 134 in a bus-like structure (e.qg.
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25 enbodi nents of the present invention. Fig. 2a shows a bl ock

schematic diagramof a first dut
Based on the above structural description, the

functionality of the c¢hip tester 100 will subsequently
20 described. The propagation delay difference information 112
preferably describes the difference between, on the one
hand, a propagation delay from the first channel port 134
of the chip tester to the first terminal 152 of the first
device under +test 150, and, on the other hand, a
25 propagation delay from the first channel port 134 of the
chip tester to a first terminal 162 of the second device
under test. Thus, the timing calculator of the chip tester
handles information about a difference of propagation
delays of a signal output at the first channel port 134
30 traveling to the first device under test 150 and to the
second device under test 160. This information is relevant
as the propagation times between the first channel port 134
and the terminals 152, 162 of the devices under test 150,
160 may be different, for example, if the devices under
35 test 150, 160 are connected to the first channel port 134
in a bus-like structure (e.g. using a common transmission
line having taps with different distances from the first
channel port for providing the signals to the terminals



configuration. A first dut 150a conprises a first input term nal 152a
and a second input term nal 154a. A second 30 device under test 160a
conprises a first input termnal 162a and a second i nput term nal
164a. It should be noted here that th& first input term nal 152a of
the first dut 150a and the first input term nal 162a of the second

dut 160a are both connected to an out put channel (driver 35 channel
130a of a chipltedfer ofvdiov@evieoe vedondteaput SPer tL6034a Wre tWenmg
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15
It should be noted here that the second channel 132 can
either be an input channel, an output channel (also
designated as driver channel) or an input/output channel.
Moreover, it should be noted that the second channel 132
20 can be an input/output channel configured to act either as
an input channel only or as an output channel only.

In the following, different configurations of the devices
under test will be described, which can be used in specific

25 embodiments of the present invention.

Fig. 2a shows a block schematic diagram of a first dut
configuration. A first dut 150a comprises a first input
terminal 152a and a second input terminal 154a. A second
30 device under test 160a comprises a first input terminal
162a and a second input terminal 164a. It should be noted
here that the first input terminal 152a of the first dut
150a and the first input terminal 162a of the second dut
"160a are both connected to an output channel (driver
35 channel) 130a of a chip tester. Moreover, the second input
port 154a of the first dut 150a is cabled (or electrically
connected) to a second output port 132a of a chip tester.
The second input port 164a of the second dut 160a is



Fig. 2b shows a bl ock schematic di agram of anot her dut configuration.
A first dut 150b conprises an input termnal 25 152b and an out put
termnal 1541,. A second dut 160b conprises an input term nal 162b
and an output term nal 164b. The inputd term nals 152b, 162b of the
first and second dut 150b, 160b are both connected to a an out put
channel 130b of a chip tester. Propagation del ays between 30 the

out put chann@irtd8oh conhadied nputat ehit@apstrebbporb2ph38recigdihs chip
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Signals, which may be present at the dut outputs may, for
example, be input into the chip tester, and may further be
used in order to decide whether a dut fulfills a desired

15 specification.

It should be noted here that the first output channel
{(driver channel) 130a, may, in an embodiment, be identical
to the first channel 130. Moreover, the second output
20 channel (driver channel) 132a may be identical to the

second channel 132.

Fig. 2b shows a block schematic diagram of another dut
configuration. A first dut 150b comprises an input terminal

25 152b and an output terminal 154b. A second dut 160b
comprises an input terminal 162b and an output terminal
164b. The input terminals 152b, 162b of the first and
second dut 150b, 160b are both connected to a an output
channel 130b of a chip tester. Propagation delays between

30 the output channel 130b and the input terminals 152b, 16Zb
are again designated with Atpl and Atp2.

Moreover, the output terminal 154b of the first dut 150b is
coupled (or electrically connected) with a first input
35 channel 132b (or an input/output channel configured as an
input) of the chip tester. Similarly, the output terminal
164b of the second dut 160 is coupled to an input channel



first shared input 152c, a second shared input 153c, a 15 first
unshared i nput 154c, a second unshared i nput 155c, a first output
156¢c and a second output 157c. Simlarly, a second dut 160c conprises
a corresponding first shared input 162c, a second shared input 163c,
a first unshared input 164c, a second unshared input 165c, a first

out put 20 166¢, and a second out put 167c. The first shared |nput 152c
of the first(aut l%@e/e%p%echﬁneelswédgpﬁsdt ape &N o NPRE) sdé8hd of
dut 160c arechwotdhigprnrediesd, using a first shared bus line 170c, with
a first output channel 134c of the chip tester. Simlarly, the second
shared i nput 153c of 25 the first dut 150c and the second shared

i nput 163c oft t Beosédore duttddOdhate Hot howbpnectabdmmetth Billounput de
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Moreover, the tirst output 156c .of the first dut 150c is connected
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out put 157c of the first dut 150c is connected with a second input

channel 173600, 158 o' 5 YraphiBall "NpUdtarhO8C SF LRBcAEEOM:
configuration, which may, for example, be used for testing

10 high speed duts. Fig. 2c shows a configuration in which
some of the input pins of the duts are shared and in which
each dut further comprises at least one unshared input and

at least one unshared output. A first dut 150c comprises a
first shared input 152¢, a second shared input 153¢c, a

15 first unshared input 154c, a second unshared input 155c, a
first output 156¢c and a second output 157c¢. Similarly, a
second dut 160¢c comprises a corresponding first shared
input 162¢c, a second shared input 163c, a first unshared
input 164c, a second unshared input 165c, a first output

20 '166c, and a second output 167c. The first shared input 152c¢
of the first dut 150c and the first shared input 162c of

the second dut 160c are both connected, using a first
shared bus line 170c¢, with a first output channel 134c of

the chip tester. Similarly, the second shared input 153c of

25 the first dut 150c¢ and the second shared input 163c of the
second dut 160c are both connected with an output channel
135c of the chip tester using a second shared bus line
171lc. Moreover, the first output 156c of the first dut 150c

is connected with a first input channel 172c¢ of the chip

30 tester, the second output 157¢c of the first dut 150c is
connected with a second input channel 173c of the chip
tester, the first output 166c of the second dut 160c is
connected with a third input channel 174c of the chip
tester and the second output 167c of the second dut 160c is

35 'connected with a fourth input channel 1753¢ of the chip
tester. The first unshared input 154c of the first dut 150c¢

is connected with a third output channel 176c of the chip
tester, the second unshared input 155c of the first dut



connected with a third i nput channel 174c of the chip tester and the
second out put 167c of the second dut 160c is 35 connected with a
fourth i nput channel 175c of the chip tester. The first unshared

i nput 154c of the first dut 150c is cthnected with a third output
channel 176c of the chip tester, the second unshared input 155c of
the first dut 10 150c is connected with a fourth out put _channel 177c
of the chip 15dst s qaraedtest wikdhar deourdpurrutens sharpelsdddrdoduthe

1680 IhS conReGhe Ché#ﬁé’ka a thét higatpwnsﬁﬁaaaelmiﬁ&c 1cn‘4d hng%C’ﬁh@ kegbad
and the sec ared i nput t he econ C
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summari ze, daeh wfipg heeshdrs ammkxhaﬁeecqnmpuns@@r%i i@BBt 16%¢n0fh§he

exanpl e: 52) s%f&% gd deOUiéecWegr QighndcsRar 6d t10 4 npukef oliPsuf i taknfAll
150c and a share ut of the second dut 160c are connected to the

sane outputiaﬁénﬁélt £ FR&PchfpteEster. Qutputs of the duts 150c,
160c are connected individually to input channels of the chip tester.

The input CQ%“”§+@P%PfP i s aéﬁsQﬁ?t ﬁeas 1§§cfe%%'¥@r§Fméfhses at

general, it sho not e at _‘at one out put o rst dut
150c is cond@@ﬁéditdlénthﬁpﬁﬁa@ﬁéﬁne¢)cﬁhQ?%¢é%ﬂﬁ“#bsﬁ@ﬁreWﬁréo§EPred

t he dut §\(/)ml5q(ri]1pu3;60§f CQmi@rl%ﬁ:ﬁ%j HagSt].Slbdlélncﬁh% exigaps®: iRpubynsdrar ele
i nput s, ich ar nnect.ed i ndi vi du or respondi.ng. o 0

channel s of “ERE™EN Z%bgrar?n ?ﬂ%?E gf%% %} é?%ﬁiggﬁgglegkggkeg of
out put chanréle oﬁhape tesper estQutpuMts clofi sthabl @ate o HPd/npdEosf are

only one deviggekrdar &ﬁa&v%ﬂ;a@iyth@oflir%utde\erfaemm%er ofestnandchig
second devi ce under t Such an; out put channel of the chlegte§es£er

in the fol | &®PHGT25 FI - 4PRBL he hiRRRG Rt SPRELEF uFSTESSS
channel 151t reheilvdrbe dot gdnéhal, aitisstulithdmmedadegihathannékast ohe

chip tester Jg 6onnset el ocafd N LRIGE Nk afoddifeddd s%dezm Cenput

under test 1 but not to an Input term nal of the sqg §¥ 60
under test FHOENCANA®T HA® £ oreE tfish P Y B FrestPeh 'ﬁ?\%l Cy h% ¢
chip tester compeaBaecitedidastanli nput ther exwiplef: the sesmﬁedewnpets,

under test %ﬁg%gb%hx9othﬁe?geanHth%%BEhQ%g QQ:tQSri éﬁ%gégﬁ) ?fPUt

In the Eresen ocune ut c nnel SO
desi gnat®d sbapesier ofr i Whe . C?@?e§?§FanpﬁP @ﬁ&ﬁﬁeWQQ9%N|QQQR? 1s Yat
designat ed agals@St&fier @GRIPYET . channel of the chip tester, which is

cabled to an input of only one device under test out of the
first device under test and the second device under test.
Such an output channel of the chip tester in the following
25 will also be designated as an unshared test channel. It
should be noted that a first unshared test channel of the
chip tester is connected to an input terminal of the first
device under test 150c but not to an input terminal of the
second device under test 160c, and that a second unshared
30 test channel of the chip tester is connected to an input
terminal of the second device under test 160c but not to an

input terminal of the first dut 150c.

In the present document, a tester output channel is also
35 briefly designated as tester driver. A tester input channel

is briefly designated as tester receiver.



11 Moreover, it should be noted that the shared bus lines 170c, 171c
are optionally termnated. Atermnation of a shared bus line 170c,
171c can, for exanple, conprise a termnation resistance 180c, 182c.
Moreover, the 5 termnation nmay optiomtlly further conprise a

term nation vol tage source 181c, 183c. In the foll ow ng,

architectural inpacts of driver sharing on a fixture del ay
cal i brati on Metdovser destr ifhahld t he 10atederdhnate theFigharasl bussHdues

b0 e bR Al s a mlecdhe 8l uphlten goun <
Vi er
bﬁardh(dut BRaHd  RESwHersi n”(dg cgi%‘écf:iaan flf’é‘[v\%}é?f“uﬁ%' cFgfRE! 8% of
the chip teStteafm:amtitd”re dutes icarprdese  tirgdrsm sdig@e.| | né®reosatred omhe
the dut Roard, A |on Ctm%pggwgwr§uggﬁ19£e@o$n rPEQVLde Hination

el ectrical connec board and te m nal s of
duts. El ect ridddiadommacicsr 3834gy, 188620 exanpl e, be test sockets f or
provi ding a detachable electrical connection. The electrical

connectors ) Lse nall ad t9epPrQ

el ectri cal n@&?l gﬁ %m%%ér argml/g%%ugglf r%gé&‘? cgﬁnec I(‘)Irgg %rﬁar%ng
used. Wien dmver £hating (delay c@ﬁﬂiebrahgomnpmllt ebai ndgscribeasi Y wlth
mul tipl godutySs g RY ehfgshgrced out put channel of a chip tester) is

i npl emented on a dut interface (or dut
It should be noted here that, in a preferred emboedinment,
the structures shown in Figs. 2a, 2b and 2c¢ may be
implemented on a device under test board (dut board),
15 wherein the connections between the channels of the chip
tester and the duts comprise transmission lines, routed on
the dut board, and electrical connectors adapted to provide
an electrical connection between the dut board and
terminals of the duts. Electrical connectors may, for
20 example, be test sockets for providing a detachable
‘electrical connection. The electrical connectors may also
comprise nails or tips adapted to provide an electrical
connection. However, any other types of connectors may be
used. When driver sharing (i.e. connecting input terminals
25 of multiple duts to a single, shared output channel of a
chip tester) is implemented on a dut interface (or dut
board), two categories of device input pins or device input
terminals may be distinguished: input pins (or input
terminals) connected to unshared tester driver channels or
30 unshared tester output channels (so-called unshared dut
inputs) and input pins (or input terminals) connected to
shared tester driver channels or shared tester output
channels {so-called shared dut inputs). In an embodiment,
the receiver channels are not shared. Unshared inputs of a
35 device (or dut) are conventional input pins that are
-connected 1:1 to a tester driver channel or tester output
channel. Assuming the so-called '"daisy chain sharing®,

shared inputs of a device are connected to lines of a



board), two categories of device input pins or device input termnals
may be distinguished: input pins (or input term nals) connected to
unshared tester driver channels or 30 unshared tester output channels
(so-call ed unshared dut inputs) and imput pins (or input term nals)
connected to shared tester driver channels or shared tester out put
channel s (so-called shared dut inputs). In an enbodi nent, the

recei ver chasinetesd anes noln sdmarewodimshdr,.edkienmharest i@ sdenfi @e group

dut) are conyent ignalcddpiile RiSARL %%ﬁ@“Qﬁ%@& dod 16 AHAYLbus

driver chan or tester output cha t he so-call
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| i nes of % dd&lrséwaﬂ bys onkn t@(jbt@ﬁf)&ﬂhmh , chéenshar eHerapoits, ofinaan
group of e are connected,to one share (or ed, b

i ne). IR arf Hé?ﬁ)cgjd?er%tﬁt é‘gch£ F‘u%rof %eréheac?’eg’y’%&s fiﬁg%%mg‘g:t %Zjared
one tester dmpaErs channenotiiper @I@Oéilmermtan WL dHIE nelregdnbusest say

(roL: ;/Ierpl ghgﬂah%eldﬁ 'ués/rgza Nyshaf ek + FHue S%oz{ rl:ilﬂﬁ%c%kﬁfd)ezﬂ?ﬁcﬁdﬂtﬁﬁgnodage the
exist on a dut inferface ut_. boar
accommdateHaH?]?}aer]altFee?r %t?%gﬁ AeRAERvi ¢ ”‘B:Bﬁﬁngero% SOFTERa é‘ es
buses on an omtaﬁfan’ea(”ﬁaceiut(obodud) bbgrdl h@sef therekKokEN. KRMVY. 19 is
al so cahlyed Jshard g S AGtQfa 1g|gnf§@t8?b0d' ment, the lines of a shared

bus are operated as term nat transm ssion |ines to achi eve hi gh
speed. The N
In an embodiment, the lines of a shared bus are operated as

terminated transmission lines to achieve high speed. The N
shared inputs connected to one line of the bus form taps to
15 the transmission line. Even.though the shared inputs are
operated in a high impedance mode, in an empodiment of the
invention (for example, with on-die termination off for
devices with on-die termination ODBT on shared inputs) each
input comes with a parasitic locad which causes distortions
20 on the signals that propagate along the shared bus.
Therefore, in an embodiment of the invention, when driver
'sharing is implemented to test memory devices, only the
lower speed signals, such as command and control inputs,
are operated as shared inputs. However, the concept may

25 also be used with other devices.

A driver sharing by-2 implementing the principle described
above is illustrated in' Figs. 2a, 2b and 2c.

30 According to an embodiment of the present invention, a dut
interface or dut board that implements driver sharing for a
memory device contains K socket boards for N devices on
each board. Therefore, each of said socket boards
implements one shared bus. Thus, the shared bus as well as

35 unshared inputs of a device are connected to a mother board
with cables (wherein the motherboard may provide the
‘connection between the cables and channel modules of the
chip tester). Due to a high data rate of the duts and the



shared i nputs connected to one line of the bus formtaps to 15 the
transm ssion |ine. Even though the shared inputs are operated in a

hi gh i npedance node, in an enbodi nent of the invention (for exanple,
with on-die term nation off for devices with on-die term nati on ODT
on shared inputs) each input comes with a parasitic |oad which causes
distortions 20 on the signals that propagate al ong the shared bus.
Theref ore, irelatiomdodileoent seonehepphbenti Shxtwhendelkadweralsihmatdgni ds

i npl enent ed ﬁ&feex%tblfg;ewxyfdﬂ&\@&eé@ eBh¥ehbstd OLRE %&%@@ 8tgBal Selays
such as conmmand and contro I nputs, are operated as
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o ur o Gl P daradris: fon Foepfirabannt Lo ol oo o e atbRen e e pat
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socket boar aken i nto accoun
perform ng tHfstErx conéagél 3}8831“135? a?foﬁhe |fut iR AR dut; hgrminals
fixtureidel aooxf Qut herftdat duwinepS) LY ithenehgunedrand Hitteredtioely,

t he shared ts f h f

dut, the fi x ure d%fayfjﬁ}b va u%‘gs)l?%h@?ﬁ% drlg)é 8 gnﬁggyéﬁ%?né t%@ﬁl
shared bus amereseyieal delpyr bekuernr gt CHiP 9@?%) chppnehePapbyand a
context, thenfterteriindur eodeldmy veédmeictmayl deshgnabe ahy opagabband.

del ay betvve chip tester orts OAso des] .gnat as P L&t er
contact el e%@’ﬁ"tever ?‘ﬁg d%t board and dut tepﬁlgﬁal Eg& E 2}, an
20 addltlonal delay occurs caused by the propagation delay of

the signals on the shared bus from the first device under

test (DUT 1) to the second device under test (DUT 2).

However, it is not required to use the fixture delay of the
25 first device. Alternatively the fixture delay of the
second, third or N-th device could be used as well.

In an embodiment of a chip tester, only one fixture delay
value is possible for the driver channel driving the shared
30 bus, and an additional delay on the bus is preferably

compensated by other means.

In the following, a concept of compensating different
propagation delays on a shared line will be described. For
35 this purpose, reference is taken to the architecture shown
in Fig. 3. Fig. 3 shows a block schematic diagram of a chip
tester connected to two devices under test. The chip tester
in Fig. 3 is designated in its entirety with 300. It should



15 (or dut contact elenents) of the dut board. Alternatively, the
term"fixture delay value" may al so designate a total propagation

del ay between a chip tester channel port and a dut term nal (or dut
contact elenment) of the dut board. However, for a second device under
test (DOT 2), an 20 additional delay occurs caused by the propagation
delay of the signals on the shared bus fromthe first device under
test (DOT 1)be onehed stbahd thevide rundeitaestOq Doy gimilapohevdhe jqhip
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configured (e g Eans t war e or
switch) to ddte at@:am 'bmmm @‘mnelsu rﬁqrmaﬁeqwelt@nﬂtwlﬁ@etcw&ﬁﬁeﬁl

conpri ses and{¥uh/ e R achanrebnCoAplgUpedLtt 0 act as an input port.

25
Moreover, a propagation delay between a first channel port
134 and the first terminal 152 of the first dut 150 is
designated with Atpl. A propagation delay between the first
charinel port 134 and a first terminal 162 of the second dut

30 160 is designated with Atp2. A propagation delay between a
second channel port 136 and the second terminal 154 of the
first duty 150 is designated At2. A propagation delay
between the third channel port 139 and the second terminal
164 of the second dut 160 is designated At3.

35
In the following, it will be assumed that the second dut
‘terminal 154 of the first dut 150 and the second terminal
164 of the second dut 160 are input terminals. Naturally,



25 Moreover, a propagation delay between a first channel port 134 and
the first termnal 152 of the first dut 150 is designated wth otpl

A propagation delay between the first channel port 134 and a first
term nal 162 of the second dut 30 16013s designated with tp2. A
propagati on del ay between a second channel port 136 and the second
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first dut 150camélt hé—3§ecéﬁ§ dEf1316’9héé‘ﬁ b & s
propagation delay wvalues At2 and At3 may be neglected for

However, the

the determination of a relative timing between the second
channel and the third channel if said propagation delay
35 wvalues are approximately identical, which may, for example,
be reached by an appropriate routing of the non-shared
connections for the second terminal 154 of the first dut
‘150 and the second terminal 164 of the second dut 160.



Figs. 4a, 4b and 4c describe a setting of tim ngs, which may be used
in an enbodi nent of the invention. 10 In the followng, it wll be
assuned that the tinme reference t=0 is set to designate the tine when
the signals arrive at the first dut 1%®. However, this is naturally
an arbitrary choice, and a different tine reference could be 15
chosen. In an exenplary enbodinent, all signals (e.g. edges or
transiti onsMcadeawed, athevéiamtnghealcndatdut L1G0nat epitiiomalily). (but not
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In an exemplary embodiment, all signals (e.g. edges or
transitions) should arrive at the first dut 150 at a time
t=0. Accordingly, the tester may send the corresponding
20 signals earlier. As shown in Fig. 4a, the tester may
provide a signal transition at the first channel port 134
at a time t=-Atpl. As shown in Fig. 4b, the tester may
‘pfovide a signal transition at the second channel port 136
at time t=-At2.
25
At the second dut 160, the signal from the shared driver
130 arrives at t= Atp2-Atpl. In other words, the signal
form the shared driver 130 arrives at the second dut 160
later by a propagation delay difference (Atp2-Atpl) than it
30 arrives at the first dut 150.

Normally, the chip tester would provide a signal (or signal
transition) at the third channel 138 at t=-At3 to make it
arrive at the second dut 160 at time t=0. However,

35 according to an embodiment of the invention, the signal
provided by the third channel 138 is delayed by (AtpZ-Atpl)
to make it arrive at the same time as the shared signal
from the shared driver 130, namely at t= Atp2-Atpl.



channel 138 at the third channel port 139 and the signal provided by
t he second channel 132 at the second channel 15 port 136 is -(

(At p2+Atpl)+ At3-At2 ). Figs. 4d, 4e and 4f descri be another

advant ageous setting 20 of the timngs? It should be noted here that
in order to provide a sufficient synchronismof the input signals of
the first dut 150 and the second dut 160, it is sufficient for the
timng calculator to know the propagati on delay difference
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A time difference between the signal provided by the third

channel 138 at the third channel port 139 and the signal

provided by the second channel 132 at the second channel
15 port 136 is

~{ (Atp2+Atpl)+ At3-At2 ).

Figs. 4d, 4e and 4f describe another advantageous setting
20 of the timings. It should be noted here that in order to
provide a sufficient synchronism of the input signals of
the first dut 150 and the second dut 160, it is sufficient
for the timing calculator to know the propagation delay
‘difference information 112, i.e. Atp2-Atpl. In a basic
25 embodiment, the timing calculator 112 can then provide
timing information 114, which directs the channel module
configurator 120 to introduce a time shift identical to the
propagation delay difference information between the
timings of the third channel 138 and the second' channel
30 132. Thus, the timing calculator 110 provides timing
information to the channel module configurator 120 which
results in a timing configuration of the third channel 138
and the second channel 132, such that the third channel 138
provides the same signal pattern as the second channel 132,
35 wherein the signal pattern provided by the third channel
138 is delayed with respect to the signal pattern provided
by the second channel 132 by (Atp2-Atpl). This case is
illustrated in Fig. 4d. In an embodiment, the relation



provi des the same signal pattern as the second channel 132, 35
wherein the signal pattern provided by the third channel 138 is

del ayed with respect to the signal pattern provided by the second
channel 132 by (Atp2-Atpl). This casel8§s illustrated in Fig. 4d. In
an enbodi ment, the relation 18 At2=nt3 may be fulfilled. However, if
the timng calculator 112 further receives (optional) information
about At 2 amk2%&;3 ey thenmifng fddiledl. atoweway, pi &f thabt iminodadeuliagor
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propagation delay ntpl and the propagation delay At2. However, it is

wort hwhil e noting that by adjusting the relative timng of the second
channel 132 fnp@-tAielthintd-éhdnnel 138 nerely making use of the 20
propagatpon del ay difference information ntp2-ntpl (and, optionally,
a propagation delay tine, i nformation At2-At3) the timn
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information about the propagation delay Atpl and the
propagation delay At2. However, it is worthwhile noting
that by adjusting the relative timing of the second channel
132 and the third channel 138 merely making use of the
20 propagation delay difference information Atp2-Atpl (and,
optionally, a propagation delay time information At2-At3)
the timing of the second channel 132 and the third channel
138 can be adjusted such that both duts 150 and 160 receive
.corresponding signals with the same timing relationship.
25
In an embodiment of the present invention, the timing
calculator 110 is adapted to receive the propagation delay
difference information Atp2-Atpl, the propagation delay
information Atpl, the propagation delay information AtZ and
30 either information about At2-At3 or the information A3
itself. Based on this information, the timing calculator
110 is adapted to set the timings of the three channels
130, 132, 138 as shown in Fig. 4d. In other words, the
timing calculator is adapted to provide timing information
35 to delay the second channel 132 by Atpl-At2 with respect to
the first channel 130. Moreover, and more importantly, the
timing calculator 110 is adapted to provide timing
information 114 to adjust a timing of the third channel 138



30 either information about At2-t3 or the information At3 itself.
Based on this information, the timng calculator 110 is adapted to
set the timngs of the three channels 130, 132, 138 as shown in Fig.
4d. In other words, the timng calculaor is adapted to provide
timng information 35 to delay the second channel 132 by ntpl-At2
with respect to the first channel 130. Moreover, and nore
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are also shog\@ i‘E‘E!gt. hqldzodcg.{c?ﬂmé:sal tﬁgp(ﬁ%@mf%rin%n &jtﬂ:dig'bﬂ’dthe first
channel 130, the second channel 132 and the third channel
15 138 as a function of time. An abscissa 410 describes a time
and ordinates 412, 414, 416 describe the respective signals
in terms of arbitrary units. Timing shifts between the
output signals of the first channel 130, the second channel
132 and the third channel 138 are also shown in the
20 graphical representation of Fig. 4d.

Fig. 4e shows a graphical representatioh of wave forms

arriving at the first device under test 150 in response to

the output wave forms of the first channel 130, the second
25 'channel 132 and the third channel 138 shown in Fig. 4d.

An abscissa 420 describes the time and ordinates 422, 424
describe the signals present at the input terminals 152,
154 of the first dut 150 in terms of arbitrary units.
30
It should be noted here that for the timing of the output
signals of the first channel 130 and the second channel 132
as shown in Fig. 4d, the corresponding signals arrive at
the input terminals 152, 154 of the first dut 150
35 simultaneously. In other words, the signals at the input
terminals 152, 154 of the first dut 150 are in a specific

relative timing relationship (here: simultaneous arrival).



Fig. 4e shows a graphical representation of wave fornms arriving at
the first device under test 150 in response to the output wave forns
of the first channel 130, the second 25 channel 132 and the third
channel 138 shown in Fig. 4d. An abscik&sa 420 describes the tinme and
ordi nates 422, 424 describe the signals present at the input
termnals 152, 154 of the first dut 150 in terns of arbitrary units.
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To summarize the above, 1t can be noted that, according to
25 one embodiment of the present invention, it is actually
possible that relative timings of the signals arriving at
twb different duts are identical, provided that a relative
timing of two channels of the c¢hip testers (here: the
second channel 132 and the third channel 138) is adjusted
30 in dependence on the propagation delay difference
information 112 (here: Atp2-Atpl). Adjusting the relative
timing of two channels, one of which provides and unshared
signal to the first dut 150 - and one of which provides and
unshared signal to an input terminal of the second dut 160,
35 taking into account the propagation delay difference
information about a difference of propagation delays on a
shared line connected to both duts 150, 160 allows for an
elimination of the impact of the propagation delay



timng of two channels of the chip testers (here: the second channel
132 and the third channel 138) is adjusted 30 in dependence on the
propagation delay difference information 112 (here: atp2-4tpl).
Adjusting the relative timng of two &hannels, one of which provides
and unshared signal to the first dut 150 and one of which provides
and unshared signal to an input termnal of the second dut 160, 35
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In which th%r&ﬁ%ﬁpQnﬁﬁﬂgn%hdaﬂﬁshgged inputs or unshared outputs. Even
high speed devices can be tested making use of . the
15 inventive concept, according to an embodiment of the

present invention.

Taking reference to Figs. 4d, 4e and 4f, a configuration
has been described in which the second ‘channel and the
20 third channel act as output channels or tester driver
channels. However a similar configuration is also usable if
the second channel 132 and. the third channel 138 act as

input channels.

25 In the following, it is therefore assumed that the second
terminal 154 of the first dut 150 is an output terminal and
that the second terminal 164 of the second dut 160 is also

an output terminal.

30 Moreover, in an embodiment, the timing of the second
channel 132 and of the third channel 138 are adjusted by
the channel module configurator 120 in response to the
timing information 140 provided by the timing calculator
110. It should be noted that in an embodiment of the

35 present invention, the timing of the third channel 138 is
delayed with respect to a timing of the second channel 132
by Atp2-Atpl. In another embodiment, the timing of the
third channel 138 is delayed with respect to the timing of



20 third channel act as output channels or tester driver channels.
However a simlar configuration is also usable if the second channel
132 and the third channel 138 act as input channels. 25 In the
following, it is therefore assunmed that the second term nal 154 of
the first dut 150 is an output term nal and that the second term nal
164 of the second dut 160 is also an output termnal. 30 Moreover, in
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As a consequence, the second channel effectively determines

25 a signal, which is present at the output 154 of the first
.dut 150 when a time tD has elapsed after the transition of
the input signal of the first dut 150. Similarly, the third
channel 138 evaluates a signal which 1is present at the
outpﬁt 164 of the second dut 160 when a time tD has elapsed

30 after a transition of the input signal of the second dut
160.

In other words, the above described shift of the timings of
the second channel 132 and the third channel 138 has the

35 effect that corresponding output signals of the duts 150,
160 are sampled, occurring at identical relative timing
positions with respect to the respective input signals of
the duts 150, 160.



25 a signal, which is present at the output 154 of the first dut 150
when a tinme tD has el apsed after the transition of the input signal
of the first dut 150. Simlarly, the third channel 138 eval uates a
signal which is present at the output23164 of the second dut 160 when
atine tD has elapsed 30 after a transition of the input signal of
t he second dut 160. In other words, the above described shift of the
timngs of the second channel 132 and the third channel 138 has the
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concept (i.€. a method or an apparatus) that is based on

the fixture delay calibration.

25 An original purpose of the fixture delay calibration is to
establish a timing reference  (t=0) .at dut contact elements
'(e.g. at pins of a DUT socket). However, when driver
sharing is implemented (e.g. when input terminals of
multiple duts are connected to a single chip tester output

30 channel) this can be achieved only for one dut connected to
a shared bus. In other words, in an embodiment of the
present invention, a timing reference of =0 can only be
established for one single dut out of a plurality of duts
connected to a shared line.

35
However, it has been found that for testing devices on a
shared bus, it is not required to establish a timing
reference with t=0 for all duts individually at the dut



35 However, it has been found that for testing devices on a shared
bus, it is not required to establish a timng reference with t=0 for
all duts individually at the dut 24 contact elenents (e.g. at the

pi ns of the device sockets). Rather, atcording to an enbodi nent of
the present invention, it is sufficient to just guarantee
synchroni sm which neans that the stimulus of all inputs of one dut 5
arrive at theorsat poienents t(ewg (i dharinge off fihe erviiqomosded)s) -
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certain timing reference for all duts connected with one shared bus

at an arbitrary location. Therefore, the fixture delay

calibration can still be used to compensate the propagation

20 delay caused by the dut interface, even when driver sharing

is implemented. According to an embodiment of the present

invention, it is only required that the fixture delay

values measured are modified to ensure synchronism for all

duts. This can be achieved by an additional tool performing

25 a post-processing on the fixture delay calibration files.

Regarding the fixture delay calibration, it should be noted
that the chip tester, according to one embodiment of the
present invention, is adapted to obtain information about a
30 propagation delay between the channel port of the tester
and a terminal of a dut. If the chip tester obtains the
information that there is a certain delay between a certain
channel port and a certain dut terminal, the chip tester
configures the timing of the respective chip tester channel
35 accordingly. If the chip tester channel 1s an output
channel, the chip tester will advance the timing of the
respective channel with respect to a reference timing in

order to compensate for the propagation delay. If the



channel port and a certain dut terminal, the chip tester configures
the timng of the respective chip tester channel 35 accordingly. If
the chip tester channel is an output channel, the chip tester wll
advance the timng of the respective ehannel with respect to a
reference timng in order to conpensate for the propagation delay. If
the 25 channel is an input channel, the chip tester will delay the
timng of thehamak iehaindnpitt Fheedpéet the ahiRfieeire wild siglay the
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i nventi on witdrnbemalescri bed. Wen testing any devi ces under test
(e.g. when testing menory 15 devices) with driver sharing, a fixture
del ay neasurenent is perforned using_a short circuit device inserted
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|nterface (or t herefore, means to Insert
circuit28eviReES nter tFRelp tester connection element) of the dut board

and by measuring a response signal at the dut port {(or dut
connection element). There are twe reasons for using a
short (or short circuit device) for the measurement instead
of an open (or an open circuit). The first reason is the
25 fact that the DQ lines {or shared lines, or data lines) are
configured as dual transmission lines and that the location
.of the dut terminal (or dut pin or dut connection element)
can only be identified with a short at that point. The
second reason is the fact that the shared bus also behaves
30 like a dual transmission line when we look at it from the

perspective of one dut.

Measuring the fixture delay values in the aforementioned
way for a driver sharing interface ({(or a dut board),
35 therefore, means to insert a short circuit device into the
first dut or dut socket, to measure the fixture delay and
store it into a first file (file 1), then insert the short
circuit device into the second dut (dut 2) (or into a



first dut or dut socket, to neasure the fixture delay and store it
into a first file (file 1), then insert the short circuit device into
the second dut (dut 2) (or into a 26 second dut socket), to neasure
the fixture delay and store it into azesecond file (file 2). In a
preferred enbodi nent, the nmeasurenents are repeated, placing a short
circuit device into the different dut sockets subsequently, until a 5
measur enent safcomd\-dut chﬁcl(d]i@‘l,’ No ingeastuaree dhien fa xitkutrle fdiellay( fande sklpre
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However, it should be noted that it is not necessary to
'save the results of all the measurements into separate
files. In contrast, a single file or any other appropriate

15 data structure could be used.

According to an embodiment of the present invention, a way

to compensate the different signal paths for the individual

duts on the shared bus in a single fixture delay file is as
20 follows:

Start with the result of a conventional fixture delay
calibration for all duts ({(or at least for a subset of duts
of interest), stored in N fixture delay calibration files
25 (or in any other appropriate data structure), wherein N is
the sharing factor. According to an embodiment of the
present invention, these files are supplied from the
interface manufacturer who performs this measurement after
manufacturing (the interface or the dut board) using time
30 domain reflection (TDR) equipment. However, the N fixture
delay calibration files can also be generated with a
fixture delay calibration tool contained in the "SmarTest"

software provided by the applicant.

35 The next step is to compensate the signal path to the first
dut in a conventional way, leaving the fixture delay data
of the first dut (DUT 1) untouched.



25 (or in any other appropriate data structure), wherein Nis the
sharing factor. According to an enbodi nent of the present invention,
these files are supplied fromthe interface manufacturer who perforns
this measurenent after manufacturing ¢the interface or the dut board)
using tinme 30 domain reflection (TDR) equi pnment. However, the N
fixture delay calibration files can al so be generated with a fixture
del ay cal i britd obhhindl stept aimedoi nodniper'sSiwr Telse " ssghahama tir ove dédie

by the applig oﬁﬁc The, nexd  Sh&Ped Sph@ ¢RGPERsat gy hmsrbg@od&%%g

to the first dut & conventiona way, | eaving the |xtu

data of the e sfl‘ﬁ’iﬁ-r? DEFlay uittloeéhedf the ‘Hﬁ‘éhtaﬁieﬁid ARYFS sapd the
corrpensate thigwitgnal path to the other duts on the shared bus (DOT 2
C by nodi fying the fixture delay val ues of the unshared
|nputs and the .outputs. 5 Finally, the result is nmerged in a single
fixture del &inedliyhr atheonrephét T snepgrdath &f fendle| fistendl deley
a reference 4418, L@ ;6E=@); 16or all duts to the pins or dut contact

el enents of the first dut socket (or dut connector) (DOT 1). Wen the
reference time is chosen to be the tine when the stinulus signals
arrive at thmﬁwaapgirbapht sebfethivdiy stestablithessane stfmassaar tilve

at the Congirr ! l%lxthaﬁ' %%ggtu? mge?l lﬂsl 8y éh%%wae@ Qzeﬁleﬁtgnek

pr opagaf i on efn the relatjons %
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Anot her enbodi men cou lqr 1_I[ 2l é‘ﬁér%é‘elﬁﬁﬁt% e@ﬁ_etﬂ_e £§ 0sPULge DUL3

or DOT N, orsjtgtg1 ano ar bi rary poin sure that fhe
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relative to the arrival of t he S|gnal at DOT 1, the output of DOT 2
will also bedel ayedohuvthe sare ﬁ@@%&gafy1@ha€théfQ@%erence T=0 is
chosen to be at the pins of the first dut 150 (DUT1).
20 Another embodiment could be to adjust the reference T=0 to

DUT2, DUT3 or DUT N, or to another arbitrary point in time.

To. ensure that the stimulus signals of the unshared inputs
of DUT 2 arrive at the same time as the stimulus signals of

25 the shared inputs, the signals of the unshared inputs of
DUT 2 have to be delayed by the same amount AtlZ2. Since all
input signals are now delayed by the same amount relative
‘to the arrival of the signal at DUT 1, the output of DUT 2
will also be delayed by the same amount Atl2. Therefore,

30 the compare action taking place in the receiver channels
has to be delayed accordingly. When the delay Atl2 is
achieved on the unshared inputs and the outputs of DUT 2, a
synchronism will also be guaranteed for DUT 2, and the
device can be tested as usual.

35
The delay of the unshared input signals and the output
signals can be achieved by the modification of the
respective fixture delay calibration values of each dut.



30 the conpare action taking place in the receiver channels has to be
del ayed accordingly. Wen the delay At12 is achieved on the unshared
inputs and the outputs of DOT 2, a synchronismw ||l also be
guaranteed for DOT 2, and the device #Z&n be tested as usual. 35 The
del ay of the unshared input signals and the output signals can be
achieved by the nodification of the respective fixture del ay

cal i brati on Talsudss glossddbl edbecau28, Thnscost possithd eHwechaged inputs,
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enbodl ment qf. pr, t n ]Iq%ﬁ'c
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averagi ng, idenpRrenediigent a@krl haspR$8Ht a longer signal path has to
be compensated.
20
In an embodiment of the present invention, the above
described post-processing first analyses the N fixture
delay calibration files (or any other data structure, in
which the respective propagation delay values are provided)
25 and <calculates the difference (or propagation delay
difference) between the second dut (DUT 2) and the first
dut (DUT 1) for each shared input. The delay. Atl2 is
ocbtained by averaging the differences on all shared inputs.
Because of the averaging, in an embodiment of the present
30 invention the lengths of the shared bus between the second
dut (DUT 2) and the first dut (DUT 1) are precisely length
matched. In the next step, the post-processing subtracts
the wvalue Atl2 from the fixture delay value of each
unshared input of the second device (DUT 2). It further
35 adds the wvalue Atl2 to the fixture delay wvalue of each
output of the second dut (DUT 2) and stores it as a new
fixture delay value. The measured fixture delay values of
the first dut ({(DUT 1) are left unchanged. The fixture delay



30 invention the lengths of the shared bus between the second dut
(DUT 2) and the first dut (DUT 1) are precisely length matched. In
the next step, the post-processing subtracts the value At12 fromthe
fixture delay val ue of each unshared gnput of the second device (DUT
2). It further 35 adds the value At12 to the fixture delay val ue of
each out put of the second dut (DUT 2) and stores it as a new fixture
del ay val ue.valhesreasadeddn xthee shelray Vvialsiesref thwsd i pbtadoed( DUbm
1) are left q{]ﬂr} ) e fds re | a 9 | u S ‘
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1) and the Nedih dut cyPOEall) Ditéheashar athebusalibe resastréd for the

typically positive, . Si. t he . ca r e . Cal: 2
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for the delay between the first dut (DUT 1) and the N-th

dut (DUT N) on the shared bus, the result is typically

positive, since the delays on the cables are typically

20 larger than the delays on the traces of the shared board.

However, when large sharing factors N are implemented, the

delay on the shared bus may exceed the delay on the cable

and a negative value may be the result of the post-

processing. In this case, an additional offset c¢an

25 optionally be added to the fixture delay values of all

inputs and subtracted from the fixture delay values of all
outputs before applying the above modification procedure.

‘The consequence of using an additional offset is Jjust a
30 change - of the reference time without affecting the

synchronism.

When K shared buses are implemented on an interface to test
M=K*N devices in parallel, a conventional fixture delay
35 calibration and the above described post-processing
sequence can be performed for the K buses in parallel using
K short circuit devices. This means that the first dut (DUT
1) of all shared buses is measured first, followed by the



25 optionally be added to the fixture delay values of all inputs and
subtracted fromthe fixture delay values of all outputs before
appl yi ng the above nodification procedure. The consequence of using
an additional offset is just a 30 chaspge of the reference tine

wi t hout affecting the synchronism Wen K shared buses are

i npl emented on an interface to test M=K*N devices in parallel, a
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plurality ofiprapagedi pswide) aycival yesepdl acdhteptt 6£f aneappbrduis for
board) for a CTJ%roce%%Eng an original propagation delay value will be
20 described. For this purpose, Fig. 6 shows a block échematic
diagram of an apparatus for post-processing an original
propagation delay value, according to an embodiment of the
present invention. The apparatus of Fig. 6. is designated in
its entirety with 600. The apparatus 600 is adapted to
25 post-process a plurality of propagation delay values of a

dut interface (or dut board) for a chip tester.

It is assumed here, that the dut interface (or dut board)
is adapted to provide an electrical connection between a
30 chip tester and at least two duts, and that the dut board
cdmprises a first dut contact element for providing a
detachable electrical contact between the dut board and a
first dut, a second dut contact element for providing a
detachable electrical contact between the dut board and the
35 second dut, a third dut contact element for providing a
detachable electrical contact between the dut board and the
first dut and a fourth dut contact element for providing a
detachable electrical connection between the dut board the



It is assunmed here, that the dut interface (or dut board) is adapted
to provide an electrical connection between a 30 chip tester and at

| east two duts, and that the dut board conprises a first dut contact
el enent for providing a detachable el é&ctrical contact between the dut
board and a first dut, a second dut contact element for providing a
det achabl e el ectrical contact between the dut board and the 35 second
dut, a thirdeahandodtbet Msimsverstr,f ot pievialisuped dehathdlilee dut board

el ectrical contacts eboetawemstth%h%t tggeeg eaﬁtw@ éiérﬁéntdtﬁoxaryioammg

fourth dut contact el errent for providing a detachabl e el ectrlca
connecti on Betdfdrhardedft eﬁ&&ll&atlhgonféic%elé%ﬁ‘&e%tt heiufoRaard gndsga
assuned thatcmh;e tdustbpar docenpersesita {4 ratsaned thstertlsondiact board

el ement or %VJ_JJI%Iefgq aadwéggg'ﬁg' € ﬁ%.SCt %g%rcog%ﬁﬁ% P @g@{ﬂ %oar ggg

board an ter Feéeover, | i s assuned

conpri ses amr@u@ detachalbnt ateckr tpmht CopFagh obPEVRRN athe dut
detachabl e alapld sl wantacly belywan the duterhoar d:m@d tlei@ eghicBntact

tester, and t hi rd t est er,.cont act pr qvi.di_ng

det achabl e e‘*ﬂf& thctgntp&?t"lﬁléf'ﬂeeﬁ tﬂﬁjcﬁrlﬁ]oea 5t r‘tlﬁélrlchf:onta':t
tester. Mor émm-reenl tthes A ds=nrkdarichdthet ldify rtets teurt. M@m‘?&@ﬁrel éhrehs
and the;gecond iy cad@ctine! eUBOE ane eeﬁhaét egitheat ! ¥n809H6CTs%@th

theflrst chyp tester contact el enent. hi r.d t contac;C ma%l
i s el ectric&Uly CBHRsE & T e dBid @ieﬁtffégﬁ ﬁyc(fﬁ'f‘%f: Egeﬁ@ ? ¢
and the fourfilrsdutcieciont aestetementacs i eelkact r iThad Iiyh:‘cnhnéctedonbact
the third cUR sl 9% eaRtach c8hePBbnnLELAY | & IR A RAIPSLRLE e

dut interface con uratlon are's 7a t It s
not ed t hat |qﬁ>rtti@§tpre%@ﬁ?n*aes@rridptmﬁ fpugth ¥ bho&rBtrstdelsnBrd é§
an exanmpke @flextdulcalnkeréagesctionever .ty heritypehipl thdtdint ephaaes

for providin %gc%nnecﬁeltoarhbset @g&&é’ﬁ&hlg tsggg{bfgd Q0€ OF niRLBace

duts can be
configuration are shown in Figs. 7a to 7c.

It should be noted that in the present description, a dut
20 boafd is described as an example of a dut interface.
However, other types of dut interfaces for providing a
connection between the chip tester and one or more duts can

be used.

25 The apparatus 600 comprises a propagation delay
determinator 610, which is adapted to obtain an original
{or actual) propagation delay value describing a
propagation delay between the fourth dut contact element
and the third chip tester contact element. The propagation
30 ‘delay determinator 610 is adapted to provide the obtained
propagation delay value as an original propagation delay
value 612. Moreover, the apparatus 600 comprises a
propagation delay difference value determinator 620, which
is adapted to obtain and provide a propagation delay
35 difference 622, describing a difference between, on the one
hand, a propagation delay between the first chip tester
.contact element and the first dut contact element, and, on
the other hand, a propagation delay between the first chip



25 The appar at us600 conpri ses a propagation del ay determ nator 610,

which is adapted to obtain an original (or actual) propagation del ay
val ue descri bing a propagation delay between the fourth dut contact

el enent and the third chip tester conBact el enent. The propagation 30
del ay determ nator 610 is adapted to provide the obtai ned propagation
del ay val ue as an origi nal propagation delay value 612. Mreover, the
appar at us 60 =tEIprdcsesca plepegdt iaon déleaysedidnfde Kderic eordlage element.

det er m nat or, [ 's]%%pé t bt.aiH,808s PL OY.-¢ £1 del
pr opagati on Md%%%’y‘_’%@ g'ﬁelf er nce %%2, @%(gscra'ilngfng % éi ,frergg%gelggt,v\geﬁy
on the one masifigrpr 3Agatirchielidy BeeREed tire RPASEYCHIRE t ofiginal
ﬁonéI act el ermrupa@mitghf dé{)@% e}auu@ﬁm?g:t uteliﬁlrg]‘?ﬁ:the gpﬂop@@ati’l@ﬁ.?ﬁbeéy
and, a prop i_on del ay, be n the firs ip

el ement And Cﬁlgf?eéf?é‘&ﬁd RIS ot ttESP%%%%‘?f‘t r eB{}%r ?E?Eéséﬁgggat%%gay
600 conpri sesdifireapag i ér dedaptardtei erogide vihi ehdifiedagEdgctdve
modi fy the origifaliRhoragall eai1del gyaval ue 612 using the propagation
delay 5 difference value 622. Consequently, the propagation del ay
nodi fier 630 is adapted to provide a nodified effective propogation
del ay val ue T82an | amlasd androdi eaénthef inlrenineant itba, mphie fiedi feifdg@ctive

effecti }(Sprlg;pxpo&%%%%%ondg%% vahile 822 MRy t gkRet RGP gqscef df€tne

origi na agatt on val ue 612. In an other "enbodi nent of the, present
i nvention, 97 GBI iRIPRARELOY & PGyt i o dBT a§thaFué ?Qlﬁﬁﬁ}f’ of
for exanpl ettee psesbas ifeettdmg théormetiifaadl4dfevhivh seopegatson
an i nput infpormtion for C e e Nt J . Qur r O4isns
the chip tes eelrayloﬁa?lﬁ g%guﬁng'%él gj‘%&%egﬁo %é't hg% tsgﬁag%sgrggrﬁs té'g%ng
can be consiiddicathatd omalld Qup WHeh | PEFGETaRT upRtL dpPYEo ioformatépppior
t ﬁst er 180. .%6%4?{@@1@&@5 moBhé_éh@Bhﬂigﬁraﬁéﬁgli(haj‘,n iﬂhaan:rem(oa@ism:em 100.
t he appar at i s.adapted to produce, a S C

exanpl e, a ﬁsﬁ efg%f?héa Si B0 O&?ﬁoﬁh%r%%%od%#ae%a%%f ef((?-talbvecm1 }?e
propagat i on @elsylersiduss B3Re Nbr tbeetimine epbarlater 66® wdy thenchap
enbodi ment, he@adapiyed to process 25 as an input information one or
nore of the above-described fixture delay calibration files and to

produce a new fixture delay calibration file (which may al so be
desi gnated areavedi,fiid shzxtlde beelmytedl thakt ilon &1 | embediment, the

effective figr%ij{x%t% | ayocald i@t haay ftbeprodutbeabasts 30ratrape Qfox

nore of the Ified effective gro aga%l on del ay val ues. |
n c

nthe,._.

fol | owi ng, £¥fCal utiB&ar o 7P E3pOitdi WY dTE gBarY medified
propagat i on eyt idet apgbpaghtienw telde 3tabestriddy. Swrsegeant | ghe
a processed Jptl.lded (@ Fal2CULY B dHodAakAhr 88addkpeaddebayrdaess
structures w e shown. Frg. 7a shows an exanpl e %1:? a, dut tc)l.loard.[)ogi

a drivePSshad i tiequtorinfonmedden e its MOFRe OdutNSoaRg Vo deg5rioe
fixture delay calibration files and to produce a new
fixture delay calibration file (which may also be
designated as a modified fixture delay calibration file, or

an effective fixture delay calibration file) on the basis
30 of one or more of the modified effective propagation delay

values.

In the following, a typical dut board and a corresponding
dut board propagation delay data structure will be
35 described. Subsequently, a  processed modified {or
effective) dut board propagation delay data structures will
be shown. Fig. 7a shows an example of a dut board for a
driver sharing test of at least two duts. The dut board of



Fig. 7a is designated in its entirety with 700. Mreover, Fig. 7a
shows graphical representations of two possible dut board propagation
del ay data structures, which are designated with 720 and 730. The dut
board 700 conprises 3 5 chip tester cantact el enents 702, 704, 706.
The chip tester contact elenents (or chip tester connectors or chip
tester ports) are adapted to provide an electrical connection between
the chip testier. did itdhedesigmiped 700itFhenchirptyestieh FOAt atboreover,

T Ik e By e el LS, LG i aning! o

to interact ace o ester er

board 700 c@ﬁﬁﬁdsespmoma’fem actﬂeéﬁérreﬂaéianos’crﬂt%urﬁfz 7iBichrheare
gut cont aﬁt c@sqr@mtt%gamt@dagtoe@nug 70QV iTthe: Qiﬂtte|b©<étrﬁi qab &@ﬁb?@%es 3
et ween e dut bhoard 700 t uts. 1 rt .. the firs
dut "cont Hor e st cPF0CRARF Fe LRTPAC Al (Ront Bl Wfnate e, rESter
adapted to promtiagé ellesenteal(ocomhdpt Sanitelr twangictbesent tbini hakser

of a i1t dulrcAndathe Repand db oRsARle CLAEStodddiand Lhgabentbh

dut cont act elenent 713 are adapt ed rovi n.electrjc
contact to tBEFYEePf ritdht Chap mtﬁ?lt?rofa s*é%%ng gutb o2Fhe —quO?st%é%dChlp

third dut caorisaetr ekemeats 7&0emddfsnmayayf orfexargiampllee abpar toofaat

first dyp S%ﬁﬁ%&n&% g§§gbrsgrgut déﬂge&h 599§ﬂ§n%QQ.f%H%hh dut pogo

cont act “él enmén 5 may, For exanpl e art of second
dut socket figrtegfaecomt dat ChBr derafier ¢ hféot‘fF‘Pg?rath%e@éﬁd Rrard 700
contact el emRiipsibt@, 471dutar eostaetr etahkyteomect edit,o 11, f713t The
chip tester contact elenent. 70 r n_qt

the first dft"%coRtae Eﬂ%%ﬁ?%ntfid%%ndg?%%égécgﬁd é@@idé ac?géf%9£g§l
711 are bot N:Ocmﬁwéct @éttfgetlhetbarred‘éhl pPeaed er’tontaddt  &vWeneRRtSTheln

connect j §n lp%xﬁt&%ﬁ;%%bl YhBeki ok pedubycantd & Sdl éedran 7ilion@nan thberlitd

b d. M third 35 . d tact 712 |
connect ed A LBasa T el Y Eon A0EPEr et P304ioEnfipREEEAY
fourth dut comtactselwrbnttvol3iisf ettt rieating leomiec eBirst t et ¢ hard

chip tester «gant Q@Eoﬁ&e'&‘ﬁt ZQﬁtac§4 Snlher, 780 Qi ek Cﬁﬁﬁ'th dut
structure (e.g. an orlJ |na |Ie£§eX|sts gglch dech% es_ph

characterlsﬂ9§§%ﬁFt?ﬁ? bkt 2580 29BREEx &ithI RECTHE dafa® é??ﬁgtﬁ?%
may conpbi seditack itnf owmatibfieasnshoswmimals el fa Isecpd. dub.
particular, the original data structure or file may conprise an
|nfornat|on about a propa&@tlon delay bet ween the f|§§§ cp&ghteste
contact el efd¥t FAgstadd M ifor sty gentaftat-eBrBHEnt - 210 e

desi gnat ed wixampAlepl beMar paver oft aef brsgnabt dedeketD Kty rbeuférmhydut,
conpri se i nfmalion.ahohy A.B ARG OBudlelanRet weande Sl i75, Chip

tester conta ement e second dut contact el enent J%
which i3> deﬂaqnat%%rmﬁt‘ﬁml?b?' PRe RN AAl AateCRT udbhr éoﬁﬁﬁtf Yhe?
conpri se i nfsagwid @mtabout a propagation del ay between the third dut

Moreover, the first and second dut contact elements 710,
711 are electrically connected to the first chip tester

30 contact element 702 via a shared line. In other words, the
‘first dut contact element 710 and the second dut contact
element 711 are both connected to the same chip tester
contact element. The connection is preferably performed by
a transmission line on the dut board. Moreover, the third

35 dut contact element 712 is electrically connected to the
second chip tester contact element 704, and the fourth dut
contact element 713 is electrically connected to the third
chip tester contact element 706.



15 contact elenment 712 and the second chip tester contact el enment 704
designated with At2, and an information about a propagation del ay
between the fourth dut contact elenent 713 and the third chip tester
contact el enment 706 designated with As8. Alternatively, the

i nformation 20 regarding the first dut (nanely Atpl, At2) and the

I nformati on regarding the second dut (nanely Atp2, At3) may be
conprised in separate data structures or separate files, as shown at

reference na m)@? 333 ?cﬁrllél‘ﬂ‘{%\ierd’at nsap.ephedi mEng, Ogntgﬁ-golrr?asle@lle)

i nventi on, data structure conprising nodifjed (or

ef fective) prekgat iBH Aeldfparilgss PhyspEayi ARArIF R I Het e hddis dut
The dut boargband tde. gt fdeahpdat, atslbr datdr et payt bee anngi cenmed o the

a dut board set_ or test flxtures odi f,

o esent PoventiGMa it b PHed divh Shraciare Cor MOdRAIadHirEy the
conpri ses arp¥ifigradatdade afowctuiye profadat naK @@Fﬁ%/lﬂfét%e‘mft%atlon
first chip tastas Soﬁﬁﬁag@ﬁr&mdgpg apdtiBenf ithet Siks€0oBhapt tester

el emrent 710, for exa val u repver, the.no |f|e

35 struct ur EETYMAS hf%?r (it oWégb%’LﬁNq't h‘g N PGS S dﬂto
bet ween t he whiatd IiSIt desmgasteél emtht 4tpl2 alndepherse(cbﬁd O(rhgpaﬂesita§|a
cont act 19l B AQde f lay2XaBRLE: obhes YAl Al AddLL] 0Daldbpddi 1o

_m)difie data structure roses a ef fective)
i nf or mat i on Gt tﬂ‘fe@é‘a&é’ﬁ (?Prr&é?l SP1BetGEERTt R ?"b‘?'i t?ltﬁﬂe%r?toc?rctand
el ements 713mndstbentihiaut choptéest elementactllgl ewteinth 706. Saiigmated

amended or effigCtINe PrARAYRLiAR el v tiGctSre | M P Further comprise
information about a propagation delay between the third dut

15 contact element 712 and the second chip tester contact
element 704 designated with At2, and an information about a
propagation delay between the fourth dut contact element

713 and the third chip tester contact element 706

designated with  At3. Alternatively, the information

20 regarding the first dut (namely Atpl, At2) and the
information regarding the second dut (namely Atp2, At3) may

be comprised in separate data structures or separate files,

as shown at reference numeral 730.

25 However, in an embodiment of the present invention, a
modified data structure comprising modified (or effective)
propagation delay values is provided with the dut board.
The dut board and the modified data structure may be
considered to be a dut board set or test fixture set. In an

30 embodiment of the present invention, the modified data
structure {(or modified file) comprises an information about
the propagation delay between the first chip tester contact
element 702 and the first dut contact element 710, for
example, the value Atpl. Moreover, the modified data

35 structure comprises an information about the propagation
delay between the third dut contact elements 712 and the
second chip tester contact element 704, for example, the
value At2. Additionally, the modified data structure



5 enbodi nent of the present invention, based on the actual
propagati on del ay value At3 and anmended on the basis of a propagation
delay difference information describing a difference of propagation
del ays between, on the one hand, the Bi3rst chip tester contact

el ement 702 and the first dut 10 contact elenment 710 and, on the

ot her hand, the first chip tester contact el enent 702 and the second

dut contact @dremerRes18. s ideshpler Heapbdive) edl pfupmdcaronabepy a
val ue may be w@ﬁﬁ%rﬁsdéﬁaf\t BetAbpr- AhRl) foHonedet, cantakterdiainend s

conput ati on hod ccordi n to a er odigent _of,

t he present eﬁflflgﬁ%‘et h'éhlol? gFﬁ 61936 JatT< 3:1 ?a/i%?rb Hggtwgéﬁd
the third dm@tiebnbacteEfartante apdophgasicondedhiyp vabier isont tict an
el ement  GAL Zny, &thné}ﬁ.l“@.@ntrlg ngfr%éewa ckq{veqﬂ&fo%ct d;ésgnanaeﬂet %tual

third chip tester contact e are nodif such
that a diff &IPS Neddtiave Hhstiiatt o?n%f?’&%‘i“?%)o’br%%g%??bﬁ Of a
del ay val uespfdalyafifect i ay 250 eidcect iivdorst@tiahes desemiding a

di fference bet qri ti (A
o opatt s an ST o AR R 0A HELURRS(CHRLFAE) o, HaRe
ot her wor ds:t180 i3 tefhda itestent zpétﬁééteb@n&nw 2 Aarzi ih,q ggrst dut
Atpl. Fab exsymlsst tdienfald ominads! dld Qﬂﬁe mdm'rﬁnd35 thk? fafdsecichye

= At2 At3, effe ive = At3 4t 2 - fectlve
N> o feot S dns sontyds {Ghime AR 1a08 S i SREESRY, (dug | copget
fol | ow ng redlemants Bhy. hébd: exmpleff ddid veodi Atod ApBophfetipnedelay

At3 + (AL P2 va P lna Al ebhgatbMeasAt 2, effective = (4t3 - At2) +
(Atp2 - Atpl).

15 At3-(Atp2-Atpl).

‘However, an alternative computation method may be used.
According to a general embodiment of the present invention,
the original propagation delay values between the third dut

20 contact element and the second chip tester contact element
{At2), and between the fourth dut contact element and the
third chip tester contact element (At3) are modified in
such a way that a difference between the amended (or
effective) propagation delay values (At3,effective -~

25 at2,effective) deviates from a difference between the
original propagation values (At3-At2) by the propagation
delay difference for the shared line {(Atp2~-Atpl).

In other words:
30
At3,effective- At2,effective = At3- At2 + Atp2 - Atpl.

For example, the following relations may hold:

35 At2,effective At2
At3,effective At3 ~ (Atp2 - Atpl)
At3,effective- At2,effective = (At3 - At2) - (Atp2 - Atpl).



5 The anmended or effective propagation delay val ues may be conpri sed
in one or nore data structures. Exenplary data structures are shown
in Fig. 7b, describing an effective dut board 740. In an enbodi nent
of the present invention, an anended sata structure (or effective
data structure) 10 may, for exanple, conprise the propagation del ay
val ue Ltpl, the propagation delay value At2,effective and the
propagat i on Medepnatdlvied yAt 3hef Fetlbweng Ase lestondanhabioniei: t he

foll owing re| igﬂé hol d.,n an enbodi ment of the present
i nvention: %ataztAt , efcgg)c(’ﬁ \TeQ\i::EZAt 2; At3,effective = At 3-(Atp2-Atpl)

In an al t er i3, wf femtddienentt 3t vio (4BPa stéeRilures or two 20 separate
files may be dy Qurded va-f hist ekirbetcoapLi sAt1 L he pr apagaipzon debay.

val ues Atpl nd Atp2,effective and the second.file, conprisjng the

pr opagat Pon Tg'@ a‘i‘}“%éqed%soﬁt 6&5&8%?3?&@?@8?2&8? éj'?%ﬁ s‘ﬁ%jtﬂegs gay be
noted here tduwatprtilsedaniendede poopagatd odatte| ayrdatarss r uBkempdary Qata
descri bed W&&J&B%fe%nfae%gsfwn iR mY. A, exasplenihe aRPlirgdctive

t he dut contact el enen 713 are intended to be connected to .,
i nput ports B PR HP 4 nin hant SFPEAERENT aRTather REEEFETarBNgRE oD
data struct wpe, anen@éd eclaitve shatwciSirelct{ure «effaracitver | datg atdutture)

board w || he desgri.be ing._r .enc i . EOor i
purposgngi6@y7c gﬁ%méggﬂéﬁéhh[ggﬁL?égge?g%$agkgﬁa§%t3§8eﬁ%g€§€vga Ut
board and offt@leorEesppF@Pagadara sigkat uvesuss Afarddestiypngitchethe

effective ﬂlﬂiro?}é@lé@-ion?)aed@%cﬁﬁall@l@ \auftlt:#) df&‘b@t&?fée ne Hegcribed above,
However, t e tive pro tion delay, At 3, effecti iy e
third chip f.\té’set ef&clocfﬂjﬁﬁq gﬁ?“g%eln?nsanlaw hgotﬁgur:L a&u#@%ﬁ?ﬁ%&?l%ﬁewe

is chosen t@HesehtAisventApp2- Atpl) It should be noted that,

accordipg to an enbodi nent of the present invention, the data
structure described with 10 rgference to Fig. 7c may, for exanple, be

used if the AHireFiGeti¥EnTall<¢

él emrent and the fourth dut contact
el enent ar e Aud, efidedttioebe coBnésted-AtpDbut put ports of two duts.
Fig. 7d shows an exanpl e of an extended configuration for

In an alternative embodiment, two data structures or two

20 separate files may be provided, a first file comprising the
propagation delay values Atpl and Atp2,effective and the
second file comprising the propagation delay wvalues Atpl
and At3,effective.

25 It should be noted here that the amended propagation delay
data structures described with reference to Fig. 7b may,
for example, be applied if the dut contact element 712, 713

are intended to be connected to input ports of a dut.

30 In the following, an alternative amended data structure, or
effective data structure characterizing a dut board will be
.described, taking reference to Fig. 7c¢. For this purpose,
Fig. 7c shows a graphical representation of an effective
dut board and of a <corresponding data @ structures

35 ' characterizing the effective_dut boaxrd.

It should be noted here that the data structures described
with reference to Fig. 7c¢c is similar to the data structure



15 testing two duts. The configuration of Fig. 7d conprises a first
dut 790 and a second dut 792. An input 790a of the first dut 790 and
an i nput 792a of the second dut 792 may be configured to be shared
inputs. Said inputs 790a, 792a of thesfirst and second dut 790, 792
may therefore be 20 connected to a shared output of the chip tester.
Moreover the first dut 790 may conprise at | east one unshared input
790b and at deastibere windhaedd reviceut-o/8lg. The Bewonsl duthe/ X fmmive
al so conpri s o] ha i 792b I t .
dnshar ed outBiE SRiAnycBpRds ALY PRLE: ] Raclh, | ERS" g chie
has shared itfiier <ontattedelenent and GRshApPudatbuoplt SONLACKaRlerest
situations, {hefnede Y &<t han one shared 30 line. In this case, the
timng dgl ay cal culator 110 or the propagation delay difference val ue
determ ndtor 720 may be adapted to obtain an information about a

di fference i&Ppriopadgatd-evtpdel ay to different shared inputs of the

devi ce under test by perform ng an averaging. This concept will 35
subsequent | y_be described taking reference to Fig. 8, i ch sho
bl ock schemath cSREMG £f dioed et ten ATHREMS dGhpt § é’ddf“epéa\é\%

duts, each ddredermh conpritses ,at #leastddtwo shtanedureputdescihibetiestvith
envi r onggnt | 8 J.S i S| ted. i B ks ENntid el 15t +8Q0 £ 1A g
first dlr:JIt‘taj isjp%feés:l%egincft e"J(ﬁJ v?nl'iaﬁ g%olmgﬁ’g a gec}énlgﬁdu‘t }%S eesc}Mglnate Wi tlﬁ
820. The fi rdit RANEY i deand fihstiardte@Utnsiantgrs &igmgnt are
second shar eghtidiidd &4 beMebaavetedt e butstt dril b5 twamaiutses an
addi tional input or output 816. The second dut 820 conprises a
corresponding first shared input 822, a second shared input 824 and
anot her inpuimr it phowg2en THemblesofsihar extionded gppidpurpEiepr §or
dut andighe fddiSitng RAIEEGITRUITIRZ Z20{F itfira3eeand rduti gar dbeblprises a
connect ed tof,a 0 (?k%ar.zg bua-l i ke trwf@tssicgg: I%ne. 830. zgﬁaseﬁorege
shared i nputtigEF oWt hé?Y | FEE GursSasd sectnd $hat ¥t n 824 ¢
the second dutrsr elbotT®Comméceeditpun 382andfshheedechud- Hiike792 may
transm ssi Orbéh!é@n@ﬁ%reﬂﬂeté i kst sphacgdihpansm 88kanihpies8380a, 792a
COMpri ses acfflgh;[aesfierrst(.:og%gc'[second dut 790, 792 may therefore be
20 connected to a shared output of the chip tester. Moreover
the first dut 790 may comprise at least one unshared input
790b and at least one unshared output 790c. The second dut
792 may also comprise at least on unshared input 792b and
at least one unshared output 7922c.
25
In qther words, in an embodiment, a device has shared

inputs, unshared inputs and unshared outputs.

In many test situations, there is more ‘than one shared
30 1line. In this case, the timing delay calculator 110 or the
propagation delay difference value determinator 720 may be
adapted to obtain an information about a difference in
‘propagation delay to different shared inputs of the device
‘under test by performing an averaging. This concept will
35 subseguently be described taking reference to Fig. 8, which
shows a block schematic diagram of a test environment
comprising at least two duts, each of which comprises at
léast two shared inputs. The test environment of Fig. 8 is



15 el ement 834, and the second shared transm ssion |ine 832 conprises
a corresponding chip tester contact elenent 836. The propagation

del ay between the chip tester contact elenent 834 and the first
shared input 812 is designated with As§l,1. The propagati on del ay
between the chip tester 20 contact el enent 834 and the first shared

i nput 822 of the second dut is designated with Atpl, 2. The

propagat i on dieligyalietivedn t hes cheng imster wdsht agblel ehrenfisgss &g t he
second shar e J lﬁﬁ\létteﬁldt«rlt% dgsp 9nated %&eoﬁ@péu% and gepy @g@al QBth

del ay between t second chip tester contact 25 el enment 83 ﬁ
second shar &&0i-npilte gPixsts ‘Hé"sl GHat eomBr t¥e st 2L orsEoRlany nH‘?utt &2
propagati on a6l ay sHdoner @m&e\aallu@u&t BL42- Mopkotetor thhefiirsst dahaged
transm ssion |ine can_be d r a i a
differ en%e varge t&E 52&‘5 3\ io?gf %%@Jgeéc%néc}y ts%dac i %gogﬁ%a(r%g rcnggél élrllt
line can be 8&ét e¢¢rﬂmeblse$oﬁ tmlﬁ%méﬁn@onﬁﬂm% i 6h§re¢‘orln@%§n'pﬁ9e?r a

for t{letcal %@c%uorsrfagretdﬁflﬂm{ﬂ ng%&”ﬁﬁﬁ”&&ﬂo@ﬂeil‘hr@utr Ofr t Betput 823

conput ati on nded dat a ‘struc n_average val ue_c se

whi ch can bér%(?ot iTfed BPE r%%gﬂ]%z Opii’aolb}éegah e (Rt ay? lagf Fg?egéﬁst

35 val ues ftslhalmdl ingual 82Rapsnitdsi srcbndednt 3geAhosheraghagted to a

formul a o whiggh can ﬁ; @Jee%rﬁﬂnl%l%op@i%lm deh@é/ Qb&éﬁaeaﬁsma
s are

val ues or urt her transm ssion |ines, ﬁl ven b
Fig. 8. 5 FigPu $it4udta theaphirchl duépradertst FSHOBFI Sgﬁﬁg g iRy hr 824
set, accordiofy tie: aseesddinentref bold preseatednventa osecdhe btbsted,
fixture set b3 -985L.9nat érgjaé%ﬁl%r?m 41 %h%y wsgg 900, Jhe ﬁl%tt fi gf,gggd

set 900 conprises a du e identical to the
board 700, das®siBediant hline i3 eﬁ@@W&sF?g a7Lh iRy Hanter eﬁQBHaCt
referencs i xlleaieaR tgB4,hearmdoyhedesebingt istinrethertasdmifdedicur elivet 98D
further conprises _a _data exch di o]

conpri sing {17E® m?ﬁae& or - §%gg§ec |\C/:%e{?bp5:8gg%gt ?gﬁ{-’%gf d¥nent 836
i nf or mat i onThas QQQEWWé%iOHf ctelasanmpledvesnt h }f*%f efleice tteétﬁrgscoVBaCt
and 7c. In QuR@kneorgdy 4he Qﬁéaf@&gha@g@r@adumpw malﬁaﬁébﬁgn%@d
may represent, ne or. e _data structur s or fi d

with referefdd™ §tElg IID &hﬁngr%)agﬁ%il%hg?i etw‘te‘ﬁn {ri?i%a g "Loger
exchang20 rre@homamacrt @atewe@ar Bi3dr aray tdenpii st aﬁhmd@ww ®43% eof i Ve

propagation %%%}5 \ﬁﬁ%ugsfeés%nw@étwme &, hze tﬁ@”%ﬂfb@&'g@ﬁlbh“@&l@j‘(
the dut board 910. Thus, . the da a ex chg Eg rrﬁ F%Oé ata carri eécggg
cor r esponds PESYERB GGE EBéPd §55STHGRBYRFT EAETEAY a°2% ﬁaﬁge Fredr om

920 does notsha2®dor idges ncdldodnl §s cdeprigssetadt uatitbr giypd.dal and a

{he.dut . boa r t Y Re Of tr sséeuy | boRsast
the dut boafgggggaEESnpdE¥§F1Bé%hégﬂ Yfe sebaﬁd ARy a

of fecti 78) (ioBGA 015 deitay:Pal TReETS AL, STEh B2 wht cRORAS P87
exanpl e, desdrihbedpi £h GOnsefieertte, tthdigpadatdod Aela¥hdififegence
Eéfggnﬁeang&lﬂghgé%ﬁgaﬁhéké%r?X%EERERIb?lﬁsEa%ﬂggéﬁatEh§§§¥§giéﬁ 18ne
conprising §&nd afendégtermined. Similarly, a propagation delay
difference value Atp2,2-Atp2,1 for the second shared

30 transmission line can be determined. For the further
computations, for example, for the calculation of the

timing information 114 or for the computation of amended

.data structures, an average value can be used, which can be

obtained by averaging the propagation delay difference

35 values for individual transmission lines.



35 propagation delay val ues. However, the data exchange nedi um or
data carrier may al so be any other volatile or nonvol atile data
carrier conprising said anended propagation del ay val ues. 40

Mor eover, a data packet adapted to bestransported via a data
transport network is also considered to be a data carrier or a data
exchange medi um Thus, the test fixture 5 set may al so take the form
of a physicakuduav@nagﬂn@ndfanmohhinewhnahsntasiomaﬁ fupplemented by

cor r espondi : al n ¢ihe NGhH
concent i | I oy O e O B T oo
devi ce | oadi PrpreEieion Q§3néépﬁeﬁéfeﬁhelEoﬁb%ﬁ%a%?oﬁ%%ﬁ §he

devi ce Ioadlng effects may optionally be applled in conbination with

t he abov ribed concept for,adjuysting ngs.9f ¢hip L&
channel 5.2 Hoeé\kgl & ehigvEo ngtap]l%;:'; &?l?p sHFABRORt Ofedt e SCSE\leture
| oadi ng eff&vﬂardescwriﬁmglhothe feoblodimagtcaf dihso dreapsdd invention.

i ndependent 'f]{é)m:EQ@ afqu\e%r@esgéﬁ bed %@&@%t&e&%tb@sf@hmw«bag w:.th
consi derati ons s assuréag hat at t two duts ar 'ff-‘in necte
t

at | east one9@%argﬁelFﬁ§t r S¥FPE B $hct | OFﬁg
under st andi nghidh guaylmeshmmdaéstosehapdubnpoasd nNgod, disgscrifes w1th

sharing ; factfgféféJ§51téanéheﬁaMD%g§ tﬁ g r%gsggow§e%eggggg is Fﬁ%en

schematic diagram of a test set up conprising 4 dits | so, Fig.
shows propaded i FBIOHKRs A 18k4PBd bus for a by-4 25 sharing. The
test set upin Fig. 10 is de5|gnated inits entirety with 1000. The

000 016.
durs compr SEE YOI Senars 9 st ﬁ%:ﬂs SR R

1010a, 1010bneq:onmcor104§*aa e er 0928, qmm51M4 heloqla%nd%ldar
30 1016h5 1QdfgactShar e%ﬁdﬁ:}é@%&lbﬂlaélaﬂloiﬂﬁorﬂé}&ﬂ@n 144 6esneiald, for

connected to a first s i_ne Qa..whic rive y.
channel 1022%F?ﬂp%§kﬂﬂ4} gfengﬁaﬁg Flaput 4 T%TgB’ 18?2 1§Tﬁiﬂﬁ$rds’
1016b are alﬂhe:oiﬁrta:t@dcll@ga gtegHiomn |9m elalGD Gl £ B9 19205 i mﬁweélt

second channgle 1022k, 0f 36 the gdip é@é}@&um’ﬁlaﬁeohlwt&es&k%d with
1012c, 1014c, 1016c¢c are all, conﬂgcted t a t irdEﬁhared I' %&20c

which is drlﬁ?W%tﬁPrOE]tﬁTan | 3¥92¢C0f TheCthrp &Sy Thy data
Mor eover20 i texstreulgk eediotecbrt hgtd reaany s odiyneEsmpsfi seh@pe@sased or

i nvention thershared tgagsyssien ddings PR, £J020p, 14020CoAEEof the

ggg%on%lzﬁ)ctéag{sﬂlnsastﬁ% by, transm sgion,ling termdiations 10248, jaea

exchange medium or data carrier 920 corresponds to the dut
board 910. However, the data exchange medium 820 QOes not,
25 or does not only, comprise actual or physical information
about the propagation delays of the transmission lines of
the dut board 910, but also (or exclusively) comprises
amended (or effective) propagation delay values, the
generation of which was, for example, described with

30 reference to Figs. 7b and 7c.

The data exchange medium 920 may, for example, be a
harddisk, floppy disc, a CD ROM, a DVD, a ROM, a PROM, a
EPROM, a EEPROM or a /memory comprising said amended
35 propagation delay values. However, the data exchange medium
or data carrier may also be any other volatile or non-
volatile data carrier comprising said amended propagation

delay values.



Moreover, it should be noted that the shared transm ssion lines are

| engt h-mat ched in an enbodi nent of the invention. The shared

transm ssion lines conprise branch points (e.g. branch points 1030a,
1030b, 1030c), at which individual du# 10 transm ssion |ines branch

fromthe shared transm ssion lines. It should be noted here that the
| ength of the shared transm ssion |ines between correspondi ng branch
points are (at |east approxinately) identical. For exanple, a length

of a segnen i a i 020a, 15 t :
branch poi n:M %ﬁ?y& d‘I1 Ea%% gjfld?r]}é n“jgég%g%% ZQ o t@ﬁealry%%}te}a? via a
appr oxi mat eldats dbﬁ@némrtomeﬁ@orrécngm éfsa s@j\@ﬂer@ﬁ t¥e Hecohddata
tr antsmlgsl2 gr!:alﬂﬂ%rlQ?-@ba b@&ﬂ\@eaxbﬁﬁn?é aﬁ@glilml nmhégsobhandetsbe fﬁﬁc@ﬁ@@
poin nsequ pr.opagati on_.del a

ol nt 20510568 Y (1 b S BOF nEoTB395 fsPhRELPahetehoBPaRAATE) 97
i denti cal t@rdlmeopagaiamm@eh@yi betafeen tthee brcargie spondtng030bmanded

the branch Q%QQ%Q 4and abﬁguggentical to the propagation del ay
bet ween t he branc points 1 300 and 1032c. However, the length L23

may be 25 different fromthe length 1442. Also, the length L34 ny be
di fferent fromthee floangwing23a ktonaspt heil eribo dewmtibddgnghiehl 22lows

L23 and1l334 Pec 81% Sgﬁlc?rppéfxﬁggagéleQSB{;éC@!EfeégfOaﬂa‘ﬁgeconcept

fol | ow ng, m)tlv Oor a conpensation o evi ce
effects wil |foa”e Ehgcrqwnsﬁéfl@ﬁe Phe HechAeEhFe sdradian vﬁﬁeqie? may

]p_resent eg I\Niﬁ:rio?lléu&y( € b@ h@@ﬂmedde\ﬂnces:)omrmateshedwbaaedtaa aaBbve
i Xture delay ca tion that just _co sates t pr Qpagat. on

del ays of t ;?fldapﬁ?ﬁ% ¥ cI i a%t-,ﬁB shar ed "B’Q% 8ge8:§1r| eEESter
above, it b@mamlw sHokevenhat thﬁecpnﬁem‘g f@wa:e@mﬂattgom ofofpgvice
neasureﬁgnt%oaﬁghgeéﬁﬁgb%s HQ§C§§Eed42nUﬁhéﬂﬁbﬂmﬂdiﬂd %, alkbl be used
depend on E%& ti on g ghdutbon t he sh%h‘ﬂ bus. rther

di fferent Ty £Z8M 5PGr BPOBE af RETE ViR %pé’ﬁ@aﬁ sockets on
t he shared bus are not | oaded with devices. The reason for this

dependency ig,,5 m@t ffoh@osi%ay AndiRR $itqBakS qrt th§ shanpdabusmhdts at
not only caused by the limted g rE)a ation vel o %%on t he,_soc
c

e
boar d tracesle(i'ért di)"co HBH%% % R at o by eola r 88Ft F’Eaf?ﬁd&?ﬁe
dut s cofnectHetietve xt, hd.ns kaed lmas faﬁlﬂﬂt@&él nhpei sindemshanhéingy &hg. 10

i nput Capackﬁﬁﬂ&@ OEeEg ségﬁ gohBPE%§n&ng(i9h a%ﬁﬁﬁs@a@&ﬁbokﬁbearois

the signal st i ncl udes ce tain ays of the signal transitjons,
In order toNfdke ABcuEt®r m¥esdremehts: orﬂoa §PPYEr ShAHNiaRF | AFRPRARES
t he devi ce |dadirag efff ecttewmty et takeaohpt Dsherotinfut#\n Ahéd uefte. 0f0

t he device | ng al ;54 | gel ay qg?ﬁre USpyy,—
can, for exa(r?r.‘pq”l}S Beopnggt%&)‘&i |Cr11ét:% e ?‘xt%urgﬂaiﬂ%aay ca |(b%rogart5| gn bli’o
achi eve2Bhi Shaghaoti dher & rdl a3t abPbrat iFd9 -cdl be® pde IRl th &&s
short circuidntdeeitge Wirsertond.i remner ek mk@ a@@otb@mdtttssmckeﬁsts

preceedi ng tf@ﬁosmfé Oc%f)?hu t 10(1%ded%av(\4 ofFegy éar udc%w(\r;cggpdr

Perform ng a fiXture calibration W th devices ?
t he short C|Q?<@thede\th@@eylsélla@§dal@@@éﬁd@éﬂgaﬁtﬁﬂf WiEhr 04Rprayl010b,

cal i bration ifgaloes Widips) gnvhbeantionddar geo1yva) uasiler tiw adarediea,
ot s 96 pgby g Dbl Rt Ss HRS o1t hhe b tkat ?39?%50?%%%6
val ues neaswldd cninnkottddevi sefirst shared line 1020a, which is driven
by a first channel 1022a of a chip tester. Shared inputs

1010b, 1012b, 1014b, 1016b are all connected to a shared

‘line 1020b, which is driven by a second channel 1022b of

35 the chip tester. Shared inputs 1010¢, 1012c, 10l4c, 10léc

are all connected to a third shared line 1020c, which is

driven by a third channel 1022c of the chip tester.



For DOT 2, the additional load is caused by DOT 1 only, 30 whereas

for DOT N, the additional |load is caused by DOT 1, - QUT (N-1). The
| oading effect increases fromDOT 2 to DOT N for each additional dut.
Assum ng that the |oading effect per aut is constant, the 35 increase
with the dut nunber is linear. DOT 1 shows the sane results with and
wi t hout devices, because there are no precedi ng devices (i.e. devices
| ocated cl oeeyrdawerhe ichighdielki eve chavee| thavanibCinlpmbodtimendutf the

measur od. TRl o 8880l MRALT I GRLIAN BLoh0g:SXLAC Ak 10202,

procedur e f dr |ng e I's sufficien
the fixture 10y k20 enuat f@tmlalw S Wmmqr@ﬁ wP¥h td?@\ﬂsé‘é§510n

| oaded into jihe Gdredinkei8hsDPH24at 010880 Nedd4ac.The 5 | oadi ng effect
per dut is designated with t, and can be determ ned fromthe

followng formula: tL = (Atth [with devices] - Atth) / (N-1). 10 To
cal cul at e AtMdrelonietrh fior dddfulld (lee gnofegl rhatt hbet stevedes rescadseion

sufficient 4 defenid ﬂ%n@@ﬁ ﬁlgﬂﬁﬁg?b!ﬂﬁ LR e 8 QM nlen A4 Q:@@ inkR8tion.

fixture del ay val ues can taken fromthe neasurenent there is no
di f ference. The jshagegs té%”@&&sﬁdoé‘f flddesp&PIgat Ser SFRBAPY POABtE0dRel -
board or dutbreahdpoinfs 3060aasitBen| oaddnhg) efdtecihiper iddiviisiual dut

deter m agd. (LNR KNGS § Dbt Y- LEH C¥Fon Ofn8! lsbied: erabl¥intbstah
lines. It should be noted here that the length o©of the
shared transmission 1lines between corresponding branch
points are (at least approximately} ldentical. For example,

a length of a segment of the first transmissin line 1020a

15 between the branch point 1030a and the branch point 1032a
is, at least approximately, identical to the length of a
segment of the second transmission line 1020b between the
branch point 1030b and the branch peint 1032b.
Consequently, a propagation‘délay between the branch point

20 1030a and the Dbranch point 1032a is, at least
approximately, identical to a propagation délay between the
branch point 1030b and the branch peint 1032b, and also
identical to the propagation delay between the branch
points 1030c and 1032¢c. However, the length L3 may be

25 different from the length I1j2. Also, the length Lz my be
different from the length IL,;. In another embodiment,
lengths L2, Lz23 and Lz may be at 1least approximately

identical.

30 In the following, the motivation for a compensation of
device loading effects will be described, before the

technical solution will be presented.

When duts (e.g. memory devices} are tested based on a
35 fixture delay calibration that Jjust compensates the
propagation delays of the signal paths including the shared
bus as described above, it becomes visible that the timing
related results of some measurements, for example, the set



20Atth [wth devices] = Atth + (n-1)*tt, for n=2, ..., N1. Finally,
the values Atth [with devices] are used instead of Atth during the
post - processing that is perfornmed to generate the final fixture delay
calibration fille, valid 25 for the whad e interface. In an enbodi nent,
the following relations may be fulfilled: ati 2=Atp2 -At und 30
atlig=atpN - Ats In another enbodinent, the value t. for the | oading
ef fect can b.q;(mtoaimed:lftrmsa, sl latdegrendororf rive gorsd tdoherf the dut

cal cul at i on o350 the.Lal bowl ngv.the abaue desat! hed abogehthPeboncs

obt ai ni ng deV| ce conpensat e l'ues wi ||
summari zed, amkiPltzited eWeent éoFng dum sqr&rettsmcgl falzte pERpBERE, PRrPgare
11 shows a faw xdaldd Gfitan ddviedd vqmtﬂm&norfoeertmrsmmendency is

measurenent s i tion _of  a device | oad conpensati.on. .The

of Fig. 21 |@a&e%h§ﬁ§[e§f&yl 9 i Fgeeﬁfgpgiy Wthhpln%ba fk?ursstlsstnep E@g
corrprl ses detsrsddiilng Sha pricpagst imrerdaladyiont prefasrity fop sthgusocket
(i.e. apro d A Lelsay QeHW%eBoﬁrehtPaE§§ferb&%”ﬁf%ﬁ B¥‘§“@H¢a@ﬁtlc

the dut board a dut contact t df h
dut). It ohdfad pet nSPEaa%epgegggfq tt%eth’l.?n‘o% g&%u?hg&a‘tﬁt iof‘ﬁfét’g is

dut, 2nd dutdonisathesely suchirdhet cephtiltewee odnitde chaded ingutat esd
that the procpft%aeé 0% Sgk%r{?%kgg% the chi éfétﬁﬁaEO%E%déke%&tta%

t he dut oar tween the © tester channel and t
dut, is snmalded@ysi®i the ségand srapsitions an %F‘@d‘&g&ﬁcﬁﬁate

del ay for a rseeivénics(Wohh a ndie&veal) sh&r iief erlmteedachr the s device
pur pose, a glgt dsocket or the f| rs Eﬁ J; %Ecﬁﬁﬁ@ ggd fiﬂ@h&e of
IS S e

circuit ele he du
Consequent | y;he ttée‘prqmdgmdm ol dyheAttptals szemaéaémlear Otlouthexéﬁﬁrfed

by perfegm ng,8 tine doPBieRahglikeClicon nEasidE®ite the fixture delay
calibration. To achieve this, the fixture delay calibration
can be performed with a short circuit device inserted in
one dut socket and the dut sockets preceeding the shorted
circuit loaded with reqular devices. Performing a fixture
20 delay calibration with devices loaded up to the short
circuit device vyields a second set of N fixture delay
calibration files with significantly larger values for the

shared inputs of DUT 2, .. DUT N.

25 To extract an effect of the device loading, the wvalues
measured with devices may be subtracted from the values

measured without devices.

For DUT 2, the additional load is caused by DUT 1 only,

30 whereas for DUT N, the additional load is caused by DUT 1,
. DUT (N-1). The loading effect increases from DUT 2 to DUT
N for each additioconal dut.

Assuming that the loading effect per dut is constant, the
35 increase with the dut number is linear. DUT 1 shows the
same iesults with and without devices, because there are no
preceding devices (i.e. devices located closer to the chip
tester channel than DUT 1) to the dut measured. This allows



In a third step 1114, an unl oaded propagation delay for the third dut
is determned. For this purpose, a dut socket of 25 the first dut and
the second dut are left open, and a short circuit elenent is placed
in the dut socket for the third dut. @nsequently, the propagation
delay Atp3 is neasured, for exanple, by making a time donain

refl ection neasurenent. 30 Naturally, the neasurenent can optionally
be extended & o simpdr fiveéibhanofhr eBeduestra¢t sdoulprdyedvaeed folrat the

the order, imuigh Lhedirskootap: 3571110 Lheeseeond shee Wnd asde

the third step are executed can be chosen arbitrarily. However,t
it shoul d alfsgBEenoteday hateasiranendt Spep QUHON t ke mgcepWith

1112 and t heid#ided SloapdedillAteanhal ceadyibe eeriur meddeiar gNaldut The
45 is avail abl e,. and en before it is known i¢ch_|.oad. an tu d
present sgt oa'ltc}?éll%areegyeﬁr}heggrl 8holif d Sfé%n?v)\%é%o %gﬁt it aaf:&co%lcﬁ nég
to one enbodietenmiskdt isopr ébenfol heemy ofermihied st eps 1110, 1112,
1114 are executed by the 5 manufacturer of a dut board., In a fourth
step 1120, a propagation delay,value is determined in a | oaded state
of the dut bt@af"d.mgb‘r (whf8 BG%bSE@f a ‘?i‘iﬂt“?o? é‘ﬂ_ihui val ent | oad

device, which presents 10 a load to the shared lines that is

approxi pgtely. i j.cal, ta th d ed g , Al I
in at Iggst T%)énecdagl{}%dls%ggkedf%m I\/grég@eg,g{’gégﬁ%'rtt@?rgglﬁggg%vfigga?s%gges

placed in a HAgheYT ndnber Sdutd ok efan TREs, takedr £ 1A ab NF e AER SBHEMBRE
or | oad deviwgahahacemkviidea deckeke(ehectricahby}ilfieewerne15It héschipo

tester connecgtd el t u I n d sgakek.LA 1
whi ch the sHor ﬂglreg:}%{r’?%dg\%iftgge:gﬁ?gp%a?gg.dqpﬁ gf%rggFeP%Iéd eﬁboé?m&%{l,y
al | the sockets shemmseRushdéoehf poregker SR tadtoadide mentivingoare) dut
socket wsth the short circuit device are |oaded with duts or |oad
devi ces, bu%s soon as the loading effect per dut is determined, the
values At;, [with devices] for all n = 2, .. , (N-1) can be

calculated from:
20 At,, [with devices] = Aty, + (n-1)*t,, for n=2, .., N-1.

Finally, the values At;, [with devices] are used instead of

Ati, during the post-processing that 1is performed to

generate the final fixture delay calibration file, wvalid
25 for the whole interface,

In an embodiment, the following relations may be fulfilled:

ﬂtlz"—"ﬂtpz - ﬂtpl und
30 ﬂth'—“'AtpN - ﬂtpl.

In another embodiment, the value t, for the loading effect
can be obtained from a simulation, or from some other
calculation.

35
In the following, the above described algorithm for
cbtaining device load compensated propagation delay values
will be summarized, taking reference to Fig. 11. For this



20 this is not necessary. Rather, it is sufficient if at |east one
dut or | oad device is used. Consequently, the propagation del ay
&n in a |loaded state can be determ ned by, for exanple, making a
time dormain 25 reflection nmeasurenent 44 Moreover, it should be noted
that a propagati on delay contribution per dut (or per |oad) can, for
exanpl e, be obtained by conparing results of propagation delay 30
nmeasur enent uraostehe Rane ldutshpoess ta dfidwn craninlcdfaded igtvarg ianed mietthad
| oaded st at I It aking..i ideraty 0
many dut s of Todd i e Re A EdARn el Sh e LB P EROS e e ea
35 Also, it compengatdorot ddha Haethek cof difdg -t ¢ lant nBodi Fedtedf 1Rhdts
present i nventiGRt ORi¥hoNa0si.ngl €ipEePagapi ON10letayp MeasIdytRtinining

| oaded state is necessary in,order to ., 46.0btain l.oaded te,.
pr opagat Pon adelpaﬁfép%‘%ﬁstjﬁﬁ f eqegh%y de"{‘/‘i%]e pbeF t | %nsféﬁgforaé?f fdfeht 2
| oad st at es pregragetdnpl eelialy besmeear @ Nhdi tesdieri ewptache element of
pr gpagat ion t%e_dqill?al }?ggﬁalr 8?’%@{;@ ld@;rt&alcgaga%ngr@t O Ye n@@QSbbgrlae for
made for one single |oad situation_.to determ a _pr.opagati on a
contributi oﬁhﬁ’ert%tiﬁt. Hdded st s @p?ag'éﬁetﬁﬂ%c?éflegfg‘a%o%th& ﬁ’élpgleﬁﬁg
situations e&n thendbescdlletl ated Bnaredws, of.)i dtsergoisEn nepader that a
extrapolati j t hat C t j S | Lreak kYt @ del

4 rl%glegf/w& Dat 6@ mrgﬂcalt%s'dglflgﬁg ?’(ﬁ)srz bRephbYt@on delay

pr opagati on eover, progagatlon various I oad

states can Beteglesyl thedchier teghfpl €onkaFtofaAghe on Hel Bye cdnt poard
cal cul at ed fig atisé t wati ovwheswddie thesthdpt twreterhecHanndii randuthe
are pl aced gp a q%t bo ﬁgr but wherein a second dut socket is left
open. Accor Pﬁdly, Jiffrerent | oad states can consequently be handl ed
wi t hout taking a neasurenent for each single |oad state. In other

wor ds, @QCOVISJ lréag delecHll %ﬁ?@dilnlﬁrﬁ,l e de’iﬂ.dﬂ’(ﬁ'ﬂli‘@iroipﬁ‘gﬁlﬁﬁ_bﬁndeaay for a
propagati on del ay, 2 an ,be, cal cul.ate a.lo i tion, d o
at | east oné " o%ﬁ%t i(WIGR 0AHEE* b%%g oﬁstﬁ%ﬂ%%%ﬁﬁﬁ%ﬁon P%arﬁhgg
each | oaded mduposecket desnspickatesos teet i pshréutdeterififife¢pen, and a

propagat i on (gel,ay,cand; furd hgfedrased gnathbe assuny iQit téedka of the
unl oaded dut socket does not provide a %ontri bution. to Slt he Atp2 is
propagaticn1Q$99591 dut. Consequently, the propagation elay P

20 measured, for example, by performing a time domain

reflection measurement.

In a third step 1114, an unloaded propagation delay for the
third dut is determined. For this purpose, a dut socket of
25 the first dut and the second dut are left open, and a short
circuit element is placed in the dut socket for the third
dut. Consequently, the propagation delay Atp3 is measured,
for example, by making a time domain reflection
measurement.
30
Naturally, the measurement can optionally be extended to

cover more than three duts.

I+ should be noted that the order, in which the first step
35 1110, the second step 1112 and the third step 1114 are
'executed can be chosen arbitrarily. However, it should also
be noted that the first step 1110, the second step 1112 and
the third step 1114 can already be performed before a dut



Moreover, it should be noted that, in an enbodi nent of the present
invention, a reconfiguration of the timng of the chip tester
channels may be perfornmed in response to a 30 change of a | oading
state of the dut sockets. For exanplegsduring a test of a plurality
of duts in a nulti-socket arrangenment with shared lines, it nmay be
found that a specific dut socket brings along a particularly high
failure rates Imvahlabba,seanﬁt eveyn, Befomxanpl es Bevcasswiedc!B51loadt an

the specifig, adeS FIRAHY Qo HIRS iR 1infRY e deghdadneb e
pl ace any nore ts |n the specific dut socket. Accordi ngly aft

the deci si oﬁ“ﬁ(ﬁd tBhPSada?%‘ér@ﬁ&l fioc abe <bedimgntn aft sthe Present
subsequent tiasidrigdns the petdpy nETLON Bl1padlTDaf agurakeeﬁtwebgl he
at | east sone Qf f‘]thec dut S(%Cked |g n(ljoaded In other words, the

deci si on not"%0' e Speci FcPa8t%socket bri ngs al ong a change of
the dut |oading of the shared line. Consequently, it is 5 expected

that a timng C@”@%u@‘éﬁur§teﬁ§5 11wy | oadi petog fa E’@QoQUtd etvd1a®e afs

i mpact on the tim 0 rrivi at d ets beln th
unl oaded sp&Ets ré“l&’Lgﬁd s’o‘&kg g‘f’rt?‘ilé‘ls
present i nventipmse,aat |dnntngzrofant Iaqua:hapen‘esl@ad c;iearunm,s VdrlC&It pregstts

of one ghi paloléaec?t@c? &ﬁ@%rewlrpees MW %1_:! Jl%él%'l 1tdén‘t'i%al

deC|S|on to change a | oading state of a specific ocke
change of tH® (i dgast Prsseakes PEstBe dhbnnkf Bl Cﬁ‘éﬂf P&ﬁé?dlﬁ‘?él’i gqge
t 0 conpensatdutf Godkke .t Mrregvehangestdoett oi thel tichbngeeofist Ipd alceddin a

state. 15 The ghove, JRNIANSM SoOHE, SHITB | Zgd@5; { OLL O¥8ast one dut
. or load device placed in a socket (electrically) between

15 +the chip tester connection element of the dut board and the

dut socket in which the short circuit device is placed. In

a preferred embodiment, all the sockets between the chip

tester contact element and the dut socket with the short

circuit device are loaded with duts or load devices, but

20 this is not necessary. Rather, it is sufficient if at least

.one dut or load device is used.

Consequently, the propagation delay Atl3 in a loaded state
can be determined by, for example, making a time domain

25 reflection measurement.

Moreover, it should be noted that a propagation delay
contribution per dut {or per load) can, for example, be
obtained by comparing results of ©propagation delay
30 measurements for the same dut position in an unloaded state
and in a loaded state of other dut positions, taking into
consideration how many duts or locaded devices have been

effective in said measurements.

35 Also, it should be noted that, according to an embodiment
.of the present invention, only one single propagation delay
measurement in a loaded state is necessary in order to



A common strategy of sem conductor manufacturers who perform
multi-site testing is the disabling of sites that 20 permanently
fail. If a site is disabled, it will no | onger be | oaded froma

devi ce handl er and, thus, does no | onger show a | oading effect. The
consequence of this strategy is that the calculation of the Atn [with
devi ces] should preferably take care of disabled sites. The handl er
25 communi catdwirhd odideabisitageobroprestiont felaystfor difdreafemte devhice

i nformation go%lac\ﬁéidsa%b@/oﬁoa&vfﬁéreﬁtn@saahé@aﬁéﬁ ormation is created
dynanical ly ‘during run time of the test, whereas the fixture del ay

calibration data are | oaded statically at t he begi nning of a test
flow, the texir :iﬁcamdja\ﬁd tthere pasald ddt @ dite dnisxyt whe gdeloppgation

cal | Drat bon AAA HANDAGL. SHONeVELaald BB DCRKpORLEN, B8l pLhface

above descri brin ong feduction Wi th respect to
test time. IDrFigne 191866%s 1828l G H@%ﬁt%ndﬁﬁ%%%&m%eanéFﬁ@égﬁSFOH

provi di ng a ddlrﬂwg:dnﬁfrﬁbmhbﬁﬂpéﬁl’dadl Usbadgd asttata r}g:d;fag&tﬁbhpdelays
tester. I.he I esent n u

the chip tescgknqbera g |rF%Fu%- %Qﬁﬁ?%urgﬁg%ngglﬁa&ﬁ ﬁ€g$ ﬁga %Qﬁg
first term mefl bfterdalaftingutomngxbripebating m asguning shabndaduyt dut

are conggct eﬂlctr‘éa%es' rl%'heﬁ*ﬂ@?”ﬁ' p%p&&@tﬁ?&h ad st er via a shared
|ine. Moreover, it is assuned that a second termnal 5 of the first

dut is connected to a second channel of the chip tester via an
unshared | i Meraoderhatrapsgeondnt dehanal fof tdmwiaecdrdddst-ates can be

connect ed L% éufil gdcha%%' AhahlBeeChi B L @S gagst%ﬁn aeﬁggreeahl NBe

The net hod nprises a first stép In ng a
pr opagat i on Cf’@rcd‘élaé)?ddl F9%r énc%“'r%%%t VBﬁr%e&?rel bﬁ'l’@Sta ArG pa?d'éfjt
time dlﬂﬁer&mﬁ&dbemwe&nm(pﬂdd&ﬁ(ﬁme&a@dt hopropagat i ehedeiayaf senvad

first channg 63 t g g?hlEQ égﬁteﬂcégkéiﬁq%% gﬁfﬁﬁkghﬁahoﬁﬁ %Pﬁtes

first dut an@ gropa ay fromt Irst
channel por tca@f cfcwes%qﬂqjltﬂart?é%téﬁnfi edha/ifhogt (E*inh| 2 oftlepfETement
second dut. fHie caehhedn$2001608Pstse6. arsestwk sicapisqf aprevhdhggta an

timng informtion t ust a timn Shlft betme a
second chani¥ 8ﬁmFﬁg éﬂ% é?%s?éFsgﬂ a TR a Channe$£%#£§$?lg$ §91ay
tester 80 tlvarbdw sca:lfcqlwetepir dppagat i b<ha<ﬁ| et oat i f ebeneleich at least
i nformationonld &houléeRer Nt ednt batietihe yarlelobnl 206 oasEms%tﬂ&u Malat

be suppl enen ctional,jties descrlbed W t
to the otheﬁﬁﬁg ﬁgagﬁé aﬂFh88§£ﬁ€r8$?Fr PER & COFS Alle P 5Fesgn?rgln6d
i nventi on cgnppase$1ancdﬂﬁaYerapdo@maﬁhéwaqﬂﬁd(ﬂﬂﬂﬁ@@ anypuoptipe that

net hods desghy REH J3QI@ MutDeRNA NI L CL5E abRov g eAeRbAtEOBution to
requi repents of the inventi e net hods, the inventive nethods can be

i mpl emefited A6 PRORAFPATAPE OF12%- software. The inpl enentation can be
perfornmed using a digital storage nedium in for exanple a

Moreover, it should be noted that, in an embodiment of the
present invention, a reconfiguration of the timing of the
chip tester channels may be performed in response to a
30 change of a loading state of the dut sockets. For example,
during a test of a plurality of duts in a multi-socket
arrangement with shared lines, it may be found that a
specific dut socket brings along a particularly high
failure rate. In this case, it may, for example, be assumed
35 that the specific socket is defective. Therefore, it may be
.decided not to place any more duts in the specific dut
socket. Accordingly, after the decision not to load the
specific dut socket with duts, subsequent testing is



hard di sk, floppy disk, a DvD a CD, a ROM a PROM an EPROM an
EEPROM or a FLASH nenory having el ectronically readabl e control
signals stored thereon, which cooperate 35 with a programmbl e
conput er system such that the inventi¥e nmethod is perforned.
Generally, the present invention is, therefore, a conputer program
product with a program code stored on a nmachi ne readable carrier, the
progr am codee rfdrpeidngiroper hoadecbofiperdoion nghehein ngentpest nenhodt

when the CO%L&E‘& rQ&éﬁé@ff?QUﬁmsH&édonzﬁ ceRRY! %rdgn ehbeyewadsn

the inventive meth fore, " a conputer program having
progr am codéloftort?)e}“i’%ﬁi nfhg FH%C?-ﬁif‘énfiP*\}esgcﬁﬁFhBH HEn2 ?ﬂ@gcénﬁﬁﬁé‘ﬁe
program r uns Ot CAPUEEIdidd dme:Heolé.rmmertg Sect. dpnsaqueatilpl,eit is

i mpl ementati gn of |_gori thm d f
ar ver - shar (P §RoFeo BRI Sw R Beclia Eaer | L e B Phe
noted that tdvd gamdedt s ofn tiadixtagy ehtelEyniod 4 &LiodLEi Iaé§lé(§ng

described ind hgupr aerdune fhedide Gﬁéa){zﬂ@aldéﬁatépﬁ)ébﬁlcs done socket.
according to an enbodi.nment, of the resen r?r%\f/ ntiaqn t he |n1;£%acg
Brghito fglﬁ|

manuf act ur erconﬁ?@”ﬁwgre 15138y h&s B %8s
accor di ng t a iarrenecditientchdfp tﬂwtaxvemamlss@p‘plalted&&IS@ng’pr@ﬁ chap

interfagg. Thedlgol h‘éﬁﬂ}a}%an heydaserihedbye £l |9¥\é£5}g-,§é)utﬁd'le§he

wher ei n"the expression desi gnat es .a conment erein 00
to be repeatd®fifdrra pPuragrye of‘El vaPaEings HRF i ggd By s*Efeo%lpf]f‘:o Bue
end | oop". Mysaeter ThHeoehangeeofuthbetinihysof atled dfyip nMasteirtnghannel

InStrUCtlOnﬁgmﬁégfbfhéém@hcﬁSas to compensate for the timing change
due to the change of the load state.

15
The above mechanism can be summarized as follows:

A common strategy of semiconductor manufacturers who
perform multi-site testing is the disabling of sites that
20" permanently fail. If a site is disabled, it will no longer
be loaded from a device handler and, thus, does no longer
show a loading effect. The consequence of this strategy is
that the calculation of the At;; [with devices] should
preferably take «care of disabled sites. The handler
25 communicates the disabling of sites to the tester,
therefore, this information is available. However, since
this information is created dynamically during run time of
the test, whereas the fixture delay calibration data are
loaded statically at the beginning of a test flow, the test
30 may have to be paused while the fixture delay calibration
data are updated., However, it may be expected that the
above described strategy will bring along a reduction with

respect to test time.

35 Fig. 12 shows a flow chart of an inventive method for
providing a timing information for adjusting a timing of a
chip tester. In an embodiment of the present invention, it
is assumed that the <chip tester operates in a



Fi xture Delay_Calibration ( N = nunber of DUTs per shared bus K =
nunber of shared buses per interface) { 30 //Analyze pin
configuration Determne P = nunber of pins per DOT Loop for n =11to
N Insert K short circuit devices intogsocket of DUT[n, 1: K] 35Create
fixture delay calibration file fd[n] for DUT[n, 1: K] Loop for k = 1 to
K Loop for p =1to P 50 Measure fixture delay fxdl _val(n,k, p) of
pi n[ p] of busdddiganGtRdh,n, ki hdchoope plEadt] Gopfkr56t dreenfinatiuref a

ooy sor naC e il Nahidf & PRt Tlidll] 529 LOORdor? RO are
connected to a first channel of the chip tester via a
shared line. Moreover, it is assumed that a second terminal
5 of the first dut is connected to a second channel of the
chip tester via an unshared line and that a second terminal
of the second dut is connected to a third channel of the
chip tester via an unshared line. The method 1200 of Fig.
12 comprises a first step 1210 of obtaining a propagation
10 delay difference information describing a propagation time
difference between, on the one hand, a propagation delay
from a first channel port of the chip tester to the first
terminal of +the first dut and, on the other hand, a
propagation delay from the first channel port of the chip
15 tester to the first terminal of the second dut. The method
1200 comprises a second step of providing a timing
information to adjust a timing shift between timings of a
second channel of the chip tester and a third channel of
the chip tester on the basis of the propagation time

20 difference information.

‘It should be noted that the method 1200 of Fig. 12 may be
‘supplemented by any of the functionalities described with
réspect to the other means and methods herein. Moreover,
25 the present invention comprises a computer program for

performing any of the methods described herein.

Depending on certain implementation requirements of the
inventive methods, the inventive methods can be implemented
30 in hardware or in software. The implementation can be
performed using a digital storage medium, in for example a
hard disk, floppy disk, a DVD a CD, a ROM, a PROM, an
EPROM, an EEPRCM or a .FLASH memory having electronically
readable control signals stored thereon, which cooperate
35 with a programmable computer system such that the inventive
method is performed. Generally, the present invention is,
‘therefore, a computer program product with a program code
stored on a machine readable carrier, the program code



N = nunber of DUTs per shared bus 15 K = nunber of shared buses per
interface fd[1:N] = fixture delay calibration files from

DUT[1: N, 1: K]) { //Analyze pin configuration . 20 Determne SI =
nunber of shared i nput per DUT Determge U = nunber of unshared

i nputs per DOT Determne OP = nunber of outputs per DOT Create
new fixture delay calibration file fd_nmerge for the 25whol e interface
I/ process Didihgl: dpe tiat Bver Eboutpeadipevingt itdre Cb@melﬁtmmrmedhbdy when

calibration fjle_ f L
si =1to gltrisegaor&l&]t ur eppg chn \%%%%&@?pr%lg% e§n| np ugﬁgﬁtgg PR ther
val [ 1, k, si ] Wousia,f dEhp 1ﬂVWT—Héef|IB<€t'iJ?Q§i délsay Vaﬁﬁéf@%?eshaﬁ ed:mﬁﬁr

si fxdl val [ghdgrSi r;aq,lf B gram IRFRA A0 Rpet £ drafiphgl Wheliinwehtli@e

i . s .
U Read (ixing dela AR S TR SR WDl S dea) Trom

-In the following section, a possible implementation of an
algorithm for the fixture delay calibration for driver
sharing will be described with pseudo-code. It should be
10 noted that the generation of the fixture delay calibration
files as described in the procedure
fixture delay calibration () is done, according to an
embodiment of the present invention, by the interface
manufacturer. The fixture delay calibration files fd[l:N]
15 are, according to an embodiment of the invention, supplied

along with the interface.

The algorithm can be described by the following routines,
wherein the expression "//" designates a comment, wherein a
20 ‘loop to be repeated for a plurality of values is described
by "loop for .. end loop". Moreover, loops are further
-illustrated by indenting instructions within a loop.

25
Fixture Delay Calibration (
N = number of DUTs per shared bus
K = number of shared buses per interface) {

30 //Analyze pin configuration
Determine P = number of pins per DUT

Loop for n = 1 to N
Insert K short circuit devices into socket of DUT([n,l:K]

35 Create fixture delay calibration file £d{n] for
DUT[n,1:K]
Loop for k = 1 to K
Loop for p =1 to P



51 Wite fixture delay value of shared input ui fxdl val[1,k,ui] to

fd merge End | oop ui

Loop for op = 1 to OP 5Read fixture delay val ue

of output op_fxdl _val (1,k,op] fromfd[1l] Wite fixture delay val ue of
out put op_fxdl val[1,k,op] to fd_nergeeEnd | oop op 10 End | oop k

/I perform conpensation for DUT[2: N, 1: K| on unshared i nputs and out put
pins Loop for n = 2 to N 15Cpen fixture delay calibration file fd[n]
of DUT[n, 1: K] Loopdasuzre fiktuoeKdelagalfedlavel tonpansatf gindajuef

=1to S 20Re?gsﬁk¥tgﬁg ggf?y,yﬁlue of shared input si

Loop for si

fxdl val[n,k,si] frao
End

5

10

15

20

25

30

35

loop
End loop k

p

mfd[n

Store fixture delay values fxdl val[n,1:K,1:P] to file
fdin] :

End loop n

)

Poét_Processing_Procedure(

N = number of DUTs per shared bus

K = number of shared buses per interface

fd[1:N]} = fixture delay calibration files from
DUT{1:N,1:K}} {

//Analyze pin configuration

Determine SI

Determine UI

Determine QP

number of shared input per DUT
number of unshared inputs per DUT
number of outputs per DUT

Create new fixture delay calibration file fd merge for the

whole interface

//process DUT[1,1:K] data without compensation
Cpen fixture delay calibration file fd[1l] of DUT{1, 1:K]

Loop for k =
Loop for si

1

to K
= 1 to 3SI

Read fixture delay value of shared input

si_ fxdl valf(l,k,si] from f£d[1]

Write fixture delay value of shared input

End loop si
Loop for ui

si fxdl vall[l,k,si]} to fd_merge

= 1 to UI

Read fixture delay value of shared input

ui_fxdl valfll,k,ui] from fd[1]



Si delta t[n,k,si] = si fxdl val[n,k,si] si fxdl val[1,k,si] End | oop
si 25Delta_tl[n,k]=, average over si (Si _delta t[n,k,si]) //
conpensate unshared inputs Loop for ui =1 to U Read fixture del ay
val ue of unshared input 30ui fxdl valfn, k,ui] New ui fxdl val[n,Kk,ui]
= ui fxdl val[n,k,ui] _ Delta_tl[n,k] Wite new fixture delay data of
unshared i nput New ui fxdl val[n,k,ui] to fd nerge _ _ 35End |l oop u
/| conpensat e outyuitte lfdeulrer depay Haloe QPf SZadehdirdputt ure del ay

val ue of output op_fxdl _valln o i fxql | op] = ui fxdl
val (n, k,op] + _ _ Delta t|{‘%,—ﬁ%df—‘]’ai\ﬁ/¥ Eladydo ¥ hrte
End loop ui

Loop for op = 1 to OP
5 Read fixture delay value of output op fxdl vall[l,k,op]
from £d{1]
Write fixture delay value of output op fxdl val[l, k,op]
to fd merge
End loop op
10 End loep k

//perform compensation for DUT[2:N,1:K] on unshared inputs
and output pins
Loop for n = 2 to N
15 Open fixture delay calibration file fd{n] of DUT[n,1:K]
Loop for k=1 to K

// calculate compensation wvalue
) Loop for si = 1 to SI
20 Read fixture delay value of shared input
si_fxdl_val[n,k,si] from fd([n]
Si_delta t[n,k,si] = si_fxdl _val[n,k,si] -
si_fxdl val[l,k,si]
End leoop si )
25 Delta tl([n,k]= average over si (8i_delta_t[n,k,si])

// compensate unshared inputs
" Loop -for ui = 1 to UI
Read fixture delay value of unshared input
30 ui_fxdl val([n,k,ui]
New_ui_fxdl valin,k,ui] = ui_fxdl_val[n, k,ui] -
Delta tl([n,k}
Write new fixture delay data of unshared input -
New ui fxdl val[n,k,ui]} to fd_merge
35 End loop uil

//compensate outputs
Loop for op = 1 to OP



5Wite new fixture delay val ue of output New ui fxdl val[n, k,op] to
fd merge _ _ End |l oop op End loop k 10 End loop N} Fixture

Delay Calibration _ for _Driver Sharing( 15 N = nunber of DUTs per
shared bus K = nunber of shared busessper interface fd[1:N = fixture
delay calibration files fromDUT[1: N, 1: K]) { 20 Fixture

Del ay_Cal i bration(N, K) Post_Procesing_Procedure(N, K, fd[1:N]) 1 25
Moreover, in the frlddowinguae adegaki vAluéost acempensati on of device

| oadi ng effects will be degﬁi%ggg.vg?ﬁ%?*%ggithn1described in the

follow ng takes into accoun e dev ing and is described with
pseudo- code. The e _owi Fgd30vedibhe kshphs=autof @k pnldende af! synbol s
in the text to variables upggdcintihg, ppeudo-code: Synbol used in text

Vari abl e _used i n pseudo code DUTn o ar ed. bus
5 %fite new %ixture geiay value og output

New ui_fxdl _valin,k,op] to fd_merge
End loocp op

End loop k
10 End loop N

}

Fixture Delay Calibration for Driver Sharing(

15 N = number of DUTs per shared bus
K = number of shared buses per interface
fd[1:N] = fixture delay calibration files from

DUT{1:N,1:K]} {

20 Fixture Delay_Calibration(N,K}
Post_Procesing Procedure (N, K, fd[1:N})

b

25
Moreover, in the following an algorithm for a compensation
of device loading effects will be described. The algorithm
described in the following takes into account the device
loading and is described with pseudo-code. The following
30 table shows a correspondence of symbols in the text to

variables used in the pseudo-code:

| Symbol used in text Variable used in pseudo code
DUTn on shared bus k DUTn, k]

Aty Delta tl[n, k]

ty Loading effect




DUT[ n, k] Atth Delta tl[n,k] ti, Loading effect 53 Atiff[with
devices] Delta tl L[N, 1] Atin[with devices] Delta tl[n,k] The
followng listings describe sonme programroutines, according to sone
enbodi ments of the present invention.s$p Correction

Procedure_for_Loading Effect ( N = nunber of DUTs per shared bus) 10
/1it is sufficient to only measure the bus k=1 and DUT[n=N k=1]

I/ Anal yze pRiAt s o0 t19 et ) Delta t1 LI[N,1]

Ati,[with devices] Delta tl([n,k]

The following 1listings describe some program routines,
according to some embodiments of the present invention.

Correction_Procedure_ for Loading Effect (
N = number of DUTs per shared bus) {

10 //it is sufficient to only measure the bus k=1 and
| " DUT [n=N, k=1]

//Bnalyze pin configuration
Determine P = number of pins per BUT

15
Insert short circuit device into socket of DUT([N,1l] bus[l]
Insert N-1 regular devices into socket of DUT[1:N-1,1]
bus [1] '
Create fixture delay calibration file fd L for DUT[N,1]
20 bus[1]

‘Loop for p =1 to P
Measure fixture delay fxdl val[p,1,N] of pin{p] of bus[l]
and DUT[N, 1]
25 End loop p

Write fixture delay values fxdl val[l:P,1,N] to file fd L
}

30
Post Processing Procedure Including_Loading_Effect (
N = number of DUTs per shared bus
K = number of shared buses per interface
fd[1:N] = fixture delay calibration files from DUT([1:N,1:K]
35 fd L = fixture delay calibration file for DUT(N,1] bus[1]
with loading} {



Determ ne P = nunber of pins per DUT 15 Insert short circuit device

I nto socket of DUT[N,1] bus[1l] Insert N1 regular devices into socket
of DUT[1:N-1,1] bus[1l] Create fixture delay calibration file fd L for
DUT[ N, 1] 20bus[ 1] Loop for p 1 to P Mgasure fixture del ay

fxdl _val[p,1,N] of pin[p] of bus[1] and DUT[ N, 1] 25 End loop p Wite
fixture delay values fxdl _val[1:P,1,N] to file fd_L 30

Post _Processi ng_Procedure Including Loading Effect( N - nunber of

DUTs per sha s K=.n of _shared buses per interface fd[l N|
T xbur e dd Al SA A ieReE g DUTT 1N, Aok 35 1d Lo f1xiure

del ay cal i brixdticomifid $If or nDUPEN, o bb@F@@ vmm*tlmﬁﬁhﬂﬂﬂ 54

/1 Anal yze pigh«opfidgnat i£%umb@%t SEMLAShSted NusMEs rsmﬁred i nput
per DOT Determne U = nunb of unshared in uts{gg EEW 5 Determ ne
OP = nunber RBCGRIGR OFpér ABPSF 61 PAEPIERWPES Phkdi ng effect

//extract device loading effect
Open fixture delay calibration file fd_L of DUT(N,1]
Open fixture delay calibration file fd[N] of DUT[N,1:K]
10 '
Loop for si = 1 to 81
Read fixture delay value of shared input
si fxdl val L[N,1,si] from fd_L
Read fixture delay value of shared input
15 si fxdl wvallN,1, gi] from £f£d[N]
Sl _delta t_L[N,1,si} = si_fxdl_wval L{N,1,si] -
si fxdl val[N,1,si]
End Loop si
Délta_tl_L[N,l} = average over si (Si_delta_t L[N,1,si}])
20 Loading_effect = (Delta_t1 L[N,13)/(N-1)

Create new fixture delay calibration file fd _merge for the
whole interface
25
//process DUT[1,1:K] data without compensation
Open fixture delay calibration file fd[1] of DUT[L,1:K]
Loop for k =1 to K '
Loop for si = 1 to SI
30 Read fixture delay value of shared input
si_ fxdl_val[l,k,si] from fd(1]
Write fixture delay value of shared input
si_ fxdl val[l,k,si] to fd _merge
End loop si
35 Loop for ui =1 to UI
Read fixture delay value of shared input
ui fxdl val[l,k,ui] from £Fd([1]

Write fixture delay value of shared input;



Qpen fixture delay calibration file fd_L of DUT[N,1] Open fixture
delay calibration file fd[N] of DUT(N,1:K] 10 Loop for si =1 to Sl
Read fixture delay value of shared input si fxdl val L[N, 1,si] from

fd L _ _ Read fixture delay value of ghared input 15si fxdl
val[N, 1,si] fromfd[N] _ _Si deltat L[N 1,si) = si fxdl val
L[N, 1,si] _ _ _ _ si fxdl val[N1,si] _ _ End Loop si Delta tl

L[N, 1] = average over si (oi_debtaval i N lusl 9o fd_merd

Loadi ng_ef f ect = (\Delta.tl LTN, 1])/(N1) Create new fixture del ay
calibration fif%¥ fld’ r‘?eru&e for the whole interface 25 //process
DUT[ 1, 1: K] datlecas tiwoutorcenpetsadiPon

Read fixture delay value of output op fxdl val[l,k,op]
5 - from £d[1]
Write fixture delay value of output op fxdl vall[l, k,op]
to fd_merge
End loop op

End loop k
10
//perform compensation for DUT[2:N,1:K] on unshared inputs
and output pins
Loop for n = 2 to N
Open fixture delay calibration file fd[n] of DUT[n,1:K]
15 Loop for k = 1 to K

// calculate compensation value
Loop for si = 1 to SI _
Read fixture delay value of shared input
20 si fxdl val([n,k,si] from fd[n]
Si_delta t[n,k,si] = si_fxdl_val[n,k,si] -
si_fxdl vall[l,k,si]
End loop si
Delta_tl[n,k]= average over si (Si_delta_t[n,k,si]) +
25 Loading effect * (n-1)

// compensate unshared inputs
'Loop for ui = 1 to UI
Read fixture delay value ¢f unshared input
30 ui_ fxdl val[n,k,ui]
New ui_fxdl valln, k,uil] = ui_fxdl val(n,k,ui] -
Delta tlin,k]
Write new fixture dela§ data of unshared input
New ui fxdl valln,k,ui] to fd_merge
35 End loop ui

//compensate outputs
Loop for op = 1 to OP



Open fixture delay calibration file fd[1] of DUT[1,1:K] Loop for k=1

to K Loop for si =1 to SI 30Read fixture delay val ue of shared input
si fxdl val[1l,k,si] fromfd[1l] = _ Wite fixture delay val ue of
shared input si fxdl val[1l,k,si] to fgk merge = _ End | oop si 35Loop
for ui =1 to U Read fixture delay value of shared input ui fxd

val [1,k,ui] fromfd[1] _ _ Wite fixture delay value of shared input,
55 ui fxdl val [1, leWi] fEQtPgenﬁégﬁyE{?Qlﬂl@%‘f Uy for op =1 to OP
Read fixture delay value o

Wite fixture delay val ue 9_b¥t

End | oop op

10

15

20

25

30

35

output 0 ﬁ% vaI[ k, op] 5from fd[1]
g dﬂ’val[l k op] to fd_nerge
New_ui“fxdlmval[n k,op] = ul_fxdlmval[n k,opl] +

Delta_tl{n, k]
Write new fixture delay value of output
New_ui fxdl val[n,k,op] to fd_merge
End loop op

End loop k
End loop N
}

Fixture Delay_Calibration_for_ Driver Sharing_Including Load
ing_Effect(

N = number of DUTs per shared bus

K

number of shared buses per interface) {

Fixture Delay_Calibration(N,K)
Correction_Procedure_forﬂLoadingﬁEffect(N)
Post_Procesing_Procedure{N,K,fd[l:N],fdﬂL)
}

To summarize the above description, it can be stated that

the description provides an overview of a solution proposal
for a fixture delay calibration when using driving sharing
interfaces. The problem underlying the pfesent invention
can be summarized as follows: Due to a sharing of single
tester driver channels for multiple device inputs, multiple
different propagation delays in the interface may need to
be compensated for each shared driver. The compensation
should take into account a signal path from a pogo
interface to individual duts connected to a shared bus.
Since fixture delay calibration delay can only compensate a
single path to one dut board, the above described new
solution has been developed to also compensate a signal
path to other duts connected to one shared bus. Embodiments



End | oop k 10 //perform conpensation for DUT[2: N, 1: Ki on unshared

i nputs and output pins Loop for n - 2 to N Open fixture del ay
calibration file fd[n] of DUT[n, 1: K] 15Loop for k=1 to K //
cal cul ate conpensation value Loop forssi = 1 to SI Read fixture del ay

val ue of shared input 20si fxdl val[n,k,si] fromfd[n] Si delta
t[n,k,si] = si fxdl si fxdl val[l,k,si] _ _ End | oop si

Delta tl[n, k= auer agwwayedescr{i5td déhvantfonk adilbpy #£or an efficient
25Loadi ng_ef .t a dPlo
1to U Read’“rqilclxbtrt?rt(el%élelaé{d aRTpBRIaL 2 hs £$%p%€§%%ﬁilljf opdrate
val [ n, k, ui ] st weturd wpdqt{ rind gy &haﬁlrmcﬁt V1 ¥ 1 ol ]speed without

Del ta_tl [N, Kompromising reliability of the test results.
5



Wite new fixture delay data of unshared input New _ ui _fxdl
val[n,k,ui] to fd nmerge 35End | oop ui //conpensate outputs Loop for

op =1to OP 56 Read fixture delay val ue of output

op_fxdl val[n,k, op] New ui fxdl val[n,k op] = ui fxdl val[n,k,op] +
Delta tl[n,k] Wite new fixture delay val ue of output New ui fxdl
val[n,k,op] to fd nmerge _ _ End | oop opr&nes| oop k 10 End loop N 1

Fi xture_Delay Calibration_for_ Driver_Sharing_Including Load 15

ing Effect( N = nunber of DUTs per shared bus K = nunber of shared
buses per idterfacehip Reoduwre (1Mel a300)Cateobra¢soiid, & least two de-

vices under test (150, 160) connected to the chip
5 tester, wherein at least a first terminal {152) of the
a first device under test (150) and a first terminal
(162) of & second device under test (160) are con-
nected to a first channel {130) of tThe chip tester via
a shared line, wherein a second terminal (154) of the
10 first device under test {150) is connected to a second
channel (132) of the chip tester via an unshared line,
and wherein a second terminal (164) cof the second de-
vice under test (160) is connected tco a third channel
(138) of the chip tester wvia an unshared line, the

15 chip tester comprising:

a timing calculator (110) for generating a timing in-
formation for the channels (130, 132) of the chip

tester,

20
wherein the timing calculator is adapted to obtain a
propagation delay difference information (112) de-
scribing a difference between, on the one hand, a
propagation delay from a first channel port (134) of

25 the chip tester To the first terminal (152} of the
first device under test and, on the other hand, a
propagation delay from the first channel port (134) of
the chip tester to the first terminal (162) of the
second device under test, and

30

wherein the timing calculator is adapted to provide

timing information (114) to adjust a timing shift be-

tween timings of the second channel (132) and the

third channel (138) on the basis of the propagation
35 time difference information; and



20 Correction Procedure for Loading Effect(N) _  Post

Procesi ng_Procedure(N, K, fd[1: N ,fd L) _ 25 To sunmari ze the above
description, it can be stated that the description provides an
overview of a solution proposal for a figgture delay calibration when
using driving sharing interfaces. The probl em underlying the present
lnventlgn can bﬁaS@Hﬁﬁh?leﬁo@?léOFbﬁg@guEﬁeoEO azsmaéﬁagt@a gbn?b@fsg—
tester driver channe or nultiple device,inp tiple differe

b opagat on del ayee: FLEnECFAE: FRRE Ry SRE4aET bhBe b Rpehbareat oF Che
each shared dr|vehlpThestenpensaheohashsubﬂ thketumnngamnﬁunmaalon.
signal path froma pogo interface to individual duts connected to a

shared bus. 35 Since fixture delay calibration delay can only
conpensadt e a-singhe Eatip t eeober dutl Wear0t hefaboleineder idekaiew the

sol ution has bee€1ﬂ§M§|QQEQuEQtéksgl?@FpﬁgséBQpéeé'QBaer@EHetQ pihehg
duts connected to one shared
information both for the second channel (132} and the

third channel (138).

10 3. The chip tester (160; 300) of c¢laim 1 or 2, wherein
the second channel (132) and the third channel (138)
are adapted to provide, shifted in time with respect
to each other, identical data patterns to the second
terminal (154) of the first device under test (150)

15 and to the second terminal (164) of the second device
under test (160).

4. The chip tester (100; 300) of one of claims 1 to 3,
wherein
20
the second channel (132) of the chip tester is config-

ured to be an output channel,

the third channel (138) of the chip tester is config-

25 ured to be an output channel, and

the timing calculator (110) and the channel module
configurator (120) are adapted to adjust output tim-
ings of the second channel and the third channel such
30 that a relative timing of signals reaching the first
terminal {(i52) and the second terminal (154) of the
first device under test (150) is at least approxi-
mately identical to a relative fiming of signals
reaching the first terminal (162) and the second ter-
35 minal (164) of the second device under test (160).

5. The chip tester (100; 300) of claim 4, wherein the

timing calculator (110) and the channel module con-



of the above described invention allow for an efficient calibration
and also bring along the possibility to operate test setups with
driver sharing at very high speed without conpromsing reliability of
the test results. 58 Clains 1. A chip tegfder (100; 300) for testing

at |east two de- vices under test (150, 160) connected to the chip 5
tezt er, \AhezciiS(r)l) ﬁigl\j.@&%}o_ra fizct &@éria@% 5@%15?30 Oéfféétaafidéﬁa}de%fcén
under test an i,rst ter a of a secon evi.ce under
Lest  (160) aro coMEUTed TH A7 SEHomER (130551 (LB cHilph decerct
via a shared |inep whereinpat sedaricct exfiri naé cEodbhdofcHdrenel0 (1825t if
devi ce under tes 15 ' ct copd _ch (213 f

chip tester via tatrl%gung%ugkgggf’)lﬂﬁg, (gér?laé}ahgfrrzll?nn ggseecgggg%ercﬁﬁla?zar}eq( 1%)5}%1:
of the second deVilgd)underthesth{np60psicercdnedtediivst thirndneharddsl?)

(138) of the chipst agferrypar aneyashangildyd neest Ng1L2GNi s t€5E8Lr than
conprising: a timng calculator (110) tor generatlng_a timng
t

information for tHE cREAR@PRTLLIERO,dq drothetBRi pfiest erchagmel port

wherein the tinmng3eal @ aties thipgdapkedrt @ obitad nfarpropagathen (162)
del ay difference |n%%rnat|on (%éZ. descrlblng§§ i.fference between,
iFrst

on the one hand, °4 pr&p&§&PIon SGELET HPEfrat 18dnnel port (134)
of 25 Xhe chip tester to the first termnal (152) of the first

devi ce under. tes nd;. .qn t her, ha a_pr ti,on_del ay.f
the first cﬁanne?h%o§P1?1§§%%8? ?ﬁgoéh?goeegge%E%gEE%egfi?étxpgggghal
(162) of the second device under test, and 30 wherein the timng

cal culator is ad%HEeQeE%nBr%%EQ%eﬁiWﬁ@@)iB%O%E%tE%&F(%%%keEgi?ﬂkB%%i%—
e

timng shift between timngs of the second_channel (132) an

third channel (188F%#h%t RE BAsiEPYF Ch&NPLdpagati on 35ti me difference
i nformetd on; and 59 a channel nodul e configurator (120) adapted to

configure the second, channel _and/.or, .t third channel  of the.chi .
tester on the baggg & lfﬁeﬁﬁ%ﬁﬁ%}i@%iﬁ%mﬁ#od?e gﬂlp tester-is C%nflg_
ured to be an input chennel, and

the timing calculator (110) and the channel module

20 configurator (120) are adapted to adjust input timings
of the second channel and the third channel such that
a relative timing between a signal reaching the first
terminal (152) of the first device under test (150)
and an effective dut signal value sample time of the

25 second channel (132) is at least approximately identi-
cal to a relative timing between a signal reaching the
first terminal (162) of the second device under test
(160) and an effective dut signal value sample time of
the third channel (138),

30
wherein the effective dut signal value sample time de-
fines, when a signal sampled in a channel has been
present at a dut terminal.

35 7. The chip tester (100; 300) of claim 6, wherein the

timing calculator and the channel module configurator
are adapted to adjust input clocks of the second chan-

nel and the third channel, in order to set the effec-



5 2. The chip tester (100; 300) of claim1l, wherein the timng
calculator (110) is adapted to provide a timng information both for
t he second channel (132) and the third channel (138). 103. The chip
tester (100; 300) of claim1 or 2, wherein the second channel (132)
and the third channel (138) are adapted to provide, shifted in tine

with relsm(a(l:g 4;0 ];eaeﬁ @Ptﬂer&lgiéﬁqntﬂﬁaje C@ér@pl@t&ﬂﬁgf tlﬁhégélﬁeeﬁadlnput
term na of .t i.r evi ce and to t

second terninal E18%f 6f ¢ é%ﬁﬂﬁy Hégéle £ fﬁ%@)an4l?ﬁ§ance
chip tester (100;n3®@heomnmmauﬂé(ﬁigﬂ&ﬂinmnfﬁe@hbyethe29ethedsee®md—
channel (132) of e [ es n d e _
channel , EE %gél?hlrdttgéanne%(e %gggcg b%ggcﬁ%gt gsgﬁ ﬁs sam
conf|925hred to Béeénqmﬂqnmp®m@hn@ithaﬁdHﬂﬁ?HﬂHﬂQKyaku%ul@m@rWOﬁxayn
and the channel gpduligp gcenfdlg;wkatcffr {2 Wn Ar e %@@ﬁ@ﬁ {38 | Y8kines an

Output tim |ngs of th e secon channel and the third channel suc
that a relative tNAFAGCEI 18i Grdles WedcHiltly THE3 rREOTRERENAY ths2pecT

and the second tendi nedri(ikbd) qfictihe 4 r shedesd €ghdinderritestudddP) test

t | t dent t | at I
feaching the f1rSt50es 4 narnpi8s) SEndolRe Edc Bty Br LoS8HEREF PIbs -
of the lSecond device under test (160). 60 figurator (120) are

adapted to §ffec& gﬁ% ] % EﬁﬁrtQEBHt %P%‘ngxpfciggmt%'Qﬂrcbangggreln

(138) with respec imn the second channel (1
if the propagatl@hedaeﬁpﬂdwﬁﬁﬁmﬂﬁilﬁ B2¢harinethpoehip tester and the

third channel (138) of the chip tester are configured
to compare, shifted 1in time with respect to each

15 other, a data pattern provided by the second terminal
(154) of the first device under test and a data pat-
tern provided by the second terminal (164) of the sec-
ond device under test (160) with identical reference
data patterns.

20

9. The chip tester (1006, 300) of one of the claims 6 to

8, wherein the timing calculator (110) and the channel
configurator (120) are adapted to delay a timing of
the third channel (138) with respect to a timing of

25 the second channel (132), 1if tThe propagation delay
from the first channel port (134) of the chip testerx
to the first terminal (152) of the first device under
test (150) is larger than the propagation delay from
the first channel port (134) of the chip tester to the

30 first terminal (162) of the second device under test
(160).

10. The chip tester (100; 300) of one of claims 1 to 9,
wherein the chip tester is adapted to adjust timings

35 of different channels individually.

11. The chip tester (100; 300) of one of claims 1 to 10,

wherein the chip tester 1is adapted to obtain the



5 (134) of the chip tester to the first termnal (152) of the first
devi ce under test (150) is larger than the propagation delay fromthe
first channel port (134) of the chip tester to the first term nal
(162) of the second device under test (180). 10 6. The chip tester
(100; 300) of claiml1 or 2, wherein the second channel (132) of the

chip tester is CQBBpQgé@QohOdQ§a9ndh@Eékeﬁbénﬁﬁkorﬁétkbﬁ thhed by per-
channel (138) of the hip tester is confjgured to be an input

channel, and the ?Fﬁ%ﬂ% G ctfatbr ORE10) 1AM et C il Beggure-
configurator (120¢nacte adapted to adjust input timngs of the second
channel and the third channel such that a relative timng between a
signal reaching the first termnal (152) of the first device under
test (150) a&akd aﬂheftedpiWQ&harsdhm%d Y&0 uecSanpke ctfi el agfmst he 26 10,
second channel I pRr.xi.nat eLy al. to ;
relative timng %Q%%%%§ g£%+ Q§TE$e§§%?ﬁqa % f%r£§%%%rﬁ¥%aﬁ% E) tPe
the second devi cBrORagptiest @@é@y aﬁéféﬁr@ﬂﬁéctﬂvéoémﬁtépgnal1&8Dueby

sanpl e tine of theatibhgdghanpeby &éé%ﬁon3gewﬁ§ﬂﬂifﬁéﬁéﬁﬁéeghf&%mge&on

si gnal val ue sangle ti deflnes when a signal sanpled in a channel
has been presentt&Pmaddhtl ferminal . 35 7. The chip tester (100; 300)
of clailm 6, wherein the timng cal cul ator and t he channel nodul e

configurato ar e dapt ed t.Q d Jo) s _of t cond
ol aod thei?n rBRenanas r2edd SEIPD ) PRES aRpes! RE MR oy 12
si gnal val ue sanpheIELneshewhememq tded duwdpito rc| (k0 Jofi¢ hedaeicendto ob-

channel (132) defjngs,an *@ﬁéﬁﬁﬁegk?g%bgg &ﬁeaeiggraagﬁék Hggvaﬁﬁgrﬁx-

the second tern na 154 vi ce un
sam 5 pled or c%ﬁﬁ%r@ﬁ ﬂﬁﬁﬁaglpéféﬁéﬁﬁgaﬁﬂQRad%#ﬁﬁmﬁé?%@ﬁeﬁﬁ% FHﬁGF‘

clock afs the thixngtebanpek é1§§mrggitFe§faghaBéaaaﬁgnhalgIn@a@heafteﬁe
signal provided b Epond t erm na

under test (160)° gigggnﬁ 84161 Sc SHpdied éﬁg CE@?L PgﬁgquhleV%erminal

of the first device under test and to a terminal of

the second device under test.

20 14. The chip tester (100; 300) of one of claims 1 to 13,
wherein the chip tester is adapted to adjust a timing
of at least one channel (132, 138) coupled To a given
device under test in dependence on whether a device
under test is loaded in another device under test

25 socket or not.

15. The chip tester (100; 300) of c¢laim 14, wherein the
chip tester is adapted to obtain a lcading state de-

pendent propagation delay information describing a

30 propagation delay between a channel port (134) and
terminal connections (152, 162) of a given device un-

der test in different loading states of a line con-

necting the channel port (134) and the given device

under test, and to apply the loading state dependent

35 propagation delay information to adjust the timing of
the at least one channel (130) coupled to the given

device under test.



10 8. The chip tester (100; 300) of claim6 or 7, wherein the second
channel (132) of the chip tester and the third channel (138) of the
chip tester are configured to conpare, shifted in tine with respect
to each 15 other, a data pattern provideg by the second term na
(154) of the first device under test and a data pattern provided by

the second termpaé ChE4) wfsidde seconddeyvi cer updgimt est, (mewthhe
identical reference data patterns. 20 9, The Chl t est er

of one of the cl&i'He 6tet F  FherdfIPtHE £ m?}@t Ja’tlct?tnat‘d ﬁ@; é%lﬂte
t he channel confpgupateti¢d283layeiadaphedibn dehaylhlhgnangrotaghezon

hird ch I (1 f
(132), 1 the prophedt PSR EERashe  SndehbT PPst’ (R3aherndor ot SaT "orh-
the chip tester necthensi ngb2t edmnalfofls) lcﬁfastth@ff:rls&t déwV tee undéer

test (150) is |larger thapthe,pr %Q%gt%lt'@é‘va@@éa%nhwméé&f' 'ft%b[) and a
channel port (134) of the chlp tester to the 30 first termna 162)

of the second deb eeduﬁﬁﬁﬂiﬁesﬂn@?GO)te%@ CPRecetirpltester Yroochanoy!

of one of claimpdrto(93anheigi # therehi pihester is adapted to adjust
ti mngs 350f different channel s individually. 62 propagation del ay

difference information (112) by perform ng at |east one
ti me- ddmai n-r ef | ect olohaimasut eadatl-sbdRe Fhepsbapidtestela108tw860) the

of one of clainms ﬁ?h‘? .10, o"ﬂer?;? § o, Gl B t€é£ néf(%%g@egt‘l o% dinder

obtain the propaga ion dél ence i nf of NEtL T OnN
t he propagation eemeydereteeeneethnabrhe@sbnomEOﬁealﬁelendee EsstThead

chip tester (100be§98)aQEaﬂ@%&ﬁefééﬁfﬁbéﬁﬂf %gtwe@ﬁr%wgtéﬁeﬂﬂé@nﬁort
cal culator (110) is adapted to obtain an avera ation

di fference i nfor#afi baebleattrayi ARG PEEpagat 18 eaeteysagetete%e aXd
infor- 185 mation for a plurality of shared channels, each of the
shared channel s ?elng gganectabl& .Jboth to a termnal of the fi

devi ce under tes a ferm° éﬂﬁ§ﬁ e sec %%d%%v?E%F%nBEFP?%gFlOH
2014. The chip téstay b&00secB0@hecofcromend@f wpdainend td Izxasthermd nfur-

the chip tester hg epdaphed 1.0 angﬁEcﬁlghm&g ka3l '&@St OEgleﬁi‘QE‘%n

(132, 138) coupled to a given device un test 1 n depe
whet her a deV|cebﬁﬁ@@rCt%sﬁhﬁsaﬁéaﬂéalpﬁ éﬁﬁﬂhe@a@@vﬁ@@lﬁﬁdeﬂuke%tteSt

25sockety or not.jload electrically between the channel port and the de-
vice under test connection, for which the calculation
is performed, contributes an identical propagation de-

lay.

25 17. The chip tester (100; 300) of one cf claims 14 to 16,
wherein the chip tester 1is adapted to adjust a timing
of at least one channel during the execution of a test
run 1in response to a signal indicating that a device
under test socket will no longer be loaded by a device

30 under test socket loading mechanism.
18. A test fixture set (9200), comprising:

a device under test beoard (700; 910) for providing an
35 electrical connection between a chip tester and at
least two devices under test, the device under test

board comprising



15. The chip tester (100; 300) of claim 14, wherein the chip tester
is adapted to obtain a | oading state dependent propagation del ay

i nformati on describing a 30 propagation delay between a channel port
(134) and term nal connections (152, 1629, of a given device under
test in different | oading states of a |ine connecting the channel

port (134) and the m@irven deviee under tesds @Bﬂté@ta@meyneme tma@)' Ngor
st at e dependent agati on d agﬁ_lnfornatlo t o adj ust

5 r.o
timng of the ath8gggl8ﬂe A HETRE o~ th %Fv%%tﬂﬁ%?the
under test. 63 d6vidheuntiep testebc&t80and08) fokscl demidd, unberetast,
the chip tester is adapted to obtain an unl oaded-state propagation
del ay information describing a propagation del ay between the channel
port (134) and tergenahdecaleviZaetdonstess2 cond2ctf orlatertieasilb) for

first device U”dﬁio%ﬁéinglﬁo)d’et%c%%%%d &%Vdﬁ%d&d%oﬁ@ét (360% =80t Be
third device under test Connectable to the channel port (134) via a

shared |ine; 10t6685F§|ﬁ“&kﬁbaﬁéétst%?%r%rdﬁébaﬁloﬁeﬁ%m%yc%%ﬂwﬁénuﬂﬁ@r
channel port (134ysapd a term nal connection under consideration wth

at | east one device under test |oad being arranged electrically

bet ween the channel port and the term nal connection under

consi ddrtat i on; aad th3 o @@myédeuadeesﬁkﬂaiecbmtaatl@a@@@ﬂ$tatﬁﬂ2) for

propagation del Bs%wﬁg hNRERANAE, Pl ANG ALy | S88L, A0e, LUELDET e

term nal connect}on a calcula assunption
t hat each deV|ced®ﬁ§@€ ﬂ@gﬂﬁ20tE©§dkE¥%mirﬁcélH?Kbef%ééh tdr igtfannafler
port and the deviggrunder test connection, for which the calculation

i s perforned, contri butes an identical propagation del ay. 2517The

chip tester (100; 300) of one of clains 14 to 16, wherein the chip
tester liss adapted treuadhusiewd dd nimge of tabtl e@&&a@me glhamiael  duringfor

t he execution of_a run in.response t.o Si dlcatln t hat
dovi co.under t esPPRbERbROWR FERGETBRIRT B et P A e utthdshe
test socket | oadieygicechamdiecsmtds. Aoctedt drikt uhe setof@00jgvice under
conprising: a deyégg under test board (700; 910) for providing an 35

el ectrical connectioh between a chip tester and at |east two devices
under test, the device under test board conprising

20 a first chip tester contact element (702} for provid-
ing a detachable electrical contact between the device

under test board and the chip tester,

a second chip tester contact element (704) for provid-
25 ing a detachable electrical contaci between the device

under test board and the chip tester, and

a third chip tester contact element (706) for provid-
ing a detachable electrical contact between the device

30 under tTest board and the chip tester,

wherein the first device under test contact element
(710) and the second device under test contact element
(711) are both electrically connected to the first

35 chip tester contact element (702) via a shared line;



64 a first device under test contact element (710) for providing a
det achabl e el ectrical contact between the device under test board and
a first device under test, 5a second device under test contact

el ement (711) for providing a detachabl egel ectrical contact between

t he device under test board and a second device under test, 10a third

devi ce under tes%h@@@&ﬁckjﬁieHﬁﬂEd(Z&%ﬁxﬂﬁru@&QX'@%@Q.ac&ﬁ%@@@aghément
el ectri cal contact het ween the device under test board and the first

devi ce under test/145a ¥DuPtlREEVH G lindernrestedorftact N8I eTRSGRNG 7E3)P
for providing a debaehabbatabecbnemahthnoa¢t bet ween t he device

under test board and the second device under test, 20a first chip
tester contact elenent (702) for provid- ing a detachable electrical
contact etween wvherdewi cdeuntderritlestieboaed vandrt Heeshi pohester glement

a second chip tesyen,cont ach LLEHRM ((/04) [l 1RHOVEL- 2RI NG1E g chi
det achabl e electilca contacﬁﬁ%etmeensg evi ce unEer testhogid and”
the chip tester, taffer contacthpldmeRip F@§ﬁéra@§ntact el enent (706)
for providing a detachable electrical contact between the device

30under test board and t he Chl t est.er, mhereln the first device
under test contatt S8lénsrchange medlu“‘(f¥63 ad tHER sRLbRATdEGF cBSage
under tl@st contaeitkl enenthip tester, th@l&btarexbﬁbhgelmeaﬁhmabkydata

connected to the first kIR Jie8f oL, cQRERCL: SLOENL JIWor By in-

formation describing an effective propagation delay
between the third device under test contact element
and the second chip tester contact element and an ef-
15 fective propagation delay between the fourth device
under test contact element and the third chip tester

contact element,

wherein the effective propagation delays are based on
20 actual propagation delays and wherein at least one of
the effective propagation delays is changed with re-
spect to a corresponding actual propagation delay,
such that the deviation of the effective propagation
delay from the actual propagation delay reflects a
25 difference between, on the one hand, a propagation de-
lay between the first chip tester contact element and
the first device under test contact element and, on
the other hand, a propagation delay between the first
chip tester contact element and the second device un-

30 der test contact element.

19. The test fixture set (900) of claim 18, further com-

prising:

35 a fifth device under test contact element for provid-
ing an electrical contact between the device under
test board and the first device under test, a sixth

device under test contact element for providing an



65 wherein the third device under test contact elenment (712) is
electrically connected to the second chip tester contact el enent
(704); 5Swherein the fourth device under test contact elenment (713)
is electrically connected to the third cfj p tester contact el enent
(706); and a data exchange nedium (920) or data stream for usage 10

with the chip tegigr:rrihgidabatgxehangqerrdiym aevdaktayabe@alest board
conprising an effeétlve péggﬁgatlon del ay i nformation describing an
I

effective propagafforitfe twlsy it95e F%@?H d&Fitcerhdér tsgth chip
contact el enent asdtthe Seﬁﬂ@dtcfélem@ﬁterﬂﬁ@n@ﬁﬁhwﬁhﬁﬁpnb addtanhebie

f [ ' del b h f d d
cont act ol enent - SRACERL L FOTISEH A BATa CORt AE0 HebREL whey Bi Roard

the efféctive prepdgahktonhdel agstare based on 20 actual propagatlon
del ays and wherein at |east one of the effective propagation delays
is changed with respect to a correspondi ng actual propagation del ay,
such that the deVlarfén dtha hElbthedEWieepropdenat ites tdefayt #¢onpdpeent

actual propagati gRqdelay settectisvaced didd.erepse Refween Onehde: opee

hand, a propagat on._del a n the first chip tester contact
o oment And the. PPFGr SHELHELCRbaRr CPRBLEEohPatt TeleRBnE ARGt SoheEnEon"

ot her hand, a prﬂaagaéiemedelayabetmeeanahehﬁrést1¢hep tester contact

el ement and the second device un- 30der test contact elenent. 19. The

test fixture set (900) of claim 18, further conmprising: 35a fifth

devi ce under tesvhevaiace pbehkan b6r theofidsti ajaandeléver bealkween the

contact between Ebﬁsgeﬁé9§cénﬁﬁaekeﬁésPOQBHtéEg %B%m&h%sénge¥hgesecond
under test, a sixth device under test contact elenent _for provid
an device under test contact element is lengt matche to

15 a portion of the second shared line between the fifth
device under test contact element and the sixth device

under test contact element.

20. An apparatus (600) for post-processing a plurality of

20 propagation delay wvalues of a device under test board
for a chip tester, wherein the device under test board

is adapted to provide an electrical connection hetween

a chip tester and at least two devices under test, and

wherein the device under test board comprises a first

25 device under test contact element (710) for providing
a detachable electrical contact between the device un-

der test board and a first device under test, a second

device under test contact element (711) for providing

a detachalble electrical contact between the devige un-

30 der test board and a second device under test, a third
device under test contact element (712) for providing

a detachable electrical contact between the device un-

der test board and the first device under test, a

fourth device under test contact element (713) for

35 providing a detachable electrical contact between the
device under test board and the second device under

test, a first chip tester contact element (702) for

providing a detachable contact between the device un-



66 el ectrical contact between the device under test board and the
second device under test and a fourth chip tester contact el enent for
provi ding a detachable electric contact between the device under test
board 5and the chip tester; wherein the §jifth device under test
contact elenment and the sixth device under test contact elenent are

both el ectrical |l yeeoupled 1,828 4f omrd h el pcm?tecresctca} 1qt %Céc&l&neﬁ&p
via a second shared |ine, wherein a portion o fir'st shared line

bet ween t he firsESabFcEW@&Et %%ﬁm%%%té894éléﬁ@ﬂpﬁﬁﬁﬂQ%ﬁgs%céﬁaaCh‘

devi ce under testbgenicaet: sefcenRitwdsn | eRgt BeRtehethdes It POSA+@Nand
of the second shg{j§ c |ne bet ween thggflfth devi ce under test cogtact
t

el enent and the & T Uider 2t 63t THomE&t e Trieht COBba ClanSLement
apparat us (600) f@péposioprpecessidngga Pl deakchpbdk 201 griopacEl | onntact
del ay val ues of Lce d t d p ste

t he device underg?g %éﬁogﬁg ?%vggé ng@% tggév? gggnaéﬁ 5 Chlgh%%gker'
connecti on bet weeheeéghi ptfteesfaers‘andi%alqeea@m@JOm e C@SHW@ eflggent

and wherein the @@YD?GaHadﬁﬁet§§Eoﬁ@aﬁgv§@€pﬁh§@§ ekl sbhn2acdevh eRent
under test contact_ el enment rovi di ng a detachabl e

el ectrical contaédt lhet videh ﬁéhde%l%%gﬁhﬂ%¥lYe§¥“¥%%9@?QanH°a*ﬁF?s?lrSt

devi ce uynder testhip seeerd dﬂiﬂtﬁé&:ﬁm@llﬂéméﬁst (gonty actielenenirédll)line,
for providing a ggtachab e.electrical .contact between the device un-

30 der test boar 3n8p8a§358ﬁdC8@9F&8 UHder test, a third device
under test contact elenment (712) for providing a detachable

el ectrical contag tpg%%%ﬁgﬂﬁQﬁg(ﬂ§Yé% under i hestbogyd ang, 1 hg %%%éﬁng

devi ce under test vi ce er t est cont act elene t
for 35 providingda deraghable BrepeppEaPncoAtddt b&EBWEEN ﬁﬁécéébﬂéé a

under tigst board aagatgae1§ﬁ0@a@a9%e&@eeﬂd@het eshirtd BekSkeChhBer test
tester contact el enent gzéspt éBrov .a det achabl e cont act
t

bet ween t he deV|E€nEﬁCt B7° ﬁa t épcﬁFEtFéSFQPtaﬁt ele-
second chi p testmencentact el enent (704) for provi ding a detachabl e
contact between the device under test board and the chip tester, a

third chip tester contact el enent
a propagation delay difference wvalue determinator

20 {(620) for obktaining a propagation delay difference
value describing a difference between, on the one
hand, a propagation delay between the first chip
tester contact element and the first device under fest
contact element and, on the other hand, a propagation

25 delay between the first chip tester contact element

and the second device under test contact element; and

a propagation delay modifier (630) for modifying the
original propagation delay value on the basis of the

30 propagation delay difference value.

21. The apparatus (600) of claim 20, wherein the apparatus
is adapted to leave original propagation delay values
describing a propagation delay between the first chip

35 tester contact element of the device under test becard
and the corresponding first device under test contact

element for a first device under test, which is lo-



5 (706) for providing a detachable electrical contact between the
devi ce under test board and a chip tester, wherein the first device
under test contact el enent (710) and the second devi ce under
test contact el ement (711) are both electrically connected to
the first 10chip tester contact elenent (702) via a shared line, the

apparatus conpri gi:Rgq S PEOPROtI 0N debaxsdetiey ntAat o (BRI {Qr tester
obt ai ni ng an orlglnal propagati on del ay val ue describing a 15

propagati on del af°hétitef [CREoulfirP@8¢¥Ee under test contact
element and the third chip tester contact el enent; a propagation

del ay difference_val ue _determ r 2 20). f.or abtaini a.

proFﬁga&%onﬁgegayﬁsi§P$P§§§38v35§§>dgggfﬁsﬁ ok ii;?gfifﬁ?rﬁﬁp“ééfiap‘
on the omne hand, parprtopagati opogetayobessern tibe ddarste @ besvéde an
contact el ement apg.the L Leh deuiqenunder fest contact ;elienenl, ande -
on the other han% g prggagatpoﬁ Eg ndgla?ygetﬁékn t he |%sgechip =c
tester contact eld¥enPramddehécsecsiavdbatrecondde fovrthopegdce under

el ement; and tes® RLORAGA! 0Brdekay nioenk %ﬂl_i(r@ls%i%mte@@irf VoG act
t he ori gi nal propggatlon delaé val ue on the basis of

t he
30pr opagati on deFaFmGrff Vet Ve "D 1 D@ hppatatasPEbuBfof o1 the
claim 20y wherei bnehenaapparat gsopagadaphedetlayl esavard gilt@l first chip

propagati on del ay val ues describi.ng a.propagati qn _del bet ween, th
First chip 35 { e5F5T SCoRPRERCH SHERETS! “Pho THSV Hod Sindsy L Eet 5k oot
and the correspordntigctti reslterenti cendinden tést cdmmachard enthe fogopaga-

First device under esfe) MNIGR Jod Gne 681 £2F ednehecbiieal Lynehesesh o
to the first chip tester contact el enent, unchanged. 22. The
apparatus (600) BENEl anfh Zbeosegpndnkerdics theledptestparatastt Glement,

post - priogessi g irgoadapleed 410y -0V geogeig £f { @€t By eapr opadat e delkavng,
val ue descri bi ng an effectiveﬁgrogaﬁailontgel%%:betmeen t he gourtgﬁl

devi ce under tesftcorttt BPRAERATIARGLY he ORI riFTHip PESPRFAELREacELaY
el enent by subtr aetivegnt héredi fderenos et vieen) eroant hendOtbae thamd, chip

propagati on del a ik ip tester contact el enent and
the first device¥3%§%?e?g£%g§gnﬁég#egﬁénent and, on the other hand,

the propagation delay between the first chip tester contact el ement
and thegecond deviceyndelciLsisoont at SheMH .the claims 20 to 22,

wherein the apparatus for post-processing 1s adapted
to provide an effective propagation delay value de-
scribing an effective propagation delay bketween the
fourth device under test contact element and the third
25 chip tester contact element by adding the difference
between, on the one hand, a propagation delay between
the first chip tester contact element and the first
device under test contact element and, on the other
hand, the propagation delay between the first chip
30 tester contact element and the second device under
test contact element, toc the original propagation de-
lay value describing, at least approximately, the ac-
tual propagation delay between the fourth contact ele-
ment and the third chip tester contact element.
35
24. The apparatus (600) of claim 22 or 23, wherein the ap-
paratus for post-processing is adapted to receive a

terminal direction information describing whether the



15 fromthe original propagation delay val ue describing, at |east
approxi mately, the actual propagation delay between the fourth

contact elenent and the third chip tester contact elenent. 20 23The
apparatus (600) of one of the clainms 20 (o 22, wherein the apparatus
for post-processing is adapted to provide an effective propagation

del ay val ue desctibibAg an &ffiecti ve prigpagatian delay-betpeen thest ss
fourth device under test contact elenment and the third 25 chip tester
contact el ement Byedddit@RhélBPEf &rdiid et WeeAS G t PletRhe kaaaingl:
pLOp?Qati 03 del amnagweeﬁdﬂa% fiW?ﬁétKélm Ped e@E@%l@Oﬂh@Céf@bﬁﬁEﬂﬁ @g@pa-
the first device under test cqntact el ement and, ,on the other n

Lhe propagati on GEFAGPbEEHESn TheTHTRY ORI HI30} Lo et i atp Jobend-
el enent @and t he eacendndﬁhec@emmdealtdstec@mbac&nébemamupnto t he
original propagation delay val ue describing, at |east approximtely,

t he actual propagation delay between the fourth contact el enent and
the third cBPp teébeeprponphus ébEAenPtI 85e24f TheimppidPatas2€e0Ghesfin
claim22 or 23, %ﬁ@r%b@a&@%u%pE%&a&%%ﬁiﬁr663§sfH§C§§Sé@thédaQépﬁégge
to receive a termnal directiaon information describing whether _the

69 second terni ndl PéPrehétyeedndidevi EeSGRdELNEeBEOPSIaseaT| AoaRY Val-
i nput tieymnal oteas f@fr out pMlutLriipabs anslyice deedde, whet hebst@ions
obtain the effectlﬁe ﬁrog gﬁ? gn delay by addi ng or by subtracting,

in depend- 5ence’Bh®t ReSt8 F-8irection information. 25. The
apparatus (600) of one of claims 20 to 24, wherein the apparatus for
post - pr0095§ ng Tﬁe gﬁBE{%gtEQ f(?b@‘? Bf%Hé%Et XlgE Gl b%stgegﬁ“ Qh@geln
pr opagati on elay or "a pluralit evi ce un

positions into atBpngbeafiltas i@r'ﬂﬂﬁﬁﬂﬂﬁﬁQﬁ&ﬁﬂﬂqxxﬁ @ﬁa@ﬁ%doio aVOld

claims 124 to 301p%@%&@hﬂgtBenégﬁaﬁabuéfE@EtEQétpEbBﬁ%&%hBﬁ uélé9395§ge
to avoid 15 prOV|d|ngH§ negative gffectlY Eropagatlon delag g%

by applyi ng an afdi AL06F bt 2931 BEORD LeptediVE prop ﬁﬁt? ec
del ay val ues. 27tifenpibpdgtt208) dkoeypravudisng tim ng i nformation
(114) 20 for adjusting a timng of a chip tester (100; 300)

operating in a configuration in which at least a first termnal (152)
of a first dévi cd watderdt éd£00150prapdoaifiingt tiawingnahfor®ayriofh 4114)

second gevi ce unggr Lashst1AQ) aE§m§98n6§t %dchQLpatfe'srté‘%: in@@“ebobﬁ%m

of the 25 chip tester via a shared |ine and 1 n which
terninal (154) oﬁrﬁﬁénglﬂé%i%e%@%%lﬁﬁﬁ%?l@%s%n(T@GFh|§“boh%%%¥eﬂ férst

ake]_coEd channelOI g&azmglalz f}%whi ]I?Jf{ ﬁwt@rrsﬂ gd%ﬁiwsm@ﬂ {:fteﬁe Q[ﬂeg%nand
Ich a secon er na (0] eco ev] ce er es
'S con- 30" nect 8 WG (TN CHannEr( 198) o AN b NIT L ee: BP YT a AR

unshared |i ne, thé6ﬁ$tma@<mmmmestm@.to a first channel (130) of the
25 chip tester via a shared line and in which a second
terminal (154) of the first device under test (1530} is

connected to a second channel (132) of the chip tester

via an unshared line and in which z second terminal

(164) of the second device under test (160) is con-

30 nected to a third channel (138) of the chip tester via

an unshared line, The method comprising:

obtaining (1210) a propagation delay difference infor-
mation (112} describing a propagation time difference
35 betwean, on the one hand, the propagation delay from a
first channel port of the chip tester to the first
terminal of the first device under test, and, on the

other hand, a propagation delay from the first channel



obtaining (1210) a propagation delay difference infor- mation (112)
describing a propagation tine difference 35 between, on the one
hand, the propagation delay froma first channel port of the chip
tester to the first termnal of the firsj, device under test, and, on
the other hand, a propagation delay fromthe first channel 70 port

of the chip testgp,to th%H@'éﬂlﬁe£@é9@£ eb khe secand dem 66, U ”gﬁrthe

test; and providing (1220) the tlnlng Information (114) to ad- 5 just
a timng shift bePReBA EFFifgsuBferhéesEéonfidchannel (132) and the
third channel (138) on the basis of the propagation tine difference

information. 28. A nethod f st-processing.a plurality of propaga-
10 tion del ay vaPGREIAGPT, ¢ 3@@%3 er Ry BEJP&WF%FOE cﬁi t es? efd-
wher ei n 1 he devi ¢estinder ttiedthgboandft s adaptsad tdmpmqmld@famhe second

el ectri cal CO””eE%QHegemg L. Sﬁﬁhﬁﬁ' ptfa?%&eé S‘BQ el hgézt 8&"‘"8he basis

devi ces under tes evice un conprises
a 15 first deV|cefuhH@rpreﬁﬁg@bmpactl@Eed@ﬁfetémgy fiofopratidinng a

det achabl e el ectrical contact between the device under test board and
a first device under test, a second device under test contact el enment
(711) for p?%V|dﬁn@%&W%ﬁa%%%bP%S%TEE???%§¥n%oﬁtéé@%ﬁﬁ%&%ﬁpfhérQEaga‘
devi ce jynder teStlbﬁaﬁdlég}dv&l@%@orf@rd%wd‘eewllmﬂejnd%tte@tt}fifbeﬁﬂd for a

d d t est tact el 712) . f d I

Gl ectrionl cont ath Dot Rt i ne ibes Lo SRBGrITERS bEHHAT afd Eneorid: o

devi ce under testdapté&durid peuvméeunﬁereﬁestrmoaﬁaoiomﬂ&ﬂnmun~(Eéﬁyeen

25 for providi ”gtﬁed%‘h%g)h SJ da%i' gal %fta%obe&é’@fé‘e% h&rﬁé&\!' t&st,
secon

under test board and 't evi ce un er test, a fi
tester contact eRefemheF32?) flor PEIVCE] ngl%ﬁ—ldet@@ham@réi e%@rﬂpléhﬂ;es a

cont act] et ween Ebesgeaéeﬁcenqﬁae&e§5590éaﬁt§eé Em@méhtp W§§§eEorap§9—
second chip tester contact elenment (7 rovi det achabl e

(704)
el ectrical contattd b@gméeﬁeFﬁEhag%Pc@lﬁﬁHEFCFESFOBB§Fg SRAVERB ERPpde-
tester, and a thirtdecthpekestet boatachnelanEIkst7aay1E@rupdeyidb@g,aa
detachable electrlggl cqgtact be%@%en thgtd%¥J e%SE% 3 ]Hgargor
and a chip tester ereln Vite HPFSE deV|ce un con
el enent (710) annrohedsegonddﬁ&ﬂqhahhakﬁlaq§n1Qﬁﬂn@mmt@¢bnb@tw¢@ulyhe

are bokﬂ}e'eCtr'SQbEXe'Ehd§¥"“ﬂéﬁ@ EQaLﬁ éﬁh{S% CQéBoﬁﬁskﬁﬁnﬁﬁﬁtéﬁher

el ement (702) via a shared rising: obtaining a
ori gi nal propagatféh- délé@l¥§I@?Wk%ﬁquﬂ@f Cest contsct element (712)

for providing a detachable electrical contact between
the device under test board and the first device under
test, a fourth device under test contact element (713)
25 for providing a detachable electrical contact between
the device under test bcard and the second device un-
der test, a first chip tester contact element (702)
for providing a detachable electrical contact between
the device under test board and the chip tester, a
30 second chip tester contact element (704) for providing
a detachable electrical contact between the device un-
der test board and the chip tester, and a third chip
tester contact element (706) for providing a detach-
able electrical contact between the device under test
35 board and a chip tester, wherein the first device un-
der test contact element (710) and the second device

under test contact element (711l) are both electirically



5 ing a propagation delay between the fourth device under test
contact elenment and the third chip tester contact el enent; obtaining
a propagation delay difference value de- 10 scribing a difference
bet ween, on the one hand, a propagation gelay between the first chip
tester contact element and the first device under test contact

el ement, and, onchhgeetBer Handnhea Pﬁggagaiﬂlqy dekayrbetywpen-¢ h@iement
first chlp testeraﬁ ntact el epent and the 15second Chlﬁ t ester

contact el enent 'nSdPf i RGAERE SHPGr n&PepPEpEgat FERPdeFa) I al ue

usi ng the propagation delay difference val ue.
obtaining an original propagation delay value describ-
5 ing a propagation delay between the fourth device un-
der test contact element and the third chip tester

contact element;

obtaining a propagation delay difference value de-
10 scribing a difference between, on the one hand, a
propagation delay between the first chip tester con-
tact element and the first device under test contact
element, and, on the other hand, a propagation delay
between the first chip tester contact element and the

15 second chip tester contact element; and

modifying the original propagation delay wvalue using

the propagation delay difference value.



