;ste3eld(lal.6T(AH( ~ , ,u zoos SERI AL SW TCH DRI VER
ARCHI TECTURE FOR AUTQVATI C TEST lhﬁ | ELD OF THE | N\/EI\FI'ITOﬁ
i nvention relates generally to aut orrat | C es equi prent for test Jﬂb
BAW(H]JN%?Z T[?—Aﬁ | NVENTI ON Manuf act UF€P% of seni conduct or g /04454
routinely t eir products at sem conduct or “devi ces, and‘
nore particularly a serial sw tchh@ M@Em.@ mi “E’Cse In a sem conductor tester
to test |logic devices. and packag els. The testing is usually
carried out by a sophisticated systentigastonly referred to as automatic
test equi pnent. The ﬁm [ 8 I YES wmmf to and detects

out puts from one or gﬁ[}ﬁ' Wy. Xﬁ .,@t ected outputs are
then conpared to expect eEO%AU&!)M(ATiﬁ'é‘ESﬂTEQl\HPMENTt he devi ce functioned
properly. Many-|logic devices include I/O pins that require three distinct
voltage | evels. 20 Consequently, in order to test the full capabilities of
such a device, sem conductor manufacturers often require the test equi pnent
to haye the capability of drgyg ¥ TR IR @K™ to sinulate the
voltage | evels. This capabilT sides in the driver
architecture foe 1&&@%‘08%?\?%53‘!%{3’ fOAFBRisest cayiPmeshfanteHing pin of the
DUT. Con\/semddaaaétoldddvma aidGhore PaktichRilyelieriay Sditdhdrivet omdseGn hest equi pnent

are 25 usuall esj | cat ion specific integrated circuits
(ASI Cs) tSg¢eon é}’%? f‘e‘?r'.‘égpg ARViSSact roni cs for coupling to the DUT pins.

The ASICs typically utilize bipolar, M3, or GaAs technol ogies due to the
hi gh gew ce densities acmﬂfﬁ& NI NITI {ver architecture that
enpl8 s bi polar technol o , is enployed in the
73 Magnum t d¥arfactuera ffsemigondudior devicas yenetinely test their pgpsivcts atithe wafer

Ca i fornigyg 8% f%E&lGHﬁ@é levBi8! TAE ?é@hﬁ@i%tdéhﬁllf%fed §€tsb)aa Qﬁﬁﬁxcﬁteﬂ%y&t‘éﬁm

configurati | s a vari.abl e current gut of buf ITfier 10 to
change t KEMyRA% h@‘é ’F |as gptopatic 45t pRHIPISHET T ?ﬁ%“‘BH’FPEﬁen&F\%‘Y S i ncl udes

I nt er nal wdvefotisty anddetgenautphits figpnpondogorevddvicegandaviest (U BNdIeen out put
resi sganc | I el
et vbPi G HeR RO 8tk ofafial epchied VG kel Wi PRRACL T,
and i ncl fuectionsgpropets programmabl e current sources (si nks) 14 and 18 to
sel ectively drrﬁ%}ﬁté?fced&hc@yincﬁfdetl)@? D fhA e gmlaﬁebassu@heo@wm i ncl ude

S

respective /4 /15 PCT/USPD0104454 airs of
conpl eme rﬁ%s‘ﬁq‘lepﬁ)‘rép STUsF L0 Toft mﬁ%&? jes efsychadexice; W’é@@cg‘?é's ponse to
conpl enehafufacn@eis®fteh Giiire the tesb‘hquﬁﬂﬁbxﬁ%’io h&ie the capability of driving tristate
20  waveforms to simulate the voltage levels. This capability, when provided, resides in the
driver architecture for each channel that corresponds to a particular pin of the DUT.
Conventional driver architectures employed in automatic test equipment are
usually designed on application specific integrated circuits (ASICs) that form part of the
) pin electronics for coupling to the DUT pins. The ASICs typically utilize bipolar, MOS,
" 25  or GaAs technologies due to the high device densities achievable.
One conventional driver architecture that employs bipolar technology, illustrated
in Figure 1, is employed in the J973 Magnum tester, manufactured by Teradyne Inc., of
Agoura Hills, California. The conventional architecture comprises a Class A switch
configuration that pulls a variable current out of a buffer amplifier 10 to change the
30 voltage level at the output Vout. The buffer amplifier includes internal circuitry for
generating a “high” voltage level Vh and an output resistance represented by resistor R1
(typically 50 ohms). A parallel network of differential pair switches 12 and 16 are
coupled to the output and include respective programmable current sources (sinks) 14 and
18 to selectively draw current out of the buffer amplifier. The switches include respective



An operational characteristic of a Class A driver is the constant operation
of the programmabl e current sources |1 and 12. Typically, th cquryfnz 3
sources are programmed 5 to sink specific currents to effect ‘dej i-r 91“

vol tage drop across R 1, and achieve the desired voltage at Far_t he-
archit ect u»g)?o/"lmétrat ed in Figure 1, the relationship for JFS&HMQ% 147
is often (Vh-VI)/Rl, and for 12 the relationship is (Vh-Vt)/R . Qperating
with the foll ow ng paranmeters: Vh =2V, t =1V, VI = O/, RL = 50 ohns,
VCC = 7 volts and VEE = -6 volts, the respective currents for 11 and |12

correspond . to 40 . 10 mllianps m. | 1ianps, respectively. In
operat i ori?ai’iskfgCB@Péﬂme@ltarﬁérﬁﬂﬁqursggﬂséﬁtaéﬁ&&%2‘"i icacligate dg RSRORSEtS t he ti med
| ogi c si ggﬁ\,l,ﬁepﬁem&ﬂy lopid sihnalB*At A .aediB/aB: and deactivate the proper
transi stors tozproduce the desi.red tristate wavefprm a he out put . VOUT.
Flgure 2111 ushhapagtgng ebdentt pta CREGAR Rt he CuBHaL ABTRIPDF e
t ransi st grregfinniabl¢ curesnin s@reestlh and 12.STyafieallyathe fcarrentXourcEQafepregiantniel out put
to Vh.(2 : | LV d ' and B are
et vat edsyikpeciEh s (f sreok BB v ilafe BRAGLS RIL bl 27 31
current olesired veltage gt MOLIT. For the arehitasture dlustreted in Figuee V.ghe sejatiansbip facr oss
donct i vath o5 daming 11 Koflch (VR VORI, 461 TOATR Bheldioii 10 OO TORID% ) 2w 20
111 anpOptadE Pihielonoa IEmRRe Vb o Lol segerA Y+ Bl f ohias
gr ogr amTEch Ceav? |vol®§| amlN%Bm-éamlmh_ Ohe k&peﬁ_ﬁre?uheiﬁnslfbn Illtdmﬁ I? %E)/lﬁﬂépomd |rt]<5 age

rops.to . vV .40 achieve.the third voltage | eve at the out put
VOUT, OQM qxéhétws[adﬁe%ﬁrgfl}xa%ﬁ,lr%sp@v ¥rul t aneous| y switches on, causing 12 to
‘anw 40 mA acrloswpermation, the gardHdpmetwork\6fGwitches 12 aral tésrespiinids ¢o thedimed
cenventi | 4 ed* sy4 | ead?]-ﬂ : ' 5
I nt ended%%rkgé%égé’#m?g %1%@7 ?%%F{ﬁ%tt emgrg‘?tgﬁg/@egg@é?ge l%.tﬂ{éggé }%@%s
duri ng t tke gerinsd tristatg yavefosm abthe\rutnutf Y QAT iFiguse @ illustrgesratimig diagramne
i naceur AG¥gdriimg éirx]@selhh@n@ﬁgt 6f the h‘?if{siébt&];s'i(b rmj%mem%é thedfidaic walefdith ﬁlgﬁ i | s
activatin : 0 n_o efare rung on, as shown i igure 2,
a "ptes hég't iBe QEtPHEE‘h?E %H%#S%‘Pé’é{%%s Qgrq'“r‘? %@reg&g‘fq}?aﬁgn%}é‘?q &?Fﬂgqﬁ %ﬁal
channel , activated byithetdomplémendidrly dogit lsigndissA tialabBE.cA$ o resalttha ctuders onit eAidy
state. Thy | 2 o] C of .11 ' vef ot m
and i ndi ?]Ié%?‘?f;gequggggg@h?%g vé@? ielgtfel V\Q/"é{agggg"g’ %#&% %{el’ijleatg?lgr?bkﬁg%hg} &gr obl em
wi th t he vobinl etativeting Qdawith logic signal B, apd deactiyating QB avithatigned B*nomiseethet he
powte_r Co@é?ﬂm@vﬁté?il_ﬁ% awzx{h@m oweﬁﬁ&t%hpet«ﬁheﬂlﬁsﬁlmi&fésg&fcgng o
cont i nuous mai nt a peration o e current sources an .l n the
e dpiornnad RvaistiBimaghoRree 10 ASE Sl gt Bispripliges st vi (1 L
current ivelthlTueachieste shathird vbhiageslovel Aésat thdhattprnatr VOUTQUHe switchedaiff while
(typicall A : ; i £1er u 1 he
conti nuogz {‘f)nt\ﬁg[%’ﬁ%%hfly gnrwtl{cgﬁsrr%hl E:% @Eﬁ in%)'{oldlfr%‘rgrgg ,:h%vialgﬁ) ggﬁg’oé{rateésré%épng power
consunpt ¥PUSfto §oelts* 13 V = 780 nilliwatts. In sone circunstances, tester
By | and L2 e B e e A ot 40

an out o e buffer are pbo el atjve I, of ten abou

1175 dntenad P i SKilef i Bscar Ky cserp e ipbedhacish i e o SRy =
1040mMN Ttaesidoh ef ¥I0D fropoVieto ClorEhenpasoarfornthe inavdemicy Hed i the difficylty in
applicati | : r | ' '
driver ar fgﬁl?l%agc ur'}éﬂﬁ??@ﬁi%m%ggf é@‘%&%gu@pmm%gaﬁh% éfﬁg@fgée[)gg&%? y of
i ni mi zi 9§, arshopnds Kigire 2,4 mMIPeet’ 22 eccytirthatFreates aringing disturbance intheeover
é he need s%hféfx%nﬁél!rﬁﬁuﬁﬁfg}fﬂlie @rafn'awh &gtd_&mbaﬁ@ttﬁ Qgﬁﬁtkmté%dgistr]mé. PRET t

uring operation. e serial sw.tch driver architectyre o e presen
i nvetili oﬁﬂéﬁfiﬁg‘g’i BéfsT“Fﬁg%@"H’@&&gfh‘e-m§‘ate Wi"e%OmMan .mcgffsﬁy fﬁﬁc 2971 5
SUMVARY  effedtive sptaddfthéddster.

Another problem with the conventional parallel architecture described above

involves the power consumed during operation. As noted above, Class A drivers
continuously maintain operation of the current sources 11 and I2. In the example above,
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PCT/ USO0/ 04454 - -- The serial switch driver architecture of the present

t nventi-on provides the capability of delivering a tristate mave{ g&gg
pin of a device-under-test with high accuracy while mnimzind hg“%
consunmed ¢ bgMdrEoer ati on. Such advantages 5 inprove the re}(mrbsbo/ws‘ﬁggi_...
throughput of a tester to substantially reduce the costs in testing

sem conduct or devices. To realize the foregoi ng advantages, the invention
in one formconprises a tristate circuit for driving three signal levels to
a pin of a device-under-test. The tristate circuit includes a driver having

frret o RtercyBis e SSEe Wl ERb R Vod BRRGI hlf gr 0y
si gnal . ﬂihbuffelrsnplsﬁﬂrtl&n(a@sgqmqntlmptbp aontmutous tnddleirientdunsad GO millamps, r st
si gnal y@%{ﬁ Eﬂeﬁ:loﬁﬁﬁm%gﬁﬁér%ﬂémﬁéﬁ%ﬁ'om C£95¢ SPEE M0 thsgxg]Q””eCt S

serial | rst second swi tching unit respon
second pitsyrEmAREes, astaramers it Bhier ik o\s 2 selb dhrrespective Prpgramamed cumertdi t ch to

?Ihte ersnt gﬁ?&gn ®9Nd aﬁdri qmgiu %ﬁ%ﬁ?'buﬂ@r e bohrlafil &y at @me}rll abokR? 4bramﬂ§u;ﬁ;b£r Cf ?(r:m t
i nv i ses i S ui i i rcui
to dri veeaf’h’ é%‘f 9%&’%@ PRYYEL %"{}ﬁtl%vegf’%%ﬂ‘t §6 ig\/ uan?Bﬂ%\’st es¢lvels i st at e
ci Ir;:ui t dfipohwetl esnsamptiovere andgsirabsie ngmanjoqﬁﬁleauamml i fi elr powered by a t
vol t age sour ang, e operates
2t & brogr anmuBALE PR AR bah L B Frapld Tt st AERRET OOFL 0
adapt ed afumrn@mjpstl glnm:ntt havisgrihe wmbxilgt Ofgwmmiﬂm@arw preshept trausigiites t o t he
OUt ﬁﬁ‘s‘in f'MSfeo%'rr ﬂﬁ%e&%k&@&ygﬁwﬁqﬂ e;lg%ectl verl nes a

rst curre responds r.ame alter
Hse hi gﬁnme}peldwqrémpgtoae@uﬁpd 6F¢i"§’§ @véquswwmurfgoféh% present

edet erifvémtidnGutisfizstheddineeds.t he driver along the first current path. A
second swtching unit couples serially to the first switching unit and
conprises a second current pulling network defining a second current 2 5
pat h. The second current pulling network responds to a programmed signal to
selectively alter the md-voltage | evel by drawi ng a second predeterm ned
current out of the driver along the first current path, and conti nui ng
al ong the second current path. In yet another form the invention conprises
a method of switching the output signal level froma driver according to a
predetermned tristate waveformto mnimze 3 O transition transients. The
nmet hod i ncludes the steps of: utilizing the first signal level as a first
state for the tristate waveform drawing a predetermned first current from
the driver along a first current path to reduce the output to a second
signal level defining a second state for the tristate waveform and pulling
a predeterm ned second current fromthe driver along the first current path
and through a second current path disposed serially with - 4 1 ~J UL
2003 WO 001 49715 PCT/ USO0/ 04454 - the first path to reduce the output to a
third signal level defining a third state for the tristate waveform O her

tgatures and advantages of the present invention will be apparent fromthe
|l owi ng detail ed description when read in conjunction with the
acconpanyi ng 5 draw ngs. ~~~11 1 2003 WO 00/49715 PCTNS00/ 04454 _

_ - BRI EF DESCRI PTI ON OF THE DRAW NGS



The invention will be better understood by reference to the follow ng nore
detai |l ed description and acconpanyi ng drawings in which FIG 7| S‘Jgi 002
schematic of a tristate driver of conventional construction; Zg
timng diagr Ll.Lustrating the sequencing of the conventiog [ e.-
driver ofa\%log’[‘?r"g;] FIG 3 is a schematic of a tristate drlvéjniasg @sﬁgng “to
one enbodi nent of the present invention; FIG 4 is a timng diagram
illustrating a programmed sequence for the tristate 10 driver shown in
Fi gure 3. - 6 ~1 '~ JUL 2003 WD 00/ 49715 PCT/ USOO/ 04454 DETAI LED
DESCRIPTIO\IO:THEINVEI\FFIM&{((&QrW %ﬁ , the serial swtch
driver architecture of the | ALY, | 'y designated 30,
i ngl gges ﬁ dr i Yie sedidl mﬂcgﬁdril&r ﬁrcﬁftecﬁt&éloﬂﬂexpr@séﬁﬂﬁ%ﬂ!ﬁbrﬁﬁmtv?ébﬂﬁa uni Ej s 34
an The Wi t.C tru on, mnim any r 00 5 during
Ut put st APEOLAIT Ve s TP HEtHREE 1 B P A ot Bk g on
Furt her raeteracy while mikingaing the pdver cdnsunexd ddizing @peratieas Saclh)ud\fmtaggpl ifier
of kn vvn C i r erate a
8 nm&er tﬁ&&élﬁ%&@?ﬁ%hﬂ@ Etsor% é{t&? cfé stétQm 18/9‘% e S sgseﬂl

"hi gh Hhice
representteﬂlwenwnﬂvﬁprdﬁwcmsual I y 50 ohns. The f| rst switching unit 34

shunts the outpylieal{pbibe'rebSingadvinidgds, tEIPEATEH . dr t6Hh EBADrBADwisfhe 35

o o e on e ol vt s A it SR S

conpl errerihaweseaamiveaﬁxahn@eh aﬁtpmuacatﬁ@mgﬂaamsmf &dabBATEB) chiplingdltke? Wi th

resp t|ve e 1? 0| nedt at e ﬁ th ? [£3 ttl ve bases f.ar re cei vi ng

Conpt Grre iy 4 AraELOHE i ol Rt ghinuf B eGPERE" b ¥ BRI Gianals o | he

egt gut VAHE. first s‘th@ltnganngwwmmbselecnvehnaltesdiwﬁm sxgna:lduyﬁleclsascx:ohﬁ no?ﬁ N1
raw r i er

through GELEYE R 9%‘-?’““%“’*‘%% chiliegpS6ridiBAothe B SR, TREMechl

buf f er 33itching waikTesnen ﬂwcmd mrﬁsramm%i signl B pperétfﬁ d@coapete gmmned

accor di ngné ﬁrs&bﬁlté}?{oadltcﬁﬂﬁfkbébﬂd\é%@ reBkLto\mes?éaarle@aesents a md-|evel
vol tage. Wth _cont n{u ?Pﬁ&eren eto cond .swi t chi gquFumt 36

coupt®s to t ndBang Gvefiion pmBish i e A0l SRR PR IICRATE. o 3
7, and plcarcuitgp diree theeeoroltagenevelkitag pimifla demica-weler-gest. r’ﬂheahstanschrqmw th the

first 5
i © oy ndhHeh ek colfpridinet & bt iy Bl 6y Whae sbule 26t filfing
di ffer emanaautm&mmsﬁncs{ ewglme@qee W@a%n@mmmweypmedqfwm@aq 1 and
Q. The quqwéi @ 16W21 athd%hnoR§ie Adhpted fof)gm%hﬁggaaiespxﬁ% AnflrsBswiteing | ed at
C

th The. 25 | £t d f
CoCcHl” h o cRSPIeARE e ORPUL ABLSTRES & O FREs: Puinachetwetk. Shs BEvET node. .
The secoddfinesa Brst ciaoent pathiasd pespondsrioacprogramineed sigmat mdemwelychlmgtheo t he

| ati ' d t f t
Cource | Tietudiége Jevtt o fihid-Olans By AR, Skt phdoShitdeburieh O dIC, | 1S
driver 3@1@@1‘1‘{%@1@@4@@%& PR Patbn A @camchw&mg)uwé GoHries syneHlé tothe fiyst g
dew ce- URaftching HinitGRYEdmbHASs asga@wa)cun@m MillinPnétdoilt &hiding alBbfondiduerefit 9 h

e e ek P ST noh A sl g preEE Rl i el e
out put f ahen tHe _&u_tle/oﬂthge ey¢idry disgingadetendgireddtarmin@i aurcknyofit of theddser al so
programs a.wﬁ% the mﬂguﬁéntlpgﬁﬁ', anfsécg\@iﬂ{lﬁlg%loré*the ?é?:gngcunem’p?athf a~J -~ 20fl~

In yet another form, the invention comprises a method of switching the output

-

signal level from a driver according to a predetermined tristate waveform to minimize

30 transition transients. The method includes the steps of: utilizing the first signal level as a
first state for the tristate waveform; drawing a predetermined first current from the driver
along a first current path to reduce the output to a second signal level defining a second
state for the tristate waveform; and pulling a predetermined second current from the
driver along the first current path and through a second current path disposed serially with
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WO 00/ 49715 rcT~rsoo~0aasa w - B * to activate the specific transistors Q
1-Q4 -at* precise tines, thereby defining the tristate waveform{rjangit 208,
or edges. The accuracy of the actual edge pl acement versus the progranmed
pl acement vy gdagBPoOrtant factor in successfully carrying optTAIS00®id45aN A
| ogi ¢ device. 5 The voltage | evel conventions associated with the serial
swtch architecture of the present invention follow the relationship
V3>V2>V 1. In a majority of applications, V3 is progranmed to a "high"

| evel (Vh), V2 set to a "md" |evel (Vt) and V 1 mapped to a "l ow' |evel

\ i X|biIit

'Eo }set VSE 1&?P£@t8{iduEfn sugjrﬂl'?gs?%urrst nggga l?’gmat %rg?’te%t%g?ﬂs own Y
recognlzégﬂﬂﬁéw%@‘ﬁﬁbper mappi ng to ensure that V3 is set to the highest
level, V2 is Fothef Ratuhd aﬁuddm@ba ofdhe p\ésénﬁﬁ%rﬁﬁntv\hﬁ Ue%pmhi fagh tirvel .
CperatloR f i he trlatate cgirc n one exanp grocee S accordlng to
the tim Agliwingdsiailed desqription: Eﬁ?gaﬂm F‘?PJ‘PFﬁt‘Qné!‘Qg‘rfB accompanging ogr ammed t o
2 vol §s, drawingé.ne desired voltage levels for V2 and V 1 corresponding to 1
volt and O volts, respectively. In 15 order to pull VOUT to the desired

| evels for V2 and V 1, the respective current sources |1 and 12 are
programmed to each draw 20 mllianps of current out of the buffer 32. For
exanple, current source |1 is progranmed to draw a first current out of the
buffer according to the relationship (V3-V2)/50 = 20 mllianps. Likew se,
current source 12 is progranmed to pull a second current out of the buffer
anplifier, summed with the first 2 o current, according to the relationship
(V2-V 1 )/50 = 20 millianps. Further referring to Figure 4, at tinme tl,
tr~ansistor 2 is activated by the application of logic signal A at its
base, while transistor QL sinultaneously deactivates. As a result, the
first current path to the buffer 32 is established, resulting in a 20 mA
current being pulled out of the buffer 32. This drops voltage V3 (2 volts)
across load R 2 5 (50 ohns) to the md-level voltage V2 (1 volt). At tine
t2, transistor 2 turns off, elimnating any conduction along the first
current path, and QL activates, causing source |1 to draw current fromthe
power rail Vcc. Assuming a high input inpedance at the DUT pin (not shown),
m nimal current flows through R, such that the output VOUT follows the
hi gh | evel voltage V3. At t3, transistors QL and 2 again switch states as
3 0 descri bed above to reduce the circuit output VOUT to V2. Wth conti nued
reference to Figure 4, at time t4, transistor 2 remains in an operative
state, while transistor 4 turns on. The additional current (20 mA)
conducting through Q4 and drawn by the current source 12 suns with the 20
mA current fromll to draw a total of 40 mA fromthe buffer anplifier 32,
and to correspondingly pull the ~~ 1 JUL 2003 WO 001 49715 PCT/ US00/ 04454
" output VOUT to V1 (0 volts). Because of the pre-activation of the first
current path established by 2, the transition fromV2 to V 1 occurs

wit hout any preshoot problem By elimnating any preshoot disturbances, the

sulting transitioning edge is highly accurate. Turning 4 off, at tine

t5, returns the circuit output VOUT to the V2 state. 5 In certain

ci rcunst ances, users may need to programthe tristate waveformto
transition fromV3 to V 1. An additional feature of the present invention
is the ability of carrying out such a transition at high accuracy w thout
the necessity of activating both transistors @ and 4 sinultaneously. This
i s because any conduction along the second current path defined by
transistor 4 necessarily relies on the conduction of current 1 o through
the first current path. Thus, in one case, transistor Q4 may be programred
to turn on before transistor 2 activates, w thout any affect on VOUT until
@ activates. In this exanple) any transient effects from would be
negligi ble since the current through Q4 would have settled by the tine @
activates. Additionally, the relative timng for @ and Q4 may be |ess
precise, but resulting in greater timng accuracy. 15 Those skilled in the
art will appreciate that in addition to the desirable highaccuracy features
descri bed above) the serial switch architecture consunes substantially |ess
power during operation than previously achieved by conventional parallel
architectures. While the respective first and second current sources al ways
consune power, consistent with the requirement of a Cass A driver, the
programmed currents 2-o0 fromthe current sources I1 and |2 are |nd|V|duaIIy
m nim zed and configured to cooperatively draw a conbi ned current, when
possible. As a result, the total power consumed during operation for t he
speC|f|c exanpl e above anDunts to about 40 mA * | 3 V = 520 MN an
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Whil e the invention has been particularly shown and described with
reference to 3 0 the preferred enbodi nents thereof, it wll be understqod
by those skilled in the art that various changes in formand dﬁt{aul{tinﬁmﬂ)e
nmade therein wthout departing fromthe spirit and scope of the inventi on-
For exanpl &0 W% bi pol ar technology is described in detai | PFGEPEIP4Y o -
preferred enbodinent, it should be understood that other transistor g _

~~J UL 2003 VO 001 49715 PCT1US00/ 04454 - -- technol ogies are within
the scope of the present invention. including but not limted to MOS-type
and GaAs-type technologies. - to - WD 00149715 17ZJ UL 2003

PCTI US00/ 04454 - - ~~ H BESCRIPANONSOF THE BRAWINGS: circuit for
driving three 'owa%mio%hpbé Betr Bhdbrdbod bl bfeficd AL follRthe miftk d L1 state
circuit includt driver having, an_out put a first S|6 | evel ,

sai d out p«iﬁtalbfdalﬁﬁwtlparandaemqnuglgtdéa\ymga npivvhwls a first swtching unit
coupled to sai m@qtlgutschesﬁdtﬁ Jf'a&ﬁ&ta&‘@lrix&hbﬂ&od%hﬁox@alE:@ﬁsf?ﬁi&ﬁbf{e to a
prograrmed Si g@@ |ve tﬁ) sel. ecé_l ter tﬁ i r’'st . si gnal

| evel 7 to a aﬁdsgt’é‘ﬁ uSHating esséﬂ “Eﬁ/ﬁt %F?f@’eﬂﬁ?‘lalg @cted
serial |l y drivesaf Bighte Kt sw tch sal d second 9 switch responsive to a second

progranted si gaw 330 ORGLALIAYS diflaGRORRE Alrithh B S5 dndQublehode i L ch to

alter said second”signa d signha fstate
circuit cwesshtiinventioR;claim 1 wherein: 2 said driver conprises a buffer

anplifier havi [ R&Eﬁmﬂ @gg‘@% vol t age

defining said I::Iﬁ gtlgglﬁghgﬂr%{1 dﬁgwhlu‘éﬁaﬁﬁg §Pr| st at gagf gﬁfgfﬂgccor %ageg to

clalﬁplvﬂﬁ’t" Wtﬁ gt switching unit 2 conprises a first

u\;rent pulling network to draw a first predeterm ned current out of said 3
ver along a first current path. -




1 4. Atristate circuit according to claim3 wherein said first ?umgnzfjﬂS
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configurati 5. Atristate circuit according to cl ai j D, 2-
said first™ 68?’?5&\ source is progranmable to draw a sel ect ghé‘gmég(f/@é‘% -3-
along said first current path and out of said buffer to drop said output
signal level to a 4 second signal level. 51 6. Atristate circuit
according to claim4 wherein: 2 said first electronic switch conprises a
pair of bipolar tra i’i't L dj ﬁ a differential pair. - 11 1~
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out put, fopind tie shtht ®Yhé 6MPROVOUT, A first programmable current source 11 couples to

15 node N1 to draw a first programmed current through the differential pair (either through
Q1 and out of the power rail Vcc, or through Q2 and out of the buffer 32). The current
drawn by the first current source is programmed according to the relationship (V3-
V2)/R1, where V2 represents a mid-level voltage.

With continued reference to Figure 3, the second switching unit 36 couples to the

20 first node N1 to establish a second current path, at 37, and placing the second switching
unit in a series relationship with the first switching unit 34. Like the first switching unit,
the second switching unit preferably includes an electronic switch comprising a
differential pair of transistors Q3 and Q4 constructed similarly to Q1 and Q2. The inputs

) to Q3 and Q4 respond to logic signals B and B* applied at the respective bases. The

~ 25 commonly joined emitters of Q3 and Q4 form a second node N2. A second
programmable current source 12 couples to node N2. The second current source is
programmed to draw current according to the relationship (V2-V1)/R1 that, when
summed with the current from the first source 11, pulls the output VOUT to a low level
V1.

30 The serial switch driver 30 of the present invention is adapted to couple to the pin
of a device-under-test (DUT) (not shown). Prior to testing the DUT, the high voltage
level V3 is programmed, along with the respective current sources 11 and I2 to draw
current levels out of the buffer in order to change the output from V3 to the other desired
levels for V2 and V1. The user also programs the timing of logic signals A. A*, and B,
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according to the relationship (V3-V2)/50 = 20 milliamps. Likewise, current source 12 is
programmed to pull a second current out of the buffer amplifier, summed with the first
20 current, according to the relationship (V2-V1)/50 = 20 milliamps.

Further referring to Figure 4, at time tl, transistor Q2 is activated by the
application of logic signal A at its base, while transistor Q1 simultaneously deactivates.
As a result, the first current path to the buffer 32 is established. resulting in a 20 mA

) current being pulled out of the buffer 32. This drops voltage V3 (2 volts) across load R1
25 (50 ohms) to the mid-level voltage V2 (1 volt). At time t2, transistor Q2 turns off,
eliminating any conduction along the first current path. and Q1 activates, causing source
11 to draw current from the power rail Vcc. Assuming a high input impedance at the
DUT pin (not shown), minimal current flows through R1, such that the output VOUT
follows the high level voltage V3. At t3, transistors Q1 and Q2 again switch states as
30 described above to reduce the circuit output VOUT to V2.

With continued reference to Figure 4. at time t4, transistor Q2 remains in an
operative state, while transistor Q4 turns on. The additional current (20 mA) conducting
through Q4 and drawn by the current source 12 sums with the 20 mA current from 11 to
draw a total of 40 mA from the buffer amplifier 32, and to correspondingly pull the

- B -



J 8910111231234 W 00/49715 PCT/US00/ 04454 - -- pulling a
predeterm ned second current sunmed with said first current f.ﬂo?n,jb\ﬂ_dZ[ms
driver along said first current path and through a second current path

di sposed | sWth said first path to reduce said outpu jspd -
si gnal |6\S/\gpoge%l ning a third state for said tristate wavef EF%RJS%%M&E -
met hod according to claim 16 and further including the step of deactivating
said second current path to return said output to said second signal |evel.
18. . A nmethod according to claim17 and further including the step of:
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accuracy features described above, the serial switch architecture consumes substantially

(@)

less power during operation than previously achieved by conventional parallel
architectures. While the respective first and second current sources always consume
power, consistent with the requirement of a Class A driver, the programmed currents
20 from the current sources I1 and I2 are individually minimized and configured to
cooperatively draw a combined current, when possible. As a result, the total power
consumed during operation for the specific example above amounts to about 40 mA * 13
V =520 MW, an approximately 33% reduction in power consumption as compared to
) conventional parallel switch architectures. This allows valuable power resources to be
25 directed to other circuits in the tester, thereby maximizing power efficiency overall.
Moreover, the serial switch architecture of the present invention lends itself well
to implementation in an application specific integrated circuit (ASIC), and will be
recognized by those skilled in the art as a unique construction of a Class A switch driver.
While the invention has been particularly shown and described with reference to
30 the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and detail may be made therein without departing from the spirit
and scope of the invention. For example, while bipolar technology is described in detail
herein as a preferred embodiment, it should be understood that other transistor
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technologies are within the scope of the present invention. including but not limited to
MOS-type and GaAs-type technologies.
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109&' 1) - " #HSSk&q&r &4 StidateRitcuit forlddiving three signal levels to a pin of a device-under-
' 2 test. said tristate circuit including:

a driver having an output at a first signal level, said output adapted for
coupling to said pin;

a first switching unit coupled to said output, said first switching unit
responsive to a programmed signal and operative to selectively alter said first signal level
to a second signal level; and

a second switching unit connected serially to said first switch, said second

w O 9 o B b W

switch responsive to a second programmed signal and operative to cooperate with said
10 first switch to alter said second signal level to a third signal level.

2. A tristate circuit according to claim 1 wherein:
said driver comprises a buffer amplifier having circuitry operative to
establish a programmable voltage defining said first signal level.
3. A tristate circuit according to claim 1 wherein said first switching unit
comprises a first current-pulling network to draw a first predetermined current out of said

W NN W R

driver along a first current path.

4. A tristate circuit according to claim 3 wherein said first current pulling
network includes:
a first electronic switch; and
a first current source coupled to said first electronic switch in a sink
configuration.

N Nl W

5. A tristate circuit according to claim 4 wherein:
said first current source is programmable to draw a selectable current
along said first current path and out of said buffer to drop said output signal level to a
second signal level.

6. A tristate circuit according to claim 4 wherein:
said first electronic switch comprises a pair of bipolar transistors disposed

W D W

as a differential pair.
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2 comprises a second current pulling network to draw a second predetermmed current out
3 of said driver.

4
1 8. A tristate circuit according to claim 7 wherein said second current pulling
2  network includes:
3 a second electronic switch; and
4 a second current source coupled to said second electronic switch in a sink
5 configuration.
. 1 9. A tristate circuit according to claim 8 wherein:
) 2 said second current source is programmable to draw a selectable second
3 current along said first current path to sum with said first current and drop said output
4  signal level to a third signal level.
5
1 10. A tristate circuit according to claim 8 wherein:
2 said second electronic switch comprises a pair of bipolar transistors
3  disposed as a differential pair.
4
1 11. A Class-A switch driver circuit for use in an integrated circuit to drive
2  three voltage levels to a pin of a device-under-test, said tristate circuit including:
3 a driver comprising a buffer amplifier having an output resistance, said
J 4  buffer having circuitry operative to generate a programmable voltage defining a high

5  voltage level and having an output adapted for coupling to said pin;
6 a first switching unit coupled to said output, said first switching unit
7  comprising a first current pulling network defining a first current path and responsive to a
8 programmed signal to selectively alter said high voltage level to a mid-voltage level by
9 drawing a first predetermined current out of said driver along said first current path; and

10 a second switching unit coupled serially to said first switching unit. said

11  second switching unit comprising a second current pulling network defining a second

12  current path and responsive to a programmed signal to selectively alter said mid-voltage
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3 a first differential pair of bipolar junction transistors, and
4 a first current source coupled to said emitters
. .

1 13. A Class-A switch driver circuit according to claim 12 wherein:

' o2 said first current source is programmable to draw a selectable current

3  along said first current path and out of said buffer to drop said output signal level to a
4  second signal level.
5
1 14. A Class-A switch driver circuit according to claim 11 wherein said second
2  current pulling network includes:
3 a second differential pair of bipolar junction transistors; and
4 a second current source coupled to said emitters.
1 15. A Class-A switch driver circuit according to claim 14 wherein:
2 said second current source is programmable to draw a selectable second

) 3 current along said first current path to sum with said first current and drop said output
4  signal level 10 a third signal level.
5
1 16. A method of switching the output signal level from a driver according to a
2  predetermined tristate waveform to minimize transition transients, said driver having
3 circuitry to generate a first signal level, said method including the steps of:
4 utilizing said first signal level as a first state for said tristate waveform,;
5 drawing a predetermined first current from said driver along a first current
6  path to reduce said output to a second signal level defining a second state for said tristate
7  waveform; and
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