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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 Vour. 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



In operation, the parallel network of switches 12 and 16 responds to the
timed logic signals A, A* and B, B* to activate and deactivate the proper -
transistors to produce the desired tristate waveform at the output VOUT.
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30  undesirably affects the accuracy of the tristate waveform. and indirectly reduces the
effective speed of the tester.
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 I1 and 2. In the example above,
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5 inprove the reliability and throughput of a tester to substantially
reduce the costs in testing sem conductor devices. To realize the foregoing
advant ages, the invention in one formconprises a tristate circuit for
driving thrﬁeﬁﬁ level s to a pin of a device-under-tes} n@%ﬁ% i state
circuit inc es a drlver havi ng an output at a first S|gnar evel and
adapted for coupling to the 0O pin. Afirst swtching unit couples to the
out put and responds to a programmed signal. The first switching unit
operates to selectively alter the first signal level to a second signa

level . A sagends maw«h}w& by Elietsoﬁl‘éémﬁ'ﬁétﬁerffﬁﬁﬂ ik hacd ﬁngﬁﬁlcmly 3 bolﬁsw dech. The

second swi ¢ sponds, to a, seca 0 oper at es
to cooperate Q\/\/L_e‘l(;l L%erflﬁ)rs NS Pfaip “are u?ug ?‘Itgl %‘38'8 Hm§?°€dalfquaé’{?%sl’ to a
third si gneith ¢ earesspondmginewsnesnarption ofif0mad i3vvenid mﬂhwamphn wes a tristate

circuit f Odircl!ﬁﬁa.lhdés aégtdrmwggeaw% Vi, TASU rbsultOthd Eés?&:tlﬂzgf)ﬁ)gra}iﬁﬁéd%ﬁ-eﬁtﬁv els to a
1.NC rrver

in of levi ¢ ar t est tri
(I?orrprl sl ng 5‘"’5&* :Rrﬁ?t’ (Tflﬂérb SWEF E%fﬁ ?jatﬁle l%}h%’ge%?)liﬂuﬁgo E‘Hgmﬂgﬁn ng an
out put r esﬁash)aﬁ@@onspmn&mwg@e thedenet of abpetrfiime’s* 43V & 1940 Pa firessllevelsol t age
d_efl ni ng aoflpbg,br mgdm@nlmdemmeha@m@hpguwmhs adapted for coupl i ng tot he
pin. Afirst S%z& ﬂ%g?(é% a%ﬁlﬁnlle o{"&rgu e‘?afb eqsgrt]r?stqgarpue%aracﬁigec? ire orrI ses a first
current pul li % &Grrent pat h and
r esponds t?é‘toamglﬁéfé? eviRseens hayiing the @pgbsha@tf inv@mynag @Impr@sheotmagﬁemm tage | evel
to a niod- vduringgatel t@vsitiody Miréver) hethebd £:x34ts fof @ AV @ rarohitedhure tiak Edtsudel of the

driver al E}gﬂﬂ%ﬁ %PIVE{ cﬁﬁmgn'dpérﬁﬁ]&l %E Q%nafb& %%%quer a%hlt%mxr%%f H)el tres(e:x%u pl es

serially uni Ses a secona current pulling
net wor k déﬂYWlﬁ'@Saélsg"édbﬁanwiﬁr ent 2 5 path The second current pul ling
network responds to a programmed signal to selectively alter the

m d-vol tage | evel by drawing a second predeterm ned current out of the
driver along the first current path, and continuing al ong the second
current path. In yet another form the invention conprises a nethod of

swi tching the output signal level froma driver according to a
predeterm ned tristate waveformto mnimze 3 0 transition transients. The
met hod includes 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 WO 001 49715
rcT/usoo/oaasa the first path to reduce the output to a third signal |evel
defining a third state for the tristate wavcfortn. QG her features and
advant ages of the present invention will be apparent fromthe foll ow ng
det ai |l ed description when read in conjunction with the acconpanying 5

dr awi ngs. WO 00/ 49715 BRI EF DESCRI PTI ON OF THE DRAW NGS PCT/ US00104454
The invention will be better understood by reference to the follow ng nore
detail ed description and acconpanying drawings in which FIG 1 is a
schematic of a tristate driver of conventional construction;



5 FIG 2is atimng diagramillustrating the sequencing of the
conventional tristatc driver of Figure 1; FIG 3 is a schematic of a
tristate driver according to one enbodi nent of the present invention; FIG
4 is a timng,diggramillustrating a programed scquence f@ir tdifodussl State
10 driver shown I'n F| gure 3. - 6 WD 001 49715 DETAI LED DESCRI PTI ON"OF THE
I NVENTI ON PCT/ USQUI 04454 - Referring nowto Figure 3, the serial switch
driver architecture of the present invention, generally designated 30,
includes a driver 32 and a pair of serially connected switching units 34

and 36. The serial switch cwpﬂquM@meE\imNngny pr eshoots" 5 during
eratn on.
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t hrough QL of the
buf fer 32) sigpaldeysl AéﬁtoneF‘amlwwtwenw%frw@m éﬁtfgiﬂamt% The speosdr ammed
accordi ng tsmttlhﬁg ueit @ipondsioiapedoud pRginimedsighabanddperetes es@opaata withd- | evel

vol t age. 1@%&?%&1&; ﬁ%g&%ﬁﬁﬁgﬁa@leﬁbl@cg%%lﬁ 31é£?le§ﬁcond swi tching unit 36

coupl es to t 0 esta a .second current path, at 37,
and pl &8 ng t he BEO8K Ei ‘th‘ém"ﬁ‘&“’&ﬁP'[“Pﬁ“‘r?sé“éséaﬁ? geeuptdorise sraminiseteth t he
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a
differential alr o] ors construct ed tj; H?o Q1 and
@. The infif ‘PPbreEﬁa%“ﬁd V‘F@S‘b e OBETAGY @ REpgAmMab Bv%ﬂ#eéﬁ et i ed at

t he r especthighevoltagedsvel Finkhag 8n gupwtedipyed for cregliegriotthepis. Sffir§Bwakingd form a
second @Od%nh'%oup?esstg%%qtpﬂf Qﬂ%@ﬁﬁﬁ&k@ﬁ%%ﬁéﬁ lﬂﬁhﬁ &@c‘wb& %Uﬁét%rkto node N2.
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source | 1, highl JodtageHeved tat mid-%sBage level by Howinga/filst predetedmged hgrengpitall. swi t ch

driver 30 qfe &rher ALES@O First E\){-Feﬂhia‘t'lﬂ A&camlecqimtgqmﬁ%uﬂh& stegaltyhstrﬁlmstof a
devi ce- under - hi gh
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prograns t Qiaong ltl(EI H1% c%IrerLt%%?an icg&ﬂuﬁ'ng'%ior{g‘*the s%@c%d%\ment path.

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

- 4 -



WO 00/ 49715 PCTI USOU104454 B * to activate the specific transistors Q
1-Q4 at precise times, thereby defining the tristate waveformtransitions,
or edges. The accuracy of the actual edge placenent versus the progranmed
pl acenent i sygdabfportant factor in successfully carrying pegfusao/és@st On a

| ogic 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" level (Vt) and V 1 mapped to a "l ow' |evel
(V1) . Undethedestipathro cidneathsduipg és 2 thirdwianelrle velidefiming aetyind statctfvethe | exi bil ity
to set Vt>NRiawNefodn: IN such circunmstances, a formatter (not shown)

recogni zes the oper nsure that V3 set to_the highest
el Vot s s oeblefiies aREARatthe: St peh biehicy i Be Ao oaghs| Sver

Oper at i on ffllowing derailed deseriptionodhien read im compmetiammpitlethe pecoopejsngccor di ng to

t he tlngngéqWﬁgganlshown in Figure 4. In this exanple, V 3 is progranmed to
2 volts, with the desired voltage levels for V2 and V 1 corresponding to 1
vol t and 0 volts, respectively. In 15 order to pull VOUT to the desired

| evel s for V2 and V|, the respective current sources I1 and |2 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 0 current, according to the relationship
(V2-V 1 )/50 = 20 millianps. Further referring to Figure 4, at tinme tl,
transistor 2 is activated by the application of logic signal A at its
base, while transistor Q1 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 (~0 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 Q 1 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 RL, such that the output VOUT follows the
hi gh | evel voltage V3. At t3, transistors Q and 2 again switch states as
3 o0 descri bed above to reduce the circuit output VOUT to V2 Wth conti nued
reference to Figure 4. at time t4, transistor 2 renains 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 g _ WD 00/49715 PCT/ US00/ 04454 -

out put VOL1T to V 1 (0 volts). Because of the prc-activation of the first
current path established by 2, the transition fromV2 to V 1 occurs

W t hout any preshoot problem By elimnating any preshoot disturbances, the
resulting transitioning edge is highly accurate. Turning Q4 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 10 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
negligible since the current through Q4 would have settled by the time @
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 o 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 nA * 13 V = 820 MA an
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Whil e the invention has been particularly shown and described with
reference to 3 o the preferred enbodi nents thereof, it wll be understood "
by those skilled in the art that various changes in formand detail may be
made t her ei i t departing fromthe spirit and scope hyention.
For exanpl ef‘”%‘?/‘f}ggbi pol ar technology is described in det g‘fﬁ‘t"h@?’%“.}% as a
preferred enbodinent, it should be understood that other transistor _ g _
WO 00/ 49715 PCT/ US00/ 04454 technol ogies are within the scope of the present
invention. including but not limted to MOS-type and GaAs-type

technologies. - |10 1BRIBFHESCRIPTEON CP THEDRAWINGs1 2 3456 12 34
5123%00143%15P p IS 1. Atristatc
circuit for drivihgeHieR Loy Refer Padraee tgr%{erﬁp‘f? 8F1eH OB B%hder t est

sai d tri st aletiled deseription aed apdpmpanyingdirawings ihahichg an out put at a first

Si _gtnalh_ level _,tsai@i. lloiblgB%Henﬁd@gﬁeﬂ@isﬁa@[dri@él{&flé&?_gnth{iaﬁ@!ntﬁlrﬁ!tiﬂﬁ; a fi rst _
swi t ching uni ed .to said o i irs ching u esponsi ve
to a pr ggr arr]’redﬁs)dl?l'gz naf HHR %%%r?né;il]iﬁ ‘%gratén(gstgee © L(1:(:tnf31\xlléIoflﬁ\{lﬁlcf’ Iévrcns%'}agér'fstlarcst si gnal
|l evel to a dweoddimrghal | evel; and a second switching unit connected
serially g 0 sai gI¢.i¥ish schetnatidof SwisdteAeioandcosding wr?meﬁidbe?igienﬁ)ﬂt@ a rs]econd
progr anmed _s ad operative to cooperate with sai irst switch to
alter said pééesglg%vegﬁg]hal level to a third signal level. 2. Atristate
circuit accordi Fi5t4ds & Himiing diagipra iliyskating Riogaameq scaBense faydhe tHstigf f er

anpl i f her hgivemgown InCRigire$. operative to establish a programmabl e vol t age
defining said first signal |evel.



3. Atristate circuit according to claiml wherein said first sw tching
unit conprises a first current-pulling network to draw a first

predeterm ned current out of said driver along a first current path. 4. A
tristate ciweWhkoraccording to claim3 wherein said first egruedniosdsul | i-ng
network includes: a first electronic switch; and a first current source
coupled to said first electronic swwtch in a sink configuration. 5. A
tristate circuit according to claim4 wherein: said first current source is
programabl e to draw a sel ectable current along said first current path and
out of said buffer t®EFALRADESCRIPTIONIQIWEHE INMINTHON second si gnal

level. 6. A trigg IR fefif £ fidw U4t bur@§ GRE syrlaps»&lfahahaérwnmé{e%mm é)?ééérﬁ first

el ectronic switc ses_a, palr #5%? ransi stor Sd as a

di f f er ent | 1AYenHgR.genera 1 esignfgd F%B’%i%a f %g@lﬁi/ serially co Atristate
circuit acwitchinggnitsBicindidmh Theseeinkswitch aomitreetioo muingwizdsahy hgcslnoﬁs” 2 conpri ses

2 second ciiihe Bhoidd AhsiRhYRidcohAinls MhiSERAD dupiRdRRbAT ned_ourrent out

I state G accor 7 vvherel n

Sard second cuFPiThe TRFIE Ry FERCE ARV g IcOBGses & CaT e AT R Rap¥Ein ¢
sw t ch; anunsiruatigethatidcludes Icemntrxs@mrwammalkpiy geherate g ahigh’Sedtegrlewd] élét ronic
i}M tc h81 ahﬁle%ﬂ‘ér iRclGRR Tah QUHRL e Qfancd re%treséltéd' bySle@bidr RI Nistily @lqmg{sdl 39 to

aim erel secon rre SOou nmapl e, 1o raw a
sel ectabl e sec G%B“ Eﬁg?hé’?'ﬁ““étl%ér?g ha OBPpL S\?Sgﬁ? g%?’q‘ptzrfwet%fjtaglﬁm with said
first lour rasrrentaath, ar3dp lsaprfegied pubodiingmathe Fiesy evitehingaunitis eehfighgAatithl evel . 5
110. At rdnssie%{r@m@ Ewitdh donieiSiag & dFRrdnBalGaitiafd Biclaey £idk 18néﬁdr§i agesond
el ectroni \i\%dprr\ct 8—@ansm§or3 (ﬁﬂp?b OJ QPWP’[B lrea"SIr)ec 1rvg' re]l% CE'SO._]E)ISHC at noﬁg ]Ql?ed as a

differenti
and respective bases for receiving complementary inputs A and A*. The collector of Q2

forms the shunt to the output VOUT. A first programmable current source I1 couples to

15 node NI 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 I1, 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 I1 and 12 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 iogic signals A. A*, and B,
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4 1 11. ACass-Aswitch 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 conprising a buffer anplifier having an

out put resi %@&c{@,lssai d 4 buffer having circuitry operatiWriRefREQrate a
programmabl e vol tage defining a high 5 voltage | evel and having an out put

adapted for coupling to said pin; 6 a first switching unit coupled to said
output) said first switching unit 7 conprising a first current pulling
network defining a first current path and responsive to a 8 progranmned

signal to $leativae! e Mebifit aaRistbrQUIVA biRRE tilneY lerdbd defifing Sre\@ditage | evel
by 9 draw g‘%t first .tﬁredetggrmﬁ%d currer heoﬂ apf galage driver ong said
first curr vg%ﬁ?ﬁ?nsé I S’loﬂi_e Secthtf SWIyt.CHI ngc lhnffqtg QQum“‘é‘(&V%ré‘ﬁ ffly to said
first sw t®maanmed placementis an inpostantdaciet in skricergiulli carmiegeit ad¢shon & second
current puliddiggevitet wor k defining a second 12 current path and responsive to
a programred sigpal ectiyv er ;sahd. md-wvaoltage - 12 WO
00f 10918 Pary 11285 heleie BB A afieh Bea S b ARNBIER Blectie ot md'S
current oufresentdnyenti¢n folleyw tltccselstmslowwWé’a?ﬁl-f Inyasmajerity of pp@ieaties oiyyiss ai d
fA i ' st curs @ﬂfgra@ﬁh@ﬂ t_oamﬁig@prew_rwhngfzabg_eg“ﬁﬁd’de\feepamahldcw ﬁﬁﬁ@ednabha f1_5 1 13.
ass-A s L. e circuit .accardi to claimll. wherLin.,sa irst
curront pul T aReS O\ ndeh bl REERARLN Boh Ouct BTN R TEBUR A, o]
junction tsengr¥her ¥Yt<Undn spch cirqumstaneqsy ¢ Wmattes (nog ghop@dpceghized theai d enitters

5 1 1330A GlpeSmApping foGhsudd theteV3 Bisétqelthc haheaNdie) ¥ 2tiOset toth8mi®ienkier ei n: 2

said first I grammable to draw a sel ectable current 3
al ong sai daﬁ#&ggé}éﬂ?&r&gﬁ?%ﬁ%%ﬁpegﬁd out of said buffer to drop said out put

si gnal |evel toOgentigeeidhgiristpigsiruil, @qe example,procepds@cepsding\tostiye timingdr i ver
circuit acdhgthinghov i€ Figiu®4]l In iedxainpleSHB ¢ gegamme® toAvolgwitipthel | ng net wor k
i ncl udes: ', 3 icf f ty} Il 3 i I ol i ngj stors;
and 4 5 sedststyORRENal n PLER Y Porilobaflh e N s OWRE Pl GBEIA S 7

swi t chl8r i Pider R QUL ERGE desirgd tegels fo5 Vit apd i e sgsRective suregt Sesal current
source i s pidRranpmplamnied toéaivdawsH eilialsef seeancut 3f thabuffert32alkfong sai d

first curr %f'aﬁmpﬁétcnrr%rﬁ SSHER M ﬁo?ﬁ%ﬁn&ﬁefi td Grbw GUIrSt HreR B gt d out put 4
signal | evgccogd?nga totthé rregtigrlls%ﬂ)a(w -\?Z\SFSO = 250 milliamps. Likewise, cutrent 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 t1, transistor Q2 is activated by the
application of logic signal A at its base, while transistor Q1 simultaneously deactivates.
As aresult, 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 12, 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 mput 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 I1 to
draw a total of 40 mA from the buffer amplifier 32, and to correspondingly pull the

- 8 -



1 16. A nmethod of switching the output signal |evel froma driver according
to a 2 predetermned tristate waveformto mnim ze transition transients,
said driver having 3 circuitry to generate a first signal level, said

met hod i ncl wd gag@etikie steps of: 4 utilizing said first si gmalr/dsmhs4as -a
first state for said tristate waveform 5 drawing a predeterm ned first
current fromsaid driver along a first current 6 path to reduce sai d out put
to a second signal |evel defining a second state for said tristate '7
waveform and - 13 WO 001 49715 PCT/ US00/ 04454 - 8 pulling a

pr edet er m owaputSEAGH b ¢ U (0 eits). Heacmesd ofihe presatidatfonof thedstrcement @athr om sai d

driver al ongfigiled b} Uz%m%lﬁé@dhtﬁ&ﬁw 188 oEMrQHEHb@a&Fﬁ@%oPHBEI%t path
dlsposed I rst to reduce said qutput to a third

i opor el ovBY e’&@w%%wgrﬁsﬂw Historbao Sy LRRsHINDE PO e ARG t 0 1 17 |
met hod ac cacuiateg Tuoing @# a1 tisnedS fremtria dhre dinauik outputd/ QUE testhe Y 2otate. 2

gegfg In \ff : g\gleisahqc@@&&&%ﬁme%mseﬂ%atgs rlefd foPk agran gfég}gst%m%foﬁﬁ)tos aid second
3 s ona. | | e ehion o Y Pt TRR ARG AR R o SR Meb ot Rl EASSE o e
sai d out putartyggsai siich artxgt:sxtgqngﬂ highdctuacy|withoutithe necggsmARf afivating both

A hl . AAF?4 G2 A O3 ?inﬂthneﬁysl Ar h@@be@au#@r <3iduttion alonithe second

~] #8&AMBN &' zt O

]Jca] . calﬁ%’é}“c%%%&%ﬁ%’sg’}@g] t%Scax]l ﬁ%&“@bc% l[JllcaU] ca) ca] ca
"x']' 1o >('(h(dh)gﬁ)l@)fmgt)cyl)ryl)tthZhES?W@@??@Jm}nswtoc(‘?ﬂw]h?@]rw@maw}oca] ca)] calca
] ca] ca] calgdd crlisehemigal® /bl aal eahsakeplial 6ol oalcalic abeasivmakcal ctal cal c

T SRR BB AT SRR QA NRH L s e il e e cHFent gy caf caf o
alc aU] ca] cQ&J}&@aljdd‘a}'Q:%@Flﬁd]bmf}@ail%@]l ectivetst)] sddifions]ly aherelating tindingafor QP ca] caU] ca
lc d Q4 may be less _Iprec1se but resultmg m greater t1m1n accurac

YYZZZ[ [\\]M g

ca] cal%a] ca] caﬁ@gﬁ g‘ifegé & 5{5]“" 5f%%1f f'&!f]t iajci c%f@gf‘tghc 21;1]0 2LLCJ]a]c gg%
=>f H*$| 108 &aey) feamogs descibediaboys, gle(synagl;gw% hitecture consumes substantlally
10% & () - 31@51&%&111ng bbador( thax?ﬁ\é%&slyl&‘iﬁeae&yl&%zér&oﬁal-paraﬂeﬁ '10%H& () -
a G’ 10%-{H&arg:ﬁltectfugs W’é@h (rzspec),tlvgf&gcyﬁa&se(:znd cu\-rgnt]sgl{xgjcs%&a)(s conB % {\ =3l
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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WHAT IS CLAIMED IS:

1. A tristate circuit for driving three signal levels to a pin of a device-under-
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

v o g9 0 A W N P

switch responsive to a second programmed signal and operative to cooperate with said

]
(=]

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 N BWw N 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.

a oW N

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 N = e W

as a differential pair.
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3 of said driver

4

8. A tristate circuit according to claim 7 wherein said second current pulling
network includes:
a second electronic switch; and
a second current source coupled to said second electronic switch 1n a sink
configuration.
9. A tristate circuit according to claim 8 wherein:
said second current source is programmable to draw a selectable second
current along said first current path to sum with said first current and drop said output
signal level to a third signal level.

[S ISV A S N 2 ' S VS R S R T

10. A tristate circuit according to claim 8 wherein:
said second electronic switch comprises a pair of bipolar transistors

disposed as a differential pair.

[ R R

11. A Class-A switch driver circuit for use in an integrated circuit to drive
three voltage levels to a pin of a device-under-test, said tristate circuit including:

a driver comprising a buffer amplifier having an output resistance, said
buffer having circuitry operative to generate a programmable voltage defining a high
voltage level and having an output adapted for coupling to said pin;

a first switching unit coupled to said output, said first switching unit
comprising a first current pulling network defining a first current path and responsive to a
programmed signal to selectively alter said high voltage level to a mid-voltage level by

W O J GO U W N R

drawing a first predetermined current out of said driver along said first current path; and

[}
o

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

[}
=

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

[}
N

current path and responsive to a programmed signal to selectively alter said mid-voltage
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12. A Class-A switch driver circuit according to claim 11 wherein said first
current pulling network includes:
a first differential pair of bipolar junction transistors, and
a first current source coupled to said emitters

(52 I~ VO R S A

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

(8 I OV N S

14. A Class-A switch driver circuit according to claim 11 wherein said second
current pulling network includes:
a second differential pair of bipolar junction transistors; and

B oW N R

a second current source coupled to said emitters.

15. A Class-A switch driver circuit according to claim 14 wherein:
said second current source is programmable to draw a selectable sccond
current along said first current path to sum with said first current and drop said output
signal level to a third signal level.

[5; B = S CO R VI

16. A method of switching the output signal level from a driver according to a
predetermined tristate waveform to minimize transition transients, said driver having
circuitry to generate a first signal level, said method including the steps of:

utilizing said first signal level as a first state for said tristate waveform;
drawing a predetermined first current from said driver along a first current
path to reduce said output to a second signal level defining a second state for said tristate

NS o ok W

waveform; and
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2 18. A method according to claim 17 and further including the step of:

3 deactivating said first current path to return said output to said first signal
4

level.
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