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BACK- TO- BACK VOLTAGE GLI TCH ON H GH SPEED DATA BUS Field O The In i H
The present invention pertains to the field of conmputer systens. More
parti cuM@OYTS615%5 this invention pertains to the field of AGHYINO? si gnal
integrity on a high speed data bus. Background of the Invention The
response of METHPD-ANPPIABSTUS BEORREBUING BaCloTe-BACK ¥EEIAGE GLIFRHbandwi dt h
menory busses, depends stronghyHedn ShErIhFa8dLri stics of the output
drivers coupled to the O bus. Anpbng the various characteristics that
affect signal integrity on theFdhi@f Phclnventdidte vol t age at which the out put
driver becones a non-linear current source. This non-linearity can
negatively i mihepresemy iaientiont regeing 1o thnfield aficammitdr sysiemsd diers earicupty. on.
Figure 1 shows a prior data bus coupled to a bus controller 17g. The bus
cont r &l | ethis inveotieragertaias éuthn Seld of impyovingsignal ek et high sered &t Bdhvput er
system agent (not shown). 15 The dat.a bus. is represented by transm ssion

| i ne segments 120, 130, and Hﬁsﬂﬂw&éﬂéﬂ&&m nated by a term nating
resistor 110 which is tied to a term nating voltage Vterm ggupled to the
bus are two dribgaespensanés Bighsreed data byt suahs o el tafawdhich badwidh o, 150 nay
receive an input signal at its gate termnal 151 and the driver transistor
160 may rreemorydussas)defends stropgly ogitlprehbragteristics ofthe eutpetrdrivarsicourded tothee | nput
signals may be received froma 20 nenory device or other data source. The
driverp t reussiasions shehafloatharhbilrisies that dffect sigmbimtegrityctmtthe dasa bworis thet he dat a
bus. The driver transistors 50 and 160 conduct current when a logically

hi gh vol ta@ged £ widhithd Silpit ArilétPe&Me alrdhTinbalcBrrét séiiee. dhisnen-lineartgi St or s.
The bus contTtoller 170 detects the

can negatively impact signal integrity and can result in data corruption.

Figure | shows a prior data bus coupled to a bus controller 170. The bu; controller
170 may be connected to a microprocessor or other computer system agent {not shown).
15  The data bus is represented by transmission line segments 120, 130, and 140. The bus is
terminated by a terminating resistor 110 which is tied to a terminating voltage Vterm.
Coupled to the bus are two driver transistors 150 and 160. The driver transistor 50 may
receive an input signal at its gate terminal 151 and the driver transistor 160 may receive
another input signal at its gate terminal 161. The input signals may be received from a
20  memory device or other data source. The driver transistors 150 and 160 serve to transmit
data out onto the data bus.
The driver transistors 150 and 160 conduct current when a logically high voltage is
applied to the gate terminals of the driver transistors. The bus controller 170 detects the
current drain through the driver transistors 150 and 160 and in this manner the driver

25  transistors 150 and 160 are able to communicate with the bus controller 170. The bus



. current drain through the driver transistors 150 and 160 and in thi ih[gggp@m
the driver 25 transistors 150 and 160 are able to conmunicate with t u
controller 170. The bus 1 20 SEP 2004 WO 01/ 75615 PCT/ USOL/ 08067

control I¥PU78IRas a nini num current specification that nBSTUSBIARE7 bef or e

t he bus Br=Ye : t - sm ssion fromthe driver

transi st o?‘g&%g% Ia@ci' a%%guﬁﬁg"}dcs%?@aspg%{ij%l% asrB'ésilg? fgthefors “}FBI]W be 28mA.
Therefore, for, this exanpl.e, the .driver  transistars 150 and 160 nust be
able to SFWOB?H&O&?“gﬂ?ﬁ?g?ﬁ‘"F?F"H?Sé%’rf?‘i%ﬂ'@ﬁ%‘ﬁ?’émﬁ?'ﬁﬁrérl30B“ijqoaﬁransfer. A
probl em may, occur when drjver transistors 150 and 160 try to performa
back-to- WRER qufrsptspesificatign may be 28mAndhereforg, for thinepamiple, theglvivand t he

| ogically high voltage applied to the gate terminal of the driver

t ransi st otranssBEs hyfdandd60 mustesablelto Siwk 28hdrof turgen b1 drderits enspregaepe on t he bus
(due to the connection to Vtermthrough the term nating resistor 110) 10
and a 3 ogdatatrdngfeni gh voltage is applied to the gate termnals of the driver
transistors 150 and 160, the driver transistors 150 and 160 operate in

their saturatig Probfé fiay o@Fwh&ErivaF irdRlstokd ’?3?}&5?@?%@%’@“9 a%F%-BE °

therefore able to sink a constant current ( exanp

novever e Ak 296, B0 LURRUS LA LRy PO IS LS AL Rl | 20

then the Iver transistors 0 hei r

saturation.regions .1 d uld therefare . b e 1o sipk a .constant
current of! .te':f’ﬁ'f‘gl O?E\*?‘F asfr?"&rst IStOh lc?glaﬂ‘ilrg&fn‘ﬁ Fgﬂg}g&ac\&b?%'-'gé‘&[ks ¥ ransfers.
For exanple, a | ogically high vol tagoe is applied to the gate terminal | S|

of the dFFFRTOYIRG RS @rio thSePnAsAtionde Yterm grrughdahs aninsinstresdster [ 10kr
transi stor 150 sinks 28mA during that clock period. Towards the end of the
cl ockl Operand@,logi(ppélwh@ﬁ Mageyis hwgiqd vothe gaje terminals of the driver transistors 150
) and 160, the driver transistors 150 and 160 operate m their saturation regions and the
driver transistors 150 and 160 are therefore able 10 sink a constant current (28maA is this
example). If, however, the voltage on the bus falls below the driver saturation voltage,
then the driver transistors 150 and 160 would not be operating in their saturation regions
15  and would therefore not be able to sink a constant current of 28mA. This can present
problems during back-to-back transfers.

For example, a logically high voltage is applied to the gate terminal 151 of the
driver transistor 150 during a clock period and the driver transistor 150 sinks 28mA during
that clock period. Towards the end of the clock period, the logically high voltage is

20  removed from the gate terminal of the driver transistor 150 and the driver transistor 150
ceases to sink current. [n the next clock period, another logically high voltage is applied to

the gate terminal 161 of driver transistor 160. However, instead of 1.8V being present on

the bus at the beginning of the clock period, the data transfer during the previous clock



- 20 renoved fromthe gate term nal of the driver transistor 150 and anﬁﬁleﬂ
driver transistor 150 ceases to sink current. In the next clock period,

anot her logically high voltage is applied to the gate terninal 161 of

driver tWeA7$1%r 160. However, instead of 1.8V being preBeHVSYME%he pus

he begi nni f th i od he, d ' [
Clock 2 o s aies s vesdeop Bt pr Brismh s e TOR Wil e BE 05a P
| t the bus _tq d t h 1.0V, Wit i,cal | hi gh | t
of 178V afigh vetrae i R agale LRI 18 and i e e e kOYlE ot 1. 0V

the driver transistor 160 is not abl'€ to operate in its saturation region
and i s nodrivepkransistorsii6f ks wpt able tsengrate PAnAAUBEeTregvn g isinehablstoginkessi bl e
result. 5 Prior data bus systens have dealt with this problem by inserting
a wait cyednetantiSmMecDatd abrupitioa s possible Fesultexanpl e, with the data transfer
descri bed above an extra clock period can be inserted between the data

transfer of driptRe ddRBuddiSreind Ravdadealt ivitREGd Srobledh byGhdeiing alG cytlBus al | owi ng
the voltage on the data bus tine to return to 1.8V which would allow the

driver trm&%tdégacﬁ}aglgfcﬁp FRP&lafipt, iw‘i\hhﬁe%a&q}aﬂgﬁae@&igcggbwg-anI% dlpger tion of

a wait NA owever, has the drawback of reducing data throughput

and negatively ippact] syshe f : R 01/ 75615
PCT/ UsoL/ bS8 FonPt Beeisddsmeh? IS Hadtabote Bt ver ﬁg"s _g"cl)“ntgg!d%‘\g/ BAST i 11 be
under st Oogrivr:r:lr) E)gd,fttlljulsla lovLirnOg rt?lct VQ) tageet;[nat el: Eana Euesst{:rrgel tgtrtlztgr% lg I] .\é?/nwhich would

allow the driver transistor 160 to operate in its saturation region. The insertion of a wait
10 cycle, however, has the drawback of reducing data throughput and negatively impacting

system performance.



bel.ow and from the acconpanyi ng drawi ngs of enbodi nents of the inverfztdgﬂgmm
whi ch,, however, should not be taken to limt the invention to the

speci fi Lments described, 5 but are for explanatio st andi ng
fgiaeds PeiREoLfEY

only. Fi is a block diagramof a prior systemfor g data
over a hi Yelge : sh b is a block diagramof a system i npl enented
in accordgh‘a‘rﬁ‘a,’tzﬁ%ﬂq g5t hE i%é@gnt of the invention. 10 Figure 3 is a bl ock
di agram of a data transceiver inplenented in accordance with an enbodi nent
of the invent TRAinvEktBHNAIL He LidePstédd dhbdketfulfl FAGH ¥ defailed dkaériptioh gnesei ver _

i mpl emented in accordance with an ertbodi'ment of the invention. Figure 5 is
a fl ow dibalpwaind dioratheeédompariyirg dravdings ofenitmdimdne-dfstelinveatibmgbich).i tch on 15 .
a high speed data bus inplenented in accordance with an enbodi nent of the

i nvent i orhowaves,GhaEP noig4akpmto livn 311 15 ventph Lo s@e i Pmbodiatentsidestribedscr i pt i on
An exanpl e empodi nent, of a nethod and apparatus for reduci ng back-to-back
vol t ade @Mt are fpr srplanatiop andswiddetstapdiag @plyl  be described. For this exanple, a
pre-driver circuit . 5,receives i hput voltage_si.gnal whose. vol t age | evel
Bl ngs 1rom aF Sl LisA ek et SERAre st fos M S die SRR Biehabtfage | ovel
where th ogically I ow voltage | evel approximately equals VSS and the

| ogi cal |y high voltage | evel approximately equals VCC. The pre- driver
reduces the maghietaida bRfck ERgranPd g SeMinPRmeftcE iEREGdancE wWgthah t hat when
delivered to a driver transistor ensures that the driver transistor wll
oper at e iembbdismestaiftitecinvemnion.egi on i

10 Figure 3 is a block diagram of a data transceiver implemented in accordance with
an embodiment of the invention. |
Figure 4 is a circuit diagram of a data transceiver implemented in accordance with
an embodiment of the invention.
Figure 5 is a flow diagram of a method for reducing back-to-back voltage glitch on

15  ahigh speed data bus implemented in accordance with an embodiment of the invention.



10 even when the voltage on the high speed bus is at its m ninum sp? E: 0l
on

voltage When the driver transistor operates in its saturation reg
can sink a constant current and al so provide a high out g(g,n

Fi gur e WORY71%| ock di agram of a high speed bus systemi E&)T’Eﬁ&ﬁ@ in
accordance wth an enbodi nent of the invention. The system of Figure 2

includes a bus controller 15 270.pety@ddscsin’ Ol | er 270 may be coupled to
a mcroprocessor or other conputér system agent (not shown). The bus

controller 27Q._t ' 400 .a dat a
Cranscei ver - 2802y ERpdRh e of 8 chod ah gk AR 1 e Bl 5 oy
devi ces 80 and, 290, r ect.ivel devi c $ 280 d 290 deliver
ot o to ¢HEEENEN o AaiEeRrgS ke dSRo Forth HAe g SER 400 and
260 transmt the data received 20 fromthe menmory deV| ces 280 and 290 to
The biis ESHIVESAN iaput yolage FigBalptoRe YRIRES s hUineS Ko 2 IaBiBRIEio™ Y8H#Rni cat e wi t h
the bus controller 270 via a data bus represented by transm ssion |line
segment s €2210p a2dicallzhighxobageTens! whera theusgieally dow meltagel éeyekapproximately i on
resistor 210 that is connected to a term nation voltage Vterm Vtermfor
this exasplat VESiadhegicallshigh 8Mtagh lekelGipfilnkin2iidyeqibls O T.SBHecpredCT/ USO / 08067
O her enbodi nents are possi bl e using other values for VCC and Vterm The

ter m nat 4Qer &b magntdOsha vzt Swink e iBignalitiae Whérpdetingsd tohe
characteristic inpedance of the transm ssion |ine segnments 220, 230, and

240. O h%n@é}"?&ﬂix&@ﬁé@ r?%ﬁnat 89§§¢ct?llr§n§r§?erQIIGbér£t@ SR saRhetinSedio the

term nation resistor he characteristic 5 1 npedance of the

Fi guil ey AR o Pt e e Bue B8 g iond® Sof Tl BT MR o romt

are

the driver transistor operates in its saturation region it can sink a constant current and also
provide a high output impedance.
Figure 2 is a block diagram of a high speed bus system implemented in accordance

with an embodiment of the invention. The system of Figure 2 includes a bus controller

15  270. The bus controller 270 may be coupled to a microprocessor or other computer system
agent (not shown). The bus controller 270 receives data from a data transceiver 400 and a
data transceiver 260. The data transceivers 400 and 260 are coupled to memory devices
280 and 290 respectively. The memory devices 280 and 290 deliver data to the data
transceivers 400 and 260. The data transceivers 400 and 260 transmit the data received

20 from the memory devices 280 and 290 to the bus controller 270. The data transceivers 400
and 260 communicate with the bus controlier 270 via a data bus represented by
transmission line segments 220, 230, and 240. The data bus also includes a termination

resistor 210 that is connected 10 a termination voltage Vterm. Vterm for this example

embodiment is [.8V.



. possi bl e using other clock speeds. Further, although the system of ii[gglﬂ,em&
i ncludes nenory devices, other enbodi nents are possible using othe

conput er. system agents to deliver data to the bus contr hr ough
the dat éw?i"effﬁﬁ&sei vers 400 and 260. Also, 10 although in ?‘#rﬁ{’%'ﬁé e

embodi ment t\r']\g)tge[ax’te%bgﬁi nﬁ&%ievp%]gsﬁtg}gpgn?jatﬁ&%ﬁggfor%?_Iez[nda'\ftgrg?.oﬁene nts are

possi bl e usi her "nunpbérs ‘o ranscelvers. 1n or 0 nmake the

{7 ans el VGFEGD PP 208 Mty 8 o aF STHRCYAEL FBARE (U MAFIHG or & wher e one

of the data transceivers can deliver data in one clock period and the

ot her datimpedaassseiahe sansmigsion ding sagmeats 248230/ 3rd 2AR Aibgt crehadiRent:aT od wi t hout.
a wait cycle inserted between the data transfers. To hel p ensure signal

i nt egri t yossivle psiogdiffeckat walues forsheterminkondesisgort ! fandthe gharacterislink a const ant
current when conducting and when the voltage |evel on the bus is within a

r ange 5defimpedhnbyof\hetrinsmidion lifk Rigmems 200y 230, 4nd 340 sTiecdats matsystsm of N t hi s
exanpl e enbodi nment, the mninmum ]| ow voltage specification is LOV, although

other entyqgli-&p maz_ogg'a@:ra?a _E’lg&sip@&?oth{z%m\%ﬁ%mtﬂér@Hﬁbbi%nMQH age
specifications. Figure 3 is a block diagramof the data transceiver 400.

The data tr i [ A ' i ke fashion
but wll pr?(%st?ﬂgg?"r}%ﬁ{hfﬁcﬁ%g%%edgo%g{’i%gllr;l%\ﬁnhthﬁ' sy%ﬁ?@%'%%dbaﬁésconnecti on
with Figure 4 in . orde t he di scus 4 WO

to sinplif d ion. 6 2 O SEP g
011 75615 MEETURERSETRY PR TarS A Gt HTEE SRHGO TR L BRETSBSTe tr  ver
circuit 410 and a driver circuit 420. The pre-driver cir S% t receives an
i nput  si gisliver dam to thedus epntroller 2gQ shroughdhedaa wrrnseriyers A402ad 2690418 menory
devi ce such the menory device 280 of Figure 2. The input signal 405 in this
exanple aithadihne s ¢xample endiotlimpat By datp tomsdervsrh aactisqussediSither
embodiments are possible using other numbers of data transceivers.
In order to make the most efficient use of the potential available bandwidth, the
data transceivers 400 and 260 may perform back-to-back data transfers where one of the
data transceivers can deliver data in one clock period and the other data transceiver can
15  deliver data in the next clock period without a wait cycle inscrted between the data
transfers. To help ensure signal integrity and proper data transfer, the data transceivers
sink a constant current when conducting and when the voltage level on the bus is within a
range defined by Vterm and a minimum low voltage specification. In this example
embodiment, the minimum low voltage specification is 1.0V, although other embodiments
20  are possible using other minimum low voltage specifications.
Figure 3 is a block diagram of the data transceiver 400. The data transceiver 260 of

Figure 2 may be implemented in like fashion but will not be mentioned in connection with

Figure 3 nor in connection with Figure 4 in order to simplify the discussion.



5 The pre-driver circuit 410 takes the input signal 405 and reduces 2{hgEP 004
voltage swing to produce a reduced voltage signal 415 that is delivered to
the driyver circuit 420. The reduced voltage signal 415 ge swi ng
that en¥@UE5¢Rat the driver circuit 420 can sink a congﬁﬁgoié’%%ﬁnt when

conduct |09, Thte Bk Hefobibtralh tncfi20 SERWBENAEARII] LA AN er LRUS DAY, 425

that provides a connection to the da 0 e erbodi nent

of the pre-driver circuit. my include siypl e vol-t di vider. cjrcuit,

al t hough e BTEier itasssivar 41 et senl s, Thoweut e iBaeiesdelivered of

cont i nuouysl drawi ng, current. Figure 4 is a circuit diagram of one

enbodi me#f" ?mfﬁg"ycijﬂ’ﬁeﬁ‘f'c&ﬁ%’dBF‘U%‘g daviee 280nf §iguss nhedneitisignalifdhin does not
continuously draw significant anounts of current as would 15 be the case
with a sithipExampls emalbpdingeny haser vadtegesyiog offfam NECE t@MSSer circuit 410 incl udes
NMOS transistors 411, 414, and 416 as well as PMOS transistors 412 and 413.
The dii ver ciThepretdri42dcidcnic # LitakesNh&IBpitrsipnsli 4906 and rediddes atvdvot2gk swilen t he

" input signal 405 swings to VCC (1.8V in this exanple), the transistor 411

conduct s 1@pddice\aGtdiRe® valfagd/SEnalt N3 ihat0b BellvRrce SO e driva iragie4 (0 ITHer ansi st or
411 is 20 applied to the gate term nal of transistor 414. Transistor 416

al so Con%t:édl @ﬁg%c?si%g{l] PRsa Wi e s@fngg/ﬁ%eﬁs%ﬁg% iﬁ%rdﬁgeulc(?rcﬁig%q@aﬁﬁged

vol tage signal 41 i's appli tot transi stor

transistQr no nd pdrpo. current s drawn framthe out put
paa 425 K EROTERE Syt Ao R TR SR 428 Bt Wi 7 50
.to VSS, the NMOS

'ItD g/n g |SS'EL {5’8‘%9%?\92&ﬂ’aﬁ,g‘%v@g&]‘%’“ﬁ%&@gkﬂfﬁggatgﬁw d8US% the PMOS transistors
412 and 413 conduct. Wen the ) ]

10 One embodiment of the pre-driver circuit may include a simple voltage divider
circuit, although a simple voltage divider circuit would have the drawback of continuously
drawing current.

Figure 4 is a circuit diagram of one embodiment of the data transceiver 400. This
example embodiment does not continuously draw significant amounts of current as would

15  be the case with a simple voltage divider circuit. The pre-driver circuit 410 includes
NMOS transistors 411, 414, and 416 as well as PMOS transistors 412 and 413. The driver
circuit 420 includes NMOS transistors 421 and 422.

When the input signal 405 swings to VCC (1.8V in this example), the transistor
411 conducts and a voltage of VCC minus one threshold voltage for transistor 411 is

20  applied to the gate terminal of transistor 4 14. Transistor 416 also conducts and a voltage

level of VSS is delivered to the reduced voltage signal 415. When VSS is applied to the

transistor 422, the transistor 422 does not conduct and no current is drawn from the output

pad 425 which is connected to the data bus.



. transistor 412 conducts, a voltage |evel of VSS plus one threshold Y@l 9801
for transistor 412 is applied to the gate of transistor 414 and a voltage

| evel of o reshold voltage for 5 transistor 412 mn shol d

vol tage‘;vpod]ﬂ#gnsi stor 414 is applied to the reduced vol ?’Z@%Fhﬂ{g 415.

The transisto ¢ Lepriate
WPhefi e iﬁg% sﬁ;ﬁl AW %ﬁs%ggéj[ﬂ \A}{g)nﬁiﬁlgﬂﬁ?s AN aﬂB%I@ p

vol tage for the reduc tage signal I nput signal is at VSS.

2ol T agaetRaf oot e BRF MO uhErrE 59 Y Se bR bt s st ur ati on
regi on and t.her4el§y sink a consiant if rent when 10 conducting, If the
mi ni mum V8RRt [<sondysis # Keitage %E‘tOf&;‘:@ Pi'?EP“Féh"is.hel\? voltags for ¥isistarhr eshol d

vol tage for transistor 422 is .4V, then the transistor 422 will operate in
its sat diafsapaligdigithmealieiiransistonblidtang 8 veltse lavel efene Heeshelduobagefot t age
signal 415 does not exceed 1.4V. The transistor 421 provides capacitive
decoupl i mgnsigorvd@mminheoreubnesholdranitagfor amdistat 3 14 kapplisdvethetreduzsd st or 422.
Thus, any high frequency oscill ations observed on the output pad 425 will’

not negatvolsle $ighBPAG! Thé faRedral i Ddhdafl4 biifoeickighdd tb pRaESirippfbpdate Al t hough
specific voltage |levels are nentioned in the above di scussion, other

ermbodi MeRbRagR TS LP@%%F@F%ofﬁe'}%ngltﬂ@rwh\éﬁ megg@lt( LigH & iSar VISIW £ {)Aﬁﬁag Of | ow

di agram of a nmethod for reducing back-to- vol tage glitc a high

dd il ' ' nbqd| f th
Specd 2\ sp MRS TRILEE:] (AR A AMEFSN B PO R ILBR o, 7
| ogi cal | put voltage is . reducedg%rql%)l ock 520. At bl ock 530, the

reduced BB PR Hpthss e e rand Bisrsba g comgsrg umant wigb0a o
" 01/ 75615 PCT/ US01/ 08067
10 conducting. If the minimum voltage seen by the output pad 425 is 1.0V and if the
threshold voltage for transistor 422 is .4V, then the transistor 422 will operate in its
saturation region when the voltage applied to the ‘rcduccd voltage signal 415 does not
exceed 1.4V.
The transistor 421 provides capacitive decoupling between the output pad 425 and
15  the driver transistor 422. Thus, any high frequency oscillations observed on the output pad
425 will not negatively impact the operation of the driver transistor 422.
Aithough specific voltage levels are mentioned in the above discussion, other
embodiments are possible using other voltage levels.
Figure 5 is a flow diagram of a method for reducing back-to-back voltage glitch on
20 2 high speed data bus implemented in accordance with an embodiment of the invention.

At block 510, a logically high input voltage is received. The logically high input voltage is

reduced at block 520. At block 330, the reduced logically high input voltage is applied to



a gate termnal of a driver transistor such that the driver transis@drSEP 7004
operates in its saturation region. In the foregoing specification the

i nventi een described with reference to specific @i Rotbios?
enbodi newrﬁgﬁt%ﬁ{egr eof. It will, however, be evident that various 5

nodi fi catd aRsemifal OP2 868 vARYstOS MG thd @R BaWistdtQpérade pailst safagatioh om t he
broader spirit and scope of the invention as set forth in the appended
clains. Thg,specification and draw ngs are, accordingly, to be regarded in
an illustrative rather than in a restrjictive sense. Reference in the

specification,to "-an _enbodi.pent "one.. i S odi ments," or
"ot her enbodi %ﬁ?g&cﬁ%gef’ﬁglﬁ tlbcdg?iﬁgu@ag% %g@eugélzed:ﬁ?ﬁnﬁrgtieﬁeﬁgft or 10
characteristjc described jn connection wth the enhodinments is included in
Cat | east e exemBiar sRpdmeniz oot Rl horvEr be BY LI EIAC s, of ¢ he
invention. The various appearances of "an enbodinent," "one enbodi nent,"
or "sdme reediteatingsand changes may be madedheratoiwithoy!| departingfrom fby Jreadenpiritame

enbodi ments. 9 20 SEP 2004 What is clained is: 1. An apparatus, conprising:
a driver anisape dbf thadivediionasaetdoitlv avthe appasded tharms. t Tre sdedifiation arginsi st or
including a gate termnal, the driver circuit further conprising a

decoupl i ngawihg e, AtVrdiRGY b 8E rdgeide® Rruntiestrative rither thirdin e rédtactivaRehsan out put
pad, the decoupling transistor including a gate termnal, the gate

termnal of therARCOHPhE BRHEADRHIS M A enftREMEAD" the BmBORmEhye seHOP! y Vol tage;
and a pre-driver circuit to accept a logically high input voltage and to

Gt Vet RalhBEHRa - POLAE. dnbodiHeAll: KRLIOR LB NG, ARLE. LAY of e

driver transistor;, the reduce 0ogl ca vol tage no greater than one

driver. transistor .threshold volta |l us,a,.m ni mum,vol.t.a seen at an
out pu“LD p égaractcrsstic descngec:r| in connection \gﬁh RIC cmbod:mcr%s 15 lncluc%d in gﬁcas? some -
embodiments, but not necessarily all embodiments, of the invention. The various

appearances of "an embodiment,” "one embodiment,” or “some embodiments” are not

necessarily all referring to the same embodiments.



2. The apparatus of claim 1, wherein the m ninmmvoltage seen at th? omm
pad is approximately 1 V. 3. The apparatus of claim 2, wherein the rﬂe C

| ogically high voltage delivered to the gate term nal of the driver
transistor is no greater than 1.4V. 4. The apparatus of claim2, wherein
the dri veyhat [s@dshaiier and the decoupling transistor are coupled in a
cascode arrangenent. 5. The apparatus of claim4, wherein the positive

vol tage supply voltage is approximtely |1.8V. 6. A system conprising:. a

data bus jcont %laltpﬁiré 9@8&@-&@%‘.3 transcei ver coupled to the bus controller
via a data bus, e t&a’tta ransceiver including a driver circuit including

a driver trangidsvescircuihigeludipy edriver rarsistar ghe dnixsr trafisistpr inglugénge gatsr mi nal , and
a pre-dri ' Lt ko . t elol hi ' I dto

el 1 ver - oHinal WS &8 PAER coflhll £ Bichibiil fihols B ol URBAG BT | 1
driver t daveitgisistor aid adpw pad, dhw dsfoupling tmanSistot ineluging a gate eeminal, theui t t o

del i ver [ | pgi cal | igh. voltage to the,gate term nal of the
ari ver.  PARLERACS She o0 The bl conbRn SOl B BB Be 8147 %

sat urati on r egipordriveccirciit @ acecht ¢ dugidalhyghigha inpyt voltgde and bd dedjeer axeduped logidallyo t he
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2. The apparatus of claim 1, wherein the minimum voltage seen at the output pad is

approximately 1V,

3. The apparatus of claim 2, wherein the reduced logically high voltage delivered to the gate

terminal of the driver transistor is no greater than 1.4V,

4, The apparatus of claim 2, wherein the driver transistor and the decoupling transistor are

coupled in a cascode arrangement.
5. The apparatus of claim 4, wherein the positive voltage supply voltage is approximately [.8V.

6. A system, comprising:
a data bus controller; and
a data transceiver coupled to the bus controller via a data bus, the data transceiver
including
a driver circuit including a driver transistor, the driver transistor including
a gate terminal, and
a pre-driver circuit to accept a logically high input voltage and to delivera

reduced logically high voltage to the gate terminal of the driver transistor.

7. The system of claim 6, the pre-driver circuit to deliver the reduced logically high
voltage to the gate terminal of the driver transistor such that the driver transistor operates in
its saturation region when the reduced logically high voltage is applied to the gate terminal of
the driver transistor.
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transi stor coupled to a positive supply voltage. 9. The systemof claimg$8
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| ogically high voltage to deliver the reduced logically high voltage to the
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11. The system of claim 10, wherein the reduced logically high voltage delivered to the
gate terminal of the driver transistor is no greater than 1.4V.

12. The system of claim 11, wherein the driver transistor and the decoupling transistor are

coupled in a cascode arrangement.

13. The apparatus of claim 12, wherein the positive voltage supply voltage is
approximately 1.8V.

14. A system, comprising:
means for controlling a data bus; and
means for transmitting data from a data storage device to the data bus, the means for
transmitting data including
means for sinking current from an output pad, and
means for accepting a logically high input voltage and delivering a reduced

logically high voltage to an input of the driver means.

15. The system of claim 14, the means for accepting a logically high input voltage and
delivering a reduced logically high voltage to deliver the reduced logically high voltage to the
means for sinking current such that the means for sinking current is capable of sinking a

constant current.

16. The system of claim 14, further comprising means for providing high frequency
decoupling between the output pad and the input of the driver means.
11



decoupl i ng between the output pad and the input of the driver means » DlélEPZZD&
SEP 2004 17. A method, conprising: receiving a logically high input

vol tage; reducing the logically high input voltage such that the reduced

| ogically high input voltage is no greater than the threshold voltage for
the drivef transdieddOboniridimgd mM ni num vol tage seen at the output pad; and
appl yi ng the reduced Ioglcally hi gh i nput voltage to a gate termnal of a
driver transfes¢ising 8 iegicatly high (nput ¥pltagfer transi stor operates in its
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t han t he the driver transistor plus approxi natel
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applying the reduced logically high input voltage to a gate terminal of a driver

transistor such that the driver transistor operates in its saturation region.
18. The method of claim 17, wherein reducing the logically high input voltage includes

reducing the logically high input voltage such that the reduced logically high input voltage is
no greater than the threshold voltage for the driver transistor plus approximately 1.0V.
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