INTEGRATED CIRCUIT COMMUNICATION SYSTEM WITH DIFFERENTIAL SIGNAL AND METHOD
OF MANUFACTURE THEREOF TECHNICAL FIELD [0001] The present invention relates generally to an
integrated circuit communication system, and more particularly to a system for chip to chip
communication using differential signals. BACKGROUND ART [0002] In many of today's most popular
electronic devices, such as cell phones, laptop computers, personal data organizers, and global
positioning SysSINMEGIATIOR GIRECUITN QOMANIINIGATEIDIN SV SIERM I WOT H ® IFERICNTEA Data may be
transmitted across short distances between integrated circuits within the device. [0003] The transmission
of data involves sending ShGNdeiXiND YEkd B3P O MANEES O PERE WHIERKEQ@BNnnected between a pair
of transceivers. Each transceiver can have a receiver and a transmitter (or driver). In this manner, the
receiver functions to receive data from the transmission path, whereas the transmitter functions to drive
data onto the transmission path. The transfelcg&g?ﬁi%gﬁtﬁ%ﬂfreceiver and transmitter circuits fabricated
on separate chips is sometimes referred to as "off-chip™ signaling or "chip to chip" communication. [0004]
Single-endeq gigpp!srate fRisa!n USRS {orpR:ciR oMM UisAtion hecavse ol the dedisediarea
consumption and design comple_an enerally involved in routing these signals. However, more and more
off-chip signal¥s &P siiHaROFsRY teh éa)/pt?oacwﬁseebmﬁﬁmc@tm SPafBitisatios difretelitisicsiiflals because
of their decreaggdssensitivity to environmental noise. For this reason, numerous transmission protocols
such as Low Voltage Differential Signals (LVDS), Stub Series Terminated Logic (SSTL), differential
High-Speed Transceiver Logic (HSTL) and Low Voltage Positive Referenced Emitter Coupled Logic
(LVPECL) have been established for sendimpgardeoeiNipggifferential signals across a transmission
path. These differential signals often have smaller amplitudes (i.e., reduced swings) to facilitate easier
routing in higfosgHedrchiatp-chipdagh missicaijans. deadditiodethescamiman cabdehvadtage(@e., the
average volta e va Ieurg;') ofe }angliffgarlgntiql S nez%lls %ggn \ilgﬁi:ﬁs Scigﬂligr?%ntl% frg)errr]'[1l Lasp 10 case depending on
the actual app iCation erlvironment. a[O?)égT% differential receRver essegntlzi’ﬁy op’erateps as a differential
sense amplifiermianeatiddally waoepd glealanyefythddedhmetwoniPanmapde vsitagetednegaith a high
common modgJeifcliar faianHRWRVE @I MestinitRL isviddPractical sense amplifier has a limit as to
the common mode voltagfe that it can accept. One of the difficulties in sensing the differential signal is the

asymmetrical SRS iRl JramEgitpROf e dORAS S5 rETULRe A LERtRHNG B QYT AT Mhe

transmitter. Rragessiyield candoe ddversealy ipapatteahbye B rr0ERSS €orerviahplodueas®@iver

characteristiogly fast gefiannel Metal pxdgis Semiconductor (BNOS) ansisior coupled 19 e
characteristical y slow n-channe Metal Oxide Semiconductor (rn (¢} S)I]Iran3|stor or vice versa. [0006] The

difficulty ariséxsnghessithiepaifierdntiab shyrizdssraidich fancaqualoditay dalevaitehe isadiseantarehdifferent from

the referencemgI%@.g@femi%%Oétmm%yewa%a%%ﬁ%@%gigfﬂb?i&a{wt&%@p%@%ﬁ@gqg\{er, which
may cause data corruption. Since the performance of the chip to chip communication may be impacted by

temperature SHBSVEIESGE VAT RRGHs S N, Heamiasfhg R SEUBHIEME Rritical. Unfortunately
normal statisf@@4dissibgianaecsim despiteyhiepifosisiteopraditp onhhiominahspeasedeyiers. The
current state of.the art may Srendt% ti;% (F vices whilch.are qupced :imd fall OL{tSid of the nginal speed

range, nonoprgggﬁ%%gﬁegcrosgﬁ?elrnspeC| |5§I%edr%nplgreaﬁlfr¥eg %n VBI{%\éoeVaniélég}l g t%ese S1en
However, more and more off-chip signals, or signals used for chip to chip communication,
are routed as differential signals because of their decreased sensitivity to environmental
noise. For this reason, numerous transmission protocols such as Low Voltage Differential
Signals (LVDS), Stub Series Terminated Logic (SSTL), differential High-Speed Transceiver
Logic (HSTL) and Low Voltage Positive Referenced Emitter Coupled Logic (LVPECL) have
been established for sending and receiving differential signals across a transmission path.
These differential signals often have smaller amplitudes (i.e., reduced swings) to facilitate
easier routing in high speed chip-to-chip communications. In addition, the common mode

voltage (i.e., the average voltage value) of the differential signals often varies significantly

from case to case depending on the actual application environment.
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[0007] Thus, a need still remains for an integrated circuit communication system with differential signal
that can increase the manufacturing yield of the chip to chip communication to include product that is
fabricated outside the nominal process. In view of the increased demand for highly integrated functions
that require chip to chip communication, it is increasingly critical that answers be found to these problems.
In view of thel @f3-indrdidksivegtisd neneeveigiseunipbtitver pre ssur S ferantigleis ¢ oW T d1s eamer
expectations jaagihe dipinishing QRAGEHIEES fon BRARIRG L ROdst difierantstion ibihadnarketplace, it
is critical that answers be found for these problems. Additionally, the need to reduce costs, improve
efficiencies affef FEFoANATLeY e Aiedit BIRPEtIvE pRetathed S8 URPEUShIG eRtB LG LN to the
critical necessiiyifenfindirgvansyeats it thesecpspblomso{ARO3]fHalutiaria teiikiegaherobferasibave been
long sought but prior developments have not taught or suggested any solutions and, thus, sojutions to
thoe problemie R 15 15 B o CRte e S e SRR TRVENEIEN [0000] The
present inventiontiprisvid g amethicd. dirpdanufistdionn bf advimtehrarad cdbit corpentsricaothelstem

inclqding proiéi@ﬁ?ﬂé% %eém%%}%ﬁ@ﬂlwfﬁ%io?&ﬁlfﬁélriﬁ%m%@i%%éﬁ}é%mw{&’%m@ griygeon the '
semiconductor wafer for generating a crossing point at a reference v_oi!):%ge. [0 %The present invention

provides an iReEBlateR rRanCtsirikickr A-shatarh Hrr dnlie SBinfagHEIGEBMPREABHYY cross-over

current minotgrivertabricated on the semiconductor wafer for generating a crossing point at a reference

voltage. [001 rtajn embodiments of the invention have other steps or elements jn additjon to or in
ince of thos L ISR ey ik O S e T A R L AT e an
from a readindgjstintradaliBeniny detaileddesodptiotaghdiitak@diidthmefepenioectchifieddovorapanying

chavings. BRIEF B SCRIPTON A HERRANINGSJAUAAFIG, k5@ sehemalingiacsam.of an

integrated circuit communication system with differential signals, in an embodiment of the present
invention. [0C14] &P SQEMHIAY SRR rRcORG U WeRers e ppfical e tesiidpaie dveltcuit
communicatigmisysiens, 6kt Erote{OQRAIFIG risaltinirgrdiageammoian aupuicmaustasmisaurced from
the integrated clrcull SOMMUIGANoN SYSIRM. Nayng anpistors JLom. 2 ARMINAL Dragess: e art
may render the devices, which are produced and fall outside of the nominal speed range, non-
operational across their specified temperature and voltage ranges.
[0007] Thus, a need still remains for an integrated circuit communication system with
differential signal that can increase the manufacturing yield of the chip to chip
communication to include product that is fabricated outside the nominal process. In view of
the increased demand for highly integrated functions that require chip to chip
communication, it is increasingly critical that answers be found to these problems. In view of
the ever-increasing commercial competitive pressures, along with growing consumer
expectations and the diminishing opportunities for meaningful product differentiation in the
marketplace, it is critical that answers be found for these problems. Additionally, the need to
reduce costs, improve efficiencies and performance, and meet competitive pressures adds an
even greater urgency to the critical necessity for finding answers to these problems.
[0008] Solutions to these problems have been long sought but prior developments have not

taught or suggested any solutions and, thus, solutions to these problems have long eluded

those skilled in the art.



[0015] FIG. 4 is a timing diagram of an output waveform sourced from a prior art driver circuit, having
transistors outside the nominal process. [0016] FIG. 5 is a timing diagram of an output waveform sourced
from the integrated circuit communication system having transistors outside the nominal process. [0017]
FIG. 6 is a diagram of semiconductor wafer with the integrated circuit communication system formed
thereon. [0018] FIG. 7 is a diagram d?2pk6tEdBIE6HirbHEHAYY FaY THaNemiconductor wafer of FIG. 6.
[0019] FIG. 8 is a plan view of an electronic device having the integrated circuit communication system in
an embodiméM W thEhsressARHDETiR. o2 sFianghdadf RreHAR EF LhmttHBE BristhAtifdEture of an

integrated cirestitGEMuNLINGRERM SHSkam #pasy RIMBadiBaabb fiihier preseninaveptioninBa S IoMODE FOR
CARRYING OUT THE INVEN'I&ION [(())0%11 The follé)wtinlg erpbctdimentstare described in stufg‘icient detail to
enable those Skilled i the art to Make and Use the mvention. It1s 1066 Utderstodd Hat bt
embodimentsefievendeb@lagelent based on the present disclosure, and that system, process, or mechanical

changes may{g gpaggwithauhdeparting Tor s SarPeRLME Presalll i%\éﬁﬂ%ﬁci@&?%ﬂﬁeﬁﬁe following

description, numerous specific details are given to provide a thorough understanding of the invention.
However, it WiFBEIBHpARSAIEABIHHET ARG hiag DS BraE e WItHEGE tHess siaistiedierails. In order to

avoid obscuriaenibsh Piese vy estinesame WRlksknopsmecaitge gyisteviegnfigurations, and process
steps are nontgﬁi'? ios d in detail. %0023 Tth drawin%s howin embodimlents of the system are

sermi diagramPOLEE TG SRR Shs RSN CANe P EL B RSB P VA8 iy of
prese;ntation anplaxe chtlmm glxag'@acdtetjoivethé”mmlvﬁgdfl Gsnﬁimailjo,eabthqughat!aet viewssa t_he '
drawings for ﬁéﬁ@dofndﬁﬁcﬁﬁ“f%@ng%”?Jé‘dl}{gs%?‘%h@%i?o%ﬁ niALens ’d@%g&&lcu%@d N6, Rl 1s arbitrary

for the most part. Generally, the invention can be operated in any orientation. [0024] Where multiple
embodiment$eAPE RS fobe dBARISIEHDEEVREEFing some features in common, for clarity and ease of
illustration, description, and comprehension thereof, similar and like features one to another will ordinarily
be described with similar reference numerals. [0025] For expository purposes, the term "horizontal" as
used herein is defined as a planeBFdFilBESGRE BIANE QF JiHPR O HEGdtegrated circuit die, regardless of
its orientation. The term "vertical" refers to a direction perpendicular to the horizontal as just defined.
Terms, such E912hoUks: g g viehepatiodiagitsh ol Gdaicgialsd diehvetmmunighia, YR8 idipper,
"over", and "dnfiaentansideiiogd withiespeehtofthe peszaniatpliane, as shown in the figures. The term

‘on” means Uightfergis direct antackamona plements [0036]. T fern Riocessing. A8 tgqd herein
includes depoOsitio ofIm'a efial or plf‘%oflorésg]t, pazftlfer Ing, exposure[,)p evelopmen ,ge cehlng, clleaning, the
concentratiorswfrdopants ayrdeohefifitals!-and/or removal of the material or photoresist as required in

forming a de%ﬁﬁipﬂd Ficiuee: timing diagram of an output waveform sourced from the integrated circuit
communication system having transistors from a nominal process.
[0015] FIG. 4 is a timing diagram of an output waveform sourced from a prior art driver
circuit, having transistors outside the nominal process.
[0016] FIG. 5 is a timing diagram of an output waveform sourced from the integrated circuit
communication system having transistors outside the nominal process.
[0017] FIG. 6 is a diagram of semiconductor wafer with the integrated -circuit
communication system formed thereon.
[0018] FIG. 7 is a diagram of a process control chart for the semiconductor wafer of FIG. 6.
[0019] FIG. 8 is a plan view of an electronic device having the integrated circuit
communication system in an embodiment of the present invention.
[0020] FIG.9 is a flow chart of a method of manufacture of an integrated circuit

communication system in an embodiment of the present invention.



[0027] Referring now to FIG. 1, therein is shown a schematic diagram of an integrated circuit
communication system 100 with differential signals, in an embodiment of the present invention. The
schematic diagram of the integrated circuit communication system 100 depicts a first transistor 102, such
as a p-channel metal oxide semiconductor (pMOS) transistor, having a first source 104, a first drain 106,
and a first gate 108. The firsBESURAOIIHABYWRE(IPIedY b Firdi BoVFdeNORbhge 110. [0028] The first
source voltage 110 may be equal to 1.8 volts, 1.3 volts, or a similar positive voltage and may be coupled
to the first so h odherfpllardpg eambocipspiayiselestiprid o uisde detylitpsnadadheseskitidh second

drain 114 of ansgeanddianssiad dstGhsushaopan vichapnehdastaboxideosamiatdustats(AM®S) transistor,
having a secgnd sgurtc§ 11 and a secotn&is%?te 120. The second source 118 of the Spe nd transistor may
be coupled t0'a SN VSHtade K28 CSTeH SE Gr i To6E oY Rtk taRsi StP P AT SR 4480 -channel
metal oxide seayibomudetort{oMOs)atrtarsisior thrascony aftthiedsoencamde@6oa. third drain 128 and a third gate
130, may be gpled in f.sylrsantial Siantaniian s Bedist amisinL 105 The fiidaoyree 126 may
be coupled to the first source voltage 110 but the third drain 128 may be coupled to a negative output
node 132 andharfghtleai18aopiathe iftistHeASRAIe 196 ITOOBOT TR BRItPR AR ISIBIIPBENBUCh as an

n-channel mefapaxise senicanthistanptoMOR) Mansiskrhavingdassteuiih deapedad i faudh source 138
and a fourth gate 143 ga be .couPIed irtl a sub .tantigl%sim(iﬁlar fashion as the second transistor 116. The
fourth source" 128 SHthEIRNPHFIANS sisHTEechE PERNn Y BrRS S SEBR A ToRRG € 192550031] The

configurationcbfai.he first tran;istor 102, the seconq transistor 116, the third transistor 124, and the fourth
ransistor 134a3i10 ppiRRUARNERHRIS i e disl s coaaliane diLulfie.aarandalaog 122, the
positive output node 112, and the negative output node 132 may be considered to be a standard driver
circuit 142. THalstapdapardiieioirome 162t Simpar e tRepioo kg tcpierdiRigrearing grssaist state of the
art. [0032] Thasesign oftardrangistersymayipesmaiichadyanmhhiey ae {ahricateriralospdroximity in
order to minimize any characteristic variation in their performance, such as threshold voltage or current
capacity. As B?‘%?/Pg SRR BEE VRIS HRE IGRENAY JeHSITRSHRR i £X %ésa@ Hhétrical
switchipg of tfmtﬁxesitdxzemutpﬁﬁmcﬂg,lﬁ@imadt(ba mgathmnawtphtmydmalﬁﬂt,iwhich may Iea(_JI to_data
conuption. [gg3hin RSt i MIRURIRKARRIAGESS IFseSAtmAkIRad namrumerical Auilghing. an

embodiment of the present invention provides a cross-over current minor driver 144. The cross-over

current minoceRvENL A plasiidardcisent tHacktigtodeer st il ¢RI dipesienL 42 1e9AsEEdH matching

transistors, thatigipdeRasdent Kf dNRHRIGEESS GRS PENdRISMER L R RaGUrEnee AfAsYmetrical
switching. [00ﬁ4 The cross-over current mirror driver 144 may include fabricating the standard driver

circuit 142 withCA¥eH FaRHLtEP Y 48 RO AR BRNARHETRE AP SRitfe SEHR O HETRE A MO ES transistor,
having a fifthsoalicetd 4, @it lodsaifack58, thadhe dittte ¢y ate i 6&ie Tiegafifihss ofi iceoiid Bratiay. bEheoupled to

the first sourgg, yoliage 11Q, and,the &E}i‘ct%e érfgnﬁlé%akﬁ%c_%%Hl%ﬁzt@n%]eaéhi{llgt %R néc?oﬂ?]%sa” input node

154. [0035] The input node 154 may be coupled to a signaling source (not Shown within the chip that
contains the veRsibvabRgrrerhalivior drafemi441oR singHe e fittedn sigdaraol-sHBghey malpswitch in a
specified patteyspir-orderto aclivaiadhe ROALYE:QWRHLRGEE: 1d 2hanidihennegative QUIRWL Rode 132 and
thereby transfer information to a second chi%doos(i] The fifth drain 150 may be cross-coupled to an

eighth drain FH6 P elgitF TanYsBF PN UUBAaE 415 ERBRAETRISERTERIE- Ssemiconductor ((MOS)
transistor, an[@dgihiih GatactBO0,mocdkiegsesanddateih20c1AdeeidghthisonkdarnhiZiahay fiewoatspled to the
second VOIta%aGtt%lznzlﬁg, exposure, development, etching, cleaning, the concentrations of dopants and
chemicals, and/or removal of the material or photoresist as required in forming a described
structure.
[0027] Referring now to FIG. 1, therein is shown a schematic diagram of an integrated
circuit communication system 100 with differential signals, in an embodiment of the present

invention. The schematic diagram of the integrated circuit communication system 100 depicts

a first transistor 102, such as a p-channel metal oxide semiconductor (pMOS) transistor,



[0037] The cross-over current minor driver 144 may also include fabricating a seventh transistor 164,
such as a p-channel metal oxide semiconductor (pMOS) transistor, having a seventh source 166, a
seventh drain 168, and a seventh gate 170. The seventh source 166 may be coupled to the first source
voltage 110, and the seventh gate 170 may be coupled to the first gate 108 and an inverted input 172.
[0038] The inhasiteia hintitsoTZariak vefdsivisaiby (n anderfastiatethed . id o lipfetpbeenW@émmiebinput node
154 and the GIRRQYSE BT SHIRINGKLEvVap144. The inverter 174 may be any high speed complimentary
metal oxide semiconductor (CMOS) device. The inverter 174 may also have connections to the first

source voltad@28b JHif firstseLeshd Vsigadd 4198y hectable dohMdttidns Wlive h& SHUATREH S clarity of

the figure. [0Q3R}gEhasavanth crapned 68 dasirhiesciasstooupheditor aisixthodr ainy t6cofiglaixthatransistor
158, such as an.n-channel metal axide semiconducto S) transistor, a sixth gate 160, and the fourth
gate 140, A SN EE T A ) P o L LA S F B R Bt Hiscovered
that by couplithgrtind fiftitatrarisis tesmiid@dirsosi P SistorsiB 8 hiveg eversndransistol IB6andaad the eighth
transistor 1784034 %SIQQ.U_ﬂl@%%QHﬁ'QHﬁ?&Oﬂ @%ﬂﬁé%@&ﬁﬁ %QQM%oPhﬁaQ%‘WGp‘PéHQ&E@Q&%&Q and the
negative output node 132 will always switch symmetrically, such as the output crossing point being kept
within the sp&EHrEstlrH s 2fdRE¥hdent of the process variations. This discovery may represent a
significant ingoease in precesandgtdrdetiesing asedpetianii eastiobiansdastordud0p4p)i0ws, it has
been discovered that the .integrated circujt communjcati stem and device of the present invention
furnishes impBHE RN HeF TR oA mert A ab A e vt B oral
aspects for ircseltingaiesproee ssslyieidfdhditey rrtesas sirdOits Bontaidingradifférentidediveledithout

adding Sig”iﬁ&aﬂﬂk%ﬂ@@?ol&c@‘@oﬂ@gégf‘td%@%leﬂﬂ%&rﬁ{%ﬂlﬁ%i%@?%@'@&?%&h‘é Qfﬁédéﬁﬁ%ié&%&% sourcing

a first reference current to the elsé th transistor 178 which is coupled to the second transistor 116 as a
current mino ARy Thate ik rareldd ehp EBIHEMHE fdfhsistors will be reflected in the reference
current and tpeo30gguiaigdhenteansition Bchadositivenaiiipiitnedelldddenddhe neg@aivaaiput node 132.
[0043] The same.enaﬁ%rgg takes place by the seventh transistor. 164 sourcing a second reference current
1 the sixth oG TE5 Wnich TLARA € ISUF TAPGISH T3 S AR G  parametric
characteristicoaflpi@ & swbsisisidls sheilag fibbifinststtha sistod 10@sitter thifd TieenGistdr sbartethésfifth

transistor 14%%&%@;{%1”%%9%%@@@ a}m;&g&gm@gq%cwse they are fabricated in
close proximity on the integrated circuit (not shown). [OomThe parametric characteristics of MMOS

transistors, bEIAhe8e comdsratiiaatsf 1hb fiie fouHH Tl kistb saBnth&rdriHralSistbe 158! and the
eighth transistersl8: voll alweirs beurnatehisdbecassritheyppreptabiigateshisiclosrepriexigitycen the
integrated circuit (not shown). While the etric characteristics of the S transistors may be
cramatically G| oA B RAHS FhsrLE RSN 51 748 ARG el el S B Bthation of the
present inventida h3dintayns:asyidaredriodidrassitibndodrine positivé4Qutfu siadkutl®iaedcthminegative

output node 132;{Q043) TR SEELLINGTANSISION S MR RS &Rl §lG that the first transistor 102 may

source the same amount of current that the fourth transistor 136 is capable of sinking. This balance of

current handkfi¢pehpabiydrsigs cls Sy siftsieeti rbhtas dromd tHe YirderahErNSse 1020l85the positive

output node pikibEpudhotie extatnahyyiingy(opishewits Rackintoith@degativeauteutingdes132 and
through the fourth t@nvs[)igtor 136. A similar crossing ({)attern is, true for the thjrd traﬂ%istor. %&4 and the

second transiSSi™Y 085 PHTIETPhSRPREEN A BT thAr R Tt P UNE COHIRication
system 100, ot-foenpresentiinvemndtomyporovities! avélcable ahchmansifacturaple dideréinliaindriher for

chip-tochip cgmmunication that f§?wﬂmpﬁg¢gﬁxgﬁﬁgggﬁdw&g parametric characteristics caused by
manufacturing process variations.
[0033] In order to alleviate the process issues that may lead to asymmetrical switching, an

embodiment of the present invention provides a cross-over current mirror driver 144. The
cross-over current mirror driver 144 provides current tracking to the standard driver circuit
142, based on matching transistors, that is independent of the process corners and prevents

the occurrence of asymmetrical switching.



[0047] Referring now to FIG. 2, therein is shown a timing diagram of an input waveform 200 applied to the
integrated circuit communication system 100, of FIG. 1. The timing diagram of the input waveform 200
depicts a single ended signal 202 that may be transmitted from a first integrated circuit (not shown) to a
second integrated circuit (not shown). A voltage scale 204 may indicate the voltage level of the single
ended signal[90Xhndhe tirmes soalec 205 o thi eeleivadinhalydméhsgrsdgthaanodeddrds; of the

transitions in fhe,single erged signataRz«dP048] RRieTNG PN ihEl Ghed RRIGINISSHARRLMING
diagram of an output waveform 300 squrced from the integrated circuit communication system 100 having

transistors fréRYROHARTBFoRadRe +ALB SN alagradi 8t FRbitButi /L8 d6 b tdd negative
output wavefesancd0R &mntha Rositiye0 utpthic\Wwaveiotiroe30sta[049), Auiéfereron yaltags2 306 aqual to half of
the first source V?c':tﬁ‘%?thle %{5 f I;tl(g;lt%%alg daaﬁpecigiegggrglsing point 308. The specified crossing point 308

is the point at which the vo of the negaﬁn “output waveform 302 is equal to the voltage of the

positive outplRFal/efderiBo4 nfBR5G*Theyney atvel autp at iembferne 8o @t thewpositithenobitput

Wa\(eform 30_@h %;Qi%lﬂé(ﬁg tWét@réséL%UéIg&lﬁEﬁJ?nﬁil& tithe Mﬁtﬁtl&%ﬁ@f@eﬁﬁé{i@]gﬁmﬁo‘égﬁlﬁvﬁm in the
horizontal axis. This set of wave forms is by way of an example only and while the voltage levels

displayed ardBrsiehttdr treied 88iFER DNt folkaatoPP 8V SHE W thalev i aed s be used for
the first souree gwitagapdihodéhi R thel tirngiticndifeemanthmiaresshapesdaggor this example, other
transition tim y represent other information, such as clock signals or, data lines. [0051] The negative
output wever 0 B T e B oSSR oD e ol S b ooyt S

manufacturedrdrorta homineh praanudadtumed petd osslfrionsbowmtqoed 2P RetfendittpnewagihG. 4, therein
is shown a timing Giggram Rl AGMiRLkWaETamARRSQUIcet B A m&ogo%?lgalvgwgwgﬁaot shown),
having transistors outside the nominal process. The timing diagram of the output waveform 400 depicts a
negative outﬁl&‘ﬂ%vgf%rm 402 and a positive output waveform 404. While the negative output waveform
402 and the posdtiye DhipubwavefarirdQnaresidailar tpihe negabvm uis Utawraveiarm s82nef FIG. 3, and
the positive outgut Wa}/giorm}§04, of_FhIG. , their cro sin%lpoin 406 i ﬁl&'geg frong thef‘lreference voltage
306. [0053] TRIS'S Oﬁting’o%lﬁeaér%gs‘fnénﬁgiﬁ? % 60r)§11a(§/ Be é:é)ﬁlsléﬁqﬁ);% maﬁu%%stlﬁr?ﬁ’g f%%%s corner that

produces pM@® thsistorsothatsarenthdraiotéoidtivally sasngngh v WO T haswsisitr scinae 466 may

characteristiGally awiqb RSS! $6urld 'y*ﬂﬁa’%é“ﬁtﬁ? DAAGHESE R fg;!léi’f‘i%srﬁ)efﬁb@%ﬁpi%‘ degion 408 may

become asymmetrical leading to the shift of the crossing point 406 to be away from the reference voltage
306. [0054] Tifat Gaspldr e EYy5EGE BRgUT vaveform 402 and the positive output waveform 404 is an

example only@smanyanehasahan thenasmielis ehamsierisios otiha PMPRdrensisipisand the
NMOS transistors, the i gilcta%n%e of the interconnecttrac%s and dﬁh capacitance of the receiver circuitry
n

n , apa
i the other nBBHT R dra b (BE SEeTireY b LTS RAR e s e At TR o o B 8 i boint 406 of
the negative bigtpspeadvefgimdd2rant thepdsitove cuthut w VMO U4 a g Bearvdiethé4eceiver (not

shown). [005aL Inglstiig) SIANFRNESFRr S R AR e1H AMELACE FaAHE 3536, fraRsINg point 406

be maintained at or very near the reference voltage 306. The waveform of FIG. 4 may not meet the
specification fOPRRE aNfRStheETheaHEeb Bedativeciibedisdsing point is spaced away and distant from the

reference volfeesy BOrIQ0RGHIRGIRH NS AW Be &lfss-&dhedatn sishawnRIB8BTa diagiamsaian output
waveform 50 §ourc}elzd from the int?grateld circuit com unicac{iP(r)# @gstem 100 havin trans{ij(s} ors outside
the nominal p%oce%lg. TREUNRY HsgP oPHee ST WA b GESIRY o e a kAo éut waveform

502 and a positiveediatptit gamvefdri 504 source 162 may be coupled to the second voltage 122.
[0040] It has been discovered that by coupling the fifth transistor 146, the sixth transistor
158, the seventh transistor 164, and the eighth transistor 178 in a cross-coupled configuration
as described above, the positive output node 112 and the negative output node 132 will
always switch symmetrically, such as the output crossing point being kept within the
specification limits, independent of the process variations. This discovery may represent a

significant increase in process yield delivering a reduction in cost of manufacture.



[0057] In the manufacturing process corner that produces pMOS transistors that are characteristically fast
and nMOS transistors that are characteristically slow or vice versa. The integrated circuit communication
system 100 adjusts the rise and fall times of the transition region 408 to maintain a crossing point 506 to
be at the reference voltage 306. [0058] It can be noted that the crossing point 506 is comparable to the
nominal casd ¥i4he dpasifiebacrbeirspointedBatothF [Blegrayithita e pranameirdt dhayserenstlcs of the

pMOS tfanSi%Wi%@&dtﬁg%@MQ%U%%E%@ﬁ@sﬁﬁ%ﬁaﬁ(%@%x@@% thahwevidaannalidail to produce
the crossing point 506 at the reference voltage 306, the added circuitry of the integrated circuit

communicatioN &R lBeErad fUndioes 2R Yo fSr GRRENS BroRfaeesthdeld A% eRIfdund in the
nominal processuisgionaiftiapa]dReientinpdicv: 1oithtot Aldihe keiniftcshopicatdihgd@igaf a semiconductor
wafer 600 wi i rated circuit ¢ nicatj stem 100 formed thereon. The diagram of the
emeemduet L L S e R AT (o
patterned ontarihactigets el @06 3 [H060] Y paramettie kesoritdraosiorall basusednientieimeanufacturing
process in Orﬁ‘ﬁ& t%ﬁﬁg%ﬁ“&ﬂ%&ﬁ@@&%ﬁ?ﬁﬁ@@ﬁri§¥é¢§a91fsf§18r9 MEASLransistaisiinat sbpwand the

NMOS transistors (not shown). The manufacturing process attempts to control the parametric
characteristic T8 UK BcETrio ST sdin dhe mparyt Fél%ﬁhﬂ?[’}@ Wit dRinkF &j¥tal structures
on the wafer 68gu{@6&1] 2ven with the tightest controls a distribution of the parametric characteristics is
assured to t ceEhThS?1 use of ihne Ra rameigrcig E:()estﬂ?it%e@%ﬂ?rtlrd aprocess (S:(())untcriol chart (nqt shown)
help to maintain the yleﬁd o?lproperfy%uncfisoﬁlng sa?’mpFes of the mategrafed circults 604, ff)%) A scribe
line 610 denatésrthee pattenfta dinguldtingtoti(hdl sthewhny, cupkedeodhsaimyihsemsbient 3orathe like. While
the parametric fesh Site:60& Raav s Use A9, JELeumine thaerNeal ReHOPARGR.CARARINES §f the whole

wafer, each of the integrated circuits 604 will undergo a circuit test to determine the mtezrated circuits 604
function prop&My. fiSoBBICRETRHIIYG Adty tBeFIBh Framerem 4o Hadnhg arygrahiaresiodss ¥dhtrol chart

700 for the samigpneluaiorcraies Bt afely|fze BabiieteliagraobtbeiRigcessheontegtabaldixd@ may be
used to track the parametric characteristics of the semiconductor wafers fabricated by the process. The
process cont%?tc#a??t’v 00 depicts a pMOS performance axis 702 and an nMOS performance axis 704.
[0064] An intéd8élioRhzQBramitis pMOS tpesformandiOoaxismiReandthe MMESperforsisancd @xis 704

represents a%@ﬁﬁk@ﬁ%@i&g&%@?@%@mﬁgﬁﬁi%aﬁﬁ%%ﬁ%ﬂﬁtiﬁé 8%1%%&%@%&%?@%@@@8@ fae "MOS

transistors on the semiconductor wafer 600, of FIG. 6. A nominal region 708, such as a circular region
centered on tHAFHESIBECOH o6 e uisife thalpersrHENe Paig dRitRE sk Sirai iRt tthe R operational
specification oiiadasignfahsicateshabthee micapguoty walas6Q0withhparamedrit ¢emaeigristics that

fall in this region. [0065] The pMOS perfarmance ayj %OZ may represent.the relatiye switching speed of
e oMo &R ST TS T A o el SO SR BE HLor

performance iextafids totiteinight anadhe dlowsitiperid thegnogiexianps todhd 18fanfObe 6k Sithitarly the
MMOS perfognapee,axis; 404 is represented by the vertical line through the intersection 706. The faster

performance extends up and the slower performance extends down.
[0045] The size of the transistors may be in a ratio such that the first transistor 102 may

source the same amount of current that the fourth transistor 136 is capable of sinking. This
balance of current handling capacity is necessary since the current flows from the first
transistor 102 to the positive output node 112, through the external wiring (not shown), back
into the negative output node 132 and through the fourth transistor 136. A similar crossing
pattern is true for the third transistor 124 and the second transistor 116.

[0046] Thus it has been discovered that the integrated circuit communication system 100, of
the present invention, provides a reliable and manufacturable differential driver for chip-to-
chip communication that is not impacted by changes in the parametric characteristics caused

by manufacturing process variations.



[0067] The region in the first quadrant but beyond the arc of the nominal region 708 is a fast/fast wafer
710, such as the semiconductor wafer 600 having parametric characteristics that fall in the first quadrant.
In the fast/fast wafer 710 the pMOS transistors and the nMOS transistors are faster than the ideal
transistors identified at the intersection 706. [0068] While faster performance may work well in some
designs, the 188421 trRaksigioesnarvayccbisutnéharoreieperyy antnihaslegsane ehere MudhtwTiepenis also the

possibility thaihediferapcadnipe ﬁ@féﬂaﬁﬁ%@%ﬁ%ﬁﬂnﬁbﬁiwgﬁéﬁ@ﬁ@@tqﬁﬁ@ therM@mig@ansistors
re

may expose design limitations and functional failures, [0069] The ion in the second quadrant but
beyond the af28PRE NBMiPRIrERISH 7RSS deBie AsktalAaTet e SRS thR BehhiEBRIERS wafer 600
having paramgeinic Lhiasadietsiies thaufaliHo: thesaganch queackarhwdpriiiel stovdfasiovateiwal2Ahe pMOS

transistors are slower and the nMOS transistors are faster. than.the ideal fransi identified at the
intersection 7V(5)gt.a tsacgqgr%l(%'oﬁléﬁclporl %gfé%e%%??%%etvr%soﬁ?ettgﬁbﬁl? ?ﬁiaﬁ%(é%gg%%ﬁeag e[g%en failures in
the prior art diffde@ftahdrvehcelrivg Bypithe wnpaigddedqperfoemdnce dfethensisingistorke [0020] The region
in the third quaganiyi Rgyond the arc of the nominal region 708 is a slow/slow wafer 714, such as the
semiconductor wafer 600 having parametric characteristics that fall in the third quadrant. In the slow/slow

wafer 714 thé {9t SRFSERIIQM I AvisEsiftdhshotsradiRispdiaramaniAR fYEu PEElStBts identified
at the intersesdi®BodfBd [QOmlhYMhilgsleweirquer tormmanteativays noéw otk wellfotralsdesighsnihe slower

transistors may consume less, ener nd thus create Jess heat. Th is also the passibility that the
Ciftoronca, i Do A R e R D e Piee A PR B e
limitations anddaiafetio R8P faillirems]007) Mievagiomird®ie fourth quadrant but beyond the arc of the

nominal regiqpe49P %, adRatfRIoWHALES(ELE, ek s e se micDFKEtonaler 800 hawing Rarametric

characteristics that fall in the fourth quadrant. In the fast/slow wafer 716 the pMOS transistors are faster
and the LIMOBHERSISTOrS 2 PeiBwtShARetiBriBed tratsiBtors Rfertfidt BetReiMtatsukitbroe. The

semiconductebivgiesoMe framithisiggion isdighlBsscepiit eoteneesigrdailungs postheepsiopart differential
driver caused b¥ e unbalanced performance of the transistors. [0073] Referring now to FIG. 8, therein is
shown a planw\?‘le(?/vogfl an electronic device 800 having the integrated circuit communication system 100 in

an embodimdf@d¥ thEherasentivnvanion wihe plan3dizwndf the efedirenicigeviea 80 ™epidtsie first

integrated cirgih 302, SHiEh @&ﬁg%}‘é%ﬁ?%?&?ﬁ%ﬁé ERNDG e R AR CURWHE AMAURG SRR System 100.

[0074] A conductive link 804, such as a flex circuit, a cable, printed circuit board traces, or a combination
thereof, may Bescdiiiedtbdtwash i first teradasiiirat2ahy A ety the voltage levels

displayed are consistent for the first source voltage 110 equal to +1.8 Volts, other values may
be used for the first source voltage 110. While the transition times and wave shapes are for
this example, other transition times may represent other information, such as clock signals or
data lines.

[0051] The negative output waveform 302 and the positive output waveform 304 may
represent an integrated circuit manufactured from a nominal manufacturing process (not
shown).

[0052] Referring now to FIG. 4, therein is shown a timing diagram of an output waveform
400 sourced from a prior art driver circuit (not shown), having transistors outside the nominal
process. The timing diagram of the output waveform 400 depicts a negative output waveform
402 and a positive output waveform 404. While the negative output waveform 402 and the
positive output waveform 404 are similar to the negative output waveform 302, of FIG. 3,
and the positive output waveform 304, of FIG. 3, their crossing point 406 is shifted from the

reference voltage 306.



integrated circuit 806. The second integrated circuit 806 may be a display controller, a camera chip, an
audio controller, or a combination thereof. [0075] The integrated circuit communication system 100 may
provide a more robust design that will allow all wafers to be used without regard to which quadrant of the
process control chart they may be attributed. By providing more useable wafers the cost of the individual
components [§0&HucBasaidllmesontie Aeisoiet kP v +efematebetcanian biaeturnyiactame 0ox8iReferring

now to FIG. Qothereiis,s0eue Aoy ehiattefcimeiodnafiof maniaeluis chib i iegialgslcircuit

communication system 100 in an embodiment of the present invention. The method 900 includes:
providing a sEficBh ARG ADoK 3158, Wi raABriistitiied ePols- e redriaht it ot dtiver on the
semiconductaniafer fegigeresating e ayossingrpaitical RJeierente voitagatia adlock @94. 40077] The
resulting met%q% process, qpfpr%%?nséﬁ% t|ce,3tbr()oduct, and/or system is straightforward, cost-effective,

, hi ifle and e

uncomplicate 'gﬁﬁ?’versa ec |\?§,e can be surprisingly and unobviously implemented by

adapting knol0AHchRedtodiers, eindicanegkivie tplify veiede for @ifimidritly perdisesnamicaiNeframufacturing

integrated cirgyit;com @Mﬁiﬁﬁti&ﬂ YR fb‘ilr){z %9@@%“%%%&%@&&9%&9@&%@%&r{ﬁ@d@?tmds or
processes and technologies. [0078] Another important aspect of the present invention is that it valuably

supports and"@BNEEs #9d rhe AP BARSIorEd e g REERC i PR i &R s Marfdhinere &%ng
performance sapilaciecicing v atestalavasteditrihenmaaubacit ring greek S0 19biT krsemndeother

valuable aspects fof the %getﬁg% i[nventipn cof gec(?uent% furtp%éh(% tate of the te%:hnolo%é/fto at least the

€ transfer 1s OSSI1I.! 11 € negative output. wa orm o
next level. [0080] WhiTe the invention has Been descrbéd in conjunction with a specific best mode, it is to

be understoot)vatdimrpeshisevativesy mddificatib ns seand y driations awilhdeapparent to those skilled in the
artin light of fgsajoreQaUg.AesGHRIRTLARROTIINAS iR iteRdgdinambiare alhsHrhalgmatives,

modifications, and variations that fall within the scope of the included claims. All matters hithertofore set
forth herein dt¥MotiA R tRAHRESHPHEE diEih iR Scarerecne g sRSteth Y siorstr ativertd
hon-limiting sarpeoiMiat belgieoritison forlihé areshodof imandackiref @e sgmigniacuit
Communlcatlggaggc? El%vrgy and distant from the reference voltage 306.

[0056] Referring now to FIG. 5, therein is shown a timing diagram of an output waveform
500 sourced from the integrated circuit communication system 100 having transistors outside
the nominal process. The timing diagram of the output waveform 500 depicts a negative
output waveform 502 and a positive output waveform 504.

[0057] In the manufacturing process corner that produces pMOS transistors that are
characteristically fast and nMOS transistors that are characteristically slow or vice versa. The
integrated circuit communication system 100 adjusts the rise and fall times of the transition
region 408 to maintain a crossing point 506 to be at the reference voltage 306.

[0058] It can be noted that the crossing point 506 is comparable to the nominal case of the
specified crossing point 308, of FIG. 3. While the parametric characteristics of the pMOS
transistors and the nMOS transistors are from a process region that would normally fail to
produce the crossing point 506 at the reference voltage 306, the added circuitry of the
integrated circuit communication system 100, of FIG. 1, adjusts the performance to produce
the same result found in the nominal process region.

[0059] Referring now to FIG. 6, therein is shown a diagram of a semiconductor wafer 600
with the integrated circuit communication system 100 formed thereon. The diagram of the

semiconductor wafer 600 depicts a wafer 602, such as a silicon wafer, having integrated

circuits 604 patterned on an active surface 606.



comprising: providing a semiconductor wafer; and 5fabricating a cross-over current minor driver on the
semiconductor wafer for generating a crossing point at a reference voltage. 2. The method as
claimed in claim 1 further comprising fabricating a positive output node and a negative output node in the
cross-over current minor driver. 3. The method as claimed in claim 1 wherein providing the
semiconducttf0fBferl piienalss [srowiding8 walebdraredontshdenshmalaeminalmegion of erdsiotess control

chart. 4. Jheymethodasclaimad i Alen dewheraitoaRricRiRgsthE.caRR/Ry Ghe YR RMuIgror driver
includes coupling, a fifth transistor, a sixth transistor, a seventh transistor, and an eighth transistor to a

standard drivEPEILR ife! cPBRY o e dEEHIRTIEHR® nPrecT e aIREY Qs aite i RESHACT urther

comprising fabeicatsigan elecikdniconcentration of gasses and temperature controls while growing
crystal structures on the wafer 602.
[0061] Even with the tightest controls a distribution of the parametric characteristics is
assured to take place. The use of the parametric test site 608 and a process control chart (not
shown) help to maintain the yield of properly functioning samples of the integrated circuits
604.
[0062] A scribe line 610 denotes the path of a singulating tool (not shown), such as a saw,
laser, shear, or the like. While the parametric test site 608 may be used to determine the
general performance capabilities of the whole wafer, each of the integrated circuits 604 will
undergo a circuit test to determine the integrated circuits 604 function properly.
[0063] Referring now to FIG. 7, therein is shown a diagram of a process control chart 700
for the semiconductor wafer 600, of FIG. 6. The diagram of the process control chart 700
may be used to track the parametric characteristics of the semiconductor wafers fabricated by
the process. The process control chart 700 depicts a pMOS performance axis 702 and an
nMOS performance axis 704.
[0064] An intersection 706 of the pMOS performance axis 702 and the nMOS performance
axis 704 represents an ideal matching of the parametric characteristics of the pMOS
transistors and the nMOS transistors on the semiconductor wafer 600, of FIG. 6. A nominal
region 708, such as a circular region centered on the intersection 706, represents the
performance ranges that assure meeting the operational specification of a design fabricated on
the semiconductor wafer 600 with parametric characteristics that fall in this region.
[0065] The pMOS performance axis 702 may represent the relative switching speed of the
pMOS transistors in the design with the ideal performance at the intersection 706. The faster
performance extends to the right and the slower performance extends to the left.
[0066] Similarly the nMOS performance axis 704 is represented by the vertical line through
the intersection 706. The faster performance extends up and the slower performance extends
down.
[0067] The region in the first quadrant but beyond the arc of the nominal region 708 is a

fast/fast wafer 710, such as the semiconductor wafer 600 having parametric characteristics

10



15device including: providing a first integrated circuit having the cross-over current minor driver; coupling
a second integrated circuit to the first integrated circuit; and providing a conductive link between the first
integrated circuit and the second integrated circuit for signaling by the cross-over current mirror driver.
206.A method of manufacture of an integrated circuit communication system comprising: providing a

semiconductdraiviiéirntheifigsirtesrans dleireeifest/ard Walgbridtibg RMEPS SsanvstotsurndribeniddPriver in the

integrated cirghilg@the samIGRNIHCIRIE YRS Qb 8eASAtng/ REQRRIRGABIN @) a reference voltage
25including sending a clock, data, or a combination thereof 7. The method as claimed in claim 6

further compH¥AR! fabritiselityfd POLRIETSEREY restile WAk 4 PRipadGe e e fTHE X d88Yover current
minor driver i@msotitcingra pasiivemautpul wedefofrandaa Negative aldtptiomssefisitity. that theThe method
as claimed ind?tl ei@nge\,\lqu eﬂgri&%{%’cigiﬁgtvtvr%%ns‘ﬁq@i%mé' Cttr%{lé’ivs?(];?sr and the nMOS transistors may
expose design limitations and functional failures.
[0069] The region in the second quadrant but beyond the arc of the nominal region 708 is a
slow/fast wafer 712, such as the semiconductor wafer 600 having parametric characteristics
that fall in the second quadrant. In the slow/fast wafer 712 the pMOS transistors are slower
and the nMOS transistors are faster than the ideal transistors identified at the intersection 706.
The semiconductor wafer 600 from this region is highly susceptible to design failures in the
prior art differential driver caused by the unbalanced performance of the transistors.
[0070] The region in the third quadrant but beyond the arc of the nominal region 708 is a
slow/slow wafer 714, such as the semiconductor wafer 600 having parametric characteristics
that fall in the third quadrant. In the slow/slow wafer 714 the pMOS transistors and the
nMOS transistors are slower than the ideal transistors identified at the intersection 706.
[0071] While slower performance may not work well for all designs, the slower transistors
may consume less energy and thus create less heat. There is also the possibility that the
difference in performance between the pMOS transistors and the nMOS transistors may
expose design limitations and functional failures.
[0072] The region in the fourth quadrant but beyond the arc of the nominal region 708 is a
fast/slow wafer 716, such as the semiconductor wafer 600 having parametric characteristics
that fall in the fourth quadrant. In the fast/slow wafer 716 the pMOS transistors are faster and
the nMOS transistors are slower than the ideal transistors identified at the intersection 706.
The semiconductor wafer 600 from this region is highly susceptible to design failures in the
prior art differential driver caused by the unbalanced performance of the transistors.
[0073] Referring now to FIG. 8, therein is shown a plan view of an electronic device 800
having the integrated circuit communication system 100 in an embodiment of the present
invention. The plan view of the electronic device 800 depicts a first integrated circuit 802,
such as a microprocessor, having the integrated circuit communication system 100.
[0074] A conductive link 804, such as a flex circuit, a cable, printed circuit board traces, or

a combination thereof, may be coupled between the first integrated circuit 802 and a second

11



30includes providing a wafer from outside of a nominal region of a process control chart including
providing a fast/fast wafer, a fast/slow wafer, a slow/slow wafer, or a slow/fast wafer. 9. The method
as claimed in claim 6 wherein fabricating the cross-over current mirror driver includes coupling a fifth
transistor, a sixth transistor, a seventh transistor, and 5 an eighth transistor to a standard driver circuit in a
cross-couplethgsrifiedireitiont ifefudihg nerpofdngtetaiere atretoimdiife minthberandisptyteanfolieh ransistor and

from the eighth{taNsiSHoL A RIRFCHIFRANGI SIS mbinadéh dhB@dnethod as claimed in claim 6 further
comprising fabricating an electronic device including: 10providing a first integrated circuit having the

cross-over cUPE midsrRRgRSH S G PraHBIrR Sy IIp ribRey Presifsin g s L3 bdeerated circuit
to the first integratéld gisou tlinvaeishocbu pdipvihiose eanedindagiate duaidewit dichedeseouping b display
controller, a camera chip, an audi oller, or,.a combinatian thereof; and 15prqviding a conductive link
botwoen he T R B e oo B R e et
minor driver ispwhicknssviditgethandderd warivadinkoind briesdeprtod dirmaaestwinguitrapcable, printed circuit

board traces gy coRUpRAIONIETEOFIG. 91l AdNEIRIGH GIrgidil COmMIRicatimayStRm semprising:
manufacture of an integrated circuit communication system 100 in an embodiment of the
present invention. The method 900 includes: providing a semiconductor wafer in a block
902; and fabricating a cross-over current mirror driver on the semiconductor wafer for
generating a crossing point at a reference voltage in a block 904.
[0077] The resulting method, process, apparatus, device, product, and/or system is
straightforward, cost-effective, uncomplicated, highly versatile and effective, can be
surprisingly and unobviously implemented by adapting known technologies, and are thus
readily suited for efficiently and economically manufacturing integrated circuit
communication systems fully compatible with conventional manufacturing methods or
processes and technologies.
[0078] Another important aspect of the present invention is that it valuably supports and
services the historical trend of reducing costs, simplifying systems, and increasing
performance while reducing material waste in the manufacturing process.
[0079] These and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.
[0080] While the invention has been described in conjunction with a specific best mode, it
is to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations that fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.

12



20a semiconductor wafer; and a cross-over current minor driver fabricated on the semiconductor wafer for
generating a crossing point at a reference voltage. 12. The system as claimed in claim 11 further
comprising a positive output node and a negative output node in the cross-over current minor driver.
2513.The system as claimed in claim 11 wherein the semiconductor wafer includes a wafer from outside
of a nominal Mo efansebisess control chart. 14.The system as claimed in claim 11 wherein the
cross-over current minor driver includes a fifth transistor, a sixth transistor, a seventh transistor, and an
eighth transistor colipled t0 &"StAAY Y HAVEPCHELIPTHPE %a%ﬁl%“&cﬁ?ﬁﬂﬂ?&tfﬁﬁon SYSIYB The
system as clainggismgiaim 11 further comprising an electronic device including: a first integrated circuit
having the cross- over r current mirror driver; a econcp integrated circuit coupled to the first integrated
CIrCUIt and g a semicon uctor'wafer;

5 fabricating a cross-over current mirror driver on the semiconductor wafer for

generating a crossing point at a reference voltage.

2. The method as claimed in claim 1 further comprising fabricating a positive

output node and a negative output node in the cross-over current mirror driver.

3. The method as claimed in claim 1 wherein providing the semiconductor wafer

10 includes providing a wafer from outside of a nominal region of a process control chart.

4. The method as claimed in claim 1 wherein fabricating the cross-over current
mirror driver includes coupling a fifth transistor, a sixth transistor, a seventh transistor, and

an eighth transistor to a standard driver circuit in a cross-coupled configuration.

5. The method as claimed in claim 1 further comprising fabricating an electronic
15  device including:

providing a first integrated circuit having the cross-over current mirror driver;

coupling a second integrated circuit to the first integrated circuit; and

providing a conductive link between the first integrated circuit and the second

integrated circuit for signaling by the cross-over current mirror driver.

20 6. A method of manufacture of an integrated circuit communication system
comprising:
providing a semiconductor wafer having integrated circuits; and
fabricating a cross-over current mirror driver in the integrated circuits on the
semiconductor wafer for generating a crossing point at a reference voltage

25 including sending a clock, data, or a combination thereof.

7. The method as claimed in claim 6 further comprising fabricating a positive
output node and a negative output node in the cross-over current mirror driver for sourcing a

positive output waveform and a negative output waveform.

8. The method as claimed in claim 6 wherein providing the semiconductor wafer

30 includes providing a wafer from outside of a nominal region of a process control chart
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5a conductive link between the first integrated circuit and the second integrated circuit coupled to the
cross-over current minor driver. 16. The system as claimed in claim 11 further comprising integrated
circuits, having the cross-over current mirror driver, on the semiconductor wafer for sending a clock, data,
or a combination thereof. 1017.The system as claimed in claim 16 further comprising a positive output
node and a naghidiee qugyidinddefaiy e vrdes-avestelaremaminor dewetofomadurcing alpudive output
waveform ang gdpegative output waveform. 18. The system as claimed in claim 16 wherein the
semiconductor wafer includes a wafer from outside of a nominal region of a process control chart
including a fast/fastol5waftlic anfasislone wiated, ia slﬂm/ﬁlmmemfemmrcatﬁlg)w{éasbwaf&"r curred®. The

system as clalmed .claim }%Where n thefC{%ss over curren mlnor river incl es a fl[th tranS|stor a
IVCI' 1 t Otl‘0 a seven

sixth tranS|stor a seventh ransis OI‘ an an elgﬁﬂsﬁgﬁsﬁs grtcéﬁf)lf a stan arérgrlvef CIrCUIt ina
cross-cofpledncogfiu reationtindidintpade dntempiroveidifironrtiye Gixthett anesisgoratoon foelrhintgansistor and

from the eighflj HanRIsiof2iQ &-SRCANdHansisiisor B0 THGHRYRIRINAS GRIMERMhINHIaiphEb further

comprising an electronic device including: a first integrated circuit having the cross-over current minor
driver in whicFPHE fiFeihREGPARERRIGH is a microprocessor; 25a second integrated circuit coupled to the

first integrated Clrcullbm WtPheh IHE]:t g gsocgumed in claim 6 further comprising fabricating an electronic

device including:
10 providing a first integrated circuit having the cross-over current mirror driver
including providing a microprocessor;
coupling a second integrated circuit to the first integrated circuit in which coupling
the second integrated circuit includes coupling a display controller, a camera
chip, an audio controller, or a combination thereof; and
15 providing a conductive link between the first integrated circuit and the second
integrated circuit for signaling by the cross-over current mirror driver in which
providing the conductive link includes providing a flex circuit, a cable, printed

circuit board traces, or a combination thereof.

11. An integrated circuit communication system comprising:
20 a semiconductor wafer; and
a cross-over current mirror driver fabricated on the semiconductor wafer for

generating a crossing point at a reference voltage.

12. The system as claimed in claim 11 further comprising a positive output node

and a negative output node in the cross-over current mirror driver.

25 13. The system as claimed in claim 11 wherein the semiconductor wafer includes

a wafer from outside of a nominal region of a process control chart.

14. The system as claimed in claim 11 wherein the cross-over current mirror
driver includes a fifth transistor, a sixth transistor, a seventh transistor, and an eighth

transistor coupled to a standard driver circuit in a cross-coupled configuration.

14



integrated circuit is a display controller, a camera chip, an audio controller, or a combination thereof; and
a conductive link between the first integrated circuit and the second integrated circuit coupled to the
cross-over current minor driver in which the conductive link is 30a flex circuit, a cable, printed circuit board

traces, or a combination thereof
15. The system as claimed in claim 11 further comprising an electronic device

including:
a first integrated circuit having the cross-over current mirror driver;
a second integrated circuit coupled to the first integrated circuit; and
5 a conductive link between the first integrated circuit and the second integrated circuit

coupled to the cross-over current mirror driver.

16. The system as claimed in claim 11 further comprising integrated circuits,
having the cross-over current mirror driver, on the semiconductor wafer for sending a clock,

data, or a combination thereof.

10 17. The system as claimed in claim 16 further comprising a positive output node
and a negative output node, in the cross-over current mirror driver, for sourcing a positive

output waveform and a negative output waveform.

18. The system as claimed in claim 16 wherein the semiconductor wafer includes
a wafer from outside of a nominal region of a process control chart including a fast/fast

15  wafer, a fast/slow wafer, a slow/slow wafer, or a slow/fast wafer.

19. The system as claimed in claim 16 wherein the cross-over current mirror
driver includes a fifth transistor, a sixth transistor, a seventh transistor, and an eighth
transistor coupled to a standard driver circuit in a cross-coupled configuration including a
current mirrored from the sixth transistor to a fourth transistor and from the eighth transistor

20  to a second transistor.

20. The system as claimed in claim 16 further comprising an electronic device
including:
a first integrated circuit having the cross-over current mirror driver in which the first
integrated circuit is a microprocessor;
25 a second integrated circuit coupled to the first integrated circuit in which the second
integrated circuit is a display controller, a camera chip, an audio controller, or
a combination thereof; and
a conductive link between the first integrated circuit and the second integrated circuit
coupled to the cross-over current mirror driver in which the conductive link is

30 a flex circuit, a cable, printed circuit board traces, or a combination thereof.
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