| N\VERTER BASED ( RETURN- TO- ZERO) RZ + NON-RZ (NRZ) S| GNALI NG TECHNI CAL

FI ELD 5 Enbodi nents of the invention generally relate to the field of
integrated circuits and, nore particularly, to systens, nethods and
apparatuses for inverter based return-to- zero (RZ) + Non-RZ signaling. 10
BACKGROUND Conventional interfaces typically use either a return-to-zero
signaling schene or a non-return-to-zero signaling schene. Return-to-zero
(RZ) si INVERGEREBASED RETERYRED-ATRGCREZFENON-RZI NRZHSIGNaAANG et urns to
zero between each pul se. The signal returns-to-zero 15 between pul ses even
if a nunber of consecutive zeros or ones occur in the signal. Since the
signal returns to zero between each pul se, a separate clock signal is,
typically, not needed in the RZ signaling scheme. Non-return-to-zero (NRZ)
r ef er STEGHAIEAGNAIELAY scheme in which logic highs are represented by one
significant condition and logic |lows are represented by another 20
significant condition with no neutral or rest condition. Since the pul ses

do not hav eEﬁbBcﬁ%{ents%f%lﬁ@mv&tﬁwgéhéﬁﬂ&%ﬁﬁﬂe‘?@ t}%‘ 2@bs in%eg%ré’t@éi eRbli% sent
al ongsi de the data signal. Three dinmensional (3D) die stacking refers to

vert i cald) yorapatedailndo Syateros, imdhalsding apparaﬂuﬁesffor mgrreniaesd mhuerse,
high-%fﬁgaﬁéﬁi f§&§” C@e or nore of the stacked die may include a bus for
whi ch 4% eds P pEePEor med. The bus may include a nunber of bit 25

| i nes and each bit |ine may have a different I ength. In conventional
systens, bit lines are |length matched using, for exanple, delay buffers.
THQ uSRAGKGROENIbuf fers to length match the bit |ines can significantly

i ncrease the conplexity of designing a die. Delay buffers may al so | ower
performance by increasing |latency (e.g., due to inverters in the signal

pat h). 30 BRfkeniEGCRIETENycallkinsORMN NeSubirhodiraeiphslind schB@eiopvent i on
are illustrated by way of exanple, and not by way . of Ilnltatlon in the
fi gur dONIENIE-ZR SHEaHYE P@iegyeaﬁ%?t?ﬁew{#@ﬁ Smnr@én% wfwp éhg eignaling

scheme in which the signal returns to zero between each pulse. The signal returns-to-zero

15  between pulses even if a number of consecutive zeros or ones occur in the signal. Since
the signal returns to zero between each pulse, a separate clock signal is, typically, not
needed in the RZ signaling scheme.

Non-return-to-zero (NRZ) refers to a signaling scheme in which logic highs are
represented by one significant condition and logic lows are represented by another

20 significant condition with no neutral or rest condition. Since the pulses do not have a rest
state, a synchronization signal is typically sent élongside the data signal.

Three dimensional (3D) die stacking refers to vertically integrating two or more die
with, for example, a dense, high-speed interface. One or more of the stacked die may
include a bus for which 1/0 needs to be performed. The bus may include a number of bit

25  lines and each bit line may have a different length. In conventional systems, bit lines are
length matched using, for example, delay buffers. The use of delay buffers to length
match the bit lines can significantly increase the complexity of designing a die. Delay
buffers may also lower performance by increasing latency (e.g., due to inverters in the
signal path).

30
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are illustrated by way of example, and not by way

of limitation, in the figures of the accompanying drawings in which like reference
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-1 nunerals refer to simlar elenents. Figure 1 is a high-level block

diagramillustrating sel ected aspects of an enbodi nent of the invention.
Figure 2 is a block diagramillustrating sel ected aspects of an interface
circuit 5 inplenmented according to an enbodi nent of the invention. Figures
3A and 3B illustrate signal waveforns of an interface circuit inplenented

according to an enbodi nent of the invention. Figure 4 is a circuit diagram
of selmunesels aefpeiotssndér dememis.er f ace circuit i npl enented according to an
enbodi ment of the invention. 10 Figure 5 is a circuit diagram of selected

aspects of an inferface.ci it ..inpl ted according to.an enbodi nent of
the inventi olﬁ!mﬁ 5 'l‘fvseli ﬁ%#ﬂ&%ﬂfﬁnﬁﬂﬁgﬁ%ﬂ %eﬁecgeé%d%s«??gﬂog%ects of an

i nt er faagiRdGhé W thdiglb &icnr i - state drivers and receivers according to an
enbodi ment of the invention. Figure 7 is a circuit diagramof a tri-state

driver inplenmented according to an 15 enbodi nent of the invention. Figure
8 is a cirdligtred sgriaskodiagragrdlusiratisizselentcd agpectuoftan(ipterfacetirquitcei ver

Ci ECuUI; i F C L t n di mrent of the invention. Figure
9 |5I I d@ﬁ%?eé%@v\%%ﬁgég a%regr\%ogﬁelﬁ&gf?g% 'n el(r%flace circuit (e.g., part of a
driver) inplenented according to an enbodi rent of the invention. 20 Figure
10 is a crdigussdil amhBB vilestraaf signas el clondsiof o1 inteRice eirchinphgsmehted
accordif;{g% to an e oﬁj ment of the invention. DETAI LED DESCRI PTI ON
EmbodiPRERtiease ap fabp Phihednengereral |y directed to systens, nethods,
and apparatuses for a signaling scheme that inplements a weighted NRZ + RZ
i gnal . Thirigh MRIGHCRH dMRfart oFGel S BN Bpe YRR il @TircLifr exampl e, on

inter-die and/or intra-die’nterconnects. The signaling schenme may be
ef f ectimplenientedeceerdigtg antembodinesnt pf tfe isigiah. 2 propagati on on the |ine.
In sonme enbodi nents, the signal |atency can be nmade to

10 Figure 5 is a circuit diagram of selected aspects of an interface circuit

implemented according to an embodiment of the invention.

Figure 6 is a circuit diagram of selected aspects of an interface circuit using tri-

state drivers and receivers according to an embodiment of the invention.

Figuare 7 is a circuit diagram of a tri-state driver implemented according to an

15 embodiment of the invention.

Figure 8 is a circuit diagram of a Vec/2 reference circuit (part of receiver circuitry)

implemented according to an embodiment of the invention.

Figure 9 illustrates waveforms provided by an interface circuit (e.g., part of a

driver) implemented according to an embodiment of the invention.

20 Figure 10 is a cross-sectional view of a semiconductor device, implemented

according to an embodiment of the invention.
DETAILED DESCRIPTION

Embodiments of the invention are generally directed to systems, methods, and
apparatuses for a signaling scheme that implements a weighted NRZ + RZ signal. The
25 weighted NRZ + RZ signal may be driven, for example, on inter-die and/or intra-die

interconnects. The signaling scheme may be effective in decreasing the latency of signal
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approach the flight time of the line. FIG 1 is a high-level block diagram
illustrating selected aspects of a device 100 inplenented according to an
enbodi ment of the invention. Device 100 may include die 5 102 that

comuni cates with die 104 through interfaces 106. In some enbodi nents,
interfaces 106 use a signaling schenme that is a weighted sumof the
corresponding NRZ and RZ waveforns on the interconnect (e.g. on-vias 108).
As i s piropagation di $ussedniseimowmbodindnty, dferigrt batensy Rhicbe midde® t he signal i ng

schenme enpl oyed.by, i.nterfaces 106 nay support configurable edges and/ or
confij@?g%¥g%§ ! tW@FP&B@?“?or signals transnmtted on 10 the interconnect
(e.g., on vias 108). Such a signaling schene is particularly useful when it

i's inportantid @ ifRhipgh-lebe ielkaliseram inidtRsing Belkctad BspdtSwif Aidedick MopoUt ed.
Interfaces 106 may communi cate with each other using an interconnect that

may i neipifecndetbaceprdifng © i enhogdiment of ithesinyergionyiReyice0@Ompgibiachrledia i cal |y

copdugty t try | ass t - di 102 and 104.
Vi 3o 158 FatyrPplbfiies i B hoiRlopdh HIASRL POBTRRCBE URERIALES. 000 O

si | venrnteffabdk, 106G b RRh RS sdhbek et is Hivelhbelsual etthe cemtdpyndipgMiUCt i ve
material. Dies 102 and 104 may include circuitry orresponding@to vari ous

conmporBARL BRVHOrmHem e IRGTCOPaeE A FUY Viak Hil &5 Tafwthepdispesied helpde a
menory, : i } - ol 36 cores and/ or
har caVBFEGEAaRd rILE 200, B Kndilfe e DB Bl 30 By 02y
over | apppat tordiguyabld edget had/oechdgiumbibd syingdiveRaged 2or sagrchilP4hsmatedaer | ap
fully or not at all. Accordingly,, dies 102 and 104 may have t hr ee-

dil Fendhoimagroqrasst J§tgeecﬂ?i Yig® B Shth asiegrinegs ATE IRAHT TRALE YRR pr ovi de
for ugi imn%@r{dn% m@fch WSPAALR PHOCHSSrt AEERA1PGI 88 eq FOr exanple, dies 102
and 104 nmay be bonded after alignnent of the vias 108. Also, a 3D

configuration may provide for a higher density 25 when packagi ng
sem conductloterfdess IPégnayc@Dngninticguilatach ntheaysiak eo ldpgbieechiemagf f i ci ent

systenmgnschi p ar system.an-stack (S sol ytions. for ¢ tin evi ces or
2yot enIBaRuhgP AT SRR RGTG et gw b Ry T RIR A s

addi t icedcallbigBalFRypashBetraet died 10DtAd N a4 e VRsheR o ponesirectedivitht he sane
device. FIG 2 is a block diagramillustrating sel ected aspects. of an

i h er mapeEid spdups alumepsPBPRE ntEL £0Kb camAdatignsifee b 68 PHSh elegiricelhy

inven%hﬁ&xﬁ9£5ﬁ$&hﬂ200 illustrates sel ected

Dies 102 and 104 may include circuitry corresponding to various components of a
computing system. For example, die 102 may include a memory device and die 104 may
include one or more processing cores and/or shared or private caches. In some

20  embodiments, dies 102 and 104 may overlap partially. In other embodiments, dies 102
and 104 may overlap fully or not at all. Accordingly, dies 102 and 104 may have a three-
dimenstonal (3D) stacking configuration. Such a configuration may provide for utilization
of disparate process technologies. For example, dies 102 and 104 may be bonded after
alignment of the vias 108. Also, a 3D configuration may provide for a higher density

25  when packaging semiconductor devices. A 3D configuration may also enable more
efficient system-on-chip or system-on-stack (SOS) solutions for computing devices or
systems. Furthermore, even though FIG. | only illustrates two dies, additional dies may

be used to integrate other components into the same device.

F1G. 2 1s a block diagram illustrating selected aspects of an interface circuit,
30  implemented according to an embodiment of the invention. Circuit 200 illustrates selected

portions of a driver 202 and a receiver 204 suitable for inter-chip and/or intra-chip
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portions of a driver 202 and a receiver 204 suitable for inter-chip and/or
intra-chip -3 communi cation according to an enbodi nent of the invention.
For ease of description, only a single instance of a driver and/or a
receiver are shown. It is to be appreciated, however, that an interface
(e.g., interface 106, shown in FIG 1) may include nearly any nunber of
drivers and/or receivers. In addition, each driver and/or receiver may

i ncl udéeommypiaatien esnondisg td awembedisreahofthe andhoon. dfdrfeaseot destrpriont s t han

t hose shown. t he il | ustr.ated §£Podinent driver 202 includes

i El 2. I
edge detect Sn'&@? &R,ﬁ%(nlps o%gpl(%r. apd/or agfeqiver 3Eg o ve ALISAP BF ARPECAIats: ect abl e
pul se WV, @aChrditerRte 6. & CittdrEate 308, shbd98n F8E eOtmaFinthidkhk lyz% receives,

i
as an input a data signal and provides short pul ses when it %ret ects a
posi t i Yemberdgltvieiseangair mecetiera nraslditioni erch dbympaoniéortre@dvermeneingksic an

g oftst Aeafieclan SefRub SohBabe U EmiRE han St Bon BE S Gt

signal in true polarity and its output is used to nodulate the sw ng and

edge rate ofn thedihhstagdedge dshgnadivdr20ainddeetd@d datect @beityMeate gdet ect
circuitry 206 may include more el ements, fewer el enments, and/or different

el ementhdrt pHscmsT B friertable grisq eridt) andd drivey cg8try R uddee detpttur al i ty of

driverg ' - - o d.n.parallel).
The. pl Graty oo fRoft By of itk SN BB RIS oS P88 unt o
dri ver pasitiveehtegptiovgodegl dity telnsitien. 20Rwpofr@r 2eX anplves an tivkitb@daakighst portion
of ., a transm ssi.an cycl e, iver circuitry 208 may provide a first level of

d
drifer KU Gfput 18P d!fam%ﬂuqaa%?‘i"w& 3 caoie plot iepding 6eq Henalr wherressi on
oyl & odlibatiht 2161 ey 44 ¥ a0 SighRln %ﬁ‘ﬂr?gagitggﬁgﬁé)&ﬂ 1Y Bbed¥h 5l RE aur T ent.

The first |evel river current 20 reater than the second | evel
t 0 enswriagnhdtdgorts fdrail2@edgs signapplachn dlfesatibe kinbyditvent, sieteettitouttey cont r ol

the a t of driver current .enables driv 02 to | oy the weighted sum
of th%%l i WY& e&%S’S%W?rﬁéem?rﬁ%.anﬁhr é‘g’g?ée”éﬁ%g‘gq"ﬁ%nts, the sel ective
control of driver current enables driver 202 to nodul ate the edge rate of

a transni t t Bdosiegatodimhoits exprptecuitrh 08 datudek a puirhyoTidtived rdingi gnal can
be increase%I by increasing the driver current (e.g., by activating nore
X

drlidver@yputs Siagpesorpled fogetheg ge s st earallelh Theplyralit é%ﬂrfs\iegm@!ay bansdskio
decr eaged;Duy A ALEAS LABLLNGT HIveY Blrredt %E(fv?([f'fatdhb}J dinP762 CPROdl RS S, the edge
rate may be relatively large (e.g., approachi'ng
during a first portion of a transmission cycle, driver circuitry 208 may provide a first level
of driver current. Similarly, during a second portion of the transmission cycle, driver
circuitry 208 may provide a second level of driver current. The first level of driver current
20 may be greater than the second level to ensure that receiver 204 is tripped. The ability to
selectively control the amount of driver current enables driver 202 to employ the weighted

sum of the NRZ and RZ waveforms on the line.

In some embodiments, the selective control of driver current enables driver 202 to
modulate the edge rate of a transmitted signal. For example, the edge of a transmitted
25 signal can be increased by increasing the driver current (e.g., by activating more drivers).
Similarly, the edge rate of a transmitted signal can be decreased by decreasing the driver
current. In some embodiments, the edge rate may be relatively large (e.g., approaching
full strength) during a first (e.g., initial) portion of a transmission cycle and then may be

reduced during a second portion of the transmission cycle.

30 In some embodiments, the selective control of driver current enables driver 202 to

modulate the voltage swing of a transmitted signal. For example, the voltage swing of a
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full strength) during a first (e.g., initial) portion of a transm ssion
cycle and then may be reduced during a second portion of the transm ssion
cycle. 30 In sonme enbodi nents, the selective control of driver current
enabl es driver 202 to nodulate the voltage swing of a transmtted signal
For exanple, the voltage swwng of a -4 transmtted signal can be increased
by increasing the driver current (e.g., by activating nore drivers).
SiniIakmynﬁﬁﬁbﬂwmﬂmagbesuﬁm@abﬁymefmmgmhimédxsmgnaKegabybwﬁdﬂm@eased by
decreasing,the .driv rent. In so enbodl nts, the olta SW ng may
be. r o BTG Srgaerl the Sellage i NE ol b SHePRRGY & 1 r ot

(e. g.,ddcrdabinglthe Wér'cﬁﬂ'eﬁ’tf Iﬁl sOmb EABS MnSHO theCyiHaBe AR5k tnli@ﬁbé%y efy® duced
during a second portion of the transm ssion cyc e In sSOonme e dlnents

al | oflaxggdedr iapprogching theoed ivoliegs) duang adied (¢.g., tigals poionsdiat i ngs (i n terns

of cvol nd/ or, ed rates Thi s ables e driver.to

0sdi | Ié g%\llsgsmnc iS5 %3}1?1})]“?}%6{?(? e‘}g@‘ffmg "b?ecf’ﬂ p?‘@é’@l %Prf?gmﬂ’éml%@n(e g., Wt
of theghkﬁn3|stor) at 10 Vcc/2 (-0.5 V or so). For example, in sone

enbodi nents, the driver only has to increase the voltage on the
transmssion line hy 0.2V tgo switch the device (0.7V-0.5V = 0.2V versus
0.7V for fdln|50fn§|qm‘:t06hm§itﬁa ﬂélxmftﬂé%dlh‘gefs andq@r:@agﬁmge tuhed o the swog t age by 0. 2V

h d th
of oot onp 2 FRQ TR WD AR RR0 Morah. HisdnfleflR i quirea

drive rosmﬂllateﬂld‘ﬁ clto&d&ly vetherthip goimeof the rec&bﬁ:hng. He\dbdz wet./ Vesthy @anfigtor) siay be
| Gs. 3A and 3B i]Jlustrate the use of a weighted sum

|n ep uned,
§na| (Zﬁ) (%? &(gOYtSB )- oo FABBIE HeHMGEmbeimentselhe dgMer Qpdy BROICHECSTZ and 304

res e ikl L it sequence
R i S e A U R i

b. WRz (ejsuad. Bofis thallicaibth-farlomitshing). ohm;eaalﬁig tlaxnhlne%@ﬂtagd: by Qcmezszo embodi nent S,

Wt) is ¢ d.on,.the tri |nv rter an_inverter in
Fecbi vEPTEGHy e dnta Brteaaibe R 2 e B e it TebBrt bt p e

di f f engatreddtan tﬁéﬁ%ﬁ@rﬂh&%Qulré&’d@érh% altddBatNRenModiR& S &umvef orms.  For
exanpl e, unlike the wavef orm the Wt) waveform can be recovered using

ah? i nyEre@eceiRprRAIr WAy be infepyndendy tuned! ose to the trip- poi nt of an
inverter a substantial portion of the RC delay of the line is renoved.

Since the piGs 3A and 3B illustrate the use of a weighted sum signal according to an
embodiment of the invention. Waveforms 302 and 304 respectfully illustrate idealized NZ
and NRZ waveforms for a bit sequence that includes 01101. Waveform 306 illustrates the
line W(t) = a. Wyrz(t) + b.Wrz(t) as constructed from waveforms 302 and 304. In some

20 embodiments, W(t) is centered on the trip-point of an inverter (e.g., an inverter in receiver
204). The W(t) waveform exhibits some properties that are different than those provided
by either the NRZ or the RZ waveforms. For example, uniike the RZ waveform, the W (t)
waveform can be recovered using an inverter. Also, since W(t) starts close to the trip-
point of an inverter a substantial portion of the RC delay of the line is removed. Since the

25 actual delay of the line is the sum of the flight time and the RC component, the delay can
be made to approach the flight time of the line.

FIG. 3B illustrates actual waveforms corresponding to idealized waveforms 302
and 306. In particular, waveform 308 corresponds to NRZ waveform 302 and waveform
310 corresponds to W(t) waveform 306. The waveforms shown in FIG. 3B are referred to
30 as “actual” waveforms because they represent the way waveforms generated from CMOS

circuits are likely to appear.




25 actual delay of the line is the sumof the flight tinme and the RC
conponent, the delay can be nade to approach the flight tine of the |line.
FIG 3B illustrates actual waveforns corresponding to idealized wavefornms
302 and 306. In particular, waveform 308 corresponds to NRZ wavef orm 302
and waveform 310 corresponds to Wt) waveform 306. The waveforns shown in
FIG 3B are referred to 30 as "actual" waveforns because they represent the
way wavef or 3. dgleis ercaiceid diagoam chasideelized anitw danent|of k elriyet accaplpegaio.an- 5 FI G 4

[ [ .t di f.. i.d i zed i t of dri di t
embod FERBE Fahg o CR G Eenites qUa ke BeO0s 18 8BG08nci ng four
switc h@l@%) t4@2en V@é,%,m/gﬁﬁlz Vit fois @it dhed (40M ﬁlj.éf%rseéwnkgd"ﬁ%uﬁ(ffﬁl%) maybe

sequenced around the oi nt of interconnec 4. 5 FIG 5is acircuit
di agr amidppindef Hterepprzect 4&4. embodi ment of a driver inplemented according to
an enbodi rent of the invention. Unlike circuit 400, circuit 500 does not

have a po Ly r Vsplit. |nstead, .the Ji.nternediate, SW ngs
ar e gonor at8g” by =ire S REDERT M B R T8 Ul R SR
FI G Gccsrdingoiorapunbodiragitamtief inashtmb adilirerircoit 400 icvenit 600 gudstdoy usi ng
tri-state 10 drivers, according to an enbodi ment of the invention. Grcuit
600 udiyCRPAR CE PURPdY i genepls Yepldl dopeadgtheapleppedipthswingsiase generared by which i s
used i j i i * nunber of active tri-state
driveﬁgeﬁgé&gg%ﬂgggFéf%) téﬁggﬁgr J§b9§¥§aﬁ1n sone enbodi nents, the

nodul ati on of the nunber of active tri-state drivers enables circuit 600

to nodi fy tHé&. édge cratiediofrawf of) arandb@liment ofaldiveycitduitryodih@gestawi ng of Wt).
Tqﬁ 15 nDduIatiﬁn ?f the. n nber:@£ active t i-st&%g drivers. al so enabl es

citPoui ¥ V600 216188 [4an SPRRGMeAGOIEA SENBOR (G B PYfbusHE MEAk BESIE and NRZ
repr esRReAtdRns réfladdtBe 8dseiéH RDO whch it 8RB dideA 500 (Gl iRtFeGCoNNect . FI G
7 1is acircuit diagramof a tri-state driver inplenented according to an
enbodiThgnrnger phactivievarstdto drives magrbe7oalwatyd tregemnmtoW (8. pheomei ty of

driver i he .,20..dri r circuitry. - river circuit.r 08, shown
i Fr @Rk dOGeafChbl e Shb it fidp e i bl S e ST Ve
shown tb madifiyahié £d@Q@teaft WitGGandBor toinsdifEethe WoRgiawihs of WIS, The
15  modulation of the number of active tri-state drivers also enables circuit 600 to use a
signaling scheme based on the weighted NZ and NRZ representations of the signal to be

transmitted on the interconnect.

F1G. 7 is a circuit diagram of a tri-state driver implemented according to an
embodiment of the invention. Driver 700 may be one of a plurality of drivers used in the
20 driver circuitry (e.g., driver circuitry 208, shown in FIG. 2). For example, driver 700 may
be any of the tri-state drivers shown in circuit 600 of FIG. 6. In some embodiments, the
smallest {(or weakest) tri-state driver (e.g., 602-1) may be one instance of Driver 700.
Successively larger (or stronger) tri-state drivers (e.g., 602-2 and 602-3) may include

multiple instances {(e.g., 2, 4, .., N) of driver 700 coupled in parallel.

25 Driver 700 receives as an input a data signal and one more or more modified edge
signals. For example, in the illustrated embodiment, driver 700 receives data signal 702,
and edge detect signals 704 and 706. In alternative embodiments, driver 700 may receive
a different number of modified edge signals (e.g., 1, 3, 4, ..., etc.). The output of driver
708 (e.g., the signal duration of the output) is based, at least in part, on modified edge

30 signals 704 and 706. In addition, the output of driver 708 may be based on one or more

control bits that determine whether a particular instance of driver 700 is active.
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smal | est (or weakest) tri-state driver (e.g., 602-1) may be one instance of
Driver 700. Successively larger (or stronger) tri-state drivers (e.g.,
602-2 and 602-3) may include nmnultiple instances (e.g., 2, 4, .., N of
driver 700 coupled in parallel. 25 Driver 700 receives as an input a data
signal and one nore or nore nodified edge signals. For exanple, in the
illustrated enbodi nent, driver 700 receives data signal 702, and edge

det ect si gnBIG 3784 cinoudit 2RGranh of aMcefZnafdraec erbadimplatisnted ncweding@0 may

i dj.ff nb difi.ed.ed i g .(e.qg., 1, .3, 4, ...,
ro) Smgblimgt She BRI TheRTeampodiiHis chgHa ORI GEl shoBiideie out put)
I's bas@ebrere Vo (), P& fo a RBeiBicld 8dc809203013WINAIRGT O RRdc{ 8- 1N

addition, the output” of driver 708 may be based on one or nore control
bits tdmbodietel thermenplitedendflerenpabetivean atoging tathe dogé 1 dri berednod i s acti ve.

-6 FI 8 is,ra.circuit dia mof .a Vicel/2 reference circuit inplenmented
aclor %eﬁﬁuste?‘e g]ﬁeséﬂj#o‘ﬁzilﬁgﬁ%%terﬁ'?éveirﬁi/téerf( fooree/ f Wﬂ‘a@ﬁﬁ(?ﬁ’itbﬁ‘éﬁ@?s circuit
800 i sofubethvitidt, @\difligrent ciFRltenSNEEuad BBRIdeS: @forenéElvoliBedtoltBEEl Ver (e.g.,
receiver 204, shown in FIG 2). In such an enbodinent, t%e anpl i tude

di f f errépfdecthet ween a logic 0 and a logic | can be reduced 5 because the
threshol d voltage of the receiver is tied to Vcc/2. In alternative

enbodi ment fo: i i i i [ d to provide a
reference 3?F?gdgmﬁg%%ﬁgﬂkﬁgggﬁggghLiﬁ%fmBnﬁp%%gb%%‘espggvgégrns provi ded
by an dcotrdifeaoencinthodirherit mpklenanératn. &etaetienrgniter 202 drisedicsdnt, iaf t he

i nyention. Reference, nupber 902 illustrates that, in 10 sone enbodi nents,
LRE eagmeremhodnens dhedee pieio e H R BT RO TS ARES FSmABERPiabl o, | 1
sone kBRYodi r i it : er of drivers
(e.q. ?Htggﬂever sg%%ﬁgélﬁﬁ%eir%%% gﬁd%éqtb%g%doﬁéglﬁ??%n%%%% V&. I n

al t er matviexse2 (Spblodvmiertlss. 2athatiafefoarently agokatn shernayycenhiskdenis, 2rodi fy t he

edge rate of a.transmtted sjgnal,, ferring to reference nunber 904, in
sove ShBBERHBRTENTT By BF eagbORrdie G cee e ST RS ed f rom an
interface is nodifiable. In sone enbodi nents, the voltage swing is

nodi fied byReymingits adfkienehanabaPouhp ouERiboAimeits MBE SolidpdtswiEocair rent ly
active, 1In alternative enbodinents, a different nmechani sm my be used to

nodli f ylanrbirasgettediramam inferiaeq isgnpditiabies igsrape embodiments, the voltage

swing is modified by dynamically changing the number of drivers that are currently active.

In alternative embodiments, a different mechanism may be used to modify the edge rate of

a transmitted signal.

Fig. 10 1llustrates a cross-sectional view of a semiconductor device 1000 in
20 accordance with an embodiment of the invention. Device 1000 may include a package
1002, die 1028, die 1030, and die-to-die vias 1026. One or more bumps 1004-1 through
1004-N (collectively referred to herein as “bumps 1004™) may allow electrical signals
including power, ground, clock, and/or input/output (I/O) signals to pass between the
package 1002 and the die 1028. As shown in Fig. 2, the die 1028 may include one or more
25  through-die vias 1006 to pass signals between the bumps 1004 and the die 1030. The
device 1000 may further include a heat sink 1008 to allow for dissipation of generated heat

by the die 1030 and/or device 1000.

As illustrated in Fig. 2, dies 1028 and 1030 may include various layers. For
example, die 1028 may include a bulk silicon (51} layer 1010, an active Si layer 1012, and
30 ametal stack 1014. Die 1030 may include a metal stack 1020, an active Si layer 1022, and
a bulk Silayer 1024. As shown in Fig. 2, the vias 1026 may communicate with the dies

-




Fig. 10 illustrates a cross-sectional view of a sem conductor device 1000
in 20 accordance with an enbodi nent of the invention. Device 1000 may

i ncl ude a package 1002, die 1028, die 1030, and die-to-die vias 1026. One
or nore bunps 1004-1 through 1004-N (collectively referred to herein as
"bunps 1004") may allow electrical signals including power, ground, clock,
and/or input/output (1/0O signals to pass between the package 1002 and the

di e 10983 and 18 bthnough the getad Stapkﬁel(all@nﬂowgon@ypqchmlmd@ agreentmdimente 25

t hrou V|a Q0 p al.s b e e bu 1004 and the die
1030. 0% bl Be M6 i o T D e Rernile e AR MREAG08 08 1 ow f or
di ssi @atice gsu@h aggmﬂf@he@lcdagﬁhembw ddecd)nfd 4R303aneHyancldey beLorOR  As
illustrated in Fig. 2, dies 1028 and 1030 may include various |ayers. For

exanplPEoCegios cons 811@/9? shatied orckrivataeackess| As with degey 1P@geFig1 badpvicent 086t i ve Si

l a er II}S/:H%CIU.SQ quét’ig?ﬁ d%%t %8’23& ﬁ?él%gtg %glue]r I?o@p&r? 30 1ﬁ?oyt8§ igl{lg‘gg vite getal stack

actrve ayer ayer own in Fig.
2, t h@ edsSInlailb afeynbediimadn) detedid dnld/drhﬁ'odgleﬂle vids th@?Be ased td030 t hr ough
t he netal stacks 1014 and 1020, respectively. In an enbhodi nent, die 1028
may bEOTHIHNAte sipnals Bytween iy varigps diea e eSU%iaé disgpssedaithi rsnest® the menor y
deV|c%ﬁgq%ggaﬂélgogandonlaccess menory device) and die 1030 may incl ude one
nore processor ‘cores and/ or shared or private caches. As with device
100 of Fig. 1, device 1000 5 may include additional dies, e.g., to
integrate Gléreents oﬁpnb@cﬁtrsntsnﬁdiiet msmmedém Ty also bsy)scb\édu&d dsm such an
odi nent i e and/ or. t die via used to _conmunicate
T8 namEeBiskrgafol ey B sOne S CBagint-Srhile itogheuSal s e 8Spect +o
- the Yéaaabl%%&lﬁﬂqn%%@mde EFJu@EEEx{Ht%nﬁfethHth'ﬁ?é?ﬁ&'yoéptfcﬁﬁdlﬁﬁseé%})adtnvent ion
as a

may al so be provid machi ne-readabl e medi um for storing the
machi d@ke%@&ﬁmrébn@mmm{(EDcROhrﬁsdlgirﬁevem@&ﬁ/wéeo tiskadbye) wmm i ncl ude,

but is not limt nenor ti,cal dISkS r ead
only Reton ettt BEuD: i e aRkn e Bl in i FAMRSBretertiP iiom
acces %ra@'ﬁﬂ@IpYOgrBﬁMable&éﬁﬁaﬂbzen@ﬁ@gr(Emml\ﬂ) et byopiRADEaYds| EPROM
electrically erasable programmble read-onlg menory ( EEP , hagnetic or
op? i caroragntenn media gr sl BiPF ok MrEing Terdagtaapdia W}éab&ﬁ fom@ﬁma GcHEHEDl e nedi a

sui t abfg:,EQ5nsS Rk | Pzgnﬁle eGhERfnEnts of the invention may be downloaded as a

computer program which may be transferred from a remote computer (e.g., a server) to a
requesting computer (e.g., a client) by way of data signals embodied in a carrier wave or
other propagation medium via a communication link (e.g., a modem or network

20 connection).

It should be appreciated that reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular feature, structure or
characteristic described in connection with the embodiment is included in at least one
embodiment of the present invention. Therefore, it 1s emphasized and should be

25  appreciated that two or more references to “an embodiment” or “one embodiment” or “an
alternative embodiment” in various portions of this specification are not necessarily all
referring to the same embodiment. Furthermore, the particular features, structures or

characteristics may be combined as suitable in one or more embodiments of the invention.

Similarly, it should be appreciated that in the foregoing description of
30  embodiments of the invention, various features are sometimes grouped together in a single

embodiment, figure, or description thereof for the purpose of streamlining the disclosure




instructions. For exanple, enbodiments of the invention may be downl oaded
as a conputer program which may be transferred froma renote conputer
(e.g., a server) to a requesting conputer (e.g., a client) by way of data
signals enbodied in a carrier wave or other propagation nmediumvia a
comuni cation link (e.g., a nodemor network 20 connection). It should be
appreci ated that reference throughout this specification to "one
enbodiaméing 'in the dndarsemdog afent 'or neaa sf theakriauspiarentoelaapedtse dfhis metisidr uct ur e
or characteristic described in connection with the enbodi ment . is_ included
'h at TERIBHe POBRGIRRIN ot MO B dSerie s dRREHIOREr B BRI s
enphasiyBRe: ARfeShQutd nﬂg@rea‘éat@femﬁwa@é 8brbdfl reb i A ealRERIh CREMRAGES O "an
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enbodi nent" or "one enbodi nent” or "a al ternati ve enbodi nent" in vari ous

por t i dhefafowihg slagpeuificrt atvieolvarspeetslic meles Baniallyfeathtes of @fimgld ng to t he

sa odi ment , Fyrthernore, the partic r_features ructures or
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t he im\é&;w&presﬁ'griﬁéoaﬁérmediiﬁtom@ldle&ﬂ@@d@d@ﬁ gehated that in the foregoing
description of 30 enbodi nents of the invention, various features are
sonetimes grouped together in a single enbodinent, figure, or description
t hereof for the purpose of streamlining the disclosure -8 aiding in the
under st andi ng of one or nore of the various inventive aspects. This mnethod
of disclosure, however, is not to be interpreted as reflecting an intention
that the clainmed subject matter requires nore features than are expressly
recited in each claim Rather, as the following clains reflect, inventive
aspects lie in less than all features of a single 5 foregoing disclosed
enbodi ment. Thus, the clains follow ng the detail ed description are hereby
expressly incorporated into this detailed description. -9 CLAIMS Wat is
claimed is: 1. Acircuit conprising: edge detect circuitry to receive a
data signal and to provide a short pulse at a rising and a falling edge of
t he data signal




driver circuitry to receive the data signal and the short pulse and to
output a weighted sumsignal, wherein the weighted sumsignal is a

wei ghted sum of a return-to- zero (RZ) and a non-RZ (NRZ) representation of
the data signal; and receiver circuitry to be driven by the weighted sum
signal. 2. Tgﬁggircuit of claim1, wherein the driver circuitry conprises a
plurality 6% rivers and further wherein an edge rate of the wei ghed sum
si gnal i s Whitdctiuineddyis: det ermi ned based, at least in part, on a nunber of
the plurality of drivers that are turned on. 3. The circuit of claim 2,
wherein the driver circuitry includes edge rate configuration circuitry to
configure,1.at |geftuil dopdiking: an edge rate of the weighted sum signal. 4.
The circuit of claim1, wherein the driver circuitry conprises a plurality
of drivers anddg®idetsecifghitmveiorreeeivep datgesignal sad & pravidewe slyrepulsaiat si gnal

is select iﬂégigyandq%lﬁﬁ%%?qﬁﬁgé?%?ﬂgﬁdﬂ;l east in part, on a nunber of the

plurality of drivers tr ‘ on. 5. The circuit of claim4,
wherein the dridrger eirguifay ta seceive ltheddata wightiagel theishort paisafand uo abipot a

circuitry | .east |. rt, a valtage i ng of the weighted
sum  si gna"‘t e?gb(é@%gﬁéﬁ? a"rl’c‘t??itlﬁré% ec\v%{g]ﬁgg surfy sigpal; lﬁaﬁ%lghz%fsﬁug%%{‘ré HRrie
plurality zefo (BZ) et 8 nan-RZ (NRZ)Sepiesenthition @F the déta sigi@l; @hd cui t of claim 1,
wherein during a first portion of ignal transmssion -10 cycle, the
driver circuit F§FPrOAE ‘H&?ﬁﬁﬁﬁﬁ%&@&W@@ﬁ@%ﬁ&m%ﬁh during a second
portion of the signal transm ssion cycle, the driver circuitry provides

| ess than _the maxi num driver current. 8. The circuit of claim?7, wherein
the drivef-circlit fFyeuithed clger 1a vheraimthe driver eivcuiier sompnisds fauplttabity wher ei n
at | east 9@0Esofhdt Rehd Wislesh LSt Li o cireuit.of claim
8, wherein a %_unber N of tﬁ_e g\ﬁﬁerd %ir?% %;ﬁlgtrjﬁé%ﬁéséglrng %&?dgrﬁcﬁgmfeﬁ’e first
portion ofletemeined basad, at leastsinipesj oma oywber afribe pluralithef drvens thatwre phrhedal i ty of

On.

3. The circuit of claim 2, wherein the driver circuitry includes edge rate
configuration circuitry to configure, at least in part, an edge rate of the weighted sum
signal.

4. The circuit of claim 1, wherein the driver circuitry comprises a plurality of
drivers and further wherein a voltage swing of the weighed sum signal is selectively

determined based, at least in part, on a number of the plurality of drivers that are tumed

on.

5. The circuit of claim 4, wherein the driver circuitry includes voltage swing

configuration circuitry to configure, at least in part, a voltage swing of the weighted sum
signal.

6. The circuit of claim 4, wherein at least some of the plurality of drivers are tri-

state drivers.

7. The circuit of claim 1, wherein during a first portion of a signai transmission

-10-



drivers are on during the second portion of the signal transm ssion cycle
and wherein Nis greater than M 10. An interface circuit conprising: edge
detect circuitry to receive a data signal and to provide a short pulse at a
rising and a falling edge of the data signal; and driver circuitry to
receive the d a ,Si nal n shor.t se as in and to output a

vei ght ed §U cr111e’3| R cbrc‘élﬁ'ylpﬁ%vﬁ es&'ﬁaxéthJg‘c‘Jé'tvﬁ FHTegt mmatcﬁel

Ci rcwtryof |th&:k1§ﬁhlﬁ:@n&ni@h1dﬁ&brtlé,ythefdrﬂzet ¥Bfisy WRAARE NeRNhANEGR ﬂh%hﬁluﬁf t he
wei ght ed Si nal is selectively determ ned based, at least in part, on
a nunber V‘t'rﬁ’ fyrality of drivers that are tur ned on, and the wei ght ed
sum signal conprises a weighted sumof a return-to-zero (RZ) and a non-RZ
(NRZ) representation of the data signal. 11. The interface circuit of claim

10, whereBn t helherqispait of ¢laimm 71 wherpin dhediier otuitayimclugdes npludity ofydnhats on
circui tryah PacRef ki “ge swing of the

wei ght ed sum si gna %’l atl%grshg&?‘?t%feﬂrl glgg&%:?rre%?tta% c’lgai m 10, wherein a

vol tage sw ng of the wei ghted sum signal is selecti veI y determ ned based,

at | east p{n pa uirher, of the pI ural f that are turned
on. 13. The |ntﬁel? ace 8P fétljlt “ELA A Htéttg’leﬁ’l Ofct”‘?%ed’fn t he
plurali tydmﬁngiheﬁstﬁomaji ef the lsrgﬁ&l&ia@sxﬂfsslu@byiﬂe anlly IiLﬁhbef\M oftbeplLagie; & rcui t
conpri si ng., detect .circuitry to receive a data signal_ and to provide a

short pul S&vest g’& ondugng, the spepnd pPRioniof frestrgal imsinigion sy de andyvigreing¥ sver
circuitrygletef @ggye the data signal and the short pulse as inputs and to
output a weighted sumsignal to an input of a receiving circuitry, the
driver circuitry including a plurality of drivers, wherein a voltage sw ng
of the wejghte ectively determ ned based, at least in
part, on ganun%gﬁﬁg‘f%e%g&%fﬁénaqﬁ f of drivers that are turned on and the
vei ght ed sum sédpeadetasbpigeuite o aﬁcmmghdfeﬂ siguzh afl ta pretide a-short palse at @RZ) and

a non-RZ (¥ )nd PRIGE2ALELS B2 &3 Gy GRE 2 Stonal.

driver circuitry to receive the data signal and the short pulse as inputs and to

output a weighted sum signal to an input of a receiving circuitry, the driver circuitry
including a plurality of drivers, wherein an edge rate of the weighted sum signal is
selectively determined based, at least in part, on a number of the plurality of drivers that
are turned on, and the weighted sum signal comprises a weighted sum of a return-to-zero
(RZ) and a non-RZ (NRZ) representation of the data signal.

11. The interface circuit of claim 10, wherein the driver circuitry includes voltage
swing configuration circuitry to configure, at least in part, the voltage swing of the
weighted sum signal.

12. The interface circuit of claim 10, wherein a voltage swing of the weighted sum
signal is selectively determined based, at least in part, on a number of the plurality of

drivers that are turned on.

13. The interface circuit of claim 10, wherein at least some of the plurality of drivers

are tri-state drivers.

-11-




15. The interface circuit of claim 14, wherein the driver circuitry

i ncludes voltage swing configuration circuitry to configure, at least in
part, the voltage swing of the weighted sumsignal. 16. The interface
circuit of claim114, wherein an edge rate of the weighted sumsignal is
sel ectively daﬂﬂ?ta” d basetd, at. least in part, on a nunber of the
plurality “of driverdl Y KAt 4 B PHed on. 17. The interface circuit of

claim 14, wher eidge détettedfiitSomEreodivd Balafl sl iahd 1@ prélideV£kRort 818 bf - State
drivers. 18. A ayitﬁ{rlnc npr.i ingyé a first die having an interface circuit,
the i nt er #5198 3of  &lfips p4geiof thsditasigualdet ect circuitry to receive a data
signal and to kR Eiecvirs RO Fdoeitb HBE datdlsighal hid 3 KB ¥ of a
data signal, and driver ci [cuiet ry t_oaresé:%ave the %at .&ﬁé{eggﬁal;“ a%‘éﬂgﬁ% short
pul se and BBUHatvRighted; syip isignele do suripRit i receivimg aiineuitiye theedriylet edicwyn si gnal
is a wei ghi&chisgy I tbh B = Zar - NRZ) . .
representation b?pt he dat a s%&’ngﬁ?régnagvg%égg’ﬁ% %@Qﬁe%ﬁééidsuﬁ%sﬁ% First

di e, wher é¢lactiviely detasmingddiased] atcleastl @spat onnat remitec of theiplhwrality off ditizerg that

receiver i wei ghted sum.signal from first die. 19. The
syst em of tdgﬁ %ﬁ%ﬁ fé%nﬁ Lar%t ﬁeelﬁﬁtg(g Apr iskgi“?‘}gcfogﬁ’ﬁm?% g?‘@h{%ﬁék}’fn Oicﬁ‘dﬁ'iugﬁtob@f‘?/\ee n the
i nt er f ace (RZy andidtnonfRZ (RE) sepiesehition od tHeltata sighdl. i nterface circuit of the
second die. 20. The systemof claim 18, wherein a reference voltage of the
receiver is substantially equal to Vcc/2. 21. The system of claim 18,
wherei n the. dr MhelineifideUditcul FUMU BESwitrdth Waliited Houi [ih1Gde ﬁ%&g d urther
wherein an edge rate of the weighted sumsignal is seleCtively e%erm ned
based, at SY@gstonfiguigtion cirgtry tp fepBguref at; least gnpat, ithey voltagdrswing of ttheat ar e
turned OQeighéed sifA&igMpt em of claim 21, wherein the driver circuitry

i ncludes edge rate Tonfiguration circuitry to configure, at least in part,
an edge rate of the weighted sum

16. The interface circuit of claim 14, wherein an edge rate of the weighted sum signal
is selectively determined based, at least in patt, on a number of the plurality of drivers

that are turned on.

17. The interface circuit of claim 14, wherein at least some of the plurality of drivers

are tri-state drivers.

18. A system comprising:
a first die having an interface circuit, the interface circuit including
edge detect circuitry to receive a data signal and to provide a short pulse
at a rising and a falling edge of a data signal, and
driver circuitry to receive the data signal and the short pulse and to output
a weighted sum signal, wherein the weighted sum signal is a weighted sum of a return-
to-zero (RZ) and anon-RZ (NRZ) representation of the data signal; and
a second die stacked on the first die, wherein the second die includes an interface

circuit having a receiver to receive the weighted sum signal from the first die.

19. The system of claim 18, further comprising:
an interconnect coupled between the interface circuit of the first die and the
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signal. 23. The system of claim 21, wherein the driver circuitry includes
vol tage swing configuration circuitry to configure, at least in part, a
vol tage swing of the weighted sum signal. 24. The system of claim 18,
wherein the driver circuitry conprises a plurality of drivers and further
wherein a.voltage sw of Hﬂ$ wei ghted sum signal is selectively _
determ'ne(’ij"aF%cgg,“'c f“ﬁﬂ%g?o? Bart, on a nunber of the plurality of drivers
that are turned on. 25. The system of claim 18, wherein during a first
portion of a signal transm ssion cycle, the driver circuitry provides

maxi num d?Pver T0Er $siem Hhdclaia il¥g whesen on drefsomes ovpltags afhthestegpiagr is

transm SSig@kidY.eh big vilchver circuitry provides |less than the maxi mum
driver chrent. iﬁ.uThe system of claim 25, wherein a nunber N of the

plurality of drivers are on during the first portion of the signal
transm sshon c ng : HF lurality of drivers e on _
during thg?éecgﬁé%ggggﬁgﬁﬂo ?%éwggéﬁa gﬁﬁﬁﬁé%?%%%% m%@%?%adﬁar e?éin Nis
great er t demerMand 1f8rther wherein an edge rate of the weighted sum signal is selectively
determined based, at least in part, on a number of the plurality of drivers that are turned

o1,

22. The system of claim 21, wherein the driver circuitry includes edge rate

configuration circuitry to configure, at least in part, an edge rate of the weighted sum
signal.

23. The system of claim 21, wherein the driver circuitry includes voltage swing
configuration circuitry to configure, at least in part, a voltage swing of the weighted sum
signal.

24. The system of claim 18, wherein the driver circuitry comprises a plurality of
drivers and further wherein a voltage swing of the weighted sum signal is selectively
determined based, at least in part, on a number of the plurality of drivers that are turned

on.

25. The system of claim 18, wherein during a first portion of a signal transmission
cycle, the driver circuitry provides maximum driver current and during a second portion
of the signal transmission cycle, the driver circuitry provides less than the maximum

driver current.

26. The system of claim 25, wherein a number N of the plurality of drivers are on
during the first portion of the signal transmission cycle and a number M of the plurality of
drivers are on during the second portion of the signal transmission cycle and wherein N is

greater than M.
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