| N\VERTER BASED ( RETURN- TO-ZERO) RZ + NON-RZ (NRZ) SIGNALI 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

si gnal i INVEREPR BASED (REFURNUTO=-2RRUSRZ HNOXLRZANIENESIGN REYNGN- t 0- zer o
(RZ) signaling refers to a signaling schene in which the signal returns 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,

typi cah@yHNMOAL FIBEed 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
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do not have a res state, a synchron Zatt on signal 1s-typlically sent

al ongsind embleepatiadiarby, gm aystendd) ethadis mrd apenathses 30) indereer basekictugn-tef ers to
vertically integrating two or nore die wth, for exanple, a dense,
high-§ﬁ§béU@ﬁT§P?‘ sigeldiZor more of the stacked die may include a bus for
which 1/0 needs to be perforned. The bus may include a nunber of bit 25

| i nes and each bit |ine may have a different I ength. In conventional

sydt eACKIAROUNEs are |ength matched using, for exanple, delay buffers.
The use of delay buffers to length match the bit lines can significantly

i ncrease the conplexity of designing a die. Delay buffers may al so | ower
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ar e | [nogseuam-tuzey sigagling schgmep Returamterzerot(REy sisaglingofeidrs e 2 sighadig in t he
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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 alongside 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 I/O 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).
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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




-1 e 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

accor diNfer Eréfarﬁ)@?ﬁﬂ%xng&hcﬁg. the invention. Figure 4 is a circuit diagram

of sel ected aspects o n interface circuit inplenmented according to an
enbodi ment of the invention. 10 Figure 5is a circuit diagram of selected
aspects of Bigured évd bigh-levet black diagnph éllustratinls selectedddspects of ath enbodi nent  of
t he invetgt j.on. I?jtﬁ]ure 6.1is a circuit diagram of sel ected aspects of an

i nt er f FERCWFAA I EVRY Yy i - state drivers and receivers according to an
enbodi ment of the invention. Figure 7 is a circuit diagramof a tri-state
driver inplEigpt 26k 26166k diagthnt DludRatinkbscbitteddispeon ofahn ihfvefatewiendii on. Figure
8is acircuit diagramof a Vcc/2 reference circuit (part of receiver

ci Peui mplymentapperEhinetp Aceehafimgntd hen¥F® nent of the invention. Figure

9 illustrates waveforms provided by an interface circuit (e.g., part of a
driver) inpg &@Qaﬁ&ﬁﬁ&ﬁh&ﬂﬁ% Q%&D VRSP L, Rlertie clBYEhbIeRenéd Figure
10 is a cross-sectional view o sem conduct or devi ce, I nplenented

accor dicegrding @ranemibadimantof dfe ihtentionvent i on. DETAI LED DESCRI PTI ON )
Enbodi ments of the invention are generally directed to systens, nethods,

and apparaguses. for a signaling schene that .inplenents a. weighted NRZ + RZ
signal . Thzﬁlgﬂgewagﬁf‘?é’&t_ . a‘l“%ie@i:tﬁﬁgfpeﬁgff%_n&?&% " 4¥or exanple, on

i nt er -igi et Phicdoftlif @totirCerh Bl ERVTE Sverktm. Si gnal i ng scheme may be
effective in decreasing the |latency of signal 2

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.

Figure 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 Vee/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

2.




propagation on the line. In sone enbodi nents, the signal |atency can be
made to approach the flight time of the line. FIG 1 is a high-level block
diagramillustrating sel ected aspects of a device 100 i nplenented
according to an enbodi ment of the invention. Device 100 may include die 5
102 that conmunicates with die 104 through interfaces 106. In sone
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provide for utilization of disparate process technol ogies. For exanple,
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device. FIG 2 is_a block diagramillustrating sel ected aspects of an

i nt er f@@duetivedpgterial.

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-
dimensional (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. 1 only illustrates two dies, additional dies may

be used to integrate other components into the same device.

FIG. 2 is 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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30 inplenented according to an enbodi nent of the invention. Crcuit 200
illustrates selected portions of a driver 202 and a receiver 204 suitable
for inter-chip and/or intra-chip 3 comrunication according to an enbodi nment
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
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enbodi nent, detect circuitry 06 may. i ncl ud re elenents, fewer
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together (e.g.; inparallel). The plurality of drivers may be uSed to
sdl0ec tdndetsyoudyeit irstset hemadolate svohg dnd edge retgraf edcadmmpedgdetiznbly wheioaer 202. For

exanpl e, dur.i a first, portion of a.transm.ssion. cycl dri,ve ircuitry
208 e BG4S T VS oA BT B g POl DB P RS SrooWle g
secondywRRs b8l gfralcte thall B3NS SicRM. AN Gh QlterdbliSEmbddithent Bétict288uitgy provi de
a second Tevel of driver current. The first |evel of driver current 20 may

be gr e¥ienay inghide meore eletvats) tayer clegiealss ardéon differcnbelemgats. 204 is tri pped.
The ability to selectively control the amount of driver current enables

driver 202 ﬁ%o&%&r@%dhﬂncﬁg%ﬁgﬁ 8%11;3@{“@6831@1&@85 yﬁ%rfmg o%x‘/@é’ ﬁ&ﬁﬁ on the

line. In some enbodl ne e s Ive controf o river current enables
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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 é‘bility 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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current. In sone enbodi nents, the edge rate may be relatively | arge
approaching Y Y (e.g., 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 sone enbodi nents, the selective
control of driver current enables driver 202 to nodulate the voltage sw ng
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t H® r eYen/2 eeD. IM areo). For exlatmpien at sonee enbaliingeint ibe desetvrlphartoventasecei ver

pair i ndependent.ly tuned. .E .3 nd, 3B i l.l r.at e use of a
e ity vefadetmaRe Mo Rhistian S Po0 2y Rameh Mo et OREb S S aeion “Vaver or ms
3_02 a%réi@@.?\ﬁﬁﬁ&ﬁﬂ feadl-torrdill sJuHﬁ;hﬁ@.eIdcﬁe%@ithiﬁézvolﬁ@@'biNBéW\@Vef or s for a
bit sequence that includes 01101. Waveform 306 illustrates the line Wt) =

a. WNpzignyi lisantlyWrsten hamincregpiag ot @8V fand iuwsarodifcss the «8Bet effmedeneth. B sone 20
embodi %@eﬁﬂceﬂﬁé stfg?lg%?&% %%Hfggq/@xttlfert o) Q@&gétlve %lﬁ%pgélﬂg %[déher (e.g., an

inverter in recelv wavef orm ex SGne properties that

arne didrfver/entiviehpair idag de ipfepundiady timedei t her the NRZ or the RZ wavef or ns.
For exanple, unlike the RZ waveform the Wt) waveform can be recovered

using an iRl t ok and Bl e 068 bt & Al d S Sel abobeding n
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.Wnrz(t) + b.Wgz(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, unlike 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.




point of an inverter a substantial portion of the RC delay of the line is
renoved. Since the 25 actual delay of the line is the sumof the flight
time and the RC conponent, the delay can be nade to approach the flight
time of the line. FIG 3B illustrates actual waveforns corresponding to

i deal i zed waveforns 302 and 306. In particular, waveform 308 corresponds
to NRZ wavefms, Bﬂﬁ@%m@qﬁl@dw ef 41 1d§él&e§%ﬁib8§iﬁ%@§f Q%V&tal:c&ﬁﬁ@ft@%m 306. The
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m dp0| nt of interconnect 404. 5 FILG IS circuit diagram of an
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circui ram of an enbodi circuitry using tri-state 10
dri ver%l g@fc‘,’ SR EARGY2 Bt W%ﬁ%%ﬁmg@%@h nvention. Circuit 600 uses weak
tri-state drivers 602 to replace the resistor, R2 , which is used in
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si gnal Tignctihe 08 adibged-stile HieervBiagibeetbdilateth ddnératcePi(§s esa@he ons of the
signal to be transmtted on_the interconnect. FIG 7 is a circuit diagram

of a temhodimenss.dhe podulatipn ehibsMEmbsE eloicliva g1 pEteivers enables circuit 600
to modify the edge rate of W(t) and/or to modify the voltage swing of W(t). 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.

FIG. 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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enbodi nent of the invention. Driver 700 nay be one of a plurality of
drivers used in the 20 driver circuitry (e.g., driver circuitry 208, shown
in FIG 2). For exanple, driver 700 may be any of the tri-state drivers
shown in circuit 600 of FIG 6. In sone enbodi nents, the snallest (or
weakest) tri-state driver (e.g., 602-1) may be one instance of Driver 700.
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ot ndn 3P e e i i B RO S PRSP TR Bt or £ ace
cir CU'dnde{r@(ﬂnﬁﬂ)tvﬁﬁm 1aeC 9 tHanfte leBrraM] eaded] ﬂ?ﬁl&er@zitwfe%ﬂoﬂifﬁé}ﬁé an. Reference

number 902 ilfustrates that, in 10 sone ernbodi ments, the edge rate of a
si gnaldiffergnmielatsnt meynbansedioenddifehe sdgrater dfaransmittedsignal.enbodi ment s,

the edge rate is nodified based on the nunber of drivers (e.g., drlvers
208, shown ] LT ti I e
enbodi nent s]Etéhﬂl?1 g‘t? g%fgép & geﬁ?gﬁi ﬁ;}%%eeﬁgosg nté N%D%J( h%gg %Mn&"gfea rate of a

t nansmigrdabtasngtied frofn azﬂﬁfeeif‘abe: mgnéd)ﬁalﬂé efrequtge emh@mﬂ@&he ivoltseme
enbodi nents, the vol tage n a
sr\;f?ng 18 modified by dyr?almcyly 31ang1ng 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 illustrates 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 (SI) 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 Si layer 1024. As shown in Fig. 2, the vias 1026 may communicate with the dies
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15 signal -transmtted froman interface is nodifiable. In sonme enbodi nents,
the voltage swing is nodified by dynam cally changi ng the nunber of

drivers that are currently active. |In alternative enbodi nents, a different
mechani sm may be used to nodify the edge rate of a transmtted signal
Fig. 10 illustrates a cross-sectional view of a sem conductor device 1000

in 20 ARRYLAA0NSE bidh RB nRMQEHRE 1140 dt 100] RYRREVAD. InRUnR AR, may
i nclude a package 1002, die 1028, die 1030, and die-to-die vias 1026. One

or norde bHpmay 06 thinngrithaudih 103Q 0w Rxqmple] detl DY@ mpy dedlede agemerher ei n as
"bunps, 1004") .may allow electrical .si.gnals,.i udi n wer round, cl ock,
and! oraTi eI ARG S ke 0§ A gie B MR B 05" anathe
di e 10%8ceshsr coh@WAdIon strird oprivdiecathes. 102 ifmvicBCDOdEFRNE, duviddine025 -

t hrough-di e vias 1006 to pass signals between the bunps 1004 and the die
1030. mmeinchdgiadditiondaliepay-gf. (e imiegrate sEion gemgonit inky thg samedetiee & | ow f or

di ssi patj.on er . . i - I 1000. As
iIIustﬁ%%%ﬁh?%“%%ban%%gP%ﬁﬁ%SQQﬁg%gﬁfgg%n#gggrﬁg J%éyggﬁ%%ﬁg | ayers. For
exanpl @mrgirécaO 2ignaie peiweeh tgkevaions tes $¢.5 i, swwh o5 iscussay evith@didet @wrthact i ve Si

| ayer 1012, and 30 a netal stack 1014. Die 1030 may include a netal stack
1020,’%ﬁSHP@FW@}§pﬁ}ayer 1022, and a bulk Si layer 1024. As shown in Fig.

2, the vias 1026 may comrunicate with the dies 7 fi 1028 and 1030 t hrough

the metal siigfleis bLbBahRAMtmE SRS VRN nla A0 RIPOIEPR,  die 1028
may be thinner than die 1030. For exanple, die 1028 may include a nenory

dd¥i cengdumrhreagatde medoionfacteng themsehincexdcutiblanstnatitiond. 08lie mraghifigrc| ude one

or nore ocessor cores _and/ or shar.ed, or i vate caches.. wi th device
100 oo Bl RETRUpEE R S Ry RS, BB bl SraLaES by

I Nt egra4ie-rehd8iily GRIRAHEODSROM D didhe] FREmRil 1eMb6 8isRE (DPDY REM, laRdsHch an
enbodi nent, die-to-die and/or through-die vial my be used to comrunicate

si gnalascessmgseary tRAMa erasilde progganymabje readuey menyiry CERBOYwelesiticelbpect to
my ol 4B I8 Pk Rholy ERRS, BEp RO s B olil BREETT the
mashi neopaeatoih alelR drislidr tgid disachiizereadubid media suitable for storing electronic

instructions. For example, embodiments 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 is 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
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readabl e medi um may include, but is not limted to, flash nenory, optical
di sks, conpact disks-read only nenory (CD-ROM, digital versatile/video
di sks (DvD) ROM random access nenory (RAM), erasabl e programrabl e
read-only nmenory (EPROM), electrically erasable programmble read-only
menory (EEPROM), magnetic or optical cards, 15 propagation nmedia or other
type ofjgiechinaniertableg JTRdL ar fdkd 8DHE vh9SusShAkitiNg aflcBft NN Method
instructions. For exanple, enbodi ments of the invention may be downl oaded
as a cfohiplesare, boogyvamswiol tthbamaierpreter eameffasting an intentioa thai daigeadput er

e.g., .server) to a _re Sti computer. (e..q..,..a gli,.ent),by way of data
CF oo ubisEidrenind mi Hetoh i ST B B inBalt SRR m el BY . 0L
CONMMUNhE FNEHink clkmé Roflics, i@eﬂw@mﬁeéts e inMeEdthdR) alt Geunges bPNYinglet shoul d be
appreci ated that reference throughout this specification to_ "one

entodi feeeromendiscieged embodimerit Thye sescleimstiobowmethe detateds degeninton ag¢ r uct ur e
or ¢ I StiG i 1 i ith the enbodi nent is included
in at 5a§%8%%%%Bgﬁg%@@%%ﬁﬁg8#&?ﬁgﬁggiééﬁ pﬁ%%ention. Therefore, it is
enphasi zed and shoul d be 25 appreciated that two or nore references to "an
enbodi nent" or "one enbodinent” or "an alternative enbodi ment" in various
portions of this specification are not necessarily all referring to the
sanme enbodi ment. Furthernore, the particular features, structures or
characteristics nmay be conbined as suitable in one or nore enbodi nents of
the invention. Simlarly, it should be appreciated that in the foregoing
description of 30 enbodi nents of the invention, various features are

soneti mes grouped together in a single enbodinment, 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 nethod
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 discl osed
enbodi nent. Thus, the clains follow ng the detail ed description are hereby
expressly incorporated into this detailed description. -9




CLAIMS What is clainmed is: 1. Acircuit conprising: edge detect circuitry
to provide a short pulse at a rising and a falling edge of a data 5
signal; and driver circuitry to receive the data signal and the short pul se
and to provide a weighted sum signal, wherein the weighted sumsignal is a
wei ghted sum of the return-to- zero (RZ) and the non-RZ (NRZ) conponents of
the dataasgvmnal . 2. The circuit of claiml, wherein the driver circuitry
conprises a plurality of drivers 10 and further wherein an edge rate of

t he weWdhbts claimediignal is sel ectively determined based, at least in part,
on a nynberApﬁn}R% R%Uﬁ%|jty of drivers that are turned on. 3. The circuit
of clai'm 2, WhETr eI R PHEMEr i ver circuitry includes edge rate configuration

circuitry tedgaiidegbir@itrto proamlk al shoR@ulse abarisidgand attalip edfreofedght ed sum
signal. 4. The circuit of claiml, wherein the driver circuitry conprises a
pl ur al §iggalonddrj vers 15 and further wherein a voltage swing of the wei ghed

ey e S . . : g
of 't heopiur SR ShE g 6 robclRie el Sionp BAREHe ot fRSnd I pRRida OF 8, T
wher ei weightedduinedgnal,iwlewéin e weighted samudiahiser wisighgd soonifitifeatrh ao-

circuitry configure, | east in part, a voltage swing of the weighted
sum S?%?IQI&‘.%) ?Uintb? n%i%&%@ qonmongptéiomt@,da\t,mg@?n at | east some of the
plurality of drivers are tri-state drivers. 7. The circuit of claim1,

wher ei n - dur TRGcitedit SlaiROl, WiRRiR thetirieB BiRbuiky BRSPS a Y@ hdrivie driver
circuitry provides maxi numdriver current and during a second portion of
t hié) sdtrgfj@rth@mah@nﬁnsastiedge e bethe reashidisver sigrial tsusetecirvgly detiedemedless t han t he

i mum dr i 25 8 ircuit.of claim?7, wherein the dri
i oot Tk EPudBeaH BT EpimBore 3o SR b Sy Balbhew8FEFei n a1 1 cast.

sone of the drivers are tri-state drivers. 9. The circuit of claim$8
whereih a nukdercul offcldifne?, phhdreh tHeydrBier CiFdwEy fnchides edgetidtd do@figd@tion

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
15  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 turned 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.

20 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 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

25 current.

8. The circuit of claim 7, wherein the driver circuitry includes a plurality of drivers

and further wherein at least some of the drivers are tri-state drivers.

9. The circuit of claim 8, wherein a number N of the plurality of drivers are on during

-10-




the first portion of the signal transm ssion cycle and a nunber M of the
plurality of drivers are on during the second portion of the signal

transm ssion cycle and wherein Nis greater than M 10. An interface
circuit conprising: 5 edge detect circuitry to provide a short pulse at a
rising and a falling edge of a data signal driver circuitry to receive the

data singmdt pRRthd ST8he Rl tRHLERsBA cyae%éfa%nﬂlbtelom @tﬁé’?ﬂ:@alﬁy%ﬂﬂ%r@d sum
signal as an input, the driver circuitry including a plurality of drivers,

wher ei are an dedyg tiveesteeomsk partien oibthg ytamal tsansmdistpmadyclesind efterdin Welsyereiderer i ned
based, ,10,at least in part, on a nunber of the plurality of drivers that

are tdwﬁ ‘'on. 11. The interface circuit of claim10, wherein the weighted
sum signal conprises a weighted return-to-zero (RZ) + non-RZ (NRZ) signal
12. Thi.i nt ghfiedacd diuitico@bri€ingi m 10, wherein the driver circuitry

i ncludes voltage swi ng configuration circuitry to configure, at least in
part, the veslge E?CEWCNQTX)'{’O RrAvide g shest gse dt SRS pathafallingedegenf ajdster f ace
circuiﬁ%ﬁﬁ claim 10, wherein a voltage swing of the weighted sum|[ signal
is selectively determ ned based, at least in part, on a nunber of the
plurality odiri\darbhaui&yt@adceﬁreehddﬂtane@mmndﬂzﬂa shbhtepuilsetae idaceaei tocui t of claim

10, wherejn at ast sonme of the plurality of drivers 20 ar‘ tri-state
dri verigovid eafselglmf PR tepalas 38.1?129%}1@]1 g&ﬁﬁr‘?‘é‘i"ﬁ@’ ingygwederlBAine? cuitry to

Provi dgiirs Reteil ¥h §@g@1late%frthe%v %h%@uﬁ‘l Jl@lall is%le%ﬁ'gﬁy ﬁfeteﬁnﬁiﬁa Basedl gnal

driver circuitry to receive the data signal and the short pulse a5 inputs
and t cat 125t jpriovt, de a aumbiegdit the phuahty ogdalerathabareitnpmed ont he driver circuitry
including a plurality of drivers, mherein a voltage sw ng of the weighted

| l. d .bas b
or ™ helinns s BEHEEE BRI RRL. Mrain Mgt 18R Stana o Rl pale o Mourt

of cl ay#iphied rier®LAerd (TEZ )W hGhRe §gr@mal conprises a weighted
return-to-zero (RZ) + non-RZ (NRZ) signal.

12, 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

15  weighted sum signal.

13.  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.

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

20  are tri-state drivers.

15.  An interface circuit comprising:
edge detect circuitry to provide a short pulse at a rising and a falling edge of a data
signal
driver circuitry to receive the data signal and the short pulse as inputs and to
25  provide a weighted sum signal as an input, the driver circuitry including a plurality of
drivers, 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.

16. The interface circuit of claim 15, wherein the weighted sum signal comprises a

weighted return-to-zero (RZ) + non-RZ (NRZ) signal.

11-




-11 17. The interface circuit of claim15, wherein the driver circuitry
i ncludes voltage swing configuration circuitry to configure, at least in
part, the voltage swing of the weighted sumsignal. 18. The interface
circuit of claim15, wherein an edge rate of the weighted sumsignal 5 is
sel ectively determ ned based, at |east in part, on a nunber of the
plurality ofhélinkereics cirfiat of Adith 13IMIREciAfhe diBrer HRQIrPIRIIRS SoRidecui t  Of
claim 15, wherein at |east some of the plurality of drivers are tri-state
dri verswing gonfrgusstianegiscapioi configure1 @ least jnrpart, Hicevolfags siwingwiihet er f ace
circuig,,. .aterface circuit including edge detect circuitry to provide a
short %ﬁllgé%gask&as%qagi ng and a falling edge of a data signal, and driver
circuitry to receive the data signal and the short pulse and to provide a
wei ght Bl sufhesingntikce ciagt @ff dhaitrhs, weiegdih e@nl edginmatd afiibd weghtedwairgdigied sum of
the return-.1 0-zero, (RZ) and the non-RZ (NRZ). conponents of the data
si gnalis SelfeT deming] @S@%@é Kagf igmattnen W@Pﬂrﬁfébe EHEY AL {ReereBebnd di e
i ncl udgs dbterface circuit having a receiver to receive the weighted
sum si gna ?rom the first die. 21. The systemof claim 20, further
conprising: an interconnect coupled between the interface circuit of the
first W.e aRek inkeefacg irgut efdaioel Tiwhstdin ableatt kems of thedhdrbty A2lrivElse system
of clai mtr§270 %(/ﬂclerei n a reference voltage of the receiver is substantially
equal ¥oMNERIATEE. The system of claim 20, wherein the driver circuitry
conprises a plurality of drivers and further wherein an edge rate of the
wei ghtEy sumssitgnabmpsisgl ectively 25 determ ned based, at least in part,
on a nunber of the plurality of drivers that are turned on. 24. The system
oflOcl ai m 238 fighdicdiaringtie tefeTfoes citqupteiednigripsrediirydndugegrate  configuration
circuitry to confjogutRer AleukBPprbiidl @ short BlsEHGLriliRL Bndh thiiy URlght ed sum
of a data signal, and
driver circuitry to receive the data signal and the short pulse and to provide
a weighted sum signal, wherein the weighted sum signal is a weighted sum of the return-
15 to-zero (RZ) and the non-RZ (NRZ) components 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.

21. The system of claim 20, further comprising:
an interconnect coupled between the interface circuit of the first die and the

20  interface circuit of the second die.

22. The system of claim 20, wherein a reference voltage of the receiver is substantially
equal to Vee/2.
23. The system of claim 20, wherein the driver circuitry comprises a plurality of

drivers and further wherein an edge rate of the weighted sum signal is selectively
25  determined based, at least in part, on a number of the plurality of drivers that are tumed

On.

24. The system of claim 23, wherein the driver circuitry includes edge rate
configuration circuitry to configure, at least in part, an edge rate of the weighted sum

signal.
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signal. -12 25. The system of claim 20, wherein the driver circuitry
conprises a plurality of drivers and further wherein a voltage sw ng of
the weighted sumsignal is selectively determ ned based, at |least in part,
on a nunber of the plurality of drivers that are turned on. 5 26. The
system of claim23, wherein the driver circuitry includes voltage sw ng

confi g2 at i Phe Gisteilbt dl¥int 20, GAHM A Wiedrivdh clr@afY chbMpAddsta plaraug} sfage swi ng of
t he wei ghted sum signal. 27. The system of claim 20, wherein during a

first goversonl brther wheypiaia vollage avingicdihe wyighied sumeignal isselegiivadyi t ry
provi d(?e?erﬁﬁffécf%ﬁ%g We%&t lﬁ'f)r{te(ﬂlt ARty dus ! a%@?é?i“&x%? {h%l e?J dm the

si gnal Fansm Ssron he driver cir rovi e€s THan the
maxi mugn.dri ver current 28. The system of cIa|n127 mhereln a nunber N of
the plurality of drivers are on during the first portion of the signal

transm ssion cycle and a nunmber M of the plurali drivers are on
duri ng?& he SECHREDPOF¢FgH2 OV ReHED é}feg‘}{é‘ferf %%HE'WTS‘@‘?/‘](?H velRges™MAY wherein N is

15 9r egh@iutaioh cl¥buifty to Bohfidatle at Teds ih part, a voltage swing of the weighted sum
signal.

27.  The system of claim 20, wherein during a first portion of a signal transmission
cycle, the driver circuitry provides maximum driver current and during a second portion of
10 the signal transmission cycle, the driver circuitry provides less than the maximum driver

current.

28. The system of claim 27, 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

15  greater than M.
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