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Intr oduction
(This introduction is not a part of IEEE P1596.3-1995, IEEENEJTARD FOR LON-VOLTAGE DIFFERENTIAL SIGMLS FOR SCIl.)

The demand for more processingyeo continues to increase, and apparently has no limit. One can usefully
saturate the resources ofyasomputer by merely specifying a finer mesh or higher resolution for the solu-
tion to a physical problem such as hydrodynamics or 3-D graghicsdemand leads engineers and scien-
tists in a desperate search for more/@dul and &ster computers.

To economically obtain this kind of computing per, it seems necessary to use agamumber of proces-
sors cooperately. This cooperation is puided by the Scalable Coherent Inter, a high-speed paatk
transmission protocol thatfefiently provides the functionality of us-like transactions (read, write, lock,
etc.). Havever, the initial physical implementations are based on ECL sigmalslewhich consume more
power than is practical in thewscost workstation emironment.The initial specificatiors 1Gbyte per sec-
ond bandwidth (16-bit data path) may hey expensve in the workstation emironment. It may be more
cost efective to use a narrger data path of sfifient bandwidthThe combination of a high speed transmis-
sion enironment and dfcient protocols can pnide the link for multiple processors to cooperate in &lo
cost workstation emironment.

The initial developers of this standard came from the IEEE Std 1596 Scalable Coherent &aifroject.

The ECL signal leels defined there were to get the standard implemented quickly and are practical for high-
performance application¥hey are less well suited, hw@ver, to using SCI in l-cost workstationsThe
obvious lowv cost solution is to intgrate the transcegrs into the controller and implement both in CMOS.
This integration will satisfy the space andvper requirements of theaskstation and personal computing
marlket.

Eventually a lover wltage swing will be needed in order to get higher speeds than ECL siggialdan
provide. This standard can pvae the basis for increasing parallel signal switching frequénto the GHz
range.

Stephen lémpainen, Chairman
Comments on this draft should be addressed to the chair obthna/group:

Stephen kémpainen
National Semiconductor
2900 Semiconductor Dre M/S E-2595
Santa Clara, CA 95052-8090
Phone: 408-721-2836
Fax: 408-721-4785
Email: stephen@lightning.nsc.com

Questions on other Scalable Coherent latfprojects should be addressed to the Chair of the IEEE Std
1596 Scalable Coherent IntacEWorking Group:

David B. Gustason
SCl zzL
1946 Rllen Leaf Lane
LosAltos, CA 94024
Phone: 415-961-0305
Fax: 415-961-3530
Email: dbg@sunrise.scu.edu
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Draft Standar d for
Low-Volta ge Differential Signals (L VDS) for
Scalable Coherent Interface (SCI)

1. Overview

1.1 Scope
The scope of this project, as defined by its Prdjethorization Request, is as folls:

Specify a process-technology-independent Voltage (less than \t swing) point-to-point signal
interface optimized for IEEE Std596 (SCI), using a d#rential drver connected to a terminated
recever through a constant-impedance transmission i interhce will be optimized for
CMOS processes, while being compatible with other IC processes, including GaAs and BiCMOS.
The specification should support a transfer rate of at least 2§48 tmansfers/second.

In addition, the specification will define encodings for transporting SClepgaker narrav and
wide data paths (4, 8, 32, 64, and 128 bits, rather than the 16 bits defined by 1596-1992) using these
signals.

1.2 Objectives

The primary goal of this standard is to create a physical layer specificationviensdand receers and
signal encoding suitable for use with the IEEE Std 1596-1992 Scalable Coheremicénitetbw cost
workstation and personal computer applications. Other obgsadticlude the folling:

1) Technology independence. Specifications shouldvatlesigns to be implemented in ariety of
integrated-circuit technologies.

2) CMOS compatible. Signaloltage leels and other specifications should be compatible with digital
CMOS processes operating fronv 2hrough 5V power supply lgels.

3) Backplane and cable applications. Specifications should be optimized for connections between
boards contained within one chassis and short (less than 5 meters) chassis to chassis interconnects.
Longer connections are not prohibited, \pded thg meet specified signal loss and ground shift
criteria for proper receer operation. Connector and cable specifications grenldethe scope of
this standard.

4) ScalableThe original 16-bit-wide SCI data path should be supplemented by 4- and 8-bit-wide data
paths to support aaviety of cost/performance ratios. Support for 32, 64, and 128-bit-wide data paths
will also be addressed.

1.3 Strategies
The basic design strafies selected by this standard include the fahg:

1) Low voltage swingTo minimize paver dissipation and enable operation etyvhigh speed, o
swing (400 mV maximum) signals are specified.

Copyright 1995 IEEEAII rights resered.
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2) Differential signals. Small signal swings requirdeténtial signaling for adequate noise giarin
practical systems.

3) Self terminatedTo minimize board real estate and costs, and to maximize clock rates, eaadr recei
is assumed to pvide its avn termination resistors.

4) Uniform ground.The standard assumes that the ground potenti@refice between aeer and
recever is lept small by the system desigrhe mechanism for constraining the ground potential
difference is bgond the scope of this standard.

The most contreersial decision as to use diérential signals, which at first appears to double the number
of signal linesThe pin-count werhead is actually much less than this, since reliable single-ended schemes
require may more ground signals (mgrhigh-speed chips and/or backplanesvie one ground forery

two signal pins) and run significantly sler. Other design benefits associated wittfedéntial signals
include the follaving:

1) Constant drier currentThe transmitter consumes a (near) constant current whengdtihe links;
the current remains the samef s routed in the opposite direction when the sigahleschanges.
This simplifies the design of per-distribution wiring.

2) Constant link currentThe net signaling current in a fifential link is (nearly) constant, which
greatly simplifies system desighhe links are unidirectional and transmittersals drive a differ-
ential signal per tablg—1 or table3—2. Reersing or stopping links euld cause the net common-
mode signaling current to change, creating system noise.

3) Low power. A low signal current can be used, since much of the induced noise and ground-bounce
appears as a common-mode signal.

4) Simple board desigmlthough differential signals must be carefully routed on adjacent matched
tracks, thg are usually less sensiito imperfections in the transmission line environment.

5) Low EMI. Differential signals minimize the area between the signal and the return path. In addition,
the equal and opposite currents create canceling electromagneticTiesddramatically reduces
the electromagnetic emissions.

6) Low susceptibility to rternally generated nois€hough these links generate little noise, other parts
of the system maypifferential signals are relaély immune to this noise.

1.4 Design models
1.4.1 Source-sync hronous data

The SCI-VDS link model assumes unidirectional operation (theveri alays at one end of the link, the
recever at the other), and that a clock signal is sent along with the data as though it is just another data bit.

Both edges of the clock are used to delimit data, so the maximum transition rate of the clock is the same as
the maximum transition rate of the data signilgs clock flavs through the link at the sameleocity as the
data, and is to be used as the time reference for sampling the data.

In most applications, the reged sampled data will need to be synchronized to thevesteiocal clock. If
the transmittes clock and the reogr’s clock are independent, and thus perhaps at slightbretit fre-
quencies, occasional symbols will need to be inserted onveghfoom time to time in an elasticityfifer in
order to maintain synchronization.

The transmission system shall ensure that the setup and hold requirements of\img latehes are met,
in order to &oid incorrect data sampling and triggering metastable sfttescecerer can obsewr/the tim-
ing of the receied clock relatie to its avn clock in order to choose an appropriate sampling time.

Copyright 1995 IEEEAII rights resered.
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By carefully adhering to these assumptions, the SCI signaling protocol becomes independent of distance or
delay The maximum distance is limited by signabskcaused by slight dérences in propagatiorelocity
from one signal to anotheand by attenuation and distortion of the signals.

Because these signals are unidirectional, it is velgteasy to reshape and time-align them in order to trans-
mit them greater distances. Wever, this may introduce timing jitter which can neak impossible for the
recever to anticipate clock transitions with 8aient accurag for reliable operation.

1.4.2 Terminated transmission lines

In addition to &tending the signal encoding to parallel widths not included in IEEE 1596-1992, this stan-
dard specifies drer and receer parameters onlyHowever, a system must interconnect these components
to be usefulThe interconnect termination is specified in the reeeportion of this standardhe intercon-

nect is bgond the scope of this standard because of they mptions possibleThe interconnect could
include bond wires, packages and pins, printed circuit board, cables, connectors, multi-chip maékdes, w
scale intgration or ag combination of the pkgous options in one drér-to-recever signal pathThis signal

path is important to the correct operation of a system implementiB& Isignals and is therefore discussed

in general terms in this standard.

At the high data rates this standard supports, it is important to consider the transmission line aspects of the
signal pathThe high frequenccomponents of the 300 ps transition times entlle parasitic reawt signal

path components importantafiliar concepts such as the reesi input capacitance arevershadwed by

the parasitic inductance of signal path elements that shapextbtomn. If the signal delay through a signal

path section is greater than the a#a minimum transition time, 300 ps, that section must be analyzed as a
transmission line with associated characteristic impedance and ldgbeglance discontinuities through
connectors, pins, solder pads and bond wires to the IC itself cause reflectionsggthde dbe signal

integrity.

The receier and its package input impedance need to match the signal transmission line impédance.
senes to minimize noise-causing reflections that create data errees. pical CMOS process tolerances,
this generally implies the use of aetdevices to adjust the terminating resistance until it matchestan e
nal reference. Intgrating the terminating impedance onto the nemrethip complicates the design and man-
ufacturing lut the trade-dfis simplified board layout and better signal grity.
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2. Document notation

2.1 Conformance le vels
Several key words are used to dérentiate between dérent levels of requirements and options, as falo

2.1.1 expectedA key word used to describe the belwa of the hardware or softwre in the design models
assumedy this speci€ation. Other hardare and softare design models may also be implemented.

2.1.2 may. A key word that indicates fiebility of choice withno implied pefeence

2.1.3 shall. A key word indicating a mandatory requirement. Designersareiredto implement all such
mandatory requirements to ensure interoperability

2.1.4 should.A key word indicating fl&ibility of choice with a strongly preferred alternati Equvalent
to the phrasés recommended

2.2 Technical glossar y

Many bus and interconnect-related technical terms are used in this docUrmes¢ terms are described
below:

2.2.1 backplane.A board that holds the connectors into which SCI modules can be plugged. In ring-based
SCI systems, the backplane may contain wiring that connects the output link of one module to the input link
of the nat. Usually the backplane prides pever connections, peer status information and physical posi-

tion information to the module.

2.2.2 board. The physical component that is inserted into one of the backplane slots. Note that a board
may contain multiple nodes.

2.2.3 byte. Eight bits of data, used as a syyponfor octet.

2.2.4 differential voltage signal.The wltage diference between the true and complementary signals
from a driver with two single ended outputs whose signalgagls complement each oth&ifferential sig-
nals are also referred to as balanced signals.

2.2.5 driver. An electrical circuit whose purpose is to signal a binary state for transmitting information.
Also called a generator in international standards.

2.2.6 flag. A signal used to delimit paeks in parallel-signal-transmission implementations.

2.2.7 ground potential difference wltage. The wltage that results from currentsicdhrough the finite
resistance and inductance between the vecaind drer circuit ground eltages.

2.2.8 idle symbol.A symbol that is not inside a pastkand is therefore not protected by a CRC. Idle sym-
bols sere to keep links running and synchronized when no other data are being transhhitédle symbol
also contains flw-control information.

229 jitter. Refers to the time-uncertainty of a transitioning edge recurring in a repsignal. This
uncertainty is only with respect to other edges in that signal. Jitter is commonly measured using random bit
patterns and accumulating ayeepattern to shw the worst case diérence in transitions.

Copyright 1995 IEEEAII rights resered.
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2.2.10 LVDS. Refers to the M-voltage diferential signal specifications contained in this document.

2.2.11 offset wltage. The drver ofset wltage is the werage dc eltage generated by the faifential
driver. Vo= (Voat Vo) / 2

2.2.12 packet. A collection of symbols that contains addressing information and is protected by &ACRC.
subaction consists of wpaclets, a send paekand an echo paek

2.2.13 physical interface.The circuitry that intedices a modulge’nodes to the input link, output link and
miscellaneous signals.

2.2.14 receiver common mode wltage. The combination of three components: 1) theaniecever
ground potential diérence (\gpd; 2) the longitudinally coupled peak noiseitage measured between the
recever circuit ground and the signal transmission media with tiverdeind shorted to ground {¥so: 3)
the driver of'set \oltage.

2.2.15 recever differential noise magin high. The tolerable signaloltage \ariation from ag source
that still results in the recar producing a logic high output state when theedris stimulated by a logic
high input. Diferential noise main high is calculated by subtracting the rgees minimum diferential
high input wltage from the dver’'s minimum high diierential output @ltage.Vyg{min) - V;gn(min).

2.2.16 recever differential noise magin low. Tolerable wltage \ariation to guarantee that the reeei
produces a logic @ output when the drer is stimulated by a logicupinput. Vg (max) —Vyq(max).

2.2.17 SCI. An abbreiation for Scalable Coherent Intace.

2.2.18 Scalable Coheent Interface. Refers to the Scalable Coherent Iraed standard, IEEE Std
1596-1992.

2.2.19 signal line.An electrical or optical information-carryingdility, such as a diérential pair of wires
or an optical fiberwith associated drer and receer, carrying binary true#ise logic alues.

2.2.20 skew The diference in time that is unintentionally introduced between changing sigedd le
(incident edges) that occur on parallel signal liridss difference results in an uncertain position with
respect to time among parallel signals.

2.2.21 symbol. Refers to data within an SCI patk A 16-bit unit of data accompanied by flag
information.The flag information may bexplicitly present as a 17th bit, or implied by the caht&ymbols
are transmitted one after another to form SCI peckr idlesThe particular physical layer used to transmit
these symbols is not visible to the logical layer

2.2.22 sync paclet. A special packt that is used hedy during initialization and occasionally during
normal operation for the purpose of checking and adjustingvezagrcuit timing.

Copyright 1995 IEEEAII rights resered.
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3. Electrical specifications

3.1 Description and configuration

An LVDS interface, shan in figure3-1, has a M voltage swing (400nV single-ended maximum), is
connected point-to-point, and achés a ery high data rate (50@bits per second per signal pair) and
reduced pwer dissipation. R@er is lav because signal swings are small: minimumn2&are sent through

a 100Q termination resistor. This sharply reduced power dissipation enables an important adance:
integrating the line termination resistors, ingaxé drvers and receers, and the processing logic in the same
integrated circuit.

driver interconnect receiver

\ voa A // A Via
® v/4
100 Q
o 7, o—O
Vob B % B Vib T
M\
\_/
Vopd

Figure 3—-1: LVDS interface

Switching speed is high because theeirioad is an uncomplicated point-to-point XD@ransmission line
ervironment. Switching speed is also high because iategfdeices are all on the same piece of semicon-
ductor material, reducing theesk due to process, temperature and supphjations between signal pairs.
Connected in serial or parallel pairs, thedS interface forms a link used to transfer patskbetween inte-
grated circuits, such as SCI nodest &ample, figure8—2 shavs circuit boards with\/DS links connected

in a ring.The ring is implemented on a PCB similar in mechanical function to a multidopdckplane.
The diference is that feer printed circuit board (PCB) layers are needed tcentfadk point to point connec-
tions.The PCB is simplified by eliminating the multidrogpstines, as there is no need to route around inter
layer vias used to makmechanical and electrical connections.

LVDS is independent of the physical layer transmission mAgdidgong as the media dedir the signals to
the receier with adequate noise ngin and within the skw tolerance range, the interde will be reliable.
This is a great aéntage when using cables to carglS signals. Since all connections are point-to-point,
physical links between nodes are independent of other node connections in the sam@lsigsédliows for
freedom in deeloping a useful interconnect that fits the needs of the application.

The data path can be serial or parallel with 1, 4, 8, 16, 32, 64, or 128 bits, depending on the needs of the (see
annx A—Signal encoding—for all widthsxeept 1 and 16, which are defined in IEEE Std 1596-1992,
clause 6, Physical layer).

Copyright 1995 IEEEAII rights resered.
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board #1 board #2 board #3
— — —
SClI interface SClI interface SClI interface
controller controller controller
logic logic logic

FFAE FRIAR T

L | L |
— —

<=

1, 4, 8, 16, 32, 64, or 128 hit data

Figure 3—2: Links in SCI application (ring connection)

Electrical specifications andesk specifications are optimized fov2o 5V supply wltagesThe full range
of semiconductor process technologies can be used to impleNi@st Lt is intended that the specification
be interoperable for all these technologiEise rapid trend toard reduced poer supply wltage vas con-
sidered in preiding for signals that can be compatible with future system requirements.

The physical evironment of point-to-point connections between circuit boards is furthigtedi into two
catgyories.The first (a general purpose link) is for circuit boards that need to operate with tolerangg for
(table3-1).This tolerance (approximatety 1V for a 2.5V powered system) is for a general purpose sys-
tem. The second (a reduced-range link) is for boards mounted on a PCB or similairenment that will
guarantee less than 50 nWy,q (table3-2). In this enironment, the dferential signal is reduced by reduc-
ing the drver currentThis reduces the per at both drier and receier. This is a special consideration for
subsystem implementations such as IEEE Std 1596.4-1994 RamLink.

The backplane sironment implies short interconnects with controNég 4 The use of cables implies that

all the slew and signal quality requirements will be met by the cables and the system designer will account
for the worst casé/ypq and preide appropriate safelards.The scope of the electrical specification is the
differential interbce of dnvers and receers. The transmission media specification, whether cables or
printed circuits, is bgond the scope of this standard.

3.2 Electrical specifications

The specification for drer and receier parameters isggn in table3—1 and tabl@-2. Descriptions of these
parameters are contained in the faflog subclausesThese specifications shall be satisfisérahe prod-
uct's stated poer supply wltage and temperature operating range.

Copyright 1995 IEEEAII rights resered.
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Channel-to-channel skew

packagé

Driver dc specifications:
Symbol Parameter Conditions Min Max | Units
Von Output voltage high, ¥, or Vg Ry .4~ 100Q +1% 1475 mV
Refer to figure 3-5
Vo Output voltage low, Y, or Vg Rioag™ 100Q +1% 925 mvV
[Vod Output differential voltage Ripaq = 100Q £1% 250 400 mV
Vos Output offset voltage R, 7100Q 1% 1125 1275 mV
Refer to figure 3—7
Ry Output impedance, single ended| V.,=1.0V and 1.4V 40 140 Q
AR, R, mismatch between A & B Vin=l.0Vand 1.4V 10 %
[AVod | Change in |y between ‘0'and ‘1’| R, _,=100Q 1% 25 mV
AV g Change in {5 between ‘0’ and ‘1’ Rioag™ 100Q +1% 25 mv
lsa lsb Output current Driver shorted to groun 40 mA
Isap Output current Drivers shorted togethe 12 mA
[al Il Power-off output leakage V=0V 10 mA
Receiver dc specificationsAll voltages are given with respect to receiver circuit ground voltage
Symbol Parameter Conditions Min Max Units
Vi Input voltage range, yor Vi, [Vgpd < 925 mVv 0 2400 mV
Vidth Input differential threshold [Vgpd < 925 mVv -100 | +100 mvV
Vhyst Input differential hysteresis Vigthi—Vidthi 25 mvV
Ri, Receiver differential input impedang — 90 110 Q
Driver ac specifications:
Symbol Parameter Conditions Min Max Units
Clock Clock signal duty cycle 250 MHz 45 55 %
teall Vg fall time, 20% to 80% Z g~ 100Q +1% 300 500 ps
trise V4 rise time, 20% to 80% Z,,ag= 100Q +1% 300 500 ps
tskews | |PrLA —tRnsl OF kPH —tRHal, | Any differential pair 50 ps
Differential skew on package
tokew? | thyirr[m] — toyie ]| Any 2 signals on 100 | ps

Receiver ac specifications:

Shall be maintained for (108V < Vid < 400mV) throughout the receiver common-mode operating range.
Symbol Parameter Conditions Min Max Units
tskew | Skew tolerable at receiver inputto m¢ Any 2 package inputs. 600 ps
setup and hold time requirements
"Skew measurements are made at the 50% point of the transition.
TSkew measurements made av @ifferential (the crossing of single-ended signals).
Copyright 1995 IEEEAII rights resered.
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Table 3-2: Reduced rang e link
Driver dc specifications: (the ac specifications of table 3—1 apply without change for driver and receiver)

Symbol Parameter Conditions Min Max Units
Von Output voltage high, M, or Vg, Rjpag= 100Q +1% 1375 mV
Refer to figure 3-5
Vo Output voltage low, Y, or Vg, Rjpag= 100Q +1% 1025 mV
Vod Output differential voltage Rigag = 100Q +1% 150 250 mvV
Vos Output offset voltage Rigag= 100Q £1% 1150 1250 mvV
Refer to figure 3—7
R, Output impedance, single ended| V.,=1.0V and 1.4V 40 140 Q
AR, R, mismatch between A & B Vr=l.0Vand 1.4V 10 %
IAVod | Change in |4 between ‘0’and ‘1’|  Rjg5q= 100Q +1% 25 mvV
AV g Change in {5 between ‘0’ and ‘1’ Rjpag= 100Q +1% 25 mV
Iss lsp Output current Driver shorted to groun 40 mA
lsab Output current Drivers shorted togethe 12 mA
alsllol Power-off output leakage V=0V 10 mA

Receiver dc specificationsall voltages are given with respect to receiver circuit ground voltage

Symbol Parameter Conditions Min Max Units
Vi Input voltage range, )y or Vi, [Vgpd <50 mV 825 1575 myv
Vidth Input differential threshold [Vgpd < 50 mV -100 | +100 mV
Vhyst Input differential hysteresis Vigthi—Vidthi 25 mV
Rin Receiver differential input impedang — 80 120 Q

3.2.1 Driver output le vels

The driver output, when properly terminated, results in a small-swirfgrdiftial wltage. The relation
between the single ended outputs and tHer@ifitial signal is shwn in figure3—3.The diferential driver is
made up from 2 single ended outpdisese outputs alternate between sourcing and sinking a constant cur
rent. The diferential wltage leel is determined by the load resistantiee dc load seen by the it is the
recever input impedance in parallel with thefdiential termination, 10Q, which dominatesThe case
where the current source is providingnd is shown inifjure 3—3, where the outputs are switching the cur-
rent at a 50% duty cycle.

The receter threshold limits are stm in figure3-3, in relation to the single-ended signals thavagi the
recever inputs.When the magnitude of theolage diference gceeds the recedr threshold, then the
recever is in a determined logic staterRhe purpose of this standard, deliéntial woltage greater than or
equal toV;yn(max) is a logic high and less than or equal;ig,(min) is a logic lov.

Ground shift magin is huilt in by confining the output to a range\gj; to V.. (E.g., this allars approxi-
mately 1V of ground shift between a #@gr and receker that are peered from 2.5/ supplies.JThe range of
allowable dc output keels for drver output wltagesV,, andV,y, is illustrated in figure 3—4. Measurement of
the wltagesv,, Vop and the dierential output wltageVq is illustrated in figure 3-5.

Copyright 1995 IEEEAII rights resered.
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single ended Vidth(min) Vidth(max)
14V
Vob / V. —V \ Voo -V
Voa — Vob oa™ Vob = oa ob
= 0 Vi <| = Vign(min) }\ = Vigtn(max)
V,
= / I\ 1.0V
. . +400 mV
differential
signal
——_ Vigin(max) — —
—— —\ — 0V diff.
Vigth(min) K —
—400 mV

Vod = Voa — Vob

Figure 3-3: Maximum driver signal le vels sho wn for 1.2V Vg

The driver output shall atays be terminated in compliance with this specificafitre unterminated drér
output wltage shall notyeeed 2.4/. Note that the receér may be xposed to the unterminated i out-
put wltage briefly when a cable from thevdriis being connected to the reeei—the cable will be chged
to the unterminated deér output wltage.

— 24V
Voa

— Vgh, maximum (Vgg Or Vgp)

Vo =Voh — od(m_in) R

Voh 2V + Vog(min) Vod
— Vg, minimum (Vg5 or Vgy) Vob
— oV Vod=Voa = Vob

Figure 3—4: Driver signal le vels Figure 3-5: Reference cir cuit

The follonving driver dc output gltage limits refer to figur8—4 and figur&-5, and shall apply for a load
resistance R = 10Q connected as shm in figure 3-5.

Ideally, the amplitude and common-modeltage of the steady-state ifential output vould not change,
but in practical designs, both changle output of a dvier whose dierential wltage (\g) and drver offset
voltage (\,9 change when the output changes state iwislio figure3—6.The definition folV,q andVgis
shavn in figure 3—7.

Copyright 1995 IEEEAII rights resered.
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Vob
\ Voa

R
Vol %  Vod

0V Diff Vob
Vod = Voa = Vob
V. _L Vos = (Voa + Vob)/2
0s T AVye
GND
Figure 3-6: Driver signal le vels Figure 3—7: Reference cir cuit

The definition ofAV,5 andA|V,4| are aplicitly stated by taking into account tharying \oltage levels of the
single ended outputs when in thefeiiént logic states his can be xpressed by equation 1 and equation 2.

AVyq = |Vo(high) — V (low)| )
where \(high) = (Myan+ Vop)/2, andVoglow) = (Vog + Vopn/2
|AV o = [Vog(high) —| V4 (low)| 2

where \y¢(high) =Vgan—Vop), andVo(low) =Vopp—Voy)

The driver dc output @ltage limits refer to figur8—6 and figur&—7, and shall apply for a load resistance
R =100 Q connected as shm in figure 3—7.

3.2.2 Driver shor t-cir cuit specification

To ensure that the deér circuit does not damage itself or other parts of the electronics, limits on the output
currents when shorted mutually and to ground are imposed.

When the drer output terminals are short-circuited to thevaricircuit ground, neither current magnitude
(Isgor lgp shall exceed the specifiedalue in table8—1 or table8—2 as appropriat&he test circuit is shven
in figure 3-8.

When the dwer terminals are short-circuited to each othgthe current magnitude shall not gceed the
specified alue in table 3—1 or table 3-2 as appropriéke test circuit is shvan in figure 3-9.

Copyright 1995 IEEEAII rights resered.
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sa—(f

uon and uln

d Measured parameter

[lid < 24 MA

gy < 24 MA

Figure 3—8: Short-to-gr ound test cir cuit

d Measured parameter

“0”and “1”

- llsa < 12 MA

Figure 3-9: Shor t-tog ether test cir cuit

3.2.3 AC driver -output impedance

A difference between dvier output impedance and signal path impedance causes reflections of incident
edges arviing at the dwer output from the transmission mediaese vaves that oppose the signal direction
come from tvo sources: reflected signals and common-mode noise coupled onto the intertopneent
common-mode noise reflected from thevdrioutput from becoming a €ifential signal, the output imped-
ance of the imerting and non-iwerting outputs should be closely matched.

The upper limit of the output impedance should be as close to the transmission line impedance as possible.
The lowver limit on output impedance should not be much less than the impedance of the interéonnect.
output impedance significantly less than the interconnect impedance will genagateendifferential
reflections.The upper limit can be abe the interconnect impedance;vawver, large reflections will cause

ringing and noise problems on the lin€ke amplitude of the reflected signal is the product of the incident
wave amplitude and the reflection céiefent (), as specified by equation 3.

Vreflected =px Vincident (3

Copyright 1995 IEEEAII rights resered.
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The reflection coditient is determined by the transmission line impedance and thez dtitput impedance,
as specified in equation 4.

242 _ 2Zy)
Zy+tZ, ZytZ

p = 1 4)

Where Z is transmission line impedance angliZ driver impedance. It folles that reflections less than
10% of the incident @ave will result when equation 5 is satisfied.

0.1> ZZt(Zouta_ Zoutb) |

(5)
(Zouta+ Zt) (Zoutb + Zt)|

Where 7, ,;sand 7,4, are the respeete output impedance of the complementaryed@ntial drizers.

Figure3-10 illustrates a means of measuring the refleatttelge diference due to mismatchedwan out-
put impedanceThe driver would be tested when ding differential high and then diing differential law.
This is a means to test the dynamic output impedance, which nfieryfodin the static output impedance.
The dynamic impedance is important in tleewhigh frequengcoperation for which the drér is designed to
work. Since it is diiicult to test the dynamic output impedance in a productieit@mment, this parameter
can be tested evified, and guaranteed for a design.

\ R4
AAAY, c
“0” and “1" — @ 0—|
AWV drive -
Rp

Ra=Rp=50Q+0.1%

C = 0.033pF £20%

drive = 500 mV peak to peak, 10 MHz
[Viestl < 50 mV peak to peak

(Viest is the differential voltage)

Figure 3—-10: Driver d ynamic output impedance

Copyright 1995 IEEEAII rights resered.
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3.2.4 DC driver -output impedance

Figure3-11 illustrates a means of measuring the stati@doutput impedances, whichveamin/max as
well as mismatch constraintsofeach of the tav possible output signabiues (0 and 1), the output voltages
shall be measured with der-load common-mode (%) voltages of 1.0V and 1.4¥ielding measuredolt-
ages oMga10 Vobio Voahs @NdVophi

\ Voalo Ra
O VWV
o
Voblo
AWV =
“0” and 1" — Ro
\ Voahi Ra
O VWV
)
Vobhi
O AWV =
Rp

R, =Ry =50 Q #0.1%

Figure 3-11: Driver static output impedance

The \alues of these outpubltages are based on the absolute and velatipedances of the dgrs.The
difference in a single outpubliage (for 1.0/ and 1.4V output-load wltages) is décted by the &lue of the
driver's output impedance on this signghe diference in the diérential output wltages (for 1./ and
1.4V output-load wltages) is décted by the matching of the deir’'s a andb output impedanced.hese
values shall be within the constraints specified in table 3-3.

Table 3-3: Static loaded-output v oltage constraints

parameter Corresponds to units minimum maximum
Voahi-Voalo R,, terminal a millivolts 178 295
(based on | (based on
Vobhi'Voblo RO’ terminal b 40 Oth) 140 Oth)
| Voanhi-Vobhi) - Voalo-Vobio | 10% matching of milli volts 0 20
reflection codfcients

Copyright 1995 IEEEAII rights resered.
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3.2.5 Driver po wer-off leaka ge current

The driver output leakage currentg{bnd L) are measured undernyer-off conditionsV =0V, as shan
in figure3-12.With the wltage on the dvier output terminals betweerVOand 2.4V, with respect to dvier
common, these currents shall neteed the a&lue specified in table 3—1 or table 3-2.

/f{

PN fOVtozAv
/\( - ¢0Vt02.4v
|

power-off

Figure 3-12: Driver po wer-off leaka ge current test cir cuit
3.2.6 Receiver input le vels

The recerer input signal is measured feifentially, figure3—13.The recerer output state is determined by a
differential input signal greater than gy or less than =\, within the permitted/; range.The table3—-1

and table3-2 receier specifications are the same&ept for the common mode operating range and the on-
chip termination toleranc&.he recerer common modeoltage input range,ver which it must meet all
other specifications, is reduced in taBl because that is intended for operation in a well-controlldd en
ronment.The termination is allwed to hae greater ariance because it is intended to operate in a more con-
trolled ewironment with less common-mode noisear Simplicity, the remaining receer specification
discussion here will apply directly to the general purpose specificdtien.analogousxlanation will
apply to the table 3—-2 specification by substituting the appropriate numerical limits.

The ability to acceptoltages outside ¥; range is desirable because it increases noise immunity to ground
potential diference and interconnect-coupled noifke upper limit to the diérential swing is gien to
ensure that recegr slew specifications are maintained for this range of input signals throughout therecei
common mode rang&he range of allwable dc input leels for receier input wltagesyV,, andVy,, is illus-

trated in figure8—14. Measurement of thelagesVi,, Vi,, and the dierential input wltageVq is illus-
trated in figure 3—15.

Viem (max) = max(V;) =Vign/2

Vicm
with respect to receiver ground

Viem (Min) = min(Vj) +Vigin/2

Figure 3—-14: Receiver signal common mode Figure 3-15: Reference cir cuit
levels, table 3—-1

Copyright 1995 IEEEAII rights resered.
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+V0d
receiver input
differential
signal
+Vidth _ (Vid = Via = Vib)
undefined
0 Viff logic state
—Vidth
~Vod

Figure 3-13: Receiver signal le vels, for table 3-1

The signal common-modevie for table3—1 is shwn in figure3—14.The receier common-mode input
voltage, \.;,, Will be an alternatingaltage depending on three superimposed conditions: ther a@niitput
condition, wltages induced on the interconnect, and reflections caused by common-mode termination
imperfections.

This wltage can bexpressed by accounting for tharying levels during both logic states. Equati®n
expresses the relationship of the four inpoltages resulting from the three conditionsvrasly stated.

_ ViatVip

Vicm - T (6)

3.2.7 Receiver input impedance

A differential termination resistor (connected across the wercénputs) should be imgeated onto the
recever die. Intgration is feasible because themgo dissipated in the termination is less than\® per
recever, and a single alue can match the point to point interconnect characteristic impedance. Since an
alternate termination schemewd be more useful in certain applications, there are modificationgvatio

to this requirement.d¥ example, a common mode termination to \t.&ould be desirable when the ground
potential diference between reser and dwer can not be guaranteed to meet the limits specified in
table 3—1This allovs the ground potential dérence to be dided between the diér and the receér. This
common mode termination can still use graged termination resistancalwes of 5@ from each input to a
common &ternally accessible pifThis does require an additional pin aswhan figure3—16; havever, all
parallel channels carub this common-mode termination togethiteégure3—16 shas both alternaties and
defines the dierential input impedance as the impedance measured across therneqeits.

Note that the receér input capacitance should be designed to bevasdopossible. Details of irgeating
the termination impedance are left to the circuit desigrdiscretion, bt the termination should not limit
the high frequeng 250 MHz, operation of the reser.

The unpavered receier impedance is not specified, sinceetircuits (which require pwer) are gpected
to be used to implement the on-chip termination resistancgeddn when unpwered, the magnitude of
the recearer’s leakage current (the sum of thetimput currents) shall nokeeed 1.0 mA.

Copyright 1995 IEEEAII rights resered.
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|—> O— ,—>O—
R/2
Rin R Ry, O—
l R/2
parallel differential termination common-mode differential termination

Figure 3—-16: Receiver input impedance

3.2.8 Receiver threshold h ysteresis

The threshold hysteresis is important in reeeidesign to eliminate the possibility of oscillating reeei
output when the diérential input is undefinedhe undefined input can occur when the nemreinputs are
unconnected, when the connectedelris pavered davn, or when transitioning between definedues.
The 25mV minimum hysteresis means that an input signal must change by more thauhitovchange
the recerer output stateA known output condition for an open or shorted reeeiinput (hilsafe) is
implementation dependent andybad the scope of this standard.

Vout receiver (single-ended)
4 A . |
| Vi, differential (mV) |
I I
Vigtn(min) Vidthi Vidthh Vigtn(max)
- ------- 20 ------- > - - - - - - - 20 ------- >
- > " - Vhyst =Vidthh~ Vidthl

Figure 3-17: Receiver h ysteresis

3.3 AC specifications

A basic goal for this specification is to presethie high transfer rate of the ECL physical laydni{12 ns
for each diferential signal pair) while drastically reducingwer dissipationThe slew and transition time
limits specified in this section correspond to those of the base SCI standard.

3.3.1 Driver transition times and under  shoot

The 500ps maximum transition time specified in this section is eqealent to a 0.3V/ns slew rate for a
250mV differential signalThis is the minimum guaranteedsleate for the signals specified in this stan-
dard.The transition time is most critical through the reeeithreshold rgion because the high speed com-
parator design needs unambiguous inputs to functiiciesfly. The 0.3V/ns slev rate in the threshold
region shall guarantee reliable reesi switching.

Copyright 1995 IEEEAII rights resered.
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The fast transitions contain high frequgrtomponents that directlyfa€t the electromagnetic radiation cre-

ated by the signal. Normally these high frequencieslevcreate EMC problemsThe differential signal
adwantage is produced by single-ended signals simultaneously risinglimgl. These edges will generate

equal and opposite electromagnetic fields that cancel each other and reduce generated fields and radiation.
Therefore, it is important to iaboth single ended channels switching at the same time and at the same sle
rate; i.e. no siwed single-ended transitions.

Undershoot, wershoot, andast rise times can generate noise, crosstalk, and electromagnetic interference.

Although the dwer specifications in figurg-18 and figur@-19 reduce these problems, careful transmis-
sion-line design is important to maintain signal gmiky.

+V, —100% —
od ’ 90% Vundershoot \V}
80y 90% / 0a
oV \ \
20% 10% L R 1
Vg "L Vundershoot od
trise tall Vob

Vindershoof 2 [Vod X 0.1

_ =1

Figure 3-18: Driver wa veform Figure 3—-19: Reference cir cuit

3.3.2 Receiver common-mode rejection

The recerer specified for table8—1, the general purpose specification, is intended to operatr a com-
mon-mode wvltage range that will ali® for aboutt1V ground-potential dierence between the der and
recever paver suppliesThe common-mode inpubitage Vi, is the aerage oW, andV;, measured with
respect to the recgir ground potentialThe equationgressing this &lue is gven in 3.2.6The recerer
specified in tabl@-1 and tabl@-2 must maintain the sensity and slew specifications throughout this
common-mode oltage range (see figure 3—14 ¥§¢,(max) andV;.,(min) definitions).

.
:

Viem(mMax)
- e \/
Viem(min)
- f=0Hzto1GHz
Figure 3-20: V¢ reference cir cuit Figure 3-21: V¢, input wa veform
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3.4 Skew specifications

System interconnects comprised of parallel signals must accountefer Bkis standard includes ak
specifications because limitingeskis important for correct data transfers in a systeanekample, the SCI
physical system can be thought of as a data pipeline. Bytes of data can be lined up in the physi@al layer
virtual FIFO. Since more than one transmission can be contained in the data patkimeait is not the

total delay time bt the timing skw that is important to reliable SCI data transiédre slew is extremely
important because it directlyfa€ts the sample wineo(setup and hold time)ailable to the receer logic.

These skw specifications are based on a totalvadible slew tolerance that will still preide an adequate
sample windw for recever capture logic. Since the bit width is nominallng reliable data transfer
assumes that a 600 psskwill be the maximum allved.

The physical layer gk is defined for the purpose of this document as ttierdiice in time that is uninten-
tionally introduced between changing signakls (incident edges) that occur on parallel signal lingsgs
difference results in an uncertain position with respect to time between parallel signals. Jitter is not specified
in this standard because theagkspecification accounts for jitter as well. Jitter is the error of the time of
transitions occurring in a serial transmission lilbe range of parallel s includes uncertainties that

would be called jitter in a serial specification.

A parallel clock signal atays accompanies SCI data signdlkis clock is specified to be 29@Hz and to
have a duty gcle that is greater than 45% and less than 55%. Sinaultiibe impractical to force the <€ir
cuit designer toary the clock dutyycle to the min and max limits, testingpuld be done with the clock as
generated. It wuld be tested under the same conditions as the data signals, since it is implied yreatethe
on the same did.he requirement is for the clock to comply with the 45% to 55% drdle dirst, and then
test all slew parameters to that clock. Since yatwo signals” is specified for sv measurements, the
relation of all signals to clock is implied becausey‘amo” includes all pairs for skv measurement.

From the perspectt of the receaier, the maximum clock-to-data signaleskis more important than the
maximum data-to-data signal eek However, from a manudcturing perspecte, minimal-skew design
techniques are unlty to treat the clock signal as special, therefosskeasurements are not based upon
it. Note that sophisticated regers can measure min/max data-signaaskand dynamically adjust the
clock signal delayto reduce the fdctive clock-to-data séw to a little more than half of the “mitwo” skew
specification.

However, testing for the range of el between the first and last signal may be inearent, so a more con-
straining specification could be used to simplify testing: require all data signals to bet®@Rips of the
clock.

The physical transmission mechanisms do né¢iftiate between the clock and other signals, ggizen
transmission link might happen to result in the clock/angi as the latest or the earliest signal. klahthe
recever technologies appropriate fagry high frequengoperation do not use the incoming clock to sample
the incoming data, which must be resampled and shifted to the local clock domain. Swehnsreceiely
monitor changes in clock phase as the source clock driftssediatihe receier's avn clock, and thus do not
care whether the clock transition is centered redat the data transitions or at ongreme or another
Additionally, at these baud rates, reaas will often need to incorporate automatic @eskg circuits to
function in real wrld ervironments. Br example, SCI protocols pvide sync paogts for dynamic siw
compensation (see B.Ihe circuit designer will need to use dynamievekompensation if the cables and
connectors used in his systems cannot assure meeting the 600 ps maxémwwpeskfication.

The single-ended pairs that nealtp the diierential signal are sk in figure3—22.This picture shas the
single ac receer specification calledt,,, Here, §ieiS pictured as only one reger differential input to
another receer differential input. It is the total all@able slew among parallel channel$he recerer must
be able to correctly sample the logic state on all parallel channels when there is this rfienehcdif
between the transitioning signals asytherive at the inputs to the high speed compar&ioe §.,,includes
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that resulting from dveer, interconnect, packaging, induced noise, etdeghtial signal¥/;g[m] andV,y[n]
would be measured for the f@ifence in delay at the rewer input, using the test circuit sho in

figure 3-15.
2ns
( * X X } Viglm]

X::E:i *« X X X:} Via[n]

—>>

Via[m]
Vip[m]

N

tskeW

Note: Vig[m] and V;q4[n] are any two differential signals,
including clock and flag, that are present at
receiver inputs.

Figure 3-22:  tgdiagram for receiver inputs

S VAL BV
A, X

Any two complementary single-ended signals

VO a

> <

tskewl

Figure 3—23: Skew1l diagram

Since VDS recevers are gpected to be ingrated orVLSI parts, it is dificult to measure sk for differ-
ence in delay through a comparateor this reason, the reser slew is specified as a maximum tolerable
timing difference (as obsezd on the receer’s inputs) for which the data will be sampled corredthis
specification implies that the internally sampled dataes are accessible during testing.

When generating dérential signals, tw skews are important. Siw1 is the slew between the high to lo
and lav to high transitions of complementary single ended channels, 8gd& This slew can be the
result of diferent propagation delays between complementaweidsi or diferent slev rates of the dvier
outputs. It is allays measured at thég as defined in figurd—7 for the single ended signalkhis slew
creates EMR as discussed in 3.3.1.

tokews = [tPHLA=tPrHg  OF  [tPrLE —tPpHAl @)
Where tpy o @nd tpap are the propagation delays on outpuind B for high to lev and lav to high.
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Skew?2 is the skw between ay differential signals as tlgecan be measured at thewver output. It results
from circuit mismatches for complementaryvens and layout or packaging féifencesAs shavn in
figure3-24, it is measured between parallel channelen3ks alvays measured betweenyah parallel
signals, at the ¥ differential point. If tRi[i] is the diferential delay o¥,q4 through the ¥DS driveri, and
assuming that the (probably inaccessible) inputs to thierdare simultaneous, then

tokeve = |tPgirs [M] —tPgie [1]] ®)

wherem is ary one of the parallel channels ami ary other channel.

/ \ Vodln] ov
-/

—7
[N e
7

\ 0 Vo

<

ts kew2

Any two differential signals
Figure 3—24: Skew?2 diagram, measured between an y parallel ¢ hannels

The diagram in figur8—25 shws a representat breakdevn of a typical SCI signal patfihe backplane
could also represent a cablgseent of the signal pathAn estimate of har the slew budget could be allo-

cated for each of the signal path elements up to the package inpugirisrgtable3—4.The chip inside the
package also has to tolerate the additional package-to-chip wiswg.sk
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outputs inputs
[~
PC board trace stub
connector
backplane  §
Figure 3—25: Point-to-point connection segmented f  or ske w allocation
Table 3-4: Representative ske w breakdo wn
signal path from to skew max
package internal signals packages driver pins 100 ps
PCB driver pins input of first connector 50 ps
connector input of first connector output of first connector | 25 ps
media output of first connector | input of second connector 350 ps
connector input of second connector outputof seconcconnector| 25 ps
PCB output of second connectorrecever pins 50ps
total = 600 ps
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Anne xes
Annex A
Bib liograph y

(informative)

This document has beenveéoped with point-to-point interconnects, such as the folling standard, in
mind:

[B1] ANSI/IEEE Std 1596-1992, Scalable Coherent lateef(SCI) (or IEC/ISO DIS 13961).

1ANSI/IIEEE publications arevailable from the Institute of Electrical and Electronics Engineers, Service Céfidrloes Lane,.©.
Box 1331, Piscateay, NJ 08855-1331, USA.
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Annex B
SCI signal encoding

(normative)

B.1 SCI symbol encoding

The SCI encoding specifies w@aclet types, padait lengths, and idle symbols are uniquely identified.
Although the logical encoding is specified in terms of 16-bit symbols, the physical encoding layers support
several data-path widths. Distinct physical encoding layers can be supported without changing the logical
protocols, if thg define hav conversions between the physical and logical encodings are performed.

For 16-bit-wide links, one 16-bit SCI symbol is transmitted in each data-transfer period. In addition, a clock
signal is needed to define symbol boundaries (the data should be stable when sampled), and a flag signal is
used to locate the starting and ending symbols ofgiack

The zero-to-one transition of the flag signal is used to mark tjiarideg of each pacht, and the one-to-
zero transition of the flag signal specifies the approaching end of eaeh. phekflag signal returns to zero
for the final 4 symbols of send patk and for the final symbol of an echo ks illustrated in figure B.1.

A zero alvays accompanies the CRC ofygraclet, so the zero-to-one transition can be used to identify the
start of the net paclet (evzen when there is no idle symbol between them).

t=T symbol groups t=T+N
data send packet i | i | echo packet sync packet
8xn 1 1 4 8
flag >0 8xn-4 4 11 3 111 7

Y

increasing time

Figure B.1 —Flag framing con vention

The sync paakts are used for initial synchronization of the physical vecgiand for dynamic compensa-
tion of slew. Sync packts are akays a pattern of one-bits the full width of the link, folleed by zero-bits

the full width of the link. Note that for P18 and wider encodings, the clock mapelither a zero-to-one or

a one-to-zero transition at the point in the sync pawakere all other signals ti@a one-to-zero transition.
(Packets may start at either clock transition in these wider encodingsimplify the design of the SCI
interface hardwre, the idle symbols arenalys 16 bits wide or the full width of the data path depending on
which is lager.

It should be noted that the 1- and 16-bit encodings, which are specified in IEEE 1596-1992 and therefore not
included in this anne can also use thisvDS differential signaling standard.
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B.2 Narrow parallel encoding

The 16-bit SCI symbols need not be sent in a single physical-clock-signal transition; multiple data-transfer
cycles can be used. Encoding for use on physical links that areveatian the 16-bit SCI logical symbol

width use the polarity of the clock signal ottra transitions on the flag signal to mark thgibring of the

logical symbol.

B.2.1 Parallel 8/10 (P10) encoding
On a byte-wide (8-data-bit) intexde, half of an SCI symbol is sent in each af tata-transfer inteals.
The clock signal changes before each subsymbol; #hama high clock-signalalues identify the first and

last subsymbol respeetily. The flag line transitions occur at most once per symbol, as illustrated in
figure B.2.

clock | | | | | |
flag J ' ' | . .

data 16 e0 el e2 e3 i

parallel 16/18 encoding (reference)

cIock-l
flag { L,

data_8 |e0.ale0.b|el.alel.b|e2.ale2.b|e3.ale3.b| ia | ib
echo > idle |

Yy

parallel 8/10 encoding

Figure B.2 —Parallel 8/10 (P10) encoding

In this illustration:e0.aand e0.bbytes are the most- and least-significant bytes of the0 (echo-paclet)
symbol;el.aandel.bbytes are haks of theel symbol;e2.aande2.bare hales of thee2 symbol;e3.aand
e3.bare hales of thee3 symbol;i.a andi.b bytes are the most- and least-significant bytes of {fe)
symbol.
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The sync paadt is 16 clock-periods long (8 symbols), to simplify wensions between P18 and P10
encodings, as illustrated in figure B.3.

data_8 |ones|ones|zero|zero|zero| zero[10] |zero

Figure B.3 —Sync pac ket: parallel 8/10 (P10) encoding
B.2.2 Parallel 4/5 (P5) encoding

The 16-bit symbol may also be sent 4 bits at a time, using 4 subsymbols to form a logical SCIHyanbol.
clock and flag signals are combined, since terteead of thexdra signal is significant and 10-bit cables
may then be used for bab-bit links, one in each direction.The physical clock signal has a high-to4o
transition at the start of each symbol; the flatue is denved by sampling the clock in the middle of each
symbol period, as illustrated in figure B.4.

clock J I I I_

flag - | . )
data 16 e2 e3 [
parallel 16/18 encoding (reference)
clock ' '

} f } f } f }
data_4 |e2.ale2.b|e2.c|e2.d|e3.ale3.b]e3.c|le3d] ia |ib | ic | id
echo >l ide ——]

parallel 4/5 encoding

Figure B.4 —Parallel 4/5 (P5) encoding

A high logical flag has aVe-to-high clock-signal transition after the first subsymbol of each syrldolv
logical flag has a le-to-high clock-signal transition after the third subsymbol of each symbol.

Thee2.3 e2.h e2.¢ ande2.dsubsymbols are the most- through least-significant quarters oéfgcho-
paclet) symbol; thee3.3 e3.h e3.¢ ande3.dsubsymbols are the most- through least-significant quarters of
the e3 (echo-packt) symbol; thei.a and i.b subsymbols are the two most-significant quarters of the
following idle symbol.
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The sync packt is 16 clock-periods long (8 symbols), to simplify wensions between P18 and P5
encodings, as illustrated in figure B.5.

- T T ===
clock 1
-t m m - - A A
data_5 |ones|ones|ones|ones zero[24] zero | zero | zero | zero

Figure B.5 —Sync pac ket: 4/5 (P5) encoding

B.3 Wide parallel encoding

Encoding for links that are multiples of the 16-bit SCI logical symbol includeltiok signal, preide an
additionalsyncsignal (to mark the lggnning of a sync pa@k), and hee oneflag signal for each 16-bit data
symbol. Transitions of the physical clock signal mark the boundaries of data-transfer intdsv The idle

symbols are atays the width of the link.

A sync packt consists of one data-transfer insmwith ones on theyncsignal, allflag signals and all data
signals, folleved by seen data-transfer intesls of zeroes on all these signals.

B.3.1 Parallel 32/36 (P36) encoding

On a 4-byte (32-hit) inteace, tvo 16-bit SCI symbols are sent for each physical-clock-signal transition.
There is a total of 36 signal pairs: clock, sync, and 2(flag + 16 data), as illustrated in figure B.6.

eiock X X XX X XX

sync |

flag-0 | f=1 | f=1 | =0 | f=0 | =0 | =1 | f=1
symbol-0 SO | s2 | s4 | s6 i0 | eO ]| e2
flag-1 | f=1 | f=0 | f=0 | f=0 | f=0 | f=1 | f=0
symbol-1 sl | s3 | s5 | s7 il | el]e3

|<73end — > | idle |<— echo—>|

Figure B.6 —Parallel 32/36 (P36) encoding
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A sync packt, which remains 8 data periods in length, is illustrated in figure B.7.

etock T X XX XXX

sync

flag-O | f=1 | =0 | =0 | =0 | =0 | f=0 | =0 | =0
symboI-O ones| zero | zero | zero | zero | zero | zero | zero
flag-1 | f=1|f=0]f=0] =0 | f=0 | =0 | =0 | f=0
symbol-l ones| zero | zero | zero | Zzero | zero | zero | zero

Figure B.7 —Sync pac ket: 32/36 (P36) encoding
B.3.2 Parallel 64/70 (P70) encoding
On an 8-byte (64-bit) inteste, four 16-bit SCI symbols are sent for each physical-clock-signal transition.

There is a total of 70 signal pairs: clock, sync, and four sets of (flag + 16 data) signals, as illustrated in
figure B.8.

clock X X X X X X X X X X X X X

sync

flag-0 | f=1 | f=0 | f=0 | f=1 | f=1 | =0 | =0 | =0 | f=0 | =0 | =0 | f=0
symbol-0 sO | s4 | i0 | e0 |ones]zero|zero|zero|zero]zero|zero|zero
flag-1 | f=1 | =0 | =0 | f=1 | =1 | =0 | =0 | #=0 | =0 | =0 | =0 | f=0
symbol-1 sl | s5 il | el |ones|zero|zero|zero|zero|zero|zero|zero
flag-2 | f=1 | f=0 | =0 | f=1 | f=1 | =0 | =0 | =0 | f=0 | =0 | =0 | f=0
symbol-2 s2 | s6 i2 | e2 |ones|zero|zero|zero|zero|zero|zero|zero
flag-3 | f=1 | =0 | f=0 | =0 | f=1 | =0 | f=0 | =0 | =0 | =0 | =0 | =0
symbol-3 s3 | s7 i3 | e3 |ones|zero|zero | zero|zero|zero|zero| zero
|<—send —| idle |echo [« sync

X

Figure B.8 —Parallel 64/70 (P70) encoding
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B.3.3 Parallel 128/138 (P138) encoding

On a 16-byte (128-bit) inteate, eight 16-bit SCI symbols are sent for each physical-clock-signal transition.
There is a total of 138 signal pairs: clock, sync, and eight sets of (flag + 16 data) signals, as illustrated in
figure B.9.

eock XX X XXX XX XXX

sync

flag-0 | f=1 | =0 | f=1 | f=1 | =0 | =0 | =0 | f=0 | f=0 | =0 | =0
symbol-0 sO i0 | e0 Jones|zero|zero|zero|zero|zero|zero|zero
flag-1 | =1 ] =0 | f=1 | f=1 | =0 | =0 | =0 | =0 | =0 | #=0 | =0
symbol-1 sl | i1 | el |ones]zero|zero|zero|zero|zero|zero|zero
flag-2 | f=1 | f=0 | f=1 | f=1|f=0 | f=0 | f=0 | f=0 | =0 | f=0 | f=0
symbol-2 s2 | i2 | e2 |ones]zero|zero|zero|zero |zero |zero |zero
flag-3 | f=1 | =0 | =0 | f=1 | =0 | =0 | =0 | =0 | f=0 | =0 | #=0
symbol-3 s3 | i3 | e3 |ones|zero|zero|zero|zero|zero|zero|zero
flag-4 | =0 | f=0 | f=0 | =1 | =0 | =0 | f=0 | =0 | =0 | =0 | f=0
symbol-4 s4 i4 i4 Jones|zero | zero | zero | zero | zero | zero | zero
flag-5 |f=0|f=0]f=0|f=1]|f=0]f=0| f=0] =0 | f=0 | =0 | =0
symbol-5 s5 ] i5 i5 |ones|zero | zero | zero | zero | zero | zero | zero
flag-6 | f=0 | f=0 | f=0 | f=1 | f=0 | f=0 | =0 | f=0 | =0 | =0 | f=0
symbol-6 s6 | i6 i6 |ones|zero|zero|zero|zero|zero|zero | zero
flag-7 | f=0 | f=0 | f=0 | f=1 | =0 ] f=0 | f=0 | =0 | f=0 | f=0 | =0
symbol-7 s7 | i7 i7 |ones|zero | zero|zero| zero | zero | zero | zero

|send| idle |echoi< sync packet

v

Figure B.9 —Parallel 128/138 (P138) encoding
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Annex C
Driver and receiver models

(informative)

C.1 Driver model

A driver design model is illustrated imgfire C.1. This simplified model is only intended to give an idea of
how to implement a near-constant-current differential driver. It is not necessarily a manufacturable or cost-
effective design.

+V (2V-6.5V)

+1.2V

A+
T Voa
J_ Vob
A- A+
Crc
Cl’b § Rb

Figure C.1 —Driver design model

C,p is intended to operate as a current sink; however, at any particular operating condition it is equivalent to
a resistance R The voltage on s adjusted so that the attached transistor behaves like a voltage follower,
providing the appearance of a resistangedRnected to 2.¥. The voltage on  is adjusted so that these
transistors behave like termination resistors of valudRRs the receiver termination.

Values are selected and/or adjusted so theRR, and R+R,, are closely matched, where the switching
transistors haeimpedance of R and R, When so matched, the der’s output characteristics are illustrated
in figure C.2.

R Roa Voa
+2.4V
RC
+12V ftld R,
Rp Rop Re
ov

Figure C.2 —Driver impedance ¢ haracteristics
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Although constrained by the jR(driver’s output impedance) specification, the value @f nRay be
significantly greater than the transmission line impedance 61,30 minimize driver power dissipation.

C.2 Receiver model

The receiver design model includes a terminating resistand® {9010Q), as illustrated inigure C.3.

A @ latched
output

Figure C.3 —Receiver design model

The design of the receiver can be simplified by recognizing that the amplifier impedance need only be large
compared to the receiver’s termination impedance Q0®Iso, it may be easier to take advantage of the

fact that SCI signals are always clocked; a combined amplifier/latch (i.e. sense amp) may be easier to build
than an amplifier followed by an independent latch.

C.3 Signal transmission model

The signal-transmission model, including the driver, transmission line, and termination resistance within the
receiver, is illustrated iridgure C.4.

R |l (Ra+Roa)
+1.2V gy

Rc ” (Rb*Rob)

Figure C.4 —Signal transmission model
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