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INTRODUCTION:

The vast growth experienced by the communication and semiconductor
industryinthe past decade was matched with an equal increase inthe number
interface standards. In the past, there was generally one or maybe two
standard interfaces withinasystem. Intoday’s systems, itiscommonto see
three or more standard interfaces. This trend is driven by several factors:
legacy/backwards compatible designs, complexity and size of newer systems,
anddifferentrequirements for different sections of the system. Thisapplication
note will provide asummary of the most common interface standardsin use
today and provide examples of how to correctly implement them.®

SINGLE-ENDED INTERFACE
STANDARDS

Single-ended interfaces are very common for signaling at less than
300MHz. Theirfamiliarity, ease of design, and ease of use make them highly
attractive. Moreover, atlower frequencies, the advantages of a differential
interface standard, such ascommon-mode noise rejection and faster rise/fall
time, do not offset the cost of having two pins and two traces per signal.

Single-ended interfacesin use today include:

« LVTTL and LVCMOS (JESDS-5, JESDS-B)
+ SSTL (JESDS-8, JESD8-9B, JESDS-15)
« HSTL (JESDS-6)

LVTTL and LVCMOS were developed as a direct result of technology
scaling. With each reduction in device geometry, the associated voltage
supply has also beenreduced in order to maintain the same basic operational
characteristics ofthe transistors. Since the 1980s, thisindustry has seenarapid
reduction of supply voltage from 1980's 3.5 5V technology totoday’s 0.13u
1.2Vtechnology. LVTTLand LVCMOS offer manufacturers amigration path
astheir designs evolve with the technology trend.

LVTTLand LVCMOS buffers are generally simple push-pull designs. One
possible implementation isa simple CMOS inverter. The only parametersto
meetare ViL/ViH, Vou/Vor and the current drive strengths, which makes this
interface standard relatively easy to implement. The input and output
specifications areinthe following tables. Note thatthere are several different
Vopranges and different specifications associated with each Voo range. The
specifications must be met over the entire range of Voo values for which the
parametersapply.

NOTE:
1. Refer to the official specification from the appropriate standards bodies for the complete
specification.
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INPUT SPECIFICATIONS FORLVTTL
AND LVCMOS

For Vob = 3V to 3.6V

Symbol Parameter Min Max Unit
ViH High Level Input Voltage 2 Vop + 0.3 V
ViL Low Level Input Voltage 0.3 0.8 \Y

IIN Input Current 15 mA
For Vop = 2.3V to 2.7V

Symbol Parameter Min Max Unit
ViH High Level Input Voltage 17 Vop + 0.3 V
Vi Low Level Input Voltage 0.3 0.7 V

IIN Input Current 15 mA
For Vop = 1.8V to 2.7V

Symbol Parameter Min Max Unit
ViH High Level Input Voltage 0.7Vop | Voo +0.3 V
Vi Low Level Input Voltage 0.3 0.2Vop V

IIN Input Current 115 mA

OUTPUT SPECIFICATIONS FORLVTTL

AND LVCMOS

LVTTL : Vop = 3V to 3.6V

Symbol | Parameter Test Condition | Min Max | Unit
Von |HighLevel OutputVoltage | loH = -2mA 24 V
VoL [LowLevel OutputVoltage loH = 2mA 04 V

LVCMOS : Vop = 3.0V to 3.6V

Symbol | Parameter Test Condition| Min Max | Unit
Von |HighLevel OutputVoltage | loH =-100pA |Vop—0.2 V
VoL [LowLevelOutputVoltage | loH = 100pA 0.2 \Y

LVTTL / LVCMOS : Voo = 2.3V to 2.7V

Symbol | Parameter Test Condition | Min Max | Unit

lon = -100pA 2.1
Von |HighLevelOutputVoltage | loH = -1mA 2 \Y
loH = -2mA 17
lon = 100pA 02
VoL [LowLevel OutputVoltage loH = 1mA 04 \Y
loH = 2mA 0.7

LVTTL / LVCMOS : Voo = 1.8V to 2.7V

Symbol | Parameter Test Condition| Min Max | Unit
Von |HighLevel OutputVoltage | loH =-100puA |Vop—0.2 V
VoL [LowLevelOutputVoltage | loH = 100pA 0.2 \Y
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Stub Series Terminated Logic (SSTL) comes in three different flavors:
SSTL_18,SSTL_2,andSSTL_3. Thethreeflavors were created to address
the processtechnology trends. The SSTL family differs fromthe LVTTLand
LVCMOS familyinoneveryimportantaspect. SSTLassumesthattransmission
line termination is required. As such, SSTL has specifications for output
impedance and different methods of termination. This differenceisimportant
for high-speed signaling because a properly terminated transmission line
reduces reflections, reduces EMI emissions, improves settling time, and
improves timing margins. LVTTL and LVCMOS signaling can also be
terminated. However, because thisassumptionis notexplicitinthe specification,
the userneedsto be careful ofthe impactthe termination resistors have onsignal
swing.

Thedesignofthe SSTL driveris notsomuch differentthanthatofthe LVTTL
driver. AverytypicalimplementationisaCMOS inverter. However, the design
ofthe inputbufferis vastly different.

The LVTTLinputbufferis generallyaCMOS inverter. Thisis anexcellent
implementation because of its simplicity and near zero-DC power consumption.
However, it suffers from poor matching between the NMOS and PMOS
transistors overvoltage, temperature, and process. Because of this uncertainty
initsthreshold voltage and its poor voltage gain, this type of buffers requires
ahigher voltage swing to ensure reliable switching.

The SSTL input bufferis generally a differential pair. The differential pair
offersbetter voltage gainand bandwidth and smaller variations inthe threshold
voltage. This makesreliable performance possible with small voltage swings.
Figure 1 shows a generalimplementation of aLVTTL /O versusan SSTL I/
0.

The SSTL standard is rather involved and sophisticated. It would be
cumbersometotrytoreplicate the specificationinthis shortapplicationnote. The
SSTL tables onthe following page show the supply and input specifications.
Notethat SSTL has different output specifications for different classes of drivers.
SSTL_3andSSTL_2definetwo classes of driversthat are targeted at different
terminationschemes. SSTL_18 does nothave explicit definitions of classes.
However, depending onthe termination environment, the driver mustbe able
toproduce the appropriate voltage swing atthe inputbuffer. The userisadvised
toconsultthe JEDEC publication fora complete discussion of this standard.

The AC parametersrefertothe threshold voltage atwhich the receiver must
change state whenthe signal crossesthat voltage. The receiver will maintain
the newlogic state as long as the voltage stays beyond the DC parameters.
The motivation for this distinctionis toaccommodate ringing inthe systemand
stillmaintain predictable performance. This problemis commonin memory
subsystems.

High-Speed Transceiver Logic (HSTL) is yet another standard that was
developed to address the process technology trend. HSTL is meant to be
voltage scalable and technology independent. Like SSTL, HSTL uses
differential amplifiersfortheinput. Similarto SSTL, HSTL calls outaspecification
forthe output supply voltage and the device supply voltage and allowing those
twovoltagesto be different. (Chronologically, HSTL proceeds SSTL by about
ayear.) Asummary of the supply voltage and input specifications are inthe
following tables.
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Figure 1: 1/0 Implementation Examples
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SSTL SUPPLY VOLTAGE LEVELS SSTL INPUT SPECIFICATION
SSTL 3 SSTL_3
Symbol | Parameter Min Typ Max [ Unit Symbol | Parameter Min Max Unit
VoD Device Supply Voltage \VbpQ N/A Vv ViH(dc) DC Input HIGH VRer + 0.2 Vopg + 0.3 Vv
Voog | OutputSupply Voltage 3 33 36 vV Vi(de) [ DC Input LOW 0.3 VREF -0.2 Vv
VRer | InputReference Voltage 13 15 1.7 v Viac) | AC Input HIGH VRer +0.4 v
Vit Termination Voltage VRer-0.05 | Vrer | VRer+0.05| V ViL(ac) | AC Input LOW Vrer-0.4 v
SSTL 2 SSTL_2
Symbol | Parameter Min Typ Max__ | Unit Symbol | Parameter Min Max Unit
VoD Device Supply Voltage \VbpQ N/A Vv ViH(dc) DC Input HIGH VRer +0.15 Vopg + 0.3 Vv
Vooq | Output Supply Voltage 23 25 2.7 % Vi(de) | DCInput LOW 03 VRer-0.15 V
VRer | InputReference Voltage 113 1.25 1.38 v ViH(ac) | AC Input HIGH VRer +0.31 v
Vrr | TerminationVoltage VRer-0.04 | Vrer | VRert0.04| V Viac) | AC Input LOW Vrer-0.31 Vv
SSTL_18 SSTL_18
Symbol | Parameter Min Typ Max | Unit Symbol | Parameter Min Max Unit
Voog | OutputSupply Voltage 17 18 19 Vv ViH(dc) DC Input HIGH VREer +125 Vopg + 300 mV
Vrer | InputReference Voltage 833 900 969 mvV Vi(de) | DCInput LOW -300 VREF - 125 mV
Vrr | TerminationVoltage VRer—40 | Verer | Vrer+40 | mv Vin(ac) | AC Input HIGH VREF +250 mV
Vi(ac) | AC Input LOW VRer —250 mV
HSTL SINGLE-ENDED INPUT
HSTL SUPPLY VOLTAGE LEVELS SPECIFICATION
Symbol | Parameter Min Typ Max Unit Symbol | Parameter Min Max Unit
Vop Device Supply Voltage N/A N/A v ViH(dc) | DC Input HIGH VRer +0.1 Voog + 0.3 V
Vopq | OutputSupply Voltage 14 15 16 v ViL(dc) DC Input LOW 0.3 VRer-0.1 V
VrRer | InputReference Voltage 0.68 0.75 0.9 v ViH(ac) | AC Input HIGH VRer +0.2 V
Vit(ac) | AC Input LOW VRer - 0.2 V
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DIFFERENTIAL SIGNALING INTERFACE
STANDARDS

Several of the advantages to differential amplifiers have already been
mentioned. The differential amplifier offers better voltage gain and bandwidth
andsmallervariationsinthe threshold voltage. This makesreliable performance
possible with small voltage swings. The low voltage swing enables higher
signalingrates. Inaddition, differential amplifiers only operate onthe difference
betweenthe true and complement signals. Any signalthatis commontothe
true and complementsignals, suchasnoise, isrejected; thisis called common-
mode rejection. Thus, differential signaling offers better noise immunity. This
isincontrastto single-ended signals that operate on absolute voltage levels.
There are additional system level benefits to differential signaling, suchas zero
return currentand minimal self-induced supply noise.

The two major disadvantages of differential signaling are the increase in pin
andtrace countandthe need to match the true and complementtracesonthe
PCB. Itisinteresting to note that the increase in pin and trace countis not 2
to 1versus high-performance single-ended signaling because single-ended
signaling requires asignal return for every 2-4 signallines. Theratiois closer
to1.3t01.8.

VDD

Differential signaling “standards” in use today include current-mode logic
(CML), positive-emitter coupled logic (PECL), low-voltage PECL (LVPECL),
and low-voltage differential signaling (LVDS). Ofthese, only LVDSisatrue
standard—TIA/EIA-644. CMLisageneric term usedtorefer to signaling that
isbased onasimple differential amplifier. PECL was developed by Motorola
as a modification of their ECL (emitter-coupled logic) products. Efforts to
standardize PECL were notfruitful. LVPECL was developed asadirectresult
of process technology and voltage scaling. It'simportantto note thatbecause
thereis noformal standard for these three interfaces, interoperability should
not be expected to be automatic. The user must ensure that the relevant
parameters of the I/0 buffers meet the requirements for interoperability.

CML inputand output buffers are based on the differential amplifier (see
figure 2). Inthe case of an output buffer, the goalis to steer the flow of current,
11, through either the R1 or R2. Suppose the voltage at Vin+ is higher than
the voltage at Vin- such that all the current, |1, is steered to flow through R1.
Thevoltage at Vout-isthen Voo-(11*R1). The voltage at Vout+is Vob, since
no current flows through R2. Ifthe voltage at Vin- is higher than the voltage
atVin+, thenallthe current flows through R2, resulting in Vout+ = Vpp— (11 *
R2) and Vout- = Vb.

Generally, R1 is the same value as R2. To match the characteristic
impedance of a50Q2 transmission line, R1and R2 are generally set at 50Q.
The peak-to-peak differential voltage swing is then | Vout+- Vout-| =11 *R1.

R1
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R
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"

Qn

VouT+

I

GND

Figure 2 : CML I/O Buffer
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Differentvendors will use a different value for 11, and thus the voltage swing
may vary from one vendor to another. Though the resistors can also differ
between vendors, it's unlikely in high- performance and high-speed devices.
Anotherfactoris the common-mode voltage. Thisisimportantif DC-coupling
is the desired method of connecting to a receiver; DC-coupling reduces
componentcountand cost. Inthiscase, the user mustensure thatthe common-
mode voltage at the output matches the common-mode voltage expected by
thereceiver. Common-mode voltage is nota problemif AC-couplingis used.

PECL inputbuffers are generally simple differential amplifiers asis the case
with CMLinputbuffers. PECL outputbuffers are differential amplifiers followed
by acommon-source amplifier. The outputis open-source, as showninfigure
3. Theuserneedsto add external resistors to ground to complete the circuit.
Just like CML, the output voltage swing of PECL and LVPECL drivers vary
from vendor to vendor. It depends not only on the value of the external
resistors, butalso onthe gate voltages of the common-source amplifiers. And
like CML, PECL and LVPECL need the same consideration regarding the
common-mode voltage, voltage swing, and interoperability. The difference
between CML and PECL (and LVPECL) drivers, namely the addition of the
common-source amplifiersin PECL drivers, gives PECL aslightadvantage
in certain applications. Common-source amplifiers are excellent drivers
because they have low outputimpedance; this allows them to drive heavier
loads. The use ofthe external resistor, which may or may notbe advantageous,
givesthe useracertainamountof control over output swing, power consumption,
andterminationscheme.

VDD
R1 R2
L -
VINL{ [ j }ﬂN- VOouT-
VOuT+
G I
GND

Figure 3 : PECL Output Buffer
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LVDSinputbuffers are generally simple differential amplifiers. The output
bufferis an H-bridge design vastly differentthan CML or PECL (seefigure 4).
Currentis steered through one of the transistors on the top into the load and
back through the transistor on the bottom. The load is generally a 10002
termination resistor placed across Vout+and Vout-; note that the load isan
essential part of this circuit. Avoltage is developed across the load and this
is sensed by the input buffer.

VDD

"

VouT-

VouT+

"

GND

Figure 4 : LVDS Output Buffer

LVDSisan official standard and as such, there are strict specifications on
the various parameters that are importantforinteroperability. The nextLVDS
table gives a brief summary ofthe critical parameters. Note that LVDS outputs
canbe DC-coupledto LVDSinputs because ofthe tight control over common-
mode voltage. The elimination of the external AC-coupling capacitor will
become more and more critical asthe number of /Os continue toincrease, the
pitch of package pins continue to decrease, and PCB real estate becomes even
more of apremium.

SUMMARY OF LVDS PARAMETERS

Symbol | Parameter Min Max Unit
\op Differential Output Voltage 247 454 mV
Vos Offsetor Common-Mode Voltage | 1.125 1.375 V

AVop |Change of Vop| 50 |mV|

AVos |Change of Vos| 50 |mV|
VTH Threshold Voltage +100 mV
Vi Input Voltage Range 0 24 v

EXAMPLES OF INTERFACING
DIFFERENT STANDARDS

With system complexity growing, having two, three, or even four interface
standards on a single board is not uncommon. This section will show some
examples of howto connect output buffers of one standard to input buffers of
another standard.

Acommon questionisinteroperability between standards from the same
family. For example, can a SSTL_2 driver be connected to a SSTL_18
receiver? Whatabouta SSTL_3driverdrivingaSSTL_18receiver? The AC
voltage swings are obviously nota problemwhenmoving fromthe 3.3V or2.5V
SSTL family tothe 1.8V family, assuming the Vrer and V1T levels are adjusted
accordingly. The potential problemis with the DC voltage, in particular, the
maximum Vi,

V1T

50Q é

S

s

25Q

VREF

Figure 5 : Typical SSTL Class | Environment

Figure 5shows atypical SSTL Class | environment. The maximum Vixfor
all three families is Vobq + 300mV. For SSTL_18, the worst case value is
Vopg(min) +300mV =2V. SSTL receivers are high-impedance, so all ofthe
currentwillgotoand come fromV1r. For SSTL_18, the Vr7(max) =969mV
+40mV = 1.009V. If there is 1V across the 50Q resistor, then the Vix
specification will be violated. Thiswould require the driver to source 20mA,
whichis a definite possibility. Typical SSTL drivers will deliver 8-10mA, which
would suggest that SSTL_2 and SSTL_3 drivers can drive SSTL_18
receivers.

Whatifthe driver is able to source and sink more than 20mA? Inthis case,
the termination scheme mustbe changed (see figure 6). The valuesofR1and
R2 must be found such that Vin never exceeds 2V (for SSTL_18). A quick
application of Kirchoff's current will yield the correctresults. Thisis foralogic
high. Ingeneral, the user should always double check the conditions for alogic
lowand ensure thatthose are within specification for the givenresistor values.

VREF

Figure 6 : Alternative Termination for SSTL
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The problemwiththis method of choosing the resistor valuesisthatthe signal
might not swing symmetrically around Vrer. Forexample, ifIs=25mA, Vop
=3.3V,and Vinislimited to amaximumof 2V, thenR1and R2 are 217Q and
65Q2, respectively. The relevant equations are:

VDD - VIN(MAX) ‘ls = ViN(MmAX)
R1 T R2
R1 || R2=50Q

The signal at Vin would swing from 0V to 2V. Noise marginis sacrificed if
Vrerissetto 0.9V (for SSTL_18). Moreover, duty-cycle distortion mightalso
beinducedbecause of the offsetin Vrer from symmetry. The user must make
these considerations and make the appropriate calculations based on the exact
termination scheme and the capabilities of the driver and receiverin orderto
ensure bulletproofinteroperability.

The above discussion can more generally be applied to interfacing single-
ended driverstoreceiversthat are based on differential amplifiers. One side
of the receiver should be tied to some Vrer and the other side should be
connected to the single-ended driver. Some examples are:

¢ LVTTL — SSTL/HSTL

¢ LVTTL — LVPECL/CML

e LVTTL — LVDS

¢ SSTL/HSTL — LVPECL/CML
o SSTL/HSTL — LVDS

The critical factors to keep in mind are:

1. Setthe Vrer level to maximize system margins.

2. Double-checkthatthe selected Vreris avalid common-mode level for
the receiver.

3. Double-checkthatthe maximumvoltage specifications ofthe receiverare
not violated if interfacing between 1/0s with different power supply
voltages.

Interfacing singled-ended drivers to differential receivers should be done
with care. Differential receivers are extremely sensitive. They mighttake as
little as £100mV or less to distinguish between alogic highand alogic low. The
singled-ended signals, ideally, should be strictly monotonic within several
hundred milli-volts of the selected Vrer. Waveforms suchasthoseinfigure 7
would cause unreliable performance whereas they would be no problem for
single-ended receivers.

Figure 7 : Waveform Examples
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The most common way to interface between the differential signaling
standardsis AC-coupling. Theissue of common-mode voltage is eliminated,
but the issue of the maximum voltage remains. The maximum voltage
specificationis potentially anissue wheninterfacing between 1/Os with different
power supply voltages. Thisis amootissue if both I/Os use the same power
supply voltage; thisis also true with singled-ended signaling. AC-couplingalso
offersthe advantage that ground drops willnot cause systemmarginsto be lost.
Figure 8 shows atypical example. The common-mode voltage can be setat
any arbitrary value that's appropriate for the receiver. The resistors can be
chosento correctly terminate the transmission line. Ifthe receiverisinternally
biased, then it's not necessary to have the resistors R1 and R2. Correct
terminationis still required and can be provided by R4. Inthe case of PECL
and LVPECL, the DC path to ground is provided by resistors R3.

Figure 8 : Example of AC-Coupling
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Just as with single-ended signaling, DC-coupling is also possible with
differential signaling. Figure 9 shows one example of connectingan LVPECL
driver to an LVDS receiver. R1, R2, and R3 must be chosen to satisfy the
following conditions:

1. R1 || (R2 + R3) must match the characteristic impedance of the
transmission line.

2. Thevoltage atV1should be Vbo—2V. Thisis generally the termination
voltage for LVPECL.

3. Thevoltage atV2should be 1.2V or some other acceptable common-
mode voltage for the LVDS receiver.

Incidentally, DC-coupling LVDSto LVPECL is astraight forward procedure
(see figure 10). The common-mode voltage of LVDS is 1.2V. LVPECL
receivers generally have a relatively wide common-mode range and can
accept the 1.2V without problems; the user should nevertheless check the
specifications.

VDD

R1 ém

) —
LVPEC
O ) V1
R2 ﬁ R2
T
V2 ‘
LVDS
R3 R3
Figure 9 : LVPECL DC-Coupled to LVDS
v )
LVDS 100Q LVPEC

Figure 10 : LVDS DC-Coupled to LVPECL
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ADDENDUM

There are some instances where it's necessary to perform true signal | « Toincrease voltage swing to drive receivers that require a larger
translation rather than merely trying to use external passive componentsto swing. (For example, 1.8V LVTTL cannot drive 2.5V LVTTL without a
performlevel shifting. Examplesinclude: conversion.)

+ Tointerface to receivers where a solution with external passive

+ Toperformsingle-ended to differential conversion for better noise componentsis notfeasible or desirable.

immunity and better performance driving long traces such as onthe

backplane. Inmany cases, this signal translation can be performed atthe sametime as
+ Toperform differential to single-ended conversionto drive single-ended | some otherusefulfunctions. IDT offersafull portfolio of devicesthat are capable
receivers. of signaltranslation. The following table shows ashortlistof some ofthese parts.
Part Number Description InputInterface Output Interface
5T915,5T905,5T907 FanoutBuffer 2.5V/1.8VLVTTL, 1.8V/2.5VLVTTL,
1.5V/1.8V HSTL, 1.8V/1.5V HSTL
2.5V PECL
5T93xx FanoutBuffer 1.8V/1.5V HSTL, LVDS
2.5V/3.3V LVPECL,
CML, LVDS
85304 FanoutBuffer LVPECL, LVDS, LVTTL, LVPECL
LVHSTL, SSTL, HCSL, CML
5T2110,5T2010 Zero-Delay Buffer Differential 1.8V/1.5V HSTL,
1.8V/1.5VHSTL, 1.8/2.5 LVTTL, 1.8V/I2.5VLVTTL
LVPECL orsingle-ended 1.8V/2.5V LVTTL
5T94x Precision Generator 1.8V/1.5V HSTL, LVPEC, LVDS
SSTL, LVTTL, LVPECL, LVDS
579010 Programmable Skew Differential 1.8V/1.5V HSTL,
1.8V/1.5VHSTL, 1.8/2.5 LVTTL, 1.8V/I2.5VLVTTL
LVPECL orsingle-ended 1.8V/2.5V LVTTL
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