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1.1

Standard of Electrenic Industries Associntion of Japan

Stub Series Terminated Logic for 3.3 Volts (SSIL 3)

(A 3.3V Supply Yoltage based Interface Standard for Digital [Cs}

Scope

This ¢landard defines the input, culput specifications and ac test conditiuons for
devices that are designed to nperaie in the SSTL_3 logic switching ranze.
nopinally 0 V te 3.3Y, The standard my be applied to [Cs pperating with separale
VDD and VODQ supply veltages. In wany cases YDD and VDRQ will have the soime
vollage level. However for noise rejection reasons, the supplies may be routed

scparately in the sysiem interconncct. The YDD value is not specified in this
standard other than that YDDQ value may not exceed that of VOD

Standard structure

The standard is defined in three sections:

The firgt section defines pertinent supply vollage requirements common to all
compliant ICs,

The second section defines the minimun de and ac inpnt parameiric requirements
and ac test conditions for inpuis on compliant devices.

The third seclion specifies the minioum required cutput characterisiics of, and
ac test conditions for, compliant outputs targeted for variows applicstion
environments, The output specifications ure divided into two elasses, Class ]
and Class [, which are distinguished by drive requirements and application.

A ziven IC peed noil he eyuipped with both classes of output drivers, but each
must support at least one to claim 55TL 3 output compliznce,

The full input reference level (VREF} range specified is required on each IC ip
order to allow any SSTL 3, [C to receive signals from any SSTL_2 output driver.
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1.2

Rationale and assumpiions

The S3TL_3 standard has been developed parlicularly with the objective of
providing 4 relatively simple upgrade path from LYTTL designs. The standard is
particularly inlended to imprave operation in situations where busses must be
isolated from relatively large stubs. External resistors provide this isolation
and also reduce the on-chip power dissiparion of the drivers. Busses may be
terminated by resistors to an external lerminalion voltage. Actual selection of
the resistor values iz a system design decision and beyond the scops of this
standard. However in order to provide a basis, the driver characleristics will
ba derived io terms of a tvpical 50 Ohms eovironment,

#hile driver characteristics are derived from a 50 Ohm environment, this
standard will wark for other impedance levels. The system designer will be able
to vary impedance levels, terminalien resistors and supply voltage and be able
to calculale Lhe effect on system voltage wargins, This is accomplished
precisely because drivers and receivers are specified independently of each
aother. The standard defines a reference voltage VEEF which is used at the
raceivers a5 well as a voltage YTT to which terwination resistors are connected.
In typrcal applications VIT tracks as a ratio of VDDA, In turn VREF will Le
given the valoc of ¥TT. Tn some standards this ratio equals 0.5 If Lhis valoe
were to be applied io SSTL_S. the maximum value of VIT and thus VREF would he
18 ¥ €0.5% 3.6). In urder Lo be more closely compatible with LVITL. the nominal
ratio was selected to be 0.45. This laads to a typical YTT and VREF walue of
about 1,5 ¥ if vODQ = 3,3 V. This value is close to the internmal reference
voltage In current LYTTL dezigns.

Supply voltage and logic input levsls

The standard defines hoth ac and de input signsl values. Making this distinctinon
15 important for the design af high gain, differential, receivers that are
raguired, The ac values are chosen to indicate the levels at which the receiver
wust weel iix Limiug specifications. The do values are chosen such that the final
login state is unambiguously defined. that is once the receiver input has crossed
this valee, the receiver will change to and maintain the new logic state. The
reason for this approach is thet many input waveforms will include a certain
amount of “ringing”, The svstem designer can be sure that the deviece will &witch
statc a certain amounl of {iee alter the input has crossed ag threshold and noi
sWiteh back as Inng as the input stavs heyond the de threshold. The relationship
of Lhe differcnt levels is shown in figure 2,1 An example of ringing is
illusirated in the datted wavefarm

Figure 2.1 S35TL_3 Input lavels
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2.1

2.2

Supply voliage levels
Table 2.1  Supply voltage levels
Symbol Parageler Min. Hom Max Units Yotes

YO Device supply VI n's ¥ 1

voltags

VDG Output supply ' 4.0 a2 3.6 ¥ i

voltage ; !

VREF | [nput reference L2 | L5 L7 i ¥ g, 3

voltage ’

YIT Ternination YREF - YREF VREF t i ¥ 4

voltage 0. 05 0, 05

Nntes:

i, There is no specific device YDD supply veltage requirement fer SSTL_3
compliance. However under all conditinons VREDQ must be less than or equal to
¥DD.

?. The value of VREF pay he solected by the user Lo provide optioum noize
margin in the system. Typically the value of YREF is eipected to be about
.45 ¥ VDDY of the transmitting device and VREF iz expectied ta track
variations in YD,

3, Peak to peak ac noise on VREF may uol exceed 2% VREF {(dc).

4. ¥TT of transmitting device must track YHEF of receiving device.

Input parametric

Tabla 2.2-a  Input de logic levels

Svmhol Paurameler Min, M, Units | Notes
ViH {dc) | de input legic high | YEEF + 028 YoDg + 0.3 ¥ |
VIL (de) | de input Tegic low - 0,80 YREF - 0.20 - ¥

Kotes:

1,

Within this standard, it is the relationship of the VDDQ of the driving
device and the YREF of the receiving device that determines noise margins.
Hewever, in the case of VIH {Max.) (l.e. input overdrive) it iz the VDDG of
the receiving device that is referenced. In the case where a device is
ioplemented Lhal supporls SSTL_3 inputs but has na S3TL_3 aotpuis e,z a
translator). and therefore no YODQ supply voltage connection, inputs must
tolerale input overdrive to 3. ¢ ¥V (High corner VODG + 300 mV).

Table 2,2-b Input ac |cgic levels

Swmhol Paramcter Min, Max. Units Notes
VIH ¢ac) | dc input ltogic high | YREF + Q.40 ¥
VIL {ac) | de input logic low ! YREF - 0,40 y
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2.8

ac Test Conditions

The ae input test conditions are specified {o be able Lo ebtain relijable

reproducible test results in an avtomated tesi environgent. where a relatively
high noise environment makes it difficult to create clean signals with limiLled
swing. The tester mav therefore supply signals with a 2 V peak to peazk swing to
drive the receiving device. Note however, that all timing specifications are
still set refative to the ac iogpul level, This is illustrated in figure 2. 3.

Tabte 2.3 ac input test conditions

Symbol Conditicn Value Units | Noles

YREF loput reference vol tapge {. 45  YODQ ¥ 1.4

YEWINGeax | Input signal maxioum pewk to peak swing a0 ¥ 1,2

SLEW Input signal minimuo slew rate 1.0 ¥ s 3

VEWING naxt

Notes:

1 In all ecases, input wavaform timing is referenced to the input simnal
crossing lhrough Lhe VREF level applied tu the device under test. Table
2.1 identifies the VREF range supported in SSTL_3,

2. Compliant devices must still meet the ¥1l(ac} and VIL{ac)} specificalinng
under actual use conditions.

3. The 1¥/nz ipput signal minioum slew rate is to be maintained in the VILmax
fac] to ¥THmin(ac) raoge of the input sigpal swing, consistent with the ac
logic specification of table 2.2-b. See alsofigure 2. 3.

4, It was agreed in JEDEC discussions that ac test conditions could be amasured
mnder noming! voltage conditions as long as the supplier can demonsirate by
analysis that the device will meet its timing gpecifications ander all
suppor ted voliage conditions,

Figure 2.3 ac Input Test Signal Waveform
YD)
__________________ Y 1Hmin (ac)

Y REF

—————— - —_— e e e —— e — —— — — “WILmax{az)

1 daltaT Il' deliaT

ELEW= ¥ IHmin{ac) - YTLmax{ach / deltaT
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3.

3.0

S5TL_3 OQutput Buffers

werview

This specification sets minimum requirements for oulput buffers in such a way
that when they arc applied within the range of power supply waltages specified
in S5TL_% and are used inm conjunction with SSTL_3 input receivetrs then the
input receiver specifications can be mel vr exceeded, The specificalious are
quite different from traditional specifications, where minimoum values for YOH
and maximum values for YOL are set which apply to the entire supply range. In
$TL 3, the input wvoltage provided to the roeciver depends on the driver as
weil as on the termination vollage and termination resistors. Figure 3.0
shows the typical do environgent ihat Lhe gotput buffer 15 presented with.

Figurs 3.0 Typical Qutput Buffer (Driver) environment

Chitput Boffer VIT Receiver

(Driver}

YDDQ
<f M
|

YREF ¥

YOUT VIN
V33

(f particutar interest here are the valuegs VOUT and VIN, These values depend nat
on!v an the current drive capabilities of the buffer, but also on the values of
¥DDQ and VTT (VREF is equal to ¥TT). The important cendition is that VIN be at
leact 400wV above or below YREF as a result of VOUT attaining its maxioum low or
it"s minimum high valye, As will be seen later, the two cases of interesi for
SSTL_ 3 are where the series resistor BS equals 25 Ohms and the terwmination
resistor RT equals 50 Dhms (for Clags 1} or 23 Dhos Cfor Class LY. VIT is
specified as being equal to 4, 45 £ VDDG,

In arder te meet the 400my minimum requiremenl for Vine a minimm of 8md must be
developed doross BT i0 BT eguals 30 s (Class [} or 16od in case RT equals 25
Ohws {Class II}. The driver specification now must guarantee that these values
of ¥IX are obtained in the worst casze conditions specified by this ztandard.
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Tahle 3.0 Spread sheet showing SSTL 3 clrcult voltages depending on VOPQ.
(For reforemce only)

Condi tions Cnits | Class |Class |Class |Class |Class | Class
i i i i i 0
YD ¥ 80 | %3 |36 a0 | 88 |36
VIT vl Ls s | Lt 13 | Ls |7
VREF v [ 1s w5 | L7 | ts | 15 |17
Termination Resistor. ﬁf - {hns ai al 50 25 20 25
Series Resistor, RS Ohas | 25 | 25 | a5 | 25 | 25 , 5
Delta YIF v | ose |oe lad |ce 04 o4
Output High DBriver
Voltage at VIN v | L7 | Ls |21 | L7 | Le |21
Voltage at YOUT v "Le |21 |23 |21 |25 |28
Pull-up Source-Orain | ¥ 1.1 1.2 1.3 0.9 L0 1.1
Yol tage

Output Current A | -0.008 -0.008| -0.008 | -0.016 | -0. 016 | -0, 016
Ou registance Ohms | 137 50 | 150,00 | 162 50 [ BA. 25 | B2 40 6B 75
Output Low Deiver
voltage at VIN v Loy [ vt s Joe [ L1 13
Voltage at VOUT v o |os |0 | es [ o1 o9
Dutput Current A L0008 | 0.008 |0.008  0.016 |0.016 | 0,018
On resistance | Ohws 87.50 | 11230 | 137.50 | 3125 | 43.15 |56.25

Az can be seen from Table 3,0 the most stringent reguircments will result
shere VIDQ=3, 0¥, since for that case the cutput driver transistors oust have the

lowest “nn” resistance.

then for all cther YOG voltage applications,
be larger than the minimum required 403mY,

[f the driver outputs are sized for this condition

the resclting input signal will
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3.1

3.1.1

SSTL 3 Class I oculpul buffers

Push-pull outpul buffer for symmetrically single parallel terminated loads
with series resistor. {YTT=0. 45*VDDQ}

Table 3.1-5 Output de current drives

Syobol Parameter Min. | Max. - Units Xotes

I0H {dc) | Qutput mipimum source de current -3 . o 1,3, 4

[0L {de) | Qutput minimum sink de current g mh 2, 8.4

Notes:

1. VDIM} - 3.0 ¥: YOUT = %DDQ - 1.1 ¥

2, VODG = 8,0 %; YOUT = 0.7 ¥,

4. The de value of YREF applied ta the receiving device is expected to be zet
to YTT.

4. The valuss of 10N{dc) and [OL({dc) are based on YBDQ - 3.0 ¥ and ¥TT = L 3V
They are used to test device current drive capahility which ullimately
delivers acceptahle noise margin Tor an S53TL_3 receiver. Under thege
conditions YOH is L 8% and YOL is 0.7V, Under other conditions for VDD¢ and
VIT the tvpical output levels are discussed in Section 3.0 (Overview),
Figure 3.1 An example of S55TL_3, Class |, symmetrically singla

parallal tarminated sutput load, and =ariec resistor
¥YDDQ +—— vpDQ VTT=0.45 * VDD
VREF  r—— 045 + vDDQ
ET = 300hm VIN
VOUT —\N\N\/-@ 50 Ohma

Device RS = 250hms

undear CLOAD = 30pF

Test VREF = 045 * VDDQ

Va3

3.1.2 SSTL 3 Class 1 output ac test conditions

This testing regimen is used to verify §5TL_3 Class T tvpe output buffars
cpush-pull outpul boffers designed for symoetrically single parallel
terminated loads with series resisior),

This section is added to get the condifions wnder which the driver ae
specifications can be tested, The test circuit is assumed to be similar to the
circuit shown in figure 3.1, Tt was agread in JEDEC discussions thal ac
test conditions could be measured under nominal voltage conditions as loug as
the supplier can demonstrate by analysis, lhat the deviece will meet its
liming specifications under all supported voltage conditions. Table 3.1
assupes that -/- 0.4 ¥ must he developed across the 50 Ohm termination
resistor at VIN, With a series resistor af 2% Ohms this translates inla a
pinimun reguirement of 0.8 voll swing relative to ¥IT, at the output of the
device,
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Table 3. 1-b  ac test conditions

Symbol Condition ¥aiue Units | Notes
YOH Minioud required output pull-up under ac VIT + 0.4 ¥
test load
VOL Maximum required output pull-dewn under ac | ¥TT - 0.5 | )
test load :
YOTR Outpnt timing easurement reference level iﬂ.dﬁ ¥ YD ¥ . 1
Motes:

1. The ¥DIQ of the device under tezt is referenced,

3.2 55TL 3 Class 1T ocalput buffers

3.2.1  Push-pull output buffer for symmetrically double parallel terminaled lowds
vith series rezistor {VIT = .45 * VDDQ)}

Teble 3.2-2  Dutput de current drive

Svmhol Paramgter Min. | Max. | Units | Notes
I0H Cde) | Qutput minimum source de current -1 mt 1.3, 4
10L {dc) | ntput miniowm sink do current i 16 mA 2.8, 4
hotes

Lo ovoDyg = 30 %; YOLT = YDDQ - 0.9 ¥

2 VDD = 3.0 ¥; YOUT = 0.3 V.

3. The dc value of YREF applied to the receiving device 1s expeeted to he sal
to VIT.

4. The values of i0H{de) and VOL(dc) are based en VDDQ = 2.0V and ¥TT = 1 3.
They are used to test device current drive capability which nltloately
delivers acceptable noise margin for an S8TL_3 receiver. Under these
comditions YOH is 2.1 ¥ and YOL 15 0.5 V. Under other conditions for YDDQ
and VIT the typical output levels are discussed in Section 2. 0( OUverview).

Figure 3.2 An example of SSTL_3, Class |I, symmetrically double
paralle! terminated output load with =eriag rezistor

\{I)EHQ —— VDDO VTT= (45 * VD
VREF  [——045+vDDQ
RT2 = 50 Ohms

RS = 2500hms

Device BTI = 500hms CLOAD = 30pF
under

Test VTT =045*VDDQ VES

]?REF=UAS*VDDQ




EIAJ ED-3512

3.2.2  SSTL 3 Class 11 output ac test conditions
This testing regioen is used to verify S3TL_S Class 11 Lype vutput buffers
{push-pull outpui buffers designed for symmetrically double parallel
terminated loads with series resistor),
This section is added to set ithe conditions under which the driver ac
specifications can be tested, The test circuit is assumed Lo be similar tg the
circuit shown in figure 3.2 [t was agreed in JEDEC discussions that ac
test conditions could be measured under neminal vollage conditions as long as
the supplier can dJemonstrate by analysis, ihal Lhe device will meet its
liming specifications yonder 8ll supported voltage conditicns. Table 3. 2-b
assumes that +/- 0.4 ¥ must be developed across the effectively 25 Ohw
lerminalion resistar at YIN . Witlh a seriey resisior of 25 Ohms this
translates into a minimm reguirement of 0.8 voll swing ralative to VIT, =zl
the output of the device,
Tahle 3.2-b  ac test conditions
Svyobol Condition Value Lnits | Notes
YO Miniwuw reguired ontpnt pull-up under ac VIT + 0,8
test load
VL Miximum required cuiput pull-down under ac | ¥TT - 0.8 ¢ ¥
lesl load
YOTR Qutput timing measurement reference leval (.45 % YDppQ ¥ 1

Noles:

1.

The VODQ of the device under tesl js referenced.
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4!

1.1

4.2

Other Application (For reference only)

The specifications far Class I and I were based on an envirpamenl comprising both
series and parallel terminaling resistors. In this nonbinding section we will
show some derived applications. Clearly it is not the intention 1o show all
possible variations in this standard.

Fush-pull output buffer for wnterminated loads

In many applications where interconmections are short, there is no need for any
terminalion at all, Ar example of this is shown in figure 3.3.1. This
application can be served by a Class I or Class II type buffer and an SSTL_3
type receiver. Noise margins and possibly speed will be improved over LYTTL

Figure 4.1 An example of S8TL_3 untermirated output load

VDDQ
YWHEF

L vDDO
045 * VDD

Device
under —_—
Test

VYREF =143 * vDIn)

agCLOAD = 30 pF

Push-pull output buffer for symmetrically single parallel terminated loads {VTT
= 0.45% YD)

Sometimes (he system application requires longar transmission lines that will
only be terminated at one end. An example of this may be address drivers on a
mewoty hoard. This applization can also be served with 8 Clazs 1 or Class [1
type buffer and an SSTL_3 receiver. An example is shown in figure 3. 3. 2.

Figure 4.2 An example of SSTL_3. Clazs | or Class 1], buffer with symmetrically
single parallel terminated output loads.

vDDQ|  vDDQ VIT =VDD/ 2

VREF | vDDQ/2 RT =502

Device
Under 50 0
Test

VREF = VDDQ/2 ——
CLOAD 2 20 pF
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4.3

1.4

Fush-pull output buffer for externally source series terminated loads

[n other applications the system designer may wish to terminate at the signal
source rather than at the end of the iransmission line, One advantage of this
approach is that there is no need [ur a YTT power supply. This application may
again be scrved with a Class 1 or Class 11 type buffer and SSTL 2 receiver. An
exampie 15 shown in figure 3.3.3. In this example a Class [l type buffer
wight be preferced since it comes closer. io comjumRction with the series
resistor, to match the charactericiic impedance of the the transmission line.

Figure 4.3 An example of SSTL_3, Class | or Class I,
Externally Seurce Series terminated output |ocad

VDDQ  —— vppo
VREF  [— 0.45 * vDDQ
De vice 50 Ohims
undear
Teat BES5=25 Chms —
CLOAD = 30pF
I VREF = (.45 * VDDQ

Push-pull gutput buifer for syvumetrically double parallel terminated loads
{VIT = 0.45 * ¥YDDQ)

Finally, the system designer may require a bus system which must be terminated
at both sides. However, the drivers are connmected directly ento the bus so
there are no stubs present, In that case, the designer may decide to eliminate
the gories resistors entirely. This applicalion can be implemented using a
Class I or Class |l driver and 8STL 3 receiver. However a Class II boffer would
dizsipate more power due to its larger current drive and thus might reqoire
special cooling.

Fioure 4.4 Ahn sasmple of S5TL_3. Class |, buffer with symmetrical ly
double parallel terminated output load

VDDO - YVIT=043 * VDD
VYREF |——q45+ VDD
R12=50 Ohms
Device 30 Chms
under
Test T
o CLOAD =3
RT1=50 Ohms OpF I YREF = (.45 * VDD

VIT=045* VDDQ V55



