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1.1

1.2

Standard of Electronic Industries Association of Japan

Stub Series Terminated Logic for 2.5 Volts (SSTL._2)
{A 2.5V Supply Voltage based Interface Standard for Digital ICs)

Scope

This standard defines the input, output specificalions and AC test conditions for devices that are
designed to operate in the SSTL_2 logic switching range, nominally 0V w© 2.5V, The standard may
be applied to ICs operating wilh separate Vi, and Vg supply voltages. In many cases Yoo and
Woog will have the same voltage level, The ¥y valoe is not specified in this standard other than
that Vppo valuz may ant exceed that of Vpp.

Standard structure

The standard is defined in three sectioms;

Thic (irst section defines pertinent supply vollage requirements common to all compliant ICs.

The s¢eond section defines the minimum DC and AC input parametric requirements and AL test
conditions for inputs on compliant devices.

The third section specifies the minimum required cutput characteristics of, and AC test conditions for,
compliant outpuls largeted for various applicaton environments.  The output specifications are divided
into two classes, Class [ and Class I1, which are distinguishes! by drive requirements and application.

A piven IC need not be equipped with boih classes of outpot drivers, but cach must support atl leasl
one to claim SSTL._2 output cempliance.

The full mput reference level {Vgnr) range specified is required on each 1C in order to allow any
S5TL_2 IC o receive signals from any SS8TT._2 autpul driver.

Aationale and assumptions

The SSTT_2 stanchantl has been developed particularly with the objective of providing a relatively
simple upgrade path from MOS push-puil interface designs.  'The standard is particularly intended to
improve operalion in situations where busses must be isolated from relatively large stubs.  Extlernal

* resistors provide this isolation and also reduce the on-chip power dissipation of the drivers. Busses

may b lerminaled by resistors 1o an eXternal termination voltage,

Actual selection of the resistor values is a sysiem design decision and beyond the scope of this
standard. However in arder to provide a basis, the driver characteristics will be derived in ierms of
a typical 50L} environment.

While driver characteristics are derived from a 5081 environment, this standard will work for other
impedance levels, The system designer will ke able to vary impedance levels, termination resisiors
and supply voltage and be able to calculate the effeet on system voltage marging, This is
accomplished precisely because drivers and receivers are specified independently of each nther,
"The standard defines a reference voltage ey which is used at the receivers as well as a voltape Vi
to which ermination resistors are conmected, In typical applications V.y tracks as a ratio of V.

[n turn Vper will be given the value of Vi, In some standards this ratio squais (0.5,

._‘I_-.-
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2  Supply Voitage and Loglc Input Levels
The standard defines both AC and DC inpot signal values. Making this distinction is important for
the desigm of high gain, differential, receivers that are required. The AC values are chosen to
indicate the levels at which the receiver must meet its timing specifications, The DC values are
chosen such that the final logic state is vnambiguously defined, that is once rhe receiver input has
crossed $his value, the receiver will change to and maintain the new logic state. The reason for this
approach js that many input wave-forms will include a cerain amount of "ringing”. The svstem
designer can be sure that the device will swiich state a certain amount of time after the input has
crossed AC threshold and not switch back as long as the input stays beyond the DC threshold,  The
relationship of the differcnt levels is shown in Figure 2,1, An example of ringing is illusirated in
the dolted wave-form.
.-'h'-.t ‘?DDQ
I W [ 7 Vir(AC)
\ [V
...... \ P / ‘FIH{HC}
\ / Vaer
............................... T
\ S / Vi (DC}
E._-' ‘.L_ ................................... ‘F||I{AC}
'i——'!—'—"x_ ; - ?
7 ¥is
Flgure 2.1 S5TL 2 Input valtage levels
2.1  Supply voltage levels
Table 2.t Bupply valtage levels
Symbal Paramerer Min. Nom hiax. Units MNotes
Voo Device supply voitage Yoo n'a ¥ l
¥Yopo Output supply voltage ; 2.3 2.5 2.7 W 1
R Input reference voltage 1.15 1.25 1.33 bl 2,3
VT Termination voltage Wopr - D04 VEEF Y¥err + (LM W 4
<Notes>

1. These is no specific device Vi, supply voltage requirement for SSTL_2 compliance, However
under all conditions Vppg must be less than or equal to Y.

2. The value of Vger may be selected by the user to provide optrmom neisc margin in the systemn.
Typically the value of Vpgr is expectad 10 be about .5 X Vi of the transmitting device and
Vy is expectad o track variations in Voo,

Peak to peak AC noise on Ve may not exceed +/.2% Vyer (D).
Vor of transmitting device must track Vg 0f receiving deviee.
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2.2 Inpwt parametric

Table 2.2.a Input DC logic levels

Symbal Parameter Min. Max. Units ~ Nutes
Vi (DCY D input logic high Yeeg + 0.18 Vapg + 0.3 b 1
¥ (D) 13C input logic low -0.3 Vagr - (118 Y 1

<MNote»

Within this standard, it is the relationship of the Vppg of the driving device and the Vi of the
receiving device that determines noise margins. However, in the case of Vi (Max.) [I.é. input
overdrve) il is the Yy, of the receiving dovice that is referenced,  In the case where a device is
implemented that supports SS8TE_2 inputs but bas no SSTL_2 ocutputs {c.g., a iransiator), and
therefore no Vipg supply voltage connection, inputs must tolerate input overdrive to 3.0 ¥ (High
COMEr ¥ppg + 30 my.

Table 2.2-b Inpui AGC logic levels

Svmbicl Parameter Min, Max. Units Motes
Vi (AC) AC input logic high Veer + 0,35 W
Yy, (ACT AC inpul logic low : Vypr - 0.35 v

2.3 AC test conditions

The AC input tcst conditions are specified to be able to obtain reliable, reproducible Lest resulls in an

automaied test environment, where a relatively high noise enviromment makes it difficult to create

clean signals with limited swing. The tester may therefore supply signals with a 1.5 V peak to peak

swing Io drive the recerving device,  Note however, that all timing specifications are still set relative
(0 the AC input level. This is illustrated in Figure 2.3,

Tohle 2.3 AC Input test conditlons

_. Symbul Condition Yaluc Unirs | Notes
Yaee Input reference vollage 0.5 X Vopg ¥ 1.4
Vw g (Max) [nput signal maximum peak 10 peak swing 1.5 v 1,2

SLEW [nput signal mindmum, slow tate 1.1) Vins 3

<Noles>

In all cases, input wave-form timing is referenced to the input signal crossing through the Vg,
level applied to the deviee under (est. Table 2.1 identifies the Vipe range supported in
S5TL 2.

Compliant devices must still meet the Viu(AC) and Vi (AC) specifications under actual use
conditions,

The 1¥/ns input signal minimum slew rate is to be maintained in the Vimax (AC) to Viy
min(AC) range of the input signal swing, consistent with the AC logic specificstion of table
2.2-b. Secalso Figure 2.3,

It was apgreed in JEDEL discussions (hal AC test conditions could be meassurzd under nominal
voltage conditions as long as the supplier can demonsteate by analysis that the device will meet

ils iming specifications under all supporied voltage conditions.
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Figure 2.3 AC Input Test Signal Wave Form

SSTL_2 Output Buffers

Overview

This specification sets minimum requirements for outpur buffers in such a way that when they are
applied within the range of power supply voltages specified in SSTL_2 and are used in conjunction with
SSTL_2 input receivers them the input receiver specifications can be mel or exceeded.  ‘Ihe
specifications are quite difterenl from traditional specifications, where minimum values for Vo, and
maximum values for Vg are set which apply o the entire supply range, In SSTL_2, the input vollage
provided to the receiver depends on the driver as well a5 on the torminaion voltage and termination
resistors.  Figure 3.0 shows the wypical DC eavironment that the output buffer is presented wilh.

Ouiput Buffer Receivar
{Driver)
Vong
G1d
(—
[
L F
{ — —7
L

VREF

v Yot Yin
a9

Figure 3.0 Typical Outpul Butfer (Driver) environment

Of particular interest here are the values Yoy and Vi, These values depend not only on the corrent
drivic capabilitics ol the bulfer, bul also an the values of Vg and Yrr (Vg is equal to Vi) The
important condition is that Vi, be af lcast 380mY above or below Yypr as o resull of Vg, attaining
its maximum low or its minimum high valuc.  As will be seea later, the two cases of interest for
SSTL 2 are where the series resistor RS cquals 2500 and the termination resistor RT cquals 5082

(for Clags Iy or 2552 (For Class 1), V¢ is specified us being equal to (0.3 Yoo

_'il'_
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in order to meet the 3ROMV minimum requirement for Vin, a minimum of 7.6mA must be
developed across RT if RT equals 5042 (Class Ty or 15.2mA in case RT equals 25 {Class II).
The driver specification now must guarantee that these values of V) are ohtained n ihe worst case
conditions specified by this standard.

Table 3.0 Spread sheet showing how the limite of SSTL_2 circult voltages depending oh Vpea.

{For reference only)

Paramater Umits | Class 1 Class I Class [ | Chas I | Class I Class IT
Vooo v 3 2.5 27 2.3 25 2.7
Yopmin v L1l 1.25 1.3} 1.11 1.25 1.31
v max ¥ 119 1.25 1.39 1.19 1.25 1,39
Vop v 115 125 1.35 Y 1.25 1.25%
RT L 30 an 50 25 25 25
RS £ 25 25 25 23 25 25
Dl Vi v 0.35 0.35 0,33 0,35 (.35 N5
Delta Yourl L 0.3% 0. 38 038 L3 | 038 0.8
Delta Vi 2 v U.57 0.57 057 | 0% (.76 076
Output High Drive

Minimum Vollage at Vyq v 157 1.63 177 1.57 1.63 1.97
Minimum Voltage al Vg v 1.7 152 1.96 1.95 2 .15
Minimum Qutput Currenl A 7.6 -7 =70 -15.2 -15.2 -15.2
Mazximom On Resistance L 71.1 RS 7.4 2310 122 el
Untpnt Low Dinive

Maximum Voltage at Vi Y 0.73 OLB7 .53 (73 0&7 a3
Maximun Voltage al Vi Y (.54 .68 0.74 .33 (1449 [y
Minimum Cilpul Carrent mh 1.6 T4 7.4 L52 152 15.2
Maximum (i Hesistance L2 711 59,5 a974 230 iz2 in.2

Delta Vol {dVin 1) is voltage scruss RT in Figure 3.0
Delta Voyr2 (dVmp2) is otal voltage across RS and RT in Figure 3.0

These values follow from an analysis of Figure 3.0 with fixed driver current.  Thus, for output Jow
voltage, Viu=Vi - | ART; Voor=Vr - X (RT+RS)Y, On Resistance = Vil - (RT4+RS).

As can be seen from Tabls 3.0 the most stringent requirements will result where V6= 2.3 ¥, since
tor that case the putput driver transistors must have the lowest "on” resistance.  If the driver outpuis
are Sized for this condition, then tor all other Vg voltage applications, the resulting inpur signal
wiil be [arger than the minimum required 380my.
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3.1 SSTL_2 Class | output buffers

3.1.1 Push-pull output buffer for symmetrically single parallel terminated loads with series
resistor. Vrr=0.5X Vo)

Table 3.1-a Qutput DC current drives

Symhal  [Parameler Min. Max. Units | Notes
IOH {DC) Cutput minimum source DC gurrent A6 mA 134
[OL (D) Cutput minimum sink DC corrent 7.6 A 234

<Motes>

1. Vo =23V Voyupr= Vi, - 062V

2. Vipg = 2.3 Vi Vour = .54V,

3. The DC value of Vgerapplied to the receiving device is expected to he set (o V.

4. The values of IOH(DC) and FOL{DC) are based on Vug = 2.3V and Viq = 1,11V, They are
used to test device current drive capability which nltimately delivars acceptable noise margin (or
an S5TL_2 receiver. Under these conditions Vg is 168V and Vo is 0.54V. Under other
conditions for Vopg and Vi the typical ourput levels are discusscd in Section 3.0 (Overview).

Rf'L'rL‘.Q Vooa Vor= 0.5 X\Tunq
VREF T 05X Vg
BRT= 5012
RS =250 i

1r:rl'_'l'l_l']." 50 &
Device :I:VHLF =0.0¥ Vo
Under
Tast Vo

Flgure 3.1 An example of SSTL_2, Class |, symmetrically single parallat
terminated output lcad, and serles reslstor

3.1.2 SSTL_2 Class | output AC test conditions

This testing regimen is used 1o verify SSTL._2 Class [ type cwput buffers {push-puil vutput buffers
designed for symmetrically single parallel terminated loads wilh suries resistor).

This section is added to set the conditions under which the driver AC specifications can be tested.
The tzal circuit is assumed to be similar to the cireoit shown in Figura 3.1, It was agreed in JEDEC
discussions that AL test conditions could he messured under nominal valtage conditions as long s
Ihe supplier can demonstrate by anabysis, that the deviee will meet its timing specifications under all
supported voltage conditions.  Table 3.1-b assumes that +/- .38V must he developed acress the 50
(d termination resistor at V. With a series resistor of 2500 this translates into a minimum
requirement of L37Voll swing relative to Vi, at the outpul of the device.
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Table 3.1-0 A test conditlons

_ Symbel | Condition : Value Thnits  Wntes
_ Vom Minimum required output pult-up under AC test load Vor+0.57 L
o, Maximum required output pull-down under AC test load Yo — .57 ¥
Vorr | Output timing measurement reference level | 0.5%Vppy |V 1
=Notes

The Vg of the deviee under test is referenced.

3.2 S8TL_2 Class |l output buffers
3.2.1 Push-pull putput buffer for syrmmetrically double parallel terminated loads with serias resistor
(V11 = 0.5X Vppg}

Table 3.2-a Cuiput DC current drive

Symbol Parameter Min. | Max, Lnits Noles

13H (D) Chatput minimom source DC current -15.2 mA 1,34

1031, (D) Cutput minimuem sink DC current 15.2 | maA 2,3,4
<Naotes»
1 "-"rnnq = 23 V; ‘h‘rguq‘ = Vunq - []43"-"'
2. V|]|]u - 2.3 1'-'?, VQUT = [L.35V,
3. The DC value of Vyer applied to the receiving device is cxpected to be set o V.
4. The values vl IOH{DXC) and Vi, (DC) are based on Vong = 2.3V and Vyr = L1LV.  They are

used 1o test device current drive capability which ultimately delivers acceplable noise margin for
an S5TL_2 receiver. Under these conditions Vo is 1,87V and Voo is 0.35V.  Under ulher
conditions fer Viopg and Vrp the typical output levels are discussed in Suetion 3.0 (Overview).

Wiy — Vip
Yere U S
RS = 254
L)
v'!:'L'[ 5[]
Device ET1 = 50L) i}
Under IVH.H' =0.3XVyy,
Test V-|-|=U.-5 * vnm V‘R\

Flgure 3.2 An example of SSTL_2, Class Il, symmetrically doukle parailel
terminated output load with serles resistor
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J.2.2 B58TL_2 Class li cutput AC test conditions

This testing regimen is used to verify SSTI._2 Class IL type cutput buffers {(push-pull vutput butfers
designed for symmetrically dovhle parallel terminated loads with series resistor).

This section 1s added ta sel the conditions under which the driver AC specifications can be tested.
The test circuit is assumed to be similar Ia the circuit shown in Figure 3.2, It was agreed in JEDEC
discussions that AC test conditions could be measured under nominal voltaze conditions as long as
the supplier can demonsirate by analysis, that the device will meet its liming specifications under all
supported voltage conditions. Table 3.2-D ussumes that +/~ 0.38V most be developed across the
effeotively 2562 lermination resistor at V. With a geries resister of 2503 this translates iio
mintimurm requirenent of 0.76Yclt swing relative to Yo, at the output of the device.

Table 3.2-b  ACG test condltlons

Symhnl L Condition - ! Valug Units | Notes
¥ou | Minimum required output pull-up undar AC test |oad Vi + (76 v
Yoo | Maximam required output pull-down under AC test luad Wy - 06 Y
Vome | Qutpul timing measurement reference level 05 = Vg L' 1
«Notex

The Wnng of the device under (est is referenced.
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4.  Other Application (For reference onfy)

The specifications for Class I and IT were based on an eavironment comprising both series and

parallel terminating resistors.  In this non binding section we will show some derived applications,

Cleariy it is not the inlention to show all possible variations in this standard.

4.1 Push-pull output buffer for unterminated Ioads
In many applications where interconneclions are short, there is no need for any termination at all.
An example of this is shown in Figure 4.1

Thiy application can be served by a Clags Tor Class I
type buffer and an S5TL_Z type receiver.

Yoo | — Voo
Ve T 03X Vg
Lravice | ] >
Ul'.l(l(‘-i' Vo= (L5 Y
Text :[ REF Ll
""I-Fi.‘i.

Flgure 4.1 An axampls of SSTL_2 un-terminated output [oad

4.2 Push-pull sutput buffer for gymmetrically single parallel terminated loads
{Vﬁ =0.5X vnm}

Sometimes the system application requires longer transmission lines that will urly be terminated at
one end.  An pxample of this may be addeess drivers on a memory board.  This application can also
be served with a Class Tor Class 1T type hutfer and an SSTL_2 receiver.

An example is shown o
Figure 4.2.

Go=Ah5
1':'?11 v "l"rL;I]J'L." ""Irl I 03 vnm

Yo [ 05XV, RT = 3082

Devigre
Under S0
Test

Vo =3 ¥ Vi —

Flgure 4.2 An example of SSTL_2, Class | or Class I, buffer with symmetrically
single parallel terminated output loads.
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4.3 Push-pull output buffer for externally sourcae series terminated loads

In other applications the system designer may wish to tcrminate at the signal source rather than at the

end of the transmission line. One advantage of this approach is that there is no need for a W

power supply. This application may again be served with a Class T ar Class I type buffer and

SSTL_2 receiver.  An example is shown in Figure 4.3. In this example a Class IT lype buffer

might be preferred since it comes closer, in conjunction with the scries resistor, to match the
characteristic impedance of the transmission iine.

Vope —— Yo

Vier [ 05X Voo

Device _W\N\/.O 500
Under
Test R&=251L] —

Vs I Yaer = 005 A Yoo

Figure 4.3 An example of S5TL_2, Clasa | or Class |I, Externaily Source Serles terminated output load

4.4 Push-pull output buffer jor symmetrically double parallel terminated loads
{Mrr = 0.5 X Vppa)

Finally, the system designer may require a bus system which must be terminaied ai both sides.
However, e drivers are connected directly onte the bux so there are no stubs present.  In thal cuse,
the designer may decide 1o eliminate the series resistors entirgly,

This applicstion can be
implemented using o Class | or Class 11 driver and 8%1L_2Z receiver.

Howewver a Class [ buffer
wauld dissipate more power due to its larger current drive and thus might require special cooling.
An example is shown in Figure 4.4,

Ving Vi Yo = 0.3 7 Yy
Vrer Vo =005 X W0,
RTé=3048]
Ldevice LTREW
Tnder
Test
BT1=ai)Ll

:[ Vinr = 0.5 % Vipg
Yo =032 Vo Vs

Flagure 4.4 An example of SSTL_2, Class |, buffer with symmatrically
double parallel terminated sutput load
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EXPLANATORY NOTES

Objectives of Establishment

This standard has been established as a related standard derived from “Soul Series Terminated Logic
tor 3.3V (88TL_3)" established in March, 1996, aiming to scparate bus from moderately fong stub
through the external serial resistance at the 2.5V memory module, memory board, etc., perform the
small signal amplitude operation by connecting 1o terminared voltage through the parallel resistance,
and adjust impedance fo establish nnise margin and perform the low-power and high-speed operation.
This standard defining each provision for the outpur driver and the input receiver, is established as
the 100 — 200MHz high-speed interface standard along with the faster MPU.

Process of Discussion

When “Swh Series Terminated Logic for 3.3V (S$71._3) was established in March, 1996, the
development to shift the system power supply voltage from 3.3V 10 2.5V has alreadv started along
with process technologies development for Taster memory devices.

At the time, this standard was proposed as the vollage scaling of SSTL 3 as the tclated standard
derived from SSTL_3 interfuce, and submitted to the JEDEC JC-16 Low Voltage Operation and
Interface Committee ("JEDFEC® hereafter), the sub-organization of the Electronic Industriss
Axscciation in U.S. in September, 1996,

While the JEDEC discussion continued, it was procceded (o slandurdize the interface specifications
used for fagier memories such as QDR SDRAM, SLDRAM, ctc, devices, and review the interface
performance through simulalions in cooperation with JEDEC.  The final standard draft was agreed
with EIA) and JEDEC, submitted 1o JEDEC in September, 1997, und passed the JEREC 1C-16
Committee in December.  S8TL_2 standard is the eollabarated standard of ELAJ and JEDEC.
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