JEDEC
STANDARD

Definition of the SSTUB32868
Registered Buffer with Parity for 2R x4
DDR2 RDIMM Applications

JESDS82-26.01

(Editorial Revision of JESD82-26, May 2007)

JANUARY 2023

JEDEC SOLID STATE TECHNOLOGY ASSOCIATION

JEDEC.




NOTICE

JEDEC standards and publications contain material that has been prepared, reviewed, and approved
through the JEDEC Council level and subsequently reviewed and approved by the EIA General
Counsel.

JEDEC standards and publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum delay
the proper product for use by those other than JEDEC members, whether the standard is to be used
either domestically or internationally.

JEDEC standards and publications are adopted without regard to whether or not their adoption may
involve patents or articles, materials, or processes. By such action JEDEC does not assume any
liability to any patent owner, nor does it assume any obligation whatever to parties adopting the
JEDEC standards or publications.

The information included in JEDEC standards and publications represents a sound approach to
product specification and application, principally from the solid state device manufacturer viewpoint.

No claims to be in conformance with this standard may be made unless all requirements stated in the
standard are met.

Inquiries, comments, and suggestions relative to the content of this JEDEC standard or publication should be
addressed to JEDEC at the address below, or refer to www.jedec.org under Standards and Documents for
alternative contact information.

Published by

©JEDEC Solid State Technology Association 2023
3103 North 10th Street
Suite 240 South
Arlington, VA 22201-2108

JEDEC retains the copyright on this material. By downloading this file the individual agrees not to charge for
or resell the resulting material.

Price: Contact JEDEC

Printed in the U.S.A.
All rights reserved



PLEASE!

DON’T VIOLATE

THE LAW!

This document is copyrighted by JEDEC and may not be
reproduced without permission.

For information, contact:

JEDEC Solid State Technology Association
3103 North 10" Street
Suite 240 South
Arlington, VA 22201-2107

or refer to www.jedec.org under Standards-Documents/Copyright Information.




This page intentionally left blank



JEDEC Standard No. 82-26.01

DEFINITION OF THE SSTUB32868 REGISTERED BUFFER WITH PARITY FOR 2R

x4 DDR2 RDIMM APPLICATIONS

Contents
Pages

1 SCOPE ettt ettt ettt e et e et e e e bt e e et e et eeeaaees 1
2 Device Standard .........c.ooociieiiiieee e et e e e e e eree e 1
2.1 DIESCTIPHION ..eieniiiieiiieeiiee ettt et e et e et e e e tteeesaeeeaeeeesseeessseeessseeessseeensseesnsseesnseennns 1
2.2 176-ball TFBGA (IMO-246) ....ooeeuieieeieeieiee ettt sttt ettt st 3
2.3 Pinout Top View for 176-ball TFBGA ......c.cooiiiiieiieieeeete ettt 4
2.4 Terminal FUNCHONS ..cc.covuiiiiiiiiiiiienieeteetes ettt ettt ettt et 6
2.5 FUnCtion TabIe .....coccoiiiiiiiiiiiieieee ettt 7
2.6 LOZIC DIAZIAM ..ooueiiiiiiiiiiiie ettt ettt ettt ettt e bt be e e e eateens 9
2.7 RE@ISEr TIMING .oovvviieiiieeiee ettt e et s e e b ee e s e e esaeeennseeensaeeenseeas 13
2.8 Absolute Maximum RatiNgS ........cccceoviiieiiiieiiieeiiieeeeeeiee e evee e evee s 17
2.9  Recommended Operating CONAItiONS .........c.eceveeriierieeiiieniienieeieeseeeieeseeeseeseneeseeseas 18
2.10  DC SPECIICALIONS ....veeeiiieiieiiiieiieiie et esiee et esiee et ertteeteebeestaeebeesseeenbeesseesnseenseesnseensens 19
211 Timing REQUITEMENES .....cc.eeiiiiiiieriieeiieiieeteerite et eteeeteeteesieesebeenseeesbeenseesnseeseesnseenseas 20
2,12 AC SPECIHICALIONS ...eeeiiiieiiiriiirieiiteetteste ettt ettt sttt ettt st sa e et sbeesbe s e saeenteeaeens 20
2.13  Output Buffer CharacCteriStiCs .........cccvieeiiieeiiieeiieeeiieeeieeesiee e e esiteeeaeeesseeeeraeesareees 21
2.14  Output Buffer Overshoot/Undershoot ..........ccccoevieiiiiieeiieiciieeeeeee e 21
3 Test Circuits and Switching Waveforms .........cccceevovieeiiieniiiicie e 22
3.1 Parameter Measurement Information for Data Output Load Circuit

(VDD = 1.8 V£ 0.1 V) ittt ettt ettt st e aeeneens 22
3.2 Data Output Slew-rate Measurement Information (VDD =18 V£ 0.1 V) ......c........... 24
33 Error Output Load Circuit and Voltage Measurement Information

(VDD = 1.8 V£ 0.1 V) ittt ettt sttt enae s aenneens 25
4 Reference to Other Applicable JEDEC Standards and Publications ...........ccccccecceeeeenns 26
5 Annex A - (Informative) Differences between JESD82-26.01 and JESD82-26 ............ 26



JEDEC Standard No. 82-26.01

Contents (cont’d)

List of Tables
Pages

Table 1 — Terminal FUNCLIONS ......coiiiiiiiiiiiiieiieee et s 6
Table 2 — Function Table (Each FLip FIOP) ...ccoviviiiiiiiiiieiieciieeeeeeee e 7
Table 3 — Parity and Standby Function Table ............ccccoeiiiiiiiiiiiniiciieeceee e 8
Table 4 — Absolute Maximum Ratings Over Operating Free-air Temperature Range

(SEE INOTE 1) ettt et s 17
Table 5 — Recommended Operating Conditions (see NOTE) ......ccccoevieviieviienciieiienieeiene, 18

Table 6 — Electrical Characteristics over Recommended Operating Free-air

Temperature RANGE .......c.eveiiiiiiiiieiiiie ettt st e e

Table 7 — Timing Requirements Over Recommended Operating Free-air Temperature

Range (S€€ FIGUIE 6) ....ovieieiieieeeeeeeeee ettt et vee e eree e

Table 8 — Switching Characteristics over Recommended Operating Free-air Temperature

Range (Unless Otherwise Noted) (see Clause 3.1) ..ccoeceeviiiiiienieniiiiceceeeeee

Table 9 — Output Edge Rates Over Recommended Operating Free-air Temperature

Range (S€€ Clause 3.2) ..c..ooiiiiiiiiriieieeieetee ettt

Table 10 — Output Overshoot/undershoot Over Recommended Operating Free-air

Temperature RANZE .......oooouviiiiiiiiiiiiieeeee et

-11-



JEDEC Standard No. 82-26.01

Contents (cont’d)

List of Figures
Pages

Figure 1 — Pinout Configuration ...........ccccoioiiiiiiiieiieee ettt 3
Figure 2 — 1:2 Re@IStEr A (C=0) oeieiiiieiieeeiee ettt et tae et e e st e e seseeesnnaeenes 4
Figure 3 — 1:2 Re@iSter B (C=1) oioiiieiieiieceeeet ettt et es 5
Figure 4 — Logic Diagram Register-A Configuration with C=0 (Positive Logic) ........c..cccu..... 9
Figure 5 — Parity Logic Diagram for Register-A Configuration (Positive Logic); C=0 .......... 10
Figure 6 — Logic Diagram Register-B Configuration with C=1 (Positive Logic) ................... 11
Figure 7 — Parity Logic Diagram for Register-B Configuration (Positive Logic); C=1 .......... 12
Figure 8 — Timing Diagram During Start-up (RESET Switches from L to H) ....................... 13
Figure 9 — Timing Diagram During Normal Operation (RESET =H) ......cccccoocviiinininnnnenns 14
Figure 10 — Timing Diagram During Shutdown (RESET Switches from Hto L) .................. 15
Figure 11 — Timing Diagram During Start-up when Data Inputs are LOW or HIGH

(RESET Switches from L to H) ....ooooiiiiiiiiieeeeen 16
Figure 12 — Data Error Occurs at (n-1), LPM Occurs at (1) ......occeevevierieeiiienieeieeieeieeieeene. 17
Figure 13 — Load Circuit, Data Output Measurements ...........ccecuereererieneenieniieneeneeneeneennens 22
Figure 14 — Voltage and Current Waveforms; Inputs Active and Inactive Times .................. 22
Figure 15 — Voltage Waveforms; Pulse Duration ............cccceeiieiiiiiiniiniiiieeeeeeeeeee, 22
Figure 16 — Voltage Waveforms; Set-up and Hold Times .........cccccevvvieeciieiiiiencieeeieeeeiee 23
Figure 17 — Voltage Waveforms; Propagation Delay Times .........ccccoecveeveiieniieencieeniieeeiee 23
Figure 18 — Voltage Waveforms; Propagation Delay Times .........cccceevveeiiienienieeneenieeneennen. 23
Figure 19 — Load Circuit, HIGH-to-LOW Slew Measurement ...........c..ccccceverieneenenienennns 24
Figure 20 — Voltage Waveforms, HIGH-to-LOW Slew Rate Measurement .............ccccceuenee. 24
Figure 21 — Load Circuit, LOW-to-HIGH Slew Measurement ...........c..ccccceeerienerneniicnennns 24
Figure 22 — Voltage Waveforms, LOW-to-HIGH Slew Rate Measurement ..............c............ 24
Figure 23 — Load Circuit, Error Output Measurements ...........ccceecveeeeveeeiveenieeescieeesveeesveeens 25
Figure 24 — Voltage Waveforms, Open-drain Output LOW-to-HIGH Transition Time

with Respect to Reset INPut ........oooviiiiiiiiieeeee e 25
Figure 25 — Voltage Waveforms, Open-drain Output HIGH-to-LOW Transition Time

with Respect to Clock INPULS .......ooviiiiiiiniiiiiecceteeee e 25
Figure 26 — Voltage Waveforms, Open-drain Output LOW-to-HIGH Transition Time

with Respect to Clock INPULS ......occviiiiiiiiiiiecieceeeee e 25

-iii-



JEDEC Standard No. 82-26.01

This page intentionally left blank

_iv-



JEDEC Standard No. 82-26.01
Page 1

DEFINITION OF THE SSTUB32868 1.8-V CONFIGURABLE REGISTERED BUFFER
WITH PARITY FOR DDR2 RDIMM APPLICATIONS

(From JEDEC Board Ballot JCB-07-17, formulated under the cognizance of the JC-40 Committee on
Digital Logic.)

1 Scope

This standard defines standard specifications of DC interface parameters, switching parameters, and test
loading for definition of the SSTUB32868 registered buffer with parity test for DDR2 RDIMM
applications.

The purpose is to provide a standard for the SSTUB32868 (see Note) logic device, for uniformity,
multiplicity of sources, elimination of confusion, ease of device specification, and ease of use.

NOTE The designation SSTUB32868 refers to the part designation of a series of commercial logic parts common in
the industry. This number is normally preceded by a series of manufacturer specific characters to make up a complete
part designation.

2 Device Standard

2.1 Description
This 28-bit 1:2 configurable registered buffer is designed for 1.7 V to 1.9 V Vpp operation.

All inputs are compatible with the JEDEC standard for SSTL 18, except the chip-select gate-enable
(CSGEN), control (C), and reset (RESET) inputs, which are LVCMOS. All outputs are edge-controlled
circuits optimized for un-terminated DIMM loads, and meet SSTL 18 specifications, except the open-
drain error (QERR) output.

The SSTUB32868 operates from a differential clock (CK and CK). Data are registered at the crossing of
CK going high and CK going low.

The device supports low-power standby operation. When RESET is low, the differential input receivers are
disabled, and un-driven (floating) data, clock, and reference voltage (Vggr) inputs are allowed. In addition,
when RESET is low, all registers are reset and all outputs are forced low except QERR. The LVCMOS
RESET and C inputs always must be held at a valid logic high or low level.

To ensure defined outputs from the register before a stable clock has been supplied, RESET must be held
in the low state during power up.

In the DDR2 RDIMM application, RESET is specified to be completely asynchronous with respect to CK
and CK. Therefore, no timing relationship can be ensured between the two. When entering reset, the
register will be cleared and the data outputs will be driven low quickly, relative to the time to disable the
differential input receivers. However, when coming out of reset, the register will become active quickly,
relative to the time to enable the differential input receivers.
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2.1 Description (cont’d)

As long as the data inputs are low, and the clock is stable during the time from the low-to-high transition of
RESET until the input receivers are fully enabled, the design of the SSTUB32868 must ensure that the
outputs will remain low, thus ensuring no glitches on the output. If the data inputs are not held low, then
DCSO0 and DCS1 must be held high, DODTO0 and DODT1, DCKEO, and DCKE1 must be held low, and all
other inputs must remain stable (either low or high) for a minimum of t, -1 (max) after the rising edge of

RESET.

The SSTUB32868 includes a parity checking function. Parity, which arrives one cycle after the data input
to which it applies, is checked on the PAR IN input of the device. The corresponding QERR output signal
for the data inputs is generated two clock cycles after the data, to which the QERR signal applies, is
registered.

The SSTUB32868 accepts a parity bit from the memory controller on the parity bit (PAR_IN) input,
compares it with the data received on the DIMM-independent D-inputs (D1-D5, D7, D9-D12, D17-D28
when C = 0; or D1-D12, D17-D20, D22, D24-D28 when C = 1) and indicates whether a parity error has
occurred on the open-drain QERR pin (active low). The convention is even parity, i.e., valid parity is
defined as an even number of ones across the DIMM-independent data inputs combined with the parity
input bit. To calculate parity, all DIMM-independent D-inputs must be tied to a known logic state.

If an error occurs and the QERR output is driven low, it stays latched low for a minimum of two clock
cycles or until RESET is driven low. If two or more consecutive parity errors occur, the QERR output is
driven low and latched low for a clock duration equal to the parity error duration or until RESET is driven
low. If a parity error occurs on the clock cycle before the device enters the low-power (LPM) and the
QERR QERR output is driven low, then it stays latched low for the LPM duration plus two clock cycles or until
RESET is driven low. The DIMM-dependent signals (DCKE0, DCKE1, DODTO0, DODT1, DCS0 and
DCS1) are not included in the parity check computation.

The parity error output QERR will be reset to high by RESET transitioning low and will not be decoded
until after RESET goes high and DCS0 and/or DCS1 are asserted low. CSGEN does not affect QERR
operation.

The C input controls the pinout configuration from register-A configuration (when low) to register-B
configuration (when high). The C input should not be switched during normal operation. It should be
hard-wired to a valid low or high level to configure the register in the desired mode.

The device also supports low-power active operation by monitoring both system chip select (DCS0 and
DCSl) and CSGEN inputs and will gate the Qn outputs from changing states when CSGEN, DCSO0, and
DCS1 inputs are high. If CSGEN, DCSO0 or DCSI input is low, the Qn  outputs will function normally.
Also, if both DCS0 and DCS1 inputs are high, the device will gate the QERR output from changing states.
If either DCSO or DCS1 is low, the QERR output will function normally. The RESET input has priority
over the DCS0 and DCSI1 control and when driven low will force the Qn outputs low, and the QERR
output high. If the chip-select control functionality is not desired, then the CSGEN input can be hard-wired
to ground, in which case, the setup-time requirement for DCS0 and DCS1 would be the same as for the
other D data inputs. To control the low-power mode with DCS0 and DCS1 only, then the CSGEN input
should be pulled up to Vpp through a pull-up resistor.

The two Vygr pins (Al and V1) are connected together internally by approximately 150 Q. However, it is
necessary to connect only one of the two Vigp pins to the external Vigg power supply. An unused Vygr
pin should be terminated with a Vygg coupling capacitor.



2.2

176-ball TFBGA (MO-246)

Package options include 176-ball TFBGA (MO-246 version B).

NOTE 1

Figure 1 — Pinout Configuration

(TOP VIEW)
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8 x 22 array, 6.0 x 15.0 mm body size, 0.65 mm pitch. Diagram is for reference only. See MO-246 for

detailed package specification.
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23 Pinout Top View for 176-ball TFBGA

A D2 DI C GND VREF GND Q1A QIB
B D4 D3 Vbb Vbb Vbb Vbb Q2A Q2B
C D6 D5 GND GND GND GND Q3A Q3B

(DCKE1)
D D8 D7 Vbb Vbb Vbb Vbb Q4A Q4B
(DCKEO0)
E D9 Q6A GND GND GND GND Q5A Q5B
(QCKEIA)
F D10 Q8A Vop Vbp Vbp Vbp Q7A Q6B
QCKEOA (QCKE1B)
G D11 Q10A GND GND GND GND Q9A Q7B
H D12 QI12A Vbp Vbp Vbp Vbp Q1A Q8B
(QCKEOB)
J DCSI QCSTA GND GND GND GND Q10B Q9B
K DCSO0 QCSO0A Vbp Vbp Vbp Vbp QI12B Ql1B
L CK CSGEN PAR_IN GND GND GND Q14B QI3B
(QCSOB) | (QCSIB)
M CK RESET QERR Vbb Vbb Vbb QI5B QI16B
(QODTOB) | (QODTI1B)
N D15 QI5A GND GND GND GND Q17B QI8B
(DODT0) | (QODTOA)
P D16 Ql6A Voo Voo Voo Voo QI9B Q20B
(DODT1) | (QODTI1A)
R D17 Ql7A GND GND GND GND QI8A Q21B
T D18 QI19A Voo Voo Voo Voo Q20A Q22B
U D19 Q21A GND GND GND GND Q22A Q23B
AV D20 Q23A Vbp Vbp Vbb Vbb Q24A Q24B
W D21 D22 GND GND GND GND Q25A Q25B
Y D23 D24 Vbb Vbb Vbb Vbb Q26A Q26B
AA D25 D26 GND GND GND GND Q27A Q27B
AB D27 D28 NC Vbb VREF VDD Q28A Q28B
1 2 3 4 5 6 7 8

Figure 2 — 1:2 Register A (C=0)

NOTE “NC” denotes no internal connection.
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2.3  Pinout Top View for 176-ball TFBGA (cont’d)

A D2 DI C GND VREF GND Q1A Q1B
B D4 D3 Vbp Vbp Vbp Vbp Q2A Q2B
C D6 D5 GND GND GND GND Q3A Q3B
D D8 D7 Vbb Vbb Vbb Vbb Q4A Q4B
E D9 Q6A GND GND GND GND Q5A Q5B
F D10 Q8A Vop Vop Vop Vop Q7A Q6B
G D11 QI0A GND GND GND GND QYA Q7B
H D12 QI2A Vbp Vbp Vbp Vbp Ql1A Q8B
J D13 QI3A GND GND GND GND QI10B Q9B
(DODT1) | (QODTIA)
K D14 Ql4A Vpp Vpp Vpp Vpp QI12B Q11B
(DODTO0) | (QODTOA)
L CK CSGEN PAR_IN GND GND GND Q14B Q13B
(QODTOB) | (QODTIB)
M CK RESET QERR Vbb Vbb Vbb Q15B Q16B
(QCSO0B) (QCSIB)
N D15 QI5A GND GND GND GND Q17B QI18B
(DCS0) (QCS0A)
P D16 Ql6A Vpp Vpp Vpp Vpp Q19B Q20B
(DCST) (QCSIA)
R D17 Ql17A GND GND GND GND QI8A Q21B
(QCKEOB)
T D18 Q19A Vpp Vpp Vpp Vpp Q20A Q22B
D19 Q21A GND GND GND GND Q22A Q23B
(QCKEOA) (QCKEIB)
AV D20 Q23A Vbb Vbb Vbb Vbb Q24A Q24B
(QCKE1A)
W D21 D22 GND GND GND GND Q25A Q25B
(DCKEO)
Y D23 D24 Vbb Vbb Vbb Vbb Q26A Q26B
(DCKE1)
AA D25 D26 GND GND GND GND Q27A Q27B
AB D27 D28 NC Vbp VREF VDD Q28A Q28B
1 2 3 4 5 6 7 8

Figure 3 — 1:2 Register B (C=1)

NOTE “NC” denotes no internal connection.
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2.4

Terminal Functions

Table 1 — Terminal Functions

Terminal Descrintion Electrical
Name P Characteristics
GND Ground Ground input
Vbb Power supply voltage 1.8 V nominal
VREF Input reference voltage 0.9 V nominal
CK Positive main clock input Differential input
CK Negative main clock input Differential input
C Configuration control inputs - Register A or Register B LVCMOS inputs
RESET Asynchronous reset input — resets registers and disables Vg g data and clock LVCMOS input
differential-input receivers
Chip select gate enable — When high, D1-D28 inputs will be latched only when at | LVCMOS input
CSGEN least one chip select input is low during the rising edge of the clock. When low, the
D1-D28+ inputs will be latched and re-driven on every rising edge of the clock.
Data input — clocked in on the crossing of the rising edge of CK and the falling edge | SSTL_18 input
D1-D28 ——
of CK
Chip select inputs — These pins initiate DRAM address/command decodes, and as | SSTL_18 input
such at least one will be low when a valid address/command is present. The
DCS0, DCS1 | Register can be programmed to re-drive all D inputs (CSGEN high) only when at
least one chip select input is low. If CSGEN, DCS0, and DCS1 inputs are high,
D1-D28 inputs will be disabled '.
DODTO, The outputs of this register bit will not be suspended by the DCO and DCSI1 control. | SSTL_18 input
DODTI
DCKEO, The outputs of this register bit will not be suspended by the DCO and DCSI1 control. | SSTL 18 input
DCKEI1
PAR_IN Parity input - arrives one clock cycle after the corresponding data input. SSTL 18 input
_ 2 Data outputs that are suspended by the DC0O and DCS1 control. 1.8 V.CMOS outputs
Q1-Q28
QCS0, QCS1 | Data output that will not be suspended by the DCO and DCS1 control. 1.8 V CMOS output
QODTO, Data output that will not be suspended by the DC0O and DCS1 control. 1.8 V. CMOS output
QODT1
QCKEQO, Data output that will not be suspended by the DC0O and DCS1 control. 1.8 V CMOS output
QCKE1
QERR Output error bit - generated one clock cycle after the corresponding data output Open-drain output
NC No internal connection
NOTE 1 Data inputs = D1-DS, D7, D9-D12, D17-D28 when C=0
Data inputs = D1-D12, D17-D20, D22, D24-D28 when C=1
NOTE 2 Data outputs = Q1-Q5, Q7, Q9-Q12, Q17-Q28 when C=0
Data outputs = Q1-Q12, Q17-Q20, Q22, Q24-Q28 when C=1
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2.5 Function Table
Table 2 — Function Table (Each Flip Flop)
Inputs Outputs
— Dn, QODT,
RESET | DCSO | DCS1 | CSGEN CK CK | DODTn, Qn QCS0 | QCS1 QCKE
DCKEn
H L L X ) J L L L
H L L X ) { H H L L H
H L L X LorH | LorH X Qo Qo Qo Qo
H L H X ) J L L H
H L H X ) \’ H H L H
H L H X LorH | LorH X Qo Qo Qo Qo
H H L X ) J L L L L
H H L X ) \’ H H H L H
H H L X LorH | LorH X Qo Qo Qo Qo
H H H L ) \2 L
H H H L ) J H H H H H
H H H L LorH | LorH X Qo Qo Qo Qo
H H H H ) \2 L Qo
H H H H ) \ H Qo H
H H H H LorH | LorH X Qo Qo Qo Qo
L ﬂ())(aglrlg ﬂ())(aglrlg ﬂ())(aglrlg ﬂ())(ag;g ﬂ())(ag;g ﬂ())(ag;g L L L L
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2.5 Function Table (cont’d)
Table 3 — Parity and Standby Function Table
Inputs Output
RESET | DCSO | DCSI | CK K |* O(fl;'l'f’];’;;): " pAR IN' | QERR
H L X ) \2 Even L H
H L X T ! Odd L L
H L X 0 { Even H L
H L X T 2 Odd H H
H X L ) \2 Even L H
H X L 0 \ Odd L L
H X L ) \2 Even H L
H X L T \: Odd H H
H H H 0 " X X QERR,’?
H X X LorH | LorH X X QERR,
L X or X or X or X or X X or u
floating | floating | floating | floating floating
NOTE 1 PAR IN arrives one clock cycle after the data to which it applies
NOTE 2 This transition assumes QERR is high at the crossing of CK going high and CK going low. If QERR is
low, it stays latched low for two clock cycles or until RESET is driven low
NOTE 3 IfDCSO0, DCSI, and CSGEN are driven high, the device is placed in low-power mode (LPM). If a
parity error occurs on the clock cycle before the device enters the LPM and the QERR output is driven
low, it stays latched low for the LPM duration plus two clock cycles or until RESET is driven low.
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2.6 Logic Diagram
RESET ""24%
3
ck
ck ML 4
A5, AB5
VREF
D1, C1
pckeo, 2LCL | 2 N F2.E2 QCKEOA,
DCKE1 2 D 2 / 2 QCKE1A
> CLK  Q
ol r N H8.F8 oo,
v QCKE1B
N1, P1
popto, NLPL | 2 N, N2 P2 QODTOA,
DODT1 2 D 5 vy QODT1A
> CLK Q
o r
AL QODTOB,
|~ 2 QODT1B
e K1
DCSO 5 > K2 Qcsoa
e
>~ CLK Q
o Rr
> L7 Qcsos
csGEN L2 l|> —}
1
DCS1 5 > 2 QCSIA
J .
> CLK  Q
o r
> L8 ocsiB
o ————— —_ B .
I One of 22 Channels I
A2 | |
D1 %— I A7
| p CE Q1A
I >~ CLK Q I
A8
| dr >47 Q1B
| |
| |
—_ L 4
v vy v
To 21 Other Channels
(D24D5, D7, D94D12, D174D28)

Figure 4 — Logic Diagram Register-A Configuration with C=0 (Positive Logic)
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2.6  Logic Diagram (cont’d)

D1aD5,
D7,
D9aD12,
D17aD28

VREF

DCS0

CSGEN

M2 D
L1 »
M1
D14D5, D7,
D94D12 )
, D14D5, D7,
2 D174D28 D9ADL2 22
A5, AB %> D D17aD28
> CLK Q
22 22
p— (O
‘ R ce LD——
| D14D5, D7,
221 p9ap12,
D174D28
PAR_IN _L3 [
|>j0> D Parity Generator M3
> CLK Q] and
OlR Error Check
CE
K| N\ K2
D
> >
> CLK  Ql—o
o[ R N\ L7
L2 N —] ) —] )
91 ] N\ J2
| > ® ° D |~
> CLK  Ql—e
o|r N\ L8

Q1A4Q5A,
Q7A,
QIAEQ12A,
Q17A5Q28A

Q1BA4Q5B,
Q7B,

Q9BAQ12B,
Q17B4aQ28B

Figure 5 — Parity Logic Diagram for Register-A Configuration (Positive Logic); C=0




JEDEC Standard No. 82-26.01

Page 11
2.6 Logic Diagram (cont’d)
RESET “’Q‘D;
3
ck L
ck ML 4
A5, AB5
VREF I
pckeo, WL YL | 2 LAY QCKEOA,
DCKE1 2 D ) v QCKELA
> CLK Q
QIR N, R U8 QCKEOB
|~ 2 QCKE1B
popto, KLJL , | 2 N, K292 oonroa,
DODTL 2 b ) L~ 2 QODT1A
> CLK  Q
o r
> L7 L8 HopTos,
2 QODT1B
DCSO0 N1 \ N2 QCS0A
) D |~
> CLK  Q
qr > M7 ocsos
csGEN L2 |'> —}
DCS1 Pl \ P2 QCSlA
< hd b |~
> CLK  Q
ol r > M8 QCSIB
rt————— -_————— T————————————————— |
I One of 22 Channels I
A2 | |
pr 22 | | I A7
CE Q1A
Iy D
I > CLK  Q I
A8
I AR >47 Q1B
| |
| |
1 S I e J
v \ A/ v
To 21 Other Channels
(D24D12, D174D20, D22, D244D28)

Figure 6 — Logic Diagram Register-B Configuration with C=1 (Positive Logic)
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2.6  Logic Diagram (cont’d)

p
cik L
ok ML
D14D12, )
D174D20, D1ap12,
D22, - D174D20, D22,
D244D28— D244D28 -
VREF —4 22
> CLK Q
O
< R e

D17aD20, D22,

l_[>_22_

]

PAR_IN _L3 [
>

> CLK Q

CE

22

D1&aD12,
D17aD20, D22,
D244D28

Parity Generator

— and

Error Check

22

DCSO0 NL |
q

CSGEN

e

> CLK Q

)

DCsT Pl[:

> CLK Q

N\ N2
L~
N\ M7
L~
N\ P2
L~
N\ M8
L~

Q1A&Q12A,
Q17A&Q20A,
Q22A,

Q24A&Q28A

Q1B&Q12B,
Q17B4Q20B,
Q22B,

Q24B&Q28B

Figure 7 — Parity Logic Diagram for Register-B Configuration (Positive Logic); C=1
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RESET
CSGEN
DCS0
DCST
CLK
CTLK
toy J4——ple—pl1t, ‘
| | | | |
,DODTh, ' | | X
DCKEnt ! | | X X 1
|
I tpdn‘l:‘pdmss i ! |
| CLK to Q > ‘ |
|
. QODTn, ! | |
QCKEnN I l ‘ l
0T |
toy —f——pa—p| |
. _ | | |
T, ‘ X X X |
KA K K \
PARLINF  S5REREN (¢ | / ' I
, | |
| t | tPHL —H—bl
PHL ¢ PHL: tPLH
} CLK to QERR | CLKtoQERR I
[0
o ——— X

"""'"

TETZRR
929,09,
SXKEX

™
D>
Feseteletedele

H L orX

|
4—— Data to QERR Latency —}\;

x HorlL

Figure 8 — Timing Diagram During Start-up (RESET Switches from L to H)

NOTE t After RESET is switched from low to high, if DCS0 or DCS1 are held Low than all data and PAR_IN input signals must be held Low
for a minimum time of t, T max to avoid false error. If DCSO or DCS1 are held high than all data and PAR_IN inputs signals must be

NOTE {

held at valid logic levels for a minimum time of t, - max, to avoid false error.

If the data is clocked in on the n clock pulse, and PAR 1IN is clocked in at n+1, the QERR output signal will be produced on the n+2
clock pulse and it will be valid on the n+3 clock pulse.
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2.7  Register Timing (cont’d)

_L.‘L'J
RESET
(
CSGEN E_\
1)
Peso E_\
oSt g_\
1
n n+1 n+2 n+3 n+4
CLK

Il—bh—H— th l ‘

megm B X X X XX

Ipt:ll'ns tpdmss
CLK 10

" [[]]]]]]]]]]Iix XXX

. — h
y————H X XX XX
| tpHL OF tp H J‘—N

CLK to QERR

oe [I]]]]]]]]]]]]]]]]]]]]]]]I:X XX

ﬂi Data to QERR Latency 4?‘

Unknown input Output signal is dependent on HorL
event the prior unknown input event or

Figure 9 — Timing Diagram During Normal Operation (RESET = H)

NOTE { If the data is clocked in on the n clock pulse, and PAR_IN is clocked in at n+1, the QERR output signal will be generated on the n + 2
clock pulse and it will be valid on the n + 3 clock pulse. If an error occurs and the QERR output is driven low, it stays low for a
minimum of two clock cycles or until RESET is driven low.
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2.7 Register Timing (cont’d)

RESET

CSGENT X

pesot >< ‘vqagggng'

et X g

CLKt >< K
llf

FRITRTTR TR LKL XK XL XK KR

RIS IIRIIILIIEIIR

t NSOSISEREEIEFERE KGR REL XL
CLK X QCCGCIIAELICIICIH IR

'6%0%0% %% %%%
, DODTn, i’
DCKEn' I

RPHL _iq >
RESET to Q

,QODTn, { H
QCKEn I,

202020 0 02020202020 020202 0-0 202000 0"
KKK IRRKHIL LA I LA I KK
S00l0l0l0 0 letet0%0%0 %0 02020202020 0 20 0"
Wo%e76%%% %% %% %% %% e e % %% %!

CCOCCCCOC OO OO C O ee
5.0.0.0.9.90.9.0:0.0.9.90.0.0.0.0.0.9.9.9.9.¢,
Weleleleleleledoledelelelelete 0 %020 %0 % %!

[’ . QRIS
PAR_INt X i G IIIRRIIERLIKIKS

R X I/
J.(‘
“—hlr tppLH
! RESET to QERR
PO
BXXKIKY H, L, or X
RRERRRKK or HorL

Figure 10 — Timing Diagram During Shutdown (RESET Switches from H to L)

NOTE + After RESET is switched from high to low, all data and clock input signals must be held at valid logic levels (not floating) for a
minimum time of t;, . max.



JEDEC Standard No. 82-26.01
Page 16

2.7  Register Timing (cont’d)

DCS1

DODThn,
DCKEn

Dn

PAR_IN

QCSn

QODTNn,
QCKEnN

Qn

> e A P

QERR

-
o
=
x

X H X HorlL

Figure 11 — Timing Diagram During Start-up when Data Inputs are LOW or HIGH
(RESET Switches from L to H)

NOTE § After RESET is switched from low to high, DCS0 and DSC1 must be held HIGH, DODT0, DODT1, DCKEO and DCKE! must be held
LOW, and all other inputs must remain stable either LOW or HIGH (not floating) for a minimum time of t5 1 max.
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Figure 12 — Data Error Occurs at (n-1), LPM Occurs at (n)

Absolute Maximum Ratings

Table 4 — Absolute Maximum Ratings Over Operating Free-air Temperature Range (see NOTE 1)

Symbol Parameter Conditions Min Max Unit
Vbbp Supply voltage -0.5 +2.5 \%
Vi Receiver input voltage (See Notes 2 and 3) -0.5 +2.5 \Y%
Vo Driver output voltage (See Notes 2 and 3) 0.5 Vpp +0.5 Vv
Iix Input clamp current Vi<0orV;>Vpp +50 mA
Iok Output clamp current Vo <0orVg>Vpp +50 mA
Io Continuous output current 0<Vo<Vpp +50 mA
Icce Continuous current through each Vpp or GND pin +100 mA
Tgig Storage temperature —65 +150 °C
NOTE 1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These
are stress ratings only, and functional operation of the device at these or any other
conditions beyond those indicated under “recommended operating conditions” is not implied. Exposure to absolute-
maximum-rated conditions for extended periods may affect device reliability.
NOTE 2 The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are
observed.
NOTE 3 This value is limited to 2.5 V maximum.
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2.9

Recommended Operating Conditions

Table 5 — Recommended Operating Conditions (see NOTE)

Symbol Parameter Min Nom Max Unit
Vb Supply voltage 1.7 - 1.9
VREF Reference Voltage 0.49 x VDD 0.50 x VDD 0.51 x VDD
V1 Termination voltage Vggr —40 mV VREF VrRgrT40mV | VvV
Vi Input voltage 0 - Vpp A%
Vi AC HIGH-level input voltage VREr +250 mV - - A%
) Data, DCKEn,
ViL AC LOW-level input voltage DODTn, DCSn, - - VR —250mV | V
Via DC HIGH-level input voltage and PAR_IN VRrer T 125 mV - - \Y%
inputs
ViL DC LOW-level input voltage - - Veep—125mV | VvV
Vig HIGH-Ievel input voltage RESET 0.65 x Vpp - - A%
Vi LOW-level input voltage CSGEN, and C B - 0.35 x Vpp \Y4
Vicr Common-mode input voltage range - 0.675 - 1.125 A%
CK, CK
Vip Differential input voltage 600 - - mV
Ton HIGH-level output current - - -6 mA
IoL LOW-level output current - - 6 mA
IgrroL | QERR LOW-level output current 25 - - mA
Tamb Operating ambient temperature in free-air 0 - +70 °C
NOTE The RESET, CSGEN, and C inputs of the device must be held at valid levels (not floating) to ensure proper device
operation. The differential inputs must not be floating, unless RESET is LOW.
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Table 6 — Electrical Characteristics over Recommended Operating Free-air Temperature Range

Symbol Parameter Test Conditions Vpp | Min Typ Max | Unit
Vou | Output HIGH voltage Iog =—-6 mA 1.7V 1.2 - - v
Vor | Output LOW voltage Ior, =6 mA 1.7V - - 0.5 A\

ERR Output LOW I =25mA
v Q ERROL } -
ERROL | i tave 1.7V 0.5 A%
I Input current, all inputs | V{ = Vpp or GND 19V - - 5 HA
Static standby current RESET = GND 1.9V - - 200 LA
Ipp Static operating current RESET = Vpp; Ip=0
_ 1.9V - - 80 mA
V1= Viac) or ViLac)
Dynamic operating RESET = Vpp;
current — clock only V1= Vigac) or - WA/
VIL(AC); CK and CK - NOTE 1 - MHz
switching at 50%duty
cycle.
Dynamic operating RESET = Vpp;
current — per cachdata | v =v (AC) OF
input, 1:1 mode ViLacy CK and CK
switching at 50% duty - NOTE 1 - }J.A/
cycle. One data input MHz
Ippp switching at half clock Ip=0 18V
frequency, 50% duty
cycle.
Dynamic operating RESET = Vpp;
current — per eachdata |y =v, (AC) OF
input, 1:2 mode ViLacy CK and CK
switching at 50% duty - Iwomei| - | MV
cycle. One data input MHz
switching at half clock
frequency, 50% duty
cycle.
Input capacitance, Pn, V1= Vggr 1250 mV 25 ) 4 pF
CSGEN, PAR_IN inputs
Input capacitance, DCS,} | Vi = Vggp £ 250 mV 2.5 - 4 pF
G Input capacitance, Vicr =09 V; 1.8V
CK and CK inputs Vypp) = 600 mV 2 - 3 pF
(PP)
Input capacitance, V1= Vpp or GND
RESET input NOTE 1 - NOTE1 | pF
NOTE 1 The vendor must supply this value for full device description.




JEDEC Standard No. 82-26.01

Page 20

2.11 Timing Requirements

Table 7 — Timing Requirements Over Recommended Operating
Free-air Temperature Range (See Figure 6)

Symbol Parameter Min | Max | Unit
fiock Clock frequency - 410 MHz
tw Pulse duration, CK, CK HIGH or LOW 1 - ns
tACT Differential inputs active time (See Notes 1 and 2) - 10 ns
tiwnacT | Differential inputs inactive time (See Notes 1 and 3) - 15 ns
Setup time | DCSO0 before CKT, CKY, DCST and CSGEN high 06 e
DCST before CK T, CKY, DCS0 and CSGEN high :
tsy Setup time | DCSO before CKT, ﬁi«, DCS1 low and CSGEN high or low 05 ns
DCST before CK T, CKY, DCSO low and CSGEN high or low :
Setup time | DODTn, DCKEn, PAR_IN and data before CKT, CK{ 0.5 - ns
. Hold time | DCSn, DODTn, DCKEn and data after CKT, CK{ 0.4 - ns
H —
Hold time | PAR_IN after CKT, CK{ 0.4 - ns
NOTE 1 This parameter is not necessarily production tested.
NOTE 2 Vggr must be held at a valid input voltage level and data inputs must be held at valid logic levels for a minimum time
of tycr (max) after RESET is taken high.
NOTE 3 Vg, Data and clock inputs must be held at valid voltage levels (not floating) a minimum time of tjys o (max) after
RESET is taken low.
2.12  AC Specifications
Table 8 — Switching Characteristics over Recommended Operating Free-air
Temperature Range (Unless Otherwise Noted) (see Clause 3.1)
Symbol Parameter Measurement Conditions Min | Max | Unit
fmax | Maximum input clock frequency 410 - MHz
togm | Propagation delay, single bit switching From CK T and CKY to Qn (see Note 1) 1.1 | 1.5 ns
tprg | Low-to-high propagation delay L 1.2 3 ns
From CK T and CKY to QERR
tpgr, | High-to-low propagation delay 1 2.4 ns
todmss | Propagation delay, simultaneous switching | From CKT and CKY to Qn (see Note 1) - 1.6 | ns
trpur, | High-to-low propagation delay From RESETY to Qni - 3 ns
trpLy | Low-to-high propagation delay From RESETY to QERRT - 3 ns
NOTE 1 Includes 350 ps of test-load transmission line delay.
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2.13  Output Buffer Characteristics
Table 9 — Output Edge Rates Over Recommended Operating Free-air
Temperature Range (see Clause 3.2)
Symbol Parameter Measurement Conditions Min | Max | Unit
dV/dt r |rising edge slew rate From 20% to 80% 1 4 V/ns
dv/dt f |falling edge slew rate From 80% to 20% 1 4 V/ns
dV/dthl absolute difference between dV/dt rand dV/dt f | From 20% or 80% to 80% or 20% - 1 V/ns

NOTE 1 Difference between dV/dt_r (rising edge rate) and dV/dt_f (falling edge rate).

2.14  Output Buffer Overshoot/Undershoot

This register is - among other applications - intended for use in the JEDEC reference designs as defined in
JESD21-C, DDR2 Registered DIMM Design Standard. It is designed and characterized to produce
overshoots/undershoots less than indicated in the table below, to comply with DDR2 SDRAM overshoot/
undershoot requirements under worst case DRAM loading conditions (Min or Max), over DIMM
operating conditions, and within the recommend operating conditions of the register listed in Table 5,

Table 10 — Output Overshoot/undershoot Over Recommended
Operating Free-air Temperature Range

Ref Overshoot Undershoot
DIMM Design Specification clerence Speed Bin (above Vpp) | (below GND)
Design .1
Maxl Min
¢.g, DDR2 Registered DIMM eg. FO | eg PC2-4200 g 05V eg. 0.5V

Design Specification Rev 2.0

NOTE 1 This value is verified by design and characterization, and may not be subject to production test

Register vendors are expected to supply the data in this table for the intended applications in their
respective data sheets or in other suitable form.
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3 Test Circuits and Switching Waveforms

3.1 Parameter Measurement Information for Data Output Load Circuit (Vpp=1.8 V+0.1V)

All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz;
Z, =50 Q; input slew rate = 1 V/ns £+ 20%, unless otherwise specified.

The outputs are measured one at a time with one transition per measurement.

VbD
DUT
T =500 T, =350 ps, 50 2 Rp = 1000 ©
CK INPUTS CK
—f) (==& ow
Cp=80pF Ry = 1000 Q
TEST POINT SEE NOTE (1) I
RL=100Q T
TEST POINT

NOTE 1 Cp includes probe and jig capacitance.

Figure 13 — Load Circuit, Data Output Measurements

LVCMOS
7 VpD
RESET Vpp/2 / Vbp/2
ov
* tact —™
lop F90%
(SEE NOTE)

NOTE 1 Ipp tested with clock and data inputs held at Vpp or GND, and I = 0 mA.

Figure 14 — Voltage and Current Waveforms; Inputs Active and Inactive Times

INPUT Vicr Vicr Vip

NOTE 1 VID =600 mV
NOTE 2 Vg = Vggr + 250 mV (AC voltage levels) for differential inputs. Vi = Vpp for LVCMOS inputs.
NOTE 3 Vi = Vrgr — 250 mV (AC voltage levels) for differential inputs. Vi = Vpp for LVCMOS inputs.

Figure 15 — Voltage Waveforms; Pulse Duration



JEDEC Standard No. 82-26.01

3.1 Parameter Measurement Information (cont’d)

CK \
VIcR Vib
CK :
tsy th
ViH
INPUT VREFE VREF
ViL

NOTE 1 VID =600 mV
NOTE2 Vggr=Vpp/2
NOTE3 Vg = Vggrt250mV (AC voltage levels) for differential inputs. Vi = Vpp for LVCMOS inputs.
NOTE 4 Vi = Vggr—250 mV (AC voltage levels) for differential inputs. Vi = Vpp for LVCMOS inputs.

Figure 16 — Voltage Waveforms; Set-up and Hold Times

CK
Vicr >< Vicr Vi(p-p)
CcK

tPLH PHL

\ VoH
OUTPUT vrT
—v

NOTE 1 tpyy and tpy; are the same as tpp.

oL

Figure 17 — Voltage Waveforms; Propagation Delay Times

LVCMOS RESET

ViH
INPUT Vpp/2
ViL
PHL
\ VoH
OUTPUT

"
VoL
NOTE 1 tpyy and tpy are the same as tpp.

NOTE2 Vg = Vggr 250 mV (AC voltage levels) for differential inputs. Vi = Vpp for LVCMOS inputs.
NOTE3 V= Vggr— 250 mV (AC voltage levels) for differential inputs. Vi = Vpp for LVCMOS inputs.

Figure 18 — Voltage Waveforms; Propagation Delay Times

Page 23
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3.2 Data Output Slew-rate Measurement Information (Vpp=1.8 V+0.1V)

All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz;
Z, =50 Q; input slew rate = 1 V/ns + 20%, unless otherwise specified.

but R =500

ouTt

TEST POINT

CL =10 pF
SEE NQTE (1)

—HF——T——3

NOTE 1 Cj includes probe and jig capacitance.

Figure 19 — Load Circuit, HIGH-to-LOW Slew Measurement

QUTPUT

VoH

\ 80%
dv_f

20%

V,
dt_f ot

Figure 20 — Voltage Waveforms, HIGH-to-LOW Slew Rate Measurement

DUT

out

TEST POINT

C_ =10pF

RL=500Q
SEE NOTE (1)

I

NOTE 1 Cp includes probe and jig capacitance.

Figure 21 — Load Circuit, LOW-to-HIGH Slew Measurement

dt_r

VoH

i 80%
dv_r

20%
QUTPUT

VoL

Figure 22 — Voltage Waveforms, LOW-to-HIGH Slew Rate Measurement
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33 Error Output Load Circuit and Voltage Measurement Information (Vpp=1.8 V+0.1V)

All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz;
Z, =50 Q; input slew rate = 1 V/ns + 20%, unless otherwise specified.

Vpp
DUT |

— R =1KQ
Out ]-Test Point

cL=topF |
(see Note 1) j

LOAD CIRCUIT — HIGH-TO-LOW SLEW-RATE MEASUREMENT
NOTE 1 Cp includes probe and jig capacitance.

Figure 23 — Load Circuit, Error Output Measurements

LVCMOS

——————————— Vce
RESET ;E Veel2
Input
VoH
Output |
Waveform 2 owyvy_ ov

Figure 24 — Voltage Waveforms, Open-drain Output LOW-to-HIGH
Transition Time with Respect to Reset Input

Vi(PP)
|
Timing
Inputs X\ﬁcn XVICFI I
[
PPHL ™ &
Output  ——_— vee
Waveform 1 Veel2
VoL

Figure 25 — Voltage Waveforms, Open-drain Output HIGH-to-LOW
Transition Time with Respect to Clock Inputs

Vi(PP)

Timing b
Inputs XVICFI XVICR i
|
PPHL ™ &

| vV
Qutput -
Waveform 2 oisv. ov

Figure 26 — Voltage Waveforms, Open-drain Qutput LOW-to-HIGH
Transition Time with Respect to Clock Inputs
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4

Reference to Other Applicable JEDEC Standards and Publications

JEPOS, JEDEC Registered and Standard Outlines for Solid State and Related Products
JEP104, Reference Guide to Letter Symbols for Semiconductor Devices

JESDS8-7, 1.8V +/- 0.15V (Normal Range), and 1.2 - 1.95V (Wide Range) Power Supply
Voltage and Interface for Nonterminated Digital Integrated Circuits

JESDS-15, Stub Series Terminated Logic for 1.8 V (SSTL 18)
JESD21-C, Configuration for Solid State Memories

JESD&82-7, Definition of the SSTU32864 1.8 V Configurable Registered Buffer for DDR2
RDIMM Applications

Annex A - (Informative) Differences between JESD82-26.01 and JESD82-26

Terminology update on Table 1, changed “Master clock™ to “Main clock”
Reformatted the cover page to JEDEC standard

Updated the JEDEC logo on front and back pages

Removed the EIA logo from front page

Moved table notes to inside of tables

Added the JEDEC Standard Improvement Form

Added Table of Contents, List of Tables, and List of Figures
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The purpose of this form is to provide the Technical Committees of JEDEC with input from the industry
regarding usage of the subject standard. Individuals or companies are invited to submit comments to
JEDEC. All comments will be collected and dispersed to the appropriate committee(s).

If you can provide input, please complete this form and return to:

JEDEC Fax: 703.907.7583
Attn: Publications Department

3103 North 10th Street

Suite 240 South

Arlington, VA 22201-2107

1. Irecommend changes to the following:
|:| Requirement, clause num-

|:| Test method number Clause number

The referenced clause number has proven to be:

|:| Unclear |:| Too Rigid |:| In Error
|:| Other

2. Recommendations for correction:

3. Other suggestions for document improvement:

Submitted by

Name: Phone:
Company: E-mail:
Address:

City/State/Zip: Date:
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