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(57) ABSTRACT 

A SLDRAM System is provided With a plurality of in 
circuit, calibratable memory modules and a memory con 
troller for issuing unicast and multicast command packets to 
the memory modules. Command packets are transmitted 
over a unidirectional command link that includes a comple 
mentary pair of command clock lines, a command FLAG 
line and a plurality of noncomplemented command bit lines. 
Each of the command clock lines, command bit lines and the 
FLAG line is a SLIO transmission line. Data transfer opera 
tions are carried out in response to the command packets 
over one or more bidirectional data links that each includes 
tWo complementary pairs of data clock lines, and a plurality 
of noncomplemented data bit lines. Each of the data clock 
lines and the data bit lines is a SLIO transmission line. Each 
SLIO transmission line is single-end terminated and prefer 
ably tapped into by Way of stub resistors. 
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MEMORY SYSTEM HAVING 
SYNCHRONOUS-LINK DRAM (SLDRAM) 

DEVICES AND CONTROLLER 

BACKGROUND 

[0001] 1. Field of the Invention 

[0002] The invention relates generally to memory systems 
that use inexpensive random access memory devices (eg 
DRAM devices). The invention relates more speci?cally to 
memory devices that may be programmably-calibrated 
While in-circuit. 

[0003] 2a. Cross Reference to Related Non-Provisional 
Applications 
[0004] The following copending US. non-provisional 
patent applications are fully oWned by the oWner of the 
present application, and their disclosures are incorporated 
herein by reference: 

[0005] (A) Ser. No. 08/909,299 [Attorney Docket 
No. SLDM1001] ?led Aug. 11, 1997, by inventors 
David B. Gustavson et al. and entitled, BIFUR 
CATED DATA AND COMMAND/ADDRESS 
COMMUNICATIONS BUS ARCHITECTURE 
FOR RANDOM ACCESS MEMORIES EMPLOY 
ING SYNCHRONOUS COMMUNICATION PRO 
TOCOLS; 

[0006] (B) Ser. No. 08/933,713 [Attorney Docket No. 
SLDM1004] ?led Sep. 19, 1997, by inventor Bruce 
Millar and entitled, DE-SKEWING DATA SIG 
NALS IN A MEMORY SYSTEM; 

[0007] (C) Ser. No. 08/933,710 [Attorney Docket No. 
SLDM1006] ?led Sep. 19, 1997, by inventor Bruce 
Millar and entitled, HIGH-SPEED BUS STRUC 
TURE FOR PRINTED CIRCUIT BOARDS; 

[0008] (D) Ser. No. 08/933,673 [Attorney Docket 
No. SLDM1008] ?led Sep. 19, 1997, by inventors 
Peter Bruce Gillingham and entitled, READ/WRITE 
TIMING FOR MAXIMUM UTILIZATION OF 
BIDIRECTIONAL READ/WRITE BUS; and 

[0009] Ser. No. 08/987,328 [Attorney Docket No. 
SLDM1011] ?led Dec. 9, 1997, by inventors David 
V. James et al. and entitled, DUAL DATA CLOCK 
FOR GLITCH-LESS TRANSFER OF TIMING 
INFORMATION. 

[0010] 2b. Cross Reference to Related Provisional Appli 
cations The folloWing copending US. provisional patent 
applications are fully oWned by the oWner of the present 
application, and their disclosures are further incorporated 
herein by reference: 

[0011] Ser. No. 60/055,349 ?led Aug. 11, 1997, 
by inventors Kevin Ryan et al. and entitled, 
SLDRAM ARCHITECTURE; 

[0012] (G) Ser. No. 60/057,092 ?led Aug. 27, 1997, 
by inventors David B. Gustavson et al. and entitled, 
SLDRAM ARCHITECTURE; 

[0013] Ser. No. 60/057,687 ?led Aug. 27, 1997, 
by inventors David B. Gustavson et al. and entitled, 
SLDRAM ARCHITECTURE 
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[0014] (I) Ser. No. 60/055,368 ?led Aug. 11, 1997, by 
inventors David B. Gustavson et al. and entitled, A 
HIGH-SPEED MEMORY INTERFACE; and 

[0015] (J) Ser. No. 60/069,092 ?led Dec. 10, 1997 by 
inventors David B. Gustavson et al. and entitled, 
SLDRAM PROTOCOL AND COMMAND FOR 
MAT. 

[0016] 2c. Cross Reference to Other Documents 

[0017] The folloWing documents are cited here for pur 
poses of reference: 

[0018] (a) (SLDRAM White Paper) SLDRAMArchi 
tectural and Functional Overview by Peter Gilling 
ham, MOSAID Technologies Inc., Aug. 29, 1997 
SLDRAM Consortium; 

[0019] (b) Draft 0.99 Oct. 14, 1996 IEEE Memory 
Interface (SyncLink) P1596.7-199X entitled, Draft 
Standard forA High-Speed Memory Interface (Syn 
cLink) by the IEEE Project 1596.x Working Group 
including Bill Vogley of Texas Instruments Semi 
conductor Group and Dr. David B. Gustavson of 
Santa Clara University; and 

[0020] (c) (Previous SLDRAM device specs) 
DRAF T/ADVAN CE SLDRAM Inc. 
SLD4M18DR400 4 MEG><18 SLDRAM PIPE 
LINED, EIGHT BANK, 2.5V OPERATION 400 
Mb/s/pin SLDRAM, including original of August 
1997, and later revisions of: Sep. 22, 1997; Dec. 4, 
1997; Jan. 29, 1998; and Feb. 12, 1998. 

[0021] 2d. Reference to Appended Documents 

[0022] The folloWing documents are appended hereto and 
form part of the present disclosure. If there are any discrep 
ancies betWeen any of the appended documents and the 
present, main speci?cation of this application, each shall be 
deemed as internally consistent With What is described in 
that document or, main speci?cation Without disturbing the 
other. Cross-consistent details of the main speci?cation and 
appended documents supplement one another: 

[0023] (a) (Latest SLDRAM device specs) DRAFT/ 
ADVANCE SLDRAM Inc. SLD4M18DR400 4 MEG>< 
18 SLDRAM PIPELINED, EIGHT BANK, 2.5V 
OPERATION 400 Mb/s/pin SLDRAM, revision of: 
Jul. 9, 1998; 

[0024] (b) “SLDRAM: High-Performance Open-Stan 
dard Memory”, Peter Gillingham and Bill Vogley, 
IEEE Micro MagaZine November/December 1997 pp 
29-39; 

[0025] (c) Draft 0.99 Oct. 14, 1996 IEEE Memory 
Interface (SyncLink) P1596.7-199X entitled, Draft 
Standard for A High-Speed Memory Interface (Syn 
cLink) by the IEEE Project 1596.x Working Group 
including Bill Vogley of Texas Instruments Semicon 
ductor Group and Dr. David B. Gustavson of Santa 
Clara University; 

[0026] (d) Appendices I-IV of above-cited provisional 
applications including internal sub appendices thereof; 
and 

[0027] (e) 1998 IEEE International Solid-State Circuits 
Conference (ISSCC), pp.160-161, 431, 126-127, 385, 
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Y. Morooka et al., “Source Synchronization and Timing 
Vernier Techniques for 1.2 GB/s SLDRAM Interface”. 

[0028] 2e. Notice Regarding Copyright Claims 

[0029] This application includes descriptions of algo 
rithms that may be implemented by one or more computer 
programs. The oWner of this application reserves the right to 
claim certain copyrights in said computer programs. The 
oWner has no objection, hoWever, to the reproduction by 
others of the descriptions herein of such algorithms if such 
reproduction is for the sole purpose of studying the disclo 
sure to understand the invention or inventions described 
herein. The oWner reserves all other copyrights in such 
computer programs, including the right to reproduce such 
computer programs in machine-executable form. 

[0030] 3. Description of the Related Art 

[0031] Dynamic memory or DRAM (dynamic random 
access memory) devices are Well-knoWn in the industry for 
providing inexpensive and relatively high-speed storage 
capabilities. The basic dynamic memory cell comprises a 
charge-storing capacitor and a gating element (eg a ?eld 
effect transistor) for providing addressable access to the 
charge in the capacitor for sensing, refresh and overWriting. 

[0032] Because of the simplicity of the basic dynamic 
memory cell, many such cells can be crammed economically 
into industry-standard siZed integrated circuit (IC) dice. For 
example, present day home computers are typically pro 
vided With so-called SIMM’s (Single Inline Memory Mod 
ules) that have 8 or 9 IC packages mounted thereon With 
each such IC package providing 64 Mb (64 Mega-bits) of 
DRAM storage. Such SIMM’s may be used for providing 
the main system memory of the computers. Each IC device 
of the SIMM typically includes a monolithic silicon die or 
other semiconductor substrate With lithographically de?ned 
circuitry provided thereon or therein. The IC device further 
comprises a sealed package for protecting the substrate and 
its circuitry, and interconnect pins for providing signal 
coupling betWeen the package-internal circuitry and external 
circuits. Multi-Chip Module (MCM) type packages may 
also be used. 

[0033] There remains a long-felt desire in the industry to 
increase the storage density and speed of dynamic memory 
(e.g., DRAM) systems While simultaneously reducing costs. 
HoWever, this is not a simple task. Part of the effort toWard 
reduction of costs comes in the form of making ever-smaller 
dynamic memory cells. But that is not enough. Aside from 
a large number of dynamic memory cells, a dynamic 
memory device generally needs additional circuitry for 
organiZing its dynamic memory cells into addressable 
Words, refreshing data held in the memory cells, moving 
data along internal buses, and interfacing With external 
circuitry. All these additional circuits introduce varying 
delays to the data access times of the overall dynamic 
memory device. 

[0034] Because of this, it has become dif?cult to mix and 
match different dynamic memory devices in a single system. 
For example, if a computer system requires so-called 70 nS 
(70 nanosecond) devices, it is not advisable to mix-in faster 
60 nS devices While retaining the sloWer 70 ns devices. The 
differing response speeds of such mixed devices may create 
timing problems on the memory bus. Even if all the utiliZed 
devices are rated for a same 60 nS speed, sometimes timing 
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problems may still arise if the mix of 60 nS devices is from 
different manufacturers. Tolerances may vary betWeen 
manufacturers. Because of this each memory device may 
have slightly different parametric characteristics than that of 
its neighbors due to, for example, the use of different 
semiconductor technologies in their manufacture. This pre 
sents problems to users Who have invested in a ?rst set of 
memory chips from a ?rst vendor and Want to mix them in 
a same memory system With a second set of more modern 
memory chips obtained from a different vendor. 

[0035] Despite such problems, the relatively loW cost of 
dynamic memory (e.g., DRAM) devices has led to their 
incorporation into a Wide variety of applications including 
serving as the main memory of both desktop and mobile 
computer systems, as Well as providing image-storing ser 
vices for real-time and high-resolution video systems. This 
broad range of applications imposes many demands on 
future generations of dynamic memory devices including 
desirabilities for: (a) providing yet-loWer per bit cost and 
higher storage densities, (b) alloWing for minimiZed poWer 
usage by each device, (c) providing for Wide and sustainable 
read/Write bandWidth capabilities, (d) reducing latency times 
betWeen each access request and a corresponding read/Write 
operation, (e) providing for easy scalability to deeper and/or 
Wider data storage organiZations, permitting mixing and 
matching of memory devices in legacy systems that still use 
older technology devices, and (g) providing basic support 
for different kinds of hierarchical memory con?gurations. 

[0036] In an attempt to meet a subset of these challenges, 
past generations of DRAM devices have evolved through a 
number of iterations over the years. Fast Page Mode (FPM) 
devices Were early providers of higher speed access to 
previously opened pages of memory. Extended Data Out 
(EDO) devices provided for yet faster memory access by 
overlapping address decode and output operations. SDRAM 
(Synchronous DRAM) devices provided a higher speed 
interface by using synchronously-clocked data buses. DDR 
(Double Data Rate) devices began to take advantage of both 
edges on each clock pulse to increase throughput rate. 

[0037] HoWever, none of these evolutionary approaches 
(FPM, EDO, SDRAM, or DDR) are believed to be suf?cient 
on their oWn for providing a general solution to the chal 
lenges that are expected to arrive in the coming years. 
Next-generation computer systems are expected to operate 
at ever-higher sWitching frequencies and use Wider Word 
siZes and deeper (larger) address spaces. Small amounts of 
skeW betWeen data and clock phases may become a problem. 
Small differences in the various’ delays that are imposed on 
parallel signals may become a problem. For example, delay 
differences may arise due to minor differences betWeen 
parallel transmission lines that carry parallel clock and/or 
data signals (e.g., the delay differences may be due to slight 
mismatches of impedances on printed circuit board traces) 
and such differences may become a problem. As sWitching 
frequencies increase, problems With intersymbol interfer 
ence, crosstalk, general noise, and so forth are expected to 
increase. A more comprehensive approach is needed for 
anticipating such problems and for providing ?exible 
mechanisms to deal With such problems. 

SUMMARY OF THE INVENTION 

[0038] A Synchronous-Link Dynamic Random Access 
Memory (SLDRAM) System may be provided in accor 
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dance With the invention to include: (a) a command module 
for issuing command packets to uniquely addressable 
memory units and/or addressable collections of such units; 
(b) a high-speed command link for carrying the command 
packets; (c) one or more high-speed data links for carrying 
data corresponding to packet-commanded data-transfer 
actions; and (d) one or more, in-circuit programmably 
calibratable SLDRAM modules each having one or more 
addressable memory units, Where each SLDRAM module is 
capable of interfacing With the command link and at least 
one of the high-speed data links for appropriately respond 
ing to informational queries provided by command packets, 
for further appropriately responding to tuning (adjustment, 
or calibrating) commands provided by command packets, 
and for yet further appropriately responding to data address 
ing and other data-transfer-related commands provided by 
command packets. 
[0039] A system initialiZing method in accordance With 
the invention comprises the steps of: (a) ?rst initialiZing an 
SLDRAM system by broadcasting from a reference location 
(e.g., from pins of a memory controlling module) a pre 
de?ned ?rst synchroniZation sequence over command/ad 
dress lines (e.g., CA(9:0)) and data lines (e.g., DQ(17:0)) of 
the system While simultaneously and synchronously output 
ting from the reference location a continuously-running 
clock train over one or more clock lines (e.g., CCLK, 
DCLKO, DCLKl) of the system for alloWing one or more 
SLDRAM modules present in the system to each self-adjust 
local command-receiving and data-receiving circuits of the 
SLDRAM module to synchronously recogniZe the pre 
de?ned ?rst synchroniZation sequence at the locality of the 
self-adjusting SLDRAM module; (b) second initialiZing the 
SLDRAM system by sequentially assigning identi?cation 
codes (ID’s and/or sub-ID’s) to individually-addressable, 
memory units Within the in-system SLDRAM modules; (c) 
third initialiZing the SLDRAM system by sequentially com 
manding each in-circuit SLDRAM module to adjust output 
levels of the SLDRAM module’s data-clock driving and 
data-line driving circuits to levels acceptable to an in-circuit 
memory controller (command module); (d) fourth initialiZ 
ing the SLDRAM system by sequentially commanding each 
in-circuit SLDRAM module to respectively output a pre 
de?ned second synchroniZation sequence (Which can be the 
same as the ?rst) over the data lines (e.g., DQ(17:0)) of the 
system While simultaneously and synchronously outputting 
from the commanded SLDRAM module, a continuously 
running clock train over one or more data-clock lines (e.g., 
DCLKO, DCLKl) of the system, this for alloWing the 
in-circuit memory controller to command adjustments (e.g., 
individual phase changes) to local data-outputting circuits 
and local data-clock outputting circuits of the sequence 
outputting SLDRAM module so that the memory controller 
Will be able to synchronously recogniZe the prede?ned 
second synchroniZation sequence at the locality of the 
memory controller; and (e) ?fth initialiZing the SLDRAM 
system by sequentially determining data read and data Write 
latency times of respective ones of the in-circuit, individu 
ally-addressable, memory units. 

[0040] A system utiliZation method in accordance With the 
invention comprises the steps of: (a) synchronously issuing 
command packets from a reference location (e.g., from a 
memory controlling module) of an SLDRAM system using 
command/address lines (e.g., CA(9:0)) of the system and 
command-clock lines (e.g., CCLK/CCLK#) of the system 
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for transmitting the command packets to one or more 
in-circuit-calibratable SLDRAM modules of the system, 
Where ?rst ones of the issued command packets individually 
or collectively address one or more individually-address 

able, memory units Within the SLDRAM modules and 
de?ne a data-transfer operation’to be carried out by the 
individually or collectively addressed memory units; and (b) 
causing the addressed memory units to responsively perform 
the de?ned data-transfer operation Within a time slot that 
folloWs receipt by the memory unit of a respective command 
packet, Where latency betWeen the receipt of the respective 
command packet and the responsive performance the 
de?ned data-transfer operation is adjustable; and Wherein 
second ones of the issued command packets individually 
address one or more of the individually-addressable, 

memory units and de?ne one or more respective data 
transfer latencies for the individually-addressed memory 
unit. 

[0041] A pins and/or traces distribution pattern in accor 
dance With the invention, as seen across a plane that inter 
sects the pins or the traces (Which traces can be printed 
circuit board traces), is characteriZed by: one or plural linear 
series of pins/traces, With each series extending in a lateral 
?rst direction betWeen outer extremes of a signal commu 

nicating path extending longitudinally in a second, generally 
orthogonal direction and Wherein said pins/traces include: 
(a) a ?rst pair of complementary command-clock pins/traces 
for respectively carrying complementary command-clock 
signals (CCLK, CCLK#), the ?rst pair of command-clock 
pins/traces being disposed approximately midWay betWeen 
said outer extremes of said signal communicating path; (b) 
a set of command-packet carrying pins/traces for carrying 
command Words (CAO:9) that are synchroniZed With the 
command-clock signals and de?ne command-packets, the 
command-packet carrying pins/traces being disposed proxi 
mate to the ?rst pair of command-clock pins/traces; (c) a, 
packet-?agging pin/trace for carrying a FLAG signal that 
may be used to identify the beginning or ends of consecutive 
command-packets, the command-?agging pin/trace being 
disposed proximate to the command-carrying pins/traces; 
(d) second and third pairs of complementary data-clock 
pins/traces for respectively carrying complementary ?rst 
data-clock signals (DCLKO, DCLKO#) and complementary 
second data-clock signals (DCLKl, DCLK1#), the second 
and third complementary pairs of data-clock pins/traces 
being disposed proximate to the ?rst pair of complementary 
command-clock pins/traces; (e) a set of data-Word carrying 
pins/traces for carrying data-Words (DQO:17) that are syn 
chroniZed With one or the other of the data-clocks (DCLKO, 
DCLKl), the set of data-carrying pins/traces being distrib 
uted symmetrically about the data-clock carrying pins/ 
traces; and data-output poWering pins/traces for provid 
ing dedicated poWer rails (VDDQ, VssQ) for line-drivers 
that output signals onto the data-carrying pins/traces, the 
data-output poWering pins/traces being distributed plurally 
and symmetrically adjacent to the data-Word carrying pins/ 
traces. 

[0042] Other aspects of SLDRAM systems in accordance 
With the invention Will become apparent from the beloW 
detailed description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] The below detailed description makes reference to 
the accompanying drawings, in Which: 

[0044] FIG. 1A is a block diagram shoWing a simpli?ed, 
high-level vieW of a SLDRAM system in accordance With 
the invention; 

[0045] FIG. 1B is a schematic shoWing a more detailed 
vieW of one embodiment of an SLDRAM system in accor 
dance With the invention; 

[0046] FIG. 1C is a schematic diagram for illustrating 
general aspects of a SLIO (SynchronousLink Input/Output) 
connection; 
[0047] FIG. 1D is a schematic diagram illustrating a 
possible con?guration of a controller mother board and 
module daughter boards; 

[0048] FIG. IE is a legend for symbols used in FIGS. 
1B-1D; 
[0049] FIG. 2A is a How diagram shoWing in simple terms 
hoW commands, data clocks and data bus transfers may be 
pipelined in accordance With the invention; 

[0050] FIG. 2B is a timing diagram shoWing in more 
detail hoW commands, data clocks and data bus transfers 
may be interleaved in accordance With the invention; 

[0051] 
[0052] FIG. 4 is a top-vieW pinout diagram shoWing an 
interleaving of interconnect pins on opposed sides of a 
bottom of a Vertically Standing Module Package (VSMP) in 
accordance With the invention; 

[0053] FIGS. 5A-5B combine to form a schematic dia 
gram of an SLDRAM module in accordance With the 

invention; 
[0054] FIG. 6A is a block diagram of a memory controller 
in accordance With the invention; 

[0055] FIG. 6B is a schematic of a DLL circuit and a 
matched delay circuit that may be used in the memory 
controller of FIG. 6A; and 

[0056] FIG. 7 is a block diagram of a SLDRAM module 
having timing circuits that complement those used in the 
memory controller of FIG. 6A. 

FIG. 3 is a block diagram of a buffered system; 

DETAILED DESCRIPTION 

[0057] System OvervieW 

[0058] FIG. 1A provides an introduction to a SLDRAM 
System 100 in accordance With the invention that satis?es at 
least some of the desirable characteristics set forth above, 
namely, (a) alloWing for loW per bit cost, (b) alloWing for 
minimiZed poWer usage When devices are not in use, (c) 
providing for Wide and sustainable read/Write bandWidth 
capabilities, (d) Where possible, reducing latency times 
betWeen each access request and a corresponding read/Write 
operation, (e) providing for easy scalability to deeper and/or 
Wider data storage organiZations, permitting miXing and 
matching of memory devices that use different kinds of 
memory technologies Where some are sloWer than others, 
and (g) providing basic support for different kinds of hier 
archical memory con?gurations. These aspects Will become 
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clearer as various details are discussed in conjunction With 
the more detailed representation found in FIG. 1B. 

[0059] Akey feature of the SLDRAM System 100 shoWn 
in FIG. 1A is the provision of one or more, command 
queriable and command-tunable memory modules (com 
mand Q/T-able modules) such 110 and 180. 

[0060] The term ‘command-queriable’ (command Q-able) 
indicates here that a command module 150 can send infor 
mation-seeking, query packets to individually-addressable 
memory units (IAMU’s) for discovering their internal orga 
niZation and basic characteristics. 

[0061] EXamples of such internal organiZation informa 
tion includes number of memory banks, number of memory 
roWs per bank, number of memory columns per roW, number 
of bits or Words per column and number of parallel data 
output lines. EXamples of basic characteristics include mini 
mum and maXimum latency times for accessing a speci?c 
column of an already-opened roW in a given bank. Another 
such eXample is minimum and maXimum latency times for 
accessing a speci?c column of a not-yet-opened roW in a 
not-yet-opened bank. 

[0062] An already-opened roW in an already-opened bank 
is referred to herein as a ‘page’ and its respective read/Write 
latencies are referred to herein as ‘page read’ (PgRd) and 
‘page Write’ (PgW) latencies. The respective latencies for a 
speci?c column of data in a not-yet-opened roW of a 
not-yet-opened bank are referred to herein as ‘bank read’ 
(BkRd) and ‘bank Write’ (BkW) latencies. The minimum 
and maXimum values for each of the PgRd, PgW, BkRd and 
BkW latencies can vary depending on the internal technolo 
gies used Within given memory devices. 

[0063] As Will be seen, it is useful for the command 
module 150 to be able to discover What the internal orga 
niZation and basic characteristics are of the various memory 
modules 110 through 180 that are present, and operatively 
in-circuit, Within the SLDRAM System 100 so that the 
command module 150 can tune (calibrate) the memory 
modules While they are in-circuit and so that the command 
module 150 can properly interleave data transfers of such 
in-circuit tuned, memory modules to correspond With 
respective data time slots. 

[0064] As used herein, the term ‘SLDRAM module’ can 
refer to either a single SLDRAM IC device or to a daughter 
board containing a buffered group of SLDRAM IC devices. 
Each ‘SLDRAM module’ can contain one or a plurality of 

individually-addressable, memory units (IAMU’s). Each 
so-addressable memory unit (IAMU) may be assigned an ID 
(identi?cation) number during system initialiZation. There 
after, information-seeking, query packets can be directed 
from the command module 150 to respective IAMU’s for 
discovering their internal organiZations and basic character 
istics. Calibrating packets may be directed from the com 
mand module 150 to respective SLDRAM modules for 
tuning each module to match in-circuit conditions. Data 
access (read and Write) command packets may be directed 
from the command module 150 to respective, pre-calibrated 
SLDRAM modules for timely accessing their data. 

[0065] In one embodiment, SLDRAM System 100 can 
support up to 256 IAMU’s by using a set of nine identi? 
cation bits, IDO through IDS Within command packets. A 
?rst half (e.g., ID8=0) of the corresponding address space of 
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512 locations that is addressable by ID(0:9) is reserved for 
individually addressing (unicasting to) the IAMU’s. At least 
one unique location Within the second half (e.g., ID8=1) of 
the same address space is reserved for globally addressing 
all IAMU’s. Preferably, this globally-addressing or broad 
cast code is de?ned as a setting of each of the ID bits to logic 
high (‘1’). Other locations Within the upper half of the 
address space may be used for addressing subsets of 
IAMU’s in multicast fashion. In a second embodiment, 
SLDRAM System 100 can support up to 512 IAMU’s by 
using a set of ten identi?cation bits, IDO through ID9 Within 
command packets. In an alternate embodiment, the number 
of IAMU’s is expanded by retaining IDO through IDS and 
supplementing these 9 address bits With additional, sub-ID 
bits. Of course, larger address spaces are also contemplated 
through the use of enlarged command packets that have 
more ID bits and/or more sub-ID bits. 

[0066] In FIG. 1A, command packets travel unidirection 
ally over a CommandLink 151 that couples the command 
module 150 to each of up to eight further ‘loads’ (SLDRAM 
modules 110 through 180). The CommandLink 151 com 
prises ten, single-end terminated transmission lines for 
respectively carrying command/address bits Zero through 
nine (CAO:9) in parallel. These ten lines are collectively 
referred to as the CA bus 151a. 

[0067] Successive CAO:9 command/address Words (each 
10-bits Wide) are synchroniZed consecutively With the rising 
and falling edges of a command clock that is provided as a 
differential pair of signals, CCLK and CCLK# on tWo, 
single-end terminated transmission lines 151b. Description 
herein of a speci?c rising or falling clock edge refers to the 
noninverted signal (e.g., CCLK) rather than to its inverted 
complement (e.g., CCLK#). 
[0068] The CommandLink 151 further comprises four 
command control lines 1516 that respectively carry a FLAG 
signal (151c1), a LISTEN signal (151c2), a LINKON signal 
(151c3) and a RESET# signal (151c4). The references, 
151c1-151c4 are seen in FIG. 1B rather than in 1A. 

[0069] In one embodiment, command packets each consist 
of 4 consecutive, 10 bit Wide Words transmitted over the 
CA(9:0) bus 151a. The ?rst Word of a command is indicated 
by a ‘1’ in a ‘01000’ command-aligning SLIO stream 
provided on the FLAG line (151c1). The CCLK/CCLK# 
signals of transmission lines 151b are preferably free-run 
ning square Waves during an active, LINKON=1 mode. An 
eXpected typical frequency for CCLK is about 200 MHZ 
although other frequencies such as about 300 MHZ, about 
400 MHZ, about 600 MHZ, and so forth are contemplated as 
Well. Both edges of the differential free running clock 
CCLK/CCLK* 151b are used by listening SLDRAM mod 
ules (110-180) to synchronously latch command Words. 
Thus the 200 MHZ version of CCLK provides a command 
bandWidth of 400 Mega-bits per second per CA line (400 
Mb/s/pin). It is contemplated that alternate embodiments 
may use more CAWords per command packet and/or a Wider 
CA bus having more CA transmission lines 151a. 

[0070] While the LISTEN line (151c2) is high the 
SLDRAM modules (110-180) are eXpected to monitor other 
parts of the CommandLink 151 for commands. When LIS 
TEN is loW there should be no commands present on the 
CommandLink and SLDRAM modules (110-180) are per 
mitted to enter a poWer saving standby mode. Each 
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SLDRAM module (110-180) should be able to eXit this 
non-listening standby mode and accept a neXt command 
packet Within 2 CCLK clock cycles (4 ticks) of LISTEN 
going back high (to logic When LINKON (151c3) is brought 
loW the SLDRAM modules (110-180) may enter a shutdoWn 
mode in Which the complementary CCLK/CCLK# signals 
151b can be turned off to achieve a loW poWer consumption 
condition on the CommandLink 151. The RESET# signal 
(151c4) is used to put the SLDRAM modules (110-180) into 
a knoWn state such as on poWer-up so that initialiZation may 
begin. 

[0071] At least one, bi-directional DataLink 
(DataLink_A) 155 is provided. This DataLink_A 155 is used 
by the command module 150 for receiving initialiZation 
query responses and other data (e.g., read data) from each of 
the SLDRAM modules (110-180). It may also be used by the 
command module 150 for outputting Write data to one or 
more of the SLDRAM modules. DataLink_A 155 comprises 
eighteen, single-end terminated transmission lines for 
respectively carrying data bits Zero through seventeen 
(DQ(0:17)_A) in parallel. These eighteen lines are collec 
tively referred to as the DQ_A bus 155a. Individual lines are 
respectively referenced by parenthetical number such as 
DQ(5)_A for line 5 of the DQ_A bus 155a. In one embodi 
ment, aside from the command module 150, each DataLink 
such as 155 can support no more than eight electrical loads, 
each of a prede?ned maXimum value of electrical capaci 
tance (e.g., 3 pF). 

[0072] Successive DQ(0:17)_A data Words (each 18-bits 
Wide) are associated consecutively With the rising and 
falling edges of a command-speci?ed one of plural data 
clock signals. The command-speci?ed data clock signal may 
be provided either as differential pair, DCLKO_A and 
DCLKO_A# on a respective ?rst pair of single-end termi 
nated transmission lines 155b or it may be provided as 
differential pair, DCLK1_A and DCLK1_A# on a respective 
second pair of single-end terminated transmission lines 
1556. Description herein of a speci?c rising or falling data 
clock edge refers to the non-inverted DCLKO or DCLK1 
signal rather than to its inverted complement, the DCLKO# 
or DCLK1# signal. 

[0073] Each of the DCLKO and DCLK1 data-clock signals 
generally operates at or about the same frequency as the 
CCLK command-clock. Unlike the CCLK signal, the 
DCLKO and DCLK1 data-clock signals are generally time 
WindoWed rather than being free-running. The signal-origi 
nating point for each of the DCLKO_A and DCLK1_A 
data-clock signals should change to correspond With the 
source point of corresponding data that is to be placed onto 
the DQ_A bus 155a. As different devices take over mastery 
of the DQ_A bus 155a the origin point of the corresponding 
DCLKO_A or DCLK1_A signal also typically changes. Data 
transmission on the DQ_A bus 155a preferably occurs as 
bursts of at least 4 consecutive data Words each, With each 
such data Word being 18 bits Wide (thus providing at least 72 
bits of data transfer per burst). Data burst length may be 
speci?ed by a corresponding command packet. 

[0074] During read operations, the DCLKO and DCLK1 
signals are each originated from an assigned one of the 
SLDRAM modules (110-180) that has corresponding mas 
tery over the DQ_A bus 155a for the read operation. During 
Write operations, the command module 150 gives itself 
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corresponding mastery over the DQ_A bus and the DCLKO 
and DCLKl signals are each originated from the command 
module 150. The phase and magnitudes of the DCLKO and 
DCLKl signals at their respective points of origin can vary 
depending on the location of the source point along on the 
DataLink 155. 

[0075] Typically, a ?rst of the SLDRAM modules (110 
180) acts as an originating source for a ?rst of the data-clock 
signals (e.g., DCLKO/0#) and as a source of a corresponding 
?rst data transmission burst While, in preparation for a 
successive second data transmission burst, a second of the 
SLDRAM modules (110-180) or the command module 150 
begins to act as an active originating source for the second 
of the data-clock signals (e.g., DCLK1/1#). The second 
SLDRAM module or the command module 150 should 
simultaneously prepare itself to be the source of the corre 
sponding, second data transmission burst. Such preparation 
preferably occurs in parallel With the ?rst transmission so 
that the second data burst (Which in this example happens to 
be synchroniZed With DCLK1/1#) may be immediately 
placed on the DQ_A bus 155a just after the ?rst data burst 
(Which in this example happens to be synchroniZed With 
DCLKO/0#) ?nishes. This alloWs for time ef?cient use of the 
shared, DQ_A bus 155a. 

[0076] Both edges of each of the differential, and time 
WindoWed data-clock signals, DCLKfOA/DCLKfOAi?f 
(155b) and DCLKflA/DCLKflAi?f (155c) are used to 
latch data Words on the shared DQ_A bus 155a. Thus a 200 
MHZ CCLK version of SLDRAM System 100 provides a 
per data-link bandWidth of 400 Mega-bits per second per 
DO line (400 Mb/s/pin). It is contemplated that alternate 
embodiments may use a Wider DQ_A bus 155a having more 
than 18 transmission lines. The eighteen bits of each data 
Word may be designated as desired, including tWo for 
carrying parity or other error-related code and the remaining 
sixteen for carrying corresponding data bytes of 8 bits each. 

[0077] The illustrated, second DataLink_B 156 is optional 
and may be used in conjunction With at least some of the 
SLDRAM modules (such the illustrated module 180) that 
have data ports Which are Wider than DQ_A bus 155a. In the 
illustrated example, module 180 has a 36-bit Wide, parallel 
data-transmission capability While module 110 has only a 
18-bit Wide, parallel data-transmission capability. All of the 
SLDRAM modules (110-180) convey their initialiZation 
information over the primary DataLink_A 155. HoWever, if 
the command module 150 learns from the initialiZation 
process that module 180 has the Wider, 36-bit parallel 
data-transmission capability, the command module 150 may 
instruct module 180 to convey the upper half of its 36-bit 
Wide data by Way of DataLink_B 156 While the loWer half 
is simultaneously conveyed by Way of DataLink_A 155. 
Thus, scaling to Wider data paths and higher bandWidths is 
supported. 

[0078] DataLink_B 156 is preferably structured in the 
same Way as DataLink_A 155 to have eighteen, single-end 
terminated transmission lines for respectively carrying sec 
ondary data bits Zero through seventeen (DQ(0:17) _B)) in 
parallel. These eighteen lines are collectively referred to as 
the DQ_B bus 156a. Similarly, successive DQ(0:17)_B data 
Words (each 18-bits Wide) are associated consecutively With 
the rising and falling edges of a command-speci?ed one of 
plural data clock signals of the secondary link 156. The 
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command-speci?ed data clock signal of the DQ_B bus 156a 
may be provided either as differential pair, DCLKO_B and 
DCLKO_B# on a respective ?rst pair of single-end termi 
nated transmission lines 156b or it may be provided as 
differential pair, DCLK1_B and DCLK1_B# on a respective 
second pair of single-end terminated transmission lines 
156c. Again, the outputting source of a respective one of 
DCLKO_B/B# and DCLK1_B/B# also acts as the outputting 
source of the corresponding data bursts on DQ_B bus 156a. 

[0079] Although not shoWn, SLDRAM System 100 may 
have yet further data links in addition to 155 and 156. These 
additional data links may be similar to 155 or Wider or 
narroWer as appropriate for the different kinds of SLDRAM 
modules (110-180) used in the system 100. 

[0080] Mechanically-speaking, for each DataLink (155, 
156, etc.), the clock and data transmission lines of that 
DataLink should be run closely together so that they all 
exhibit substantially same transmission characteristics for 
the utiliZed clock frequency and so that data and clock 
transmissions closely track one another. This is Why the 
DCLKiOA/DCLKiOAiht lines (155b) and DCLKflA/ 
DCLKi1A# (155c) are shoWn lumped together close to the 
DQ_A bus 155a. For the same reason, the DCLKiOB/ 
DCLKi0B# lines (156b) and DCLKflB/DCLKflBi? 
(156c) are shoWn lumped together close to the DQ_B bus 
156a. Also, the CCLK lines should run close to the CA(0:9) 
and FLAG lines so that these exhibit substantially same 
transmission characteristics for the utiliZed clock frequency 
and mechanical layout. Additionally, the CCLK lines should 
run close to the DCLKO and DCLKl lines of at least one 
DataLink so that these exhibit substantially same transmis 
sion characteristics for the utiliZed clock frequency and 
mechanical layout. One embodiment folloWs the trace-Wire 
dispersal pattern shoWn in FIG. 4. 

[0081] A daisy chained, serial bus 152 is further shoWn in 
FIG. 1A. This serial bus 152 includes provision of an input 
SI terminal and output SO terminal on each module, 110-180 
and also 150. Serial bus 152 is used on poWer-up and resets 
to serially step through the SLDRAM modules (110-180), to 
tune their command-receiving phases, and to thereafter 
assign unique ID’s to each IAMU (individually-addressable, 
memory unit). Each SLDRAM module (110-180) may con 
tain one or more respective IAMU’s. 

[0082] On poWer-up/reset, RESET# (151c4) is activated. 
In response all SLDRAM modules (110-180) and the com 
mand module 150 drive their respective SO terminal loW. 
This signals to the next module in the daisy chain 152 that 
the previous module has not yet ?nished initialiZing. The 
command module 150 should be initialiZed ?rst. Such 
initialiZation may or may not include output level tuning 
and/or clock tuning as appropriate for a speci?c implemen 
tation of command module 150. InitialiZation of the com 
mand module 150 may be self-mediated or controlled 
through a system bus 90. The system bus 90 may couple to 
a CPU (central processing unit) or to another, like high 
intelligence system. The command module 150 may be a 
loW cost, packaged device that supports only the minimal 
requirements set forth herein or it may be more complex, as 
desired. The intent here is to alloW the basic SLDRAM 
System 100 (With the exception of system bus 90 and its 
interface) to be of loW cost and compact siZe. 

[0083] Once initialiZation of the command module 150 
completes, it drives its SO terminal 152a to logic high (“1”) 


















































