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(57) ABSTRACT 

(76) Inventor: Ramasubramaman Rajamam’ An integrated circuit to serialize local data and selectively 
Cupemno’ CA (Us) merge it With serialized feed-through data into a serial data 

Correspondence Address_ stream output that ‘includes a parallel-in-serial-out (PISO) 
BLAKELY SOKOLOF'F TAYLOR & Z AFMAN shift reglster, a'multlplexer, and a transm1tter. The PISO shift 
12400 WILSHIRE BOULEVARD register senahZes parallel data on a local data bus mto 

SEVENTH FLOOR serializeg 1locall dgata. 3e (rinulltipleilrlega selectively .mlegges 
ser1a 1Ze oca ta an ee -t oug ta into a seria ata 

LOS ANGELES’ CA 90025-1030 (Us) stream. The transmitter drives the serial data stream onto a 

(21) AP p1~ N O‘: 11/047,890 serial data link. In another embodiment of the invention, a 
method for a memory module includes receiving an input 

(22) Filed. Jam 31, 2005 serial data stream; merging local frames of data and feed 
through frames of data together into an output serial data 

Publication Classi?cation stream in response to a merge enable signal; and transmitting 
the output serial data stream on a northbound data output to 

(51) Int, C], a next memory module or a memory controller. Other 
G06F 3/02 (200601) embodiments of the invention are disclosed and claimed. 
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MEMORY BUFFERS FOR MERGING LOCAL 
DATA FROM MEMORY MODULES 

FIELD 

[0001] Embodiments of the invention relate generally to 
memory, and speci?cally to merging data from a memory 
bulfer onto serial data channels. 

BACKGROUND INFORMATION 

[0002] In memory circuits there is typically a memory 
read latency that is the time period it takes for valid data to 
be read out of a memory circuit. A memory Write latency is 
typically also required that is the time period to hold valid 
data for a memory circuit to Write the data into memory. The 
memory read latency and the memory Write latency may 
sometimes be bu?fered from a processor by a cache memory. 
However, there are occasions When the desired data is not 
found in the cache memory. In those cases, a processor may 
need to then read or Write data With the memory circuits. 
Thus, the respective memory read latency or memory Write 
latency may be experienced by the processor. If memory 
circuits differ, the memory read latencies and memory Write 
latency may be inconsistent from one memory circuit to the 
next. In Which case, the memory read latency and memory 
Write latency experienced by a processor will differ. 

[0003] Previously, memory modules Were plugged into a 
mother or host printed circuit board and coupled in parallel 
to a parallel data bus over Which parallel data could be read 
from and Written into memory. The parallel data bus had 
parallel data bit lines that Were synchroniZed together to 
transfer one or more data bytes or Words of data at a time. 
The parallel data bit lines are typically routed over a distance 
on a printed circuit board (PCB) from one memory module 
socket to another. This introduces a ?rst parasitic capacitive 
load. As the memory modules are plugged into a memory 
socket, an additional parasitic capacitive load is introduced 
onto the parallel data bits lines of the parallel data bus. As 
there may be a number of memory modules plugged in, the 
additional parasitic capacitive load may be signi?cant and 
bog doWn high frequency memory circuits. 

[0004] One memory module is typically addressed by an 
address on address lines at a time. The one addressed 

memory module, typically Writes data onto the parallel data 
bus at a time. Other memory modules typically have to Wait 
to Write data onto the parallel data bus in order to avoid 
collisions. 

[0005] While parallel data bit lines may speed data How in 
certain instances, a parallel data bus in a memory may sloW 
the read and Write access of data betWeen a memory circuit 
and a processor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1A illustrates a block diagram of a typical 
computer system in Which embodiments of the invention 
may be utiliZed. 

[0007] FIG. 1B illustrates a block diagram of a client 
server system in Which embodiments of the invention may 
be utiliZed. 

[0008] FIG. 2A illustrates a block diagram of a central 
processing unit in Which embodiments of the invention may 
be utiliZed. 
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[0009] FIG. 2B illustrates a block diagram of another 
central processing unit in Which embodiments of the inven 
tion may be utiliZed. 

[0010] FIG. 3 illustrates a simpli?ed block diagram of a 
buffered memory controller to couple data into and out of 
banks of bu?fered memory modules. 

[0011] FIG. 4 illustrates a block diagram of a buffered 
memory module including a buffer that may merge data With 
feed through data. 

[0012] FIG. 5 illustrates a detailed block diagram of a 
buffered memory controller coupling to a bank of bu?fered 
memory modules. 

[0013] FIG. 6 (FIGS. 6-1 and 6-2) illustrates a functional 
block diagram of a buffer of a buffered memory module. 

[0014] FIG. 7A illustrates a simpli?ed block diagram of 
the data merge logic including lanes of data merge logic 
slices coupled to transmitters. 

[0015] FIG. 7B illustrates a schematic diagram of a data 
merge logic slice for one lane of serial data. 

[0016] FIG. 8 illustrates a timing diagram of signals for a 
data merge logic slice functioning in a tWelve bit mode. 

[0017] FIG. 9 illustrates a timing diagram of signals for a 
data merge logic slice functioning in a six-bit mode. 

[0018] FIG. 10 illustrates a How chart for the initialiZa 
tion, training, and functioning of the buffer in merging local 
data and feed through data together into a serial data stream 
output. 

DETAILED DESCRIPTION 

[0019] In the folloWing detailed description of embodi 
ments of the invention, numerous speci?c details are set 
forth in order to provide a thorough understanding of the 
invention. HoWever, it Will be obvious to one skilled in the 
art that the embodiments of the invention may be practiced 
Without these speci?c details. In other instances Well knoWn 
methods, procedures, components, and circuits have not 
been described in detail so as not to unnecessarily obscure 
aspects of the embodiments of the invention. 

[0020] Generally the embodiments of the invention pro 
vide a data merge feature, referred to as a Northbound Data 
Merge (NBDM), that replaces parts of the data on a high 
speed link With its oWn data, on the ?y. That is, the 
embodiments of the invention replace part of the incoming 
serial data traf?c (e. g., “idle packets or frames”) over a serial 
data link With its local data, Without having internal core 
logic process (e.g., serial-to-parallel conversion, assemblage 
into frames, and depacketiZe/deinterleave data) the incom 
ing serial data tra?ic to determine Where to insert the local 
data and retransmit the incoming data traf?c With the local 
data inserted therein. 

[0021] Previously, the incoming serial data had to be 
assembled into frames and received by the core logic in 
order to transmit local data. Without having to process the 
incoming serial data in order to transmit local data, an 
input/output (IO) interface of a memory module may simply 
retransmit the incoming serial data stream received from 
other memory modules or the memory controller over the 
serial data link, bypassing the internal core logic of a buffer 
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integrated circuit. This can reduce data latency in the serial 
data stream. The portion of the serial data stream that is to 
be retransmitted is sometimes referred to as “Feed-thru 
Data” or “Feed-through data” (ETD). 

[0022] Without any local data to transmit, the IO interface 
normally retransmits the received serial data stream, bypass 
ing the core logic of the chip. When the core logic of the 
buffer memory chip needs to transmit local data, it sends a 
merge request along With the local data to the IO interface. 
Because the core clock that generates the local data is 
aligned during training to a frame clock of the high speed 
serial data link in the embodiments of the invention, the IO 
interface can readily merge the data at the appropriate frame 
boundary to replace an idle packet or frame. 

[0023] Previously it Was contemplated that the received 
serial data Would be assembled into frames and received by 
the core logic and then re-transmitted on the outbound link. 
In this case, if the core logic had local data to send on the 
outbound link, it Would then replace some of the incoming 
data With its oWn data, repacketiZe and serialiZe the data 
onto the outbound link. This Would incur a data latency of 
at least tWo frames of data. The embodiments of the inven 
tion set up the merge timing during initial training so that the 
local data can be merged into the outbound link Without 
having to receive and analyZe the incoming data during 
normal operation in order to replace idle packets. The 
embodiments of the invention can reduce the data latency 
through the buffer memory integrated circuit from at least 
tWo frames of data doWn to a feW bit intervals. 

[0024] In one embodiment of the invention, an integrated 
circuit is provided that includes a serial input/output inter 
face With one or more lanes. Each lane of the serial com 
munication channel may include a ?rst parallel-in-serial 
output (PISO) shift register, a ?rst multiplexer, and a serial 
transmitter coupled together. 

[0025] The ?rst parallel-in-serial-output (PISO) shift reg 
ister has a parallel input coupled to a local data bus, a clock 
input coupled to a ?rst clock signal, a load/shift-bar input 
coupled to a load signal. The ?rst PISO shift register 
serialiZes parallel data on the local data bus into serialiZed 
local data on a ?rst serial output. 

[0026] The ?rst multiplexer has a ?rst data input coupled 
to the ?rst serial output, a second data input to receive 
feed-through data, and a ?rst select control input coupled to 
a local data select signal. The multiplexer selectively merges 
the serialized local data and the feed-through data into a 
serial data stream on a multiplexed output in response to the 
local data select signal. 

[0027] The serial transmitter has an input coupled to the 
multiplexed output of the multiplexer to receive the serial 
data stream. The serial transmitter drives the serial data 
stream onto a serial data link. 

[0028] The feed-through data may be tWo bits Wide While 
the parallel input to the PISO shift register may be six bits 
Wide and the serial output of the PISO shift register may be 
tWo bits Wide. In this case, the ?rst multiplexer may be a tWo 
bit bus multiplexer such that the serial data stream at the 
multiplexed output is tWo bits Wide so that the serial 
transmitter receives a tWo bit serial data stream and serial 
iZes it onto the serial data link as a single bit serial data 
stream. 
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[0029] Each lane may further include a second multiplexer 
having a ?rst input to receive resynchroniZed data, a second 
input to receive re-sampled data, and a select input coupled 
to a local clock mode signal. The second multiplexer to 
select betWeen output the re-sampled data or the resynchro 
niZed data as the feed-through data in response to the local 
clock mode signal. Each lane may further include control 
logic coupled to the ?rst multiplexer and the ?rst PISO shift 
register. The control logic may include merge control logic 
and mode control logic. The control logic may receive the 
?rst clock signal and a merge enable signal to generate the 
local data select signal to merge the serialiZed local data and 
the feed-through data into the serial data stream in response 
to the merge enable signal and the ?rst clock signal. 

[0030] In another embodiment of the invention, a method 
for a memory module is provided including receiving an 
input serial data stream representing feed-through frames of 
data interspersed betWeen idle frames of data; merging local 
frames of data and the feed-through frames of data together 
into an output serial data stream in response to a merge 
enable signal Without decoding the input serial data stream; 
and transmitting the output serial data stream on a north 
bound data output to a next memory module or a memory 
controller. The local frames of data can be merged into the 
output serial data stream by replacing idle frames of data in 
the input serial data stream. In receiving the input serial data 
stream, sampling (also may be referred to as re-sampling) of 
the bits of data in the input serial data stream or re 
synchroniZing the bits of data in the input serial data stream 
may be provided. In merging of the local frames of data and 
the feed-through frames of data together, serialiZing parallel 
bits of the local frames of data into serial bits of data and 
multiplexing the serial bits of data of the local frames of data 
and serial bits of the feed-through frames of data into serial 
bits of the output serial data stream in response to the merge 
enable signal may be provided. A local frame of data may be 
selectively received in parallel over a local bus in six bit or 
tWelve bit packets in response to a bus mode signal. 

[0031] In another embodiment of the invention, a system 
is provided including: a processor, a memory controller 
coupled to the processor and at least one bank of memory 
coupled to the memory controller. The processor is provided 
to execute instruction and process data. The memory con 
troller is provided to receive Write memory instructions With 
Write data from the processor and to receive read memory 
instructions from the processor and supply read data thereto. 

[0032] The one bank of memory includes one or more 
memory modules each of Which has a buffer integrated 
circuit and a random access memory integrated circuit 
coupled together. The buffer integrated circuit includes a 
southbound serial input/output interface With one or more 
serial lanes to receive the Write data from the memory 
controller, and a northbound serial input/output interface 
With one or more serial lanes of a northbound serial input 
and a northbound serial output to transmit the read data to 
the memory controller. 

[0033] Each serial lane in the northbound input/output 
interface has a parallel-to-serial converter and a ?rst multi 
plexer. The parallel-to-serial converter has a parallel input 
coupled to parallel bits of a local data bus, a clock input 
coupled to a ?rst clock signal, a load/shift-bar input coupled 
to a load signal. The parallel-to-serial converter serialiZes 
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the parallel bits of data on the local data bus into serialized 
local data on a ?rst serial output. The ?rst multiplexer has a 
?rst data input coupled to the serial output of the parallel 
to-serial converter, a second data input to receive serial 
feed-through data from the northbound serial input, and a 
select input coupled to a local data select signal. The ?rst 
multiplexer to selectively merge the serialized local data and 
the serial feed-through data into a serial data stream on the 
northbound serial output in response to the local data select 
signal. 

[0034] Each serial lane in the northbound serial input/ 
output interface may further have a transmitter to drive the 
serial data stream onto the northbound serial data output 
toWards the memory controller With an input coupled to the 
multiplexed output of the ?rst multiplexer to receive the 
serial data stream, the transmitter. 

[0035] Each serial lane of the northbound serial input/ 
output interface may further include control logic coupled to 
the multiplexer and the ?rst parallel-to-serial converter. The 
control logic to receive the ?rst clock signal and a merge 
enable signal in order to generate the local data select signal 
and merge the serialized local data and the serial feed 
through data into the serial data stream in response to the 
merge enable signal and the ?rst clock signal. 

[0036] For each bank of memory in the system, the 
memory controller includes a northbound serial input inter 
face to receive one or more lanes of serial data from the one 

or more memory modules, and a southbound serial output 
interface to transmit one or more lanes of serial data to the 
one or more memory modules. 

[0037] In another embodiment of the invention, a buffered 
memory module is provided including a printed circuit 
board, a plurality of random access memory (RAM) inte 
grated circuits, and a buffer integrated circuit. The printed 
circuit board has an edge connection to couple to a recep 
tacle of a host system. The plurality of random access 
memory (RAM) integrated circuits and the buffer integrated 
circuit are coupled to the printed circuit board. The buffer 
integrated circuit is electrically coupled to the plurality of 
RAM integrated circuits and the edge connection. The buffer 
integrated circuit has a southbound input/output interface 
and a northbound input/output interface With data merge 
logic having a plurality of merge logic slices for a plurality 
of lanes of serial data streams. 

[0038] Each merge logic slice of the buffer integrated 
circuit includes a ?rst parallel-in-serial-output (PISO) shift 
register and a ?rst multiplexer. The ?rst parallel-in-serial 
output (PISO) shift register has a parallel input coupled to a 
local data bus, a clock input coupled to a ?rst clock signal, 
a load/shift-bar input coupled to a ?rst load signal. The ?rst 
PISO shift register to serialize parallel data on the local data 
bus into serialized local data on a ?rst serial output. The ?rst 
multiplexer has a ?rst data input coupled to the ?rst serial 
output of the ?rst PISO shift register, a second data input to 
receive serialized feed-through data, and a ?rst select input 
coupled to a local data select signal. The ?rst multiplexer 
selectively merges the serialized local data and the serialized 
feed-through data into a serial data stream on a multiplexed 
output in response to the local data select signal. 

[0039] Each merge logic slice may further include control 
logic coupled to the ?rst multiplexer and the ?rst PISO shift 
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register. The control logic receives the ?rst clock signal and 
a merge enable signal to generate the local data select signal 
to merge the serialized local data and the serialized feed 
through data into the serial data stream in response to the 
merge enable signal and the ?rst clock signal. 

[0040] The northbound input/output interface of the buffer 
integrated circuit in the buffered memory module may 
further include a plurality of transmitters each having an 
input coupled to a corresponding output of the ?rst multi 
plexer in each merge logic slice, the plurality of transmitters 
to receive the serial data stream and drive it onto a serial data 
link. 

[0041] In another embodiment of the invention, a memory 
system is provided including a plurality of buffered memory 
modules daisy chained together to form a bank of memory. 
Each buffered memory module includes a plurality of 
memory integrated circuits, and a buffer integrated circuit 
coupled to the plurality of memory integrated circuits. The 
buffer integrated circuit includes a southbound input/ output 
serial interface to receive and retransmit southbound serial 
data from a memory controller or a prior buffered memory 
module to a next buffered memory module, a northbound 
input/output serial interface to receive northbound serial 
data from at least one buffered memory module as serialized 
feed-through data and retransmit it out toWards the memory 
controller, a Write data ?rst-in-?rst-out (FIFO) buffer to store 
Write data from the southbound input/output serial interface 
addressed to the buffered memory module by a Write com 
mand, memory input/ output interface to transfer Write data 
stored in the Write data FIFO bulfer into at least one of the 
plurality of memory integrated circuits and to transfer read 
data from at least one of the plurality of memory integrated 
circuits into a read data FIFO buffer, and the read data FIFO 
buffer to store read data from at least one of the plurality of 
memory integrated circuits as the local data addressed from 
the buffered memory module by a read command. 

[0042] The northbound input/output serial interface seri 
alizes the local data from the plurality of memory integrate 
circuits and merges it into a northbound serial data stream 
With the serialized feed-through data on a timing basis 
Without decoding the received northbound serial data. The 
northbound input/output serial interface of includes a third 
FIFO buffer, data merge logic coupled to the third FIFO 
buffer, and a plurality of transmitters coupled to the data 
merge logic. 

[0043] The data merge logic has a plurality of merge logic 
slices each including a ?rst parallel-in-serial-output (PISO) 
shift register to serialize parallel data on the local data bus 
into serialized local data on a ?rst serial output, and a ?rst 
multiplexer to selectively merge serialized local data and 
serialized feed-through data into a serial data stream on a 
multiplexed output in response to the local data select signal. 
The PISO shift register has a parallel input coupled to a local 
data bus, a clock input coupled to a ?rst clock signal, and a 
load/shift-bar input coupled to a ?rst load signal. The ?rst 
multiplexer having a ?rst data input coupled to the ?rst serial 
output of the ?rst PISO shift register, a second data input to 
receive serialized feed-through data, a ?rst select input 
coupled to a local data select signal, the ?rst multiplexer. 

[0044] Each of the plurality of transmitters has an input 
coupled to a corresponding output of the ?rst multiplexer in 
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each merge logic slice. The plurality of transmitters receive 
data from the serial data stream and drive it onto a serial data 
link. 

[0045] In the memory system, each merge logic slice of 
the data merge logic may further include control logic 
coupled to the ?rst multiplexer and the ?rst PISO shift 
register to receive the ?rst clock signal and a merge enable 
signal and generate the local data select signal to merge the 
serialiZed local data and the serialized feed-through data into 
the serial data stream. 

[0046] The memory system may further include a memory 
controller coupled to at least one of the plurality of buffered 
memory modules. The memory controller has a southbound 
output serial interface to transmit the southbound serial data 
stream to the at least one of the plurality of buffered memory 
modules and a northbound input serial interface to receive 
the northbound serial data stream from the least one of the 
plurality of buffered memory modules. 

[0047] Referring noW to FIG. 1A, a block diagram of a 
typical computer system 100 in Which embodiments of the 
invention may be utiliZed is illustrated. The computer sys 
tem 100A includes a central processing unit (CPU) 101; 
input/output devices (I/O) 102 such as keyboard, modem, 
printer, external storage devices and the like; and monitoring 
devices (M) 103, such as a CRT or graphics display. The 
monitoring devices (M) 103 may provide computer infor 
mation in a human intelligible format such as visual or audio 
formats. The system 100 may be a number of different 
electronic systems other than a computer system. 

[0048] Referring noW to FIG. 1B, a client server system 
100B in Which embodiments of the invention may be 
utiliZed is illustrated. The client server system 100B includes 
one or more clients 110A-110M coupled to a netWork 112 
and a server 114 coupled to the netWork 112. The clients 
110A-110M communicate With the server 114 through the 
netWork 112 in order to transmit or receive information and 
gain access to any database and/or application softWare that 
may be needed on the server. The server 114 has a central 
processing unit With memory and may further include one or 
more disk drive storage devices. The server 114 may be used 
in a storage area netWork (SAN) as a netWork attached 
storage (NAS) device, for example, and have an array of 
disks. The data access to the server 114 is shared over the 
netWork 112 With the multiple clients 110A-110C. 

[0049] Referring noW to FIG. 2A, a block diagram of a 
central processing unit 101A in Which embodiments of the 
invention may be utiliZed is illustrated. The central process 
ing unit 101A includes a processor 201, a memory controller 
202, and a ?rst memory 204A of a ?rst memory channel 
coupled together as shoWn and illustrated. The central 
processing unit 101A may further include a cache memory 
203, coupled betWeen the memory controller 202 and the 
processor 201 and a disk storage device 206 coupled to the 
processor 201. The central processing unit 101A may further 
include a second memory channel With a second memory 
204B coupled to the memory controller 202. As illustrated 
by the central processing unit 101A, the memory controller 
202 and the cache memory 203 may be external to the 
processor 201. 

[0050] Referring noW to FIG. 2B, a block diagram of 
another central processing unit 101B in Which embodiments 
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of the invention may be utiliZed is illustrated. The central 
processing unit 101B includes a processor 201' With an 
internal memory controller 202' and a ?rst memory channel 
With a memory 204A coupled to the internal memory 
controller 202' of the processor 201'. The processor 201' may 
further include an internal cache memory 203'. The central 
processing unit 101B may further include a second memory 
204B for a second memory channel, and a disk storage 
device 206 coupled to the processor 201'. 

[0051] The disk storage device 206 may be a ?oppy disk, 
Zip disk, DVD disk, hard disk, reWritable optical disk, ?ash 
memory or other non-volatile storage device. 

[0052] The processor 201,201' may further include one or 
more execution units and one or more levels of cache 

memory. Other levels of cache memory may be external to 
the processor and interface to the memory controller. The 
processor, the one or more execution units, or the one or 
more levels of cache memory may read or Write data 
(including instructions) through the memory controller With 
the memory 204A-204B. In interfacing to the memory 
controller 202,202', there may be address, data, control and 
clocking signals coupled to the memory as part of the 
memory interface. The processors 201,201' and the disk 
storage device 206 may both read and Write information into 
the memories 204A,204B. 

[0053] Each of the memories 204A and 204B illustrated in 
FIGS. 2A-2B may include one or more buffered memory 

modules (MMl-MMn), such as a ?llly buffered (FB) dual 
in-line memory module (DIMM), (FBDIMM), or a fully 
buffered (FB) single in-line memory module (SIMM), 
(FBSIMM), for example. 

[0054] The memory controller 202,202' interfaces to each 
memory 204A-240B. In one embodiment of the invention, 
the memory controller 202,202' particularly interfaces to a 
buffer (not shoWn in FIGS. 2A-2B, but see buffer 450A in 
FIG. 5) in a ?rst buffered memory module MM1 of each 
memory 204A-204B. With the memory controller 202,202' 
interfacing to the buffers of the memory modules, direct 
interface to the memory devices of the buffered memory 
modules (MMl-MMn) can be avoided. In this manner, 
different types of memory devices may be used to provide 
memory storage While the interface betWeen the buffer and 
the memory controller can remain consistent. 

[0055] Referring noW to FIG. 3, a buffered memory 
module (BMM) memory controller (BMMMC) 302 coupled 
to one or more memory banks 304A-304F (generally 
referred to as memory bank 304 or memory banks 304) is 
illustrated. The memory controller 302 can support more 
than tWo channels of memory and more than tWo memory 
banks of memory modules. Each memory bank 304 is made 
up of a plurality of buffered memory modules 310A-310H 
coupled together in a serial chain. This serial chain of 
buffered memory modules 310A-310H is also sometimes 
referred to as a daisy chain. Adjacent memory modules are 
coupled to each other, sometimes referred to as being 
daisy-chained together, such as memory module 310A being 
coupled to adjacent memory module 310B, for example. 

[0056] Each of the memory modules 310A-310H in each 
bank bidirectionally communicate in a serial fashion With 
the memory controller 302 along the serial chain of memory 
modules 310A-310H. There is a southbound serial data link 
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(SB) from the memory controller 302 to each memory bank 
304 that may also be referred to as an outbound data link 
With outbound commands (e.g., read and Write) and data. All 
Write data from the memory controller that is to be Written 
into the memory modules is sent over the southbound serial 
data link. There is a northbound serial data link (NB) from 
each memory bank 304 to the memory controller 302 that 
may also be referred to as an inbound data link With inbound 
data. All read data from the memory modules is sent to the 
memory controller over the northbound serial data link. 

[0057] In the southbound serial data link (SB), data out 
from the memory controller 302 to a memory bank 304 is 
?rst coupled to the ?rst memory module 310A Which can 
read the data and pass it to memory module 310B. Memory 
module 310B can read the data and pass it to the next 
memory module in the serial chain, and so on and so forth 
until the last memory module in the southbound serial chain 
is reached. The last memory module in the southbound serial 
chain, memory module 310H, has no further memory mod 
ule to pass data to and so the southbound serial data link 
terminates. 

[0058] In the northbound serial data link (NB), data is 
serially communicated in a direction from the memory bank 
304 to the memory controller 302. Each memory module in 
each memory bank communicates back toWards the memory 
controller on the northbound serial data link (NB). Memory 
module 310H begins a serial chain of memory modules 
passing data toWards the memory controller. Serial data 
transmitted by memory module 310H passes through or is 
otherWise retransmitted by memory module 310G. While 
memory module 310G may pass or retransmit the serial data 
from the prior memory module 310H, it may also add or 
merge its oWn local data to the northbound serial data stream 
heading to the memory controller 302. Similarly, each 
memory module doWn the chain passes or retransmits the 
serial data from the prior memory module and may add or 
merge their oWn local data to the northbound serial data 
stream heading to the memory controller 302. The last 
memory module in the northbound serial chain, memory 
module 310A, transmits the ?nal northbound serial data 
stream to the memory controller 302. 

[0059] The northbound and southbound serial data links 
may be considered as providing point to point communica 
tion from one memory module to another memory module 
and so on and so forth along the serial chain. The serial data 
How from the memory controller 302 out to memory module 
310A through memory module 310H may be referred to as 
a south data How. The serial data How from memory module 
310H through memory module 310Z to the memory con 
troller 302 may be referred to as a northbound data How. In 
FIG. 3, the southbound data How is illustrated by an arroW 
labeled SB, While the northbound data How is illustrated by 
an arroW labeled NB. 

[0060] Referring noW to FIG. 4, a buffered memory 
module (BMM) 310 is illustrated that is exemplary of the 
memory modules 310A-310H. The bu?fered memory mod 
ule 310 may be of any type such as a SIMM or DIMM, for 
example. The bu?fered memory module 310 includes a 
buffer integrated circuit chip (“buffer”) 450 and memory 
integrated circuit chips (“memory devices”) 452 coupled to 
a printed circuit board 451. Printed circuit board 451 
includes an edge connector or edge connection 454 that 
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couples to an edge connector of the host printed circuit 
board. A southbound data input (SBDI) and a northbound 
data output (NBDO) of the memory module 310 is respec 
tively received from or transmitted to a prior bu?fered 
memory module or the bu?fered memory controller. A north 
bound data input (NBDI) and a southbound data output 
(SBDO) of the memory module 310 is respectively received 
from or transmitted to a next bu?fered memory module, if 
any. 

[0061] Referring noW to both FIGS. 3 and 4, the memory 
controller 302 communicates With the buffers 450 of each 
memory module 310A-310H in each memory bank 304 by 
using the southbound data How and the northbound data 
bloW. The edge connection 454 of the ?rst memory module 
being the closest to the memory controller in each bank, 
memory module 310A, couples the buffer 450 of each 
memory module 310A to the memory controller 302. 
Memory module 310A has no adjacent memory module in 
the northbound data How path. The northbound data How 
from memory module 310A is coupled to the memory 
controller 302. The adjacent memory module 310A-310H in 
each bank are coupled together so that data can be read, 
Written, and passed through each buffer 450 of each memory 
module. The last memory module being the furthest from the 
memory controller in each bank, memory module 310H, has 
no adjacent memory module in the southbound data How 
path. Thus, memory module 310H does not pass southbound 
data How further along the serial chain of memory modules. 

[0062] The memory controller 302 does not directly 
couple to the memory devices 452 in any memory module. 
The buffer 450 in each memory module 310A-310H in each 
memory bank 304 couples directly to the memory devices 
452 on the printed circuit board 351. The buffer 450 provides 
data buffering to all the memory integrated circuit chips or 
devices 452 on the same printed circuit board 451 of the 
memory module 310. The buffer 450 further performs serial 
to parallel conversion and parallel to serial conversion of the 
data, as Well as interleaving/deinterleaving and packetiZing/ 
depacketiZing of data as needed. The buffer 450 also con 
trols its portion of the serial chain of the northbound and 
southbound data links With adjacent memory modules. 
Additionally, in the case of the ?rst memory module, 
memory module 310A, the buffer 450 also controls its 
portion of the serial chain of the northbound and southbound 
data links With the memory controller 302. Additionally, in 
the case of the last memory module, memory module 310H, 
the buffer 450 also controls the initialiZation of the serial 
chain of memory modules and the generation of idle frames 
or idle packets of data in the northbound data link and 
northbound data How to the memory controller 302. 

[0063] Without a direct coupling betWeen the memory 
controller 302 and the memory devices 452 of the memory 
modules, the memory chips or devices 452 may be of 
different types, speeds, siZes, etc. to Which the buffer 450 
may communicate. This alloWs improved memory chips to 
be used in a memory module Without needing to update the 
hardWare interface betWeen the memory controller and the 
memory modules by purchasing a neW host or motherboard 
printed circuit board. The memory module that plugs into 
the host or motherboard printed circuit board is updated 
instead. In one embodiment of the invention, the memory 
chips, integrated circuits, or devices 452 are DDR memory 
chips With dynamic random access memory (DRAM). Oth 
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erWise, in other embodiments of the invention, the memory 
chips, integrated circuits, or devices 452 can be any other 
type of memory or storage device. 

[0064] Referring noW to FIG. 5, one memory bank 304 of 
the memory banks 304A-304F of a memory system is 
illustrated in greater detail coupled to the buffered memory 
module (BMM) memory controller 302. In one embodiment 
of the invention, the BMM memory controller 302 is a fully 
buffered dual inline (FBD) memory controller and each of 
the memory modules 310A-310H is a fully buffered dual 
inline (FBD) memory module (FBDIMM). The memory 
bank 304 includes one or more memory modules 310A-310n 
daisy chained together. Each memory module 310 functions 
like a repeater for the valid data ?oWing in the serial bit 
streams along the northbound data link (NB) and the south 
bound data link (SB). 

[0065] Each memory module 310A-310n in the memory 
bank 304 includes a buffer 450A-450n, respectively. Each 
buffered memory module 310A-310N respectively includes 
memory devices 452A-452N Which may differ from each 
other. For example, the memory devices 452A in buffered 
memory module 310A may differ from the memory devices 
452B in buffered memory module 310B. That is, the buffer 
450 in each memory module makes the type of memory used 
for the memory device transparent from the memory con 
troller 302. 

[0066] The buffer 450 in each memory module functions 
like a repeater for the data ?owing in the serial bit streams 
along the northbound data link (NB) and the southbound 
data link (SB). Additionally, the buffer 450 in each memory 
module may insert or merge its oWn local data into lanes of 
serial bit streams ?oWing along the northbound data link 
(NB) in place of frames or partial frames of idle or invalid 
data. 

[0067] In order to synchroniZe the timing of the memory 
controller 302 and the memory modules 310A-310n together 
in the memory bank 304, a clock generator 500 is provided 
that is coupled to each memory module and the memory 
controller. A clock signal 501 from the clock generator 500 
is coupled to the memory controller 302. Clock signals 
502A-502n are respectively coupled to the buffers 450A 
45011 in memory modules 310A-310n. 

[0068] Memory controller 302 communicates through the 
memory modules in the memory bank 304 over the south 
bound data links SB1-SBn. Memory controller 302 may 
receive data from each memory module 310 Within the 
memory bank 304 over the northbound data links NB1-NBn. 
The southbound data links SB1-SBn may consist of one or 
more lanes of serial data. Similarly, the northbound data 
links NB1-NBn may consist of one or more lanes of serial 
data. In one embodiment of the invention, there are fourteen 
lanes of serial data in the northbound data links NB1-NBn. 

[0069] The last memory module, memory module 310n, 
regardless of Whether or not it has data to send, generates a 
pseudorandom bit stream and starts it ?oWing toWards the 
memory controller 302 on the northbound link NBn. The 
pseudorandom bit stream may be passed from one memory 
module to the next on the northbound links NB1-NBn. If the 
memory module 31011 has local data to send to the memory 
controller 302, it generates a frame of data including the 
local data and places it on the northbound link NBn instead 
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of a frame of data of the pseudorandom bit stream. The 
pseudorandom bit stream may include a sequence of bits 
packetiZed into a frame of data that indicates an idle frame 
of data. An idle frame of data may be replaced by the other 
memory modules further doWn the line (memory modules 
310A-3109n-l) in order to merge a frame of local data into 
the serial bit stream ?oWing on the northbound links NB1 
NBn. For example, memory module 310B may receive an 
idle frame on the incoming northbound link NB3 and merge 
a frame of local data in place of the idle frame into the serial 
bit stream on the outgoing northbound link NB2. 

[0070] The memory system illustrated in FIG. 5 may 
further include an SM bus (SMBus) 506 coupled from the 
memory control 302 to each of the memory modules 310A 
310N. The SM bus 506 may be a serial data bus. The SM 
Bus 506 is a sideband mechanism to access internal registers 
of the buffer. Certain link parameters may be set up by a 
BIOS in the buffer before brining up the northbound and 
southbound serial data links. The SM-Bus may also be used 
to debug the system through access to the internal registers 
of the buffer. 

[0071] The memory controller 302 may be a part of a 
processor (as illustrated by processor 201' and memory 
controller 202' in FIG. 2B) or may be a separate integrated 
circuit (as illustrated by processor 201 and memory control 
ler 202 in FIG. 2A). In either case, the memory controller 
302 can receive Write memory instructions With Write data 
from the processor and receive read memory instructions 
from the processor and supply read data to the processor in 
order to respective Write or read data to or from memory. 
The memory controller 302 may include a southbound serial 
output interface (SBO) 510 to transmit one or more lanes of 
serial data to the one or more memory modules in each bank 
of memory. The memory controller 302 may further include 
a northbound serial input interface (NBI) 511 to receive one 
or more lanes of serial data from the one or more memory 

modules in each bank of memory. 

[0072] Referring noW to FIG. 6 (FIGS. 6-1 and 6-2), a 
functional block diagram of the buffer 450 for the buffered 
memory module 310 is illustrated. Buffer 450 is an inte 
grated circuit that can be mounted to the printed circuit 
board 451 of the buffered memory module 310. To couple 
data into and out of buffered memory module 310, buffer 
450 includes a southbound bulfer I/O interface 600A and a 
northbound bulfer I/O interface 600B. 

[0073] The northbound bulfer I/O interface 600B inter 
faces to the northbound data out (NBDO) 601 and the 
northbound data in (NBDI) 602. The southbound bulfer I/O 
interface 600A interfaces to the southbound data in (SBDI) 
603 and the southbound data out (SBDO) 604. Northbound 
data in 602 and the northbound data out 601 includes 
fourteen lanes of a serial data stream in one embodiment of 
the invention. The southbound data in 603 and the south 
bound data out 604 includes ten lanes of serial data streams 
in one embodiment of the invention. 

[0074] To interface to the memory devices 452, buffer 450 
includes a memory I/O interface 612. At the memory I/O 
interface 612, DRAM data is bidirectionally passed over a 
DRAM DATA/STROBE bus 605 While addresses and com 
mands are sent out over DRAM ADDRESS/COMMAND 
buses 606A-606B to the memory devices. Memory devices 
452 are clocked by the DRAM clock buses 607A-607B in 
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order to synchronize data transfer With the memory I/O 
interface 612. From the core logic of the buffer 450, the 
memory I/O interface 612 receives commands over the 
CMD OUT bus 692 from the multiplexer 635; addresses 
over the ADD OUT bus 693 from the multiplexer 637; and 
Write data over the DATA OUT bus 691 from the multiplexer 
636. The Write data on the DATA OUT bus 691 is commu 
nicated to the appropriate memory devices over the DRAM 
DATA/STROBE bus 605. Address data on the DATA OUT 
bus 691 is communicated to the appropriate memory devices 
over the DRAM ADDRESS/COMMAND buses 606A 
606B. The commands on the CMD OUT bus 692 is com 
municated to the appropriate memory devices over the 
DRAM ADDRESS/COMMAND buses 606A-606B. 

[0075] In order to generate the core_clock signal 611 for 
the functional blocks of the buffer 450, it receives a refer 
ence clock (REF CLOCK) 502 that is coupled into a phase 
lock loop (PLL) 613. The reference clock (REF CLOCK) 
502 may be a differential input signal and appropriately 
received by a differential input receiver. Buffer 450 further 
receives an SM bus 506 coupled to an SM bus controller 
629. A reset signal (Reset#) 608 is coupled into a reset 
control block 628 in order to reset the buffer 450 and the 
functional blocks When it goes active loW. 

[0076] BetWeen the memory I/O interface 612 and the 
buffer I/O interfaces 600A-600B is the core logic of the 
buffer 450. The core logic of the buffer 450 is used to read 
data out from the memory devices and drive it out as local 
data through the northbound data interface 600B. Addition 
ally, any other response from a memory module is driven out 
by the buffer and into the northbound serial data stream 
through the northbound data interface 600B. The core logic 
of the buffer 450 is also used to Write data into the memory 
devices that is received from the southbound data interface 
600A. The commands to read and Write data are received 
from the southbound data interface 600A. If the memory 
devices 452 of the given buffered memory module 310 are 
not to be accessed, serial data on the northbound data input 
602 and the southbound data input 603 may pass through the 
buffer I/O interface 600A-600B onto the northbound data 
output 601 and the southbound data output 604, respectively. 
In this manner, data from another buffered memory module 
310 Will be passed through to the memory controller on the 
northbound data interface 600B Without having to be pro 
cessed by the core logic of the buffer 450. Similarly, data 
from the memory controller may be passed on to another 
memory module on the southbound data interface 600A 
Without having to be processed by the core logic of the 
buffer 450. 

[0077] The core logic of the buffer 450 includes functional 
blocks to read data from and Write data into the memory 
devices 452. The core logic of the buffer 450 includes a 
phase lock loop (PLL) 613, a data CRC generator 614, a read 
FIFO buffer 6633, a ?ve into one bus multiplexer 616, a sync 
and idle pattern generator 618, a NB LAI buffer 620, an 
integrated built in self-tester for the link (IBIST) 622B, a 
link initialization SM and control and con?guration status 
registers (CSRs) 624B, a reset controller 625, a core control 
and con?guration status registers (CSRs) block 627, an LAI 
controller block 628, an SMbus controller 629, an external 
MEMBIST memory calibration block 630, and a failover 
block 646B coupled together as shoWn in FIG. 6. The core 
logic of the buffer 450 may further include a command 

Aug. 31, 2006 

decoder and CRC checker block 626, an idle built in 
self-tester (IBIST) block 622A, a link initialization SM and 
control and CSRs block 624A, a memory state controller and 
CSRs 632, a Write data FIFO buffer 634, a four into one bus 
multiplexer 635, a four into one bus multiplexer 636, a three 
into one bus multiplexer 637, an LAI logic block 638, an 
initialization patterns block 640, a tWo into one bus multi 
plexer 642, and a failover block 646A coupled together as 
shoWn in FIG. 6. 

[0078] A multiplexer includes at least tWo data inputs, an 
output, and at least one control or select input to select the 
data input that is to be provided at the output of the 
multiplexer. For a tWo input multiplexer, one control or 
select input is used to select the data that is output at the 
multiplexer. A bus multiplexer receives a plurality of bits at 
each data input and has an output With a plurality of bits as 
Well. AtWo into one bus multiplexer has tWo buses as its data 
input and a single bus output. A three into one bus multi 
plexer has three buses as its data input and a single bus 
output. A four into one bus multiplexer has four buses as its 
data input and a single bus output. 

[0079] Within the buffer 450, each of the buffer I/O 
interfaces 600A-600B includes a FIFO buffer 651, data 
merge logic 650, a transmitter 652, a receiver 654, a re 
synchronization block 653, and a demultiplexer/serial par 
allel converter block 656. Data can pass through each of the 
buffer I/O interfaces 600A-600B through a resynchroniza 
tion path 661 or a/re-sample path 662 Without interfacing to 
the core logic. Through the embodiments of the invention, 
local data associated With the buffer 450 can be merged into 
the serial data stream to overWrite an idle frame Without 
having the core logic receive a serial data stream and 
determine Where the idle frames are located there-in. 

[0080] The multiplexer 616 selects What data is directed 
toWards the FIFO buffer 651 of the northbound buffer I/O 
interface 600B for driving out as local data on the serial 
lanes of the northbound data output 601. Generally, the 
multiplexer 616 may select status or other control informa 
tion from the core control and CSR block 627, read data 
from the read FIFO buffer 633, read data With attached CRC 
data from the CRC generator 614, synchronization or idle 
patterns from the pattern generator 618, or test pattern data 
from the IBIST block 622B. 

[0081] The multiplexer 642 selects What data is directed 
toWards the FIFO buffer 651 of the southbound buffer I/O 
interface 600A for driving out on the serial lanes of the 
southbound data output 604. Generally, the multiplexer 642 
may select initialization patterns from the init patterns block 
640 or test pattern data from the IBIST block 622A. 

[0082] Referring noW to FIG. 7A, a block diagram of the 
data merge logic 650 coupled to the transmitter 652 is 
illustrated. The transmitter 652 is made up of N lanes of 
transmitters 752A-752n. As discussed previously, in one 
embodiment of the invention the number of lanes is ten. In 
another embodiment of the invention, the number of lanes is 
fourteen. In the data merge logic 650 there is a data merge 
logic slice 700A-700n for each one of the N lanes. 

[0083] A parallel local data bus 660 from the ?rst-in 
?rst-out (FIFO) buffer 651 couples into each data merge 
logic slice 700A-700n. Respective lanes of serial data of the 
re-synch bus 661 couple into each respective data merge 
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logic slice 700A-700n. The bit Width of the re-synch bus 661 
is tWo times the number of lanes. TWo bits of each respective 
lane of the re-synch bus 661 are coupled into each respective 
data merge logic slice 700A-700N. Respective lanes of 
serial data of the re-sample bus 662 couple into each 
respective data merge logic slice 700A-700n. The bit Width 
of the re-sample bus 662 is tWo times the number of lanes. 
TWo bits of each respective lane of the re-sample bus 662 are 
coupled into each respective data merge logic slice 700A 
7 00N. 

[0084] The re-sample bus 662 and the resynch bus 661 
both transfer a tWo bit serial data stream for each lane into 
each respective data merge logic slice 700A-700N. In con 
trast, the parallel data bus 660 couples six or tWelve bits for 
each lane into each respective data merge logic slice 700A 
700N. The bit Width of the parallel local data bus 660 is 
tWelve times the number of lanes. HoWever in a six-bit 
mode, only six bits of the tWelve may be active per lane. The 
output from each of the data merge logic slices 700A-700N 
is a tWo bit serial data stream Which is respectively coupled 
into the serial transmitters 752A-752N. Each serial trans 
mitter 752 converts tWo parallel bits of serial data into a 
single bit serial data stream on the respective lane 601A 
601N of the northbound data output (NBDO) 604 or the 
respective lane 604A-604N of the southbound data output 
(SBDO) 601 as shoWn in FIG. 7A. 

[0085] Referring noW to FIG. 7B, a schematic diagram of 
a data merge logic slice 700i is illustrated coupled to a 
transmitter 7521'. The data merge logic slice 700i represents 
one of the data merge logic slices 700A-700n for each of the 
N lanes illustrated in FIG. 7A. The transmitter 752i repre 
sents one of the transmitters 752A-752n for each of the N 
lanes illustrated in FIG. 7A. 

[0086] Each data merge logic slice 7001' can operate in one 
of tWo bit Width modes, a full frame mode of tWelve bits 
Width (also referred to as a 12 bit mode) or a half frame 
mode of six bits Width (also referred to as a six-bit mode). 
A mode control signal (6bit_mode) 722 indicates and con 
trols Which of the tWo bit Width modes the data merge logic 
slice 700i is to function With the core logic. 

[0087] In the full frame mode or tWelve bit mode, the core 
logic uses a full frame of tWelve bits to communicate data 
over bus 6601' With the data merge logic slice 7001'. The loWer 
six bits of bus 6601' are represented by the Data[5:0] bus 726 
While the upper six bits of bus 6601' are represented by a 
Delayedi data[5:0] bus 727. The tWelve bits of local data 
(Data[5:0] and Delayed data[5:0]) that are to be merged into 
the serial data streanf and transmitted are respectively 
latched into a loWer parallel-in-serial-output (PISO) con 
verter 708B and an upper parallel-in-serial-output (PISO) 
converter 708A at the beginning of the frame by an “Ear 
ly_Load_Pulse” control signal 720. 

[0088] The loWer parallel-in-serial-output (PISO) con 
verter 708B and the upper parallel-in-serial-output (PISO) 
converter 708A are parallel-in-serial-output (PISO) shift 
registers and may be also be referred to herein as such. Each 
of the PISO converters 708A-708B, also referred to as PISO 
shift registers 708A-708B, have a parallel data input, a clock 
input, a load/shift-bar input, a serial input (SIN), and a serial 
output (SO). The serial output of the upper PISO shift 
register 708A is coupled into the serial input of the loWer 
PISO shift register 708B to support serialiZing tWelve par 
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allel bits of the local data bus 660i. The serial input of the 
upper PISO shift register 708A may be coupled to a logical 
loW (e.g., ground) in one embodiment of the invention or a 
logical high (e.g., VDD) in another embodiment of the 
invention. The serial output (SOUT) of the PISO shift 
registers 708A-708B is tWo bits at a time in one embodiment 
of the invention. In another embodiment of the invention, 
the serial output (SOUT) of the PISO shift registers 708A 
708B may be one bit at a time. 

[0089] In the tWelve bit mode, the six bits of bus 726 are 
coupled to the parallel data input (PIN) of the loWer PISO 
shift register 708B While the six bits of bus 727 are coupled 
to the parallel data input (PIN) of the upper PISO shift 
register 708A. These tWelve bits are respectively loaded into 
each PISO shift register during the early load pulse 720 With 
the mode control signal 722 indicating a tWelve bit bus mode 
(e.g., mode control signal 722 indicates tWelve bit mode by 
being a logical loW level and a six-bit mode by being a 
logical high level in one embodiment of the invention). In 
the tWelve bit mode, the clear input to D-type ?ip ?op 706A 
is logically high setting the Q output of the D-type ?ip ?op 
706A to logical Zero so that the control input to the multi 
plexer 703 selects the bus 726 to be output onto bus 728. 

[0090] In the half frame mode or six-bit mode, the core 
logic only uses a half frame of six bits to communicate data 
over bus 6601' With the data merge logic slice 7001' at a time. 
The core logic sends six bits of data at a time or early data 
(Data[5:0]726) and late data (Delayed_data[5:0]) offset by 
half of a frame. In the half frame mode, only the loWer PISO 
shift register 708B ofthe data merge logic slice 700i is used 
to merge data into the serial data stream for transmission. 

[0091] In the six-bit mode, the multiplexer 703 selectively 
couples the six bits of bus 726 to the parallel data input (PIN) 
of the loWer PISO shift register 708B during the early load 
pulse 720 and the six bits of bus 727 to the parallel data input 
(PIN) of the loWer PISO shift register 708B during the late 
load pulse 721. The six bits of bus 726 are loaded into the 
PISO shift register 708B during the late load pulse 721 With 
the mode control signal 722 indicating a six-bit bus mode. 
The six bits of bus 727 are loaded into the PISO shift register 
708B during the early load pulse 720 With the mode control 
signal 722 indicating a six-bit bus mode. 

[0092] The data merge slice 7001' includes data path logic 
and control logic 7011'. The data path logic selectively 
merges the local data and the feed-through data into the 
serial bit stream. The control logic 701i controls the data 
path logic in each data merge slice in order to properly 
synchroniZe the merging of local data and feed-through data 
into the serial bit stream. 

[0093] The control logic 7011', With mode control logic and 
merge control logic, includes three single bit tWo to one 
multiplexers 702A-702C, set/reset D ?ip-?ops 706A-706B, 
an OR gate 710, an AND gate 711, and an inverter 712 
coupled together as shoWn and illustrated in FIG. 7B. The 
signals generated by the control logic 7011' are coupled to the 
data path logic. The multiplexers 702A-702B, the D-type 
?ip ?op 706A, the OR gate 710, the AND gate 711, and the 
inverter 712 provides mode control logic. The multiplexer 
702C and the D-type ?ip ?op 706B provide merge control 
logic. 
[0094] The data path logic includes a six-bit tWo to one 
bus multiplexer 703, tWo bit tWo-to-one bus multiplexers 
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704-705, and a pair of six-bit in/tWo bit out parallel in serial 
out (PISO) converters 708A-708B coupled together as 
shown and illustrated in FIG. 7B. 

[0095] Each slice 7001' of the data merge logic 650 may 
receive a tWo bit serial lane of resynch data 6611', a tWo bit 
serial lane of re-sample data 6621', and a tWelve bit parallel 
lane of local data 660i. The parallel lane of local data 6601' 
is from the core logic of the buffer 450 and may be various 
types of data. For example, the local data 6601' may be read 
data from memory devices 452, cyclic redundancy check 
(CRC) data, test data, status data, or any other data that is to 
be received, transmitted, or generated by the core logic of 
the buffer. 

[0096] The tWo bit lane of re-sync data 6611' and the tWo 
bit lane of re-sample data 6621' have no contact With the core 
logic of the given buffer 450 and are multiplexed into 
feed-through data (also referred to herein as “feedthru data”) 
725 by multiplexer 705 in response to a local clock mode 
signal 736. If the buffer 450 is operating in the local clock 
mode, the resynch data is multiplexed onto the feedthru data 
725. If the buffer 450 is not operating in the local clock 
mode, the re-sample data 6621' is multiplexed onto the 
feedthru data 725. In a local clock mode, a phase locked loop 
(PLL) clock generator is used to generate a local clock signal 
in the buffer that is used to resynchroniZe the input serial 
data stream to generate the re-synch data. If not in the local 
clock mode, a received clock is generated from and syn 
chroniZed With the frames of data in the received serial data 
stream that is used to sample the input serial data stream to 
generate the re-sample data. The clock2UI signal 723 is 
sWitched betWeen the locally generated clock signal and the 
received clock signal in response to the local clock mode 
signal 736. The source of the feedthru data 725 may be from 
the buffer 450 of another memory module 310 on the 
northbound (NB) side (also referred to as forWarded north 
bound data); or from the buffer 450 of another memory 
module 310 on the southbound (SB) side (also referred to as 
forWarded southbound data) or alternatively from the 
memory controller 302 on the southbound (SB) side. 

[0097] The tWo to one bus multiplexer 704 receives the 
tWo bits of serial feedthru data 725 as a ?rst input, a tWo bit 
serial output from the 6-2 PISO shift register 708B as a 
second input, and a local data select signal (PISO_SEL) 732 
at its control input. The tWo bit serial output 735 from the 
6-2 PISO shift register 708B is tWo serialiZed bits of local 
data 735 from the parallel data bus 6601'. Thus in response to 
the local data select signal (PISO_SEL) 732, the multiplexer 
704 either selects to output tWo bits of feedthru data 725 or 
tWo bits of serialiZed local data 735 from the parallel data 
bus 660i generated by the 6-2 PISO shift register 708B. The 
tWo bit output 730 from the multiplexer 704 is coupled to the 
transmitter 752 and further serialiZed into a single bit onto 
the lane NBDOi/SBDOi 601i,604i. In this manner, local data 
from the core logic can be multiplexed With feed-through 
data and merged into a lane of the serial bit stream at 
NBDOi/SBDOi 601i,604i. 

[0098] The local data select signal (PISO_SEL) 732 that 
controls the merging of data into the serial bit stream is 
generated by the D ?ip-?op 706B. In response to a merge 
enable signal 724, the D ?ip-?op 706B generates the local 
data select signal (PISO_SEL) 732 on the rising edge of the 
clock signal Clock_2UI 723. The merge enable signal 724 is 
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coupled into a ?rst input of the multiplexer 702C. The local 
data select signal (PISO_SEL) 732 is fed back and coupled 
into a second input of the multiplexer 702C. The output of 
multiplexer 702C is coupled into the D input of the D 
?ip-?op 706B. An early load pulse (EARLY_LD_PULSE) 
signal 720 is coupled into the select control input of the 
multiplexer 702C. If the early load pulse 720 is active high, 
the merge enable signal 724 is driven out by the multiplexer 
702C and coupled into the D input of the D ?ip-?op 706B. 
If the early load pulse 720 is loW, the local data select signal 
(PISO_SEL) 732 is fed back through the multiplexer 702C 
and coupled into the D input of D ?ip-?op 706B to retain the 
current state of the local data select signal (PISO_SEL) 732. 
As the early load pulse 720 is periodically clocked, if the 
merge enable signal 724 is loW, it clears the D ?ip ?op 706B 
so its Q output is a loW logic level signal that terminates the 
merge of data at the appropriate time. 

[0099] The merge enable signal 724 is synchronized into 
the local data select signal (PISO_SEL) 732 on the edge of 
the clock signal Clock_2UI 723. As the merge_enable signal 
724 is sampled during the early_load_pulse 720 to generate 
the local data select signal (PISO_SEL) 732, the multiplexer 
704 is sWitched on frame boundaries (12 bits of data per lane 
in a frame). If the merge enable signal 724 is active high on 
the rising edge of the clock signal Clock_2UI 723, the local 
data select signal (PISO_SEL) 732 goes active high to 
control the multiplexer 704 to select the tWo serialiZed bits 
of local data 735 as its tWo bit output 730. If the merge 
enable signal 724 is loW on the rising edge of the clock 
signal Clock_2UI 723, the local data select signal 
(PISO_SEL) 732 remains loW to control the multiplexer 704 
to select the tWo feedthru bits of data 725 as its tWo bit 
output 730. 

[0100] In response to the local data select signal 
(PISO_SEL) 732 being a logical high, the tWo serial bits in 
the parallel data bus 6601' are to be merged into the lane 
NBDOi/SBDOi 601i,604i. In response to the local data 
select signal (PISO_SEL) 732 being a logical loW, the tWo 
bits of feedthru data 725 is selected by multiplexer 704 to be 
output onto the lane NBDOi/SBDOi 601i,604i. 

[0101] As the local data select signal (PISO_SEL) 732 is 
responsive to the merge enable signal 724, the generation of 
the merge enable signal 724 alloWs the parallel data of bus 
6601' to be merged onto the serial data stream of the lane 
NBDOi/SBDOi 601i,604i. The merge enable signal 724 is 
generated by link control logic (in the link init SM and 
control and CSR functional block 624B illustrated in FIG. 
6) in time to alloW local data to be merged into the serial data 
stream at the appropriate time. 

[0102] Referring momentarily back to FIG. 5, the timing 
of the merge enable signal is established for each memory 
module 310 during initialiZation and training of the system. 
Note that for the last memory module 31011 in a bank 304, 
the merge enable signal is more of a data transmit signal as 
there are no further memory modules in the chain generating 
data in the northbound data link. 

[0103] Referring noW to FIG. 10, a How chart is illustrated 
for the initialization, training, and functioning of the buffer 
in merging local data and feed through data together into a 
serial data stream output. The How chart starts at block 1000. 

[0104] At block 1002, the buffer in each memory module 
of each memory bank is initialiZed. During initialiZation of 


















