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METHOD AND SYSTEM FOR BYPASSING 
PIPELINES IN A PIPELINED MEMORY 

COMMAND GENERATOR 

TECHNICAL FIELD 

[0001] This invention relates to memory devices used in 
computer systems, and, more particularly, to a method and 
system for by passing the pipelines of a pipelined memory 
command generator during loW latency memory operations. 

BACKGROUND OF THE INVENTION 

[0002] Conventional computer systems include a proces 
sor (not shoWn) coupled to a variety of memory devices, 
including read-only memories (“ROMs”) Which tradition 
ally store instructions for the processor, and a system 
memory to Which the processor may Write data and from 
Which the processor may read data. The processor may also 
communicate With an external cache memory, Which is 
generally a static random access memory (“SRAM”). The 
processor also communicates With input devices, output 
devices, and data storage devices. 

[0003] Processors generally operate at a relatively high 
speed. Processors such as the Pentium® and Pentium Pro® 
microprocessors are currently available that operate at clock 
speeds of at least 300 MHZ. HoWever, the remaining com 
ponents of existing computer systems, With the exception of 
SRAM cache, are not capable of operating at the speed of the 
processor. For this reason, the system memory devices, as 
Well as the input devices, output devices, and data storage 
devices, are not coupled directly to the processor bus. 
Instead, the system memory devices are generally coupled to 
the processor bus through a memory controller, bus bridge 
or similar device, and the input devices, output devices, and 
data storage devices are coupled to the processor bus 
through a bus bridge. The memory controller alloWs the 
system memory devices to operate at a clock frequency that 
is substantially loWer than the clock frequency of the pro 
cessor. Similarly, the bus bridge alloWs the input devices, 
output devices, and data storage devices to operate at a 
substantially loWer frequency. Currently, for example, a 
processor having a 300 MHZ clock frequency may be 
mounted on a motherboard having a 66 MHZ clock fre 
quency for controlling the system memory devices and other 
components. 

[0004] Access to system memory is a frequent operation 
for the processor. The time required for the processor, 
operating, for example, at 300 MHZ, to read data from or 
Write data to a system memory device operating at, for 
example, 66 MHZ, greatly sloWs the rate at Which the 
processor is able to accomplish its operations. Thus, much 
effort has been devoted to increasing the operating speed of 
system memory devices. 

[0005] System memory devices are generally dynamic 
random access memories (“DRAMs”). Initially, DRAMs 
Were asynchronous and thus did not operate at even the 
clock speed of the motherboard. In fact, access to asynchro 
nous DRAMs often required that Wait states be generated to 
halt the processor until the DRAM had completed a memory 
transfer. HoWever, the operating speed of asynchronous 
DRAMs Was successfully increased through such innova 
tions as burst and page mode DRAMs, Which did not require 
that an address be provided to the DRAM for each memory 
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access. More recently, synchronous dynamic random access 
memories (“SDRAMs”) have been developed to alloW the 
pipelined transfer of data at the clock speed of the mother 
board. HoWever, even SDRAMs are incapable of operating 
at the clock speed of currently available processors. Thus, 
SDRAMs cannot be connected directly to the processor bus, 
but instead must interface With the processor bus through a 
memory controller, bus bridge, or similar device. The dis 
parity betWeen the operating speed of the processor and the 
operating speed of SDRAMs continues to limit the speed at 
Which processors may complete operations requiring access 
to system memory. 

[0006] A solution to this operating speed disparity has 
been proposed in the form of a computer architecture knoWn 
as “SyncLink.” In the SyncLink architecture, the system 
memory may be coupled to the processor either directly 
through the processor bus or through a memory controller. 
As a result, SyncLink DRAM memory devices are able to 
operate at a speed that is substantially faster than conven 
tional DRAM memory devices. Rather than requiring that 
separate address and control signals be provided to the 
system memory, SyncLink memory devices receive com 
mand packets that include both control and address infor 
mation. The SyncLink memory device then outputs or 
receives data on a data bus that may be coupled directly to 
the data bus portion of the processor bus. 

[0007] An example of a computer system 10 using the 
SyncLink architecture is shoWn in FIG. 1. The computer 
system 10 includes a processor 12 having a processor bus 14 
coupled to three packetiZed dynamic random access memory 
or SyncLink DRAM (“SLDRAM”) devices 16a-c. The 
computer system 10 also includes one or more input devices 
20, such as a keypad or a mouse, coupled to the processor 
12 through a bus bridge 22 via an expansion bus 24, such as 
an industry standard architecture (“ISA”) bus or a Peripheral 
component interconnect (“PCI”) bus. The input devices 20 
alloW an operator or an electronic device to input data to the 
computer system 10. One or more output devices 30 are 
coupled to the processor 12 to display or otherWise output 
data generated by the processor 12. The output devices 30 
are coupled to the processor 12 through the expansion bus 
24, bus bridge 22 and processor bus 14. Examples of output 
devices 24 include printers and a video display units. One or 
more data storage devices 38 are coupled to the processor 12 
through the processor bus 14, bus bridge 22, and expansion 
bus 24 to store data in or retrieve data from storage media 
(not shoWn). Examples of storage devices 38 and storage 
media include ?xed disk drives ?oppy disk drives, tape 
cassettes and compact-disk read-only memory drives. 

[0008] In operation, the processor 12 communicates With 
the memory devices 16a-c via the processor bus 14 by 
sending the memory devices 16a-c command packets that 
contain both control and address information. Data is 
coupled betWeen the processor 12 and the memory devices 
16a-c, through a data bus portion of the processor bus 14. 
Although all the memory devices 16a-c are coupled to the 
same conductors of the processor bus 14, only one memory 
device 16a-c at a time reads or Writes data, thus avoiding bus 
contention on the processor bus 14. Bus contention is 
avoided by each of the memory devices 16a-c on the bus 
bridge 22 having a unique identi?er, and the command 
packet containing an identifying code that selects only one 
of these components. 
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[0009] A typical command packet for a SyncLink pack 
etiZed DRAM is shown in FIG. 2. The command packet is 
formed by 4 packet Words each of Which contains 10 bits of 
data. The ?rst packet Word W1 contains 7 bits of data 
identifying the packetiZed DRAM 16a-c that is the intended 
recipient of the command packet. As explained below, each 
of the packetiZed DRAMs is provided With a unique ID code 
that is compared to the 7 ID bits in the ?rst packet Word W1. 
Thus, although all of the packetiZed DRAMs 16a-c Will 
receive the command packet, only the packetiZed DRAM 
16a-c having an ID code that matches the 7 ID bits of the 
?rst packet Word W1 Will respond to the command packet. 

[0010] The remaining 3 bits of the ?rst packet Word W1 as 
Well as 3 bits of the second packet Word W2 comprise a 6 bit 
command. Typical commands are read and Write in a variety 
of modes, such as accesses to pages or banks of memory 
cells. The remaining 7 bits of the second packet Word W2 
and portions of the third and fourth packet Words W3 and W4 
comprise a 20 bit address specifying a bank, roW and column 
address for a memory transfer or the start of a multiple bit 
memory transfer. In one embodiment, the 20-bit address is 
divided into 3 bits of bank address, 10 bits of roW address, 
and 7 bits of column address. 

[0011] Although the command packet shoWn in FIG. 2 is 
composed of 4 packet Words each containing up to 10 bits, 
it Will be understood that a command packet may contain a 
lesser or greater number of packet Words, and each packet 
Word may contain a lesser or greater number of bits. 

[0012] The computer system 10 also includes a number of 
other components and signal lines that have been omitted 
from FIG. 1 in the interests of brevity. For example, as 
explained beloW, the memory devices 16a-c also receive a 
master clock signal to provide internal timing signals, a data 
clock signal clocking data into and out of the memory device 
16, and a FLAG signal signifying the start of a command 
packet. 

[0013] One of the memory devices 16a is shoWn in block 
diagram form in FIG. 3. The memory device 16a includes 
a clock divider and delay circuit 40 that receives a command 
clock signal 42 and generates a large number of other clock 
and timing signals to control the timing of various opera 
tions in the memory device 16. The memory device 16a also 
includes a command buffer 46 and an address capture circuit 
48, Which receive an internal clock CLK signal, a command 
packet CAO-CA9 on a command bus 50, and a FLAG signal 
on line 52. As explained above, the command packet con 
tains control and address information for each memory 
transfer, and the FLAG signal identi?es the start of a 
command packet. The command buffer 46 receives the 
command packet from the bus 50, and compares at least a 
portion of the command packet to identifying data from an 
ID register 56 to determine if the command packet is 
directed to the memory device 16a or some other memory 
device 16b, c. If the command buffer 46 determines that the 
command packet is directed to the memory device 16a, it 
then provides the command packet to a command decoder 
and sequencer 60. 

[0014] The command decoder and sequencer 60 generates 
a large number of internal control signals to control the 
operation of the memory device 16a during a memory 
transfer corresponding to the memory command packet. 
More speci?cally, the command decoder and sequencer 60 
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operates in a pipelined fashion by storing memory com 
mands corresponding to respective command packets as the 
command packets are received. In fact, the command 
decoder and sequencer 60 may receive and store memory 
commands a rate that is faster than the rate that the memory 
commands can be processed. The command decoder and 
sequencer 60 subsequently issues command signals corre 
sponding to the respective memory commands at respective 
times that are determined by a latency command. The 
latency command speci?es the number of clock pulses or 
clock edges that Will occur betWeen than the start and the 
resultant clocking of data into or out of the memory device 
16a. The latency command may be programmed into the 
memory device 16a by conventional means, such as by 
programming an anti-use. HoWever, the latency command 
they also be part of an initialiZation packet that is received 
by the memory device 16a upon initialiZation. 

[0015] The address capture circuit 48 also receives the 
command packet from the command bus 50 and outputs a 
20-bit address corresponding to the address information in 
the command packet. The address is provided to an address 
sequencer 64, Which generates a corresponding 3-bit bank 
address on bus 66, a 10-bit roW address on bus 68, and a 
7-bit column address on bus 70. 

[0016] One of the problems of conventional DRAMs is 
their relatively loW speed resulting from the time required to 
precharge and equilibrate circuitry in the DRAM array. The 
packetiZed memory device 16a shoWn in FIG. 3 largely 
avoids this problem by using a plurality of memory banks 
80, in this case eight memory banks 80a-h. After a memory 
read from one bank 80a, the bank 80a can be precharged 
While the remaining banks 80b-h are being accessed. Each 
of the memory banks 80a-h receives a roW address from a 
respective roW latch/decoder/driver 82a-h. All of the roW 
latch/decoder/drivers 82a-h receive the same roW address 
from a predecoder 84 Which, in turn, receives a roW address 
from either a roW address register 86 or a refresh counter 88 
as determined by a multiplexer 90. HoWever, only one of the 
roW latch/decoder/drivers 82a-h is active at any one time as 
determined by bank control logic 94 as a function of the 
bank address from a bank address register 96. 

[0017] The column address on bus 70 is applied to a 
column latch/decoder 100 Which, in turn, supplies I/ O gating 
signals to an I/O gating circuit 102. The U0 gating circuit 
102 interfaces With columns of the memory banks 80a-h 
through sense ampli?ers 104. Data is coupled to or from the 
memory banks 80a-h through the sense ampli?ers 104 and 
I/O gating circuit 102 to a data path subsystem 108, Which 
includes a read data path 110 and a Write data path 112. The 
read data path 110 includes a read latch 120 receiving and 
storing data from the I/O gating circuit 102. In the memory 
device 16a shoWn in FIG. 3, 64 bits of data are applied to 
and stored in the read latch 120. The read latch then provides 
four 16-bit data Words to a multiplexer 122. The multiplexer 
122 sequentially applies each of the 16-bit data Words to a 
read FIFO buffer 124. Successive 16-bit data Words are 
clocked through the FIFO buffer 124 by a clock signal 
generated from an internal clock by a programmable delay 
circuit 126. The FIFO buffer 124 sequentially applies the 
16-bit Words and tWo clock signals (a clock signal and a 
quadrature clock signal) to a driver circuit 128 Which, in 
turn, applies the 16-bit data Words to a data bus 130 forming 
part of the processor bus 14. The driver circuit 128 also 
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applies the clock signals to a clock bus 132 so that a device, 
such as the processor 12 reading the data on the data bus 
130, can be synchronized With the data. 

[0018] The Write data path 112 includes a receiver buffer 
140 coupled to the data bus 130. The receiver buffer 140 
sequentially applies 16-bit Words from the data bus 130 to 
four input registers 142, each of Which is selectively enabled 
by a signal from a clock generator circuit 144. Thus, the 
input registers 142 sequentially store four 16-bit data Words 
and combine them into one 64-bit data Word applied to a 
Write FIFO buffer 148. The Write FIFO buffer 148 is clocked 
by a signal from the clock generator 144 and an internal 
Write clock WCLK to sequentially apply 64-bit Write data to 
a Write latch and driver 150. The Write latch and driver 150 
applies the 64-bit Write data to one of the memory banks 
80a-h through the I/O gating circuit 102 and the sense 
ampli?er 104. 

[0019] As mentioned above, an important goal of the 
SyncLink architecture is to alloW data transfer betWeen a 
processor and a memory device to occur at a signi?cantly 
faster rate. HoWever, the operating rate of a packetiZed 
DRAM, including the packetiZed memory device 16a shoWn 
in FIG. 3, is limited by the time required to receive and 
process command packets applied to the memory device 
16a. More speci?cally, not only must the command packets 
be received and stored, but they must also be decoded and 
used to generate a Wide variety of signals. HoWever, in order 
for the memory device 16a to operate at a very high speed, 
the command packets must be applied to the memory device 
16a at a correspondingly high speed. As the operating speed 
of the memory device 16a increases, the command packets 
are provided to the memory device 16a at a rate that can 
eXceed the rate at Which the command buffer 46 can process 
the command packets. Furthermore, as the operating speed 
of the packetiZed memory device 16a increases, the required 
latency of command signals issued by the command decoder 
and sequencer 60 may become shorter than the minimum 
latency that the command decoder and sequencer 60 is 
capable of operating. In other Words, it may become nec 
essary for the command decoder and sequencer 60 to issue 
command signals sooner than the command decoder and 
sequencer 60 is capable of issuing such command signals, 
partly because of the pipelined nature of the operation of the 
command decoder and sequencer 60. 

[0020] Although the foregoing discussion is directed to the 
need for faster command buffers in packetiZed DRAMs, 
similar problems eXist in other memory devices, such as 
asynchronous DRAMs and synchronous DRAMs, Which 
must process control and other signals at a high rate of 
speed. 

SUMMARY OF THE INVENTION 

[0021] A memory device command generator includes a 
command pipeline adapted to receive and store a plurality of 
memory commands, and then output corresponding com 
mand signals. The command pipeline outputs each com 
mand signal at times relative to receipt of the memory 
command that is determined by a latency command. HoW 
ever, for the command pipeline to output the command 
signal at the time speci?ed by the latency command, the 
latency command must specify a latency that is greater than 
a minimum latency of the command pipeline. If the latency 
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command speci?es a latency that is less than the minimum 
latency of the command pipeline, a bypass circuit rather than 
the command pipeline generates the command signal, and it 
does so at a time that is less than the minimum latency of the 
command pipeline as speci?ed by the latency command. In 
such case, the bypass circuit inhibits the command pipeline 
from generating the command signal so that only one 
command signal is generated responsive to the memory 
command. The bypass circuit may include a latch circuit that 
outputs the command signal. The latch preferably is reset to 
terminate the command signal by an acknowledgment signal 
that is generated by circuitry receiving the command signal. 
The inventive method and system for bypassing pipelines in 
a pipelined command generator may be used in a Wide 
variety of memory devices. HoWever, it is particularly Well 
adapted for use in a packetiZed dynamic random access 
memory device in Which the memory commands are in the 
form of command packets of command data indicative of a 
memory operation, a roW address and a column address. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a block diagram of a computer system 
containing several SyncLink packetiZed dynamic random 
access memory devices. 

[0023] FIG. 2 is a diagram shoWing a typical command 
packet for a SyncLink packetiZed dynamic random access 
memory device. 

[0024] FIG. 3 is a block diagram of a SyncLink pack 
etiZed dynamic random access memory device that may be 
used in the computer system of FIG. 1. 

[0025] FIG. 4 is a block diagram of an embodiment of a 
command buffer and a pipelined command decoder and 
sequencer that is usable in the SyncLink packetiZed dynamic 
random access memory device of FIG. 3. 

[0026] FIG. 5 is a block diagram shoWing the command 
buffer of FIG. 4 in greater detail. 

[0027] FIG. 6 is a timing diagram shoWing the clock 
signals used in a portion of the command buffer shoWn in 
FIG. 5. 

[0028] FIG. 7 is a block diagram of a pipelined address 
decoder and sequencer including a pipeline bypass system 
according to one embodiment of the invention that may be 
used in the SyncLink packetiZed dynamic random access 
memory device of FIG. 3. 

[0029] FIGS. 8A and 8B are block diagrams of command 
units and other circuitry used in the address decoder and 
sequencer of FIG. 7. 

[0030] FIG. 9 is a block and logic diagram of a bypass 
circuit used in the address decoder and sequencer of FIG. 7 
to selectively bypass the command units shoWn in FIGS. 7 
and 8A. 

[0031] FIGS. 10A and 10B are timing diagrams shoWing 
various Waveforms present in the bypass circuit of FIG. 9. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] One embodiment of a command buffer 200 that my 
be used in place of the command buffer 46 of FIG. 3 is 
shoWn in FIG. 4. The command buffer 200 shoWn in FIG. 
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4 is described in US. patent application Ser. No. 08/994,461 
to Troy A. Manning, Which is incorporated herein by refer 
ence. Amemory device 16 of the type shoWn in FIG. 3 using 
the command buffer 200 may be used in the computer 
system shoWn in FIG. 1. 

[0033] With reference to FIG. 4, a command packet CA 
consisting of a plurality of packet Words are applied to a shift 
register 202 via a command bus 204. The Width M of the bus 
204 corresponds to the siZe of the shift register 202, and the 
number N of packet Words in the command packet corre 
sponds to an integer sub-multiple of the number of stages of 
the shift register 202. In the embodiment shoWn in FIG. 4, 
the shift register 202 has one-half the number of stages that 
are in the command packet, i.e., tWo shift stages since there 
are four packet Words. Thus, the shift register 202 sequen 
tially receives tWo groups of tWo 10-bit packet Words 
responsive to a clock signal CLK. Coincident With the start 
of a four Word command packet, a FLAG signal is applied 
to a control circuit 205 that is clocked by the CLK signal 
along With the shift register 202. 

[0034] After tWo packet Words have been shifted into the 
shift register 202, the control circuit 205 generates a LOAD1 
signal that is applied to a ?rst storage register 206. The ?rst 
tWo packet Words from the shift register 202 are then loaded 
into the ?rst storage register 206. After tWo more packet 
Words have been shifted into the shift register 202, the 
control circuit 205 generates a LOAD2 signal that is applied 
to a second storage register 208. The second storage register 
208 then stores the remaining tWo packet Words from the 
shift register 202. The ?rst and second storage registers 206, 
208 then collectively output a 40-bit command Word COM 
MAND on a command bus 220. 

[0035] The COMMAND on the command bus 220 is 
applied to the address decoder and sequencer 60, Which 
includes a command unit 224 including a roW command unit 
(“RCU”) 226 and a column command unit (“CCU”) 228. 
The RCU 226 is responsible for handling roW addresses and 
roW commands While the CCU 228 is responsible for 
handling column and bank addresses as Well as commands 
relating to the columns of the memory arrays 80 (FIG. 3). 

[0036] The CCU 228 outputs column and bank addresses 
to a column address bus 230, high level commands to a 
command execution unit 232, and timing signals to a 
sequencer 233 formed by a series of shift registers 234a-n. 
The shift registers 234 control the timing of column com 
mands, such as EQUILIBRATE, WRITE, DCLK (data 
clock) CONTROL, etc., issued by the command execution 
unit 232 responsive to command signals from the CCU 228. 

[0037] The RCU 226 may be of a someWhat conventional 
design, and thus Will not be described in detail. The CCU 
228, command execution unit 232, and sequencer 233 Will 
be described further With reference to FIGS. 5-8. 

[0038] With reference to FIG. 5, the control circuit 205 
includes a clock circuit 235 that receives the clock signal 
CLK and its quadrature CLK90 from elseWhere in the 
memory device that contains the command buffer 200. The 
CLK and CLK90 signals are applied to a NOR gate 236 
Which outputs a high Whenever CLK and CLK90 are both 
loW, as illustrated in the timing diagram of FIG. 6. The 
output of the NOR gate 236 is applied through a ?rst inverter 
237 to generate a CLK1 signal and then through a second 
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inverter 238 to generate a CLK1* signal (the “*” symbol 
after a signal name is used throughout to designate the 
compliment of the signal). 

[0039] The CLK90 and CLK signals are also applied to a 
NAN D gate 240 that outputs a loW Whenever both CLK and 
CLK90 are high, as also illustrated in FIG. 6. The output of 
the NAND gate 240 is coupled through an inverter 242 to 
generate a CLKO signal and then through a second inverter 
244 to generate a CLKO* signal. These signals are used 
throughout the command buffer 200, as explained in detail 
beloW. 

[0040] The control circuit 205 also includes a pair of shift 
registers 246, 248 that are connected in series With each 
other to form an 8-stage shift register. The shift register 246 
receives the FLAG signal and sequentially shifts it through 
the four stages of the shift register circuit 246 and then 
through the four stages of the shift register circuit 248 
responsive to the CLKO, CLKO*, CLK1, and CLK1* sig 
nals. The FLAG signal is shifted through tWo stages of the 
shift register circuits 246, 248 each cycle of the CLK signals. 
Thus, When FLAG goes high, tWo successive F<7z0>outputs 
of the shift register circuits 246, 248 sequentially go high 
each clock cycle. 

[0041] The shift register 202 shoWn in FIG. 5 includes ten 
separate shift register circuits 250a-j, each of Which receive 
a respective bit CAO-CA9 of the incoming 10-bit packet 
Word. Each of the shift register circuits 250a-j includes tWo 
shift register stages. Thus, after each clock cycle, tWo 
command bits CA have been shifted into each shift register 
circuit 250, and these bits are available as a 2-bit Word 
B<1:0>. Thus, the ten shift register circuits 250a-j collec 
tively output a 20-bit Word C<1910> corresponding to the 
?rst 20 bits of the command packet. These 20 bits are then 
stored in the storage register 206. After tWo more packet 
Words have been shifted into the shift register circuits 
250a-j, a second 20-bit Word C<1910> corresponding to the 
second 20 bits of the command packet is output from the 
shift register circuits 250a- j. These 20 bits are then stored in 
the storage register 208. The storage registers 206, 208 
shoWn in FIG. 5 store all of the packet Words from each 
command packet after all four of the packet Words have been 
shifted into the shift register 202. The storage registers 206, 
208 then output a 40-bit command Word Y<39:0>. HoWever, 
it Will be understood that packet Words shifted into a shift 
register may be transferred to one or more storage registers 
before all of the packet Words of a command packet have 
been shifted into the shift register. 

[0042] The command buffer 200 also includes a coarse 
vernier circuit 331. As explained beloW, the coarse vernier 
circuit 231 generates a 6-bit coarse vernier Word 

CRSE_VERN<5:0>from a portion of the command Word 
Y<20:24, 11, 9>. As further explained beloW, the coarse 
vernier Word CRSE_VERN<5:0>is used to preload counters 
(not shoWn) in the column command unit 228. 

[0043] As mentioned above With reference to FIG. 4, the 
address decoder and sequencer 60 includes a column com 
mand unit 228, Which is illustrated in greater detail in FIGS. 
7 and 8. With reference to FIG. 7, the column command unit 
228 includes eight command units 500 (shoWn as a single 
block in FIG. 7), and corresponding command unit selectors 
502 (also shoWn as a single block in FIG. 7). The command 
units 500 receive bits Y<32126, 19:17, 15:12, 1017>of the 
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command Word stored in the storage registers 206, 208 
(FIG. 4). The command units also receive the coarse vernier 
signals CRSE_VERN<5:0>from the coarse vernier circuit 
331 (FIG. 5), MBPS400-800 signals indicative of the clock 
speed from elseWhere in the command decoder 200, the 
clock signals CLK and CLK90, a data clock acknowledge 
signal DCLKACK, and eight select signals EXSEL<7:0>. 
As explained beloW, the EXSEL<710>signals enable respec 
tive ones of the eight command units 500. The command 
units 500 generate a seven bit column address 
COL<610>that is applied to a column address processing 
unit 506. The column address processing unit 506 outputs a 
column address COL<610>that corresponds to an initial 
column address Which may be incremented responsive to an 
INC_COL signal. Finally, the command units 500 output 
busy signals EXBUSY<7z0>indicating that a respective one 
of the command units 500 is busy, and various control 
signals STARTCOL*, STARTDCLK*, BNKREG<2:0>, 
CMDLAT<3:1>, DCMD<3,2,0>, STARTCMD<7:0>, 
CNTHALT*, and DRVCMD* Which are used in a manner 
described beloW. Each of the command units 500 also 
receives a NODCLK* signal. The NODCLK* signal is 
gated (not shoWn) With the signals generating the START 
DCLK signal to prevent the command units 500 from 
generating respective STARTDCLK signals When NOD 
CLK* is active loW. As explained beloW, an active loW 
NODCLK* signal is generated When the command units 500 
are to be bypassed and the STARTDCLK signal is this 
generated by other circuitry described beloW. 
[0044] The command unit selector 502 controls the storing 
of command Words in each of the command units 500a-h in 
a manner that prevents a single command Word from being 
stored in more than one command unit 500. The command 
unit selector 502 also prevents a command Word from 
overWriting a command Word previously stored in a com 
mand unit 500 before the command unit has generated 
corresponding command signals from the stored command 
Word. Basically, each command unit 500 generates a respec 
tive active high EXBUSY<710> signal When a command 
Word has been stored in the command unit 500a-h. After 
command signals have been generated from the stored 
command Word, the EXBUSY<7z0> signals transitions inac 
tive loW so that command Words may once again be stored 
in the command unit 500a-h. 

[0045] The command unit selector 502 controls Which of 
the command units 500a-h store a command Word output 
from the storage registers 206, 208 by issuing an active high 
EXSEL<7z0>signal to one and only one of the command 
units 500a-h at a time. The command unit 500a-h receiving 
the EXSEL<710>signal then stores the command Word. The 
command unit selector 502 determines Which command unit 
500a-h should receive the EXSEL<7z0>signal by examining 
the BUSY<710>signals from all of the command units 
500a-h. The command unit selector 502 arranges the com 
mand units 500a-h in a hierarchy from the ?rst command 
unit 500a to store a command Word (i.e., none of the 
command units have yet stored a command Word) to the last 
command unit 500h to store a command Word (i.e., all of the 
other command units 500a-g have already stored a com 
mand Word). The command unit selector 502 issues an 
active high EXSEL<7z0>signal to a command Word only if 
its BUSY<7z0>signal is active loW and the respective 
BUSY<710>signals for all command units 500 higher in the 
hierarchy are active high. The selected command unit 500 
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then receives and processes the command Word COM 
MAND from the storage units 206, 208 as explained in 
greater detail beloW. 

[0046] The column command unit 228 also includes a 
column command processor 508 that includes the column 
execution unit 232 and the sequencer 233 of FIG. 4. The 
column command processor 508 receives the 
BNKGEG<2:0>, CMDLAT<3:1>, and STARTCOL* sig 
nals from the command units 500, as Well as the clock 
signals CLK and CLK90, and clock speed signals 
MBPS400-800 that are also applied to the command units 
500a-h. The column command processor 508 then outputs 
the INC_COL signal to the column address processing unit 
506, and STARTCMD<8>, CMDACK and CB*<7:0> sig 
nals to the command units 500a-h. 

[0047] As mentioned above, the column command unit 
228 includes eight identical command units 500a-h that are 
shoWn in FIG. 8 along With some additional circuitry that is 
part of the column command unit 228. Each of the command 
units 500a-h is capable of storing predetermined portions of 
the command Word Y<39z0>received from the storage reg 
isters 206, 208. The stored command Words are used to 
generate a sequence of command signals that cause corre 
sponding functions to be performed in the memory device. 
The command Words may be stored in the command units 
500a-h at a faster rate than the memory device 16 is able to 
perform the corresponding functions. The use of multiple 
command units 500a-h, each of Which stores a respective 
command Word, provides signi?cant advantages to increase 
the speed of the memory device 16. By using multiple 
command units 500a-h, the memory device 16 can continue 
to receive command packets even though the prior command 
packet has not yet been processed. In fact, the command 
packets can be received as long as the average rate at Which 
the command packets are received is less than the average 
time to process the command packets and complete memory 
transfer operations. As a result, memory devices using the 
command buffer 200 are able to operate at a relatively high 
speed. 

[0048] The command execution unit 232 also includes 
four latches 510, 512, 514, 516 formed by respective pairs 
of inverters connected in a loop. The latches 510-516 output 
respective latched DCMD<3,2,0>, COL<6:0>, 
BNKREG<0>, and CMDLAT<311> signals. The command 
execution unit 232 also includes a pair of identical logic 
circuits 520, 522 for generating STARTCOL* and START 
DCLK* signals, respectively. The STARTCOL* signal is 
generated at the output of an inverter 530 Which is, in turn, 
driven by a NAND gate 532. The NAND gate 532 is driven 
by three NOR gates 534, 536, 538 each of Which receives a 
respective bit of a STARTCMD<8:0>signal. The NAND 
gate 532 is enabled by an active loW CMDACK signal. 
When the CMDACK signal is high, a transistor 540 is turned 
on to force STARTCOL* high. The logic circuit 520 gen 
erates an inactive high STARTCOL* signal When all nine 
bits of STARTCOL<8z0> are inactive loW. Thus, if one or 
more bits of STARTCOL<810>is active high, STARTCOL* 
Will be active loW. Active high STARTCOL<8z0>bits signify 
the start of a column command by a respective command 
unit 500a-h. Thus, an active loW STARTCOL* signal indi 
cates the start of a column command by one of the command 
unit 500a-h. 
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[0049] The logic circuit 522 is structurally and function 
ally identical to the logic circuit 520, and its operation Will 
therefore not be explained in detail. Brie?y, the logic circuit 
522 generates an inactive high STARTDCKL* signal When 
all nine bits of STARTDCLK<8z0>are in active loW. Thus, 
if one or more bits of STARTDCLK<8z0>is active high, 
STARTDCLK* Will be active loW. The STARTDCLK* 
signal can also be forced high by DCLKACK being high. An 
active high STARTDCLK<810> initiates clocking of data to 
or from one of the memory arrays 80 through one of the data 
paths 108, 112 responsive to a command signal from a 
respective command unit 500a-h (FIG. 3). As explained 
beloW, there is a latency period required before the data 
clock can accommodate to a transfer of data responsive to a 
column command initiated When the STARTCOL* signal 
goes active loW. If the command unit 500 is programmed to 
initiate a data transfer before the required latency period of 
the data clock, the data clock Will be unable to transfer data 
When the array is ready to receive the data (in the case of a 
WRITE operation) or the array is ready to output the data (in 
the case of a READ operation). As mentioned above and 
explained further beloW, the purpose of the inventive pipe 
line bypass system and method is to generate the START 
DCLK* at an earlier time When the command units 500 are 
programmed to generate column commands With a shorter 
latency period. Under these circumstances, the STARTD 
CLK* signal is generated by a dedicated circuit rather than 
by one of the command units 500 generating the STARTD 
CLKS signal as one of the pipelined commands. 

[0050] Each of the command units 500 includes a counter 
(not shoWn) that is preloaded With the CRSE_VERN<5:0> 
Word responsive a LDXCTR signal generated by the 
decoder 210 (FIG. 5). The counter also receives a START 
signal Which is also generated by the decoder 210. The 
START signal causes the counter to begin decrementing. 
The output of the counter is a 6-bit Word CNT<5:0>. The 
CNT<5:0>Word is decoded by various circuits in the com 
mand units 500 to cause various commands to be issued. The 
timing of the various commands is therefore a function of 
the CRSE_VERN<5:0> Word preloaded into the counter. 
The CRSE_VERN<5:0>Word thus provides an indication of 
the timing of the pipelined commands issued by each of the 
command units 500. More speci?cally, the command units 
500 generate commands, such as CNTHALT*, DRVCMD*, 
and STARTCMD, at the proper time depending upon the 
frequency of the clock signals CLK and CLK90 and the 
value of the CRSE_VERN<5:0> Word preloaded into the 
counter. 

[0051] With further reference to FIG. 7, the command 
buffer also includes a pipeline bypass circuit 600. As men 
tioned above, the pipeline bypass circuit 600 generates a 
start data clock STARTDCLK<8> signal that causes the 
NAN D gate 532 (FIG. 8) in the logic circuit 522 to generate 
a STARTDCLK* signal as explained above. Thus, rather 
than being generated as a pipelined command by the com 
mand unit 500, the STARTDCLK<8> signal is generated by 
the bypass circuit 600. The bypass circuit 600 generates the 
STARTDCLK<8> signal When it is necessary for data to be 
clocked out or into the array before the data clock could 
otherWise be enabled by a STARTDCLK<n> signal gener 
ated by the command unit 500 as one of the pipelined 
commands. As further explained above, this situation occurs 
When the command units are commanded to generate the 
pipelined command signals With a latency that is shorter 
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than the minimum latency at Which the command units are 
capable of generating command signals. In particular, for a 
READ data transfer, the STARTDCLK* signal must be 
generated six clock periods (i.e., 12 clock transitions or 
“ticks”) before the data clock clocks the read data from the 
array. If the command unit 500 is programmed to generate 
column commands that cause the array to output data 11 or 
feWer clock ticks after the command unit has become active, 
the command unit 500 cannot possibly generate the 
STARTDCLK<7z0>signal at the proper time. To generate 
the STARTDCLK<710>at the proper time Would require that 
STARTDCLK<710>be generated 1 clock tick before the 
command unit became active. 

[0052] In a similar manner, for a WRITE data transfer, the 
STARDCLK* signal must be generated 9 clock ticks before 
they data clock starts clocking data into the memory array. 
If the command unit 500 is programmed to generate column 
commands that cause the array to receive data feWer clock 
ticks after the command unit 500 has become active, the 
command unit 500 likeWise Will be unable to generate the 
STARTDCLK<7z0>signal at the proper time. 

[0053] One embodiment of the bypass circuit 600 is 
illustrated in FIG. 9. Basically, the bypass circuit 600 
generates the STARTDCLK<8>signal using the F<4> tim 
ing signal generated by the control circuit 205 (FIG. 5) 
When the command unit 500 is programmed to issue com 
mands causing either a READ or a WRITE operation With 
a latency that is 1 clock tick too early for the command unit 
500 to generate the STARTDCLK<8> signal. If the com 
mand unit 500 is programmed to issue commands causing 
either a READ or WRITE operation With a latency that is 2 
clock ticks too early, the F<3> timing signal (Which occurs 
1 clock tick earlier than the F<4> timing signal) is used. 
HoWever, the STARTDCLK<8>signal Will be generated in 
this manner only if certain other conditions are met, as 
explained beloW. 

[0054] With reference to FIG. 9, a ?rst NAND gate 602 
receives a Y<9> bit from the storage register 206 (FIG. 4) 
and a W1EARLY signal indicative of a WRITE operation 
With a latency of 10 clock ticks. This signal is generated by 
a latency detect circuit 610, Which is described in detail 
beloW. Another NAN D gate 612 receives a R1EARLY signal 
indicative of a READ operation With a latency of 8 clock 
ticks and the complement of the Y<9>bit generated by an 
inverter 614. The R1EARLY signal is generated by the 
latency detect circuit in a manner that Will be explained 
beloW. The outputs of the NAND gates 602, 612 are applied 
to a NAND gate 616. When enabled, the NAND gate 616 
generates a high When either W1EARLY and Y<9> are both 
high or When R1EARLY is high and Y<9>is loW. 

[0055] A logic circuit similar to that explained above 
detects a WRITE operation With a latency of 10 clock ticks 
or a READ operation having a latency of 7 clock ticks. More 
speci?cally, a NAND gate 620 receives a W2EARLY signal 
indicative of a WRITE operation With a latency of 10 and the 
Y<9> bit. The W2EARLY signal, Which is received from the 
latency detect circuit 610, is indicative of a WRITE opera 
tion having a latency of 10 clock ticks (i.e., 2 clock ticks 
earlier than the command unit 500 is capable of generating 
the STARTDCLK<8> signal). Another NAND gate 622 
receives a R2EARLY signal, also generated by the latency 
detect circuit 610, indicative of a READ operation With a 
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latency of 7 clock ticks. The NAND gate 622 also receives 
complement of the Y<9> bit from the inverter 614. The 
outputs of the NAND gates 620, 622 are applied to a NAND 
gate 624. The NAND gate 624 outputs a high Whenever 
either W2EARLY and Y<9> are both high or Whenever 
R2EARLY is high and Y<9>is loW. 

[0056] The NAND gates 616, 624 are enabled by a loW at 
the output of an inverter 626 Which, in turn, receives the 
output of a NOR gate 628. The NOR gate 628 decodes both 
Y<11> and Y<12>loW. Thus, the outputs of the NAN D gates 
616 can be high, as explained above, only if Y<11> and 
Y<12>are both loW. 

[0057] The outputs of the NAND gates 616, 624 are used 
as selector circuits to select either the F<4> timing signal or 
the F<3>timing signal, respectively, to generate the 
STARTDCLK<8>signal. The output of the NAND gate 616 
is applied to a pass gate 630 directly and through an inverter 
632. If the output of the NAND gate 616 is high, the pass 
gate 630 is enabled, thereby coupling the F<4>timing signal 
to the gate of respective NMOS transistors 640, 642. Simi 
larly, the output of the NAND gate 624 is applied to a pass 
gate 650 directly and through an inverter 652. If the output 
of the NAND gate 624 is high, the pass gate 650 is enabled, 
thereby coupling the F<3>timing signal to the gates of the 
NMOS transistors 640, 642, respectively. 
[0058] The outputs of the NAND gates 616, 624 are also 
applied to a NOR gate 660. The NOR gate 660 generates an 
active loW NODCLK* signal through 2 inverters 662, 664. 
The NODCLK* signal is applied to the command units 500 
to inhibit the command units 500 from generating a START 
DCLK* signal thereby preventing one of the command units 
500 and the bypass circuit 600 from both generating the 
STARTDCLK* signal. 

[0059] As mentioned above, the outputs of the pass gates 
630, 650 are applied to the gates of respective NMOS 
transistors 640, 642. The transistor 640 is connected in series 
With a pair of NMOS transistors 650, 652. Similarly, the 
NMOS transistor 642 is connected in series With a pair of 
NMOS transistors 656, 658. The transistors 650, 652 turn 
ON for a short period after the trailing edge of a clock CLK 
signal. More speci?cally, With reference to FIG. 10A, the 
gate of the transistor 650 receives the complement of the 
CLK signal from an inverter 660 and thus turns ON When 
CLK is loW, as indicated by the highlighted portion of the 
CLK signal shoWn in FIG. 10 A. The gate of the NMOS 
transistor 652 is coupled to the output of a NOR gate 664, 
Which turns ON the transistor 652 When both of its inputs are 
loW. This condition occurs When the complement of a 
quadrature clock signal CLK90 at the output of an inverter 
666 is high, as also indicated by the highlighted portion of 
the CLK90 signal in FIG. 10A. Finally, the other input of the 
NOR gate 664 receives a delayed complement of the CLK 
signal from a delay circuit 668. The output of the delay 
circuit 668 is loW When the delayed CLK signal is high, as 
also indicated by the highlighted portion of FIG. 10A. As 
indicated by the Waveform “ON,” the highlighted portions 
of the above-described Waveforms coincide at the start at the 
trailing edge of the CLK signal and terminate at the trailing 
edge of the delayed CLK signal. The transistors 650, 652 
thus turn ON for a period corresponding to the delay of the 
delay circuit 668. 

[0060] The drain of the NMOS transistor 650 is coupled to 
a latch 670 formed by a pair of inverters 674, 676. The input 
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to the latch 670 is selectively biased high by a pair of PMOS 
transistors 680,682. The transistor 680 is turned ON by a loW 
output from an inverter 686, Which occurs Whenever a data 
clock acknowledge signal DCLKACK is active high. The 
DCLKACK signal is generated in another portion of the 
command decoder and sequencer 60. The transistor 682 is 
turned ON by an active loW reset signal R*, also generated 
elseWhere in the command decoder and sequencer 60. 

[0061] In operation, the inputs to the latch 670 are initially 
biased high by either the reset signal R* going loW at 
initialiZation of the memory device or by the DCLKACK 
signal having gone high after a previous memory transfer. 
The STARTDCLKp<8>signal at the output of the latch 670 
is thus initially loW, and it Will remain loW unless all of the 
transistors 640, 650, 652 turn ON at the same time to pull the 
input to the latch 670 to ground. The input to the latch 670 
Will be pulled loW just after the trailing edge of the CLK 
signal if either the F<4> timing signal is coupled through the 
pass gate 630 or the F<3> timing signal is coupled through 
the pass gate 650 at that time. The STARTDCLKp<8>signal 
Will therefore go active high at the end of each CLK signal 
in the event of a WRITE or READ operation With a latency 
that is one or tWo clock ticks less than the minimum latency 
that the command units 500 are capable of generating the 
command Word DCMD<0,2,3>. 

[0062] The NMOS transistors 642, 656, 658 operate in 
substantially the same manner as explained above to gen 
erate a STARTDCLKn<8>signal, except that the transistors 
656, 658 turn ON for a short period at the leading edge of 
the CLK signal. As indicated by the highlighted portion of 
the CLK signal shoWn in FIG. 10B, the transistor 656 turns 
ON When the CLK signal is high. The transistor 658 turns 
ON When the both of the inputs to a NOR gate 690 are loW. 
This condition occurs When the CLK90 signal is loW, as also 
indicated by the highlighted portion of the CLK90 signal 
shoWn in FIG. 10B. Finally, the other input to the NOR gate 
690 Will be loW When a delayed clock signal from a delay 
circuit 692 is loW, as indicated by the highlighted portion of 
the CLKDEL signal shoWn in FIG. 10B. As shoWn by the 
Waveform “ON” in FIG. 10B, the highlighted portions of 
these signals coincide With each other after the leading edge 
of the CLK signal for duration corresponding to the delay of 
the delay circuit 692. 

[0063] The STARTDCLKn<8> signal is generated at the 
output of a latch 696 formed by pair of inverters 698,700 in 
the same manner as explained above With respect to the latch 
670. Also, the input to the latch 696 is selectively biased 
high by a pair of PMOS transistors 704, 706, Which are 
turned ON under the same conditions that the PMOS tran 
sistors 680, 682 are turned ON. The 
STARTDCLKn<8>signal is therefore generated at the start 
of each CLK signal in the event of a WRITE or READ 
operation With a latency that is one or tWo clock ticks less 
than the minimum latency that the command units 500 are 
capable of generating the command Word DCMD<0,2,3>. 

[0064] The STARTDCLKp<8> and 
STARTDCLKn<8>signals are applied to a NOR gate 710 
that enables three inverters 712 (only one is shoWn in FIG. 
9) Whenever its output is loW directly and through an 
inverter 714. Each of the inverters 712 receives a respective 
complement of one of the Y<7, 9, 10>bits from the storage 
register 206 (FIG. 4) through respective inverters 718. Thus, 



US 2001/0000819 A1 

the inverters 712, When enabled, generate three command 
signals that together form the command Word DCMD<0,2, 
3> 

[0065] Finally, the output of the NOR gate 710 is coupled 
through an inverter 720 to generate an active high START 
DCLK<8> signal Whenever either STARTDCLKp<8>or 
STARTDCLKn<8> is active high. The 
STARTDCLK<8>signal is applied to the NOR gate 534 
(FIG. SE) to generate the STARTDCLK* signal as 
eXplained above. 

[0066] In operation of the command buffer shoWn in 
FIGS. 4 and 5 and the address decoder and sequencer 60 
shoWn in FIGS. 4, 7 and 8, the command units 500 normally 
generate the STARTDCLK* signal to provide the command 
Word DCMD<0,2,3>. HoWever, in the event the command 
Word DCMD<0,2,3>must be provided one or tWo clock 
ticks earlier than the command unit 500 is capable of 
providing the command Word DCMD<0,2,3>, DCMD<0,2, 
3>is provided by the bypass circuit 600. The bypass circuit 
600 performs this function by generating the 
STARTDCLKp<8>and STARTDCLKn<8>signals on either 
the leading or trailing edge of the CLK signal (Whichever 
occurs ?rst) responsive to either the F<4>timing signal (for 
a latency of 1 clock tick less than the minimum capability of 
the command unit 500) or the F<3>timing signal (for a 
latency of 2 clock ticks less than the minimum capability of 
the command unit 500). The command Word DCMD<0,2, 
3>remains active until circuitry (not shoWn in FIG. 7) 
receiving the data command Word DCMD<0,2,3>generates 
the data clock acknowledge signal DCLKACK. The cir 
cuitry receiving the DCMD<0,2,3>Word and generating the 
DCLKACK signal is described in the aforementioned appli 
cation to Manning, Ser. No. 08/994,461, Which is incorpo 
rated herein by reference. When the DCLKACK signal is 
received by the bypass circuit 600, it terminates the START 
DCLKp<8> and STARTDCLKn<8> signals, as explained 
above, Which, in turn, terminates the 
STARTDCLK<8>signal and disables the inverter 712 to 
terminate the command Word DCMD<0,2,3>. 

[0067] As mentioned above and described in detail in the 
aforementioned Manning application, the relative timing of 
the command signals generated by the command units 500 
is a function of a latency command. A count is initially 
loaded into respective counters in the command units 500. 
The value of the count, Which is a 6 bit Word CRSE_V 
ERN<5:0>, therefore determines the latency of a WRITE or 
a READ operation. The latency detect circuit 610 receives 
and decodes the count value CRSE_VERN<5:0>by conven 
tional logic circuitry to determine the latency of a memory 
transfer operation. The latency detect circuit 610 also 
receives a signal W*/R indicative of Whether the memory 
transfer is either a WRITE or a READ operation. By 
decoding the count value CRSE_VERN<5:0>and the W*/R 
signal by conventional logic circuitry, the latency detect 
circuit 610 is able to determine Whether the memory transfer 
is a WRITE or a READ operation With a latency that is either 
one or tWo clock ticks less than the minimum latency 
capabilities of the command units 500. The latency detect 
circuit 610 then generates the signals W1EARLY, 
R1EARLY, W2EARLY, and R2EARLY, corresponding to its 
determination. 

[0068] The bypass circuit 600 is thus able to bypass the 
pipelined command signals issued by the command units 
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500 Whenever a memory operation is called for having a 
latency that is less than the minimum latency capabilities of 
the command units 500. 

[0069] As mentioned above, the command buffer and 
address decoder and sequencer shoWn in FIGS. 4-7 may be 
used in place of the command buffer 48 and the command 
sequencer and decoder 60 in the packetiZed memory device 
16a that is shoWn in FIG. 3. The resulting memory device 
16a may be used in the computer system shoWn in FIG. 1 
to provide superior operating speed and performance. 

[0070] While the invention has been described herein by 
Way of eXemplary embodiments for purposes of illustration, 
various modi?cations may be made Without departing from 
the spirit and scope of the invention. Accordingly, the 
invention is not limited eXcept as by the appended claims. 

1. A memory device command generator adapted to 
receive a command packet indicative of a memory com 
mand, the command generator comprising: 

a command unit coupled to receive at least a portion of the 
command packet, the command unit being constructed 
to output a command signal corresponding to the 
portion of the command packet received by the com 
mand unit, the timing at Which the command unit 
outputs the command signal being determined by a 
latency command corresponding to a latency that is 
greater than a minimum latency of the command unit; 
and 

a bypass circuit coupled to receive at least a portion of the 
command packet, the bypass circuit being constructed 
to generate the command signal corresponding to the 
command packet received by the bypass circuit, the 
bypass circuit being constructed to respond to a latency 
command that is shorter than the minimum latency of 
the command unit by outputting the command signal at 
a time corresponding to the latency command. 

2. The memory device command generator of claim 1, 
further comprising: 

a plurality of command units each of Which is coupled to 
receive at least a portion of the command packet, each 
of the command units being constructed to output a 
command signal corresponding to the portion of the 
command packet received by the command unit, the 
timing at Which the command units output respective 
command signals being determined by a latency com 
mand corresponding to a latency that is greater than a 
minimum latency of each of the command units; and 

a command unit selector coupled to each of the command 
units, the command unit selector determining Which of 
the command units stores a portion of the command 
packet, and enabling one of the command units that is 
not storing command bits to store a portion of the 
command packet received by the command units. 

3. The memory device command generator of claim 1 
Wherein the bypass circuit comprises: 

a latency detect circuit coupled to receive a portion of the 
command packet indicative of a desired timing of the 
command signal being output from the command unit, 
the latency detect circuit being constructed to generate 
the latency command corresponding to the desired 
timing of the command signal; 












