WO 01/99115 PCT/ US00/ 10744 BALANCED DUAL- EDGE TRI GGERED DATA BI T SHI FTI NG
CIRCU T AND METHOD TECHNI CAL FI ELD The present invention relates to

i ntegratedooi/awit devices, and 5 nore particularly, to BCDhUSoEII44t i ng
circuit and nethod used in nenory devices. BACKGROUND OF THE | NVENTI ON
Conventional conmputer systens include a processor (not. shown) coupled to a
variety of nenory devices, including read-only nenories ("ROM") which
traditionally store instructions for the processor, and a system 10 nenory

to which the pr pt i,C ssor may
read data. The 13?@3@@@3 WLT@GW&%@:@W%QYE%F iﬁﬁ cache
menory, which is generally a @Iﬁtj[gcnf MEerepS menmory ("SRAM'). The
processor also comunicates with I nput devices, output devices, and data
storage devices. 15 Processors generally operate at a relatively high

speed. Praqcessor such as the Pentium(r) and Pentium 11 (r) m croprocessors
are curre?ﬁﬁ:éﬁw PaBMRLD; hat operate at clock speeds of at |east 400 MHz.

However, the remaini . Of i.Sstin 2 S i.th the
exception of SRAM cac ep?%ﬁgﬁﬁ?én;t}ogl ﬁ%ﬁeega%ag‘?tg&%é%%g@ﬁi ﬁ‘g‘qg‘?s’\t,\é‘%{]speed
of the proesaegarticdiany! # $bRQhiTHAS @ficuit RAAd NEhSHRBIH MelRH @6ficeds el | as
the i nput devices, output devices, and data storage devices, are not

coupled directly to the processor bus. Instead, the system nenory devices
are, gener, bus through a nenory controller,

bus bridgﬁ%¢W%ﬁ€i@Wﬁwnput devi ces, output devices, and
data storage device Il el RESRERCESIMe BUSrobisBH IHosiiisn RO

bri dge. The nenory (;todr??r%(l)lﬁﬁetr&)l gtﬁ.flf()mg tﬁ% system rreen;ifry esv?ges %o oper at e
at a cl ochupledquenay vahiaty i & andrmopntdetides, | mebudihparcadhenly! ordmbriesquency

of the processqr. Simlarly, the bus bridge allows the input devices,
out put de ?%5%/,18 anuhichAradition by o skustipns ROSESSAL.f AWy ENGM hat i s

subst ay | %érXonlyoi’éF(v}ﬁ&?Qhé EB%%&%%? j\%ﬁtep (o URRP M 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.

15 Processors generally operate at a relatively high speed. Processors
such as the Pentium® and Pentium II® microprocessors are currently available
that operate at clock speeds of at least 400 MHz. However, the remaining
components of existing computer systems, with the exception of SRAM cache
memory, are not capable of operating at the speed of the processor. For this |

20 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

25 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
processor. Similarly, the bus bridge allows the input devices, output devices, and

data storage devices to operate at a frequency that is substantially lower than the



2 clock frequency of the processor. Currently, for exanple, a processor
having a 300 MHz clock frequency may be nounted on a nother board having a
66 MHz oVookyfinequency for controlling the system nenor yPdeVs@e®74nd ot her
conponents. 5* Access to systemnenory is a frequent operation for the
processor. The time required for the pjocessor, operating, for exanple, at
300 MHz, to read data fromor wite data to a system nenory devi ce
operating at, for exanple, 66 Mz, greatly slows the rate at which the
processor is able to acconplish its operations. Thus, much effort has been
devot ed t clpekfreguemey ofitheoprocassong Cpeently, for ekamplks, @nproeassoy hdwinges .
System ne vices'.are generally dynam c random access . ne |
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until the donfpdreatk.conpl eted a nenory transfer. However, the operating

speed of asynchronous DRAMs was successfully increased through such
i nnovat? ons as bur stASGRES PagEstemdacIRINVE 2 fisHrentangratinn fasdhe peogessar. an

ynchr onodaRe ietkEfuis & A ERA S Sh, FRE R Rl S D Bl t60 ke
devel oped da9a &one\or Witte Rlabeld A8 ¢stepmefdry devidalopeditinichat, Fdrosdangilecek of t he

mot her boar d. However, even SDRAMs are typically incapabl e of oper a’t_i ng at
t he cl ock Mk @redtly slaventhey rafeaat! which fhreopexesescs. isTdhie  toSBRAMplishnitot be

Che pr oc AREERIARS: HioTgR STHENGH eSO Lo iEtGasto i OPORng SRerdr
Souice T A SRR MGBgREeT e ope 179 specd o (e processer and
processors may conplSytséem opemmiy odeviceute igegeadlye dgndmics yahdom nagoREy. A
solution to this gperating speed disparity has been proposed in the form
of a pac kéﬂﬁfrﬁ@aewériaw\l\éégi cﬁuuﬂ&omD s syeasyRelrongus apd dhus did not
operate at even the clock speed of the motherboard. In fact, access to
asynchronous DRAMs often required that wait states be generated to halt the
15 processor until the DRAM had completed a memory transfer. However, the
operating speed of asynchronous DRAMs was successfully increased through
such innovations as burst and page mode DRAMs, which did not require that an
address be provided to the DRAM for each memory access. More recently,
synchronous dynamic random access memories (“SDRAMSs”) have been
20 developed to allow the pipelined transfer of data at the clock speed of the
motherboard. However, even SDRAMs are typically incapable of operating at
the clock speed of currently available processors. Thus, SDRAMs cannot be
connected directly to the proceséor bus, but instead must interface with the
processor bus through a memory controller, bus bridge, or similar device. The
25 disparity 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.
A solution to this operating speed disparity has been proposed in
the form of a packetized memory device known as a SLDRAM memory device.

30 In the SLDRAM architecture, the system memory may be coupled to the



30 In the SLDRAM architecture, the system nenory nmay be coupled to the WO
01/99115 PCT/ US00/ 10744 3 processor, either directly through the processor
bus or twoogbwias nenory controller. Rather than requiri nBCT/ato/®epar at e
address and control signals be provided to the system nenory, SLDRAM
menory devi ces receive command packets3that include both control and-
address information. The SLDRAM 5 nenory device then outputs or receives
data on a data bus that may be coupled directly to the data bus portion of

the processor bus. An ex l.e of such.,a SLDRAM nenory device is shown in
Figure 1. BHRSCHORSGEIEStyo HraBEhdthe FFTestn BEReV tBIoueh: & MEmIYt hat
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data from gpnalOCIeKianides 1abge hombet of withke dldclt hed tiadnpwighabackedntiel ther ect ed
to the nmenpry device 30 or sone other nmenory .device (not shown). I|f the

conmand butiméng 96 vasous spa@sionnan the anepeRYaderics 3Backks memery, ¢&atie 300 t he

menory devj.ce -3 it then prqvi e .c r 0 : coder

and sequen%lé? %&udﬁea S%Wﬂglﬁ_g l&l@?%dgg %%@%e‘gﬁ)% %@%@?%Qﬁg{a ar ge

hunber of jeRbRENBE iRt *lock ABRISAIK CHBbmAandsackeeCA0-CADn a 10-bit
command bus 50, and a FLAG signal on line 52. A memory controller (not

15 shown) or other device normally transmits the command packet CA0-CA9 to the
memory device 30 in synchronism with the command clock signal CMDCLK.
As explained above, the command packet, which generally includes four 10-bit
packet words, contains control and address information for each memory
transfer. The FLAG signal identifies the start of a command packet, and it also
20 signals the start of an initialization sequence. 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 30 or some other memory
device (not shown). If the command buffer 46 determines that the command
25 packet is directed to the memory device 30, it then provides the command words
to a command decoder and sequencer 60. The command decoder and sequencer
60 generates a large number of internal control signals to control the operation of
the memory device 30 during a memory transfer.
The address capture circuit 48 also receives the command words

30 from the command bus 50 and outputs a 20-bit address corresponding to the



the nenory device 30 during a nenory transfer. The address capture circuit
48 al so receives the conmand words 30 fromthe conmand bus 50 and outputs
a 20-bit veadr/egss corresponding to the WO 01/99115 PCT/ USOBPCT/O%epA10744 addr ess
information in the command packet. The address is provided to an address
sequencer 64, which generates a correspdndi ng 3-bit bank address on bus

66, a 10-bit row address on bus 68, and a 7-bit colum address on bus 70.
The colum address and row address are processed by colum and row address

paths 5 73,.75 as_will. be described hel ow. of t.he probl epp of
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row address 15 register 86, redundant row circuit 87, or a refresh counter
88, as det speudnesultingaromuthei tinexequided tdiprecharge emd wequilibrete ¢ihmitryvin

| at ch/ decoqer/drivers 82a-h is_ act] y.one tinge, as determ ned by
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menory banks _80a-h through sense anplifiers 104. Data itg coupled tq or
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a read | ataly dPfhel o 1aEI0HES0 R RiVeFLBRA-AGrebéitk the same row address from a
predecoder 84 which, in turn, receives a row address from either a row address
15 register 86, redundant row circuit 87, 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 a
bank address from a bank address register 96.
The column address on bus 70 is applied to a column latch/decoder
20 100, which supplies I/O gating signals to an /O gating circuit 102. The /O
gating circuit 102 interfaces with-columns of the memory banks 80a-h through
sense amplifiers 104. Data is coupled to or from the memory banks 80a-h
through the sense amplifiers 104 and the I/O gating circuit 102 and a data path
subsystem 108, which includes a read data path 110 and a write data path 112.
25 The read data path 110 includes a read latch 120 that stores data from the /O
gating circuit 102. In the memory device 30 shown in Figure 3, 64 bits of data
are stored in the read latch 120. The read latch 120 then provides four 16-bit
data words to an output multiplexer 122 that sequentially supplies each of the 16-
bit data words to a read FIFO buffer 124. Successive 16-bit data words are
30 clocked into the read FIFO buffer 124 by a clock signal DCLK generated by the



gating circuit 102. In the nmenory device 30 shown in Figure 3, 64 bits of
data are stored in the read latch 120. The read |atch 120 then provides
four 16-bWeoor/oat®m words to an out put nultiplexer 122 that PeByaetoral |y
supplies each of the 16- bit data words to a read FIFO buffer 124.
Successive 16-bit data words are 30 clogked into the read FI FO buffer 124
by a clock signal DCLK generated by the WD 01/99115 PCT/ US00/ 10744 5 cl ock
generator 40. The 16-bit data words are then clocked out of the read FIFO

buf f'er 124 by a cl ock si gpal RCLK obt ai ned by coupling the DCLK si gnal
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i nput reglb'yt grigrd Arom a clock generator circuit 144. The clock generator circuit
15 generates these enable signals responsive to the data clock DCLK, which, for
write operations, is applied to the memory device 30 on line 132 from the
memory controller, processor, or other device. As with the command clock
signal CMDCLK and command packet CA0-CA9, the memory controller or
other device (not shown) normally transmits the data to the memory device 30 in
20 synchronism with the data clock signal DCLK. The clock generator 144 is
programmed during initialization to adjust the timing of the clock signal applied
to the input registers 142 relative tb the DCLK signal so that the input registers
can capture the write data at the proper times. Thus, the input registers 142
sequentially store four 16-bit data words and combine them into one 64-bit data
25 word applied to a write FIFO buffer 148. The data are clocked into the write
FIFO buffer 148 by a clock signal from the clock generator 144, and the data are
clocked out of the write FIFO buffer 148 by an internal write clock WCLK
signal. The WCLK signal is generated by the clock generator 40. The 64-bit

write data are applied to a write latch and driver 150. The write latch and driver



sequentially store four 16-bit data words and conbine theminto one 64-bit
data 25 word applied to a wite FIFO buffer 148. The data are clocked into
the witavoBisdibuf fer 148 by a clock signal fromthe cl oR&T/gs0EA40r 144,
and the data are clocked out of the wite FIFO buffer 148 by an internal
wite clock WCLK signal. The WCLK sigal is generated by the clock
generator 40. The 64-bit wite data are applied to a wite latch and
driver 150. The wite latch and driver WO 01/99115 PCT/ US0O0/ 10744 6 150
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packet words are apfhieecommaadstiffer 4@ds shewnl? grestet detaglomméred bback 50.

The shift register 172 sequentially receives packet words responsive to a
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register 178. The stora%gh Sﬁgl ster 178 then loads all of the data stored
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function corresponding tqQ the _ co nd rd on the bus 190. The function of
t he decodé“rg@%f% %eﬁ’e‘@ﬁgﬁ éﬁ of ghe @ﬁét@\é\aﬁ% Bft rogistesd 72s to examine the

cormand vor d a0 SIS i, ARLRCIcd e SOSTRAE ik Sophen 1 RRALSN, e,
directed botpubetheeVBN bitesontadd wdrtieo aoderadat @80,18A1D register 182, and a
compare circuit 184. The storage register 178 also outputs the command word
15 on abus 190, and the compare circuit generates a CHPSEL signal. As explained
below, the CHPSEL signal, when active high, causes the memory device 30
containing the command buffer 46 to perform a function corresponding to the
command word on the bus 190.
The function of the decoder 180, ID register 182, and comparator
20 184 is to examine the command word and determine whether the command word
is intended for thé memory device 30 containing the command buffer 46. If the
command word is directed to the memory device 30, the comparator 184
generates an active CHPSEL signal which causes the memory device 30 to carry
out the operation corresponding to the command word on the bus 190.
25 Significantly, when the memory device 30 is carrying out that command, the next
packet words are being shifted into the shift register 172. Thus, the memory
device 30 containing the command buffer 46 is capable of continuously receiving
and processing command words.
It will be understood that necessary portions of the command
30 buffer 46 have been omitted from Figure 2 in the interests of brevity since they



generates an active CHPSEL signal which causes the nmenory device 30 to
carry out the operation corresponding to the command word on the bus 190.
25 Si gni Waanedty; when the nenory device 30 is carryi ng oR€CTAUR@Y10¢4MTANd,
the next packet words are being shifted into the shift register 172. Thus,
the menory device 30 containing the cofmand buffer 46 is capabl e of
continuously receiving and processing conmmand words. It will be understood
that necessary portions of the command 30 buffer 46 have been omitted from
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shift register with respect to other memory circuits also operating according to

the clock signal. .

15 One approach to increasing throughput has been to use a shift
register that shifts data on both the rising and falling edges of a clock signal. The
result is a dual-edge shift register that can essentially shift data at twice the
throughput of conventional shift registers that shift data in response to only one
clock edge or one clock pulse.

20 The dual-edge shift register generally requires a series of clock
signals to perform the faster rate of shifting and latching operations. For
example, it may be necessary to provide both non-complementary and
complementary versions of a clock signal to the dual-edge shift register in order
to alternatively shift and latch data in the shift register. However, the maximum

25 rate at which the dual-edge shift register can accurately perform the shift and
latch operations may be limited by the quality (i.e. symmetry) of the clock
complementary signals generated for use by the shift register.

The conventional manner in which a series of non-complementary
 and complementary clock signals are generated involve inverting a non-

30 complementary clock signal through an inverter circuit. The output of the



signals to performthe faster rate of shifting and | atching operations. For
exanple, it may be necessary to provide both non-conpl enentary and

conpl enewa@any9sues si ons of a clock signal to the dual - edgePehiUkto/roegi ster in
order to alternatively shift and |latch data in the shift register.
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may pose a problem for the next generation of faster memory systems. These
problems associated with an imbalanced shift register will manifest themselves as
15 system memory errors. Therefore, there is a need for a bit shifting circuit that

has a high throughput and balanced duty cycles.

SUMMARY OF THE INVENTION
A Dbit shifting circuit having shifting operations with a more
balanced duty cycle includes both a clock circuit and shift register. The clock
20 circuit produces two sets of complementary clock signals from two input clock
signals, where the clock transitions of the non-inverted and inverted clock signals
of each set have a low-skew, or aligned clock edges. The two sets of
complementary clock signals are provided to a shift register. The shift register
shifts a data bit applied to an input terminal and shifts the data bit to an output
25 terminal in response to the complementary clock signals.
The shift register includes at least one shift register stage that shifts
and latches the data bit from an input terminal upon the clock transition of one
set of complementary clock signals. The shift register stage then shifts and

latches the data bit at an output terminal upon the clock transition of the other set



bal anced duty cycle includes both a clock circuit and shift register. The
clock 20 circuit produces two sets of conplenentary clock signals fromtwo
i nput cl oetrosdgmal s, where the clock transitions of the nparUsRwerv4d and
inverted clock signals of each set. have a | owskew, or aligned clock
edges. The two sets of conplenentary @l ock signals are provided to a shift
register. The shift register shifts a data bit applied to an input
termnal and shifts the data bit to an output 25 termnal in response to

the conpl epentary clock signals. The shift register includes at |east one
shift regP5COMPEHEUADNS Kigaals. ﬁﬁ@ aaﬁcwgés?@rhga&% Iawiﬂcfie W drtghmgnput
term nal t (N . I Kk
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conpl ementary cl ock signals generated by the clock circuit. BRIEF

DESCRI PTI ON OF THE DRAWNGS Figure 1 is a bl ock diagram of an SLDRAM nenory
device. 1 i j i TS ommand buffer that is usable in
t he mam)gy g\%ggé&@;ﬂ&ﬁfﬂ??@i gure |sS a bl ock diagramof a bit
shifting circuit ac®pngendshableck dieghediofantSIAIRANM meinertdefice.Fi gure 4 is
a schematic diagramof an edge-aligned clock circuit 15 according to an
embodilfent of the i Higie 2dm blaukgdiagram pf agogunanthbuiderithag iswsable wm i f t

regi ster accordi .to enpodi nent of the invention.
9 memory (Pe%lce ofaI*rigurenP

Figure 3 is a block diagram of a bit shifting circuit according to an
embodiment of the invention.
Figure 4 is a schematic diagram of an edge-aligned clock circuit
15 according to an embodiment of the invention.
Figure 5 is a schematic diagram of a shift register according to an
embodiment of the invention.
Figure 6 is a timing diagram showing the clock signals present in
the bit shifting circuit of Figure 3.
20 Figure 7 is a block -diagram of a command buffer usable in the
memory device of Figure 1 which includes the bit shifting circuit of Figure 3.
Figure 8 is a block diagram of a computer system that includes

memory devices having the bit shifting circuit of Figure 3.

" DETAILED DESCRIPTION OF THE INVENTION
25 Figure 3 illustrates an embodiment of a bit shifting circuit 200 in
accordance to the principles of the present invention. The bit shifting circuit 200
may be substituted for a stage of the shift register 172 (Figure 2). As shown in
Figure 3, the bit shifting circuit 200 is formed by the combination of an edge-



Figure 6 is a timng diagram show ng the clock signals present in the bit
shifting circuit of Figure 3. 20 Figure 7 is a block -diagramof a comrand
buf fer usadbe9dimsthe nenory device of Figure 1 which i ncPan@sootoe44bi t
shifting circuit of Figure 3. Figure 8 is a block diagramof a conputer
systemthat includes nenory devices hayyng the bit shifting circuit of
Figure 3. DETAILED DESCRI PTION OF THE I NVENTION 25 Figure 3 illustrates an
enbodi ment of a bit shifting circuit 200 in accordance to the principles
of the present invention. The bit shifting circuit 200 na¥ be substituted
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such as gedictatel eﬁgec-ghgﬁecf‘complementary clock signals will be provided below.
The shift register 208 receives the CB, CN and C90B, C90N clock
15 signals on input clock terminals 210, 212, 214, and 216, respectively. The shift

register 208 also receives a DATA signal at a serial data input terminal 218. The
DATA signal is generally a serial stream of data bits such as a bit in each of a
series of packet words applied to the command buffer 46 (Figure 1). The shift
register 208 includes at least one shift register stage 224a that is coupled to
20 receive the CB, CN and C90B, C90N clock signals, and the DATA signal.
However, the shift register 208 may include any number of shift register stages
depending on the application of the bit shifting circuit 200. For example, with
reference to Figure 2; a suitable replacement for the shift register 172 would
require N number of shift register stages. Additional shift register stages are
25 represented in Figure 3 by shift register stages 224b-c, where the shift register
stage 224c represents the last stage in the shift register 208. Each shift register
stage 224a-c is coupled to receive the CB, CN and C90B, C90N clock signals,
and is coupled to receive a data bit, which is shifted from an input terminal S to
an output terminal D. By connecting several shift register stages in series, a data

30 bit applied to the serial data input terminal 218 can be shifted through each



series of packet words applied to the command buffer 46 (Figure 1). The
shift register 208 includes at |east one shift register stage 224a that is
coupl ed two0oB0991¢xei ve the CB, CN and C90B, COON cl ock si gpal/@sotndidt he DATA
signal. However, the shift register 208 may include any nunber of shift
regi ster stages depending on the appliltation of the bit shifting circuit
200. For exanmple, with reference to Figure 2; a suitable replacenent for
the shift register 172 would require N nunber of shift register stages.

Fegi stor SPagatvssRat ReiieE ARE R thr e SHpEF Bl 202 3Resansp b it o ¢ ne
| ast st ageeBNCNBOOB. COONSEIBEK ¢¥BalsEach shift register stage 224a-c is
coupl ed to receive the CB, CN and 0B, C9ON clock signals, and is coupled

to receive a data biAlthmighchot sssehtifl &dthe operationngfuthet BitréhifiingScireuit an

output term nal D,.By connecting seyeral shift register stages in series, a
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a shift register, or bit shifti cjrcuit_in a cq nd buffer is further
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providing a bit shifting circuit 200 that has a nore symetri cal
register 208 overcome the aforementioned problems associated with conventional
15 shift registers by providing a bit shifting circuit 200 that has a more symmetrical
or balanced duty cycle. The edge-aligned CB, CN and C90B, C90N clock
signals generated by the clock circuit 206 enable the shift register stages 224a-c
to perform the shifting and latching operations in a more balanced fashion. Thus,
the likelihood that a shift register stage 224a-c will misshift a data bit resulting in
20 a memory system error is reduced. As mentioned previously, as the clock speed
of memory systems increases, the:need for a more balanced bit shifting circuit
will become more critical.
An embodiment of an edge-aligned clock circuit 240 that may be
used as the edge-aligned clock circuit 206 is shown in greater detail in Figure 4.
25 The edge-aligned clock circuit 240 includes two edge-aligned clock generators
250 and 252 that generate edge-aligned non-complementary and complementary
clock signals having clock transitions with relatively little skew. The edge-

aligned clock generators 250, 252 are similar to a low-skew single-ended-to-

differential signal converter described in United States Patent No. 5,852,378 to



or bal anced duty cycle. The edge-aligned CB, CN and C90B, C90N cl ock
signals generated by the clock circuit 206 enable the shift regi ster stages
224a-c twopesfies mthe shifting and | atchi ng operati ons | RCHURBY®744al anced
fashion. Thus, the likelihood that a shift register stage 224a-c wl|

m sshift a data bit resulting in 20 a nErory systemerror is reduced. As
mentioned previously, as the clock speed of nenory systens increases, the-
need for a nore balanced bit shifting circuit wll becone nore critical .
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transfer gates 260a and 266a have an input term nal coupled to a voltage
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Consequently, as the CLK signal clocks back and forth, the voltage of the nodes
15 270a and 272a will change as well.

Although the output signal of the inverter 258a is delayed with

respect to the output signal of the inverter 256a, inverters 276a and 278a act as

buffers so that the non:complementaly and complementary clock signals, CB and

CN, have aligned clock edges. The control terminals coupled to the output of the

20 inverter 258a will not receive the resulting clock signal as soon as the control

terminals coupled to the output of the inverter 256a. However, the minor change

in voltage of the nodes 270a and 272a due to the output signal of the inverter

256a arriving first will not be enough to trigger the inverters 276a and1278a,

respectively. The inverters 276a and 278a will not trigger until the inverter 258a

25 generates an output signal. Capacitors 280a and 282a may be coupled between

the output of the inverters 276a and 278a a’nd a ground, respectively, to filter any

additional switching noise from the changing voltages at the nodes 270a and
272a.

The clock generator 252 is constructed and operates in the same

30 manner as described above for the clock generator 250. However, the clock



15 270a and 272a will change as well. Although the output signal of the

I nverter 258a is delayed with respect to the output signal of the inverter
256a, I nweovE9E1276a and 278a act as buffers so that thePaDwS@owpl4denent ary
and conpl enentary clock signals, CB and CN, have aligned clock edges. The
control termnals coupled to the outputl3of the 20 inverter 258a will not
receive the resulting clock signal as soon as the control termnals
coupled to the output of the inverter 256a. However, the m nor change in
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of the shift reqgister 208. The shift register stage 284 shjfts a data bit
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signal s gexgg.ated by the edge-aligned clock circuit

The latch stage 290 includes a CMOS inverter 294 having an input

15 terminal S coupled to receive a data bit, and an output coupled to a latch circuit
296. The source of the PMOS transistor 300 is coupled to a voltage supply
terminal through two pairs of series connected PMOS transistors 304, 306 and
308, 310. The source of the NMOS transistor 302 is coupled to a ground
terminal through two pairs of series connected NMOS transistors 312, 314 and

20 316, 318. As shown in Figure 5, a data bit at the input terminal S of the CMOS
inverter 294 will be latched by the latch circuit 296 when the CMOS inverter is°
éoupled to both the voltage supply terminal and the ground terminal. This will
occur only when the C90N and CN signals are low and the CB and C90B signals
are high, or alternatively, when the C90N and CN signals are low and the C90B

25 and CB signals are high.

The latch stage 292 has a CMOS inverter 320 having an input
terminal coupled to the output of the latch circuit 296, and an output terminal
coupled to a latch circuit 322. The drains of the PMOS and NMOS transistors,
324 and 326, are coupled to the voltage supply terminal and the ground terminal,

30 respectively, through an arrangement similar to the CMOS inverter 294. That is,



206. The latch stage 290 includes a CMOS inverter 294 having an input 15
termnal S coupled to receive a data bit, and an output coupled to a latch
circuit wWaQ61/99h® source of the PMOS transistor 300 i s cop@l/@doww74& vol t age
supply termnal through two pairs of series connected PMOS transistors
304, 306 and 308, 310. The source of tlde NMOS transistor 302 is coupl ed to
a ground termnal threugh two pairs of series connected NMOS transistors
312, 314 and 20 316, 318. As shown in Figure 5, a data bit at the input
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are low and the  CN and C90B signals are high, or alternative SP when t he
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I nverters 350, and 352 pled in serjes to the output of the latch
circuit 3%AfRdS Vb‘éﬁ%@fﬁﬁ‘i’é‘t@%f@?‘?‘éﬁi’@w is the output termnal D of the
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versi on ofth¢ kdge akighed clock circuit 106 will be explained w1th reference to Figure 6.
As shown in Figure 6, the inverters 294 and 320 are alternatively activated twice

15 for every cycle of the CLK clock signal, with only one inverter being activated at
a given time. Thus, every time the inverters 294 and 320 are successively
activated, a data bit is shifted through the shift register stage 284. Or similarly,
two data bits can be shifted through the shift register stage 284 for every cycle of
the CLK signal.

20 ‘ For example, one period of the CLK signal is defined by times t0-
t3. At time t0, the inverter 294 is activated and a first (low) data bit at the input
terminal S is latched by the latch circuit 296. At time t1, the inverter 294 is
deactivated and the inverter 320 is simultaneously activated so that the first data
bit of the latch circuit 296 can be shifted to the latch circuit 322. After a fixed

25 time following time t1 (not shown in Figure 6), due to the propagation delay of
the inverters 350 and 352, the first data bit will appear at the output terminal D.
At time t2, the inverter 320 is deactivated and the inverter 294 is once again
activated. A second (high) data bit at the input terminal S is latched by the latch
circuit 296. At time t3, the inverter 294 is deactivated and the inverter 320 is

30 activated. Consequently, the second data bit latched by the latch circuit 296 is



data bit is provided at the output termnal D. The operation of the shift
regi ster stage 284 in conbination with the edge aligned clock circuit 106
will be ox@bapnes]l with reference to Figure 6. As shown i PICEFUSW®746, the
inverters 294 and 320 are alternatively activated twice 15 for every cycle
of the CLK clock signal, with only oneifnverter being activated at a given
time. Thus, every tine the inverters 294 and 320 are successively
activated, a data bit is shifted through the shift register stage 284. O
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i ndi vi dual transistors o
switching time. However, one ordinarily skilled in the art will appreciate that the

15 shift register stage 284 will function regardless of which transistor is switched
ON first.

Another embodiment of the bit shifting circuit 200 includes an edge
aligned clock circuit 206 having an edge aligned clock circuit 240, as shown in
Figure 4, coupled to the output terminals of a clock circuit, as described in

20 United States Patent No. 09/104,423 to Manning, filed June 25, 1998. The
resulting clock circuit 206 is coupled to a shift register 208 that includes shift
register stages as described in the aforementioned reference. Coupling the edge
aligned clock circuit 240 to the output of the NAND and NOR gates of the clock
circuit, as described in the reference, in place of the two pairs of series inverters

25 results in a bit shifting circuit 200 that performs the shifting and latching
operations in a more balanced fashion. The aforementioned reference was
previously incorporated herein, and as such, a detailed explanation of the clock
circuit and the shift register stage described in the reference have been omitted in

the interests of brevity. .



series transistor pair are turned ONis not critical, sone advantages may
be 10 obtained by connecting the respective clock signals in a manner
where t havopapmilst or coupl ed to the voltage supply or gropeduUse@vwi4dal is
turned ON first. For exanple, turning ON the transistors 304 and 318 prior
to turning ON the transistors 306 and 16 nay result in the CMOS inverter
294 having a faster switching tinme. However, one ordinarily skilled in the
art will appreciate that the 15 shift register stage 284 will function
regardl ess of which jransistor i§ swtched ONfirst. Another enpbodi nent of
the bit shifting cir ?I?Psl OPﬁc‘E‘fsll?af’eén nggypsr Oglsf@hﬁf‘cgl%ﬁéc%@%&ﬂ&‘u‘ﬁtl)zoes
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circuit 206 is coupled. to adjhift regi ster 208 that includes shift

regi ster st®yeOngsdgesiansd #lock eiranbt aayne veashifithe &fbrcl, CO8Bviandg t he
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The af or enpreviosslyd disefissedn aecammnang batfeo katyreceives parldt bit Wwikeetommand as
such, a detai]ed explanation of the clock <circuit and the shift register
stage desc¥PBed in the reference have been omitted in the interests of
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command bus 374. The shift register 372 includes the bit shifting circuits shown
15 in Figure 3. The width M of the bus 374 corresponds to the size of the shift
register 372, and the number N of packet words in the command packet
corresponds to an integer sub-multiple of the number of stages of the shift
register 372. The shift register 372 shown in Figure 7 has one-half the number of
stages that are in the command packet, i.e., two shift stages since there are four
20 packet words. Thus, the shift register 372 sequentially 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 375 that is clocked by the CLK signal along with the shift register 372.
After two packet words have been shifted into the shift register
25 372, the control circuit 375 generates a LOADI1 signal that is applied to a first
storage register 376. [The first two packet words from the shift register 372 are
then loaded into the first storage register 376. After two more packet words have
been shifted into the shift register 372, the control circuit 375 generates a
LOAD?2 signal that is applied to a second storage register 378. The remaining

30 two packet words from the shift register 372 are then loaded into the second



word. Shown in Figure 7 are portions of a conmand buffer 370 that 10

I ncl udes enbodi nents of the bit shifting circuit 200 and that may be
subst i t utved o1/92ans t he command buffer 46 of Figure 1. Wth Pef/@savimaddt o
Figure 7, the command buffer 370 receives a command packet CA consisting
of a plurality of packet words. The parket words are applied to a“shift
register 372 via a command bus 374. The shift register 372 includes the
bit shifting circuits shown 15 in Figure 3. The width Mof the bus 374

corresponds to the sjize t ift .register 372, and the_nunber N of
packet wor 38ra8s f%s@f)ng‘ﬁtd ﬁ&“clﬁj&t aﬁér‘feé’@BQnEF@rat&? 5‘?gl$tﬁ1t5e§85 SUB- Hene i pl e
of the numbgie s, E{] %t8f40t1§1f ?xﬁlﬂa&xd\b&féf §L186.03/6n a p cﬁ‘iué Ster 372
shown in Fi gure one- ha nunber of ~~stages a are

command packet, i.e. Thbmn&haﬁd wWRir@ 08S3 B0 csh ﬂ{eeécﬁnﬁtraﬁdftﬁtsrﬂlfhsp@fﬂi&td
wor ds. Thus, the shi ft I ster 372 se uentlaIIy recei ves two groups of
two 10- bi t thasiesmand dlsutr%%‘bmlﬂdlégt&)c umrocammagxdaumuﬂcczc:&)rdemdawth

the start_of f our ,wor. acket FLAG naI | i 0
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register 25 372, the control circuit 375 g nerate a LOADL signa at is
appl i ed tocamfnands wklﬂe)ﬂaagél(}[é@i%tmrre@ﬁﬁxsﬁﬂeefdnprsbeﬂsmg palaket adldmedsaesf rom

the shift (ﬁﬁoter 372 ar(e1 then | oaded into the first storage register
376. Afterd® Swords have been shifted into the shift register

372, the control cir t S dto a
second storage regi s?glF g%}sﬁg @n% %Oﬁn“h‘?‘?@m pagz#( [5&%51] a?cﬁlgt he
shift negiaddeess36ds @00, hignldvendesindide tbh@ coafni] W Qitio9ddi® 402, and
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command execution unit 402 responsive to command signals from the CCU 398,
15 The structure and operation of the command buffer 370 are
described in greater detail in U.S. Patent Application Serial No. 08/994,461 to
Manning, filed December 19, 1997, which is incorporated herein by this
reference.
Figure 8 is a block diagram of a computer system 410, which
20 includes memory devices 416a-c including the bit shifting circuit 200 similar to
those shown in Figure 3. The computer system 410 includes a processor 412
having a processor bus 414 coupled tovthre'e SLDRAM packetized dynamic
random access memory devices 416a-c through a memory controller 418. The
computer system 410 also includes one or more input devices 420, such as a
25 keypad or a mouse, coupled to the processor 412 through the processor bus 414,
a bus bridge 422, and an expansion bus 424, such as an Industry Standard
Architecture (“ISA”) bus or a Peripheral Component Interconnect (“PCT”) bus.
The input devices 420 allow an operator or an electronic device to input data to
the computer system 410. One or more output devices 430 are coupled to the

30 processor 412 to display or otherwise output data generated by the processor



I nvention. The RCU 396 is responsible for processing row addresses and row
commands while the CCU 398 is responsible for processing colunm addresses
and col uwooosamehds. The CCU 398 out puts col utm and bank pOTUS@EE®344t 0 a
colum 10 address bus 400, high I evel commands to a command execution unit
402, and timing signals to a sequencer 1803 formed by a series of shift
regi sters 404a-n. The shift registers 404 include the bit shifting circuit
200 shown in Figure 3. The shift registers 404 control the timng of

| ds i d i it 402 i
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command bubkpans3cd bas et249|6§§b'ﬁ6§é| 400 M ERREs et !4 140 E"%B ﬁ@t(gns
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i nput data_tqQ the conputer system 410. One or nore outp devi ces 0 are
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devices 416a-c through the memory controller 418 and the processor bus 414.
Although all the memory devices 416a-c are coupled to the same conductors of

15 the memory controller 418, only one memory device 416a-c at a time reads or
writes data, thus avoiding bus contention. Bus contention is avoided by each of
the memory devices 416a-c having a unique identifier, and the command packet
containing an identifying code that selects only one of these components.

The computer system 410 also includes a number of other

20  components and signal lines that have been omitted from Figure 8 in the interests
of brevity. For example, as explained below, the memory devices 416a-c also |
receive a command clock signal to provide internal timing signals, a data clock
signal clocking data into the memory device 416, and a FLAG signal signifying
the start of a command packet. \ ‘

25 From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
illustration, various modifications may be made without deviating from the spirit
and scope of the invention. For example, as shown in Figure 5, the latch stage
290 is activated when CN and C90N are low and CB and C90B are high, or

30 when CN and C90N are high and CB and C90B are low, and the latch stage 292



devices 438 are coupled to the processor 412 through the processor bus 414,
bus 5 bridge 422, and expansion bus 424 to store data in or retrieve data
from st ove@e1/99mesli a (not shown). Exanpl es of storage devi Pe€FUSBRI0I
storage nedia include fixed disk drives floppy disk drives, tape cassettes
and conpact-di sk read-only nenory drivi®. In operation, the processor 412
comuni cates with the nenory 10 devices 416a-c via the nenory controller
418. The nenory controller 418 sends the nmenory devices 416a-c comand

between 18 sgroReaahanth GRREORN AETay PHYESRreT IHER Rty SERen B nelrory
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416a-c are coupled to e same conductors of 15 the nenory controller 418,

only one nEhpiGB,de99Beand CRON signalstapplicd éadle gates wf ithe EMQASand: NIYEOS
avoi di ng bus. content| . Bus contentiaqn is,avojded by each of the .menor
vl oen s restics WBRHed drapaars Ihan e shameed Jtar e Lampir foacaapatng 7
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The conputer syste al so 1 ncludes a nunber o conponents and
signal |i rMgsitedakcépas tyetho appendezidclhimsn Figure 8 in the interests of
brevity. For exanple, as explained below, the nenory devices 416a-c al so
receive a command cl ock signal to provide internal timng signals, a data
clock signal clocking data into the menory device 416, and a FLAG signal
signifying the start of a command packet. 25 Fromthe foregoing it wll be
appreci ated that, although specific enbodinents of the invention have been
descri bed herein for purposes of illustration, various nodifications may
be nmade without deviating fromthe spirit and scope of the invention. For
exanple, as shown in Figure 5 the latch stage 290 is activated when CN
and C90ON are | ow and CB and C90B are high, or 30 when CN and COON are high
and CB and C90B are low, and the latch stage 292 WO 01/ 99115 PCT/ US00/ 10744
19 is activated when CB and C90ON are | ow and CN and C90B are high, or when
CB



and COON are high and CN and C90B are | ow. However, the conbination of the
CN, CB, C90B, and COON signals applied to the gates of the PMOS and NMOS
series covoevpEds transi stors may be changed so that the chpabiUsayioos
activating 5 the latch stages 290 and 292 are swi tched. Accordingly, the
invention is not limted except as by the appended clains. WD 01/99115
PCT/ USO0/ 10744 20 CLAIMS 1. A dual -edge triggered bit shifting circuit,
conprising: a clock generator having a first clock circuit coupled to
receive a first clock signal and @ ?$@§?d clock circuit coupled to receive
a second cl ock signal, each clock % t having first and second out put
termnals to provide respective non- conplenentary and conpl enentary cl ock
signals, each clock circuit further having a first switch alternatively
coupling the firbkt oufpual-cdgairiggeredbitishytingeitcadcenmprisiigr ence vol t ages
in response to first,and second .stat of. the.respective:clock sigpal
received by thé Ff?gbeg,eﬁ‘ﬂﬁg(’% oERE3 &ﬁftfi lecgﬁgcpgrq e‘ﬁ&?/irﬁif“ée §32’E§F1d
switc ’ j [Ria[eF PpUt ] e ond
and £ Sqk SERE WEs Yoo iRt oL R IR Bt RLLRE'S (LRI Hock Setll BETES of
t he radpecteircaitChadhg sfighaindr seeinde dutpyt tteaninals pe girovidleC raxplctiver aght ; and

a shift register coypled to the output, termnals of the first and second
cl ock coBmAlEmeBtagy and Fomplementanalonk signalspeach: elogk watcuidtiasther havingek e ve
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second predetermned relationship. 2. The bit shifting circuit of claiml

wher eiby the respective egoek evircuttorand fegher phvingl & tsecohd stwiteh rabgimativelst ages
| ed i ies b t he i. d tput termnals of t hi ft
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i
termnal”™ In response to t Irst and sec non-conplrrenentary a

conpl eexpeceny cladkadicust; gndl s from the cl ock generator.,

a shift register coupled to the output terminals of the first and second
clock generators, and further having an input terminal coupled to receive an input bit
in response to the first and second clock signals having a first predetermined
relationship and an output terminal to provide an output bit in response to the first and

second clock signals having a second predetermined relationship.

2. The bit shifting circuit of claim 1 wherein the shift register
comprises a plurality of shift register stages coupled in series between the input and
output terminals of the shift register, each shift register stage having input and output
terminals and adapted to shift the input bit from the input terminal to the output
terminal in response to the first and second non-complementary and complementary

clock signals from the clock generator.



WO 01/99115 PCT/ US00/ 10744 21 3. The bit shifting circuit of claim?2
wherein each shift register stage conprises: a first |atch stage coupl ed
to recei weoavglt®n bit, the first latch stage | atching theCcOase/ori4 in
response to the first and second non-conpl enentary and conplenentary cl ock
signals having a first predeterm ned4djogic relationship; and a second | atch
stage coupled to receive the data bit fromthe first latch stage, the
second |l atch stage latching the data bit in response to the fi rst and
second non-co enen | second
pr edet er m ned n})%gl c iﬁ?étt SMW%ED %ﬁ%ﬁ%ﬁﬁé@ etgﬂcﬁs §?ﬁlf ag?omthe
first éﬁgﬁségt age to the second |atch stage when the predeterm ned | ogic

rel ationship of the first and second non- conplenentary and conpl ementary
cl ock signals chadiss latdh stage bouplsti tot remgmcl aclats Wif, theafistJawdhestage t he
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supply term nal ®keddirl lapotestage ,coaplédfttdrﬁeb@tﬁ/ecthelQla@dbitofrémcﬁib\dﬁst hetch i r st
and second non- con&&prrent ary and co | ementary clock signals, the first
s

swi t crstage, the seeqnd tagg letebing thet date et bnessporsarictlic fiestiand secord
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seconqogwlteg,{ﬁdﬁgm? rcuit coupl ed bet ween the second supply term nal of the
inverter and a second reference terminal, and fin-ther coupled to receive
the first and sehembyrtha-datarpiteiseshtified foomd the fpbelatch atagectoathk secomdl s,
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4, The bit shifting circuit of claim 3 wherein the first and second
latch stages comprise:

an inverter having an input terminal coupled to receive the data bit and
an output terminal, the inverter further having first and second supply terminals;

a first switching circuit coupled between a first reference terminal and
the first supply terminal of the inverter, and further coupled to receive the first and
second non-complementary and complementary clock signals, the first switching
circuit coupling the first reference terminal to the first supply terminal in response to
the predetermined logic relationship of the first and second non-complementary and
complementary clock signals;

a second switching circuit coupled between the second supply terminal
of the inverter and a second reference terminal, and further coupled to receive the first
and second non-complementary and complementary clock signals, the second
switching circuit coupling second supply terminal to the second reference terminal in
response to‘ the predetermined logic relationship of the first and second non-

complementary and complementary clock signals; and



WO 01/99115 PCT/ US00/ 10744 22 a latch circuit coupled to the output of the
inverter to latch the data bit in response to the first and second supply
term nal svob1/9hes i nverter being coupled through the firspPCrUSE®EENd
swtching circuits to the first and second reference term nals,
respectively. 5. The bit shifting cirmguit of claim4 wherein the first
swtching circuit conprises first and second pairs of series connected

swi tches, each pair coupled between the first reference termnal and the

first supply termmnal .. each sw tch. . havin control fermnal upled to
receive a respec{r}a\g(gl Ellr%‘f:‘ﬁcgﬁl}éfﬁgﬁoiﬂ?%ﬂwpﬁgo Ve‘g%rn@relép‘%’rt?‘eéﬁga ﬁ‘l‘iénsecond
SW t chy det6 Yhé fiEQ IR se86nd saFply 38EniB8RUTALO M vt ted? ' ed
SWi tcheeg,ﬂoeaech pai r coupl ed bet%se/n thegsecond ref e&??ﬁ?ﬁé%@ﬁ)&?ﬁgﬁﬁg@j t'he
secondthe ufsrsk yantlesacbond | switchdhg soircudth thathienfirst andnsecwindt saferenat texmiphizg t o
receive a re&pective clock signal fromthe clock generator. 6. The bit

shi ftil§PGHYEYt of claim5 wherein the first and second pairs of switches

of the first switching circuit conprises PMOS transistors, and the first
and second pairs of switches of the second switching circuit conprises NMOS

transistors. 7. She blke $if thiffigg wircnit bf elaifd @i whéreihethei first hevit
circuit, conprises two inverters each having an output term nal coupled to
t he i rigtRult epmipriges fost rand etqnad paverafeseries coneedied switchesngaeh rpair t  of
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furt heaviidy b RGnAB! RHIRHAL cRupIEs &) dedeiies tr@s&)eBﬁVé @M@sigﬂﬂ%ﬁ%@' gclé o the
output of the first invertér and further having an output; WO 01/99115
PCT/ USgDet:03% 4nd 23
the second switching circuit comprises first and second pairs of series
connected switches, each pair coupled between the second reference terminal and the
second supply terminal, each switch having a control terminal coupled to receive a

respective clock signal from the clock generator.

6. The bit shifting circuit of claim 5 wherein the first and second
pairs of switches of the first switching circuit comprises PMOS transistors, and the
first and second pairs of switches of the second switching circuit comprises NMOS

transistors.

7. The bit shifting circuit of claim 4 wherein the latch circuit
comprises two inverters each having an output terminal coupled to the input terminal

of the other inverter.

8. The bit shifting circuit of claim 1 wherein the first and second
clock circuits comprise:

a first inverter having an input coupled to receive a respective clock
signal and further having an output;

a second inverter having an input coupled to the output of the first

inverter and further having an output;



first, second, third, and fourth transfer gates, each transfer gate having
a respective input and output termnal, and further having' a respective
non- conWenestia¥y and conpl enentary control term nal, whPeBURItR44i nput
termnal of the first and fourth transfer gates are coupled to a first
reference termnal, the input term ndl3 of the second and third transfer
gates are coupled to a second reference termnal, the output of the first
inverter is coupled to the non-conplenmentary control termnals of the
first and third n g al s of
t he second and fgﬁsﬁt ﬁéc??ghgﬁlg(f aggﬂghﬂ%@g@ @ﬁ,‘%g%ﬂg?ﬂ{%{égétgc% %verter
i s coupdspective tihpunomd oopipatre traviyal, cand r filrtlieer havales ©f réspectBec aiph-and
fourth trapnsfer gates, and the conpl epentar control termnals of the
first smpfm@mr@dsq@np@m@m&ompk@lmmaﬁuw mmer havi ng an i nput

coupled to the outp I t I transfe tes, and
further having a ol Elbblttwl JB% %P{he ihx%bpxg@ tgléﬁﬁﬁgm% g%?n?)rleecr?élﬁ o ock
si gnal firgnefeferfRCRMin! B ifpuit ft&&mhé‘l\/bﬂﬂlea&doﬂﬂuén@ﬂﬂfﬂ &édndfer %Hfé_s ik put
terminal of the third and fourth transfer gates, and further Raving an

out put coupled tmad Sc(toqdrmfﬁ:macwmnumdnpl ementary clock signal. 9. The bit
shifting circuit,of calm rein e first e , third and fourth
transfer gates cHifpPHgut f‘? E’g?fdl%\RPPE]I’?B ‘?%Ehﬁpmé?&-qqmﬁsmgmaé}'
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coupled to t non-conpl enentary control °term na e sec

havi ngtemngmlﬁofﬂremenahd anddpieh ttaasfehgatesngidment ary control terminal. 10.
The bit shifti ng circuit of claiml wherein the second clock signhal is a
quadr ature cl ock |@H§Pt @? thheqandsinveriecis eouped to Wi aonggmpementary
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si {lgl tecc%ﬂtﬂﬂl@éiﬁ’limﬁﬁ ofl the irst ditipdhirdafdhsf@rageapl ement ary and conpl enent ary
out put termnals
a first output buffer having an input coupled to the output terminal of the

first and second transfer gates, and further having an output terminal to provide the
non-complementary clock signal; and

a second output buffer having an input coupled to the output terminal of
the third and fourth transfer gates, and further having an output terminal to provide the
complementary clock signal.

9. The bit shifting circuit of claim 8 wheréin the first, second, third, .
and fourth transfer gates comprise first and second switches coupled in parallel
between the input and output, the first switch having a gate terminal coupled to the
non-complementary control terminal and the second switch having a gate terminal

coupled to the complementary control terminal.

10.  The bit shifting circuit of claim 1 wherein the second clock signal
is a quadrature clock signal of the first clock signal.



to provide first and second non-conpl enmentary and conpl enentary cl ock
signals, respectively, generated fromthe respective clock signal; and a
shift regv@vepikvi ng i nput and output term nals, and furPOBUSHENT4g a
plurality of shift register stages coupled in series between the input and
output termnals, each shift registey stage having i nput and out put
termnals and shifting an input bit fromthe input termnal to the output
terminal in response to the first and second non-conpl enentary and

conpl ementary clpck signal s. 12. . The bit shifti .clrcuit of claimill
wherein each shitt _reé&@@ce_ds u%gg%eo%&gf”segsb&éﬁ%’ﬁ%?nf: ’c??’%ﬂrésd%g'cogpl ed
to receive a datfispi 4nd tde@ohd " Slock atigtuifsl a8Rh |cduphidndo t RReHAt @ Rirgld N
response to a first Iolgl c relationship of the first and second non-

conpl ercepeciivg ceck signpl, amdman-yowploiensinyralds complEnzendayosudpltatecinirslnge
coupled to r(fc? veﬁ]tégue data bit fromthe firs Iatcih stﬁ%ge he, sgfond

| at ch Ot BRI dH; AR t5560RAMODRFQMmplameaiasy and completBeRiaty cigkc signals,

rel ati I | ' - é]ﬁﬂsnt ary and conpl enentary
cl ock I%gﬁég}lrt}gﬁg’ g\%\ﬁ%ra{edb({/ﬁ%ﬁlethgggs gﬁ?@?g&gﬁféﬁgp romthe first |atch stage

to the second |athift ségiger Waemgtinpul agd outgitatimialy, andf fuciher havisg @and
second non-conpl enentary and conplenentary cl ock si %al,s changes. 13. The
bit srpfality of shily registes| sfpggs1 poupled eimn seies fierweemibe sapuhand| eutpht st ages

conprigse... i_nver havi ng, an i nput . term nal coupled t.0 recei.ye the data
bi t " ararmiglt, AKEhEE rediter SR AV el B owBRY Berlind)® e it 2 one
suppl yinp@f Bit T@bid; the! inplt AehiAFCRNthePSuthEt WrnFifk] AP r&POAKS t@ The WritCHRD
coupl ed between a first reference termnal and the first supply term nal
of t hesecondnomicompiemhatary gnd oompamantaiy1¢logk signRIST/ US00/ 10744 ~ 25

termnals coupled to receive the first and second non-conpl enentary and
conplenentary clock signals; third and fourth pairs of series connected

swi tches coupl edjjoet Wegd (i ehifting circuit of claim 11 wherein each shift register
stage comprises:

a first latch stage coupled to receive a data bit, the first latch stage
latching the data bit in response to a first logic relationship of the first and second non-
complementary and complementary clock signals; and

a second latch stage coupled to receive the data bit from the first latch
stage, the second latch stage latching the data bit in response to a second logic
relationship of the first and second non-complementary and complementary clock
signals, .

whereby the data bit is shifted from the first latch stage to the second
latch stage when the logic relationship of the first and second non-complementary and

complementary clock signals changes.

13.  The bt shifting circuit of claim 12 wherein the first and second
latch stages comprise:

an inverter having an input terminal coupled to receive the data bit and
an output terminal, the inverter further having first and second supply terminals;

first and second pairs of series connected switches coupled between a

first reference terminal and the first supply terminal of the inverter, and having control



second supply termnal of the inverter and a second reference termnal, and
having control termnals coupled to receive the first and second

non- conpiveoenteany and conplenentary clock signals; and apCauUsH/woupl ed to
the output of the inverter to latch the data bit in response to the
inverter being activated when one of skhe first or second and one of the
third or fourth pairs of series connected sw tches are sinultaneously
conductive. 14. The bit shifting circuit of claim1ll wherein the first and
secon k cirguits conprise, a fifrst knvert havi n first inverter

i nput d[ggl d %O&pﬁ%ie?%err%évq it éréf ofR siSS‘f*Poﬂ%r aﬂ%‘&og’i)feé’c‘e‘}tﬁi)'er

out putdonﬂ)léﬁgﬁﬁgybm&rsti%{al@avi ng a second inverter input coupled to first
inverter = output” and a Second inverter output; a first transfer gate having
a first input tdhodrald foarth paits eiigevies domnstted|switches icoapledetwosmptigsrent ar y
control termnal coupled o first inverter output, and a first .

conpl éﬁ%‘?ﬁéﬁwﬁwﬁmaﬁ é’rfn‘i%ﬁdpv@&!p% at $CORE 1tonce famenaleand haying a
secon . gat ' (o] l=0RU ermnal . a secand out put

cor mi ool tind’ Cod T, REREANE FRE b PR Fironre FOERMERTY M 11 o1

I nver tcemplautmidiy chielt st aind conpl enentary control termnal coupled to
the second inverter output; a third transfer gate having a third input

term nal, a thiradlaseh peuplesr ta tha outputtoff the dvertcortpl letanthe datobitr o

cont r SEneBShR, Bie infshiPEheins SerivMédouiin S Bt s ABE op second anordiof Bhos e
gat e hiird B8 feurtiPPaird of Bas (Fcﬁlh@i:t@?'swiﬁ:hgé’gfé %gnﬁﬁfaﬂ%usl%SBHane a fourth

non- conpl enentary control termnal coupled to the seco i nverter out put
and, a fourth conplenmentary control term nal coupled to the first inverter
out put; WO 01/ 99%15 P /U,808€£10744 26 first voltage source coupled to
the first and fddrth §0epbit shebag cacyit of damnld vaiereip dhe dirstand segandd t o

t he s%m%mﬂstcgh{ﬂigepput term nal s;

a first inverter having a first inverter input coupled to receive the input

clock signal and a first inverter output;

a second inverter having a second inverter input coupled to first inverter
output and a second inverter output;

a first transfer gate having a first input terminal, a first output terminal, a
first non-complementary control terminal coupled to first inverter output, and a first
complementary control terminal coupled to the second inverter output;

a second transfer gate having a second input terminal, a second output ‘
terminal, a second non-complementary-control terminal coupled to the first inverter
output, and a second complementary control terminal coupled to the second inverter
output;

a third transfer gate having a third input terminal, a third output terminal,
a third non-complementary control terminal coupled to the first inverter output, and a
third complementary control terminal coupled to the second inverter output;

a fourth transfer gate having a fourth input terminal, a fourth output
terminal, a fourth non-complementary control terminal coupled to the second inverter
output and, a fourth complementary control terminal coupled to the first inverter

output;



a first output buffer having an input coupled to the first and second
output termnals, and further having an output to provide a non-inverted

cl ock si gmabi/991ahd a second out put buffer having an i nput PCDUROEM7440 t he
third and fourth output termnals, and further having an output to provide
an inverted clock signal. 15. The b|26 shifting circuit of claim14 wherein
the first, second, third, and fourth transfer gates conprise first and
second swi tches coupl ed in parall el between the input and out put, the

first switch hayi ate termna u non- L.enent ary
control terninaf fﬁﬁhvct)lﬂ%essg%c%co%mhqcﬁﬁ ﬁﬁ&?rﬁfga%&%’ 'PBP qe’ Toupl ed to
the complement agecaid (kade o doupléll ol iR Rebn® Bhd HiinDi fthdingl, cl ai m
11 wherein the respective ¢l ock nal received by the s conc cl ock

circuit is a quadﬁfsltwmepmﬂ buffershgwag ad ihpet cowdpddbithe firstcndssepoald
received b |rs clock circuit. 17. A du edet e hifting
Ci rcupkﬂpux%mr ffw#%@r %é’é@H&“&itﬁdﬂé"ﬁS ‘frgge%a glﬁékgﬂéiock
gener gt each haV| ng an i nput term nal coupl ed to receive a respective
i nput c ock signal and output termnals to provide first and second
edge-al i gned coapleeoRd oatput Biffurthavige kinsing mﬁb@zple@m@rﬂ@é elgird mad fongth
respective input clock signal; and at Ieast one shift Iql ster stage

coupl edtpubterminds: and furthemhawing asfoutpat o prsmdeamumyéﬁ@dm askstgnagener at or s,
the at .least one shift register stage having an input termnal coupled to
receive a data bit and operable to latch the data bit in response to each
clock transitionsof tipg kit rsﬁiﬂﬁ@@@iréht GredlafiR " SARRERN theC ek sebampl s, and

further having an output termnal to provide the data bit in response to
each think landtfoarthi trarmfierogatesheorapusn firetdgel sdcogd ewitchep cenpled an yparalbd k

i 1/.99115 PCT/ US0Q/ 10744 .2 8,. The bit shi t of
i: g|n %W%e‘géﬂﬁptﬂh@ jougput ﬂw g@ééWdt&sﬁ%@% ategat'al}sﬁméag'eggmlg'e#@u | gck
?e“erﬁéﬁ” 6@2&’%&%@{ c%n{nbf %érnhﬂé/le @%\é;&?d QuhilchSh \hf?g/ & g&fe {erRi#iarcoupl ed
0 recelve ock si g n a

I rst II’]VEI’ er- ou

coupled to the complementary conu ol terminal.

16.  The bit shifting circuit of claim 11 wherein the respective clock
signal received by the second clock circuit is a quadrature clock signal of the

respective clock signal received by the first clock circuit.

17. A dual-edge triggered bit shifting circuit, comprising:

first and second single-to-dual edge-aligned clock generators, each
having an input terminal coupled to recéive a respective input clock signal and output
terminals to provide first and second edge-aligned complementary output clock signals
generated from the respective input clock signal; and

at least one shift register stage coupled to the output terminals of the first
and second clock generators, the at least one shift register stage having an input
terminal coupled to receive a data bit and operable to latch the data bit in response to
each clock transition of the first edge-aligned complementary clock signals, and
further having an output terminal to provide the data bit in response to each clock

transition of the second edge-aligned complementary clock signals.



a second inverter having a second inverter input coupled to first inverter
out put and a second inverter output; a first transfer gate having a first

i nput tewd®nab9tim first output termnal, a first non-conpCEws@r4s control
term nal coupled to first inverter output, and a first conplenentary
control termnal coupled to the secopdl i nverter output; a second transfer
gate having a second input termnal, a second output termnal, a second
non- conpl ementary control termnal coupled to the first inverter output,

and a second conpl emgnt ar. trol. termnal c ed.tq,t econd inverter
output; a third ramag%éﬁ’gﬂﬂg\?mémagﬁ %PB ﬁ%‘?@’é&h? Rﬁﬁt,sa‘é‘?tsﬁcf‘?‘@ out put
term Galsle-t@dull édbe0Mied BPb t}éréz@(;}{,,?ﬂge:tern‘i nal coupled to the first
inverterg out put d a third Tonplenentary control term nal coupled to the
second i nvert er aofitspunverter havirigha tfiranafvertep aipat kavupled @ feceiviehthe ippat

termnal, a fourth gutput termnal, a fourth non-conplenmentary control
t er mi GEAC @adifigsh aresieb RBtAWver ter  output and, a fourth conpl enentary

sokos & Mhwerter output and, a fourth o
cour ce coupl ed- P erHRd Pyl eRfiniet Soser B At it Bllpled o g, L 60°

sour cguqﬁughadl deeohd énveeeendtand third input termnals; a first output
buf fer having an input coupled to the first and second output termnals,

and fiu-ther havifingt ransfer gate hasing afirsidnputnierminal; e fiest vty ikemmigakla, and
t put _buffer havi i nput the third fourth

out putistardh e teterion, FoHEn GlitH) SonBBistire nyettis b A IR ok

. ( L At

ol S meguRReAGlE contrt kel ECUed 1 theRool it Rer Sl Cor i oo 1115t

and second vol t agecen@ptansfer gatd hasingi agecdral input ¢erimindlaai segond dutputt
term nal ,coupled tqQ receive the data bit and an output termnal, the first
i nver tEPURYs 2hERCORGVIQTYCIPLeMeniATyseRF tstp M Soupled fo the first nverter

output, and a second complementary control terminal coupled to the second inverter
output;

a third transfer gate having a third input terminal, a third output terminal,
a third non-complementary control terminal coupled to the first inverter output, and a
third complementary control terminal coupled to the second inverter output;

a fourth transfer gate having a fourth input terminal, a fourth output
terminal, a fourth non-complementary control terminal coupled to the second inverter
output and, a fourth complementary control terminal coupled to the first inverter
output, ¢

a first voltage source coupled to the first and fourth input terminals;

a second voltage source coupled to the second and third input terminals;

a first output buffer having an input coupled to the first and second
output terminals, and further having an output to provide a non-inverted clock signal;
and

a second output buffer having an input coupled to the third and fourth

output terminals, and further having an output to provide an inverted clock signal.



termnals; a first latch circuit having an input coupled to the output
termnal of the first inverter and further having an output termnal, the
first | atvedol/gtiechi ng the data bit in response to the firBCT/aRe/ ®esond
supply term nals being, coupled to the first and second voltage supplies,
respectively; a second inverter circaBt having an input termnal coupled to
the output termnal of the first latch circuit and an output termnal, the
second inverter further having third and fourth supply term nals; a second

latch having an iQpUtTH@BR'ﬁQ'&gx% sibquiPyt emmtﬁfWh@?éin%etal@ffeas%gg%t ift

inverter circuit and further h ng an output termnal to provi e data
bit, repstaretagedcdraprades] atching the data bit in response to the third and

fourth supply termnals being coupled to the first and second voltage
suppl i es, respeckisyan ?6%\@q%ﬁ\gﬁt881%ph@$;ci rcuit coupl ed between the first

vol tage supply h | : ' ' t he
second vol tage gg%%tyﬁ‘é’%{é&f hgcgfggbawégﬁ%Hﬁgﬂu%{%’%%ppéﬁﬁ?%?{%qﬁ%q&wae
swi t chdatg bitianduiddt otdtpit Reemird bl ettst diveaeetirther having fifst and se fifhply
edge-al i gned conpl enentary output clock signals, the switching circuit

alterrfémmlélisj‘ coupling the first and second inverters to both the first and
second voltage s lLies in response to the fjirst and second edge-al i gned
conpl enent ary _claog‘_%% lgﬁcgﬁéch}tel‘g%mg-ﬁgum\{t CQHP’felditﬁ giquipﬁlt[tegpg@?gfﬁlqg _
wher eifiyst ettt W IREh& KL hS an CUIRIH (SR%inal, | the tfu?t”ﬂtﬁ?ﬁt@&ﬁng%é dafalbiger i es
connected sw tches coupl ed between the first supply termnal and the first

vol t age =ap@ise; toviheOfitsd AhtlssdeCnd USGplyl @dmdinal2Obdihg rabuphel] todhe firptaand of

series con(?eg’éed swi-tches coupl ed between the second supply terminal the
secondcene ¥ a&"t&}mp@‘?&frieﬂ?eﬁ“éﬁ >sixth pairs of series connected switches

coupl e betveer 4 Bepdhye By bAULOA! AL L AP

terminal of the first latch circuit and an output terminal, the second inverter further
having third and fourth supply terminals; |

a second latch having an input coupled to the output terminal of the
second inverter circuit and further having an output terminal to provide the data bit,
the second latch latching the data bit in response to the third and fourth supply
terminals being coupled to the first and second voltage supplies, respectively; and

a switching circuit coupled between the first voltage supply and the first
and third supply terminals, and between the second voltage supply and the second and
fourth supply terminals, the switching circuit further coupled to receive the first and
second edge-aligned complementary output clock signals, the switching circuit
alternatively coupling the first and second inverters to both the first and second
voltage supplies in response to the first and second edge-aligned complementary clock

signals.

20.  The bit shifting circuit of claim 19 wherein the switching circuit
comprises:
first and second pairs of series connected switches coupled between the

first supply terminal and the first voltage supply;



the fourth supply term nal and the second voltage supply. 21. The bit
shifting circuit of claim?20 wherein the first, second, fifth, and sixth
pai rs of wepi/gdi1tonnected switches conprise a pair of serpewuUsavmest ed PMOS
transistors, and the third, fourth, seventh, and eighth pairs to series
connected switches conprise a pair of9series connected NMOS transistors.
22. The bit shifting circuit of claim19 wherein the first and second

| at ches conprise two inverters each having an output termnal coupled to

the i . . : Ceon ! : ;
cl'ai m 17 wher el n g Spa Sl B JEES Ebpndited EuBPl Rl RBuEki e © ©
si ngl e-séébrg}@pp ﬁt@nﬁidl%@%ﬁn@%lﬁ@@%ﬁﬁ%@ﬁ, is a quadrature clock signal

of the respective clock signal received by the first single-to- dual

edge- al i gned cl odifthgend sattbrpaidof serdesnemnmectad switchiasr coupded behygeemthe
capturing,co nd words _i.n menpry device, .the comand buffer conprising:
a shi fﬂﬁ@@?@%ﬂemﬁﬁ@%ﬁ‘eiﬁﬁﬁﬁﬁ erﬁWPQhY’aé‘ﬁl output terninal, and a cl ock
termnal, the in eyl fodi j | S ORENS EQHNLE BehPecd
Vbt i e bus, | PP TentE ki %‘&%ét%‘reoggé%%si é‘?ﬁige:%&gts‘?gast one ol ock

gener atigs fowaiti Suppdy ferimstalcindake cecand voltapesupplyt o receive a first clock
signal and a second clock circuit coupled to receive a second cl ock:
signal, each clock circuit having first and second output termnals to

provi de respecti NOR+C l.epent ary .an C I WO
01/ 99115 PCT/ USO ﬁlO??A‘eq’é"BSlEgt‘f’Fé @‘I‘%%‘Engﬁﬂﬁwﬁﬁeﬁg%%{ggﬁiﬁﬁ%y@%@?’
swi t ch aall PR alrd OF ¥t QL@ rinRetddNBvitéHeS tconisk il pdie 6N bditds donnktted PMOS
second referefice voltages in response to first and second states of the
r espec traunsistdre,cindsthg iaird,r fousthy seivemgh,tand aighthepaiisvte series konaeated switchesd
further havjng a.second switch aﬁ@r‘cglti vel% coupling the second output
t er mi n&PMPSISE RP AR €S IFQnRPTIE BAESOB t ages in response to the
first and second states of the respective clock signal received by the
respective clock circuit; and

22.  The bit shifting circuit of claim 19 wherein the first and second

latches comprise two inverters each having an output terminal coupled to the input

terminal of the other inverter.

23.  The bit shifting circuit of claim 17 wherein the respective clock
signal received by the second single-to-dual edge-aligned clock generator is a
quadrature clock signal of the respective clock signal received by the first single-to-

dual edge-aligned clock generator.

24. A command buffer for receiving and capturing command words
in a memory device, the command buffer comprising:

a shift register having an input terminal, an output terminal, and a clock
terminal, the input terminal of the shift register being coupled to an M-bit wide bus,
the shift register comprising:

at least one clock generator having a first clock circuit coupled to
receive a first clock signal and a second clock circuit coupled to receive a
second clock signal, each clock circuit having first and second output terminals

to provide respective non-complementary and complementary clock signals,



an M nunber of shift registers, each coupled to receive a respective
command bit of the command word and further coupled to the out put

term nal svob1/ehes first and second clock circuits, the M npeb®soofo7shi ft
regi sters each having an N nunber of shift register stages, each shift
regi ster stage having an input ter mal coupl ed to receive the respective
command bit and operable to latch the respective conmand bit in response
to the first and second clock signals having a first g}redeterm’ ned

rel at i onshi gacha¢ldck eirchitrfunther hgveng a dustpswitele altermatively pouplingethehfirst ormand
bit in response to the fiprst and second. cl ock .signals havin second
predet er m E% PEF‘?H‘PB@SW é{St qu? rEfeF@mqvﬂg\ﬁ%ﬁdnafe%%sﬁg‘Pgﬁﬂ A, a
clock term gal,qad.anrayt Q‘é%ge%?v@r@l@al sidnf3f rﬁ%’l’{/é@?)yc ectgsée&ﬁ/@e&@{:k ng a

a e n er of “cloc

| oad signal Tesponsive to eterm ne u Ignal s applied

to the cl ocirgidt, rindafuréfereliaving taagdcond godtchhalternetivelyagmiplied the debendt art
term nal; and a storage register having N*M storage cells each of which has

an output @WPH teaminad fo ithepsacondramd fust edergnesivelsagasdn sasnsaumse & the first

respective shift reqister.stage. .and,a.loead.ternin | ed to the out put
Lormnal or StthascoBflatatser HeiPpeciEmd gt b&dvabhy i Pebeeb 088
signal at t#eoettagdt termnal of the respective shift register stage '
responsive to the | oad signal applied to the |oad termnal of the storage
cell, the N*M storage dd Iminawdr| of tshikk| yegmtersutaachg caupledntmdeodivel. a WO
01/99115 PCT/ USQ0/ 107443%5)"1). 2?. The command pbuffer of cl ai@? 24 wherein the
first and SCERFAVEQOHUR Htithe comprangavord 31 charpleA thAkS AWPYL 1 r st
nverter | NaphiRUBE ffb it RISk Ik BRichits SO RiBAl oflflfidebister!
inverter output, a second inverter having a second 1 nverter 1 npuf coupled

to first inyehtBivin@UirP™N raintbe S ehifd regivier teagegUtaauh ; shaftf tepBtert stagsf er
gate having a_ first input termnal, a first output termnal, a first
non- conpl e pnciaput strmisahtenpled dogreaive dhe irespecting cjomapagdibifuend and a

];Iu{ [S)Lt ; corrpcl)peer;gbrlte 35 YatSR Ml Pésptegtri&g é‘o"’}x'un%ﬁa' %liteﬁil rtegpgrps% 3 %6E ?‘&stiarﬁ QebSid
clock signals having a first predetermined relationship, and further having an
output terminal to provide the command bit in response to the first and second
clock signals having a second predetermined relationship;

a control circuit having a start terminal, a clock terminal, and an output
terminal, the control circuit generating a load signal responsive to a predetermined
number of clock signals applied to the clock terminal after a start signal has been
applied to the start terminal; and

a storage register having N*M storage cells each of which has an output
terminal, an input terminal coupled to the output of a respective shift register stage,
and a load terminal coupled to the output terminal of the control circuit, each of the
storage cells storing a signal at the output terminal of the respective shift register stage

responsive to the load signal applied to the load terminal of the storage cell, the N*M

storage cells collectively outputting a command word.



a second transfer gate having a second input termnal, a second output
termnal, a second non-conplenentary control termnal coupled to the first
i nverter woot/paty and a second conpl enentary control ternPapiUS@opi4ed t o
the second inverter output; a third transfer gate having a third input
termnal, a third output term nal, ‘@third non- conpl enentary control
termnal coupled to the first inverter output, and a third conplenentary
control termnal coupled to the second inverter output; a fourth transfer
gate having a fo2fth Theuwontmmand raifferaoff dairh R4owmtheutin ther firsvaind secbadrt h
non-conpl enentary control term nal coupled to the second inverter output
and, a&g’ﬁ CURUES FPMBRSHt ary control terminal coupled to the first inverter

output; a first i ' f ourt h 4 nput
Corminal o & sechaitaeaskhERnEa S inh dxiniokh EbuBBia G Y ihd Bt

t er m nellogk sighaf hﬁ@gf@g{tiﬁuéﬁmlitpm;havi ng an input coupled to the first and
second output termnals, and further having an output to provide a

non-inverted cl otkexinghialvertemhaviag sesesnnd dunepter impitfeouphed, fonfjrshinvemsnt
coupled to thqe;' thi(]rélrcfii!and fourth output termnals, and further having an
out put FRURAS F §ECADY INGHT: QYPEEock signal . WO 01/ 99115 PCT/ US00/ 10744 32

26. The command pﬁiét%ar@ferggaeé Hb%ﬂg‘ﬁ*l%fsﬁih{bu%?&ﬂuiﬁéﬂ atfnﬁﬁaﬁ@h?fexﬁﬁﬁaqfa

conprises: first and second voltagé supplies; a fifst inverter circult
havi ngfiest nonpedmplementay coatmpl eemtinal eawiled to Hast irvepec ouysutc andranfirsbi t and
an out put termnal, %I‘Bf first invrrter further, having first and second

suppl yCQuBPIemetary conirp} tarmingl Geupiadig: the Sesandgnyer e mPUEoupl ed to the
output term nal PSR g < PAah NGB e Bt
t o t hetetmi®il, andcGRr a6a-couiNEMehRiVIcoatd] Bahiifal caie@do the tfivst frivesfer and
second vol tage supplies, respectively;
output, and a second complementary control terminal coupled to the second inverter
output;

a third transfer gate having a third input terminal, a third output terminal,

a third non-complementary control terminal coupled to the first inverter output, and a
third complementary control terminal coupled to the second inverter output;

a fourth transfer gate having a fourth input terminal, a fourth output
terminal, a fourth non-complementary control terminal coupled to the second inverter
output and, a fourth complementary control terminal coupled to the first inverter
output;

a first voltage source coupled to the first and fourth input terminals;

a second voltage source coupled to the second and third input terminals;

a first output buffer having an input coupled to the first and second
output terminals, and further having an output to provide a non-inverted clock signal;
and |

a second output buffer having an input coupled to the third and fourth

output terminals, and further having an output to provide an inverted clock signal.



a second inverter circuit having an input term nal coupled to the output
termnal of the first latch circuit and an output termnal, the second

i nverter wapt/mrs having third and fourth supply term nal BCT/@S®ewosnd | at ch
havi ng an input coupled to the output termnal of the second inverter
circuit and further having an output 32rminal to provide the respective
command bit, the second latch latching the respective conmand bit in
response to the third and fourth supply terminals being coupled to the
first and secondgol t ghe comtBRhd BEffer 65 81aEhH IMekNerepdach sHifttreRistd s?dgrecu't
coupl ed between the first voltage supply and the first and third supply

t er m n&pmprigesd bet ween the second vol tage supply and the second and fourth
supply termnals, the swtchi n -circyit further coupled to receive the
first and seconbrdgd- 3599’@%88 At ary clock signals, the switching
circuit alternat}uely ineaunl difghif Bswhgrat (EERRAF HANRA! Rl ocbReDN the
first and second voltage supp es I'n “response to t rst an second
edge- akréspoetivec comireimdribiamyd cdrooktpait gradisal, Zie fibstnidivertyr Gavherchavifirstsi ng:
at | east _one array of memgry cel |'s adapt ed to store data at a |location

det er n2hd geopdsupply teamieals; and a col urm addr ess responsive to a command

Fecel ve and decoRduohEtvibarah hbid aufigbREeRulbe TS i Sfibuf sFRRRACEK b
cor r espigstdim@rteP dnlde fiMerP GEAVRSS aﬁe§@®ﬂ§'t¥ﬁnﬁ@1tﬁfé fMTRRH Iediing agheol um
address circuit adapted to recelive or apply data to one of the rrermry

cells rfrspt:mesed)mma@d bidvincraspesyotedihrg firg arte sexsindnsuppdy rtegsinalsspeingi ve t o

t he conmman dat a ircuit adapted coupl e data between an

ext er nSPUR'E ﬁlﬁ‘?ﬁlﬂﬁ aﬁﬁatsﬂgor&gY@Fﬁgea?HBP %%?E%HEEEY‘?I regpona ve to the command
d d t

wordy and a Com@@gcaﬁqﬁn%m&gfc%ﬁ{t Q/ﬂ?g’ecelx&ﬂg tBAnGRATB eﬁ‘l;thhé%% sive

to a conmand packet it wor on an M command
word ¢ermenataf theofimst ilstichgeircuit and an output terminal, the second inverter further

having third and fourth supply terminals;

a second latch having an input coupled to the output terminal of the
second inverter circuit and further having an output terminal to provide the respective
command bit, the second latch latching the respective command bit in response to the
third and fourth supply terminals being coupled to the first and second voltage
supplies, respectively; and

a switching circuit coupled between the first voltage supply and the first
and third supply terminals, and between the second voltage supply and the second and
fourth supply terminals, the switching-circuit further coupled to receive the first and
second edge-aligned complementary clock signals, the switching circuit alternatively
coupling the first and second inverters to both the first and second voltage supplies in

response to the first and second edge-aligned complementary clock signals.

27. A memory device, comprising:
at least one array of memory cells adapted to store data at a location

determined by a row address and a column address responsive to a command word;



a shift register having an input termnal, an output termnal, and a clock
termnal, the input termnal of the shift register being coupled to the M
bit w dewosyotihe shift register conprising: at |east onePCT/wséo/ganer at or
having a first clock circuit coupled_to receive a first clock signal and a
second clock circuit coupled to rece’¥e a second clock si gnal , each cl ock
circuit having first and second output termnals to provide respective
non-conpl ementary and conpl ementary cl ock signals, each' clock circuit
further having aafriomsaddress tictuiabhdaptehta reebiveamdpddcode therdw mddress)tandt
termnal to first fand secono{ reference voltages in_response to first and
second Selest @stayr afhmemaryeellsyeorrespording th she Fewerddigshyesnoasivesivethe ve

cl ock %iof :Hﬁdwgfcfl further having a second switch alternatively coupling

t he second output termnal to the second and first reference voltages in
response to the fa gsltimansddiesofidcuis hddRed @b rédedve 8 RPply UgtaCoosite 6f diral
received by the respective clock circuit; and an M nunber of shift

regi st enemoryaedisciouthieestleated eowi sasrespondingdotthe eobwmmeddrésistresgonsivg ©onmand
word and further, coupled to the output termnals of the first and second
cl ock ‘?Ewdt%%r%wl number of shift registers each having an N nunber of
Shift regi ster siyagns paARelolfD RHRAID T UFA0hIARA andhesial terkrRRAISt er
stage ' having an input termnal couple 0 recelve the respective command
bi t andndke edlumrt addreschir¢tieraspemsed tosthecmmraankd wiird; amd r esponse to the
first and second cl ock signals having a first predeterm ned rel ati onship,
and fu ther havi dcoammand pardigangratel sansratigptheqeormand syardigspansivento

or ovet & weaIf sosknER NS RERES BECued IR BelRifnd wopd

cl ock tgehéfaflcongiitbidé output terminal, the control circuit generating a
| oad signal responsive to a predeterm ned nunber of clock signals applied
to the cl ock terninal aafhiBregister daving an input terminal, an output terminal, and a

clock terminal, the input terminal of the shift register being coupled to the M-

=

bit wide bus, the shift register comprising:

at least one clock generator having a first clock circuit
coupled to receive a first clock signal and a second clock circuit coupled
to receive a second clock signal, each clock circuit having first and
second output terminals to provide respective non-complementary and
complementary clock signals, each clock circuit further having a first
switch alternatively coupling the first output terminal to first and second
reference voltages in response to first and second states of the respective
clock signal received by the respective clock circuit, and further having a
second switch alternatively coupling the second output terminal to the
second and first reference voltages in response to the first and second
states of the respective clock signal received by the respective clock
circuit; and

an M number of shift registers, each coupled to receive a
respective command bit of the command word and further coupled to the
output terminals of the first and second clock circuits, the M number of

shift registers each having an N number of shift register stages, each



signal has been applied to the start termnal; and a storage register

havi ng N*M storage cells each of which has an output term nal, an input
term nal wouopbhadsto the output of a respective shift regPeT/@REAge, and a
| oad term nal coupled to the output termnal of the control <circuit, each
of the storage cells storing a signal34at the output terminal of the
respective shift register stage responsive to the |l oad signal applied to

the load termnal of the storage cell, the N*Mstorage cells collectively
outputting a CO@Hﬁ’E‘%ng& stdse hﬁbﬂlg”%.ﬂnﬁﬁpu@eﬁéhﬁﬁxa@fccﬁlbi’édntgﬁe%i%e&i& the

first and second c circuits compri se: first inverter having a first
i nverter input coegpeetlve comeoaidsbittane opmable td tatéh $h€gmspe@tmt aommasnd

i nverter output;.a second inverter aV|n a se o] nver upled

to first invertebit Hbtrﬁﬁﬁonéﬁdtoaﬂ?eg]ﬁ &GP%L&I@?’; g tar %tf er

gate having a fl@%édét@pgp ed el 3fbnip? - pegh;}%# RiNing Mot

non- conpl enmentary con erm na o first®inver er o put and a

first conpl emenpasvide other @dmirandi lbmlmcmspbﬁsb tte thbefimsecandd sésondr thick
out put; a second transfer gate having a second |nput termnal, a second

output term nal Sl@@e&@ﬁﬂ@ﬁ@%@@r@e plermined relattonships er ni nal coupl ed to
the first inverter WO 01 US00/ t

conpl ementary contr ol at% gjﬁv&g ?égatxﬁée%“e@%lnté ﬁﬁ@% etqﬁ&mﬁb a
third tr a”%ﬁ%m@%ﬁnﬁ?a‘l" fie aoﬁﬁw Sirdulp Wenb@ititianalload sié?ial FegibnRive toeam nal
a third non-conpl enentary control terninal coupted to the first inverter

out put, andpeedetérimined anpibenefithck stgmaly agplieetoitheklockipimeidal afterteestagcond

i nvert er out put ourth _frans ate hayi a fourth input termnal, a
fourth out pﬁltgna{]é@%r{’??d%appileﬂdeﬂ{“%sﬁ% ﬁEEBWBYe%%nt ary control terninal

coupted to the second s fGbEFleis@lhRY g%@dly Stol Y s LAER o WRIIER ks GAN T ©!

termnal coupled to t Re nver
output terminal, an mput temunal coupled to the output of a respective shift

register stage, and a load terminal coupled to the output terminal of the control
circuit, each of the storage cells storing a signal at the output terminal of the
respective shift register stage responsive to the load signal applied to the load
terminal of the storage cell, the N*M storage cells collectively outputting a

command word.

28.  The memory device of claim 27 wherein the first and second
clock circuits comprise:

a first inverter having a first inverter input coupled to receive the input
clock signal and a first inverter output;

a second inverter having a second inverter input coupled to first inverter
output and a second inverter output; .

a first transfer gate having a first input terminal, a first output terminal, a
first non-complementary control terminal coupled to first inverter output, and a first
complementary control terminal coupled to the second inverter output;

a second transfer gate having a second input terminal, a second output

terminal, a second non-complementary control terminal coupled to the first inverter



a first voltage source coupled to the first and fourth input termnals; a
second voltage source coupled to the second and third input termnals; a
first outwavi/fmiser having an input coupled to the first paduUSsecomnd out put
term nals, and further having an output to provide a non-inverted clock
signal; and a second output buffer haying an i nput coupled to the third
and fourth output termnals, and further having an output to provide an
inverted clock signal. 29. The nenory device of claim 27 wherein each shift

regi ster,stage; .conpri;ses: (first and s nd.vagl t | i es; g1

nver t oty 851 a REBRAGRhplrRb e BRTRCRI) R 1EBle $Sopdhl it
respecijpmtcommand bit and an output terminal, the first inverter further
having first and second supply terni nals; a first latch circuit having an
i nput coupl ed t o atthirddwansfidr gate having adhird heputfterrainal, ravthirdeoutpuictefroittaher
having ap. Qutput teymnal, the first. latch |latching the respective,conmand
bt § oatbish ieecomploaetinytongiel S BUBHL SIRIBR IO o Brstdmeerist o Bidiaed + o
the figs ' ' ' i nverter

ci r cui FF e Raf Sl S0 SRt {Aed RPRRICEUEY fvche? SEORE L1VoF the
first latch circu fourtld tansfertgaty haeimg naourthherpsecemainal) ve fowth foutpiner ,
having third and fourth supply termnals; W) 01/99115 PCT/ US00/ 10744 36 a
secondtergtingl, Bfourg non-repptenzeniay <ol teenigal peupled torthmsecondinkertegfecond

o3 pec PR @i TH0shy COPREmEBSRce il tePiina ol © doBt vedfana
bit ingg nse to the third and fourth supply term nals being coupled to

the first and second voltage supplies, respectively; and a swit ching
circuit coupl ed hdimegoltigeesdurcestoupdéd trgth phyd foutht inpuf targtinalsind t hird

supply term nals, and between the second vqltage supply. and the second and
foglrotK suppl y t elricRan yoft\eg,g;e W%ﬂ‘»ﬁl}ige@rq@tﬁ%e%f)ﬁﬁﬁﬁ@#ﬁ%@&}ﬂ“éée%ng@‘cei ve

the first and a first output buffer having an input coupled to the first and second

output terminals, and further having an output to provide a non-inverted clock signal;
and
a second output buffer having an input coupled to the third and fourth

output terminals, and further having an output to provide an inverted clock signal.

29.  The memory device of claim 27 wherein each shift register stage
comprises: '

first and second voltage supplies;

a first inverter circuit having an input terminal coupled to receive the
respective command bit and an output terminal, the first inverter further having first
and second supply terminals;

a first latch circuit having an input coupled to the output terminal of the
first inverter and further having an output terminal, the first latch latching the
respective command bit in response to the first and second supply terminals being
coupled to the first and second voltage supplies, respectively;

a second inverter circuit having an input terminal coupled to the output
terminal of the first latch circuit and an output terminal, the second inverter further

having third and fourth supply terminals;



second edge-aligned conplenentary clock signals, the switching circuit
alternatively coupling the first and second inverters to both the first
and secomdovoptiape supplies in response to the first andPeBTSONI0744

edge-al i gned conpl enentary clock signals. 30. A conputer system

conprising: a processor having a prd6essor bus; an input device coupled to
t he processor through the processor bus and adapted to allow data to be
entered into the conputer system an output device coupled to the processor
through the process@indditsch AdMkesh iRp@ tOYpIEAts the &ﬁg@y%&ﬂﬁnﬂrm&w
conput er system and a nenory devi ce coupled to the processor through the
pr ocesscond isertec orpuit snddurther hadsg anrmitput wyminal torprovige ¢t tespackive ed t o

store data at.a _locati eterm ned by a r.ow address, and a col um addr ess
respoﬁema@%b& ﬂteo&‘rﬁt;an@'f%ghi‘c}tc ng&ﬁﬁaémgye&pwqu bigapreponse e ths ve and
decodegi.he d , . sel f r lys re ng to
t he r;ﬁv‘\#gd%‘?%\gguﬁgeé@} it\gllgﬂltn%%t Egﬁlgg%@gﬁigamgr gpaﬁégﬁkﬁnsa élfieggﬁgg’jércuit

adapt de Hesf,@@:ﬁie%ﬁv@ly;m| y data to one of the nmenory cells in the
sel ected row corresponding to the colum address responsive to the conmmand

word; WO 01/ 991 esvatntingeocuiy zenpledbetwean shp first voltage supplyandetietfirstoupl e
data bet I terninal and th d ircujt
05 poSh B sHRpBHier s A raecn, AF sdr0Rd YRLHER sty GBA e SEOgand at i ng

the commmR %ugﬁfsyﬂtéiﬁ%ﬁ)ﬂﬁ%g Swifthing effeaRduRfsK EéuIHEd Rb Yediite R Hestr el ved
on an Mbit bus, the command word generator conprising: a shift register

havi ngeeond egge-aligned nednplearensarypelock tsegneilsyethe santthing: tivckit nlematiakly t he
![ Egu;ﬁﬁ)gﬁﬂlgglgxg ?%ttaggns%%@ Hé/:ee efs 0 both the Jirst grﬁl gedcotn vo t%g'f\:A sglpfalic\e/g %e bus,

response to the first and second edge-aligned complementary clock signals.

30. A computer system, comprising:

a processor having a processor bus;

an input device coupled to the processor through the processor bus and
adapted to allow data to be entered into the computer system;

an output device coupled to the processor through the processor bus
adapted to allow data to be output from the computer system; and

a memory device coupled to the processor through the processor bus,
comprising:

at least one array-of memory cells adapted to store data at a
location determined by a row address and a column address responsive to a
command word,;

a row address circuit adapted to receive and decode the row
address, and select a row of memory cells corresponding to the row address
responsive to the command word;

a column address circuit adapted to receive or apply data to one
of the memory cells in the selected row corresponding to the column address

responsive to the command word;



at | east one clock generator having a first clock <circuit coupled to
receive a first clock signal and a second clock circuit coupled to receive
a second woooiisi gnal , each clock circuit having first apdrasaondidout put
termnals to provide respective non-conplenentary and conpl enentary cl ock
signals, 'each clock circuit further3Raving a first switch alternatively
coupling the first output termnal to first and second reference voltages
in response to first and second states of the respective clock signal

received by the resp@@hiav§aﬁl &?&i@iaﬁﬁgﬂeﬁwoa@&lﬂlé”da@&!be ¥é1) 9n fe:g65and
switch alternatively coupling the second output termnal to the second
and first rtefmmahasd dod caldgmn dddressspomstaresportsines toi a the comimard wwaid; andit es of
t he respective clock signal rgc%}@\égd by the respectiv clock cjrcuit; and

an M nunber of shift & ¢giRmap h SEIBIOE d SERFTalRE efife COMMBIHLCYP

command bi t ; 0 It . put

termnal s orfgé%éas% g)cm Irré%}ﬁ ﬂa?ﬁég q&anI\GI g;&@g?éﬁ%ﬁ&r égleaéltolgfr gﬂebéléh

havi ng an Nhewoheharef wofd bénera@icohprishigages, each shift register stage
havi ng an input term nal coupled to receive the respective command bit and

operable to latch the respethiftyacgisierahavibgt an ninmwyptarsdnaly amcouprbck
transition of the first edge-aligned. c | ement ary .cl,0ck Si S, :.and
further having a Mu@f%r%ﬁ%ﬁe%%ﬁwpdgwﬁge _ﬂ?”aﬂﬁtlﬁ gﬂ%%ﬁ%’élw
PCT/ US00/ 10744 ﬁéngeem%@é@@@ﬁﬁe MRORAFHA YusCthelsh sédiéten cofnpkimgs econd
edge-aligned conplenentary clock signals; a control circuit having a start

termnal, a clock terminal, amat kasbonputlotlergenemitor hawingoat first doclcui t

generating a load signal . responsive to a predeterm ned nunber qf .cl.ock
Signals applied to t KATCU RUPIEQ Qrereiveat dHfst glogké}&naﬁagaaa sgrandisdask

applied to the start Leny (fb%lp'ied to receive a second clock signal, each clock circuit

having first and second output terminals to provide respective

]

non-complementary and complementary clock signals, each clock
circuit further having a first switch alternatively coupling the first
output terminal to first and second reference voltages in response
to first and second states of the respective clock signal received
by the respective clock circuit, and further having a second switch
alternatively coupling the second output terminal to the second
and first reference voltages in response to the first and second
states of the respective clock signal received by the respective
clock circuit; and *

an M number of shift registers, each coupled to
receive a respective command bit of the command word and
further coupled to the output terminals of the clock circuit, the M
number of shift registers each having an N number of shift
register stages, each shift register stage having an input terminal
coupled to receive the respective command bit and operable to
latch the respective command bit in response to each clock
transition of the first edge-aligned complementary clock signals,

and further having an output terminal to provide the command bit



and a storage register having N*M storage cells each of which has an
output termnal, an input termnal coupled to the output of a respective
shift regw@ve991si age, and a |load term nal coupled to the POT/PEE/1074r m nal

of the control circuit, each of the sﬁ)rage cells storing a signal at the
output term nal of the respective shi regi ster stage responsive to the

| oad signal applied to the |oad term nal of the storage cell, the N*M
storage cells collectively outputting a command word. 31. The_ conputer
system of cl ai m 30 whér eespanise tbigash clack sravsition ef thek seronduedge-dignedi se: a
first inverter having a first | nvelrgtﬁr. i ”PUt coupl ed to receive the input

Cl96f ptena

clock signal and a fi FSTPHYER a 'second inverter having a second

i nverter input coupled to f 60?{?61@(1%“@?%&%‘%%&“{%@Hmﬁ\aﬁec??mwt e
output; a first transfer gate having a tirst input term’nal, a Tirst ’out put
terminal, a firghdnan-cuopy erriing| the avint@l disouit peheradupl #dobd Jignalt
inverter output, and a first conplenentary control termnal coupled to the
second inverter &REPPDSLVedosampdetemaingd aunghareohglackgsianals applied riputhe

Lorminal ' coupt e oS Ritiel aReF i sfiChRD el BBREPLEM bR heARbED

control term nal gg@upled to the second inverter output; W 01/99115

PCT/ US00/ 10744 39 a third transfer gate having a third i nput termnal, a
third output termnal, a tamtORagnaaglst@mhamrNgMS@mger@ﬁllstmchiafawhl@bupl ed
to the first inverter outg‘?t, and.a third cor{%llernenia(iE ntrol tegm nal

coupl ed to the sBEbritt PRVBF (Emgah jan inkety il (Gomelachio B¢ uimsi iy ?a

fourth input term : : i

non- compl ement ar 4ok ToPFLiE e HBLC, a3l (Do Aermibal SR to the output,
and, a fourth cormgphansndfahy coatrol olrcuigreathaf teostprapd detls storing) « signalmater t er
out put ;

the output terminal of the respective shift register stage responsive to the
load signal applied to the load terminal of the storage cell, the N*M

storage cells collectively outputting a command word.

31.  The computer system of claim 30 wherein the first and second
clock circuits comprise:

a first inverter having a first inverter input coupled to receive the input
clock signal and a first inverter output;

a second inverter having a second inverter input coupled to first inverter
output and a second inverter output;

a first transfer gate having a first input terminal, a first output terminal, a
first non-complementary control terminal coupled to first inverter output, and a first
complementary control terminal coupled to the second inverter output;

a second transfer gate having a second input terminal, a second output
terminal, a second non-complementary control terminal coupled to the first inverter
output, and a second complementary control terminal coupled to the second inverter

output;



.a first voltage source coupled to the first and fourth input termnals; a
second voltage source coupled to the second and third input termnals; a
first outwavi/fmiser having an input coupled to the first paduUSsecomnd out put
termnals, and further having an output to provide a non-inverted cl ock
signal; and a second output buffer Bfving an input coupled to the third
and fourth output termnals, and further having an output to provide an

i nverted clock signal. 32. The conputer system of claim 30 wherein each
shift register | vl oS o HARE orfnatd first
I nverter circui tfﬁm?ﬁéﬁgﬁ Vi%lgra?nﬂlﬁg{lﬂggﬁ%ﬁggmg’oé r ece?%ﬁ?te al,

respecs {hirl seeBmPldméntandcamtréluentinat esuplodlto théirkt insertemmetptigrantlur t her
having first and second supply termnals; a first latch circuit having an

i nput thdsiomplementary contpok terminal gerpled te Hie secppdanyestesoudputand furt her

havi ng an out put_termnal , ~the first |at at chi t] onmmand
bit in response | goqrﬁé%ﬂsgetr B }Eaé(bl%& goll}b%'l Wéﬁ%ﬁg\%‘% %?ﬁﬁg‘ﬁ J():%tg%fed to
the figshidlth fREM AN RohAIENSHAR) LofrollteERREY CYabId t8 thegetthd Mmvertter
circuit having an input térmnal "coupled to the output terninal of the
first dwputhand,r eufourthndomplantyety tentmdlntdrmindleceeploddoi theefirdrinvarteher
having third and fourth supply termnals;' a second |latch having an i nput
coupl RIPY t he out put termnal of the second inverter circuit and further

havi ng an out put ] ' [ ﬁﬂ\{\# LR

PCT/ US00/ 10744 4 E?Omﬁrgg%gwégpgéggggg}%ﬁﬁgtﬁgg f?‘atc I'ng tt he ?gépect I ve
comand bit in reseendedtage Beurct Rouplednd thossdondamdithirdtirput teahmabgi ng
coupled to the first and second voltage _ supplies, respectivg‘léﬁ/; and, a
swi t chi ng ci rcuia fegupiipat darfes draving an; input werplegetcs spliystanrd speond r st
and third sup
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to recgigve the first and

e

a second output buffer having an input coupled to the third and fourth

output terminals, and further having an output to provide an inverted clock signal.

32. The computer system of claim 30 wherein each shift register
stage comprises:

first and second voltage supplies;

a first inverter circuit having an input terminal coupled to recetve the
respective command bit and an output terminal, the first inverter further having first
and second supply terminals;

a first latch circuit having an input coupled to the output terminal of the
first inverter and further having an output terminal, the first latch latching the
respective command bit in response to the first and second supply terminals being
coupled to the first and second voltage supplies, respectively;

a second inverter circuit having an input terminal coupled to the output
terminal of the first latch circuit and an output terminal, the second inverter further
having third and fourth supply terminals;’

a second latch having an input coupled to the output terminal of the

second inverter circuit and further having an output terminal to provide the respective



second edge-aligned conplenentary clock signals, the switching circuit
alternatively coupling the first and second inverters to both the first
and secomdovoptiape supplies in response to the first andPeBTSONI0744
edge-al i gned conpl enentary clock signals. 33. A nethod of shifting a data
bit conprising: generating first and4€econd | ow skew non-conpl enentary and
conpl enentary clock signals; and shifting the data bit through a shift

regi ster stage in response to the first and second | ow skew

- | i T | ai
Non- COURLHITRA LA %@Q&&H@%&%ﬁﬁ%ﬁe@%cﬁiﬁ@n@&ﬁﬁ.b1t Lﬂeregﬁr{sgteq%gcﬁec arm

33 whereln genefating conpri ses: ing a e to a

first théddenadcfouttty supply tomhirals detandonptl tto thesfesnghd stesmhoeltage mi nal
and coupling the fjrst node to the second reference term nal and the
secondSUPPHES1tgsparsively; endy ef erence terminal; and triggering a first buffer

i rcui | ed  he. i .5t .nod buf i reu | ed
Che second node. & S¥itthing GEmOR Al PeRSRT it ol PP g fifs. ' °
coupl i s hifd fuplply @tnbingls! st bethReh iths secid ﬁﬂﬁage%upgwﬁm@ S¥QbRERS 1 N

response to.each clock transition of the first [ow skéw non-conpl enentary
and cloupthesvpplyaterominelsk ths gwaching |catculti fugtheneouvpleduto wteivhehe ifrst ahdgi ¢
circuit; 1/99115 PCT/ US00/ 10744 .41 cqupl.ing a .second logic circuit to
Che 11 9<6pnd sdealignad comSRERTn, Flosk Semdlh, theoRuiing Sreuttierpakely
transitj f ' -ary

ol ook S B o e R S RO ARTROBIES LY e
met hodresportsead thd Sirstidesevond ed gmslpgriaioc afiplehentiry slodkngdgnaecond | ogi ¢

circuits conprise closing a pair of switches in response to the first and
second | ow skew non-conpl enentary and conpl enmentary cl ock signals. 37. The

met hod of claim3b wherei | @S§ pal f switeches conprises closing
one switch befor:g?'t he o‘f‘ﬁ@ﬁpa o?shﬂﬁngad%tta{bﬁ co%npr}s(fng.

generating first and second low-skew non-complementary and

complementary clock signals; and

shifting the data bit through a shift register stage in response to the first
and second low-skew non-complementary and complementary clock signals.

34. . The method of claim 33 wherein generating comprises:

alternatively coupling a first node to a first reference terminal and a
second node to a second reference terminal, and coupling the first node to the second
reference terminal and the second node to the first reference terminal; and

triggering a first buffer circuit coupled to the first node and a second

buffer circuit coupled to the second node.

35.  The method of claim 33 wherein shifting comprises:

coupling a first logic circuit to first and second reférence voltages in
response to each clock transition of the first low-skew non-complementary and
complementary clock signals;

latching the output of the first logic circuit;



38. A nethod of shifting a data bit conprising: aligning the clock edges of
a first set of conplenentary clock signals; aligning the clock edges of a
second savooff9uaedpl enentary cl ock signals; and shifting poORUder®m74d t
through a shift register stage in response to the first and second set of
conpl enmentary cl ock signals. 39. The %tet hod of clai m 38 wherein al i gni ng
the cl ock edges of the first and second set of conplenentary clock signals
conprises alternatively coupling a first buffer circuit to a first

ref erence vol t ageouplthgea sewonddogicfdiruitctor thaifirst mdseeadndferemdecvaltupes

vol tage, and coupling the first buffer cirguit to the second reference
vol t ag® TespRRSCHD %@@oﬂ&%wémoeiﬁ secend awrskest nowCompleBeRtary a@é in

respo 1% ]} L {4 . i nput clock signal. 40. The nmethod of claim
38 V\hgcrgoglllﬂgs | 4‘9&36@{1%@%@% it conprises: latching the data bit in a
first latch ci rClaitélﬁhQﬂ{ee@LRﬁﬂﬁ@fﬂh@ s8cShddeic tiranei tion of the first set of

conpl enentary clock signals; and WO 01/99115 PCT/ US00/ 10744 42 | atching
the data bit fromthe first latch circuit in a second latch circuit in

response to a clogck transitio t he cand sef, .of ¢ | e t cl ock
signals. 41. The&ﬁ'et hﬁ;ge dpetbp(iiqoﬁ 91161%1%?&' TE1R: E¥i ﬁ%}lpﬁﬁ% agt%ge ?P%t P’H&)t he
first 3$§sendrd bt GUTH S i ‘Wi M I swi tch
P T o R, o BRI IRHR th MaRufsP 18 (et td
t r ansisecond low-skhw don-somplahesgamyrmhdeconpplementay wladkaignalsi gnal s; and
| at chi ng the out put of the coupled conplenmentary switch pair.

37. The method of claim 36 wherein closing a pair of switches

comprises closing one switch before the other.

38. A method of shifting a data bit comprising:

aligning the clock edges of a first set of complementary clock signals;

aligning the clock edges of a second set of complementary clock signals;
and

shifting the data bit through a shift register stage in response to the first

and second set of complementary clock signals.

39.  The method of claim 38 wherein aligning the clock edges of the
first and second set of complementary clock signals comprises alternatively coupling a
first buffer circuit to a first reference voltage and a second buffer circuit to a second
reference voltage, and coupling the first buffer circuit to the second reference voltage
and the second buffer circuit to the first reference voltage in response to a transition of

an input clock signal.

40.  The method of claim 38 wherein shifting the data bit comprises:
latching the data bit in a first latch circuit in response to a clock

transition of the first set of complementary clock signals; and
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latching the data bit from the first latch circuit in a second latch circuit

in response to a clock transition of the second set of complementary clock signals.

41.  The method of claim 40 wherein latching the data bit in the first
and second latch circuits comprises:

coupling a complementary switch pair to a first and second supply
terminal in response to clock transitions of the first and second complementary clock
signals; and

latching the output of the coupled complementary switch pair.



