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BIT SH FTING CI RCU T AND METHOD TECHNI CAL FI ELD The present invention

rel at es to“wﬁﬁ‘%rl ted circuit devices, and 5 nore particul %rﬁl %f B/E?wa4b|t

shifting ci'rc ind met hod used in nenory devices. BACKGROU

| NVENTI ON Conventi onal conputer systens include a processor (not shown)
coupled to a variety of nenory devices, including read-only mem)ri[faiﬂ,
("ROVME") which traditionally store instructions for the processmz, o0
system 10 nenory to which the processor may wite. data and from which the

processor nmay r Al da{@ED IR AL OEBSIOTRIBGERED DATAI BT ETING an
external cache nenory, which is generally a static random access nenory

("SRAM'). The processor also cdRCUEGAMDWERHOPUt devi ces, out put

devi ces, and data storage devices. 15 Processors generally operate at a
relatively high speed. Processors such as the Pentiumi and Pentium I (r)
m cr opr oces (ﬁ@@ﬁup |y avail able that operate at clock speeds of at
| east 400 MHz. Wever, € remai ning conponents of existing conputer

systenms, with the excepe @reseht Sﬁ%ﬁtﬁ@?helatéiefm!iﬁtegﬂtgd“&Irmﬁﬁl@l@bic%spfand
operating at the speed of "the processor. For this Z0 reason, the system

menory dévi wese pasiondiily gk 4 hi shafbog caevitoed, metiiodutsed en imasory davicasat a
storage devices, are not coupled directly to the processor bus. |nstead,
the system nenory devices are generally coupled to the processor bus through

a nmenory cg%@gﬁgﬁgugg?%p@@wﬁmi@r device, and the input devices,

out put devi ces, a storag evices are coupled to the processor bus

through a bus 25 bri d@nvERoAEIMEsMpatHityatdney imdlhons bhresitst @6t B
devices to operate at a clock frequency that is substantially |ower than

the clock feetpledcyo o whmety of memory devices, including read-only memories
(“ROMs”) which traditionally store instructions for the processor, and a system

10 memory to which the processor may write data and from which the processor
may read data. The processor may also communicate with an external cache
memory, which is generally a static random access memory (“SRAM”). The
processor also communicates with input devices, output devices, and data storage
devices.

15 Processors generally operate at a relafively 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, ontput 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



processor. Simlarly, the bus bridge allows the input devices, output

devi ces, and data storage devices to operate at a frequency that is
substantial‘(l,'% Ull_gwf?g t han the WO 01/99115 PCT/ 1JS00/ 10744 2 %&/&%&13‘9494 _

cl ock frequency of the processor. Currently, for exanple, a processor having
a 300 MHz cl ock frequency may be nounted _on a nother board having a 66 M
clock frequency for controlling the syste?n menory devi ces and ot hez; DEC 7000
conponents. 5 Access to systemnenory is a frequent operation for %e
processor. The tine required for the processor, operating, for exanple, at

300 MHz, to ' yégftaﬁ.g; ' :
operating at ?I%?grﬁ egggﬁcp}f g?@%%ﬁr%;%&g?gg?%ﬁg’?%o\?\s 1r’a.t EE%%Q\?\%I: Iéﬁ Che?
processor i s3@bMt olavkcfeqichsh rhi be epairaitd onsa mbtfug, boaud haefrigos toebeen
devoted to increasing the operating speed 10 of system nenory devices.
Syst em nenor§logleviicgeentye Wenseampiling ntei sysemiomeawrys devinssorands other
("DRAMB"). Initiall DRAMs wer e asynchronous and thus did not operate at
even the cl ot®R ‘of the notherboard. In fact, access to asynchronous

DRAMS of t gn requi r ed tﬂé&es‘é’g& by Steat ﬁénﬁ?gﬁ%?é%&f@&ag@g?ﬁb{l rt]‘éf‘ﬂb oRESS S SOr

until the DRAM had conpl eted a’ nenory rating
speed of asyThétiaroegubBRAPbr thesproveses sdparkiynd, rfor ersaplel At 60gMHsy e read
i nnovations as burst and page node DRAMs, which _did not require that an
address be piad s %MW&%RMMW“%WWW%W@UB&@K@W esampls; 66

synchonous (BT e AANIRI 162 S5R, TETHELE T SREANR, 1 LN e, a0l oved
roLner o o pdumger e St skaplen ol vapablug o
connect etid di ofesytsteyn memdry devomsssor bus, but instead nust interface with the
System memory devices are generally dynamic random access
memories (“DRAMSs”). Initially, DRAMSs were asynchronous and thus 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 DRAMSs, which did not require that an
address be provided to the DRAM for each memory access. More recently,
synchronous dynamic random access memories (“SDRAMs™) 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 cumrently 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



processor bus through a nmenory controller, bus bridge, or simlar device.
The 25 disparity between the operating speed of the processor and the
operating speesl/0fis SDRAMs continues to limt the speed at Wai-i;dahQgRgSOr S
may conplete operations requiring access to systemnenory. A solution to
this operating speed disparity has been plv?posed in the formof a

packeti zed nenory device known as a SLDRAM nenory device. 30 In thF‘QtLWM
architecture, the systemnenory nay be coupled to the WD 01/99115
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processor bugprocesséw, oeiginera direntdy ythromgl rthke| proceRadrhdmst barthreughi rd nyemoay
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Figure 1. The menory devi ce 30 includes a clock generator circuit 40 that

receives & cmermwd/ dévack t@x:gqmipu@\@(]'ﬁc(ewm @éﬂn@maa dataabus thatmay bel aosipldd

signal |CLK Iarge er of. ot er clock and timng signals to control
the timng (aSIFIe(iﬁY r{)‘g{ SiRGRLOR ] %P%ﬁmqﬂ'évi ce 30. The nenory device

30 also includes a co e rqgggyle t i Cuj 8;
which receive the int %ar%a?dgék&séﬁ%@ry cl?)l%mx*:rga HE fscgg"&%l%n a
10-bit  comPjgrBUB. 5%6%%@&%@1@! g0ainchitlesi aeciddk g%n&ﬁﬂ‘@f )(:u‘éﬁftt 10l that
(not 15 shown) or other device normally transmts the command packet CAO- CA9

to the e D L§CEd¢ssi eeccanmandsqlnehrsogm@lnCMDEhFhsambmmtaﬂ enkngd::g:ahlclock

Four o0 SEBRLCER AL H skt rREEoR s Sk st iElaB SR R coREPL i ach

menor y timing of various operanons in the memory device 30. The memory device 30

also includes a command buffer 46 and an address capture circuit 48, which
receive the internal clock signal ICLK, a command packet CA0-CA9 on a 10-bit
command bus 50, and a FLAG signal on line 52. A memory confroller {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 |



transfer. The FLAG signal identifies the start of a comand packet, and it
al so 20 signals the start of an initialization sequence. The comrmand buffer
46 recei veswgneyeenmand packet fromthe bus 50, and conpar egcgtysh®@ashs a
portion of the conmand packet to identifying data froman ID register 56 to
determne if the command packet is directgd to the nmenory device 30, or sone

5! DRadll

ot her nenory device (not shown). If the command buffer 46 determ nest
t he conmmand 25 packet is directed to the nenory device 30, it then provides
t he command words to a command decoder and sequencer 60. The command
decoder and ¢ddirsaciafornsiae e rthe eeommagdgpacketbelhofaddaessr rapravaded ¢o an
signals to contro
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a correspondi ng 3-bit_bank address on bus 66, a 10-bit row address on bus
68, and a 57- b3 7éais vl keidesssibedbebow. 70. The col um address and row
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80, in this case ejight nenpry 10 banks 80a-h. After a.read from ogne bank
80a, the bankhigpaoblgm b usmechplusakity ahmeaneryebanksdtaiin ghis Hiare b meraey
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80a-h receives a row address from a respective row latch/decoder/driver 82a-h.

All of the row latch/decoder/drivers 82a-h receive the same row address from a

predecoder 84 which, in turn, receives a row address from either a row address

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 /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



predecoder 84 which, in turn, receives a row address fromeither a row
address 15 register 86, redundant row circuit 87, or a refresh counter 88,
as det erm ngd opyo@s mul tipl exer 90. However, only one of thep&Piysen/10744

| at ch/ decoder/drivers 82a-h is active at any one tinme, as determ ned by
bank control logic 94 as a function of a /Mbank address from a bank address
regi ster 96. The columm address on bus 70°is applied to a colum 28 DEC 2004
| at ch/ decoder 20 100, which supplies I/QO gating signals to an 1/0 gating
circuit 102. The 1/0 gating circuit 102 interfaces w th-colums; of the

menory bankscl§élagéhdritopudh TheNsehiddatd Wolissard Wen ERERed Hut @8 RhEaHFIFD from
the nmenory banks 80a-h through the sense anplifiers 104 and the 1/0 gating

circuit 102 dferalhtby paclockssigags ROl.Koabtawddc hyi eaiples the MEBKdsigaabat h

110 and a wjte data path 112 25 The read, d path 110 i des_a re
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circuit, in'turn, applies the 16-bit data words to a data bus 130. The
driver clQ cuhe mepsory|comtzabisr (et showvmlaprocessuk OEPHIRaIdEMTEK to a cl ock |ine

132. The progranmabl e .del ay..circuit 1 .S pr,ogr anmed dur | Lhitialdzation
of the menory device sjghet tetc[gga Bétﬁi?dﬂ%%ﬁdﬁgé fF?FéVSII‘OEPﬁEﬁ]M coupﬁad fo
the data bus 130. The receiver buffer 140 sequentially applies 16-bit words from
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the data bus 130 to four input registers 142, each of which is selectively enabled
by a signal from 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 CAO-CAS, 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 tlo 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



phase relative to DCLK signal for the DCLK signal to clock the read data
into 10 the nenory controller (not shown), processor, or other device. The
wite datav@aimwiid2 i ncludes a receiver buffer 140 coupl ed gErutdoactiat a bus
130. The receiver buffer 140 sequentially applies 16-bit words from the
data bus 130 to four input registers 142 each of which is selfﬁbkf @%
enabled by a signal froma clock generator circuit 144. The c Kk g erat or
circuit 15 generates these enable signals responsive to the data cl ock DCLK,
which, for wite operations,.is_applied to the nenory device 30 on lLine 132
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After the storage register 178 has been loaded, it continuously
outputs the M*N bit command word to a decoder 180, an ID 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 ﬁmction_ of the decoder 180, ID register 182, and comparator
20 184 is to examine the command word and determine whether the command word
1s 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



5 a plurality of packet words are applied to a shift register 172 via the
command bus 50. The shift register 172 sequentially receives packet words
responsi ve l.ock signal CLK. The shift register 172 ha 5, each
of which hagv%a WHth of Mbits. Theref ore, each commuand mrgcﬂggﬁoz@?iﬁN
bits. After an MN bit command word has en shifted into the shift
register 172, the control circuit 174 10 dgenerates a LQAD si grfad DEh&EN, | S
applied to a storage register 178. The storage register 178 then | oads all
of the data stored in the shift register 172. After the storage register 178
has been | cagedsomewbapiperiphaial Yo the!tRinsd tineerYfdd. bFbr eaatie Mersbni@and
decoder 180, an ID register 182, and a conpare circuit 184. The storage
regi st er 178buffsn 46uwpliteontie cxstitendompipglinBigocommand woods awigut ffmmdgpar e

circuit generates a CHPSEL signal. expl ai ned bel ow, the CHPSEL,si.gnal,

when active BOFES E‘?ﬂ%‘@é% ﬁecﬁ’EWyésﬂéﬁPE@%ﬁléel%@ﬁﬁ%Y i Rymaed sigaaks, ffer
46 to perfor i rresponding to the command word on the bus 190.
The function of ({H@%%Aggvg%@ecgo, I D register 182, and conparator 20 184 is

to exam ng the command Owy deanidedicr NimiinghahbemaxdiuednFaedanokBichi she
I ntended for the rrermrégdew ce- 30 contai ni r_lg the command buffer 46. If the
e

command wor de¢mmindebulfdr 6 eanerersivgr yndi gvarade Iommand paalsets 45 che spaed at
generates an_act,i ye PSEL si whi ch causes th ry devi 30 to.carry
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continuously receiving. and processing conmmand words. It _w_l| be understood
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However, this approach does not increase the throughput of the conventional
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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



200EC2004 are sonewhat peripheral to the clained invention. For exanple, the
command buffer 46 will contain circuitry for pipelining command words

out put fro%bmqig glorage regi ster 178, circuitry for generat{,@gmg@y\ﬁg“I evel
command si gnal's #H8m the command word, etc. 5 One consideration [1mting

the maxinumrate at which the command buffer 46 can receive and provide
command packets is the speed at which the plurality of shift f&dirstyens
included in the shift register 172 can shift data. A conventional shift
regi ster generally consists of flip-flops and gates that control the shift

operation. Theegencaghitisahe sbinpleniea@girst doclsbi pi@tided o ﬂ%&lﬁﬁl&@l&é@hﬁﬁ a
cl ock pul se, and has_a throughhput limted to the speed of the clock signal.
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regi ster that can essentially shift data at twce the throughput of
conventi onal Sl@h"(ﬂb}'@gilﬁltl@-‘r@imatcoswomsdata I n response to only one clock

edge or one clock pul se. 20. The dual - edge, shift reqister neral ly reqguires
a series of clock si gﬁ%ﬁéyﬁng et i e r%icg ﬁ‘le“%ﬁl FPFI%%/IEH’EF
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dual - edge shadd latedirsg eyperationsdey bet Gnibdivetatht | Cehyeqienfly, asdtheatiobkdaita in
the shift register. However, the maxi num 25 rate_at_ which the dual -edge
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and complementary clock signals may be acceptable at current clock speeds, it
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 bit 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 invertcd 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 oufput
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



The conventional manner in which a series of non-conplenentary and

conpl enentary clock signals are generated involve inverting a non- 30
conpl enent ary, .C .signal through an inverter circuit. The o e
WO 01/ 99115 %81‘;‘&%6/ 10744 2 0 DEC 2004 inverter circuit is tEIE%tS"&I‘”w
conpl ementary cl ock signal provided to thegdual-edge shift register.
However, when generating the conpl enentary”clock signal in such?Zd [[ifanner,
the resulting conplenentary clock signal will be skewed fromthe origina
non- conpl ementary cl ock signal due to the propagation delay of the 5

i nverter cir gy ! . e t c | be
skewed by as%%%nlgg&%?ﬁcﬁgﬁg%gg Appl yﬁgﬁegﬁoﬁ%%r%?gﬁeﬁ?gg%gﬁg
skewed conpl emgwsaesch Htclokg Sitageahsving anhmvdrtat vatdyen shitfutt cegilat es achtdes
the duty cycles of the shiftin nd | atching operationg to pe .inbal anced.
Consequent | y SiEgait REhcinyeReFRlecash Ipfeaingasiage apheltgTnRGYa Y 68abIsH toheowHina
register msshifting or |atching erro t & al increases. ;A thaou
the tinme dei ayvbebldel s nEMFRECORHAANER S o bRy s SRRRRRT g b 8
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for the next generation Of faster nenory systens. These problens

associ at ed wisthtchinginfeghamemdissbnf¢red egnduet vevbhiedramitiekiid batsal e tao 15
system nenory errors. Therefore, there is a ne for a pbit shifting circuit
that has a ﬁpgwﬁwnml@ﬁmtmxmwlaﬁ@é@eaaﬁwﬁgxrdé%s:l GNBIRY:. OF THE

| NVENTI ON A bit shifting circuit having shifting operations with a nore
bal anced duty cycle includes both a clock circuit and shift register. The

clock 20 ci ZRIAF DEMURESITON GRTIIODrawinanent ary cl ock signals fromtwo

input clock signals, where the clock transitions of the non-inverted and
inverted cl ock signal s Figireehtha b&ckhdiegram boan SKEWRAM mdnoyedevidock

cdges. The two sels of c.comb) el Ao o ke £ 9% P ird! St Sehable 2 8 11
memory device of Figure 1.
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-



shifts a data bit applied to an input termnal and shifts the data bit to
an output 25 termnal in response to the conplenentary clock signals. The
shift regi s@?’ol}ggpﬂsudes at least one shift register stage thgér/shidfnsss and
| atches the data bit froman input termnal upon the clock transition of
one set of conplenmentary clock signals. 'I('pe shift register stage then
shifts and latches the data bit at an oult put term nal upon the Zdllodklnj;
transition of the other set WOO 1999 PCt SOMO0744 9 of conplenentary cl ock
signals. The shift register stages include two | atching stages, each

| at ching st atignbad\oloek aitcult o6 taad anHift repiseutng Theplgel atigned bRic&tircuit
circuit. The inverters of each latching stage are alternatively enabl ed by
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of a command buffer that is usable in the nenory device of Figure 1,

Figure d iscamplemendirsigrand ofomplsimendsnyf t Flogkcisignals 4Bor €MNhgand amon-
enbodi ment of the inyention. Figure 4 is schemat | c.di agr f
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bl ock -di agram of a command buffer usable in the .
10 ~ complementary and complementary clock signals. For example, a rising edge of

the CB clock signal is substantially aligned with a falling edge of the CN clock

signal. A more detailed explanation of how the edge-aligned clock circuit 206
generates edge-aligned 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 seral 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



menory device of Figure | which includes the bit shifting circuit of Figure
3, Figure 8 is a block diagram of a conputer systemthat includes nenory

devi ces having the bit shifting circuit of Figure 3. DETAILE | PTI ON
OF THE INVEN?I%GNS”Z‘S Figure 3 illustrates an enbodi ment of a EF%?WPEI%Q
circuit 200 in accordance to the principl gs of the present invention, The
bit shifting circuit 200 may be substitutéd for a stage of thel 8k fiL

register 172 (Figure 2). As shown in Figure 3, the bit shifting circuit
200 is fornmed by the conbination of an edged wO 03199115 PC | US0QL14-744 10

2" <" 201 ] sirkck e sieifolsieér alid 2208-AithrfoBif @] 238N in2@3porifieto the
edge-aligned clock circuitt 206 receives a clock signal CLK at an input
term nal 202CBp&N aad iR, (9N cl@tika@nals. an i nput termninal 204. Both the

CLK and CLK90 cl ock signals are generated el sewhere in the, y device
by a clock generat or cgrl@epgﬁ(r}%tesgeg% thﬁﬁeréﬂgﬁ-‘grﬂ@ngt{% EHEBL t
206 generate dge- al:i c n | n l.o
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"Edge-aligned" is defined herein as having relatively little skew between
t he cl ock treutpitt itemuineks 2Hea-ganey abedonpiedl (0 othipl @nentsafyotasitown) in the
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signals on input clock termnals 210, 212, 4, and 216, respectively. The
shift ra@i sefea shBregister pebdi shefing OATW i grepimmand beder 4 fagher daspubed

terminal 218, The  DATA 5L anal. | 5o0eDEK3) Ly nRadSly P18 HicET OfodiElaubltis
incorporated herein by this reference.
The edge-aligned clock circuit 206 in combination with the shift
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 pérform 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 amemory 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



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

coupled to eive the CB, CN and C90B, C90N cl ock signal T?(E@q
DATA. si gna?&o{'ﬁgﬁﬁ&er, the shift register 209 may i ncl ude a%§ n n%/g'?ﬁéf

shift register stages depending on the application of the bi tnr§hi_fti ng
circuit 200. For exanmple, with reference to Figure 2; a suitabllell 20k
repl acenent for the shift register 1.72 would require N nunber of shift
regi ster stages. Additional shift register stages are 25 represented in
Figure 3 by sKiekth,r égusd er Dstagles 224bi1298, Watich tibeingbigdratedgileiein byt dde
224c represents the last stage in the shift register 203. Each shift

regi ster stagﬁem&c is coupled to receive the CB, CN and C90B, C90ON

clock signals, and is led to receive a data Qit,. which is shifted from
o Thput rerminar s to ERetRshetel SR fersPidy 2ubriallh Py Soblcanttettd,
regi ster stag i iK8S, d =YYl Ay efal I

form nal 215 mae Be FnoR citenead iRt Qe s R B VLD RSP,
successi veSsshtbntrolegimirels sf agercdfidaakrimfangated pota, 262 Péda 2881 2&6a. The

response to the CB, CN and CI0B, CO90ON cl ock signals. Although not
essential to fRBsiEpEREEiIZoN20263 L08R anthi2h6] ALE eprwrrivnabgansiergatheireuits,
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menory device that extract a multi-bit word shifted bat-by-bit Iinto the bit
shifting cir26da agdQ66Edavexanppet teamdng! cohpiad mga cottege sugply teamima, and
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by this refergsggecoordinate the transfer gates 260a, 262a, 264a, and 266a to alternatively
couple nodes 270a and 272a to the voltage supply or ground terminals.
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, wverters 276a and 278a act as
buffers so that the non;complementary 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 tmgger the inverters 276a and 2784,
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 and 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 genmerator 250. However, the clock



The edge-aligned clock circuit 206 in conbination with the shift register
208 overcone the aforenentioned problens associated with conventional 15

shift registgp$,hyproviding a bit shifting circuit 200 that hagggR9e
symetrical or balanced duty cycle. The edge-aligned CB, Cad and CO90B, C9ON

clock signals generated by the clock circyjt 206 enable the Sh}iﬂf[ﬁfrﬁ@i“er
stages 224a-c to performthe shifting and |atching operations“'n EL e
bal anced fashion. Thus, the |ikelihood that a shift register stage 224a-c
will msshift a data bit resulting in 20 a menory systemerror is reduced.
As nentioned gerevitoudb?, reasivehenahpekelepkeaignabfClhieitr wheylsiethe quaireasesof

the- need for a bal anced bit shifting circuit wl| becqme nore
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| ow- skew singl e-ended-to- differential.signal, converter, descrjbed in United
St at es Patenttol\fiﬂorg‘;nﬁ §'ﬁg-‘ffpﬂg S i3 igopgh thesslfisgisiendOfs Keet h,
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inverters 256&,a?/aﬁ8useqam daati shdftaRgRedrpithpe 00ph-2d(Riguich®) ofht REDréF ¥ted
control termnals of conventional transfer gates 260a, 262a, 264x, and
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transfer gat ey het daRsHES 448 to a latch circuit upon receiving a combination of the
CB, CN, C90B, and C90N signals generated by the edge-aligned clock circuit
206.
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°
coupled 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,



260a and 266a have an input termnal coupled to a voltage supply term nal,
and 10 the transfer gates 262a and 264a have an input termnal coupled to a

ground termgdale,, e inverter and tw ce-inverted clock signalsylpolpes
i nverters 256X, égga coordinate the transfer gates 260x, 262x, 2642, and

266a to alternatively couple nodes 270a apd 272a to the vol age quE)pl y or
ground termnals. Consequently, as the CLK signal clocks ba k aRd"‘ orth,
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
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The operation of the shift register stage 284 in combination with
the edge aligned clock circuit 106 will be explained with reference to Figure 6.
As shown mn 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 tl, 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 {2, 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



5 aligned clock circuit 240. These signals will be applied to the shift
register 208 to coordinate the shifting of data bits through the shift

regi ster 209 Fi -5 illustrates an enbodi ment of a shift regi age
284 t hat n%/g}ég%@ed for each shift register stage 224a-c (?ﬁ@“&?;@f

the shift register 208. The shift regi stey. stage 284 shifts a datloig; at
an input termnal S through 10 two | atch stiages 290 and 292 to an out put
termnal D. Each of the latch stages 290, 292 shifts the data bit to a
latch circuit upon receiving a conbination of the CB, CN, C90B, and COON

si gnal s genemakedhifed e tedeack ! digned3z ocdod Hebdfier2QRe sddnd ahiebis tvaae
290 includes a CM3>s inverter 294 having an input 15 fermnal S coupled to
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inverter 294 will be latched by the latch circuit 296 when the CMOS
inverter is datubitas shiftdsbttrouple cach seapecdumgpshifitregmsitaratagmnth tdspongeotmthe

term nal . Thi i cur o when the CI90ON and CN signals are | ow and
the d) and %g{’ &%&ﬁ: m’éir‘relb%ﬁgh, or alternatively, when the C90N and
Clot signals are |low a $1.p§g d ;1 CByRicHN -af-e- hi h:rauE a
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circuit 322. The drains of the PMOS and NMOS transi stors, 324 and 326, are
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For example, turning ON the transistors 304 and 318 prior to turning ON the
transistors 306 and 316 may result in the CMOS inverter 294 having a faster
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.



14 11)G E PMOS transistors 328, 330 and 332, 334 are coupled to the source
of the PMOS transistor 324, and NMOS transistors 336, 338 and 340, 342 are
coupled to the source of the NMOS transistor 326. As shown in, Fi 5,
the data bi " PAYEHEY by the latch circuit 296 will be shifté’gT(doS%%@“Fatch
circuit 322 when the COON 5' and CB si gnalf are | ow and the CN7and C90B
signals are high, or alternatively, when %e Co90B and CN signals are | ow
and the CO90ON and CB signals are high. Inverters 350 and 352 are coupled in
series to the output of the latch circuit 322. The output of the inverter

352 is the output term m|apﬁé@ﬁdn§®vhe%tanﬁ\ﬁgﬂtﬁﬁl%r (ﬁ%ﬁ}éﬁsﬂef‘é@ﬁﬁzﬁ%ﬁ%@%

and 352 act as buffers to output of the 10 latch circuit 322,
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packet words. The packet 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 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 regiéter 372.
After two packet words have been shifted into the shift register
25 372, the control circuit 375 generates a LOAD! 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? 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



activated. A second (high) data bit at the input termnal S is |atched by
the latch «circuit 295. At tine t3, the inverter 294 is deactivated and the
inverter 32Q,d §99;activated. Consequently, the second data biinlsad/eligd by
the latch circuit 296 is w () i 11/99115 PCT/ US00/ 10744 is 2 ~0 Dt7:' now
shifted to the latch circuit 321 Soon thergapfter, the second dambit will
appear at the output terminal D. The clock period defined by theltf i
t0-t3 will repeat so that two data bits will be shifted through the shift
regi ster stage 284 for every cycle of the CLK signal. As nentioned
previously, sdomgal registet FHyi stler firsSt asdagprond8tocane begistormEFHed 18 then
series to form

nmul fi-bit shift register, r data .bit is shifted
t hr ough each E‘éfﬁfyn%“@HFﬁgor'@bP%‘%B}angt%@‘gfﬁg?g?p%éé’W I"’u"C%,%CI\I,

C90B, mid COON. Alth [ ' L0V S|
of a ;neri es transi s?g?%gb?) ar%%f%g%mp%%n%p&céé}ﬁ}ln\égﬁwéoié(g%gﬁﬁgéés
may be 10 obpad @eﬁuhm@%ﬂgm nElidifg resp@edd us@@%uﬁit qreIrnn3 gg mmangr

where the transistor coupled to the voltage supply or ground termnal is
turned ON §i metv coRunaedanpt §;REUFNIIVG DNatberdanemsvitt one G08odnoknt5dS the

prior to turning ONt ransi stors 306,8nd.3 16 may result in the

i nverter 294 Lﬁé{g?w-ahﬁbﬁs&zﬁ?@éﬂséﬁﬁmsﬁﬁeﬁm%m g e 2dgreRsemangyrow
skilled int 1)y el hat shj f [

Wil functi o orapants snifERICECR SobTR col Ponstiie e hrok BN P B Ses
enbodi ment ofgrdhén)iin &drhfiandg circuit 200 includes an edge aligned clock

circuit 206 having an edge aligned clock circuit 240, as shown in Figure
4, coupled to the outpufhee@ihidP8 @ftputsceéadorncandbank addrgesasr fchadcolwnzo

i e gL Mo ORL 408 S22 L M. ULt e 5, LS5 I
Lg?g?gﬁzefh&t&gﬁﬁgiﬁg teOzg:sQﬁﬁerﬂ,%r Q@?.Cfdrf_?l%q by at fiRT OF STREdPE] 404a-n.
The shift registers 404 include the bit shifting circuit 200 shown in Figure 3. The
shift registers 404 control the timing of column commands issued by the
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 to.thre'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 (“PCP”) 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



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 i nveé‘t(f[)?gg%?s results in a bit shifting circuit 200 thaictpesbooms t he
shifting an atching -operations in a nore bal anced fashion. The
aforenentioned reference was previously ingorporated herein, and]@s)such,
a detailed explanation of the clock <circuit and the shift register stage
described in the reference have been omtted in the interests of brevity.
WO 01, 19911 16 PC; !&U: SO0 10744 In applications where an M nunber of
shift registefd2208herpyore deyices 45 & siplcodpiad parthe | Rocesopet Bofhrough the
ordinarily skiilled.in,th r 1., appreci ate that ., an ge=al i gned .cl oc
cirout 206 i SREPiEELSaZR, budbrigafRPr B bPoqetftr pEG EFar gl Santd .
ali gned cl ockdeiiceytt4 208GulByriRtery 888 a Vidbhisghay s YRR oPRfbre Qggi\%t%f@ﬁek
signals generated by the one clock circuit 206 are coupled to each of the

hi nunber of dhifcts A8giast eospl2@8o thin peocespdred L tiwooph dine pppdessat huend 14, buss

previously discyssed, a command buffer that receives an NI bit w de conmand
word. Showd iEan@&?-@, 20 CEPHRHPT SHE 481 18 Lermand lﬁﬁrf@m%%d@w\éﬁommorage

i ncl udes enbogj i LEti ' j 4 e
substituted féﬂrera?%ééoct%wj %fun%a@ﬂé%éfgg)r%%ﬁd?gtcigg%ﬁfaﬁﬁr%tp gat.rgg@éd@omﬁ}uéjgre
7, the commefidedUfifledridéd fIpHoi USH divea! cDA6HE akd oIS cSIdighIr&fd-Galy
plurality of packet words. e packet words are applied to a shift

regi ster 372 wem@y droresand bus 374. The shift register 372 includes the

bit shifting circuits shown 1S in Figure 3. The wdth Mof the bus 374
corresponds to the si zeE%fOPFFFEl%itF? PLO&ET8f ¢ FZB??F“BWH"?W@ WU-Hbé'te fpcgpory

pocket ore WBbOEs SOTVIRE RAGERLyy SODCRBPRNE 994 s L

shown in Figutte mdmsryodevided f4 (bhe ruibeindfpackets that contain both control and
address information. Data is coupled between the processor 412 and the memory
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 controfler 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 signat 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 2 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



stages that are in the conmand packet, i.e., two shift stages since there
are four 20 packet words. Thus, the shift register 372 sequentially
receives t I <of two 10-bit packet words responsive t

si gnal CLK&Q%gyﬁgﬁ‘ént with the start of a four word connangw§ggﬁ@§§ué
FLAG signal is applied to a control circujy 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 LOAD1 signal that is applied to a first storage rZ%;ster 376, The first
two packet worsostivatat when S8 dnd COGNsamrlos7nd N and &0 artdtighnoowhte CB

first storage regi r 376, After t e cket. wor ds ve een shifted
nto t e onir ead BGPA re High antiEN e IPB AP 5T Ti9%etE i fubimaloRagshe
signal that i i %gﬁﬁ@ : : i 7 ol

two packet Wo?:ggI Rﬂr”o?ngp ﬁg a@?ﬂ tr g@%&%[%r%%g%% ﬁggh emﬁgh@%gqgso
second WO 01/ @riblipiiettddSeaislfidddmhy Be QAdngddosagRatr 8@ sérAbind#bn atHeafing St
and second storage registers 376, 378 then coIIecting¥ out put a_ 40-bit
command wobd hh&gminsw@ns 298orthR32bus B9Uchethe Anordwg!yothg Meggi@>ivmot he
command bus 390.i s applje 0 a co nd.unit 394 including a colum
command unit lmééa!e)x%g@%asa dh‘§ a@epag\ﬁleg’lﬁﬁnd unit ("RCU',) 396 in
accordance with one enbodi ment of the invention. The RCU 396 is responsible
for processing row addresses and row commands while the CCU 398 is
responsi bl e for processing columm addresses and col umm commands. The CCU
398 out puts colum and bank addresses to a columm 10 address bus 400, high
| evel commands to a command execution unit 402, and timng signals to a
sequencer 403 foaned by a series of shift registers 404a-n. The shift

regi sters 404 include the bit shifting circuit 200 shown in Figure 3. The
shift registers 404 control the timng of colum comands issued by the




command execution unit 402 responsive to command signals fromthe CCU 398.
is The structure and operation of the conmand buffer 370 are described in
greater detail in U S Patent Application Serial No, 08/ 994,461 to Manning,
filed Decenber 19, 1997, which is incorporated herein by this Qegm.irge@ae.

Fi gure 8 iGLAIMISock di agram of a conputer system 410, which 20 includes
menory devices 416a-c including the bit shifting circuit.200 simlar to
those shown in Figure 3. The conput & ‘&Y SESTHELEF ve] WEBHISE JHEc eBHTS AT
havi ng a processor bus 414 coupl ed tO,tgf gﬁﬂ._SﬂLDRAI,\/I packeti zed q_xp#a ig . -
random access neno? §LoHEFFEERCUREHE? T BghC & HEOPY COHEr DT arirsarc gl

comut r BoLEN 410, 39, nades, e, 0r DR, LU gt o8 00, RGP a0

25 keypét € processor e processor bus

414, a_fg&z?_c%:s?ec.dﬁrgétp%el&g%ggglse@%%i@nabﬁgocg@% sal4Chras an I ndustry

St andar d bus “or a Peripheral Conponent | nt erconnect
("PCl ") chatislemshayi cipekt stmeiscescid2bcal diowitafuchpehavorz er fimh setiett eosinetivetly
device to input data to the conputer system 410. One or nore output devices
430 ar ecxuifise@etiost pEn g0 HroRlee Bt ALIEHHTEBEAF HILASeh & FRspensutoplifs: dat a

generated by the processor..\W 011199 19 Pl LU 10744, r 2001. 412, .The
Ut put HeoRees e B L S T b TR T BliGh THEY SXh&REEon
bus 42442118 sDEEGUL WA AN RROGaDRONia DS sddvhd JRXAIMEESIHAf (0Pt dRMd £85
424 include printers and a video display units. Cne or nore data storage

devi cesre438nar erottegpl edraspotsheopihoc@ss end 43t hsteigghe e pspesssociotiusiziby,
bus 5 bridge 422, and ex aE}skﬁn hus %4 to store data in or retrieve data
from st GFaYES CoehF BPFE S SHOMTC U Exafipl es of storage devices 438 and storage

medi a include fixeg;gi gkideivesihloppy ik Ghhives, of ape seasse! teSnandocy
conpact -di sk read-only nenory drives. .
generators, .and having an input termicat coupled to recsive amiaput bit-
and an oubput

terrninal to provide aa outpui bit-

the shift register having 2
plurality of shift register stages coupled in senes betwesn the input and cutput terminals of the -
shift register, each shift cegister stage includiag:

- first and second latch stages coupled in series, the first latch stage latching &z data
.bit in response to the first and second pairs of complementary clock signals having a first
nredetermined logic relationshin. and the secoad latch stage latching the 'datz bit from the first
latch stage in response to the first and second pairs of complementary clock signals having 2
second predetermined logic relationshin, whereby the data bit 1s shifted from the first latch stage
to the second latch stage when the predetermined logic relationship of the first and second Dairs
of compiementary clock signals changes. each laich staze Including:
2n inverter having an inout terminal to receive the data bit 2ad an output terminzl.
the tnverter firrther having first 2nd second supply ieminals:
| a fiest switching circuit coupled bibwezn a first refersace terminal and the frst
supoly tecminal of the inverter. and furthec coupled to recetve the first and second palrs of

comeolementary clock sigmals the first switching ciroult coupling the first reference terminal to

20



In operation, the processor 412 communi cates with the nmenory 10 devices
416a-c via the nenory controller 418. The nenory controller 418 sends the
menory devi ces 416a-c conmand packets that contain both control ang ?El%ess
information, Data is coupl ed between the processor 412 and the rren‘opg C
devi ces 416a-c through the nmenory controller 418 and the processor bus 414.
Al t hough tht |fiirsthsypmimiaryixkd vincespodsb de chamesdstoaplired togia haa'sanvbirc oh diec fios sandf
15 the nenory controller 418, only one nmenory device 416a-c at a tinme reads
or \Aﬁltescw%lfstohtﬁ@“a{rﬁie@i‘a‘d@c ”ése%“ﬁ ention. Bus contention is av0| ded by
each of the nenory, devices .4l16a-¢. WV ntifd

command packet cont é?cr?f—ﬂgwlLCHqcPe%tl & gj‘ ‘t%légt hgg %iptﬁs%g%pbaqg §Of the
these conpanentsy x th&QQPREELE tSHSLE %ﬂlﬂwﬁ&%@&l tHAES:i @ M rm&ran@fqammc airs
20 corrponents and signal lines that have been omtted fromFigure 8 is the

i nt er est of cofnpbineatitdry clde@rsi exbnmieesecasi. xipibaignectubeloon ng beomenopyly deviicaso
416a-c also receive a command cl ock si.gnal to provide.internal tim

signal s, tge EF&FPadé‘F @@Rce SIGH 1 FSRNFR O Hiit Hef e ippe [amhbi Hansvince thq%rsta@ﬁél
a FLAG S|g aI rg X gme e st a tlogﬂ;_lqa ccﬁmmnd packet. 25 Fromthe

f or egoi ng 68 pre rat ed ough specific enbodi ments of the
i nvention have beemn, Q%ﬁc‘cﬁz‘cﬂ?doﬁﬁ%@td\‘hfe@utcﬁiﬂFJDQ)%Q&J&{er th hdesppineatd ORit iVRkbGHdS
nmodi fications may be nade wi thout deviating fromthe spirit and scope of

t he i nvef ttenfrsFaord m@mbsh@phasr“sh@wpﬂtbﬁ ﬁ:vgﬂwéaem Qm@ldddhmahtthgérstmsmgnd
activat ed y\hen CN a %Sg | ow and. % ( g{h or 30 when CN
and COON®4f é%gcﬁcahﬁm FF&“E‘%G%D&P(S“F‘E?\RF HBf‘ta “TSBE"%H"’ age 292 "1 0 0
119911S PCTTU-SWII 10744 19 is activated when CB and C90N are | ow and CN and
C90B are high, or when CB and C90N are high and CN and C90B are | ow.
However, die conbination of the CN, CB, C90B, and CO90ON signals applied to
the gates of the PMOS and NMOS series connected transistors may be changed
so that the conbination activating

R



5 the latch stages 290 and 292 are switched. Accordingly, the invention is
not |limted except as by the appended claim& CLAIMS 2 0 OEC 2004 1. A
dual -edge triggered bit shifting circuit, conprising: a clock generator
having a First clock circuit coupied to recevice a first clock signal &@E%(ﬁ
second clock circuit coupied to receive a sccorid clock simal, each CF i
circuit having .first a-rid second output termnals to provide a respective
pair of conplenentary clock signals, each clock circuit further having ~ a
first swtch alternatively coupling the first output termnal to drs; t 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.
termnal to the second and first reference voltage in response to the first
and second states of the respective~ clock signal. recetived by the
respective clock circuit; and 1 L a l1l, al n a shift ragister, coupled to
the output termnals of the first and second clock generators,.and
havi ng. an, input termnal coupied to receive an icout bit. and an out put
termnal to provide an output bit the shift register having a. plurality of
shift register stages coupled in series between the input and out put
termnals of the~2'sh|ft reglster Téadhfghﬁ¢%‘m@gﬂsﬁé@amnagelNﬁmkmdhngﬁr
first anq Second | atch s %ﬂ upted in the.first 4 tage | at.chin ng
dat a BrcHRe Cé%bﬁﬁglép’féest &t ‘"ffidr%‘? SRRFISE 6%3568?‘?%‘”% ST N PEF O 6‘3? k

, O Bahfechak fird éfer&&% teRRBHLLAI L 1ed Juﬁgllyct..ﬁﬁ nal, 'e%@l% Bb/Rch 3Gk ReccieeoNd
Iatch stage latching the data bit fromthe 5fst |atch stage in g°~ response
t o t hetdrimsil cangdlesec omdivpai epeofivednyd egmitanytieldok sirkrdrsand: uing a

the second switching circuit comprises first and second peirs of senes connected
switches,” each pair coupled between the second reference temminal and the second supply
terminal, each switch having a control terminal coupled to receive a respective clock signal from

the clock generator.
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second predetermned logic relationship whereby the data bit is shifted from
tht first latch stage to the second | atch stage when the pTedetemm' Lned _
| ogic Ftlacionsbip of the f-ust a-,id second Pairs of conplenentary Gl[P{iﬁ?
signal s changes. each | atch stage including: receive the data. bit and ‘& 004
output termnal. an invertgk , ~inout termnal to receive the data
bit and an out pu% terglngal JGL mgg%gﬂ‘sqggé‘-cu:‘; ;‘% ,CEE’I'JY] §: Wheprin~-thenfiest &1 second
further haull®g 1 seticarmdoekoritssypptyinbesimnals 8 figst -G recuit Coupl ed
between a fi r'tst ref erence termnal and t‘ﬁéednl'—l?% ﬁpﬁl%}\/ﬁ%ﬂﬁﬁhﬂlstgfa,tm the
inverter. afd BOfiSBeond pewplad(uvitdiaeniiv—sechhg &isthand.seeond pairs of .
conpl enment %rééﬁi&!té)r k signals *.-, Fi~~t switching circdit couplsFmy i tnios
first rdt-t-c2rice tc=inal to 20 2 O DEC 2006 the first supply termnal in
response to the predetermned logic relationship of the first and second
pairs of conplenentany clock sigals; a_second switching; circuit coupled

bet ween the second supply ter term nal Thy bit weifiingioiertienf akima SeCcohdiein the latch
ref erence tiefum fdhen " c £ed to receive the first and second '
nairs of conpl erre%?%? sw Ec}lqré\é{%;rsl @%g‘msﬂ,mf’haen %@%%affgwa EPrMET &9 Hrevinputtisupltzhgr
second suppkytheniniamal. to the second reference termnal in response. to the
predeterm ned lodic relationship of the first and second pairs of

conpl ementary clock signals; and a latch circuit coupled to the output of

the inverter to latch the data bit in_response to the first and second ]
supply termnals of *he inverter bei nde8tipitEang Kirebi e ckarf | paeraindhs dedias
sw tching_gi its t first and second reference termnals,

respecti Vel ﬁﬁ&%ocg C‘br%B}:%?%%ﬁSS"Z. The bit shifting circuit of claim1l wherein
The first sw tchingaCiifseUivereprRFihgas ifputsdovpRd i5aeoNde RaAlekFecllc $RIKESunal and
connected._swi tches, each pair coupled between thée first reference term nal
and t he fifusger sgppEyneatmtnal , each switch having a control

a second inverter having an input coupled to the output of the first inverter and
further having an cutput;

first, second, third, and fourth transfer gates, each tramsfer gdte having 2
.respective input and output terminal, and further having '

first and sacond control terminals, wherein

the input terminal of the first and fourth transfer gates are coupled to a first:
reference terminal, the mput terninel of the second and third transfer gates are cqﬁpled to a
second reference terminal,

the cutput of the first inverter 1s coupled to the firs{ controt
terminals of the first and third transfer gates, and the complementary controt terminals of the

second and fourth transfer gates, and

the output of the second inverter is coupled to the first
control terminals of the second and fourth transfer gates, and the second

control texminals of the first and third transtfer gates;

a first output buffer having an input couplzd to the output terminal of the first and
second transfer gates, and further having an oufput terminal to provide the |
clock signal; end

a second output buffer having an input coupled to the output terminal of the third
znd fourth transfar gates, and further having an output terminal to provfds the complementary

clock signel. 2
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term nal coupled to receive a respective clock signal fromthe clock
generator, and the second switching circuit conprises first and second pairs
of series connected sw tches, each pair coupled between the second
reference termnal and the second supply termnal, each switch havi"-r[ﬁﬂﬁap 200
control termnal coupled to receive a respective clock signal from

clock generator. 22 1 D DEC 2004 3 The bit shifting circuit of claim 2.

where n 4 e first d6ésecond pairs of Shid bhesufohgtdieutt eistlasmi 3 chiiangnChe cust
cow ; prises PMOXS transistors, and the first and second pairs of swtches of
the seconstcemdltibivdj @ foukh tr@omlr EE@S chnDSse Ersanst seernst syiclreomitd i ataling
circuit of cl ai Wher ein K QUIKE Ith&e [ efs:weach
havi ng an ‘65?%%? P c%dtg’g @E lét?ﬁé)%t & gar) mhérillaﬁzﬂttf)l:‘mjmtcﬁ\eéﬁ{)C:EihtrgrL ¢
inverter. 5. The bit ﬁrt%'t EbhRE ©hhul éndoifﬂe(shcalrm dwindeliaimg b heetd ferminadndupiad to
second clock circuits conprise: a first inverter having an input coupled to
recei ve amgespective cl ogkosd goatol garebifalir t her havi ng an out put; a second

i nverter having an input coupl ed to the out put of the first inverter and

further having an output; st, .second, nd, f our t ans
each transfer gate havi nglhe E bl%uﬁtn%% BhepFul [?18 ﬂ rfl%[ocggxgnai

further havin Nk I s | s, wherein the input
terminal &2 Fﬁ%d%n%thgﬂszs’%%?gﬁ&&r%ﬁgpeotrcgégﬁz are coupled to a first
reference termnal, the input termnal of the second and third transfer
gates are coupled to a second reference termnal, the output of the first
inverter is coupledS8to the first cont pﬂolbaiat\eadninal sagd th frecdd bt staﬂmot hirewd:;
transfer gates, and the conplenentary control termnals of the

c mpnamw

first and second clock circuits, each coupled to receive a-single respective clock
signal, and | “complementary output terrmunals to provide first-and
second palrs of co*nplementary clock signals; respectively, generatad

from the respective clock signal; and
shift register having input and output terminels, and further having ﬁrst_aad:_'
second latch stages coupled In series between the input and.
output terminals,
the first and second latch stages comprising:

an mverter having an invet terminal coupled to receive the data bit and 2n output
terminal. the inverter further having first and second supply terminals,

first and sscond pairs of senes connected switches coupled between a first
reference terminal eand the first supply terminal of the inverter. and having confrol terminals
coupled to receive the first and second pairs of complementary clock signals:

third and fourih pairs of series connected switches coupled between the second
supply terminal of the inverter and a second reference terminzl. and having contrel terminals
coupled to receive the first and second pairs of complementary clock signals; and

a latch coupled to the output of the inverter to latch the data bit in response to the
inverter being activated when one of the first or second and one of the third or fourth pairs of

series conmected swiiches are simultanesously conduciive.
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second and fourth transfer gates, and the output of the second inverter is
coupled to the first <control termnals of the second and fourth transfer
gates, and the second control terminals of the first and third transfer
gates; a first output buffer having an input coupled to the outputZC&ffizpil
of the First and second transfer gates, and fur her having an out put
termnal to provide the clock signal; and a second out put buffer having an
i nput coupled to the output termnal of the third and fourth transfer
gates, and further }laving an output termnal to provide | he conpl enentary
clock signal. 2j 23 DEC 2904 6. The bit shifting circuit of claimb5 wherein

the first; second,y third, and forth tw;anskel. ﬂgch?tsofcc‘mﬁ{ ifgﬁ%ﬁtﬁtth‘fﬂ%t and

second. switches coupled to parallel  between™ I nput an

first swet@dy hamit Bgeas@ateriser mnal coupled to the first control term nal
and-the second switch having a gate term nal coupled to. the second control
terminal. 7. The batirshidveiterghoing ai firsofinitar mgutwoepkidnta teesecindnpiiodiek
signal 1is a quadrature clock signal of the first clock signal. A bal anced
dual edd&s3 Fghe et BYE S RPPENg circuit, conprising: rest and second cl ock

circuts, each coupled,hq,leceingd SLOLe iLEsReTl UG EhRGKo BI0MRereeABlpus

conpl ementary output "ternm nals to provide first a second.” pairs of

conpl eneRtaryceldekestgnabs; respectively, generated fromthe respective

clock signal; and a shit register having input and output termnals, and

further havin.- figdirstamhsigegsdndzyiagar 8rsstapyédecoopl adivsh osanitesmiasinveest

the input and. output «Eoer{tpgl rt]ear%nsxﬁal coupled to first 1averier ouiput, and a first complementary
control termninal coupled to the second inverter output;

a second transfer gate having a second input terminal, a second output terminal, a
second | control temminal cdupled to the first wverter output, and a second
complementary contro! terminal coupled to the second nverter output;.

a thard transfer gate having a third input tetznineal, a third output temminal, a third

coatrol- terminal coupled to the first ilnverter. output, and a trd
‘complemeéntary control ternunal coupled to the second inverter output;

a fourth transfer gate having a fourth input tenminal, a fourth output terminal, a
fourth -control termunal 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 terrninals;

a second voltage source.coupled to the second and third input termingls;

a first output buffer having an input coupled to the first and second output.
terminals, and further having an output to provide a 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.

10, The bit shifiing circuit of claim 9. wherein the first,

second, third, aund fourth transfer gates comprise first and second switches coupled 1n parallel

2
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the first and second | atch stages conorising: an inverter having an input
termnal coupled to receive the data bit and an output termnal. the
inverter further having first and second supply termnals; first aQq second
pairs of series connected switches coupled between a first refererceltl 2004
termnal and the First supply termnal of the inverter, and having control
termnals coupled to receive the first . and second pairs of conplenentary
clock signals; third and fourth pairs of series connected. swtches coupled
bet ween. %Fﬁ“éeeéle%pﬂlpus GPPI YR Er ﬁ*?‘_nél‘“ogfmfcﬁehai'vﬁf\]ﬁerat %qea‘ﬁ’_ﬁnﬁ7 'é@Bﬁ_@arthtgrénce
term nal. . and havi ng GORLY %l'm}r%{ %E%ésccgﬁy@vﬁg -th%u{n%(zg"'%\é%,{ey i dll rc%&pl@@% the
second pairs of conplenentary clock Signal's; and a ['acl coupled to the

out put’ ebnbphend¥e d8rol @nhatth the data bit in response to the inverter
bei ng activated whén one of the first or second and one of the third or

fourth pairs of serjes mnﬁﬁcsfn@ﬁin%vﬁihﬂﬁesfaﬂmmmm%n@'ﬂutﬁeyrﬁwﬁ@@ﬁ_iﬂ\}%@k 24
2 CDEC2004 9. The bit shifting circuit of claimS8. erein thlg f.irst a_,ngb _
second chigak! geeaiutd sbicampr smendackickseitwiett & JREW HY A APt SIgATe Y e

input coupled to receive the .in gt clgck; . ?s#i(/gnral .tand a first inverter
out put ; Espeearriclicnlskaral fﬁ%ﬁ}i’?é % R BEHE PV EFERY i nput coupl ed to first
inverter output and a second inverter output; a first transfer gate having

a first input termnal, a first output,heinl Bddoerd fik ERlinEORLLL o ‘Fﬁ@fing.al
coupled to first inverter output, and a first Tonpl enentar contro

term nal coupl ed t dutthedsecond simpierd-éna] ouputiynal skekngederanst erclgat e
having a second input terminal, a second output termnal, a second control
term nal coupled to the fidegiedi'Avesa &t 2 BIFPHIES BRY doges@Ra! s%bnpl enent ary

CorLr L { SHLAEL S0l 8 1SRN LBl SR S B anBb A
contr ol rtgrentinainpuoupkkdighel. el fibtiStener@riheldogt put, and a, third

2 first inverter having 2 first inverter inpnt coupled to receive. the input clock
signal and a first inverter output:.

a second inverter having a second inverter inout coupled to first mverter outout
and 2 second inverter ouiput:

a first transfer gate having a first input temminal coupled to 2 frst voliage source. a
first output terminal, 2 Orst control terminal coupled to first inverter ourput. and a first
complementary confrol termninal coupled to the second inverter output;

a second transfer gate having a second nput terminal coupled to 2 second voltage
source, a second output terrninal, a second control terminal coupled to the first wnverter outout,
and a second complementary control terminal coupled to the second inverter outputsy

a third transfer zate having a third input terminal coupled to the second voltage
source. a third output tenminal, a third control terminal coupled - 10 the first inverter output, and a
third complemnentary control terminal coupled to the second inverter cutput:

a fourth transfer gate having a fourth inpur terminal coupled to the first voltzge
source, a fourth ontput terminal, a fourth contro} terminal coupled to the second inverter outpui.
and a fourth complementary control termunzl coupled to the first inverter output:

a first output buffer having zn nput coupled to the first and second oufput

terminals, and further having an output to provide 2 cleck signal; and

[
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conplementary control term nal coupled to the second inverter output; a
fourth transfer gate having a fourth input termnal, a fourth output
terminal, a fourth control termnal coupled to the second inverter output
and, a fourth conplenentary control term nal coupled to the firgtljHivegit er
output; a first voltage source coupled to the first and fourth input
termnals; a seco I e 1S &.Soupl ed;, Lhe A d hh i {
termnals; a fi (r:as%qgﬁ?ﬁ)h?gtbu@?%? ) 5&1‘% éleE E%%B‘Eiﬁgﬁgg 't‘.g tnﬁefo?'ﬂpsopggtnd
seconer@iiaditnd fukien HatdkSn oalsht taipioher: dnayidrgdanddipid]; kel provi de a cl ock
signal; and a second output buffer having an input coupled to the third and
fourth output taedeashahs shidinckgivet fegs traypladgioatre outtpett tetminpioef dee frst and
inverted clock signal. to. The bit shifting circuit of claim9. wherein the

firstSCCOBREHIRH: SoRRIFAS, BRA! 3ok 105 DHARSIEY SPHcdRvVEshPR et fFFRRlfoyrédend
switc : L ILn rallel A5, " . .DEG 7094 betwee - L.nRut . _ ut,
The {1 e antoh A PR T s T b R s Son e PR R i R
and t Bese 86800 ¢osiM dugdhtD\EINY Actdd @nd SHbfenak vied Rl @t ikt @Provide the
iterricntary control. termnal.. 11. The bit shifting circuit of claim38
wher eil@iztthierr Bspecei tvecach oddek traisgival off deestvad dlgshdimed ormdngtmetaci clogkt is
a quadrature clock signal of the y respective clock sigal received by the
firstSPUek circuit. 12. A dual-edge triggered- bit, shifting.circuit,
conprising- first and second single-to-dual edge-aligned clock generators,
each adapted. to receive a respective input clock signal arid provide first
and second edge-aligned contiolernentary output clock signals generated from
the 1 espective input clock signal. each clock gencrator, including: a
first inverter havang a first inverter input coupled to receive~the input

Cl ock

I~
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signal and a first invcrter output. a second inverter having a second
inverter inout coupled to first inverter output and a second inverter
output: a 'irst transfer gate having a :-L-st input termnal coupled to a
first voltage source. a first output termnal, a first control {grgt?@l
coupled to first inverter ourout. and a first Conplenentary conﬁfg b
termnal coupled to the second irlvd!-Ler Qutput, a second transfer gate
having a second LnDut term nal coupled to a second voltage source. a second
out put tenninal, a second control te-fninal coupled to the first inverter
output, and a second. conikebergtarudgecieuly of claircant whkrdierthe rel leQaupte shifo
the second inve e Qutput: a third transfer gate having a third input

term nal cogplcediazo compsdsond vol tage source. a third output ternminal, a

third control tcn-ninal coupled tcgathe.fi st invCr tCT output, and a _y
cont ol tcr-ni al coUpt&RF FERYUESHTEPPHYRrter outnut: third comi)lenentar

| in a fourth transfegr_gete_havi arthoinp 1R I 0: t.h
first volta~p souréie)?rs_g ";ﬂgﬁgr%’f‘h C%P%ué%? ?‘%i %@FE t%. gouarl'?éﬁm%g%?r%ldrefg'é?‘}ﬁi %Lael
coupl ed t @atd B8 288 GRGhidvie - RTa] Okt iR 2 flihdd Ra GOEITLE REALBEYNE 9RbF Q!
termnal coupled to the first inveiter cutout a 5arst output buffer having.
an input ¢ompheld;to the first and second output termnals. and further

ha-vinp an oultput to_provide a clock sic-rlnal ~02‘r£ 2 6 2 0 DEC 2004 a,
second out put buf f e &l IHER £H CUHRAVIRS 8 e & P uthed (1hithe oavat somimalodi 6t

i nal nd f h havi ' [ i cl ock si l;
and ot | oRER e kit g o PRe B e SR BB R AR R SO

first andin segaide ¢haek Generat ofcondt A theashiPBeisNichblplQDitstRE BSisagad
havi ng an input term nal coupled to receive a data bit and operable to
| ar ch t heseknmal viltagesuppbponstpacevelich cl ock transition of the first

cdge el aned cornl syent ar ook, 100k a0 DehSr At S0 OURY oo
the secong.gdger af &{}eﬁrﬁthegﬁﬁﬁi@rﬁdcﬁ%litput terminal, the second inverter further
having third 2nd fourth supply t=rminals;

a second latch hawving an input coupled fo the output termunal of the
second lnverter circwit and further having an output terrninal 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 seccud 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 aad the sscond and
fourth supply terminals, the switching cucuit further coupled to receive the first and
second edge-zligned complementary oufput clock signals, the switching circutt
alternatively couphing the first and second inverters ‘to both the first and second
voltage supplies in tesponse to the first and second edge-aligned complementary clock

signals.

14, The bit shifting circuit of clatm 13. wheret the switching circuit
COTgprises:
first and second pairs of series connected 'switches coupled between the

first supply terminal and the first voltage supoly;
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signals. ?i 2DDEC2604 13. The bit shifting circuit of clan 12 wherein the at

| east one shirt register stage conprises: first and second voltage supplies;

a first inverter circuit having an. input term nal coupled to re@@%M§ZWhe
i'rst

IS

data bit and an output ter_ninal, the first inverter fa rhec having

and second supply termnals; a first latch circuit having an input coupled
to the output term nak;@finkiRurdiphst of BvREteRaaned fuitherchavidhgean:ouput
termnal, the first latch latching the data bit in responsé to the first
and second suppkyup@ynimans theksrgadooipdzduppithe first and second vol t age
supplies, respecti Velﬁ'égfa second invErter circuit, having art input term nal

coupl ed to the out put®™t éthitHat %6° ée??sr%Gimriaﬁiaéhs”%’ic‘ft@giclouam Yot it
termnal, the sep %@Hﬂﬁ’:@fﬁﬁthfe%trﬂei’fo_l-:a@@éﬁp@%;taﬂﬁrd and fourth supply

termnals; a seco atch having an input "‘Coupled to the output tenm nal of
the second inverter seigmtiietdangktd grirhef straasi tgranted stpishes epnpladlbetwzen
provide the data bit, the.second latch,|lafching the data bit in response to
the this an@q%ﬁ‘gﬁ”%bEwaﬁﬁ%%ﬁﬁego%ﬁﬂﬁgééﬁ P¥d to the first and second
vol tage supplies, respectively; and a switching circuit coupled between the
first voltage supply and the first and third supply termnals, and between
t he second vol tage supbly Tanditfhetsecond! andat dtirviersappt firstesyrondl Biot he

switching circuit Rather coupled.to_recei the. first. and _second o

Sue nl | oot o e ars S L RRL KEnknEe o el Rl eSS ER 2

al t er nat i vekyagauf! itk he-d i foskh apdegiecaddigiil @i ns séfeshoidhe4be sfittisds and
second voltage supplies in respons {[g} the first and second edge-aligned
conpl enent aFWE?WP“%P‘g??E‘FéFO%'EFF‘#ﬁ\é‘A STERIFng circuit of claim 13.
wherein the switching circuit

16.  Tre bit shiting cucut of ¢leim 13. wherein ths first and szcond
atches comprise two inveriers each having an output termuinal coupled to the input

terminal of the other Inverier.

17. The bu s'hifdng cucuit of claim 12. whersin the respective clock
signal received by the secoud single-to-dual edge-aliened clock generztor is a
quadrature clock signal of the respective clock signal received by the first single-to-
dual edge-aliened clock generator.

18, A command ouffec for receiving and captunig
command words in a memory device, the command buffer comprising:

a shift register having an input teqminal, 2o output terminal, and a-clock terminal,
the input terminal of the gm'ft register being coupled to an M-bit wide bus, the shift register

compnising:

at least oae clock generater having a first clock circult coupled to receive a
first clock signal and a second clock circuit coupled to receive a second clock signal, sach

Clock circuit having first and second output tecmainels to provide a respective pair o
complementary clock signals, each clock circuit furither having 2
furst sJNitc'n slternatively coupling the first output terminal to first and sscond rzference
voltages in response to first and second states of the respective clock signal received by
the respective clock circuit, 2nd further having a second switch alternatively. coupling the
second output termunal to the second and first :af::‘fence voliages in response o the frst

~ Lt - H . N am o) : 7 the regpa Y I ‘.. E,ult;
and second statzs of the respective clock signal recaived by the respactive clock cue

and
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conprises: first and second pairs of series connected sw tches coupl ed
between the fist supply termnal and the first voltage supply; 28 20DEC2004 .
third and fourth p: s of series connected sw tches coupl ed between, @ﬂf"
second supply ternminal _ e second voltage supply, fifth and sixtH ‘pat Wk
sees connected sw tches coupled between the third supply termnal and the
first voltage supply; and seventh and eight. pai rs of series conpect.e o
swi t ches coupl ed bet pea the¥ b’p FEROS BTy EELS Y naF " &R qf%e slé‘c“(l)Jndgvo fé{éé

supply. 15. The bit shifhhQ o¢hfCilidnAk vﬁ)lrcﬁma Mher%@ﬁl@di Ro teodih it SErniSeCcomds

EfLLI, and sixth palrrs of series connected swtches conprise a palr of
series connected PMES: ahd aaasmds@@frks:l'@atﬁdmf Ienehber 6F SHEGEr Tiers evrdriainan N jgnoes
ei ghth pair nect e

s series.co S "
connect ed NN&PFIFL%S‘?%% “Ir §23%6 eac*‘Ith\tI“%t f[egés fsg%??ghc“?t&ﬁt gt &‘Trg’il%%l‘?upi” ©
wherein the ffsc&tvaEEfﬂéjfe%gg Qe colrﬂfﬁ%etﬁt SOIPL 8%, Eﬂ‘ﬁtéfﬁ%ﬁrﬂa%} cﬁv?@fgﬁnﬁiﬂ'bntgman
output terra ramcoupled to tht input term nal he ot inverter.

The, bit shiffekmehseits chd firnfandlsatandidociwtigngd natihe arf&sppmeaeencde@c;&élansngrgal

recei ved by the second single-to-dual edge- allgned cl ock generator is a

quadr at ure cIﬁﬁkﬁ@ﬂ@ﬁbﬁwégaﬂﬁéQM@§§@é¥4U%@@F@ékh%@bmﬁﬁﬂﬁééenvgwomyi&Héedﬁt
gene at or onmand Duffer for

first S|ngle t d ned cl ock
recei ving and rEi(a)\Sﬁf: C?ﬂﬁek g@ﬂ%ﬁhﬁ"%?ﬁ “Orfji I eﬁ‘ﬁ‘rrﬁ?ddg}\%l%s ¥he conmand
buffer conpri sing: a%oﬁthaf&mm%a%ipera N2y ki 4 BB dr8h I NA g 2@ Bu@HiRhqal,
terrnir,al, and a clock temnal, "the input termnal of the shift register
bei ng cdhplcerdrctlcu:mmtlg'emmtm\g d@aldusgpaltrhaocsﬂawf:tto R @gidsteemincdanpnicsiofiglocatighelast
one cl ock g‘egler ator having a First cl ock Ci I‘CUI t cougl ed to receive a
appired to the clock termunal efter a siact signal has been applied to the start termunal; and
a storage register having N*M storage cells sach of which has an output t_erminal,
an Input terminal coupled to the outpat of a respective shift register stage, and a load terminal
coupled to the cutput terminal of the control circutt, each of the storage cells storing 2 signal at
the cutput 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 outputiing a cormmand

word.

19. The command buffer of claim 18, 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 inyerter output
and a second inverter output;

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

control terminél coupled to first inverter output, and a first complementary

control terminal coupled to the second invester output;

a second transfer gate having a second i__nput-terminal, a second output terminal, a
second control terminal coupted to the first inverter output, and a second

complementary control terminal coupled to the second inverter output;



first clock signal and a second clock circuit coupled to receive a second
cl ock signal, each clock circuit -having first and second output to termnals
to provide a respective pair of~ conplenentary clock signals, each clock
circuit further having a first switch alternatively coupling the,fjirst
output termnal to first and second reference voltages in respoag Hdi r st
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 ternLnal to the second and first refer an@d

K c

vol tages in resDQ?%ﬁbE%stf&egafté heting b ghat ifpet rethabya fHE! PESPEETTHE ¢t
rcuit; and 29 ,_ C 2004 an M nunber of Shggt reggﬁters %aggdcguPh dto
receive a respeCave cemmandebninzofconpisdcimihdiibrdvaid CUMHer "Colpled to
the output ternminals of the first and seconqpﬁhggﬁDﬁircuits, t he M nunber
of shichingiegbmusr soread kertranah CeemEhiGrtBereGF* ShIf't" Pegister stages, eachtshift
regi ster stage having an input termna Qu ;nal eCiuy@ dlgur espeetiae
comand bit and éﬁéﬁg%F@n#gpgafEﬁvPﬁgi#gggég??sg&ggn%and bi t ?ﬁ response to
the first and second cl ock signadsihavbngedtd ihe stcqriadetRermiuipd and, & fourtn
relatﬂ8H§Hip, and further having an output termnal to provide the conmand
bi t iQx&%ﬁg&g§§u$gmﬁhﬁt&hﬁ§ﬂcoaﬂdiEaboﬁmﬁ¢¥6E%F§W§Hﬁls havi ng a second

ned re

pr edeter ationship; a control cirguit Vi Lart.ftermnal, a
cl ock terninal, aﬁﬁsaﬂﬂbacﬁvgcﬁ%ﬁﬁﬁﬂémee§ﬁ£a¥gﬁPF§ﬁn f?éﬁ%iagénerating.a
| oad signal responsive to a prede 4NE th Nitbet araf thedddekusegnakls; appl i ed
to the clock terri‘iSﬁ%l‘?n"a‘l“ﬁ%l”egousr “aérq‘t%rpggl gnal has been agpl ied to the start,
termnal; and a st @rags.h@ObSEer hdvead rg M stuplagéo d ¢ fyskash SFOWhi%H has
an output termnal, an input termnal coupled to thabcfyﬁﬁyﬁaﬂé a :

I especidven:$)izhtl fuelgirdtamssnayeut MhefoXidedad ter mi nal “°Cotpl ed to the out put
termnal of the control circuift, h.of, iher stages eed kisrdtadifgia wsimmial
at the output té&rATRE Odftp”’?heutﬁr”regg@gf’i ve Ighi ft]%{legi ster stage responsive to
the load : s_iﬁggaalnd@glqgémvh% et di€puli oaghoveterdnriabert diork S€eflage cel |, the N*M
storage Cells coIIectlv%by o%%gggéhggd%ugonqnnd

command werd, o i reetster ctroe:
fer of claim 18, wherein each shift register stzge
compnses:

first'and second voltage suppiies;

a first maverier circuwlt having an nput terminal counled to receive the
respective command bit and an output terminal, the frst loverter further baving frst
‘and szeond supply terminals; | |

2 first latch circuii-heving an input coupled to the output terminel of the
frst inverter end further having en output terminal, the frst latch lafching the
respective command bit in respense to-the first and second supply terminals being
coupled to the first and second voltage suppiies, respectively;

a szcond tnverter cucutt having an 1npet termminal coupled to the oumut
terminal of the first latch circuit and an output terrnineal, the second inverizsr Further
having third and fourth supply termunals;

a second latch beving an input coupled to the oufput terminal of the
second inverter circuit and further having an oufput terminal to provide the respective
command bit, the second lateh latching the respective command bit in response (o the
third and fowth suépty terrrunals bemg coupled to the first and second voltage

supplies, respectively; and

L



19. The command buffer of claim18. wherein the first and second clock
circuits conprise: 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 out $i

and a second inverter output; a first transfer gate having a first Fﬁgh 1004
termnal, a first output termnal, a first control termnal coupled to
first inverter output, and a first conplenentary control term nal coupled
to the second inverter output;:. a:secon ransfer. .gate Baving, o
input-terminal, a second od%%ﬁFﬁFgfﬁgﬁgﬁ%L§“§$§@8ﬁ@hEb§%fSﬁg%g?ﬁﬁﬁgﬂ%§8§&%$
to the first inverg@rhieutRyly teahtha8, &%Weer@t@ﬁ@&s@ﬁ@ﬂbl&i% a0Rty old thekedoanaland
coupl ed to the second inverter output; 30 Zi 9DEC1004 a t ird transfer gate
having a third i npatr smplhernres fe oV GhepUsrter iR couglethior geeive ity 8ist and
termnal coupled tQ_the fir inverter. put . and,a.thir . _ee L
control term nal @5&%P§§:f8ﬁ%ﬁ€-%ﬁ%%ﬁéd?%@é#§%n3§ﬁSp&%?ggﬂ¥%§§F%L ?g%%?%%vmy
gate having a fourcobplisantit fitsernd Redond dn Fepdbstt bat fIfirdteial 2abad aoltde@ytibilies in
control termnal coupled. to the second inverter output and, a faourth

conpl enent ary contFBPREdR afalst FEUBEe t4S1HE T PP K TREET T OGUNRMES. a first
vol tage source coupled to the first and fourth input termnals; a second

vol tage source coupled to the second and third input termnals; a first

out put buffer havinglan i nput coupl ed* fERHE IETIFSCOERESSEEond out put
termnals, and further_ havin n_output tQq. provi i.gnal.; and a.
second out put buff era?llie“&?ﬁrgl“ glﬁ‘%f ﬁbﬁ*t“%g)ru%r Ie“da.dg?%g?%eoghlg%( a?ar%gm?%thorn’t eqblﬁ '1%%
t er m nal sbyangwldattdiehniah RGP0t Pidbod sPvedb Qodenai wenaert ed cl ock signal .

20. The conmand buffer of claim 13. wherein each shit register stage
conpri ses: a row addrass circuit adapted to receive and decode the row address, and select a

row of memory cells-corresponding to the roﬁv address responsive to the command word;
-2 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;
z data path circuit adapted to couple datz between an external terminal and the
celumn address circuti responsive to the comumand word; and
| 2 commend word gererator generaung the commeand ‘word responsive to a
command packet of N M-bit words received on an M-bit bus, the command word generator .

COmprising:

L
0]



first and second voltage supplies; a first inverter circuit having an input
termfinal coupled to receive ir=e respective command bit and an out put
terminal, he is rover er further having first and second supply term nals;
a first latch circuit having an input coupled to the output to inai Zaf JEhBY
arst inverter and further having an output ter Lnal, the ;first latch

| at ching 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 as input tern_aal
coupled to the ourouL termnal of the first latch circuit and an output ten
ninal, the second inverter further having third and fourth supply ternuials;
a second | atch havi ng anaishifutzgtoeraethg o ifpet cartrpnd!, teoutmalteredintlhend sederid
urverter circuit and further having an output termnal to provide the
respective cofmamdl.phe &npﬂihé?@é@éﬁgtheﬁlcﬁl rqgatiehianeg coerlp spbict vt vt the
bit in response.to the third and fowmh supply termfinals being coupled to
the first and O T EHRIE ™ S uppl i es, respectively; and 31 20 DEC 2004 a

switching circuit coupled betyerdqifig dddiSln¥QtdAge SRR AR L& LdiBied o
and third supply term nals, and between thé second vol tage supply and t'he

- second and fourth sdppey fierdbdatignaltahe asatdmehiloge cirtdutduglal foheteicoupeechd
to receive the first and second edge-aligned conpl enentary cl ock signals,
t he switching circufleclalstgsht #az8i gflogfe@uguﬁt g vitkee fistr 3ed Faersie cBiRG! i tARINglsr i©
to both the first and s conq,vol.ga e. s-upplies in response to the fitrst Ei‘n‘ii(
second edge- al i gnedP €SIl BnEIRArY” S 8ck” signa 21. A menory d&EETEHAY clot

conprising: at |eastQNne Acf Ak cRlciHBIBEYhE QL Bgadant edikR 5beLEvEAstAualindthe
| ocation deternmined by a row address and a cofum address responsive to a:

command word; a rowimstideipsbtecnmeuic figtagst wdordrafecety voltagds decwdensette fmoend
address, and sel eCt'se%ond states of the respective clock signal received by the respective clock
~circuit, and further having a second switch zalternatively coupling the second
outpnut terminal to the second and first reference voltages in response to the first

and second statss of the respective clock signal received by the respective clock
circuit; and |

at M number of shift registers, each coupled to recelve a

respective command bit of the command word and further coupled to the output’
termunals of the first and second clock circuits, the M number of shift registers

sach having an N number of shift register stages, each shift register stage haviag

an input terinal coupled to receive the respective command bit and eperable to

latch the respective command bit in response to the first and second clock signals

having a first predsten’nined relationship, end further having an output terminal to
provide the command bit in response to the first and second clock signals having 2

second predetermined relationship; |
a contro] circuit haﬁing a start terminal, a clock terminal, and an output
terminzl, the coutrol circuit generating a load sigﬁal responsive to a predeterminsd

number of clock signals applied to the clock terminal after a start signal has been applied

to the start terminal; and

L2
L2



row of nmenory cells-corresponding to the row address responsive to the:
command word; a columm address circuit adapted to receive or apply data to
one of the nenory cells in the selected row corresponding to the colum
address responsive to the command word; a data path circuit adapted to
coupl e data between an external term nal and the columm address cbm%ﬁht
responsive to the command word; and a command word generator gener at’i éllﬂ[iﬁe
command word responsive to a conmmand packet of N Mbit words received on an
M bit bus, the command word generator conprising: 3-, 2CDEE2004 a shift

regi ster having an input termnal, an output termnal, and a cl ock

terminal, the input ternminal of the shift register being coupled to the

Mbit wde bus, the shifteregi §éo§§t%[cmm{é ’ﬁi"ﬂpéto?éae:'cféﬁ%teagr?%f GGk geneh gtr

having a first clock circuit Coupled to Teceive & first ock signal an

second cl ock cicfgindl LOHPhedrhiaal &apiateoc ahessRIPND! aCl=0sdc st GNA re g ae Btak 04K 2
circuit having first and second output terminals to provide a respective
pair of conpl elwedttaryinel owlpledstogtial ®ipwaetrivtlokibeigomtriod cirawit,hesch hdvheigtaage

~first switch alternatively coupling the .fir output. termnal to first and
second ref er ent@! AT HGRETH % e s it PE@@;{H%P@C%% S LR BT (PRSI
respective cl Ot%kth%'lgﬁggé%patﬁ%ﬁ@@ Phet BSs FESREELEWR GLOCK cof! HCU Ly 5%6}‘3%% gells

further having a secon alternatively coupling “the second out

termnal to théirecosd cantiing Storhebed @per voltages in response to the first
and second states of the respective clock signal received by the respective
clock circuit; and an M nunber of shift registers, each coupled to receive a

respective command hit of the command.word and .further .coup t 0_t.he out put
termnals of the fi? t and second cIonggFP%EPFSYm?ﬁgkﬁﬁﬁhﬁLgﬁmg?n§ ?fFHzg%
regi st er sec@achobavirddtsado¥Renber of shift register stages, each shift

regi ster stage having :
2 first inverter having a first inverter input coupled to receive the nput 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;

2 first transfer gate having 2 first input terminal, a first output terminal, a first

control terminal coupled to first inverter output, and 2 first complementary
control terminal coupled to the second inverter output;

a second transfer gate having a second input terminal, a second output terminal, 2
second " control terminal coupled to the first inverter output, and a second
complementary control termunal coupled to f_he second inverter output;

2 third transfer gate having a third input terminal, 2 thixd output termimal, a third

conirol terminal coupled to the first inverter .output,. and a thizd
complementary control terminal coupled to the second inverter output;

2 fourth transfer gate having a fourth input terminal, a fourth output terminal, a
fourth _control terminal coupled to the second inverter output and, a fourth
complementary control terminal coupled to the first izverter cutput;

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

"2 second voltage source coupled to the second and third input terminals;



an input termnal coupled to receive the respective command bit and,
operable to latch the respective command bit in response to the first and
second dl "ock signals having a first predeterm ned rel ati onship, and
further having an. output tenninal to provide the conmand bit in ¢edpbate
to the first and second cl ock signals having a second predeterm ned
relationship; a control circuit having a start termnal, a clock termnal,
and an output tergimal pubhe teeft mabingi arc Uipi:t geneledt onghaa frdaghdisgirgp ouput
responsive to a predeterm ned nunber of clock signals applied to the clock
t er mi nalte@finels, endshatht: signako Pas PesP abpti ed to t hE' ¥R Y et nal ; and
20DEC2004 a storage register having N*M st or cel.lis..epchnals Wi el hasuan
output terminal, afcihputPer ArhdE " EEup {leénpfaag%toﬁgieguf)p& ht&%ame?gé@t?vtg
shift register stage._and:a..load. tigmn al »cRypkad: b tRaaut put term nal
of . the Lgforﬁlﬁatrj’l o qaggﬁ‘let ?g/éé%ﬁ"g ‘tttth‘st,qllca:?éagewk cells sto%ﬁng a signal at the
output termnal of the respective shift register stage responsive to the

| 0ad signal appliedsto the. LoadoLermnabe Obidhy $/04808 LRl nialdei M o
storage cells collectively outputting a command word. 22. e nmemnory devi ce
of clai nc@komkes:ein the first and second clock circuits conprise: a first
inverter having a first inverteéer input coupled to receive the input clock
signal and a first Gaverd epcangt puse 4Us@iéednd i nverter having a second

inverter input coupled.to first.inverter output. .and a second jnverter . .
output; a first tr%n oriyatte’ ﬁa&%‘%g‘“é‘*f% %gtﬁ?%ﬁq‘tr{?‘g 'C%Pf,%“aécﬂ‘r“ todtbut

ter m nal gesdadd ¥6borC@Mtd 0k 4@l Bhalp eauphedi ! af Fratidvamer bernQUEPHE: ARE a
first conplementary control terminal coupled to the second inverter output;
a secondatd arfoer supatle thawinats.a second input terminal, a second out put
termnal, a second control termnal coupled to The first inverter output,
2 &sttlat:n circuit having an nptﬂ couo-{ed.e to the ouiput tannmai'otf%xe
and a second : £
first ioverter and further having aa output terminal, the first lateh latching the.
respective command bit in response o the first and second supply terminals oeing
coupled to the first and sscond voltage supplies, respectively;
a second lnverter circuit having an input tecmiaal coupted to the ourput
termunal of the first latch circuit and an outpul terninal, the secoad inverier further

baving 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 commmand bit in response to the
third and fourth supply terminals being coupled to the furst 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-aligrned complementary clock signals.



conplementary control term nal coupled to the second inverter output; a
third transfer gate having a third input termnal, a third output termnal,
athird control termnal coupled to the first inverter output, and a third
conpl enentary control terninal coupled to the second inverter outpud D&l 200i
fourth transfer gate having a fourth input termnal, a fourth output
termnal, a fourth control termnal coupled to the second inverter output
and, a fourth conplenentary control term nal coupled to the first inverter
output; a first voltage source coupled to the first and fourth input

term nals; a second voltage source coupled to the second and third i nput
termnals; 34 2 D DEC 2004 a first output buffer having an input Coupled to
the first and second Qutput termnals, and neither having an output to
provide a clock sigial ; and a second coutppte spaiéhecorhavding an i nput coupl ed
to the third and fourth output tOirni nals and further having a output to
provi de an invecced @P@Q?liorsqaéfﬁﬁaQ@C&SF% Li‘ﬂem)ry device of claim 21 wherein
each shift register sta €,.Gomnr Elprst and econ d,%vo ta |ies
first inverter cir&hiTPRAVIIG pll to PSR Soapl dpﬁogeggbg?g%dﬁ%pte%m
respect|Mgﬁ;Qmmg(ﬂ,emnger@@glt@ﬂlp%w&rt@ﬁgmnat the first inverter ".rather
having first and second supply termnals; a first latch circuit haV| ng an
i nput coupled to thea @mgmuwmmmmd fofthe hpeocerssqrsthrqwghehtearocam:brfhmtaldepted to
havi ng tput term na e first latch lafching the respective conmand

bit in rg%ﬁé@@@‘?t%&”ﬁ”ﬁﬂ rf&“g’éléﬁﬁﬁs@ﬂpbrf termnals being coupled to
the first and Secoa%yﬁbiﬁ&%lc%%abioﬁsm Al ?Q%E%Vﬁf'o\&ﬂﬁhéﬁﬁg&f@o}W@E(%Iﬁ?ﬂsino:

circuit leaving an input ‘termnal “coupled to the output " term na
first latch circuit and aarzsutgut affaaef?ﬁmanalry delie slecerdol stoer tletla dtur ﬂdmanoll
having third %Q{%ﬁi%%zltbq asr%ep a%rés?rarq}i I:::aco umn address responsive to a command word;

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

a column address circuit adapted to receive cr apnly data to one of the
memory cells in the selected row corresponding to the column address respo.nsive to the
command wofd;

a data path circuit adapted to couple data between an external terminal and
the colurnn address circull responsive {o a the command word; and

a command word generator generating the command word responsive toa
commeand packet of N M-bit wor&s received on an M-bit bus, the command word

generator compnsing:

(D]
[#)0



a second |l atch having an input coupled to the output term nal of the second
inverter circuit and further having an output termnal to provide the
respective conmand bit, the second |latch latching the respective comand
bit in response to the third and fourth supply term nals being couph%gctm
the first and second voltage supplies, respectively; and a switchihg”* b
circuit coupled between the first voltage supply and the first and third
supply term nals, and between the second vol tage supply and the second and
fourth supply termnals, the switching circuit further coupled to receive
the first and second edge-aligned conplenentary clock signals, the
switching circuit alternatively. coupling.the first and second inverters to
both the first and second vol& ey eeng & npesieRelt ¥ pHeLt ersmapfgd @

d edge- al i gned, conpl y_clock signals,..is Z DEC. 2004 24, .
Comput or System ColrISTREL. ' PROCREaET Fabr Ny CBIe S LT e A

devi ce coupled to {he pPLogRsSSot Likgugh e processor bus and adapted to
allow data to be entered’ into thé& conputer System an output device coupl ed

to the processor through the processesst bus Adaptedritor - halingw: data cloak barcut
output fromthe conputer system and a_ nenory device coupled _to the

processor through the pEoddsdsr rpeiye aclyhelrek fgnal and 3 sepopdgieckasiFait erpled

menory cel ls :adapted to store daéo%datlo& I oczf_lti an determn

TecgIve a s¢ o s1gnal each ¢l CLre t%gvibéés'tr O%’ivvecond
address and a col um addr €ss responsi ve 1058 °C -m‘rar%kv\or%f; A rew addr &8¢

circuit adapted to receby@uandmdesodebiige Low R LsSy oand select a row of
menory cells corresponding to the row address responsive to the command

word; a col unm address ecbmplsiterhidapied tignslaceicueclosk apphy faber hevioges dfst
the erory cells in the. el Sped oM SO SSRondl ot £he el an, 208 ess.
reference voltages in response to first and second states of the respective
clock signal received by the respective clock circuit, and further having 2
second switch’ altemative]y'coupﬁng the second output terrminal to the
second and first reference voltages in response to the first and second
states of the respective clock signzl received by the respective clock
circuit; and _
an M number of shift registers, each coupled to receive a
respective cormmand 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 nursber of shift register stages, each shft register stage
having an input terminal coupled to receive the respective commiand bit
and operable to latch the respective command bit in response to each clock
transition of the first edge-aligned compiementary clock signals, and
further having an output terminal to provide the comimand bit in response
1o each clock transition of the second edge-aligned complementary clock
sigﬁals;

a conirol circuit having a start terrminal, 2 ¢lock terminzl, and an

ouiput terminal, the control circult generating a load signal respomsive to 2



a data path circuit adapted to couple data between an external termnal and
the columm address circuit responsive to a the command word; and a comrand
word generator generating the command word responsive to a comrand packet
of N Mbit words received on an NMbit bus, the command word generatﬁE
conprising: 36 [ "DEC 2004 a shift register havi ng an input terninal ! aAllt
output termnal, and a clock termnal, the input termnal of the shlft

regi ster being coupled to the Mbit w de bus, the shift register
conprising: 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 Iock S each clock circu avi.n i rst
second. out put te‘Pﬁ*‘f @l?fdfg {971’ OeU BT AR Ort’ﬁfd‘é‘gﬁfﬂl@h%aﬁtagrﬂlaéﬁaﬁck

signal s, each Clogﬁgﬁ,ﬁﬁﬂk£nc ﬁgf%tﬁgﬁaﬁﬁxﬁuﬂ rgﬁd switch alternatively

coupling the first -out put ter second reference vol tages

in response to first and secopdrskat@sicohating N@gpa6taby @ell§ kOGKos AR has an
received by the respective clock circuit, and further having a second

swi tch al t ernati vehipuédeptinaly anhe: psectfcmmaqumutedt tr mimabtpud afhe respeciored siafid
first reference voltages in res nd second %éetegﬁof t he
tC

to.the f
respective clock §‘?c§j T Sﬁaé%e?%g?‘{]ﬁ?lei@ﬁgmﬁegﬁ@{cf%%? BLiRLL f5rp GoFEeim
number [of Shift regisler, &2 %&8&8%%311& QtobRGeL WA of SRORGHLY QehRMIBAM R |

of the command wor er cou € output termn ock
circuit, the M nuphgkectie &hf“f tegfseg ﬁig%rﬁs;ﬁﬁshe ﬂasameng)aarmgslmm@beemé tshidatt
reglster st ages, each shift regi ster stage having an input term nal coupled

to receive the reé%‘”e’éfl@lv@f Eomnroraged et t thand “théeicapte cebs [cRllerithe quampees fve
command bit in response . %ech cl ock

V\-Ol’

25. The computer system of claim 24. wherein the first and
second clock circuits comprise:

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

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

2 first transfer gate having a first input terminal, 2 first output terminal, a first

contre! terminal counled to fizst inverter outeut,_and a first complementary
control terminal coupled to the second inverter output; _

a second trensfer gate having a second imput termunal, a second outpuf terminal, &
second control terminal coupled to the first inverter output, and a second
complementary control terminal coupled to the secand inverter output

a third transfer gate having 2 third input terminal, a third output terminal, a third

control terminal coupled to the first mverter output, and a third

complementary control tenmineal coupled to the secona inverter output;



transition of the first edge-aligned conplenentary clock signals, and
further having an output termnal to provide the command bit in response to
each clock transition of the second edge-aligned conplenmentary clock
signals; a control circuit having a start termnal, a clock ternlnaioﬂapgggn
output termnal, the control circuit generating a Ioad signal responsive to
a 37 20 DEC 2004 predeterm ned nunber of clock signals applied to the cl ock
termnal after a start signal has been applied to the start termnal; and a
storage regi ster having NM storage cells each of which has an output
termnal, an input termnal coupled to the output of a respective shift

regi ster stage, and a load termnal coupled to the output termnal of the
control circuit, each of the storage cells storing a signal at the out put
termnal of the respective shift register stage responsive to the | oad
signal applied to the load termnal of the storage cell, the NM storage

cells collectively o tt| co nd -wo 2 The .co

claim24. wherein t htteju%gr & ng%r%ates%g;ga agf d{%m& fteml%alc%gg@%“tpﬁ? 3&“‘?’*&4 2
i nverterfhaui ng a first invecheolihiihalcOUPkedo bR $:868% U ehiBLOUBRUNACh A5 ltn
signal and a first inverter output; a second inverter having a Second

i nvertercqmﬂameomapl:@rdrctloemmsltcomphzém ge foutipwirterantbua, second i nverter

output; a first transfer %ate having a first input termnal, a first output
terminal, a first aca"ﬁw% g?éﬂ“ﬁceF‘T‘ipé‘?dtéé%ﬁ@ﬂa‘f%fcf‘irﬁl’slﬂp?ﬁ\?@?lpélﬁ out put, and

a f-st conpl ement agy, APLEOL: oL 60t 0l s0uUBled. 100 hey 36900, AYBELEr OUTPUL;

a second transfer gaze having a second input term na out put

termnal, a second fisntauoutt ewffdrnizdvioapliesutt coddhed ftd rtﬁé ﬁr@‘veﬂid eecadl putput

and a second :
terminals, and further having an cutput to provide a- clock signal; and

a second output buffer having an imput coupled 4o the third and fourth output

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

26. The computer system of claim 24, whersin each shiff register
stage comprises:

first and second voltage supplies;

a drst mverter circuit haﬁng an nput termunal coupled to receive the
respective cormmand 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 termindl of the
first inverter and further having an ootput terminal, the first latch latching the
respeotive command bit in responss to the first and second supply terminals Being.
coupled to the first and szcond voltage supplies, respectively;

a second mverter circuit having an input termunal coupled to the output
termuinal of the first latch circuit and an output termunal, the second inverier further
having third and fourth supply terminals;

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

second tnverier circuit and further having am output termunal o provide the respecave



conplementary control term nal coupled to the second inverter output, a
third transfer gate having a third input termnal, a third output term nal
athird control termnal coupled to the first inverter output, and a third
conpl ementary control terminal coupled to the second inverter output/,] &S DEC
2004 fourth a fourth transfer gate having a fourth input termnal, a fourth
output termnal, a control termnal coupled to the second inverter out put
and, a fourth conplenentary control term nal coupled to the first 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

t 1 nal S; @l ; L fif; i ad 10 i t ISk
erm na Scon:‘imahﬁ%tt%uﬁ%ﬂgﬁ éirgﬁ Ii}éﬂxﬁg?ﬁ@@uﬂgﬁ%\%e%@ﬂgﬁﬂa ot h{‘?egﬁgrz@u t§ e

second out put. terrinals, tzrtt havi'ng an output to provrde a clock
signal ; afgdaaseconadouhpetly hufhee!shbvinggcampledptd theufitedand osddaadt kblideand
fourth output termnals, and further having an output to provide an

i nvert ed ipptikssiegpedtivedg; Tk conput er system of claim24. wherein each ship
regi ster stage conprises: first. and second voltage supplies; a first:
inverter circuit ha@isﬁgtwg-ﬁﬁﬁlﬁlf@@??ﬁea 35‘66%%“6%{8‘» Yfﬁgéﬁ\@lﬁoﬁfé anddigdetst ve
command bjt, and, an output.termnal, the.first inverter further having first
and secorti i §hely iPiaine® Fulteord el -Ebpl defRg et SR
to the o L8N { hee ilchlnd ByYert eh-taad chupthen havipggangeyt

t erm nal %feﬁ}él %‘%rrds% r}Tat C aIT’g@gﬁi‘rﬁggﬁ‘f’e r espe;tf I vgac%mt‘}gfﬁd ”bi\é%@ﬁgg%o%%
to the fisstodrdesaetpngdstppbledeatar ndbsk bejnads, thouplethihg ditweif hlisinsandly
second voltagEAsupplies,‘respectively; a second inverter circuit having an

i nput t erSABERNSdBapIEH 280 serenbUvplE’s PetqH fBF tubt end Sesqnd vPHRES SBPPides 10

and an O%Ppuc}nsteetg %«Q %rs'tgrh s %ﬂgé—%x@%ég E;o];muprléggﬁtary clock signals.

27. A method of shifting a data bit compursing:
venerating first and secomd paws of low-skew

complementary clock signals;

couplinig a first logic circuit receiving the data bit io ﬁrSt and gecend reference
- voltages In'response to each clock transition of the first pair of low-skew complementary clock
signals;
latching the data bit at the output of the first logic circuit;
coﬁpling a second logic circuit receiving the laiched data bit to the first 2nd
second reference voliages in response: to each clock transition of the second pair of low-skew
complementary clock signals; and

latching the data bit af the output of the second logic circuit.

40



having third and fourth supply termnals; a second |atch having an i nput
coupled to the output termnal of the second inverter circuit and further
having an output termnal to provide the respective 39 2 DEC 2004 conmand
bit, the second latch latching the respective command bit in respordelilolitihe
third and- fourth supply termnals being coupled to the first and second

vol tage supplies, respectively; and a sw tching circuit coupled. between the
first voltage suppl3f andlRhBreflag O Gadh ghi Yy §oist ’ﬁrécr%*glfqlprél?ﬁa “é{%and bet ween

the second Vol tage supply Qgcgégg%f?%c?gﬁ A0de thburd: SUpRENcd eéhital and B

switching circuit ~to"recerve the first and second '

edge- al i"?@iﬁqfﬁ%%hf&n?ﬁégﬁ% Fercskanghal dliecomiliahiingfioituodeto te second

al ternat’ _ irst and second inverters to both the first and

second vohtage. HEE%{ SinHNhé esRRASRdE aotthe b1 stemide seoundl; édge- al i gned
conplenén%%?ggc?oc Sggnals. 27. A nethod of shifting a data bit(gg rishng:

generating first anfggeanmd Paitrscfd diowwskewp asoifpltas Aass PAAS &) weon
signals; coupling a first log c circujt receiving the data bit to first and
second- .ndfer encet cooptadyesthersee ey to each clock transition of the
first pair of | owskew conplenentary clock signals; latching the data bit
at the output of the first logic circuit; coupling a second logic circuit
receiving the latched data bit to the first and second reference voltages in
response to each clock transition of the second pair of |ow skew

conpl ementary clock signals; and latching the data bit at the output of the
second logic circuit. 40 2 DEC 1006 28. The nethod of claim 27. wherein
generating conpri se:

29. The method of claim 27 whereln the coupling of the
nrst and secend lpgic circuits compriss closing 2 pair of switches in response to the first and

s=cond pairs of low-skew and complementary clock signals.

30.  The method of claim 29. wherein closing. a pair of switchss

comprises closing one switch before the other.

31. A method of shifting a dat2 bit comprising:
aligning the clock edges of 2 first set of complementary clock signalsy |

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

coupling z first complernentary switch pair to first and second supply terminals in
response to clock transitions of the first and second complementary clock signals;

latching the data bit in a first latch circuit in response to the clock transition of the
first set of complementary clock signals:

coup'ling z second complamentary switch pair to the first and second supply
terminals in response to clock transitions of the first and second complementary clock signals; . .

and
41



alternatively coupling a first node to a first reference termnal and a
second node to a second reference termnal, and coupling the first node to
the second reference termnal and the second node to the first reference
termnal; and triggering a first buffer circuit coupled to the firz%nﬁﬂpg
and a second buffer circuit. counted to the second node. 29. The rrfet '
claim27 wherein the coupling of tae first and second logic circuits
conprise closing a pair of switches in response to the first and second
pairs of |ow skew and conplementary clock signals. N The method of claim

29. wh i I f h
R T e e e e e S
cl ock o465 DbeR ity 38t L SRt Ak GLAckost gals; ol oning the

cl ock edges of a secon enentary clock S|gnals coupling a first
conplementary switch pair to first and second supplv termnals in response

to clock tranS|t|ons of the first and second conpl enentary clo R
| at ching the data bit inike fagtzed péFE%TbPPd%HWV¥haF§@ﬁén %@Cﬁﬁgibgégl

transiti of ;the firrst set o K_si

second é%ﬁbréﬁéﬁfﬁPQf%hPEEﬂ“WL1 pﬁﬁ@ %%“%ﬁ%ﬂl ég%§L§HE% gg%ﬁ%%fs
in response C sk1 méHﬁJ el d~ Eﬁqﬁﬁhg tiayaroghock
si gnal s; ag%&g&tg%ggﬁnﬁﬁ aﬁtﬁ?ﬁg thehgg{g %ﬁ%ggroﬁﬁ%%QQ%lrst |g?2h circuit
in a seqefierehatchvlrigecuht conplies pensest hidfdharalipok tty snsind tfeofaceheltageond
set of co Ienentary deck signals, 32- The method of claim31 wherei.n

al i gni ngnchBw BRaeEdyEEefirhat tof et shifdegass gl lase oFcTWHRSEReht ARy LRk
signals co rls | ter atlvely coupling a first buffer circuit to F. first
referendd 8? 38 g second buffer circuit to a second reference

vol tage, 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

33. A duzl-edge triggered bit shifiing circuit, comprising:

first and second single-to-dual edge-zligned clock generators, -each having an
put terminal couplcd to Teceive 2 respective input clock signal and output terminals to provide
frst and secoud edge-aligned complemmta‘y output clock signals generatad from the respective

input clock signal; and



as input clock signal. 33. A dual-edge triggered bit shifting circuit,
conprising: first and second single-to-dual edge-aligned clock generators,
each having an input term nal coupled to receive a respective input clock
signal and output termnals to provide first and second, edge-aligned

conpl ementary out put clock signals generated fromthe respective |npuf'@Fqu4
signal; and 42 , fPEC20N at | east one shift register stage coupled to the
output termnals of the first and second clock generators and adapted to

| atch a data bit in response to each clock transition of the first

edge-al i gned conpl ementary clock signals, the shift register stage further

adapted to provide the data bit in response to each clock traq& é en of .the
second edge- allgﬁﬁde ﬁﬁ?éﬁﬁ%ﬁ%&?WEﬁﬁéRCQP@H%F%IHQHBK§ﬁﬁ?FnP@§| tlaf I5Y 52

i ncl ud £ gr C|r i r

ecel Vot S B P A Sl Bty R R S Pl E R B bl
havi ngrfst E84e-angn SECARG SRRy clob R Vsi@dﬂl@' 8¢ SRRk er ke Mhér%l mm\@re%an
i nput coupled t6 the output term nal” of the fifst inverter further

havi nghamlztubput respomatal sach hinckitrassitloatod hel atedi a@etzﬁgnedabazpltnrmentamy cloclk
response to he flrst and second supply termnals being coupled to first and
second G E-dge SBUPISRLY stagsdpdeeindgel y;  a second i nverter ci rcw t having an

[ nput terminal coupl ed to the ULt &8 il 08l ahthe L Labatel sllouit

and an output termnal, the Second inverte avi ng ourth

suppl yhtedatk nal sndand oazpseceam@bdi,amhﬁagvnﬂ@r@ﬂ fhfipiit hoonp lfest 4l tsétembuﬁ}w;t
termnal of the second inverter circuit and Thither having an out put
ternlﬁéﬂjﬂﬁﬂ%rOV|de the data bit, the second. latch Iatching the data bit

7, esponse L0 e {1110 andcLRULL BB €T LSRR UL gy

coupl ed betmeemtdier khd Slieplbage SUPpby: ratl‘iﬂinﬁ‘b@nef fifs3 Uatalﬁ\({iatthiﬁg the data bit in
'respénse to the first and second supply terminals being coupied to first and second voltage
supplies, respectively;

a second inverter circuit having an input terminal coupled to the
output termninal of the first Jatch circuit and an output terminal, the second inverter furiber having
tbird and fouvrth supply terminals; and

a szcond latch.heving aninput coupled to the output tenninal of the
second inverter circuit end further having an oniput terminal to provide the data bit, the second.
jeich latching the data bit in response to the third end fourth supply terminals being coupled to
the first and second veoliage supplies, respectively; and

a switching circuit coupled between the Qrst voltage supply and the first and third
supply terminals, and between the second. voltege 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 2lternatively coupling the first and

second 1nverters to both the first and second voltage supplies in response to the first and second

edge-aligned comgplementary clock signals.



supply term nals, and between the second. voltage supply and the second and
fourth supply termnals, the swtching circuit nether coupled to receive
the first and second edge-aligned conplenentary output clock signals, the
swtching circuit alternatively coupling the first and second inveﬁggéf to
both the first and second voltage supplies in response to the first @ah tl 2004
second edge-aligned conplenentary clock signals. 43 2 D DEC 2004 34. The
bit shifting circuit of claim33 wherein the first and second single-to-
dual edge-aligned clock generators conprise: 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 outdut Bdhid sEEERNdirkVET IS Butdietsin ahd FiFStant sanskieingate
having a first input termnal, a first output termnal; a first control

t er mi natitdadgkedshed floclsterianaters @mmpuseput, and a first conplenentary contro
termnal coupled tQ the second inverter output; a second transfer, gate
having a second i fptiSt tRYSRERAIZVIRS & SN VBT PPt é?‘l‘ﬁlﬁ‘glt? rgceiss doh dPEb RIoFD|
term nal; | .ed .the first, inverter output, and a second conpl enentary .
contro?#gﬁ%#%$%%?&23%8ﬁgﬁnFBu%he second inverter output; a third transfer
gate having a thi rgdsdeppiintelefhBdine Asdchihd ehverbPiHput ebiiplBale fst Rivétkr output
control termnal coupled to the first inverter output, and a third

conpl ensni asscandntysster bepni;nal coupl ed to the second inverter output; a
fourth transfer gate having a, fourth input termnal, fourth out uL
termnal, a fourtahmégértﬁ“f‘ffgr EetnTHaARS edtp) Bavt Errelsd B_ﬁrdo‘iltﬁ%Fet’E‘B‘a ut B
and, a {idineramRl @BBNEARY AGPRYRler To@fgm,”ﬁid £HR! eCmbRridieard, i fodlior kML er
output; a m st voltage source coupled to6 the first and fourth”i nput

f er r ni nalupledatasthe epmbndotteage osqutce coupled to the second and third i nput
termnals; a first output b¥ffer_ avingsan i.nput. cau fed to the first. 5ng

second out put ., a secord trausier gate having & second input terrumal; 2 second output terminal,
second 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 2 third input terminal, a third output terminel, a third
control terminal coupled to the first inverter output, and a third complementary con_tro_l‘termi'nal
coupled to the second inverter oufput; |

2 fourth transfer gate having a fourth input termumnal, a fourth output termmal, a
fourth control terminal coupled to the second inverter output znd, a fourth complementary
contrel terminal coupled to the ﬁrst.iﬁ'\-’er{er ouiput;

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

a second voltage soufce coupled tolﬂ:e second and third mput terminalg;

2 frst output buffer ha\ring an input coupled to the first :»md second output.
terminals, and further baving an oﬁtput to provide a clock signal; and

a secand output buffer baving an input coupled. to the third and fourth output

terminals, and further having an'oumput to provide an inverted clock signal.
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termnals, and further having an output to provide a clock signal; and a
second out put buffer having an input coupled. to the third and fourth output
termnals, and further having an output to provide an inverted cl ock,
sigrial. 44 z DEC 2004 35. The bit shifting circuit of claim33. wherein the
switching circuit conprises: first and second pairs of series connepgﬁg
swi t ches coupl ed between the first supply terminal and the first vof @gm4
supply; third and fourth pairs of series connected sw tches coupl ed between
the second supply termnal the second voltage supply; fifth and sixth pairs
of series connected swi tches coupl ed between the third supply term nal and
the first voltage supply; and seventh and eighth pairs of series connected
swi tches coupl ed bgi.weemht higit f ghiFtry cHuppl ¥f te@im nal adeihhehs epdtghingoltrage
supply. 36. The bit shirting circuit of claim35. wherein the first; second,
fl h, a¥fdnpmsesth pairs of series connected smntches conprlse a pair of

series connected PMOS transistors, and the third, rth, se g’rr']:ith@

eighth pairs to se‘l"rF’eg“éogﬁﬁ%‘H a5 Al EHES C@%‘?ﬁ‘?%é“’é“ & FOgre &n ﬂm fist
connect ;t shifting circuit of claim33.
mhere|££%h€ %é%%ﬁgﬁﬁﬁ%dﬁg conprise two inverters each having

al | output tennnl ahu@wﬂlzednhooaﬁm;ﬂ Pt cbreldatddadv @fhest RRpRIddtweb MRS teebnd
38. The bit shifting circuit of claim 33 wherein the respective clock

S|gnalSupPé@@Fﬁ@dHEVEﬁﬁ@nééobﬁﬁismmble to-dual edge-aligned clock generator
is a quadrature clg S of the res ect ve. clock S received. b
first single-to- ddﬁ %‘djgg &W@rﬁe‘d SEr o 8‘?18 Fhe%‘é}wk%g:lfﬂe%rd% g é?yed
bi t shitihng! Ghé @ st oMY LAY, H@st and second si ngl e-t o-dual ,

edge-al i gned cl ock generators, each having an input terninal coupled to

recei ve a respectisvecrithpod ecdioblpass ghadneandnput gl witehasi avapEdtttpeavibddourth

supply terminzl and the second voltage supply.

36. The bit shifting circuit of claim 35, whereinr the first, second, fifth, and.
sixth pairs of series connected switches comprise 2 pawr of series connected PMOS iransisioss,
and the third, fourth, seventh, 2nd eighth pairs to senes connected switches comprise a pair of

series connected NMQOS transistors.

37. The bit shufting circuit of clairn 33, wherein the Oirst and second laiches
comprise two inveriers each having an ouipui terminal coupled to the nput terminal of the olher

inverter.

38. The bit shifting circuit of clain’ 33 wherein the respeciive clock signal.
recerved by the second single-io-dual edge-aligned clock generator s a quadrature clock signal
r a4l . ' - \ s it - - - . 5 A <
of the respective clock signal received by the first single-to-dual edge-zligned clock generzior.
ad i) - P a. - et + - .. .
39, A duel-edge tnggered bit shifing circull, COMPRSINg:
first and second single-to-dual edge-zligned clock generators, each having an

inpui texminal coupled 10 receive arespective inpit clock signal and output terrinals to provide
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45 20 DEC 23N "first and second edge-aligned conpl enentary output clock
signals generated fromthe respective input clock signal, the clock signal
recei ved by the second single-to-dual edge-aligned clock generator being a
quadrature clock signal of the clock signal received by the first -4,

si ngl e-to-dual edge-aligned clock generator; and at |east one shiﬁf’Q@gw&ter
stage coupled to the Qutput termnals of the first and, second cl ock
generators, .the at |east one shift register stage having an input.term nal
coupled to receive a data bit and operable to latch the data bit in
response to each clock transition of the first edge-aligned conpl enentary
clock sjignals, and further having an output termnal to provide the data
bit inlFesphseone wachlwned I@omgmim&rm eutrof cldvs ssmeengEretiyed Gbinghe despective
conpl ementary clock. signals. 40. The bhitf shifting circuit, of c¢laim 39.

Wher ei R e IPFfst S5l T e biid SEHYIEH G Bude éﬁ@égaﬁl’?%Fré%rd&}fﬂo%@éegﬂi‘ﬁéi‘iiﬂﬂdé
conpri se i.rsi:_Lnvert ay,l first i rter i I t ece
Che 1 npcP At Borte 2 Ao FambEt e sl labe P Bt B se B T e PR g
a secordgktRUehter]doiPitnLaswhed TO first inverter output and a second
inverter cutout; first transfer gate hawing a first input termnal, a {list
out put te.e. anal atdedst sne shohtrepbtet erpt nabplcdupltied obpuf iterstindlpwértbefirst and
output, and a first conplenentary control termnal .coupled to the second
nver t SFCO HEEK S SR R AREPLPIGHE S REVEh e Eé\%a&ﬂilﬁﬁ}e}ﬂ%m ?P&F?‘?gao
second -Qui pui L8 bi@'ﬁgh ’opgrab&etg»qgﬂh QN L oL LerdT fale tﬁ%%ﬂ &dct B"futxgi"goi 13{ tgg first
inter ter output, and a"second conplenentary control termnal coupled to

t he seedpdziipgued tempdethphikty clacd bighalst aansfaer galies bavutpgt dEenbhhdl do bipude the
ternin%I, a third output termnal, a Third control Ie&nilial coupled to the
first PAVePYar TeSRPRGt o e Hothieer bompl Stehtcary CEmErErcd ePmPlisaIentagy Gtk d
to theg3ecand inverter output; 46

40.-  The bit shifring circuit of claim 39. wherein the first and sscond single-to-
duzl] edge-zligned clock generators compﬁser

2" first 1nverter having a first inverter input coupled to receive the input clock
signal and-2 first inverter oufput;

2 secondg nverter having a second inverter input coupled to first inverter output
2nd a second inverter cutpny

Lo
J

- e P 1 Lo
1 UENSIET EEIE havin i1

- z PO P G ) -t fyn v n b oy, I -+
st inpui lerminal, a first cufput terminal, & hrst

175}
4y

- AT -
a 41l o

te}

control terminal coﬁplr:d to Drst inverter cuiput, and a fivst complementary conirel. termmel
coupled to the second inverier output;
a second iransier gaie having a second inpui terminal, @ second ouiput tenmingl, 2
second control termmineal coupled 1o the first inverter output, and a second complementary control.
© termunal coupled to the second inverter output; _
2 third iransfer gate having a third input terminal, 2 third output tenninal, 2 third

centrol terminal coupled to the first inverter ouiput, and 2 third complementary control temminal

‘coupled to the second anverter output;
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LDD 2UQd a fourth transfer gate having a fourth input termnal, a fourth
output termnal; a fourth control termnal coupled to the second inverter
out put and, a fourth conplenentary control term nal coupled to the first
inverter output; a first voltage source coupled to the first and fourth
input termnals; a second voltage source coupled to the second andzgh;wgmi
input terminals; a first output buffer having an input coupled to the first
and second output term nals, and further having an output to provide a clock
signal; and a second output buffer having an input coupled to the third and
fourth output termnals, and further having an output to provide an

inverted clock signal . 4l The bit shifting circuit of claimg39 wherein the
at |east one shift? fegistarsist e e gRpra Kasth mppsiermmelse donth Pomud farmnel, @
suppl i es;.. ' ove; .ter circult having an.input terTl|inal I 1o
recei vgl%fu ﬁ% é%étg&blgetm%%dé an P?%luprEﬁe tePrhi ‘H%{rr,tert ‘étp# r“§g° Fnlfllozjﬁhg? &53 re%h“géf‘r’

havi ng ddri:st 130 8RCRRE YRR ﬁrstt%fv@k%@m@“ rst latch circuit having an
i nput coupled to the output termnal of,-the fist inverter and further

havi ng an out put taefhsst naltgzetsherckicosilel at ¢h firat ehi fagrihhepdatachbels; i n response
to the rst ;Ind second Sup p!-! terminals be,.coupled to the first and
second voltage sFpPres volisgssertce varyled  S6ceaend HAhEenipitiemno2Favi ng an
i nput term nal coupl: JLh t put- 1 erm nal f.the fir h-circui

and an output ier l!imkl?%l J,S‘R?He%gfe}groﬁ%&fl Ver te %‘tfcuo(rg“tD Béjr ?%ébﬁ %Jl:grsrj'r%lt"?of’ eéeﬁ%l %{pm .

fourth tetpplays, bes FfadrSiava SeCaRshi habrdvi oy tRgkaldanNpyt coupled to the
output teniinal of the second inverter circuit and further having an output
‘termnal to provi destached dutzutbitiier thhsirgeemnupyiatsirled at thi tord ené {datia obiput

in response o the third and fourth su term nals being, coupled to the
st © - BERRE Lk s i Bk e s BeRRA BN AR5 . o1

41. ° The bt shifting-circujt of claim ‘739 wherein the at least one shufl register
stage comprises:

first and second vdltage supplies;

a2 first inverter circuit h_aving'—an Input terminal coupled to receive the data bit and
an-output terminal, the first inverier further having first 2nd second supply terminals; |

a first Jaich circuit having an imput coﬁp]td to the output terminal of the fist

mverter and further heving an output terminal, the first latch Jaiching the data bit in response 10

respectively;

2 second inverter circuit having an input terminal coupled to the cutput terminel
of the first lstch circult and an output ierminal, the second inverter further having third and
fourth supplyterminals;

‘& second latch having an input coupled to the output terminal of the second
inverter-circuit znd further having an cutput tenninal to provide the dzta bit, the second letch
latching the data bit in rasponse to the third and fourth supply terminals being coupled 1o the first

and second voliage supplies, respectively; and

17



2 DEC 2004 a switching circuit coupled between the first voltage supply and
the first and third supply termnals, and between the second voliage supply
and the.second .and fourth supply termnals; the switching circuit further
coupled to receive the first and second edge-aligned conplenentaﬁynﬁﬂgﬁﬂz
clock signals, the switching circuit alternatively coupling the fidst*®
second inverters.to both the first and second voltage supplies in response
to the first and second. edge-aligned conplenentary clock signals. 42.
conprises: The bit shifting circuit of claim41l vherein the sw tching
circuit list and second pairs of series connected switches coupl ed between,
the first supply termnal and the first voltage supply; third and fourth
pairs of series copneeched swilchesiccoupted thehiveen i hessppon theuRRland third
term nal the second voltage supply; fifth and sixth pairs of series
conneciugpg g wetrohess, coupbed cbetthe encdivte voligedsuppppkyd the-saiorz] 2ahdotrtie sfrphst
vol tage supply; and seventh and eighth pairs of series connected swtches

coupl 8Bk eHe RYFFRECIEwIpFY heR fPRRIAR tandct e BedBRdavdiseeyd sigsmUs.

The bit shifting circuit, of claim.d2. wherein bileg. first: second .fifth, and
Sixt n sl PREUL R Ta e andCBES APyl R et oo

PMOS tg-apah $4-96:%srs :@Re e A &fh sckoMd {Bia3NEPh & inaREh RisO S P8 sk 8nd Qcond.
series connected switches conprise a pair of “series connected NMOS

t r ansisigerai gk, cofhplebienteshiforkngnelsr cuit of clai m 41, wherein the first and
second | atches conprise two inverters each having an output term na

coupled to the input termnal of the other inverter. 48 <"DEC/ 004 45. A

bal anced dual edge. triggergd BLikmhithRgofidigH by COMRERS ' switching circuit
COMIPrises:
first and second pairs of series cormected switches coupled between. the first
supply terminal and the first voltage supply;
third and fourth pairs of series cormected switches coupled between the second
supply termingl the second voltage supply;
fifth and soth pairs of serjes connected switches coupled between the thirg supply
terrmine} and the first voltage supply; and |
| seventh and eighth pairs of series conmected switches coupled between the founh
supply termine! and the second volage supnly.
43. The bit shifting circuit of claim 42. wherein the first, second, fifth, and
s1xth pziré cf senes com‘;éctad switches comprise 2 pair of series connected PMOS transistors,
and the third, fourth, seventh, end eighth pairs to seres cennecied switches comprise 2 psir of

series cormected NMOS transistors.
44.  The bit shifting circuit of claim 41, wherein the first and second latches

compnse Twe invertess each having an output terminzl coupled to the input terrninal of the other

inverter.
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first and second clock circuits, each adapted to receive a single respective
clock signal and provide first and second pairs of conplenentary cl ock
signals generated fromthe respective clock signal, each clock circuit
including a first inverter having a first inverter input coupled tggqggeﬁye
the input clock signal and further having a first inverter output; a setdnd
inverter having a second inverter input coupled to first inverter output
and -further having a second inverter output; a first transfer gate having a
first input terminal, a first output term-ral, a first control termna
coupled to first inverter output, and a first conplenentary control term nal
coupled to the second inverter output; a second transfer gate having a
second input ternifal, fabslerwddivzbedgait spar@ibHah;Uaz SECONKTOMETDE t er ni nal
coupled to the first invert r,o%tputb and a §epqu conpl enent ar contr%I}
termnal coupl ed £6! R SEOREFECTNVETY 61 S35t PGP eI OTRF T eﬁ%%ﬂ%ké%“ﬁﬁ?ﬂzcoc
havi ng,; hikd input- termpal, .a thir t L1 - a. thi ol,
tor m naiiabal Sit Pe it sty arter ot puer b KR e S rsr BBy e

cont r ofeshettive ¢1Bak sicaMPLtLd dnxtheuaesandnbnverter ourpur a fourth. transfer
gate hain- a :ou" hinput e ina~. a o rth output termnal, a fourth

control terninal coupled, t&rftensetondvinyeftsrinvatpuinpahdourded ourdchive the

conpl ementary_ control . termpal coypled to the first inverter output; 2 first
voItag%ug%ﬁﬁ%é”%%ﬁ%F@H%Fﬁwfﬂ@”?gF SIGRETT GRS nput a second vol tage source
coupled to the second and thi Ut <& £1558 J0ut - r-Ravi g an pRut
coupled to the first and segé%%”“&&tﬁﬁt %%ﬁ%ﬁﬁa#é?H%ﬁQH%ﬁfﬁﬁgg'Hggfng“hﬁ

out putirtveripr ouipde agnd flreekhsignakzcoandnwdte2 DEEu2004 a second out put buffer
having an input coupled to the third and fourth gutput termnals;_and
farther having an out put to?gEelvFgesianeriseatet 2cloekeghgifaminadng a5 RPF!

regi sterhavi N9  ARUL ANE AW PULLERE MRS in A0 T UL DE 2 RAY 1419: BLYE Rl LY Of
control terminal coupled to the seccnd Inverter output;
| a second transfer gate having 2 sscond input termminal, a second
output terminzl, 4 second control terminal coupled to the first inverter output, and a second
c"om-p]émentary control terminal coupied to the second mnverier ou‘rput; ‘

a third trensfer gete heving 2 third input terminal, 2 third output
terminal, 2 1lird control terminal coupled to the first invester output, and a third complementary
conirel terminal coupled 1o the second inverter outpuy; |

& iourth transier gate having & Iourth jmput iemminzl, a fourth
output terminal, & fourth control terminz] coup]ed' o the second inverter output and, a fourih
cornplementary control terminzl coupled to the first ipverier output;

2 Drst voliage sowrce coupled io the first and Jowth jhpm
terminzals;

2 second vo]tége source coupled 1o the second and third input
terminas;

2

2 first ovtput buffer having an input couvpled to the first and second

output terminals, and further baving 2n oviput to provide z clock signal; and
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shift register stages coupled in series between the input and out put
termnals, each shift register stage having input and output term nals and
shifting an input bit fromthe input termnal to the output termnal in
response to the first and second pairs of conplenentary cl ock S|gnabsﬂq§ﬁm
The bit shifting circuit of claim45 wherein each shift register st‘age”
conprises: a first latch stage coupled to receive a data bit, the first

| atch stage latching the data bit in response to a first Iogic rel ati onship
of the first and second pairs of conplenentary clock signals; and a second
| at ch stage coupled to receive the data bit fromthe first latch stage t he
second | atch stage latching the data bit in response to a second | og

rel ati onship of the first and *%@E@ﬁ@%lél%mbfhﬂ@@@pﬁ‘ém% aqoyplﬁdo@k‘hél%ﬁ%lagﬂ

~whereby the data bit hi.fted fromthe first |atch ta he
et et BRSO RS R R o A g

conpl ementary clo 55&3‘1;]1'59{5% %a@@?ﬁ%ﬁ%ﬁl aﬁc?oufgh?te@ntna?? d:dd ﬁ':gﬂa‘é} BQ\H## pREalfe & m

45 wherein the first >second stages conprise: an inverte avi ng

an i npushifeferisnal stoguphegetidnreses yetebe tgatmubiid anguancralihiladach ki saks
the inverter further having fist and second supply ternminals first and
second srjagfr saghgsepiesnd @Immettfémz@w mché@r@:@ﬂmm eramaéstw\éew thefinpat terpigldp difc e
term nal ﬂ{the le st _su uri.nal % E and _havi

control ‘FE’P are? 1%61?8% Fé‘c%u R P“’r‘fétmaﬂf‘d@ eé%ﬁ%‘yrfé‘?‘i}‘s“%?“

conpl ementary clock si gPials; 50 2DEC 2004 third and fourth pairs of serves
connected switches coupl ed between the second ply term nal of the
inverter and a sectnd r&herehceitiep minalt, oﬁmthlﬂnaf}? ngheent reath tskiffrirpasts stege
coupled to receive the first and second pairs of conplenentary clock

si gnal s5°&Rd*& | at ch coupled to the output of the inverter to latch the data

bif in response to, tﬁhﬁ laﬂcﬂ\é%rgteeEOLQJ%d“gJ activat ed, Wwhen, 00e::0h:hNg. Jl 18 Lin8kk
second and one of the third or fourth pairs of series connected smntches

are si nidtednegusisposenuetistdogic relatonship of the first and second pairs of complementary
clock sigmals; and
a second laich stage coupled 1o recerve the data bit from the Arst latch stage, the
second Jatch stage Jatching the data bit in response to a second logic relationship of the first and
second pairs of complementary clock signals,

whereby the data bit 3s shifted from the first Jatch stage 10 ihe second Jatch sizge

when the Jogic re?atao nship of the first and cecono pzairs of complementary clock signals h anges.

47. The bit shifiing circuit of claim 45 wherein the first 2nd second laich
siages comprse:

zn inverter having an inpul terrminal coupled 1o receive the date bit and an ouipel
terminal, the inverter further having frst and second supply terminals;

first and ond pairs of senss connecied switches coupled between a first
reference terminal and the first supply terminal of the inverter, and having control terminals

coupled io receive the firsi end second pairs of complementary clock sienals:
L 1 3 o :
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48. The bit shifting circuit of claim47 wherein the first, second, third,
and fourth transfer gates conprise first and second switches coupled in
paral |l el between the input and output, the first switch having a gate
termnal coupled to the control to urinal and the second sw tch HaVigla
gate termnal coupled to the conplenentary control termnal. 49. The bit
shifting circuit of claim 45 wherein the respective clock signal received
b N the second clock circuit is a quadrature clock signal of the respective
clock signal received by the first clock circuit. 50. A dual-edge triggered
bit shifting circuit, conprising: a clock gener at or having a clock circuit

coupl ed to recel Veéﬂé{ itfggxlﬂ?%:ér& 2 1es c%ntgecqeé% m{e ada8fpi5d§ 95’46% tﬁgqgéoea@

to receive a secon n 1€ OCK"CTT U

respect iy epaatéwﬁﬁatcmtewer%dct @&%pelrgﬁaépea t%ﬁﬂﬁaﬁ'a@ﬁkh“%ﬁ§ ubmﬁ%hﬁw
having a first switch alternatively coupling the first output” term nal
first ampupesbiodecebetervst aml dcagespdn of cesplnsatiry dodksdigiel 2sdécond stat es
of the respective clock signal received by the respective clock circuit,
and further havi ng2d2'skée e@t@tw%mltterfﬁ‘wmvew Tedaﬁhﬂh@dttﬁéls@créﬁwnéetcbttt
term nal. secon d Jfirst refere nce vol t.a es e t e first
and. seco%%nsP%?%%aC ﬂ? v’r‘e]§ ggfﬁ g Sf Sﬂmﬁﬁa r%3e|ved‘ y%%%%ﬁ¥5§ﬁj f@e
cl ock cisegdk bonfaedd &liReKs Qt'er.s%ﬂ!LItaﬂe@@lW@bﬂﬂtctLaef'rSt laver ter having. an

i nput coupl.ed to receive a respective “clock signal and farther having an
output; 51 DEC W a second inverter having ah input coupled to the output of

the first |nverter and _further having an_outp I rst, cond, ird,
fourth transfer gaf'ds, e&EHt FAREREF AL &' ¢ aﬁﬁiﬁ%dl‘”ﬁ’g rein g %é’ﬁds ndwid, %

swi t chegGeuRledrd: @aﬁ?E@zln{sﬁge RRLURLNat LARUL: 200,20 QULRNE S 5L Bleinpligd

first swtch having a first gate termnal and the secohd swtch having a
second gate-t @ucrrfmumtmercermg tlgetd rrpuinat evmiledlts of cohecif ierrsinahndd filbestdend

transfer_gates are cou e to a first reference termnal, the input
term nal® sqo%‘ ’taﬁépasée%tﬁ TEREP R P{Td (¢ IS PEP GATRE YR O b%%ﬁgt o a second

reference term nal
49.  The bit shifting circuit of clairn 45 wherein the respective clock signal
received By the second clock circwii iz 2 guadrature clock signal of the respective clock signal

received by the first clock cirenit.

50. A duzl-edge triggered bit shifting circwit, comprising:

44
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z clotk generzior having @ first clock circuit cnau] d 1o recaive 2 “rst.dc-c.\ signal

2nd a secend clock circuit conpled io recewe a second clock signal, each clock circuit adapied to
provide z respective pair of complementary clock signals, each clock circuit furthm having a first
‘switch alternatively couphing the fivst oviput terminzl to first 2nd second reference volia ages In
response to first and second states of the respsc*:\ e clock signal recerved by the respective cock
circuit, and further having 2 second switch alternztively coupling the second output termiingl 1o
the second and first reference vo]tages in response o the first and. second states of the respeciive
clock signal received by the respective clock circuii, each clock circuit including:

a first inverier having .an lnput coupled 1o receive a respecive

clock signzl] and farther having an ouiput;



the output of the first inverter is coupled to the first gate termnals of
the first, and third transfer gates, and to the second gate termnals of the

second and fourth transfer gates, and the output of the second inverter bs
coupled to the first gate termnals of the second and fourth t r anst el 100
gates, and to the second gate termnals of the first and third transfer
gates; a first output buffer having an i nput coupled to the output term nal
of the first and second transfer gates, and further having an out put
termnal to provide a clock signal; and a second output buffer having an

i nput coupled to the output termnal of the third and fourth transfer

gates, and further having an Qukpsld LeEMMaViH0PIPU eipded ©OMBIRERALAKNE first
clock signal; and a shift register coupled to the output termnals of the

first andnsedoradddhobi hayergeanandgry;, and further having an input termnal
coupled to receive an input bél in reapqgiféﬁg {he first and second c%gck
signal's having a first predet & NE®flefHtG FEnB BN o8 Bt SR A 925
provi de Ll £ g I i I :
R B s S R e L
shi fti ng, the Girtrawitchdfavitlgai finsbfhte whneirail and tie sstidd swiehilsiverg corphd ges taminal,

plurality of shift register stages coupled in series between the in?ut and
output tenniri2ls of the shiftherapyihsiaput temeiRalspfthe fegyprd &urty Gysiaaaresgre

i nput and_output termnals and .adapted ta shifj the input bjt from.the
put + eri Pl AT g s e B e e Falngls oL 8% s PRE e bind G B
‘pai rs ofcoupRRbeneBéRl ki&tackeshignal s f Tom the clock generator. 52. The bit
shifting circuit of claim5 1. -wherein each shift register stage a first

| atch stage coupled to recei véraowntteofithe firsthevdrer st cupiehtosthadast gate Fomgnals
L1 02 S 4, LEERGRER sl i L 0 0 SEE000 Bl 0L BOTBL ST
transfer gates, and :

the output of the second inverter 1s coupled to the first gate
terminals of the second and fourth transfer gates, and to the second gate terminals of the first and
third transfer gates;

2 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 a clock
signal;.and |

| a second output buffer hzving an input coupled to the output

terminal of the thizrd and fourth transfer gates, and further having an output terminal to provide a
complementary clock signal; and

a shift register coupled to the output terminals of the first and second clock

generatars, and further having an input terminal coupled to receive an input ‘bit n 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.
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a secord. latch stage coupled to cce.;ve the data bit fromthe first latch
stage, tht second |atch stage latching the data bit in response to the
first and second pairs of rornp)ernentayy clock signals having a second
predeterm ned |logic relatiorship, whereby the data bit is shifted foromthe
first latch stage to the second | atch stag- When the predcle.-nintd:]@giﬁm
rel ationship of the first and second pairs of conplernentary clock signals
changes 53. The bit sl-Lif~tjrjg circuit of clairri 52. wherein the f2ist

and second | z~ch stages conprise 2z ab inverter having an input term nal
coupled -to receive the data bit and an output |ennin2), the invenei

further having fir an ec0, Sterhnin bkl - S Wt b | Gul t
coupl ed between a ?Prst%nggfgﬁgégggﬁﬁ¥ﬁ%fhgﬁﬁﬁiﬁgﬁg%ié%é&ggg%%§q¥ggpﬁ%%gbl :
the JInveintaly ol dhef frbHislel GRoObbu R §:0ick 06014 thhenhitranStoapet SEGRAT of the
ppairs of "~conplenentary clock signals, the first switching circuit coupling
t he firsgitiregioter cad shefinigistat stege Theng st asdppinpt termhdiaknd ndepesp onseiitie
the predeter.m.ned |ogic relationship of the first and sec ond pairs af .

conpl erHBht %ﬁ?f%‘? SRETBIT Lyt 19 g gL P 1 A SRO SR i OR isﬁiimgiﬂﬂﬁh?ft
coupl ed; 1 2C r pal_.of the inverter and a second
refereggggé%ﬁﬁgﬁggﬁj%%ﬁggﬂﬁfﬁggi%%Eg?gg°%%dréceive the first and second
pairs of conplenentary clock signals, the second switching circuit coupling
second supply terminal to the second reference ternmnal in_response to the
predet erm ned | ogi¥- r el 8b¢ dnsBhptied crpet f4ir derarfd. WhraesnthcpaFind gfxister stage
conplqug%g&&iglock signals; and a latch circuit coupled to the output of

the inverter to latch the data bit in response to the first and second
supply termi nals of itfiQaicRkeldeedoubRENg reeuipd ediathvugh thelditn staganscses ond
switching circuits to the first and second reference termnals, )

r espectddePyt TBEsp TS i the ShFf aidnggcend pairt cbforEPRMPRERY Wekesi Analhdating gt fivst
swi t chingsGi |t i.ses.first and second pairs of series connected
smﬁtchéggdgggﬁﬂggﬁnggg%%g ﬁﬁ%ﬂ%%%n the first reference termnal and the
first supply termagacon@aabh stk ebuhay tngcaiveaht eelz Yietwhnal: figuphadstge, the -

second latch stage latching the datz bt in response to the first and second pairs of

complementary clock signals having 2 second predetermined logic relationship, |
whereby t'he data bit is shifted from the first Jatch stage 1o the second laich siage

when the predetermined logic relationship of the first and second pairs of complementary clock

signals chenges.

53. The bit shifting circuit of clzuzy 52, wherein the first and second laich
stages cormprise:

an inverter having an ﬁnput termminal coupled 1o receive the data bit and an cvlpwt
terminal, the mverier further having first and second supply tenminals;

a first switching circuit coupled between 2 first reference tennmel .and the firsi
-Supply termuinal of the inverter, and further coupled 1o receive the first and second pairs of
complementary clock signals, the first switching cirenit coupling the first reference terminal to

the first supply ierminal in response 1o the predetenmined Jogic reletionship of the first and .

second pairs of complementary clock signals; .
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receive a respective clock signal fromthe clock generator, and the second
swtching circuit conprises first and second pairs of series connected

swi tches, each pair coupl ed between the second reference termnal and the
second supply termnal, each switch having a control Term nal co$£bgd£g@h
receive a respective clock signal from the clock generator. 55. e bt
shifting circuit of clam54. wherein the first and second pairs of Switches
of the first switching circuit conprises PMOS tr ansistors, and the first
and second pairs of switches of the second Switching circuit conprises NMOS
transistors. 56. The bit shifting circuit of claimb53. wherein the latch

circuit conprises._t Enyerters - L Ng RN i . £ou e
t he i nput termnal o 0?%gyg?h§%’F§§g¢%£%¥&5géﬁ% gq%?g&ﬁﬁﬁﬁgﬂgﬁ%ﬁggﬁp%pg¥?P
cl ai m bf.erwhereidsdcbed seeand: Gratka sir@n@lthbiscpltadrat sivetel faekzsl goahd phis

the first clock signal. 54 | DDEE2m 58. conprises: The bit shiftin? circuit
of cl apfrc8mpiimeeeiany each skt theegrstdeyisthargeciacii exiplingtsetorsi supe hdsupinedot o
receiveg a data bit, the fi[ft | atch stage Iapching hhe %ata LtﬂiﬁFgestﬁse
to a fH%sIEPagIFEIFBIStIFORER! B TEPPNE 9 HSRIeEHaSBES ARG ?%%T&P%Fié 5t Efid
conpl epgntary..cl siig - . ond, l atch stage coupled to receive the
data bit ?’ﬁ?@ﬁ%qﬁF%gfgﬁgﬁghé@%%ggﬁagh%glsecond | atch stage | atching the

data bit in respoasgch @i@uesendd kogk Guialaf tianghterab 1kbR tHd agk band respesend
non-conpl ementary and conpl enentary clock signals, whereby the data bit is
shi f t etP Tyeohast bed SEtosd uapbttesnage dfohe e esecomus couptl ehhseugietheviivsirendrrgcond

| ogic rela second, non-co | .

conpl oREHT LYY T Bbk Siignars Ehargae Seare nariail TRGEERIAgY and

54. The bit shifting circuit of claim §3 wherein the first switching circuit
comprises.ﬁfst 2nd second pairs of senes connected switches, each pair coupled between the first
reference terminel and the first sizpply terminzl, each switch having 2 control terminal coupled to -
réceive 2 respeciive clock signal from the clock generator, and

the second switching circuit comprises Lirst and second pairs of series connecied
switches, each pair coupled between the second reference ferminal znd the second supply
termminal, each switch having 2 control terminal coupled to receive a respective clock signal rom

the clock generztor.

35.  The bit shifting circuit of ¢laim 54, wherein the first and second pairs of -
switches of the first switching circuit comprises PMOS trensistors, and the first and second pairs

of switches of thesecond switching circuit comprises NMOS transistors.

56, The bit shifting circvit of claim 53. wherein the latch circuit comprises two

inveriers each having an output terminel coupled to the input terminel of the other inverter.

57.  The bit shifting circnit of claim 50. wherein the second clock signalis a-.

quadrature clock signel of the first clock signal.
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58. The bit sﬁiﬁing circait of claim- 8. wheremn each shift register stage
COmprises:

2 first lztch stage coupled to receive a data bit, the first latch stage latching the
data bitin response to 2 {irst logic relationship of the first and second non-complementary and
cornplementary. clock signals; and |

a second latch stage coupled io receive the data bit from the first latch s'tage, the
second latch stage Jatching the data bit in Iéspcnse to-a second logic relationship of the first and

second non-complementary and complementary clock signals,
whereby the dezta bit is shifted from the first latch stage to the second latch stage
- whenthe logic reletionship of the first and second non-complementary and complementary clock

signzls changes.
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