Very High Speed Arbitrary Number of Multiple Signal Multiplexer 5 10 Background of the Invention Field
of the Invention 15 This invention relates to a circuit and a method for very high-speed multiplexers. More
particularly this invention relates to an arbitrary number of multiple signal multiplexers. More particularly
this invention relates to providing a circuit and a method 20 which converts a parallel data bus into a
serial data path. Description of Related Art 25 The current practice is to use programmable transmission
gates to determine which data input (analog or digital signal) is selected to be transmitted to the serial
data output. The problem encountered with the prior art is a low and limited data transmission rate. The
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data spged 1 through The logic gates. The prior art transmission gate design requires careful

10 Background of the Invention

Field of the Invention

15 This invention relates to a circuit and a method for very high-speed
multiplexers.
More particularly this invention relates to an arbitrary number of multiple
signal multiplexers.
More particularly this invention relates to providing a circuit and a method

20  which converts a parallel data bus into a serial data path.

Description of Related Art

25
The current practice is to use programmable transmission gates to determine

which data input (analog or digital signal) is selected to be transmitted to the
serial data output. The problem encountered with the prior art is a low and
limited data transmission rate. The problems with the transmission gate

30 approach is that parasitic capacitance of multiple gates limits the data speed

1



control of parasitic capacitance, of leakage current and of bus signal collisions. In addition, the gate level
implementation problems of the prior art result in a mismatch between the rise times and fall times of the
select signals for the 5 different data paths to be selected. The careful design required to overcome these
rise time/fall time mismatches results in degradation of the duty cycle or speed of the serial output of the

multiplexer. tRreids tRONRROFaRSE Tive s/ afallrimariisivRigarRsdBdifm PEqUREISSHISNS. it is required
that the system clock have a perfect 50% duty cycle. This is required to avoid glitches between the 10

rise time actiy&iipo| of lpaiasiig tapaaitdnee astivaiieeidgatn ey efloaskrymarcbigsidpee! diagram of

the prior art multiplexer. The 5-bit data-in bas 120 goes into a transmission gate 110. In addition, a

five-bit select bpsakftigeesHetgttsdiansmyssiaeraatp A Plobkenseoriivegrisingte leisgata gut 140 comes
out of this transmission gate 110. 15 Figure 1 b shows the gate level implementation of the prior art

multiplexer. mkenpacalletaipdamthesicd4iRlds apmpinamaihthasiaticselsijriaus relilfe0] via NAND gate
160. The five outputs of these NAND gates are combined with a larger, wider NAND gate 150. The
output i thegifigpsri AAR pateslioloeredunssd20Tthe canelgl kit srytatalingtReia/idome
these rise time/fall time mismatches results in degradation of the duty cycle or
speed of the serial output of the multiplexer. In order to overcome the rise time/
fall time mismatches in the prior art designs, it is required that the system clock
have a perfect 50% duty cycle. This is required to avoid glitches between the
10  rise time activation of logic and the fall time activation of logic.
Figure 1a shows a high level diagram of the prior art multiplexer. The 5-bit
data_in bas 120 goes into a transmission gate 110. In addition, a five-bit select
bus 130 goes into this transmission gate 110. The serialized, single bit data out
140 comes out of this transmission gate 110.
15
Figure 1b shows the gate level implementation of the prior art multiplexer.
The parallel data in bus D[4:0] is combined with the data select bus sel [4:0] via
NAND gate 160. The five outputs of these NAND gates are combined with a

larger, wider NAND gate 150. The output of the wider NAND gate 150 produces

20 the single bit serial output Data Out.



2 U. S. Patent 5,598,114 (Jamshidi) "High Speed Reduced Area Multiplexer" describes a very high
speed multiplexer implemented in a smaller semiconductor area. 5 U. S. Patent 6,137,340 (Goodell, et
al.) "Low Voltage High Speed Multiplexer" shows a low voltage, high speed multiplexer. For a plurality of
complementary input pairs, the multiplexer includes a control sub-circuit having a selection switch. 10 U.

S. Patent 6,194,858 (Kiggines B8 High(RaeHiGMPR VS ikex Re fitedsAPRI IR B MOS

multiplexer constructed only with pass gates and inverters for simple fabrication and higher speed

operation. Uggsdtajesttvesp iR BNavalnettiplexétianpianedibyitesiart Midhmtaiiudcrcheme”

describes a high speed, multiple-input multiplexer method. 20 3 Brief Summary of the Invention It is the
objective of tyisgnvention to provide a circuit for very high-speed 5 multiplexers. It is further an objective
of this invention to provide a circuit that provides an
5 U. S. Patent 6,137,340 (Goodell, et al.) "Low Voltage High Speed
Multiplexer" shows a low voltage, high speed multiplexer. For a plurality of

complementary input pairs, the multiplexer includes a control sub-circuit having a

selection switch.

10 U. S. Patent 6,194,950 (Kibar, et al.) "High-Speed CMOS Multiplexer" shows
a high speed CMOS multiplexer constructed only with pass gates and inverters

for simple fabrication and higher speed operation.

U. S. Patent 6,239,646 (Navabi, et al.) "High-Speed Multiple-Input Multiplexer

15  Scheme" describes a high speed, multiple-input multiplexer method.
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arbitrary number of multiple signal multiplexers. It is further an objective of this invention to provide a
circuit and a method which converts a parallel data bus into a serial data path. 10 The objectives of this
invention are achieved by a circuit and a method for providing any arbitrary number of multiple signal
multiplexers. This multiplexer circuit contains an overlapped data generator, which takes in a data bus
and outputs even and odd signals to a selective mux. It also contains a selective mux, which receives
even and odd internal data bits from said overlapped data 15 generator and which outputs one serial data

bit. It also contains a phase lockeg3 JeP SISO PR In{eHti®Rich receives a set of phase

clocks and which outputs five evenly-phase-distriblted clock signals to a data select signal generator.
Finally, the circuit also includes a data select signal generator, which receives said five

evenly-phase-digriQHted clo<i1|<\/5|%pﬁl]s and which 1L%ener\%t&s a 20 tepf-blt datahse ect S|gnal bus. The

multplexer of thls'ﬁwveent(i)cla3 -CoNtams an '%\\//%H%%%ed RS g%%e?g or WRich TAKES iﬁsﬁ-%ltdbytes of data

where % eq%&ﬁag nlusmber of bits per byte. The input bus of this overlapped data generator changes
bytes every clocKcycle. This invention contains the changing bytes on the input data bus of the

overlapped datﬁt%ﬂ?ﬁﬁtg a}}*beoﬁgéﬁ(}g%hmfs ﬂ(/%'?]t‘f'on to provide a circuit that provides an

arbitrary number of multiple signal multiplexers.
It is further an objective of this invention to provide a circuit and a method
which converts a parallel data bus into a serial data path.

10 The objectives of this invention are achieved by a circuit and a method for
providing any arbitrary number of multiple signal multiplexers. This multiplexer
circuit contains an overlapped data generator, which takes in a data bus and
outputs even and odd signals to a selective mux. It also contains a selective
mux, which receives even and odd internal data bits from said overlapped data

15  generator and which outputs one serial data bit. It also contains a phase locked
loop/delay locked loop, PLL/DLL, which receives a set of phase clocks and which
outputs five evenly-phase-distributed clock signals to a data select signal
generator. Finally, the circuit also includes a data select signal generator, which
receives said five evenly-phase-distributed clock signals and which generates a

20 ten-bit data select signal bus. The multplexer of this invention contains an
overlapped data generator which takes in n-bit bytes of data where 'n' equals the
number of bits per byte. The input bus of this overlapped data generator
changes bytes every clock cycle. This invention contains the changing bytes on

the input data bus of the overlapped data generator. These bytes have even

4



bytes distributed to an even byte output bus of said overlapped data generator and odd bytes distributed
to an odd byte output bus. The circuit of this invention has the overlapped data generator' s even byte
bus data and the odd byte bus data have overlapping data valid times. This invention contains a
phase-locked 5 loop/delay-locked loop, PLL/DLL which develops clocks, which are 1/n of the

transmissiongaia FEEIIRIE o—anlEnBer bt ip pasaked Baridaiarrgipelsianalgararsaier of this

invention generates 2n data select lines whose active times overlap the adjacent data select lines' active

times, whereyAegdals jiesnisinsied Py Ritrite frediapusplest Japaliarmeshinls Teaggetive mux
logic block 10 controls the serialization of the n-bits of even and odd data bits; into a single data out bit.

The n-bits ofpareieliaidappet 'eare spieraBrUlanRILB e tRIPHSErapacket aldisstavbieh are active for

a single clock cycle, or data byte transmission time. The n-primary inputs represent’ n' different phase

clocks whosgangliviflienbraeispitigasaase aR0-RvRIdapDifg iAbEBIC Rt OeeIRY 4/preiséitodribyte 15
transmission time. The PLL/DLL utilizes the rising edge of time phase clock signals to eliminate any duty

cycle reguirapgiitieaiydlatreoMesphPhtsDeedvRRer déveiddtecibgle hpinaey YHtpEReNtains n bits of
serial data, which are contained in said single clock cycle or said data byte transmission time. 20
transmission data rate where n= number of bits in parallel. The data select signal
generator of this invention generates 2n data select lines whose active times
overlap the adjacent data select lines' active times, where n equals the number of
input bits to the data select signal generator. The selective mux logic block
10  controls the serialization of the n-bits of even and odd data bits; into a single data
out bit. The n-bits of parallel data input represent a simultaneous set of bits or
packet of bits, which are active for a single clock cycle, or data byte transmission
time. The n-primary inputs represent ' n' different phase clocks whose individual
active times are non-overlapping and which occupy 1/n of the data byte
15  transmission time. The PLL/DLL utilizes the rising edge of time phase clock
signals to eliminate any duty cycle requirements and allow very high-speed

operation. The single bit primary output contains n bits of serial data, which are

contained in said single clock cycle or said data byte transmission time.

20



5 Brief Description of the Drawings 5 FIG. 1 a shows a prior art transmission gate implementation of a 10
multiplexer. FIG. 1 b shows a prior art gate implementation of a multiplexer. FIG. 2 shows a circuit
diagram which illustrates the modified high voltage tolerance, HVT 1/0 techniques of this invention. 15
FIG. 3 shows a block diagram of the main embodiment of this invention. FIG. 4 shows a timing diagram of
the phase clocks used in this invention. 20 FIG. 5 provides a timing diagram of the phase clocks and the
developed data select signals of this invention. FIG. 6 illustrates an actual data transmission example
using the methods 25 of this invention. 6 Detailed Description of the Invention

Brief Description of the Drawings

5
FIG. 1a shows a prior art transmission gate implementation of a
multiplexer.
10
FIG. 1b shows a prior art gate implementation of a multiplexer.
FIG. 2 shows a circuit diagram which illustrates the modified high voltage
tolerance, HVT 1/O techniques of this invention.
15
FIG. 3 shows a block diagram of the main embodiment of this invention.
FIG. 4 shows a timing diagram of the phase clocks used in this invention.
20 FIG. 5 provides a timing diagram of the phase clocks and the developed
data select signals of this invention.
FIG. 6 illustrates an actual data transmission example using the methods
of this invention.
25



5 Figure 2 shows a block diagram of the main embodiment of this invention. The diagram shows a 5-bit
Data In bus Data-In [4:0]. It also shows five phase clocks, PH [4:0]. The five phase clocks, PH [4:0] go
into the phase-locked loop/delay-locked loop, PLL/DLL, 240. The PLL/DLL block 240 generates five
evenly-phase-distributed clock signals. These five PLL/DLL outputs feed into the 10 data select signal
generator 230. The data select signal generator 230 generates 10 data select signals, which overlap the
adjacent signals in loop style. These 10 select signals DS [9:0] will feed into the selective mux 210. The
Data_In [4:0] bus feeds into the overlapped data generator 220. The outputs of this generator 220 are
two 5-bit overlapped data, which corresponds to 15 the even number of data & odd number of data.

Figure 4 shows the Input 5-bit gaigaijad @é@éﬂﬁﬂﬂﬁp&' {Na IRVdhfigrfollowed by the odd byte D1

[4:0]. The even byte bus and the odd byte bus out of the overlapped generator 220 are shown in figure
2. The combination of these two data buses out of the overlapped data 20 generator 220 and the ten
data select signals out of the data select signal generator 230 takes place in the selective mux block 210.

The outgut of the, SRICotME L BB ck Ria3riAl 8YRE RRRIBHBEMAm2HE of this invention.

The diagram shows a 5-bit Data In bus Data-In [4:0]. It also shows five phase
clocks, PH [4:0]. The five phase clocks, PH [4:0] go into the phase-locked
loop/delay-locked loop, PLL/DLL, 240. The PLL/DLL block 240 generates five
evenly-phase-distributed clock signals. These five PLL/DLL outputs feed into the
10 data select signal generator 230. The data select signal generator 230
generates 10 data select signals, which overlap the adjacent signals in loop style.
These 10 select signals DS [9:0] will feed into the selective mux 210.
The Data_In [4:0] bus feeds into the overlapped data generator 220. The
outputs of this generator 220 are two 5-bit overlapped data, which corresponds to
15  the even number of data & odd number of data. Figure 4 shows the Input 5-bit
data. The even byte of input data, DO [4:0] is followed by the odd byte D1 [4:0].
The even byte bus and the odd byte bus out of the overlapped generator 220 are
shown in figure 2.
The combination of these two data buses out of the overlapped data
20 generator 220 and the ten data select signals out of the data select signal
generator 230 takes place in the selective mux block 210. The output of the

selective mux is a 1-bit serial output labeled Data_Ouit.



Figure 3 shows the five phase clocks PH [4:0], which feed the PLL/DLL block 240. Figure 3 also shows
the ten time periods 340, 350 associated with the ten data select signals, which come out of the data
select signal generator block 230. Figure 3 also shows the data transmission time 360 allotted for the DO
data byte 5 310 and for the D1 data byte 320. Figure 5 shows the five outputs, which come out of the

PLL/DLL block Bt Fishdwkheserive phadyelerreIPiNass; distichuiestoinekrsipmis BidekPhi, Ph2,
Ph3, and Ph4. Next, figure 5 shows the ten data select signals DS [9:0], which come out of the data

select signalagnerageird 30dR & ishdwk O iroieie thd pwh s 34y aBdatadsaarnissigithesamere for this
invention. The basic clock is shown. A single clock cycle 621 is shown. Next, a 5-bit byte Data In [4:0] of

data is showgaiBhsefRBstyaan | RSt Misholiteoties tdeg s slude sigiele@ feratdhel sdnezse of the

multiplexer of this invention is to serialize the five bits in byte DO first, followed by a serialization of the

five bits in bytgyle. 4 2I$bisHswrethéodaveeddns mreitiizate Beb throtiezl bEE theoD® dida Aytean be seen
in figure 6, byte O serialized is ' 01100' . This represents Data In kilt bit 1, bit 2, bit 3 and bit 4 respectively.

Similarlg, by d sedaidzetidsDY1dA bytdagy, byte 2 serialized is' 00010' . The ten bits of intermediate
data 610 are shown. These are the ten bits which
Figure 5 shows the five outputs, which come out of the PLL/DLL block 240 in
Fig.2. These are the five evenly-phase-distributed clock signals PhO, Ph1, Ph2,
Ph3, and Ph4. Next, figure 5 shows the ten data select signals DS [9:0], which
come out of the data select signal generator 230 in Fig.2.
10 Figure 6 shows an actual data transmission example for this invention. The
basic clock is shown. A single clock cycle 621 is shown. Next, a 5-bit byte Data
In [4:0] of data is shown. The data example begins with the three clock cycles
circled 622. The objective of the multiplexer of this invention is to serialize the
five bits in byte DO first, followed by a serialization of the five bits in byte D1.
15  This is then followed by a serialization of the five bits in byte D2. As can be seen
in figure 6, byte 0 serialized is' 01100" . This represents Data In Hlt bit 1, bit 2,
bit 3 and bit 4 respectively. Similarly, byte 1 serialized is' 11100" . Similarly, byte
2 serialized is' 00010" .
The ten bits of intermediate data 610 are shown. These are the ten bits which
20 come out of the overlapped data generator 220 and which feed into the selective
mux block 210 in figure 2. Finally, the serialized output of the selective mux 210

is shown in figure 6. As can be seen by the circled data 623, the three bytes

listed in our example above have been successfully serialized. The serialized



20 come out of the overlapped data generator 220 and which feed into the selective mux block 210 in
figure 2. Finally, the serialized output of the selective mux 210 is shown in figure 6. As can be seen by
the circled data 623, the three bytes listed in our example above have been successfully serialized. The
serialized 8 data result is' 011001110000010' as shown in figure 6. This result 623 agrees with the input

data 622. 5 Hagsacsaisrve® AOyAMaReDof U"iseiﬁwm-iﬁﬁgh r@ere ThiRoréeatiszpemrdesa strict 50%
duty cycle clock to avoid mismatches between the rise time logic activation and the fall time logic

activation. Injfiistie enpiondgiatagssampled at the center of either the even number data or the odd
number data as can be seen in figure 4. Secondly, the multi-stage phase-locked loop/delay-locked loop,
10 PLL/DLL is only required to generate 1/n of the frequency of the data transmission rate. Third, the
n-bits of data per input byte are converted into 2n bits of half speed data, the even and odd overlapped
data bytes shown in figure 4. These two parallel channels or logic paths for alternating bytes of odd and
even data allow the avoidance of glitches at transition time and at data sampling 15 time. Each of the 2n

bits hasm two bitHisne @erieshdrar saaamiebsfguresbinbSRigaesFaisphases iorkredutia@inises edge,
DSO falls at phase?2 clock' s rising
for a strict 50% duty cycle clock to avoid mismatches between the rise time logic
activation and the fall time logic activation. In this invention, data is sampled at
the center of either the even number data or the odd number data as can be
seen in figure 4. Secondly, the multi-stage phase-locked loop/delay-locked loop,
10 PLL/DLL is only required to generate 1/n of the frequency of the data
transmission rate. Third, the n-bits of data per input byte are converted into 2n
bits of half speed data, the even and odd overlapped data bytes shown in figure
4. These two parallel channels or logic paths for alternating bytes of odd and
even data allow the avoidance of glitches at transition time and at data sampling
15 time. Each of the 2n bits has a two bit time period. For example in figure 5,
DSO rises at phase0 clock' s [ Ph(0)] rises edge, DSO falls at phase2 clock' s rising
edge.
These slower frequency requirements can easily be implemented in CMOS
technology. As a result, the overall multiplexer can be operated at a faster speed

20 without the excessive circuit design concerns of the prior art multiplexer

implementations.



edge. These slower frequency requirements can easily be implemented in CMOS technology. As a
result, the overall multiplexer can be operated at a faster speed 20 without the excessive circuit design
concerns of the prior art multiplexer implementations. 9 While this invention has been particularly shown
and described with Reference to the preferred embodiments thereof, it will be understood by those 5
Skilled in the art that various changes in form and details may be made without Departing from the spirit
and scope of this invention. 10 15 20 10 Claims 1. A very high speed arbitrary number of multiple signal

multiplexer circuit comprising: an overlapped data generator, which takes in a data bus and 5 outputs
even and odd signals to a selective mukx,

While this invention has been particularly shown and described with
Reference to the preferred embodiments thereof, it will be understood by those
5 Skilled in the art that various changes in form and details may be made without

Departing from the spirit and scope of this invention.

10

15

20
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said selective mux, which receives even and odd internal data bits from said overlapped data generator
and which outputs one serial data bit, a phase locked loop/delay locked loop, PLL/DLL, which receives a
set of phase clocks and which outputs five evenly-phase-distributed clock signals 10 to a data select
signal generator, and said data select signal generator, which receives said five evenly- phase-distributed
clock signals and which generates a ten-bit data gglgffydonal bus. 15 2. The very high speed arbitrary
number of multiple signal multiplexer circuit of claim I wherein said overlapped data generator takes in

n-bit bytes of data wheye ' n' equgls the number of bits per. byte..3. The very high speed arbitrary number
of multiple sifgjna rﬁlﬁﬁYp%éggrsagcelﬁt%r @8 YA \?vrhcéf?é#i%}]J rggl}lg s dg%%%llse )(()%rs%flp L(J)'\f/}lerlapped data
generator chg&%ﬁﬁ?gﬁ/ées every clock cycle. 4. The very high speed arbitrary number of multiple signal

o)

multiplexer circu ‘claim 1 wherein said changing bytes on said input data bus of said overlapped
data generator have even fyig5 dietiuiert i 80-R/8RPYIRRARMAEYToL 3k RgTiapped data generator.

5 outputs even and odd signals to a selective mukx,

said selective mux, which receives even and odd internal data bits
from said overlapped data generator and which outputs one serial data bit,

a phase locked loop/delay locked loop, PLL/DLL, which receives a
set of phase clocks and which outputs five evenly-phase-distributed clock signals

10 to a data select signal generator, and

said data select signal generator, which receives said five evenly-

phase-distributed clock signals and which generates a ten-bit data select signal

bus.

15 2. The very high speed arbitrary number of multiple signal multiplexer circuit of
claim 1 wherein said overlapped data generator takes in n-bit bytes of data

where ' n' equals the number of bits per byte.

3. The very high speed arbitrary number of multiple signal multiplexer circuit of
20 claim 1 wherein said input data bus of said overlapped data generator changes

bytes every clock cycle.

4. The very high speed arbitrary number of multiple signal multiplexer circuit of

11



5 5. The very high speed arbitrary number of multiple signal multiplexer circuit of claim 1 wherein said
changing bytes on said input data bus of said overlapped data generator have odd bytes distributed to an
odd byte output bus of said overlapped data generator. 10 6. The very high speed arbitrary number of
multiple signal multiplexer circuit of claim 1 wherein said overlapped data generator' s even byte bus data

and said odg|fyfe1owhslalin Bawe haiEingipgtEa e st tinRa datirieesy SR cReRpERtrary number

of multiple signal multiplexer circuit of 15 claim 1 wherein said phase-locked loop/delay-locked loop,

PLL/DLL deigpgateskiontiiod ated/byeéihaidtapsiaipsrarala naigtelenpimoagrobeaief bits in parallel.
8. The very high speed arbitrary number of multiple signal multiplexer circuit of 20 claim 1 wherein said

data select sigeakgpeer dpaapnesaias 2n data select lines whose active times overlap said adjacent data
select lines' active times, where n equals the number of input bits to said data select signal generator. 12
9. The very high speed arbitrary number of multiple signal multiplexer circuit of claim 1 wherein said
selective mux controls the serialization of said n-bits of even and odd data bits; into a single data out bit.

5 5. The very high speed arbitrary number of multiple signal multiplexer circuit of
claim 1 wherein said changing bytes on said input data bus of said overlapped
data generator have odd bytes distributed to an odd byte output bus of said

overlapped data generator.

10 6. The very high speed arbitrary number of multiple signal multiplexer circuit of
claim 1 wherein said overlapped data generator' s even byte bus data and said

odd byte bus data have overlapping data valid times.

7. The very high speed arbitrary number of multiple signal multiplexer circuit of
15 claim 1 wherein said phase-locked loop/delay-locked loop, PLL/DLL develops
clocks, which are 1/n of the transmission data rate where n= number of bits in

parallel.

8. The very high speed arbitrary number of multiple signal multiplexer circuit of
20 claim 1 wherein said data select signal generator generates 2n data select lines
whose active times overlap said adjacent data select lines' active times, where n

equals the number of input bits to said data select signal generator.

12



5 10. The very high speed arbitrary number of multiple signal multiplexer circuit of claim 1 wherein said
n-bits of parallel data input represent a simultaneous set of bits or packet of bits, which are active for a
single clock cycle, or data byte transmission time. 10 11. The very high speed arbitrary number of multiple
signal multiplexer circuit of claim 1 wherein said n-primary inputs represent’' n' different phase clocks

whose indivilugirrclivs, timgs 58P arBrRIGRRIAGRAGMWHIAN N RigHal/m ohipais sleda chiteftransmission
time. 15 12. The very high speed arbitrary number of multiple signal multiplexer circuit of claim 1 wherein

said PLL/DLE| stz Ha diniBgiadegcetiiempRasmaioekisiosatfaligatitnioptarny-Busydfle requirements
and allow very high-speed operation. 13. The very high speed arbitrary number of multiple signal

multiplexer caiedibd0aftglBire; Intdrarsingiaid ainale: it primary output contains n bits of serial data, which
are contained in said single clock cycle or said data byte transmission time. 13 5 14. A method of

developing a very high speed arbitrary number of multiple signal multiplexer circuit comprising the steps
of:

5 10. The very high speed arbitrary number of multiple signal multiplexer circuit of
claim 1 wherein said n-bits of parallel data input represent a simultaneous set of
bits or packet of bits, which are active for a single clock cycle, or data byte

transmission time.

10 11. The very high speed arbitrary number of multiple signal multiplexer circuit of
claim 1 wherein said n-primary inputs represent' n' different phase clocks whose
individual active times are non-overlapping and which occupy 1/n of said data

byte transmission time.

15 12. The very high speed arbitrary number of multiple signal multiplexer circuit of
claim 1 wherein said PLL/DLL utilizes the rising edge of time phase clock signals

to eliminate any duty cycle requirements and allow very high-speed operation.

13.The very high speed arbitrary number of multiple signal multiplexer circuit
20 of claim 1 wherein said single bit primary output contains n bits of serial data,
which are contained in said single clock cycle or said data byte transmission

time.

13



providing an overlapped data generator, which takes in a data bus and outputs even and odd signals to a
selective mux, providing said selective mux, which receives even and odd internal data bits from said
overlapped data generator and which outputs one serial data bit, providing a phase locked loop/delay
locked loop, PLL/DLL, which receives a set of phase clocks and which outputs five

evenly-phase-glishinashd Biciesie RIBNYSal0et RIS SR SNAIARIROEEYing said data select
5

signal generator, which receives said five evenly-phase-distributed clock signals and which generates a

ten-bit data sedeell sidnpléxis: dirclit-OMRpN ¢thefstepeleping a very high speed arbitrary number of
multiple signal multiplexer circuit of claim 14 wherein said overlapped data generator takes in n-bit bytes

of data where ' n' equals theovidiiiaRfdviEs BppBultaakbgdheraethathiehdekeloming gaygusigh speed
arbitrary number of multiple 20 signal multiplexer circuit of claim 14 wherein said input data bus of said

overlapped dgig gefrigterenaiaesdyisiseyenocosssyiie mixIhe method of developing a very high
speed arbitrary number of multiple 14
5 providing said selective mux, which receives even and odd internal
data bits from said overlapped data generator and which outputs one serial data
bit,
providing a phase locked loop/delay locked loop, PLL/DLL, which
receives a set of phase clocks and which outputs five evenly-phase-distributed
10 clock signals to a data select signal generator, and
providing said data select signal generator, which receives said five

evenly-phase-distributed clock signals and which generates a ten-bit data select

signal bus.

15 15. The method of developing a very high speed arbitrary number of multiple
signal multiplexer circuit of claim 14 wherein said overlapped data generator

takes in n-bit bytes of data where ' n' equals the number of bits per byte.

16. The method of developing a very high speed arbitrary number of multiple
20 signal multiplexer circuit of claim 14 wherein said input data bus of said

overlapped data generator changes bytes every clock cycle.

17. The method of developing a very high speed arbitrary number of multiple

14



signal multiplexer circuit of claim 14 wherein said changing bytes on said input data bus of said
overlapped data generator have even bytes distributed to an even byte output bus of said overlapped
data generator. 5 18. The method of developing a very high speed arbitrary number of multiple signal
multiplexer circuit of claim 14 wherein said changing bytes on said input data bus of said overlapped data

generator h@?r@lW@%&@if&*&ﬂd &P @Rirrel4 ke RIPsAIBUHAhEMY BYRSBRSShRAIGEENerator. 10 19.

The method of developing a very high speed arbitrary number of multiple signal multiplexer circuit of

claim 14 wheygia isaiopiigRRed saiedeaiaiensrayenddebun Bptasadispigiedddxie bus data have
overlapping data valid times. 15 20. The method of developing a very high speed arbitrary number of

multiple sigeemBiiRexapatbui of eaiaoléndppeindall gdiasernocked loop/delay-locked loop, PLL/DLL

develops clocks, which are 1/n of the transmission data rate where n= number of bits in parallel. 20 21.
The method of developing a very high speed arbitrary number of multiple signal multiplexer circuit of
claim 14 wherein said data select signal generator generates 2n data select lines whose active times

overlap said £gljauenteistfodf developing a very high speed arbitrary number of multiple
signal multiplexer circuit of claim 14 wherein said changing bytes on said input
data bus of said overlapped data generator have odd bytes distributed to an odd

byte output bus of said overlapped data generator.

10 19. The method of developing a very high speed arbitrary number of multiple
signal multiplexer circuit of claim 14 wherein said overlapped data generator' s
even byte bus data and said odd byte bus data have overlapping data valid

times.

15  20. The method of developing a very high speed arbitrary number of multiple
signal multiplexer circuit of claim 14 wherein said phase-locked loop/delay-locked
loop, PLL/DLL develops clocks, which are 1/n of the transmission data rate

where n= number of bits in parallel.
20 21. The method of developing a very high speed arbitrary number of multiple

signal multiplexer circuit of claim 14 wherein said data select signal generator

generates 2n data select lines whose active times overlap said adjacent data

15



select lines' active times, where n equals the number of input bits to said data select signal generator. 22.
The method of developing a very high speed arbitrary number of multiple 5 signal multiplexer circuit of

claim 14 wherein said selective mux controls the serialization of said n-bits of even and odd data bits; into
a single data out bit. 23. The method of developing a very high speed arbitrary number of multiple signal

multiplexer ciggdistairdaimaltiveeieia saitePelite gl RRrale Hiatd dutiABuenreIerdAciatataneous set of
bits or packet of bits, which are active for a single clock cycle, or data byte transmission time. 24. The
method of dewpepisigriaygenBiaifiospeed arbitrary number of multiple signal multiplexer circuit of claim 14
wherein said n-primary inputs represent' n' 15 different phase clocks whose individual active times are
non-overlapping and which occupy 1/n of said data byte transmission time. 25. The method of developing
a very high speed arbitrary number of multiple signal multiplexer circuit of claim 14 wherein said PLL/DLL

utilizes the rismaredae @0 6 inedveassi sipak slignalshiesdistnatstaity Auiis¥Elss reauifpeents and allow
very high speed operation. 16 26. The method of developing a very high speed arbitrary number of
multiple5  signal multiplexer circuit of claim 14 wherein said selective mux controls the

serialization of said n-bits of even and odd data bits; into a single data out bit.

23. The method of developing a very high speed arbitrary number of multiple
signal multiplexer circuit of claim 14 wherein said n-bits of parallel data input
10  represent a simultaneous set of bits or packet of bits, which are active for a

single clock cycle, or data byte transmission time.

24. The method of developing a very high speed arbitrary number of multiple
signal multiplexer circuit of claim 14 wherein said n-primary inputs represent ' n'
15  different phase clocks whose individual active times are non-overlapping and

which occupy 1/n of said data byte transmission time.

25. The method of developing a very high speed arbitrary number of multiple
signal multiplexer circuit of claim 14 wherein said PLL/DLL utilizes the rising edge
20 of time phase clock signals to eliminate any duty cycle requirements and allow

very high speed operation.

16



signal multiplexer circuit of claim 14 wherein said single bit primary output contains n bits of serial data,
which are contained in said single clock cycle or said data byte transmission time. 5 10 15 20 25 17

26. The method of developing a very high speed arbitrary number of multiple
signal multiplexer circuit of claim 14 wherein said single bit primary output
contains n bits of serial data, which are contained in said single clock cycle or

said data byte transmission time.
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