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20 Conslder a video signal processing system operating at
sample rates of 14.32 MHz with samples having bit-widths of 8-
bits. A bit-serial system for processing such a signal must operate
at clock.rates of at least 115 MHz. Desirably the system will be
realized in metal-oxide-semiconductor (MOS) technology because

25 of its higher circuit density and lower power requirements.
However, signal processing rates of 115 MHz tend to be very near ¢
the limit_of current MOS technology.

' One of the limiting factors is manifested by timing

errors, particularly between different functional elements of a

30 particular system. These errors result from the relatively low
drive capability of MOS transistors. Nominally all of the functions
on an DSP integrated circﬁ_it. (IC) are operated synchronously with
common clock signals. Now if an interconnection between
functional elements tends to be longer than typical

35 interconnections within a functional element, it will exhibit a
larger capacitance. This larger capacitance can load the output of
a functional element causing .timing errors between elements and

thus limit the speed of the overall system. Even within a
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| arger capacitance. This |arger capaC|tance can |l oad the output of a
functional elenent causing timng errors between elenents and thus limt
the speed of the overall system Even within a functional el enment,
connections may exist which exhibit a capacitance of sufficient val ue to
Ccreate timng errors. Alimt on the maxi num operating speed of a
bit-ggrial signal processing system nornally inposed by the presence of an
i nterconnection exhibiting relatively large stray capacitance, pursuant to
t he prlnC|pIes of the present |nvent|on can be av0|ded by associating a
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£f/N, while the multiplexer recombines the N signals to form
a single bit serial signal of bit rate f.
FIGURE 1A is a block diagram of a bit-serial signal
processing system embodying the invention. |
FIGURE 1B is a block diagram of an exemplary integrated
circuit embodying the present invention.

FIGURES 2 and 5 are schematic logic diagrams of
exemplary multiplexers which may be utilized in the
functional elements of FIGURE 1B.

FIGURES 3 and 6 are schematic logic diagrams of .

_ exemplary demultiplexers which may be utilized in the
(_ functional elements of FIGURE 1B.

FIGURE 4 is a pictorial representation of the relative
timing of signals passed by the FIGURE 2 and FIGURE 5
circuits, useful for understanding the operation of the
FIGURE 2 and 5 circuitry.

FIGURE 1A illustrates the overall system concept of the |
bit-serial processing apparatus of the present . invention.
This exemplary system includes three ihtegrated circuits for
performing the desired signal processing. Each integrated
c1rcu1t includes a clock generator and one or more |
proces51ng functions. . An analog signal is applled to ICI
wherein it is converted to a bit-serial digital signal by an
analog-to-digital converter (a/D). The bit-serial signal
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This exenplary systemincludes three integrated circuits for performng the =
desired signal processing. Each integrated circuit includées a clock -
generator and one or nore processing functions. An analog signal is applied
to ICl wherein it is converted to a bit-serial digital signal by an

anal og-to-digital converter (A.D). The bit-serial signal 2 i s operated
on by a bit-serial signal processing circuit (FUNCTION 1) and thenS
passed to the second integrated circuit | C2. In | C2 t he #*
bit-serial signal wundergoes three further oper ati ons in the

functional circuitry FUNCTION 2, FUNCTION 3 AND FUNCTI ON 4. The
bit-serial signal is then passed to | C3 wherein it undergoes further
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ICs. The master clock signal may correspond to-the sanple rate (e.g., the
sanple rate for a video signal processing systemmy be 14.32 MHz and the
bit rate will be N'tinmes the sanple rate, where N corresponds to the nunber
of bits per sanple). The high bit rate clock signals are generated on 1 5
each i.ntegrated circuit by a clock generator responsive to a master clock
signal, and this high rate clock signal is distributed to the different \j
functional elenments within an I C. The functional



elenments may include clock buffer CIrCUItS for buffering the clock signals
“before application to the devices in the functional element. 20 Each

cl ock generator within an IC may include an oscillator configured in a
phase-| ocked-1oop to provide clock signals which are phase |ocked to the
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9Clock § slgnal and this high rate clock signal is distributed to the
different functional elements within an IC. The functional

. elements may include clock buffer circuits for buffering the clock
signals before application to the devices in the functional element.
20 Each clock generator within an IC may include an oscillator
configured in a phase-locked-loop to provide clock signals which
are phase locked to the master clock. In addition each clock
generator may include circuitry responsive to a phase/frequency
control signal for adji:_sting the relative phase or frequency of the
25 generated clock signals. Employing a lower frequency master
W clock signal for global synchronization, and constraining the high
. speed clocks to the respective integrated circuits reduces the
. generation of undesirable radio frequency interference (RFI).
. _ FIGURE 1B illustrates in block form a portion of an
30 exemplary integratgd' circuit (IC) of the type which may be
employed in FIGURE 1A. The exemplary IC includes bit-serial
functional elements 12-18. ‘On a video signal processing IC, for
example, these elements may represent, in combination, a
. luminance peaking filter with Functions 1 and 2 being lowpass
35 filter functions, Function 3 being a bandpass filter function and
Function 4 being an adder. All of the functional _elements may be
located relatively close to one another on the IC's, however, the
interfunction connections may be one or two orders of magnitude
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and Cis the total capacitance associated with the node. The current i(t)
Is nomnally provided by either a pull-up transistor to raise the node to a
| ogi ¢ hi gh potenti al or a pull-down transistor to discharge the node to a
| ogic | ow potenti al . other things 1 5 remaining constant, the rate of
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charge a respe i've Thi s | s acco I | shed, wi t h respect to bit-serial
signals, by dividing the 30 iar ii £t wo (or paral l el signals each
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each ofproportional | @ahe capacitance. The available charge/discharge

current may be increased, to compensate for an increased
capacitance by incréasing the size and thereby the

20 ransconductance of ‘the pull-up and puli-down transistors.
However, those persons skilled in the art of IC dgsign will
appreciate that incredsing the size of the transistors of a particular
stage in the cxrcultry will also increase the load (niode) capacltance
of the previous stage. Thus rate gains at one stage may be

25 counteracted, at least in part by rate losses in a prevmus state. :

The altematwe to increasing the -node o/

charge/discharge cu_n_'ents to compensate for larger capacitances is
to increase the time dt available to charge a respective node. This
is accomplished, with tespect to bit-serial signals, by dividing the

30 signal into two (or N) parallel signals each of which has a bit rate
of one half (1/N) the bit rate of the original signal. 'Having -
circumvented the larger capacitance the parallel signals are
recombined to form a single bit-serial signal having the original
bit rate. '

35 In FIGURE 1B each of the functional elements are
shown incorporating demultiplexers (DM) at their respective
output connections. These demultiplexers are arranged to divide
a bit-serial signal of rate f into N parallel bit-serial signals of rate

25—



.5 elenents operate at the rate f. <FIGURES 2 and 5 illustrate alternative
enbodi nents of exenplary denultiplexer circuitry (DM which may be

i npl emented in the FIGURE 1B circuitry. The denultiplexer illustrated in
FIGURE 2 parses a bit-serial signal of bit rate fc into 1 0 two bit-serial
signals e oAtpthe rinput fegmmection f ceagh Fupetional mlement pisr des two
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an i nput data bit Si+| i s.applied j.0 regi . e positive
tranjirhio be’ftf‘ﬁ?rlﬂloillg“§‘sgﬁ§13hIﬂif’l{)ﬁﬁ@e?‘?@o bfﬁ%s[%ﬁgﬁ%él and S2) are
respect i vaemudltipliexer Parsé diveé ebin-siitalaniigfld. intthdearbpusaliele bit :
subsequen%éﬁa yt.%ut,lon parall el output connections 208. At tine t3 the

i nput sig 82%-s applied to register 204 and bit S3 is applied to
regi ster 206. 30 Ti(Gperabions ofirtheccincuitryeof] FIGHRE 2 i wilb beegi st ers 204 and
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FI GURE 4. output of the register 202 is a replica of its input signal but
- delayed by one bit pétiod. The output of register 202 is applied
20 to the data input terminal of a register 206. The input signal is

also applied to the data input terminal of a register 204. Registers

204 and 206 are clocked by a half rate clock signal Fc/2.

At time t2 _(FIGURE 4) register 202 provides a data bit

Si to the input terminal of register 206 and an input data bit' Si+l
25 is applied to register 204. At the positive transition of the clock
signal ‘Fc/2 these two bits (i.e., S1 and S2) are respectively loaded
into registers 206 and 204. These bits are subsequently output on
parallel output connections 208. At time t3 the input signal bit S4
is applied to register 204 and bit S3 is applied to register 206.
30 These bits are 'concur,rently loaded into registers 204 and 206 at

the positive transition (13) of the clock signal Fc/2 and thercafier -

coupled to the parallel output connections. 208. In this manner '

the input signal occurring at rate fc is parsed into two signals

occurring at a bit rate of fc/2 on the parallel output connection
35 208. The relationship of the bit-serial input data to the two

parallel output bit-serial signals may be seen from the signals

DATA IN, REG. 206 and REG. 204 illustrated in FIGURE 4.
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The capaci tance exhibited on the input connections to-registers 202 and
204 wi |l be typical of the capacitances exhi bited by devices internal to
the functional elenent and thus can be driven by a typical internal
transistor. The capacitance exhibited 5 by each of the output

connections 208 nnec??dgg‘wﬁ%bcégm% r&gr el—lqy,\ﬁyprcmﬁie@ﬂ%"t\h?“data rate
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quar t ecle¢ments i rgither than rratee limiting parameters RfGURE Gircuftngtrates a
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ex

mul ti pl aratus is actuallétwo nul tipl exers 600 an

610 of the FI GUREh® tqﬁmuksmlpm dbjustraged dm EIGURE,Rqés sty ng of the
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i nput ?a ‘Ciawef@&"go“‘c H%!"t,‘gﬁfrectlon 308 corresponds to the si gnal s ‘REG
206 and REG 204.Ndteushdton demultipldxer ofithecFIGURB12 agypeSihny

coneur i giiles 30PAd Yphe difdlie'es' (RO FROORE% YhalokGPAGEL Vel Y. AL Lhe
provide four parallel signals at 1/4 the original bit rate. A further

20 alternative arrangement may comprise a four stage shift register
operating at the clock frequency Fc. An output from each of the
four stages may be applied to four further registers clocked by
clock signal of frequency fc/4. The four further registers will
provide four parallel signals at one quarter the Origixtal bit rate.

25 FIGURE 3 illustrates a two-to-one signal multiplexer |
and FIGURE 6 illustrates a four-to-two signal multiplexer. The o/
FIGURE 6 apparatus is actually two multiplexers 600 and 610 of
the FIGURE 3 type operating in parallel.

An understanding of the operation of the multiplexer

30 of FIGURE 3 is aided by reference to the signals REG. 300, REG. 302
and Data Out illustrated in FIGURE 4. Parallel input data applied
to the connection- 308 corresponds to the signals REG. 206 and REG.

204. Thus for example the sample bits S1 and S2 are concurrently
applied to register 300 and register 302 respectively. At the end

35 of the input bit period (t3) these bits are latched into registers
300 and 302, responsive to the clock signal Fc/2, and exhibited at
their respective Q output terminals. 'Output signal from register
300 is applied to a transmission gate 304 and output signal from
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3 5 of the |nput bit period (t3) these bits are latched into registers 300
“and 302, responsi've to the clock signal Fc/2, and exhibited at their
respective Q output termnals. CQutput si gnal fromregister 300 is applied
to a transm ssion gate 304 and output signal from regi ster 302 is
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The multiplexers and demultlplexers impart delays to
the signals processed, which delays may have to be compensated.
20 For example, in FIGURE 1B, if the functional element 16 were
replaced by two series connected functional elements each having
respective multiplexers and demultiplexers, a compensating delay
corresponding to the delay of a multiplexer-demultiplexer '
combination may have to be included in the functional element {4
25 to insure temporal registration of the two signals applied to the
functional element 18. '
s As described above, the latches of FIGURE 3 are
clocked by the clock signal Fc/2. . However for some applications it
is advantageous to clock these latches with the complement of the
30 clock signal Fe/2. It is possible in some IC arrangements that the
half rate clock signals applied to the a demultiplexer may be
skewed relative to the half rate clock signal applied to a
multiplexer to which corre§pondi-ng data is communicated.. In
such instances the timing of the data applied to the multiplexer
35 will also be skewed relative to the half rate clock signal applied to
the multiplexer. This clock skew may be compensated by
operating the demultipléker and multiplexer with antiphase clock
signals. In this mode, interfunction data with skew of up to one
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CLAI M5 1. mﬁ systen1conpr|5|ng a plurality of
bit-serial digi m, WE érocesm ng el enents for processing
bit-serial signafs at f; a source of clock signals, providing
clock signals of rate f and cl ock signals of rate f/N (where Nis an

I nteger); 10 a demul tiplexer, coupled to ang@at@gbggonnection
of on®’of said bit-serial digital signal processing elenents, and
responsive to a bit-serial sigpal of bit-rate f prOV|ded thereby and to

said clock eLAIMEs of rate f and fIN, for parS|ng sai‘tf"bit-serial 15

| of bit-rate f t te f/N;
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of b|t-rate I ng sal |t-r to an
I nput conne@tbéﬁ'SP gnéfher of said b|t- serial digital S|gnal proceSS|ng

el enents. 2. A S|gnalsaﬁ9@esafnglaﬂﬁngﬂ ﬂhng: ﬁ&ﬁ@&; clo#kth claim 1,
said denul t FAUBRAE, OF HaLe § AR, oSk igha e ”f‘z%%é%ﬁféﬁ ihere N
i nt egrated tsranlﬁnt&ger)A si gnal processing systen1substant|ally 30 as
herejgbefore describeq Webil)k9b3eiesS Rdifed " d%utput
connection of one of said bit-serial digital signal
\_/ processing elements, and responsive to a bit-serial
signal of bit-rate f provided thereby and to said clock
signals of rate f and f/N, for parsing said bit-serial
15 signal of bit-rate £ into N parallel bit-serial signals
of bit-rate £/N; and
a multiplexer, having input connections coupled
without intervening processing circuitry to said '
_ demultiplexer, for combining said N parallel bit-serial
20 signals of bit-rate f£/N into a single bit-serial signal
of bit-rate £, and providing said single bit-serial of
bit-rate £ to an input connection of another of said bit-
serial digital signal processing elements.

~ 2. A signal processing system in accordance
25 with claim 1, wherein said plurality of bit-serial
digital signal processing elements, said demultiplexer,
and said multiplexer are realized on a common integrated
circuit.
3. A signal processing system substantially
30 as hereinbefore described with reference to the drawings.
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