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The respective clock signals are coupled in parallel to a-

20 multiplexing circuit which is conditioned by control circuitry to
select a desired one of the clock signals. FIGURE 5 shows such a
circuit arrangement and is representative of apparatus disclosed
in U.S. Patent Nos.4,489,342 and 4,814,879. The number of

_ inverting amplifiers in the cascade arrangement is a function of

25 the desired phase resolution. Consider for example that the
master clock period is 70ns, and that the inherent delay of each
inverting amplifier is one nanosecond. To provide clock signals
with two nanosecond phase differences over one clock cycle
requires 70 inverting amplifiers. Typically, however, a more

30 coarse phase resolution is all that is needed. This can be provided
with fewer inverting amplifiers in the cascade arrangement by
slowing the response time of ones of the amplifiers. This is
achieved by capacitively loading alternate ones of the amplifiers
in the cascade arrangement. For example, in FIGURE 5, the first,

35  third, fifth and all odd numbered amplifiers include a capacitor
load at their respective output connections. The intermediate
(even numbered amplifiers) are not capacitively loaded. The
reason for this is demonstrated in FIGURE 1. FIGURES 1A-1F
illustrate the signal waveforms present at for example the clock




reason for this is denonstrated in FIGURE 1. FI GURES 1A-1F illustrate the
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exemplary circuitry of two successive stages of a cascade

arrangement of inverting amplifiers.) Knowing the amplifier and

load parameters one can design a system as shown in FIGURE 5

which will generate symmetrical waveforms as illustrated in

20 FIGURE 1. '

The waveforms of FIGURES 1A-1E correspond to
signals exhibited at nodes A-E in FIGURE 5. In FIGURES 1B and 1D
the dashed horizontal lines are meant to indicate the threshold
potentials of the successive inverting amplifier stages (i.e., the

(_ 25 minimum potential required to condition the common source
. amplifier transistor, Tn, (FIGURE 6A) into 'cdnduction). At the
point in time, indicated by the vertical arrow, when, for example
the potential illustrated in FIGURE 1B, cross the threshold
potential the following inverting amplifier switches state. Since
30 this amplifier is not capacitiv'ely loaded, it changes state relatively
fast, thereby restoring the clock waveshape.

The present inventors have determined that the
asymmetrical arrangement of alternately capacitively loaded and
non-loaded amplifier stages creates systems problems, which

35 problems arise from the generation of asymmetrical clock pulses,
i.e., clock waveforms whlch do not conform to substantlally
50 percent duty cycle.
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Nominally the design performance will be valid only over a
particular range of. for _example environmental conditions or
device fabrication parameters. If the design.constraints are

20 violated or exceeded, the system performance will change.
Assume for example that the circuit operating temperature is
exceeded resulting in a 50% reduction in rise time exhibited at the
output connections of the inverting amplifiers. (Note that an
assumed 50% change in rise time is an exaggeration, but is

25 convenient for illustrative purposes.) Normally, parametric W -
changes will be significantly smaller, however, since the effect is
cumulative, a small parametric change will significantly alter
circuit performance in a circuit having for example 12 or more
stages. . _

30 ~ Refer to FIGURES 2A-2F which illustrate the effect.
These waveforms are presumed to be generated by like circuitry
to that generating the waveforms of FIGURE 1 except that the
amplifier risetimes are reduced by 50 percent (all other
parameters remaining the same). Comparing FIGURES 1C and 2C it

35 is seen that due to the faster risetime, switching occurs earlier for
the device providing the FIGURE 2C waveforms, consequently the
negative going transitions of the FIGURE 2C waveform occurs
before the corresponding negative going transition of the
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the device s temperature induced changc in threshold; (if the dev1ce is
fabricated on an integrated circuit using metal-oxide-
semiconductor capacitors) a substrate potential induced change of
capacitance; to name but a few.

20
Summary of the Invention
According to the present invention, there is
provided apparatus for generating a phase shifted clock
signal comprising: a clock input terminal for applying a
W 25 clock signal; a plurality of similar inverting

amplifiers, each having input and output terminals, said
amplifiers coupled in cascade, with the input terminal of
the firstmost amplifier of said cascade coupled
amplifiers coupled to said clock input terminal; signal

30 selection means having a plurality of input terminals,
and an output terminal for providing said phase shifted
clock signal; and a plurality of buffer amplifier means
as hereinafter defined, each having an input terminal
exhibiting an impedance, and having respective output

35 terminals, said buffer amplifier means respectively
coupled between respective input terminals of said signal
selection means and the output terminals of alternate
ones of said cascade connected amplifiers; characterized
by: a plurality of like value capacitances respectively
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anplifiers not coupled Brief Description of the Drawings
FIGURES 1A-1F, 2A-2F, 3A-3F and 4A-4F are
waveform drawings useful for an understanding of the invention.




10 "to said buffer anplifier neans. Brief Description of the Draw ngs

FI GURES 1A-1F, 2A-2F, 3A-3F and 4A-4F are waveform dr aneag8sgrf ul for an
under st andi ng of the invention. RCA—85¢3972 FIGURE 5 is a partlal bl ock
diagramof a prior art systemfor generating a phase shifted clock signal.
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FIGURES 3 and 4. FIGURE 7 shows a portion of a clock phase
shifting apparatus including an arrangement, 10, of cascade
connected inverting amplifiers of the type shown in FIGURE 6A,
each stage consisting of a common source transistor, T, and a

20 current source load, I. Output signal from each stage is available
at the interconnection of the transistor and the current source
load. A like valued capacitance, Cp, is coupled to the output
connection of each stage. Buffer amplifiers (INV1, INV2, INV3)
are respectively coupled to the output connections of alternate

25 inverting amplifiers of the cascade arrangement 10. These buffer
amplifiers sharpen the respective clock phases applied thereto
and apply them to an N-to-one multiplexer. Buffer amplifiers
(DINV1, DINV2, DINV3) similar to the buffer amplifiers INV1,
INV2, INV3 are respectively coupled to the output connections. of

30 the intervening inverting amplifiers of the cascade arrangement.
As such each inverting amplifier stage of the cascade arrangement
10 is similarly loaded. Since each inverting amplifier is similarly
loaded, they will exhibit similar output waveforms, for example
the waveforms illustrated in FIGURES 3B-3F. (Note the

35 waveforms 3B-3F correspond to output potentials exhibited at
connections B-F respectively for the input waveform of FIGURE 3A
applied to connection A in FIGURE 7.) - The rise and fall times of
the waveforms of FIGURES 3B-3F are a function of design choice,

~
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load parameters. - - -
Referring again to FIGURE 7 the buffer amplifiers
DINVi are coupled to decoding logic 14 wherein a control signal is
20 generated indicating the one of the cascade inverting amplifier
stages which exhibits a clock phase transition which is closest in
time to a transition of a reference signal REF. ‘The control signal is
applied to the N-to-one multiplexer 20 to select a particular clock
phase provided by the buffer amplifiers INVi. Alternatively, the
25 output connections of the buffer amplifiers DINVi may be left u
unconnected and the - decode/selection function performed in
element 20 as illustrated for example in U.S. Patent 4,814,879. In
this instance the buffer amplifiers DINVi serve only to provide
equal loading for the intervening inverting amplifier stages.
30 Consider that the buffer amplifiers INVi are similar in
design to the inverting amplifier stage of FIGURE 6A including a
common source amplifier transistor coupled to a current source
load. The input impedance of such a buffer amplifier corresponds
substantially to the gate capacitance of the transistor Tn. If it can
35 be predicated that there is little or no feedback between the
output and input of such a buffer, then the buffer amplifiers
DINVi may include only the transistor Tn properly biased to
provide input capacitance similar to the input capacitance of the




applled to the N-to-one nultiplexer 20 to select a particular clock phase
provided by the buffer anplifiers INVi. Alternativelygdheggd72 output
connections of the buffer anplifiers DRINW &remay be | eft unconnected and the
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of circul§ design that Typicallyethe ndrouinlyi 6f FIGUREUTt wdllebe irealikédhfs 7 are
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FI GURE 7 wi | Imag beapdvantageopsiyt realized i nsingr at sandivichi structurehas
Instance the jiaRA4telio{r FKBURES 8A and 8B. FIGURE 8A is a cross section of
a capacitor formed on an integrated circuit including a
20 . semiconductor substrate, SUB, over which are successively formed
a first insulating layer, OXIDE 1, a polysilicon conductor, POLY, a
second insulating layer, OXIDE 2, a first metallic conductor,
METAL 1, a third insulating layer OXIDE 3, and a second metallic
conductor, METAL 2. A capacitance exists between the METAL 1
25 conductor and both the METAL 2 and POLY conductors. The
METAL 2 conductor is coupled to relatively supply positive
potential V+ and may in fact be the V+ supply bus. The POLY
conductor is coupled to ground potential and may in fact be the
ground bus. The METAL 2 and POLY conductors form one plate of
30 a capacitor and the METAL 1 conductor forms the second plate, Cp,
which is coupled to the output terminal of the inverting amplifier.
Note in this arrangement the capacitance value is not at all
influenced by the semiconductor substrate. Further since the
capacitance is formed by two parallel capacitors, it is less subject
35 to fabrication process parameter variations. Thirdly, this design
lends itself to compact circuit design since the capacitor may be
formed over existing supply busses.
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two parallel capacitors, it is less subject 3 5 to fabrication process
paranmeter variations. Thirdly, this design lends itself to conpact circuit
desi gn since the capacitor may be formed over existing supply busses.

RCA 85,972 FIGURE 8B illustrates an alternative arrangenent of connecting

t he respective conductors to forman integrated sandw ch type capacitor. In
the clains the termbuffer anplifier neans is 5 meant to include .
anplifiers, logic inverters, |ogic gates, bistable devices and other &
circuitry exhibiting relatively high signal gain. RCA 85972/ 2073 CLAI Ms:



1. Apparatus for generating a phase shifted clock signal conprising: 5
a clock input termm clock signal; a plurality of simlar

inverting anplifi ers i nput and output termnals, said
anplifiers coupled: i @B%my“ he i nput term nal of the firstnost
anpl i f.ier of said icasta I i fi ré CRTA e8597R £2078 Cl ock
i nput \teerm nal ; signal selection neans ha g~a plurality of input
termnals, and an output term nal for providing saird phase shifted clock

signal; and a plur ZEAIMBT buffer anplifier means as 15 her ei nbefore
defined, each having, an 4 xISkB‘é’fatEt% Nt gSidi &t {nd' % PhdsP sk eq adbdavi ng
a

respective output termn sal d buffer anplifier "means respectively
coupl ed bet V\eeﬁt‘-‘?r%]pe‘é‘?’?%ufm't terminals of said signal selection means

a'hdI t P_e sut put ht erna rkﬁiéc]@fllﬁﬁﬁﬁfmm for Qarml 3 wing | & cbr@acasimt wonect ed
anplifiers; character i ke val ue aci tanges
respectively coupl & Q):L"Pt'/ﬁcei]ehélx h‘gf "ﬁﬁ(ax{ e’rW?rafrJé’%f @dttc TRai%h

anplifiers anchavimg inmit sami;tmntptat. | tyexmpimee bsyt sEEI.d ammhtfe:r&rsal ; and a
plurality of %’ﬂ@ [ting an

i npedance whi g%t@ybs?a%?%ﬁ enful a.vtlelg e % dance ex |b<ﬂ;< y the input
termnals of sfalmﬁmﬂferanfﬁlerOW qmﬁ icaupkad ap kil L1

ci rcui tygreans duugivn ti‘@léaid]m{tod]@rfﬂ Sttt to the out put termnal s

of respective interven es o sai nvert,l lifiers n coupled to
sad buf fer Sl £ 1S e et aaing SR e N coupled L

char act etérneihals f hand i cbwmﬂclﬁmnrﬁbﬁ gredidingrsaid egr at ed
circuit having,d ol Wit ddaa daddy L oda FONdugt ' N9
a plurality of buffer amplifier means as
15 hereinbefore defined, each having an input terminal
exhibiting an impedance, and having respective output
terminals, said'buffer amplifier means respectively
coupled between reépective input terminals of said signal
selection means and the output terminals of alternate
20 ones of said cascade connected amplifiers; characterized
by _ _ . | _
a plurality of like value capacitances respectively
coupled between the output terminals of each of said
W, amplifiers and a point of substantially constant
25 potential; and
a plurality of circuit means, each having an input
terminal exhibiting an impedance which substantially
emulates the impedance exhibited by the input terminals
of said buffer amplifier means, respective ones of said
30 circuit means having their input terminals coupled to the
output terminals of respective intervening ones of said
inverting amplifiers not coupied to said buffer amplifier
means.

2. The apparatus set forth in claim 1 further
35 - characterized in that said capacitances are formed on an
integrated circuit having a plurality of levels of conducting



- 11 - RCA 85972/ 2073 el erren eparated by insulating
| ayers, one plate of said capacitanc mﬁgﬁm& , !Bducti ng el enent of one

| evel di sposed between two conducting=+ele pectively different
| evel s, said two conducting elenents formng a second | ate of said
capaci tance. 3. The apparatus set fortﬂlln\clalwanGﬁH%£§7%£&97%ﬁ sa|d=
inverting anplifiers conprises a conplementary symetry

nmet al - oxi de-sem conductor inverter circuit, each of said buffer arrpl [ f iers

conpri ses alenenteneespectivelymseparated Hy (msdhmng) lagers;ontiec iplatei mfer t er

Compr tsesf daid %ﬁé@@?ﬁ teRios 2 SgEE Hednf o o, Ietic, o

circuit. wpes phetavesn sbvof conducting | elementsuof hzespaesivelyeri zed in

that each Cﬂlfﬁﬁfbﬂt VER, | 54100Tw8) [cthiductiiB"8IdiAEnAN fAnA DA sdcBfd nal . and”
ving a pIurallty

in that sai afratu er |nc u ecoder means,
of i nput Std?ﬁf Ms fARaCY@neec oupl ed to the output termnals of said
circuit nmeans, * and responsive to a reference signal, for generating a
control si gnal i ndi cating which of said circuit neans exhibits at its 20

respective out put ter3n NJthe appafitas det fortt Ilﬁncﬁhﬁseswe?cfd @chOof Si gnal

transition Qf ,said =ferenc nal ; and nmeans or cou I ng said cont roI
signal to Saidn Eﬁ"ﬁ1 '@P?(iﬂ%n%p“ges a pGpaPl st BRmaTy
her ei nbef ormem-@aslcrsdmlbonductoefm Tc@rdingueacﬁ oﬁpka@d’oﬂffeﬁs

modi fi ed by, dibfffels 6'3035;)1@?(:@”9/ anﬂyleﬁ\%ﬁr 8@&&m§t¥y0fmé&? SGgeIPanyi ng

dr awi ngs.
10 semiconductor inverter circuit, further characterized in -that each

of said circuit means comprises a complementary symmetry
metal-oxide-semiconductor invertor circuit.

4. The apparatus set forth in claim 1 further
characterized in that each of said plurality of circuit means has an
15 output terminal, and in that said apparatus further includes:
decoder means, having a plurality of input terminals
respectively coupled to the output terminals of said circuit means,
-and responsive to a reference signal, for generating a control
signal indicating wlnch of said circuit means exhibits at its
20 respective output terminal, a signal transition closest in time to a
signal transition of said reference signal; and
means for coupling said control signal to said signal
selection means.

5. Apparatus substantially as hereinbefore
25 described with reference to Figure 7, optionally as
modified by Figure 6A or 6B and/or by Figure 8A or 8B of
the accompanying drawings.
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