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Technical Field of the Invention

The present invention relates generally to digital signal processing
circuits and more specifically t¢ a transparent latch and circuit appa-
ratus for both generating and verifying parity as a function of the data
_hold at the latch.

Background of the Invention

Referring first to Fig. 1, a circuit 10 is shown for bidirectionally buffer-
ing digital signals between, for exarhple, first and second digital signal _
buses 12, 14. For purposes of explanétion, buses 12, 14 will be de-
scribed as 8 bit data buses.

Circuit 10 includes eight, generally parallel connected, bidirectional bit
buffer circuits, indicated at B0-B7. Bit buffer circuits B0-B7 are identical
in construction, and only circuit B0 is described and shown in detail

et

herein. _ -

Bit buffer circuit BO comprises two generally parallel bit buffer paths,
the first pat;h comprising a receiver 16, latch 18, and driver 20 con-
nected seriatim. In the second of the bit buffer paths; a receiver 22,
latch 24, and driver 26 are also connected seriatim, and in opposite
order to the corresponding components of the first path. Receivers 18,
22 comprise conventional [ogical bit receivers. Drivers 20, 26 comprise
conventional logical bit drivers, each including a cbntrol terminal 23,

30, respectively, for selectively placing the output in.an active: or a,l
high-impedance staté. Latches 18, 24 comprise cp}‘\v“e‘htlo%al &avspc -

- i,,‘! .
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the first pat;h conprising a receiver 16, latch 18, and drlver
hected seériatim In the second of the bit buffer pd ]
| at ch 24, and”driver 26 are al so connected seriati
to the correspondi ng conponents of the first -path.
conprise conventional |ogical bit recebvers. Drivers 20 26 corrprl se
conventional |ogical bit drivers, each including a control term nal 28, 30,
respectivel y, foentslelabes; eanWianLmliJimg cohtrobterminalia2, a4, mspectevely, far

hi gh-i npedance s 8, conprjse convent, onal nspar - ent
| at ches, each i néé [vebﬁéF ghc?l Ia?é} M ﬁaF{C\S?Sd ofypagsd E)oelﬁl\ b@l Jrange,
sel ectlvel y pl acpa{rgnt)rsﬁatbatch in a latched or pass-through (i.e. trans-

parent) state. A parity generator 36 is provided, the inputs of the parity
generator being connected to the inputs of receivers 16 in-each of circuits

BO-B7. Parity geneiitprgenerft6F 6 'l§%$0\ﬂd§d)nt‘h6rihb9t@36f tRapdrity ‘denemitoPf
| ogi cal excl usive-OR gates. For purposes of explanation, a rrem)réﬁdew ce

38, for exanple %F'B?ﬁaﬁ'i‘%c"?‘b%%'ﬁ%fés@ regaivars 16RMBpCh pEcisebtaBE: nect ed

to data bus 14. parity generator 36 comprises a conventional parity “tree” of logical

exclusive-OR gates. For purposes of explanation, a memory device 38,
for example a dynamlc random access memory (RAM), is shown con-

nected to data bus 14.

In operation, circuit 10 functions generally to bidirectionally buffer data
between buses 12 and 14. In one exemplary application, bus 12, 14
function aé local data buses in a computer system (not shown), with
bus 12 interfacing a microprocessor and bus 14 interfacing memaory 38.
In accordanée with its buffering function, when data is to be communi-
cated from bus 12 to bus 14, an appropriate signal is applied to control
terminal 30 so as to place driver 26 in a high impedance state. Data, in
the form of a high or low logical bit 0, is sensed by receiver 16 and
converted to another logical level (i.e. 1 or 0). Receiver 16 thus func-
tions in a standard manner to convert widely ranging levels of input
signals to narrower ranging levels of output signals. A signal is applied
to control terminal 32 for appropriately latching or passing bit 0
through latch 18. The data at the output of latch 18 is then sensed by
driver 20, which is controlled via terminal 28 so as to be in the active
mode for driving bus 14. Data is transmitted in substantially the iden-
tical manner from bus 14 to bus 12 via the path including receiver 22,
latch 24, and driver 26. Parity generator 36 provides the capability to
generate a parity bit responsive to the data on bus 12. When such
parity generation is desired, the data on bus 12 is frozen for at time
sufficient to permit parity generator 36 to operate on the data and
generate the parity bit. Parity generator 36 further provides the capa-
bility to generate a parity bit responsive to the data on bus 14, with the
data either being latched in or passe?’ through latch 2_4.
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In oberation, circuit 10 functions generally to bidirectionally buffer data
bet ween buses 912 and 14. In one exenplary application, ﬂ_ig_‘,;__agction

as local data ‘buses in a conputer system (not shows
i'nterfacing a mcroprocessor and bus 14 interfaci :
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14. Data is transm anti a manne rom bus 14
to bus 12 via tvide pdddicalnolvsigna] (ews @i ter o@Put teamirial . 2rhis driderdeiroudr 26.

responsive to ThECAsE 8 IR e SRREN comatish A O/ BRer AP IR’ Pdesi red,
t he data on buwididgicarientfirom &dirstabrrhinePtoSalbécaridetetminal peaddordgrei ty
generator 36 t (\Jﬂigp g rs{a’lg;neal %%p‘igg a %t gon?poq terminal thereof, the first transistor

having a control tefminal connected to the input terminal and a second

terminal connected to a reference potential; means for applying a sup-

ply voltage to the first terminal of the first transistor; the first terminal

of the first transistor connected to the first driving means; a second

transistor having a second terminal connected to the input terminal;

means' for applying said supply voltage to the control terminal of the

second transistor; and the first terminal of the second transistor being

conne'cted to the second driving means.
Brief Description of the Drawings

These and other objects, features, and advantage% of the invention will
be apparent from a consideration of the following description and
drawings, in which:

Fig. 1 is a block diagram of a transparent latch circuit .constructed in

accordance with the prior art; and

Fig. 2 is a simplified block diagram ilfustrating the logical connections
of the transparent latch circuit constructed in accordance with the

present invention.

Fig. 3 is a block diagram of a buffer and parity generating circuit'cqn-

structed in accordance with the prior art and described hereinabove;
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generate the parity bit. Parity generator 36 further provides.the capa-
bility to generate a parity bit responsive to -:,..=r—, fiwith the
data either béj ng latched in or passed through WS\E‘E}E CED?' Whe appl i ed
in a conputer environnent of the type descri bed) .‘,. ==+ exhi bits
t he substantial disadvantage of interBupting dats=

nsm ssion on bus 12
whenever it is sired.t enerat arit [ More specifjcally, when
parity is genergﬁﬁa Wé'ﬁgdg ?fa?'@“’(?ﬁn{ﬁﬁ’g oigw,e ¥Re cfféf‘& gtgov[% frozen
on b:JS |12, f\% acf&'d:mtﬂﬂgé)fhlbﬂts?lfﬁe tsﬁbahhw maaa\t«ahtmgf dhtefrugling Qatainct i ﬁn.
Simlarly, en | s desir enerate a, parit It res e to the
data on bus 14, trt"ﬂ%mﬁﬁ‘toé‘ ?ﬂJS‘f's %g“&FB%Fﬁ ihis %%éreflélo&eqeéqteﬁggarﬁ%\ﬁ tatch 24.
In either of thakee @pedfxtalqmvhehrparnlﬁts':lgér&rafsﬂsmboﬂéwé e detatguibuef driver
26, and thus it sar 0|nterrut ta tr nsm s us 12
SUMMARY OF THE F#«\}EW? pet g 11926m08ch ”sbfg fRe ap&'@&esrﬂfs‘?'ﬁ"{}etﬁt?'
anel i orate one par:ﬂytgeaechteaﬂ@Mam Gimiiady, whet it Brdesirdddo genergte o one
aspect of the prese vention there._is I‘OVI rat f buffering-
and parity checﬁlpﬁﬂpyd 'ér}F%ﬁonéb‘l’teamgg heﬁ %e?%eggafmi"g eaﬁaz%'bcond dat a

on bus 14 or latched in latch 24. In elther of these conditions, the data

is present at the output of driver 26, and thus it is necessary to inter-

rupt data transmissien on bus 12.
Summary of the Invention

A principal object of the present invention is to provide a truly trans-
parent latch circuit which provides latching of data without imposing
any significant deléy between input and output devices.

Another object of the present invention is to provi_de such an apparatus
including new and improved latch and driver circuits which provide

increased speed of operation.

Yet another object of the present invention is to provide a driver in-
cluding a phase splitter circuit which provides the driver with in-
creased speed but requires no significant increase in power
consumption.

In accordance with the present invention, a transparent latch circuit is
provided which is responsive to a logical control signal for holding a -
data signal at a circuit node. This transparent latch circuit comprises :
means connected to the circuit node for applying the data signal to the
circuit node; means connected to the circuit node for sensing the data
signal; latch means connected to the circuit node in a T-connection with
the data applying and sensing means for selectively holding the data
signal; and actuating means connected to the latch means for actuating
the latch means to pass through the data signal or hold the data signal

on the circuit node regardless of the state of the data applying means.
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buses, conprising: a plurality of bidirectional bit buffer circuits, each
of sald bldlrectlonal bit buffer circuits including, a first data path
conpr|5|ng a feceiver having an input connected to said first data bus and
an out put connected to a circuit node, |atch nmeans having a term nal
connected to said circuit node for sel.ectively holding data at said circuit
node, and a driver having an input connected to said circuit node and an

out put connect epigt & fRadbIBER X} %ﬂm %ftausuff@r %ﬁe%uﬂmsiadéxepﬁmg ePEmf L sing a
receiver having an in ut connec to said second data bus and an out put

connected to a WPPER the\gaasrarsat lrteh may baumsad ascerting fathe Bresept ed to
said circuit noggehtisn;sel ectively holding data at said-circuit node, and a
driver having an input connected to said circuit node and an out put
connected to said first data bus, means for controlling said drivers to

sel ectively pl agg. 5R9s 9Uchéihatié d%«'gy&nc&’f'twép&s%r%aasﬁchvcﬁcéﬁs ¥img or high

i npedance state, ‘and nmeans for controlling each of said data | atches to

sel ectively hol #iimelemented W@'E@'ﬁfé@ﬁé‘ﬁtﬂrdgg'éi rcuit node or to permt the
out put of the receiver at the corresponding circuit node to vary the data
at the corresponding circuit node; and parity generating nmeans connected at
said first dat aF|9a§g isi 2 sahemalini diaaramaghthef deverdcimguil pEEig dnimplei t buf f er

4 circuits for ggn@aqﬁlwlgrpgﬁglgmrmﬁgal responsive to the data at said
first data path circuit

Detailed Description of the Invention

Referring now to Fig. 2, a circuit 50 constructed in accordance with the
present invention comprises eight bidirectional bit buff_e_rj circuits C0-C7
connected intermediate a pair of data buses 52, 54, and a parity gen- |
erating and checking circuit 56. Circuits C0-C7 may conveniently be
identical in construction, each bidirectionally buffering a single bit line
(not shown) between data buses 52, 54. For purposes of explanation,
only circuit CO is shown and described in detail.

Circuit CO comprises two parallel connected data paths, the first path
compriéing a receiver .57, a latch 58, and a driver 60 connected
seriatim between buses 52, 54, respectively. - The second -ciata
path in circuit CO comprises a receiver 62, fatch 64, and driver 66
connected seriatim between buses 54, 52 respectively. Drivers 60, 66
each include a control terminal 61, 67, respectively, for selectively
placing their outputs in either an active driving or high impedance
state. Laiches 58, 64 each include a control terminal 59, 63. re-
spectively, for selectively latching or passing through the data at their
inputs. Preferred embodiments of these components are described

herein below.

Continuing to describe Fig. 2, a parity generating circuit 68 is zon-
nected at the output of latch 58 of circuit C0O, and toc the output of the
corresponding latches in circuits C1-C7. Parity generator 68 is thﬁs
positioned to generate a parity bit responsive fo the data at the octput



nodes. According to another aspect of the present invention there is
'providedsin a:conputer including at |least first and second data buses for
conmmuni cating data, apparatus for buffering and parity checking digital
data communi cat ed between first and second data buses, conprising: a
plurality of bidirectional bit buffer gircuits, each of said bidirectional
bit buffer circuits including, a first data path conprising a receiver

havi ng an i nput ot thenlabdhed. t Paity dgérierator d&l @reiesabiy ccomprises pallogicainect ed to

a circuit node, h.r i terpinal. c t ed. ' Lrcuit
node for sel ect F\%‘gpg&ﬁﬁ?@%‘pzﬁgt Q%aglps?al‘e’g&gﬁr@u?@oﬁ\gﬁggléﬁgﬁ%@ﬁuﬁéer havi ng
an i nput connecBedletin Vohirde c16,cMot 18ogpegald4hn out put connected to said
second data bus, a second data path conprising a receiver having an input
connected to said second data bus and an output connected to a circuit

noFIe, | at ?:h hrre?garityagéng-aaortes _ric«f]I RGhneve ecﬁtgdoﬁtputzai dodm! ﬂheuhﬁutnad& for
sel ectively .holdin ata at circuit n .and a dri ayi an i nput
connected to saPﬁ”@i ‘?fé‘(ﬁ’tc‘rﬁb‘ﬁ?"aﬁﬁ‘a‘ t&ﬁ 'Qﬁﬂtﬁgfﬁg%ﬁﬁféf@a'vfﬁ%ﬁﬁtefi st data-
bus, neans for Parity dlivemgiraut @0 thdludessa conivel eiinat|7g fpt aslectidyeamut put  of
said drivers in act.i. V] r ,high i dance, st at d neans for
controlling e.acﬁg‘gfe gé‘(‘ﬁsd‘g{ (,QY#H;,? rgﬁggar{c% g%@its?%}& 9"% aﬂoﬁﬁcg{éf‘ & the
correspondi ng cbeiagidonnecteddo the oppuboi a ganthi(t.pudenefats ar dheckcgdrver at t he
correspondi ng cj | L ‘ . sSpongi. circuit
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node; and parity’genera means conne rst path circuit
node in each of ceiwen 78ihéisr aatinputal9 lsbnnéntéd dn commaon twithf the getput afi ng a

parity signal rgsRgNRiER 700ah8 andltGutonfBtdd td aectid TpRRbhghk 7oui t

An error driver 80 is connected at its input to the output of gate 72. 'For
purposes of explanation, a memory device 84, for example a dynamic
RAM memory, is shown connected to bus 54. Gate 72, receivers 74,
78, and Idriver 70, 80 comprise conventional circuits. '

In operation, through the application of appropriate sighals fo_latch
control terminais 59, 63, driver control terminals 61, 67, 73, and the in-
puts for receivers 74, 78, circuit 50 can be operated to generate parity
for data on either of buses_52, 54 without interrupting the operation of
the buses. Circuit 50 can further be operated to check the parity of data
. on either of the buses against a stored parity bit. Upon cbnsideration
of the operation of circuit 50 as described below, many useful buf-
fering and parity related functions -will become apparent to the

reader.

For purposes of explanation, the operation of cit;cuit 50 will now be
described_ with respect to block diagram Fig.2. Described first will be
the operation of circuit 50 required to generate a parity bit respon-
sive to the data on bus 52 and drive that par'ity bit with the associated
data onto bus 54. To perform this function, controif terminai 59 is
operated to hold the data on bus 52 in latch 58, bus 52 tﬁen being free
for subsequent data communication. Driver 60 is controlled via ter-

minal 61 to place it in its high impedance state while it is desired to



nodes. According to still another aspect of the present invention there is
providedsn arcircuit of the type including nmeans connected to a circuit
node for applylng a data signal to said circuit node, neans connected to
said circuit node for sensing said data signal and, a transparent |atch
circuit responsive to a logical control signal for holding said data signal
at said circait node, said transparent )atch circuit conprising: latch
means 4a connected to said circuit node in a T-connection with said data

applying neans yagslhasisd o?ﬁ&%hé@a&ﬁl%”ﬁné 5 #Baeqpm ﬁ@'axmbphﬂmg stakd dath a

signal at said circuit node; and actuatlng ns connected to Said |atc

means for del i veMhas itsis desitryl oadrivestheraiched gata outoniathe bug. c Genishks and
actual ing sai d | HahvoFans dMupAEs 1o oy el 7121 apShgngenglatdiokd sai d

data signal at said circuit node regardl ess "of the state of said data
appl yi ng means. REEHPOS g wEnyeEte aplotitseputbiiber t PRIty Rt resRansiie forfbent i on

there is provi deg.tﬁabéuwa%&% Mﬁ&‘b‘? d‘Fl‘vEFéJGG .ﬁ %ﬁemeéb\secﬁ O This! R4HtE 2l
control signal for ho g an input circuit at a“’
circuit node, coRi}i$ maﬁs aVé‘"PP'resﬁt "(“i’ QH@PH pf PB’f“tYd'reGﬂVBTﬁ doracesrd-f rom a

first term nal tané WREQNHairfadUahtdge oF tAE pRESERD ifvemibh, tﬁeqdaﬁlfsabf&awl ied at
a control termnal thereof, said first transistor havin first term nal
connected to saj P bus d21s thus generated and made available with t at data, without

interrupting the operation of either bus 52 and 54.

If it is desired to check the parity of data on bus 52 against a previously -
generated and stored parity bit (for example stored in memory 84),
circuit 50 is operated in a manner identical to that described above,
with the exception that gen/chk receive 74 is operated to enable gate
72 and disable parity driver 70. The stored parity bit is applied to input '
terminal 79 of parity receiver 78, and i8 thus-compared with the output
of parity generator 68 at gate 72. If the stored parity bit does not com-

. pare with the newly generated parity bit, an error signal, i.e..a logical
zero, is driven at the output of error driver 80.

Next will be described the operation of circuit 50 for generating and
driving parity responsive to the data on bus 54. To perform this opera-
tion, control terminal 63 is operated to place latch 64 in the transp;rent
mode. Driver 66 is placed in its active state, and control terminal 59 is
operated to hold data from bus 54 in latch 58. Once the-data from bus
54 is held in latch 58, control terminals 61, 67 of drivers 60, 66 are op-
erated to free buses 52, 54 for further data communications. Gen/chk
receiver 74 is operated to place circuit 56 in the parity generating mode
as described above. Operated thusly, a parity data bit responsive to
the data on bus 54 will be generated by parity generator 68 and made
available at terminal 79. The corresponding data is available at the
output of latch 58, and can be read on bus 54 through driver 60, or on
bus 52 through driver 60, receiver 62, latch 64, and driver 66. It will
thus be understood that the parity for data on bus 54 can be generated
without interrupting the communication of data on either of buses 52

or 54,
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Gircuit node and a second termnal coupled to a reference potential; neans
for applylng sadid control signal to the control ternminal of said first
transi stor; a second transistor having a first term nal connected to the
control terminal of said first transistor and a second term nal connected
:to said reference potential; a resista connected internediate said circuit
node and a control termnal of said second transistor; and neans responsive
to said logical control signal for generating a second control signal
operative to isolate said circuit node fromsaid input circuit when said -

| atch is acti vatihd gaoityhof diataaindbigaidcan e eheckedsjathst arstaret pasithebit

DESCRI PTI ON OF THE PREFERRED ENBCQDI MENT(S) These and ot her objects,
features, and ad¥atREBW Gircyihaliin A Aangar ifenticaktoatish denerite: abrye.
consideration OlyififebRbddtithiRattRhAHKIELA0eA P iR BE o dlsdptarlly Fio. 1
Is a block diagramof a transparent latch circuit constructed 1 n accordance
with the prior driver a0d. Ei plac@ itiis the fighpimpedznichIstaté) ahdaglarengatd ¥@t r at i ng

t he | ogi cal conneﬁ{?i ons of éhe\’%hanspahr ePt latch circuit constructed in
accordance with'l ?ﬁ?'é@ém 9§ ALhersncheekfatay 5 4 bl ock di agram of a
buffer and parity generating circuit constructed in accordance with the

prior art- and descri bed herei nabove; '
It will thus be apparent that, through appropriate control of the latches

and drivers in circui{ 50, parity can be 'generated and checked, for data
on buses 52, 54, without stopping the data communications on the
buses. It will be understood that, for many data communications, it is
necessary to keep both data buses 52, 54 free during generating or
checking of parity. For example, when bus 52 is waiting_ on data from
bus 54, it may not be necessary to keep bus 52 uninterrupted. In such
circumstances, parity can be generated or checkéq without latching
data in latches 58, 64. For such a data transfer from bus 54 to bus 52,
latches 58, 64 can be set in the transparent mode, and driver 66 placed
in its active state. Data is then held on bus 54 for a time sufficient to
permit parity generator 68 to function. Parity generator 68 then gener-
ated a parity bit responsive to the data on bus 54: and makes that__par-

ity bit available at output terminal 79, with the data at driver 66.

It will be understood that, depending on the data trar}:?fer and .parity
generating/checking requirements, circuit 50 can be operated to per-
form a variety of functions. More such functions not already described
above are set out in Table 1 below, wherein: X indicated that the con-
trollable status of a component is irrelevant, Hi-Z indicates a high
impedance state for a driver, and the remainder of the description is

self-explanatory from a consideration of the above.



Fig. 4 is a block diagram of a buffer and parity generating circuit
wherei n tzhe tr;ansparent |atch nmay be used -according to the present.
invention; Fig. 5A is a schematic diagramof the receiver and | atch
circuits of Fig. 4 inplenented in bipolar transistor logic. Fig. 5Bis a
schematic diagramof the driver circuit of Fig. 4 inple- nented in bipolar
transi stor logic; Detail ed-Descriptign of the Invention Referring nowto
Fig. 2, acircuit 50 constructed in accordance with the present invention
conpri ses eightTableikectional bit buffer circuits C0-C7-connected
intermediate a pair of data buses 52, 54, and a parity @gpcnk€rating and
checking circuit 56. GCrcuits C0-C7 may_conveniently be identical in
construction, e4¢ftbi di%EERi ondEYPrhuf ARG a STNBI e KR¥IW ne (not shown)
bet ween data busges 52, @&4. For gsur posesé®df expl anati on,Fuaedigncircuit C0 is
shown and described in detail. Crcuit CO conprises two parallel connected

data paths, theTTrsSt path conprising a receiver 57, atatch 58, and a
driver 60 connet®®e¥ sertatim HBdtiween bfises 52, 4, respecietely. The

second data path in circuit CO conprises a receiver 62,pakadyCénh 64, and
driver 66 connected seriatimbetween buses 54, 52 r(%%Qeo%tgu\éegzy. Drivers 60,
66 , : _

Trans = "Trans * Active HI-Z CK check
parity on
. data on bus 54

Trans X HI-Z Active Gen generate
parity from
data on bus 52

Trans Trans Active HI-Z Gen generxate
parity from
data on bus 54

Referring now to Fig.3, preferred embodiments of t-he réceivers 57, 62,
latches 58, 64, and drivers 60, 66 are shown. For purposes of explana-
tion, the reference numbers from the first set of components are ysed.
It will be seen that latch 58 and driver 60 comprisp signiﬁcént in-

ventions in and of themselves.
Receiver

Describing first receiver 57, a transistor T2 has an input terminal 90
connected at the collector thereof, and a shorted base-emitter junction
connected to the base of a transistor T4. A supply voltage, indicated
as Vcc throughout, is supplied to the base of transistor T4 through a
resistor R2, and to the coliector of the transistor through a resistor R4,
The base of transistor T4 is grounded to a circuit ground through a

capacitor C2.



eath include a control term nal 61, 67, respectively, for selectively

pl acing theisr outputs in either an active driving or high inpedance state.
Latches 58, 64 each include a control termnal 59, 63. re- spectively, for
selectively latching or passing through the data at their inputs.
enbodi ments of these conponents are descri bed herein below Continuing to

descri be Fig.

2, a-parity generating circuit 68 is con- nected at
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e eaonllactor \jenddions) Agresistdri R is npadecied intermpediats titee,
ase of transistor T6 and the collector of transistor T8, and a resistor
R8 is connected between the collector of transistor T8 and ground.

Supply voltage Vcc is supplied to the collector of transistor T6 through

a resistor R10.

In operation, when a logiéal 0 is applied to the collector terminal 90 of

transistor T2, T2 functions as a diode drop. With standard TTL logic

levels (i.e. logical low/0 = 0.6 V, logical hi/1 = 2.4 V, Vcc = &V), the - '

emitter of transistor T2 sits at one diode drop above the collector, or
about 1.4 V. The emitter of transistor T4 is sitting at two diode drops
above 'ground, and hence the transistor remains in an off state. The
collector of transistor T6, indicated herein as circuit node A, is at a
logical 1. When a logical 1 is appliea to receiver 57 at terminal 90, the
emitter of transistor T2 i8 at a voitage sufficient to turn on transistors
T4, T6, and T8, driving node A to a logicat 0. It is thus seen that the

"output” of receiver 57, i.e. the logic level at node A, is the inverse of

the input at terminal 90.
Latch : . =

Referring now to Figs. 4 and 5 in addition to Fig.3, Fig 4 shows a sim-
plified block diagram of a prior art "transparent” latch 94 connected
intermediate, for example, a receiver 92 and driver 96. Even though the
latch can be activated to pass data through without holding (hence its
name “transparent”), it still includes transistors (not shown) in series
between the input device (receiver 92) and the output device (driver
96). Even when latch 94 is oberated in the pass-through mode, these

transistors contribute an undesirable delay to the data.

term nal
this



bei ng connected to the output of a gen/chk (i.e. generate or check par-
ity) receiver:;74 and to an enable termnal 76 on gate 72. A parity re-
ceiver 78 has an input 79 connected in comon with the output. of parity
driver 70, and an output connected to .a second input of gate 72. An error
driver 80 is connected at its input to the output of gate 72. For purposes
of explanation, a nenory device 84, f@ar exanple a dynam c RAM nenory, is
-shown connected to bus 54. Gate 72, receivers 74, 78, and driver 70, 80
conpri se converiRefering raw & Figs 5, a sinpliedthlesk dingrasughrechivenppllatcht i on of

appropriate siggabgqg rd?ivéﬁé Elugﬂ’gfers%?tt @itmtﬂé‘la?crﬁgf thg%x}# ;gn‘%nﬁ@rpt rol

termnals 61, 67, 73, and e I n- recelvers ircduit 50 can
be operated to f‘gj’e?fé'fl%lii'@"iioafq pyslfl@medjmt@rmdl@tetthermmt (mrﬁ apd wi t hout

i nter T upti g { R ARQEALEOED) o thFatl Sl 67 UiakctPhs GAR Uk 8@large oper at ed

to check the parit data on eilt e buses dgainst a stored parity
bit. Upon consigiiertixalymomtectaseinopErtyne eennectien te ppde AoHgaceidaieh 5Bed bel ow,

many usef ul bufcnnfrmutésgnarwgrnﬁéarﬁwew i o £.pns|t bSER BihkéerP RScRRRraPPar ent
to the reader. For purposes of explanation, The operation of circuit 50

will now be de$éranedriNGrdl- r espect to bl ock di agram Fig.2. Described first
wi Il be the operation of circuit 50 required to.generate a parity bit

respon-
_ Referring now to Fig.3, latch 58 includes a transistor T10 connected at

its collector to the base of transistor T6. A Schottky diode D6 is con-
nected across the base-collector junction of transistor T10. The emitter
of transistor T10 is connected in parallel to the collector of transistor
T8 and to ground through a capacitor C4. The base of transistor T10 is
connected to a transistor T12 through a pair of series- connected re-
sistors R12, R14, the junction of the resistors comprising a control ter-
minal indicated at 98, Transisto-r T12 has its base connected to the
collector of a transistor T14, and its emitter connected in common to
the emitter of transistor T14 and to the shorted base-emitter junction
of a transistor T16. Schottky diodes D8, D10, and D12 are connected
across the base-collector junctions of transistors T12, T16, and T14,
respectively. The collector/cathode connection of transistor T16 and
diode D10 is connected to ground, and'the base of transistor T14 is
connected to circuit node A through a resistor R16. -

In operation, a logical high signal is applied to terminal 98 to activate
latch circuit 58 to hold the logical signal present at.nod‘e' A. Describing
first the latching of a logical 0 at node A, with control terminal 98-low,
transistors T4 and T6 are on, and hence node A is pulled to a logical -
low state and transistor T14 turned off. When a logical high signal is
applied to terminal 98, transistors T10 and T12 turn on, the collector of
transistor T10 is pulled to a logical low state, and transistdr T6 is
turned off. Node A is thus latched at a logical low {or 0) state regard-

less of any changes at input terminal 90 of receiver 57.

- Describing now the latching of a logical 1 at nede A, with control ter-

minal 98 at a logical low, T6 is off and T14 is on. T12 and T10 are off.



sive to the data on bus 52 and drive that parity bit with the.associ ated
data onto bus 54. To performthis function, control ternminal 59 is operated
to hold the data on bus 52 in |atch 58, bus 52 then being free for
‘subsequent data comuni cation. Driver 60 is controlled via ter- mnal 61 to
place it in its high inpedance state while it is desired to keep bus 54
otherwi se active; and to place it in i®s active driving state when it is

desired to drive.the,l atched data out onto the: bus. n/.chk receiver 74 is
controlled to d?@é’ﬁi g'eg\écﬁgg??q "Ogérllk]trﬁp'&éﬁ%trsa? lpgicat c‘&Fﬂh@ﬁ?@C@ener ate

gt its output amgmb[gy!abistamﬂ&ﬂﬁaﬁérctﬂinbm& be ehable tﬁd@dtbiﬁhl‘é}’ﬁsﬁoﬁm i Eput of
rivers 60 in circuits CO-CZ,.This ri it .is e gvail able at, the

out put 79 of par Qﬁjjs {rgﬂﬂﬁ%r%%éf‘ aprfﬁgﬁt@@{ﬁa%ﬂﬁ@rﬁgﬁs{ PHEVAT dHTEHt age of

t he present i nvemtamhholdsetraresistoly TObffdWith tpandisterSP1d and e sifgatdy At ed and

made avail able w th at ., data, .w thout interrupti t he operatiqn of either
s 55 and 4. 17 heid #EA il nidh PRt oh e iR te regRBE D i s

agai nst a previ oninhly9@enerated and stored parity bit (for exanple stored in
menory 84), circuit 50 is operated in a manner identical to that described

above,
It is thus seen that the basic holding action of latch circuit 58 is effected

by the above desgribed connection of transistors T12, T14, as con-
trolled by the signal applied to terminal 98 to hold the logical signal at
node A. Transistor T16 functions solely as diode D10 to raise the emit-
ters of transistors T12, T14 one Schottky diode drop above ground.
“Transistor T10 functions to provide a signal at its collector for feeding
back to and disabling receiver 57 80 as to prevent any changes at input

90 of the receiver from appearing at node A.

Driver

Referring now to Fig. 3B, a new and inventive circuit arrangement for
driver 60 is shown, the circuit generally comprising seven functional
components: a phase splitter 100, impedance controller 102 (shown in
two separate blocks), high level driver 104, low level driver 106, DC
up-level clamp 108, beta degradation clamp 100, and overshoot clamp
112. For purposes of description, the functional components of driver

60 are generally described as indicated below.
Phase Splitter

Examining first phase splitter 100, a transistor T20 has ifs base con-
nected to the emitter of a transistor T22, this junction being connected
to circuit node A (Fig. 3A). A pair of Schottky diodes, D20, D22, are
connected across the base-collector junctions of transistors T20, T22,
respectively. As will be described in further detail hereinbelow, it is
this new and improved arrangement of phase splitter 100 which pro-
vides driver 60 with increased speed for comparable power in com-

parison to prior art drivers.



with the exception that gen/chk receive 74 is operated to enable gate 72
‘and di sable parity driver 70. The stored parity bit is applied to input
termnal 79 of parity receiver 78, and 18 thus conpared with the out put of
parity generator 68 at gate 72. If the stored parity bit does not com pare
with the newy generated parity bit, an error signal, i.e. a |ogical zero,
is driven at the output of error driveg 80. Next will be described the
operation of circuit 50 for generating and driwving parity responsive to the
data on bus 54. To performthis opera- tion, control termnal 63 is
operated to place latch 64 in the transparent node. Driver 66 is placed in
its active stat edighngveoDtived term nal 59 is operated to hold data from bus
54 in latch 58. Once the data frombus 54 is held in latch 58, contro
termnals 61, 67 of drivers 60, 66 are op- erated to free buses 52, 54 for
further data commhgniatiatiorns transistartiRorie connested fo tise bpsy af @ trahsisfdrace

circuit 56 int ar,i.t atin ecrlb ove Opera ted
thusly, a pari tlfzé af“gf(t'gfegs‘% u[ltoﬁglﬂ@ng %UQR fl‘"%g '
gener at ed by parresigtoyeR20.aTte cGWececrrdofrra'dasxmal'ITZetbisecmtndctHdﬂmabpﬁls The
correspondi ng da i val > at. t be read
on bus 54 throud}ﬁﬁaggﬁ‘fwﬁ,ﬁgh% 'geﬁ'st) %; B#tt%g%% g‘ﬁe‘.\&%'?gf@?%ﬂgggo?ver

| at ch 64, and drli28eThdéEémitidr ot/itn‘dns'lstw@'%es conterctedtacthetsse ol rapsistary for
data on bus 54 Gap be generated

Low Level Driver

The base of transistor T22 in phase splitter 100 is connected through a
pair of series connected resistors R24, R26 to the collector of a tran-
sistor T28 in low level driver 106, the junction of the resistors being
connected to supply voltage Vcc . The collector of transistor T22 is
connected to the base of transistor T28, and the emitter of the latter
transistor is connected to circuit ground through a resistor R28. The
base of transistor T28 is connected to the collector of a transistor T30
through a capacitor C20. The base of transistor T30 is connected to the
emitter of transistor 728, and to the emitter of transistor T26 through a
Schottky diode D24. The emitter of transistor T30'is connected directly

to the circuit ground.
Impedance Controller

Impedance controller circuit 102 comprises two circuit portiohs, the
first including a pair of trahsistors T32, T34 having their collector-
emitter paths connected in series between the collector of transistor
T22 and ground. The base-emitter junction of transistor T34 is shorted
in parallel with a Schottky diode D26. A Schottky diode D28 is con-
nected across the base-collector junction of transistor T32, and a con-
trol terminal 120 is connecfed to the base of the transistor through a
resistor R30. This portion of the circuit functions, as described in fur-
ther detail hereinbelow, with low level driver circuit 106.



wi t hout interrupting the communi cation of data on either of buses 52 or 54.
8 The parity of data on bus 54 can be checked against a stoered parity bit
by operating ‘circuit 50 in a manner identical to that descri be above, with
t he exception that gen/chk receiver 74 is operated to disable parity driver
70 (i. e. place it in the high inpedance state) and place gate 72 in the
active node and hence:- check data. It %ﬁll t hus be apparent that, through
appropriate control of the latches ant drivers in circuit 50, pariity can be

generated and ghggl 1p§fr96n gﬁ{lﬁpeﬁépPgﬁsﬁtréﬁer éécuit“@%%pr&‘g?%ongﬂg the data

conmmuni cati ons on tﬁg uses. be understood that, y data
conmuni cat i ons of fransistonie Jé8.sEdy and akpaip ohSchottiar diodes B305232.9hes¢ ee duri ng
generating or g@ﬁ%h&ﬁs%fre%ﬁ}géafed TP 5n S¥2ARLF ar %BmQHF%os?rah&st%“ ng on
data frombus 54, 1t may not be necessary to keep~ bus 52 uninterrupted. In
such ci r cunst ahddsl34pand Wjodes DI Qfdneespestively, ahdescsiediabayeit wikthit chi ng

data in IatchepedgeceBtton bRt thélf BrePcdhietted’ Moiferhte ifThigHSend drifePuUs 52,
circuit 104. Accordingly, the collector of transistor T36 is connected in
common to the base of transistor T24 and to the collector of transistor
T20. The base of transistor T38 is connected to the emitter of transistor -

T20, and the emitter .of transistor T38 is connected to ground.

DC Clamp

DC clamp circuit 108 comprises a single transistor T40 ‘having its col-
lector connected to the base of transistor T24 through a resistor R32.
A Schottky diode D36 is connected across the base-collector junction
of transistor T40, with the anode of diode D36 connected to circuit -
ground through a resistor R34. The base of transistor T40 is further

- connected through a resistor R36 to the emitter of transistor T24. The
emitter of transistor T40 is connected to circuit ground.'

Qvershoot Clamp

Overshoot clamp 112 comprises é transistor T42 having its coll;ct"or
and base connected to the collector and base of transistor T24, re-
spectively. A Schottky diode D38 is connected across the collector- -
base junction of transistor T42, and the transistor is éﬁnnected at its .
emitter to the base of a transistor T44 through a resistor R40. The
emitter of transistor T44 is connected to circuit ground, and the collec-
tor of the transistor is connected to the emitter of a transistor T46. A
pair of resistors R42, R44 are connected in series between the emitter
and collector of transistor T46, with the junction of the resistors being
connected to the transistor base. The colléctor of transistor T46 i8
‘connected to a terminal 122, the terminal comprising the output termi-

nal for driver 60.

Beta Degradation Clamp 110



| atches 58, 64 can be set in the transparent node, and driver 66 placed in
dts actiye state. Data is then held on bus 54 for a tinme sufficient to
permt parlty generator 68 to function. Parity generator 68 then gener-
ated a parity bit responsive to the data on bus 54, and makes that par- ity
bit available at output term nal 79, With the data at driver 66. It will be
under stood that, depending on the data transfer and parity

generating/ checkihg requirenents, circuit 50 can be operated to per- forma

variety of fun(ﬁété)'a%grd\ﬁti%nsdl%pfﬂ'ﬁ‘%dl&’&& Q@:tar@lsri&afhe dinetiebed @bove are

set out in Table 1 bélo wherein: X indicated that the con- troI abl e

status of a corﬂ%ﬂ%f° ﬂ'ge eitier of fransisigr-T24; ang tfm kaseaofirgnsistapddince state

for a driver, ahd gdae-coRBBoPflftiction of hﬁn&’i@ﬁﬁrﬁ'@tné Qﬁoﬁéd %decﬁeh@aat ory from
a consideration of the. above. Table 1 Gen/ Chk Latch Lat ch Driver
Driver RD{Rthe emilter pha transistor T5064\ Schottky @gde D41 is coppected - 7

Function Trans acrossXhe base-colldetof junction &f transistor T58K the base of theheck
transistor further being connected to the emitters of a pair of transis-
tors T52, T54. The base-collector junction of transistor T52 is shorted
and connécted to the emitter of transistor T26. The base-emitter junc-
tion of transistor T54 is shorted. A Schottky diode D40 is connected
across the base-collector junction of transistor T54, the collector of the
transistor being connected to the emitter of transistor T26 and to ter-
minal 122. A transistor T55 has its emitter connected to the collector
" of transistor T50, and a shorted base-collector junction connected to

su_pply voltage Vcc .
Driver Operation |

In operation, the output of driver 60 at terminal 122 is the inverse of the
logical input at node A, thereby compensating for the signal inversion

performed in receiver 57 as described above.

Describing first the driving of a logical low output on terminal 122, the
logical input at node A is high. He high input at node A turns transis-
tors T20 and T38 on. Transistors T24 and T26 in high level driving cir-
cuit 104 are turned off. Transistor T22 turns off, and diode D22 furps '
on turning on transistors T28, T30 in low level driving circuit 106. The
collector' of transistor T30 pulls output terminal 122 to a logical low

level.

Describing next the driving of a logical high output on terminal 122, the
logical input at node A is low. Transistors 720 and T38 turn off, and
transistor T22 turns on, turning off transistors T28 and T30 in low level
driving circuit 106. Transistors T24 and T26 in high level driving circuit
104 are switched on. Thus, the emitter of transistor T26 places output
terminal 122 at a logical high signal level. Capacitor C20 controls the



v

parity on data on bus 52 Trans Trans Active H-Z CK

‘check parity . on data on bus 54 Trans X H-Z 4 Active
Gen generate parity fromdata on bus 52 Trans Tr ans Active
"H-Z Gen generate parity fromdata on bus 54 Referring now to

"Fig.3, preferred enbodi nents of the receivers 57, 62, |atches 58, 64, and
drivers 60, 66 are shown. For purpo#es of explana- tion, the reference

nunbers. fromthe first set of c onents are used. It.will be seen_that
aroh 55 ana. HEVCBOOR detprert PETORR 1o pSie vt iRt terBe of

t hensel ves, - Rezei ver Describing first receiver 57, a transistor T2 has an
I nput termnal 90 connected at the collector thereof, and a shorted
base-emtter junction connected to the base of a transistor T4. A supply

vol tage, indi¢ad BSsic operation having been described above, the operation of the

various clamps and control circuits will now be described.

Beta degradation clamp circuit 110 functions .to prevent a excessive
bias volitage from forming across the-emitter-base junction of transistor
T12, and hence degrading the beta of the transistor. In operation,
transistors T48, T50 énd T52 function as diode drops, while transistors
T50 and T55 supply current flow which is directed through resistors
R34, R36. The potential at the base of T26 is thus raised to limit the

reverse bias voltage.

DC clamp circuit 108 functi_ons as a conventionai Baker clamp to limit
- the maximum voltage of a logical high signal at output terminal 122. In
operétion, when T24 is turned on by the application of a logical low at
node A, resistors R36, R34 and transistor T40 function to limit the base
current of transistor T24.
Overshoot clamp circuit 112 functions to limit excessive ringing on and
hence quiet a logical high signal on output terminal 122. In operation,
transistors T42, T44 are on when a logical low signal is present at node
A. If overshoot or ringing occurs, transistor T46 turns on and sinks

current at terminal 122, quieting the signal on the terminal.

Finally, impedahce controller circuit 102 functions, upan the application
of a logical high control signal to terminal 120, to place output terminal
122 of driver 60 in a high impedance state. In operation, when a logical
high signal is applied to terminal 120, transistors T36 and T38 tu_rn on
and hold trahsistor T26 in high level driver circuit 104 off. Simultane-
ously, transistors T32, T34 turn on and hold transistors 728, T30 in low b
leve] driving circuit 106 off. Terminal 122 thué presents a high

-impedance to any driven loads (not shown).



as Vecc t hroughout, is supplied to the base of transistor T4 through a
<resistor, R2, ;and to the collector -of the transistor through a resistor R4.
"The base of fransistor T4 is grounded to a circuit ground through a
capaci tor C2. 10 Continuing to describe receiver 57, the emtter of
transistor T4 is con- nected to the Wase of a transistor T6 the latter

transistor havjng its emtter connetedtoth | transi st or

T8. Transi st-or‘lnl'g"'"f‘g‘a% e%PeéEtr"Hég driver; SﬁrF‘éJgP@ wgﬁ?é J'\?H’(‘:?”‘?)H“ and bot h

transi stors TGpMdT&aba\spllﬁéhﬁTréthwb cmkeSbelaa foldd t6 @@ isuBkian- connect ed
' [ [ ect ed

across their %F col | ect? a4{)un§t| ns. eal stor R6 is contn

i nter nedi ate t e hal& e SR ‘F@"}fﬁﬂa fe POYEr e &LBFUBPYET aHbl stor T8,
and a resi st orcdfBpartsatotorridreait Hevivesn the col l ector of transistor T8 and
ground. Supply voltage Vcc is supplied to the collector of transistor T6
through a resistor R10. In operation, when a logical O is applied to the
col | ector ternTheak i9@hud ptovided atrew di@d inardved dlectirahiasirauit fordsufdr op. Wth

standard TTL lf%ﬂng and parity checking digital data communicated between data
buses. The circuit permits parity generation and checking to be per-

~ formed without substantially interrupting the communication of data on

- either of the buses. The circuit is also very flexible in nature, permit-

ting, through appropriate control, a wide variety of parity generation

and checking functions to be performed. The circuit has. particular ap-

plication for buffering and parity Ehecking data communicated between

data buses in computers. When the circuit is implemented using the

preferred embodiments of the receiver, latch, and driver components

described above, it provides the advantages of being very fast while

consuming an acceptable level of power.

While the present invention has been described with respect to a par-
ticular embodiment, it will be understood that the invention is not 80
limited. For example, while preferred embodiments of the receiver,
latch, and driver circuits -have been shown impiemented in TTL logic
with NPN bipolar transistors, these circuits can likewise he imple-
mented in other logic types such as PNP bipolar transistors or field ef-
fect transistors (FETs). It will be understood by those skiiled in the art
that various changes in form and scope of the described embodiment
may be made without departing from the spirit and scope of the in-

vention.



% .
| evels (i.e. logical low0O = 0.6 V, logical hi/l1l =2.4V, Vcc = 5V), the
‘emtter of transistor T2 sits at one diode drop above the collector, or

about 1.4 V. The emtter of tranS|stor T4 is sitting at tvvo di ode d

above ground, andj ¢5i St or remai ns i n aR=oEF=Stare.. o
collector of tra i cated B&rein as ci a
| ogi cal 1. Wen applied éLOAl ei verfl t he

emtter of transistor T2 i8 at a voltagé surti ci ent arn on tran5|stors
T4, T6, and T8, driving node Ato a logical 0. It is thus seen that the

"OJtput" of receiver 57, i.e. the logic level at node A is the inverse of
the input at termnal 90. Latch Referring nowto Figs. 4 and 5 in addition

to Fig.3, Fig 4 shomg chrcait®r tid ¢ prbfiﬂclbb kmeaﬁge&méaieaampé cREuithbde
"transparent” latch 94 connected interne |ate for exanple, a receiver 92

and driver 96. Ef@rrarphiogR detesioraldn sakhcipaitniadey Areans conpseed t9-88id t hr ough
wi t hout hol di ng (:f?ﬁu NERokd ﬁ)rrk%ﬁ?ngtsraﬂﬁaﬂﬁrﬁﬂal )and'attrﬁédaPedt'?QtEHQ?réuﬂ

transi stors (not in series between he | nput devi ce recel ver
and the out put déeﬁp@éswarfp\ﬁetogg@j coptgeinsignainfor holding sajd; cisgdt RedsIat n t he

pass-through nodg,e foBﬁ:'ﬁ?lév&ﬁBﬁéa‘-i& Qafa SIGRAN AW tPardpabiifl §stch RL&it eshay to the

dat a.
prising:

latch means connected to said circuit node in a T-connection with said
data applying means and said sensing means for selectively holding

said circuit node at the logical level of said data éighal; and

actuating means connected to said latch means for delivering said
logical control signal to said latch means and actuating said [atch
méans to pass through said data sigha_l or hold said data signal at said
circuit node regardless of the state of said data applying means.

2. A transparent latch circuit responsive to a logical control signal for
holding a data signal applied by an input circuit at a circuit node,

comprising :

‘a first transistor for providing current from a first terminal to a second
terminal in accordance with a signal applied at a control terminal
thereof, said first transistor having a first terminal connected to said

circuit node and a second terminal coupled to a reference potential;

means for applying said contrbl signal to the control terminal of said

first transistor:

a second transistor having a first terminal connected to the controi
terminal of said first transistor and a second terminal coupled to said

reference potential;

* [ L M S *



Referrlng now to Fig. 5, a 5|rrpI|f|ed bl ock di agram of receiy
58, and drivert 60 illustrates that, vmththelat ' : -

i nvention, no transistors are p03|t|oned i TFETTed
57) and output (driver 60) of the |atch. Rej : _
60 are effectively connect ed in a T-typ® copne A. Hence, latch
58 contributes ng r% receiver 57

and driver 60. Rgfe?rl ng E‘g\/gvgﬁegeiﬂf%m?,g'qﬁ%tsé ‘n@?‘ifﬁa% %t(\flqrve" ét?'tor T10

connect ed at |tsnuualldcsaufseamndheads&ster,@hdtranS| stor T6. A Schottky di ode
D6 is con- nected across the base-collector junction of transistor T10. The
.emtter of transistor T10 is connected in parallel to the collector of
transi stor T8 andwetaosgemmdivlehoaa%ogicaaq:mﬂtdls'rgné‘mor'ﬁleaeﬂaﬁsgacsfecdmcansi st or
T10 is connected | 0 e nect ed
re- sistors R12, &%é{w%@%c Vg-rli%%?&'%esté?&egﬁc g}r’édéccgﬁ% galgﬁ‘gpug(‘g{(g‘ontrol
ter- mnal indiceviéwhen 5981 latechaissadlivetedTia holdh saiidt dath appak atngaid tiecit o t he
collector of a tpapsistor Tl4, and its emtter connected in comon to the
emtter of transistior T14 and to the shorted base-enmitter junction of a
transi stor T16. Schottky di odes D8, D10, and D12 are connected

3. A transparent latch circuit in accordance with claim 2 wherein said

er 57, | atch

t (receiver
and driver

generating means comprises :

a third transistor; .

means for applying said control signal to a control terminal of said

third transistor; and

a second terminal of said third transistor coupled to a second refer-

ence potential;

said second control signal generated at a first terminal of said third

transistor.

4. A transparent latch circuit in accordance with claim 3 wherein-said
input circuit is implemented with NPN bipolar transistors and includes
an aopen collector device connected at said circuit node in common
with a pull-up resistor, and said second control signal functions to

control said open collector device.

5. A transparent latch circuit in accordance with claim 3 and further
including a Schottky diode having an anode connected to the base of
said third transistor and a cathode connected to the collector of said

third transistor.

|| fiu
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across the base-collector junctions of transistors T12, T16, and T14,
respectlvél y. fhe coll ector/cathode connection of tranS| stor _T16 apd_diode
D10 i s connected to ground, and the base of transist@—112 ‘
circuit node A through a resistor R16. |In operation, ' :
is applied to termnal 98 to activate P&tch circuit {8 d—thextogrcal
signal present at node A Describing f"{éﬁﬁ/}‘%ﬁ | at:ching of a Iogl cal 0 at
node A, with control terminal 98 | ow, ors T4 and T6 are on, and
hence node Ais pulled to a logical |low state and transi stor T14 turned
of f. When a | ogical high signal transistors T10
and T12 turn on, the collector Bd‘?@@ﬂé@?o#&#ﬁﬁﬂim I ed to a | ogical |ow
state, and transistor T6 is tWATEH AND. PARIIY GAPABILEDS | at ched at a | ogi cal
| ow (or 0) state regard- |less of any changes at input term nal 90 of
recei ver 57. Describing nowthe latching of a logical 1 at node A, with
control ter- m ndl cig@itaforabuffegngandl pnvjty‘ltﬁwe'clsingfdigiaai(ﬁaTd«d:oinmLmir:atEd2 and
T10 are off. bBKszent '?"rstv‘)%ntdag;‘%cﬂhg“%%% A?Jsgg“?r?ﬁﬂéé n%'r&ﬁg hgh Vhen

0 a tc

a logical high sighal is a ernin { o enab
transi stor T14 bidirectional blt buffer circuits. Each of the bldnrectxonal bit buffer cir-

cuits includes : a first data path comprising a data receiver, latch, and
driver connected in series between the first and second data buses,

respectively; a second data patch comprising a data receiver, latch and
driver connected in series between the second and first data buses,
respectively; control mechanism for controlling the drivers to selec-
tively place the output of the d‘rivers in an active driving or high
impedance state; and control mechanisms for controllling the data
latches to selectively latch or pass through data. A parity generating
circuit is connected at the output of the latch in the first data path of
each of the bidirectional bit buffer circuits for generating a parity bit
responsive to the data at the output of these latches. A transparent and
driver circuit with phase splitter are provided for increasing the speed
of the circuit without substantially increasing the power requirements.

Fig.:2
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h'”ds transistor T12 in ah off state. Tran5|stor:T 0_j alryey, turned on

nd hol ds transi stor TBhig$ ﬂ}ﬂVB@mB. ed stors Ais
held at a | ogi cal hlgh he i nput $ ter-
mnal 90. It is thus se i c holdi ircuit 58

Is effected by the above. descrlbed connection of tran5|stors T12, T14, as.
con- trolled by the signal applied to termnal 98 to hold the- Ioglca

signal at node A. Transistor T16 functions solely as diode-D10 to.raise the
emt- ters of transistors T12, T14 one Sdliéttky di ode drop above ground.
Transi stor T10 functions to provide a signal at its collector for feeding
back to and di gablind receiver 57 80 as to prevent any cha I nput 90
of the receiver féénrappearlng at node A. Driver Referring{n E Fig. 3B
a new and inverjti & qi®uit arrangement for driver 60 is 310 circuit
generally conpriisingiseven functional conponents: a phase >pl$%t r<100,

| npedance controllfer 102 (shown in two separate bl o8k3), highlelvel driver
104, low | evel drilver 106, DC up-|evel clanp 108, betagﬂegradbtlon clanp-

100, and overshootf clanp 112. Fdr QJr poses of descr(ﬁﬂgpn he functional
conponents of driyer 60 arle gengral [,y described as i+nedEtatpd bel ow.
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Phase Splitter Exantmggga&hgﬁénﬁ splitter 100, a transistor T20 has its

base con-' nected to t a transistor T22, this Junctlon belng
EEMHMH EA) A pair of ; D22,
8 ect or juncti ons HIS SHERTsA% BEERO] T22,

connected to circuit

are connected across

respectively. As will be described in further det heREPRAGEBW, itflis
this new and i nproved arrangenent of phase splitter 100 WhAiCh pro—w des
driver 60 with increased speed for conp#f4abl e power in com parison to
prior art drivers. Hi gh Level Driver The collector of transistor T20 is
connected to the base of a transistor T24 in high level driving circuit
104, and to supply voltage Vcc via a resistor R20. The col |l ector of

transi stor T24 is connected to supply voltage-ycc through a resistor R22,

and to the collector of a transistor T26.| The enitter_of transistor T24 is
connected to the bqé? of tran5|stor-§¥6. Lég Eu¥?l Driver
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The base of transistor—T22—+nphase-splitter 100 is connected t hrough a
- pair of series commg(ghémgsggénqge aR24, R26 to_t .

sistor T28 in | ow | 6, t he junct|‘§H
connected to supply &m&g The col | ect
connected to the ba or T28, and tihs

transistor is connected to circuit ground through a resistor R28. The base
of transistor T28 is connected to the collector of a transistor T30 through
a capacitor C20. The base of transistdd# T30 is connected to the emtter of
transistor T28, and to the emtter of transistor T26 through a Schottky

di ode D24. The emtter of transistor T30 is connected directly to the
circuit ground. Inpedance Controller Inpedance controller circuit 102
conprises two circui t—pei ohs—t hefirst anLudlDg—a—paLL—QL-tLaﬂSL%tOFS

T32, T34 having theif CG++fEﬁfﬁf¢NHﬂ4¥FeF pat hs connected.in seri-res between -
the collector of trahsigtor T22/and ground. The base-emtter junctioh of
transistor T34 is shonﬁid i n gFar ;E>a~€£he+%ky—diode D26. A Schottky
di ode D28 is con- negted across -\c@i | ecfor jurction of transfstor
T32, and a con- trol{terym nal 120 i nécted {o the |base of the

transistor through a registoL, . portionf{of thg gircuit functions,
as described in dur- _ ;:7)* : :
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t-her detail her & lcfﬂ/\/level driver circuit 106. 4 A second
portion of |nped ‘ g circuit 102 conprises a pair of transistors
T36, T38, and a y di odes D30, D32. Thest f , 1
connected in an |dent|cal arrangenent to transistors T34, S
D32, D34, respectively, as described above, with the kx Wa Qats

are connected..to operate with hﬁdﬁ_level driver circuit 104. Accordlngly

the collector of transistor T36 is cpnnected in coomon to the base of
"of transistor T20. The base of

transi stor T24 and to the collector
tran5|sto T38=15—¢ errested—to—the—enttt er—of—tr anmsi stor—F2 and the o
emtter arrsi stor—F38—+s—cormected TU DC d anp cl circuit
108 conpr es a single col - lector jconp ed to
t he base Dg traniEﬁtor A 'stor RFZ A Schottkyl di &de/ D36 is
connect ed| acr oss lectorfju I on of tg@ﬁéistor T40, v kh the

4. The

R

anode of di &

. ; IE% h
base of tf ﬁ§i_¥8 T40 & fLEéhgﬁ = o~ f =23 : res[ifOL__
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1S+-54-0bmd 24. The

.SHEET hoot ¢ anp

" connected through a resistor R36 to the emtt
emtteriof taansistor T40 is connected to cil
Overshoot clanp 112 conprises a transistor T#2|having ITS | ector and
-base connected to the collector and base of [rhngy P, $Yi§§ re- spectively.
‘A Schottky di ode D38 is conrected acrng the| c IIect sqg jfunction of
transi stor T42, and the transistor onnecf ed atTts—ewm-tder] to the base
of a transjstor—j44 through a resistor R40. e enmtter of trdnsistor T44

i s connectpd g;_gerU|t ground, and the collec- tor of Tfetrarnsistor is
connect ed [dm tter of a transistor T46. A pair of jesE&stgrs R42, R44
are connecfed i n|series between the enmtter and coll ectof of trfarSi stor
T46, with therjuomction of-{he resistors being corpected {o thejtransistor
base. “The col lector of transistor T46 i 8 connected } termnal 122, the
term nal conpfising the—eutput m - nal for dri %%o Betfja Degradati on
Cl anp 110 b . &>J (ZEY '
= “ = —_
< . = =
: =2
§ N . '
g N 5
=2 | & g \g
B Eg \és
N \\\ bl H| ¢ _ - /
e ] v 2 J I - =20 T \
=l 3
1 v . i
s ' ' = = s
N\, ! Y ’ g%é% ] §§§§ esgg
'I,J) I, A
; =] -] P =7 d o A\
°7- = -'\-..&"‘" = = = e S
— - [
bl L D
A \d§
=R . \
%\‘ T ~ “sg
NMs =]l = -
HEsE |\ 25N\
X Heg | B g ~=
3 v
r—~ ’ LI,
m .- 'E
\id - I
1=} -~ o}
. . N ) _
\ ‘% - E _A S . R 1
- - \\ : <
Iy ‘ - B .
L

57
/
ﬂ}f/
L
Tmr
i



: Bet a degradation clanp ‘110 includes a transistor T48 connected at
of transistor T24 and the ba
The base-col | ect or junction of transistor T48 is sh

,emttm'totme emtter

-the emtter of a transistor
the base-collector junction
further

T54 is shorted. A Schottky di ode D4

junction of transistor T54,

to the emttekr of transistor.T263 an
has its emittes connected to the

T50. A Sc

of tr ansé’?

r

bei ng connected to the emtters of a pair (
T54. The base-col l ector junction of transistor T52
to the emtter of transistor T26. The base-emtter

J 1S C
t he col
0| Eﬁ t
IE@to

egt oy |

its
tky diode MY is connectedjagross
T50, the lbgse2df Mialrejghs amsijst or
f Jtransis- torsjTh2,
i s shortedamd—tofpnect ed
junc- tion of trapsistor
pnnect ed across the base-col | ector
of the transistor being connected
(- m nal '122. A transistor T55
[ cof transi stor T50, and a shorted

Oper at.i on

base-col | ect &2 j uncti on connect ed a supp y voltage Vcc . Driver
I n obeTation,-\QS out put of driver BO ermnal 122 is the inverse of the
| ogi cal iwxput adNnote A, thereby conpehsatlng for the signal inversion

‘performed/in recelver 57 as

Adescri bed

above.” Déscri bi

g first the dri¥ing

of "a | ogi cal fowout put—on tlermnal —t-he-egrcat | nput]at node Ais
hi gh. Fb_high-rnput at- ndde {A turns transj s- :
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“tors T20 and T38 on.
“cuit 104 are turned off.
turning on transistors T28, T30 in low | eve
:col l ector of transistor T30 pulls QH%put t erm nal
Descri bing next the driving o

i nput at ‘node A is low Transistg
‘turning off transistq
utt5-306. TranS|stors T24 and T26

E] tched on. 4,

Zﬁat a | ogi cal hlgh S|gnal

cHhange b en_hig | ow | ogi c | evel s ‘at out put
ﬂ i :

1evel.

122, the | ogi cal

and transi stor T22 turns on,

“ level driving cir
circuit 104 are s

output termnal 1 | evel . Capacitor
the _ 16 rate of
term nal 122. Thef basfi ¢ oper at{ on ha_i een| descrijped above, -the
operation of the parijous clanpp and c ntrol cjrecuitsf wll now be des
Bet a degradation kKl anp circui td iIctions fo preveg; a excessive
C pg : =
=3 1 = S o
Ny =1

a |l ogical

Transistors T24 and T26 in hi
Transi stor T22 turns off,
dri vijng
122 to a | ogi cal
02tHMAY 1896 e
rg_T20 and T38

rs 728 and T30 1 njl ow

hi

| evel

gh

e nh level

dr

the emtter of tranSIstor T26 p
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bi as vol tage from forning across the emtter-base junction of transistor
T12, and’ hence degrading the beta of the transistg [Wrata)
transi stors T48, T50 and T52 function as di ode dr(@ﬂgﬂmﬁ!{ré £l ors T50

and T55 supply current flow which kg directed throu h Fvesi stors RB4} R36.
The potential at- the base of T26 is thus raised tp [i R MAC199vef sg bi as

vol tage. DC clanp circuit 108 functions as a conveniLional Baker ¢ gmp to
limt the maximum voltage of a |ogical high signaf .at output T al 122.
In operatiBF vhen T24_1s turned on by the applicat+er-of_a | ogical [ﬁ\évat
node A, regijstors R36, R34 and transistor T4 fungtion to limt the e
current of] transistor T24. ershoot_cl anp ctrcui 12 functiont tomm't
excessi ve giinging and : a@]cal hi %h;-si:-gnal on out put” .
1&4 Sxatj on, t %n isto?_ T44 ar@&n when aLogi(a_‘D’Iow

t erm nal In op S , 2
signal is pdBefil” atrede A" 1 £ ov 100t or [ringf rge &scurs, tr nsimr T46
turns on gnd sip :]cd.rre@ at £&2r michal 52, huget | g e signal}on
term nal . Fil_g_ra_l_'_ YN ped&fice cont rSi 1 er “Ci rcfli¥" 1p2 functi ons, of—t he—
applicati dn ~of |1 ogrjcat— high -—TtontTol —<i gmal§To rmnal 120, to place l
out put tern‘i‘ﬁa]’"l f—ariver~§0 ¢ ~e—hrgh—ppedance st-a-tel] I n operation,
when a Iodi al:-fhi gh_si hS applied to terfinal 120, transistors T36 gnd
~ T38 turn gn x o N A ) - '
s (] = 2
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and hold transistor T26 in high | evel driver ci rREPLAW SPEE’Q t ane-

ously, transistors T32, T34 turn on and hold trafsistors T28, T3p {n |ow
level driving circuit 106 off. Termi nal 122 thuspjesgrigct 199ph} i ppedance

to any driven |l oads (not shown). 18 CLAIMS 1. | 4 paratus or puffering
and parity checking digital data comunigated befjweenrfiTst—anmd—Sefond dat a
buses, conprising: a plurality of bidirectional kit buffer circuitp, each

of said bigirectional bit buffer. CII’C a, first dat t.h

conpri s Dr%?é’é 3p =reaimmiF v irRaettas e BPe et ed Anovd. Hre R 4D A

oD Pt o e Lanh B
. 81 HRa &'\Eaiu(gg%f{ 1n15? gm% 6&&1 tfrgﬂiﬁﬁ% éﬂl %ﬁf 32 Béﬁeggll it is

connected O Sal Clrcul trve Ssal Circuit

node, and qgsifld Hegerdfité Apafily bilPUMoF® ﬁ’ic‘iﬂytﬁh&?b%‘ét?a e %rai%ﬁcﬁs v

Output connecte 0 Ssal secon Second conprising a

receiver hadhfa®bribus M) the dMAREs: D fidkeh dh Bus 12 Foila HisdetsutiCiedNtd AdwOparityt
connected to a circuit node, |atch means havi ng a termnal connected t0

sai d ci r cgeheratol 86fto fusctionc tSiudlayly hovhen itds dediedad generateci parity bitresponsived a
to the data on bus 14, the data must be frozen on bus 14 or latched in latch 24. In either

of these conditions, the data is present at the output of driver 26, and thus it is necessary
to interrupt data transmission on bus _12. .
_ SUMMARY OF THE INVENTION
It 1s an object of the present invention to ameliorate one or more disadvantages of
the prior art.

. According to one aspect of the present invention there is provided apparatus for
buffering and parity checking digital data communicated between first and second data
buses, comprising: a plurality of bidirectional bit buffer- circuits, each of said
bidirectional bit buffer circuits including, a first data path comprising a receiver having
an input connected to said first data bus and an output connected to a circuit node, latch
means having a terminal connected to said circﬁit node for selectively holding data at
said circuit node, and a driver having an input connected to said circuit node and an
output connected to said second data bus, a second data path comprising a receiver_
having an input connected to said second data bus and an output connected to a circuit-
node, latcﬁ means having a terminal connected to said circuit node for selectively
holding data at said circuit node, and a driver having an input connectéd to said circuit
node and an output connected to said first data bus, means for controlling said drivers to
selectively place the output of said drivers in an active driving or high impedance state,
and means for controlling each of said data latches to selectively hold data at the
corresponding circuit node or to permit the output of the receiver at the corresponding
circuit node to vary the data at the corresponding circuit node; and parity gen'ératirig

means connected at said first data path: circuit node in each of said bidirectional bit buffer
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driver having an input connected to said circuitaade _and an output
connected tossaid first data bus, neans for cont ]QEPLA@EMENT %F s to
sel ectively place the output of said drivers in au.*\w rerarhy or high
| npedance state, and neans for controlling each pf d data Iatch_es to
selectively hold data at the correspondi4ng circujt n QGTEQqurmt t he
output of the receiver at the corresponding circpit—nade to vary tlhe data

at the co ndi ng Gl rcwt node; . and ner at i ng.neans connect.ed at
said firs “{"3‘2‘32 b BEITTaNE A, Perity yigHal fespyg Veoﬁf’y@g%afamlé@ﬁe@&&m Firgt f er
circuits faggenerating a parity signal responsive to the data at said
first data path circuit nodes. 2. Apparatus in accordance with claiml
and furt her | Bedoidingdte® ahBihef! Hspéct | 619 I PRSCHOBRERNGH théte! RCpRIAGI 91, Sal d
parity generating means for conparing saffd parity signa a secon

parity si@naputerdndhidifigCatnteadt) fRst ahd Sdedthdl dafa bsest Y6 Refinthii are
not identical. 3. %g%ar atus in accordance with claim 2 V\herellggsg%

error detapparatuy fordméferingrand pasity checkihg digital data communicated between first and

second data buses, comprising: a plurality of bidirectional bit buffer circuits, each of
said bidirectional bit buffer circuits including, a first data path comprising a receiver

. having an input connected to said first data bus and an output connected to a circuit
node, latch means having a terminal connected to said circﬁit node for selectively
holding data at said circuit node, and a driver having an input connected to said circuit
node and an output connected to said second data bus, a second data path comprising a
receiver having an input connected to said second data bus and an output connected to a
circuit node, latch means having a terminal connected to said circuit node for selectively
holding data at said circuit node, and a driver having an input connected to said circuit
node and an output connected to said first data bus, means for controlling said drivers to
selectively place the output of said drivers in an active driving or high impedance state,
and means for controlling each of said data latches to selectively latch data at the
corresponding circuit node or to permit said output of said receiver at the corresponding
circuit node to vary the data at the corresponding circuit node; and parity generating
means connected at said first data path circuit node in each of said bidirectional bit buffer
circuits for generating a parity signal responsive to the data at said first data path circuit
nodes.

According to still another aspect of the present invention there is provided in a
circuit of the type including means-connected to a circuit node for applying a data signal
to said circuit node, means connected to said circuit node for sensing said data signal
and, a transparent latch circuit responsive to a logical control signal for holding said data

signal at said circuit node, said transparent latch circuit comprising: latch means



he, out put of

a |l ogical exclusive-OR gate having a first inpuf

()] S0 S
said patity sgenerator; and neans for applying s§fb '”‘v N[TaSHEETi gnal to
a second input of said exclusive-OR gate. 4. ‘ tus Th ac dance with
claim3 wherein said second parity signal applyf{n ra
parity terminal for receiving said secodd parit y| receiver
connected at its input to said parity termnal p o said

d i I qe%C1 US] ve-. te: d n .i,nput
Connect e RSB AR 5o 0 e i e Bt o™
q : said . : . . c i m
\?\ﬁgpgﬁes?ﬁlﬁl séecondafggrf?’q%&;se%ﬁadmgg% (§/| ng%E angt %alﬁ}ir ?’I?wgdr}{ gonp%né"eatgpugﬁng

control repghyesniteicdN® sid WALER theatd ToE AbBrRpt fid BBE oRRLI ﬁgg%g{ofﬁi&e“ gf

said parity driver and to the enable term nal "of said exclusiv

Appar at uslatch meany siahactuatirighsatd Riteh mexddetoqiass teagdh @fid ah dighal Yeheld &G4 udes
a phase splitting circuit connected to its correspondi ng receiver and | atch

at sai d cfatasignahatdiid Gircuit mpleaegardless of the statedofivail ddta hpplyiagméangher ei n
said latch circuit _in each of said data paths further includes neans
-connect ed to Akeordingeite gfet janother aspecs qfathe presenti mwbntiong these ds provided a
transparent latch circuit responsive to a logical control signal for holding a data signal
applied by an input circuit at a circuit node, comprising: a first transistor for providing
current from a first terminal to é second terminal in accordance with a signal applied at a
control terminal thereof, said first transistor having a first terminal connected to said
circuit node and a second terminal coupled to a reference potential; means for applying
said control signal to the control terminal of said first transistor; a second transistor
having a first terminal connected to the control terminal of said first transistor and a
- second terminal connected to said reference potential; a resistor connected intermediate
- said circuit node and a control terminal of said second transistbr; and means responsive
to said logical control signal for generaﬁng a second control signal operative to isolate
said circuit node from said input circuit when said latch is activated to hold said data
signal at said circuit node.
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
These and other objects, features, and advantages of the invention will be apparent
from a consideration of the following description and drawings, in which:
.. Fig. 1 is a block diagram of a transparent latch circuit constructed in accordance
with the prior art; and
Fig. 2is a simplified block diagram illustrating the logical connections of the
transparent latch circuit éénstructed in accordance with the present invention.
Fig. 3 is a block diagram of a buffer and parity generating circuit constructed in

accordance with the prior art and described hereinabove;



rece| ver when said latch is actuated to hol.d dat
circuit;node, 8. In a conputer including at le
buses for comuni cati ng data, apparatus for buf

REPEACEMENTdS

'nu ard—par it 'hecking

digital data comruni cated between first and -seccn g beﬂ's@g ¢o
ea S |5

a plurali
bidirecti
receiver

connected to a circuit node, latch ne

ty of bidirectional bit buffer ' rcuitsg, l
onal bit buffer circuits including, a firlsi_ data—pat+h—co

havi ng an i nput connected togiéilﬂ’éé,i rstf data bus and an

_ ut put
i ng w...inou connected

rising:

rising a

20

to said CII‘CUI e f.or 2ct i vel vy _.hol di dgisRa and
a dri verd havﬁ?d’aﬁaﬂ g ﬁ?{uﬁ@%ﬁrﬁ%gﬁg&\é{l gg%c%ﬂlbgl gﬁiﬂt Ilatﬁ e an ar%%%?%ﬁ%en
connect e [ .second data ath conprising a receiver
havi ng an- ﬁ& sgoﬁ‘ﬁ‘ﬁ@?gﬁ %3 salgr s]ﬂ%ond dat a buspand anm(;ut put gconnect ed
to a ci rcu't Gralitfof bidRRAGnABit Baffér &EieduisNadchCofMiaT bikrettiomibibit Wifferui t
node for sel ec 1 vel y hoI ding data at said ci rcuit node, and a driver havi ng
an input caRoReiRhdigg,said circuit node and an output connected to said
first data bus, means for controlling said drivers to selectively place the
out put of sai d first detaspaittn comprising a receiver having an input connected to said first data

bus and an output connected to-a circuit node, latch means having a terminal connected
to said circuit node for selectively holding data at said circuit node, and a driver having
an input connected to said circuit node and an output connected to said second data bus,

a second data path comprising a receiver having an input connected to said second
data bus and an output connected to a circuit node, latch means having a terminal
cohnected to said circuit node for selectively holding data at said circuit node, and a
driver having an input connected to said circuit node and an output connected to said first
data bus, | |

means for controlling said drivers to selectively place the output of said drivers in
an active driving or high impedance state, and N

means for controlling each of said data latches to selectively hold data at the
corresponding circuit node or to permit the output of the receiver at the corresponding
circuit node to vary the data at the corresponding circuit node; and

parity generating means connected at said first data path circuit node in each of
said bidirectional bit buffer circuits for generating a parity signal responsive to the data
at said first data path circuit nodes. |
2.  Apparatus in accordance with claim 1 and further including error detecting means
connected to the output of said parity generating means for comparing said parity signal
with a second parity signal and producing an error signal if the two parity signals are not
identical.
3. Apparatus in accordance with claim 2 wherein said error detecting means

comprises:
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an active driving or high inpedance state, and rref DI ACENMENTY SHEERD each

of saididatas|atches to selectively latch data at gicircuit
node or to permt said output of said receiver at |t gicircuit
node to vary the data at the corresponding circuit 0dé? a "
generating means connected at said first'%ata path dircuit ach of
said bidirectional bit buffer circuits for generatjing a parity si gn£|
responsi ve to,the. i .S I ISt . | [let—d—rotes—9 .
Apparatus in gcl?glrcgg%gcelaévw? @lfcl Iggilen%§ aé’“%érafg?ﬁilﬂ’gggé tega'ﬁ%dﬁlgr?‘{; ?tsc’? ﬁ%lfiudes_
a phase sghliig;yt%'éhgra%rr;gﬁat connected to its corresponding receiver and |atch
at said circuit node. 10. Apparatus in accordance with claim8 wherein said
latch circuit :ﬂdapﬁﬁﬁmppgliﬁgasﬂd dedond patibssignl td 8 sedon@ ikl of REid ExcReiveagR ed
to the receiver in the data path for disabling said receiver when said

| atch is gateuated to hold data at the corresponding circuit node. 11. 1In a
circuit of the type including neans connected to a circuit node for

appl yi ng 4. da’Appsratusain acsondance withcelaim Aodksreimesaids sepond gatity signalsappdying
circuit node for sensing said data signal and, a transparent latch circuit
responsi v&1eass eompdesal control signal for holding said data signal at said
circuit node, said trapnsparent |atch circuit conprising: |atch neans
connected to §£PH%¥°F’E‘HF‘E? Jgeeiving saifl seeondRarity 8ighali h sai d data appl yi ng

nmeans and sai d sensing.neans for, selectively.holdjng said data.si gnal at
said circuit ﬁé)ag.tya ver connected at its input to Xau?parl%y %rmmafian at its output to

said second input of said exclusive-OR gate; and

e carr

a parity driver having an input connected to the output of said parity generating
means and an output connected to said parity terminal. |
5. Apparatus in accordance with claim 4 wherein said second parity signal applying
means further comprises a confrol receiver having an output connected botﬁ to the
control terminal of said parity driver and to the enable terminal of said exclusive-OR
gate. | '
6.  Apparatus in accordance with claim 1 wherein:

each of said drivers includes a phase splitting circuit connected to its corresponding
receiver and latch at said circuit node.
7.  Apparatus in accordance with claim 1 wherein said latch circuit in each of said data
paths further includes means connected to the receiver in the data path for disabling said
receiver when said latch is actuated to hold data at the corresponding circuit node.
8. In a computer including at least first and second data buses for communicating
data, apparatus for buffering and parity checking digital data communicated between first
and second data buses, comprising:

a plurality of bidirectional bit buffer circuits, each of said bidirectional bit buffer
circuits including, |

a first data path comprising a receiver having an input connected to said first data

bus and an output connected to a circuit node, latch means having a terminal connected
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Fl actrating means connected to said latch neans for_delivering said
ogi cal ; gontgyol signal-to said |atch neans and ac ' ' nmeans
to pass through said data signal or hold said dat mnﬁ@wc &'ty rcuit
node regardl ess of the state of said data applying freans. 12. A tfansparent
latch circuit responsive to a logical c8Atrol sighal 29 GGT#%g p data

tS| gnal appl :ced by andi nput circuit at a circuit npdg,__conprising: first
transistor for proyiding current. fr a first _term o] I nal
:c n accor difhiald \ﬁﬁf’l’l‘t Jode g?faﬁeieé’&?lyelf??@f‘g éla{@oarsﬁtsﬁlgl ‘!_pé‘ﬂ‘.’&éi a@%ﬁ&g q@:ﬁ

I rst transik r ' | Sk .t ' i@ s&dond \d de and
a second f‘i#@t‘ﬁ%&g%l%qgga{do&%hpe g?gﬂ%én%g@gﬁﬁ%g? ?ret%ﬁdé&if or glggfaylﬁﬁb sai d
control sig nag_stg&,,{dhqat& g%r&lmr#rfs'iﬂg DNpécefer Batiflg bh fisput ot @ sajdsécoagnd
transistor having a firsSt termnal” connected to the control term nal of

sai d firsSyafl GRSk Yn siPus coemend fcandirait sede)daichdmemsshiving ef ermied
potential; a resistor connected intermediate said circuit node and a

co ntrol tesifcard f0f ssdiotrcaitamdd for aelsctiveby hoklimg data at said circuit node, and a

driver having an input connected to said circuit node and an output connected to said first
data bus, |

means for controlling said drivers to selectively place the output of said drivers in

" an active driving or high impedance state, and

means for controlling each of said data latches to selectively latch data at the
corresponding circuit node or to permit said output of said receiver at the corresponding
circuit node to vary the data at the corresponding circuit node; and

parity generating means connected at said first data path circuit node in each of
said bidirectional bit buffer circuits for generating a parity signal responsive to the datzit
at said first data path circuit nodes.
9. Apparatué in accordance with claim 8 wherein:

each of said drivers includes a phase splitting circuit connected to its corresponding
receiver and latch at said circuit node.
10. Apparatus in accordance with claim 8 wherein said latch circuit in each of said data
paths further includes means connected to the receiver in the data path for disabling said
receiver when said latch is actuated to hold data at the corresponding circuit node.
11. In a circuit of the type including means éonnected to a circuit node for applying a
data signal to said circuit node, means connected to said circuit node for sensing said
data sig_nal and, a transparent latch circuit responsive to a logical control signal for
holding said data signal at said circuit node, said transparent latch circuit comprising:

latch means connected to said circuit node in a T-connection with said data
applying means and said sensing means for selectively holding said data signal at said

circuit node; and

O



means responsive to said |logical control signal for[g
controlssignal operative to isolate said circuit nophld g i
circuit when said latch is activated to hold said dath signal at
circuit node. 13. A transparent latch circuit in acgofdangeyeyf tdgzc! aiim 12
wherein said generating neans conprises2la third trfangistor; neans
applying said control signal to a control term nal pf sard—thrrd—
transistor; an .Secon i nal, of .sai.d third.trahsistor .coupled t
second refer eﬁ%@ﬁb‘?ﬁ @W?gsaﬁgﬂiggf% tgesgbigat%bmem fog; Ao Prng e At s ‘%i r st
term nal | ' LStaF : AsRAL kLG UL L
accordancg{g\rl%néltatllgdsgfd;llami&ll%%zngia%Eus?ztillill s?lﬁp%%t’tgﬁlm rchdtqb allsgﬁr%gger%ﬁ;ﬂgga %AIFHJ: NPN
bi pol ar t bARS|dIAd Ja@ Geral 6t $418 TirdDit HRAE régrkr A1t G the Qi Bf said %ﬁt&@;ﬁﬂﬁﬁ%ed
at said circuit node in common with a pull-up resistor, and said séecon
control sipg@aas. functions to control said open collector device. 15. A
transparent latch circuit in accordance with claim 13 and further including
a Schot t ky2di ddtrahsparent) latich eircuit respomsivet toca 1agicah eoltacd ssigrfal $arni kbldingraidata
transi stor and a

signal applied by an input circuit at a circuit node, comprising:

a first transistor for providing current from a first terminal to a second terminal in
accordance with a signal applied at a control terminal thereof, said first transistor having
a first tenﬁinal connected to said circuit node a_nd a second terminal coupled to a
reference potehtial; - |

means for applying said control signal to the control terminal of said first
transistor;

a second transistor having a first terminal connected to the control terminal of said
first transistor and a second terminal connected to said reference potential;

a resistor connected intermediate said circuit node and a control terminal of said
second transistor; and

means responsive to said logical control signal for generating a second control
signal operative to isolate said circuit node from said input circuit when said latch is

- activated to hold said data signal at said circuit node.
13. A transparent latch circuit in accordance with claim 12 wherein said generating
means comprises:
_. a third transistor;

means for applying said control signal to a control terminal of said third transistor;
and

a second terminal of said third transistor coupled to a second reference potential;

said second control signal generated at a first terminal of said third transistor.

14. A transparent latch circuit in accordance with claim 13 wherein said input circuit is

implemented with NPN bipolar transistors and includes an open collector device

NN i




cat hode connected to the collector of said third tgenrsstor
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connected at said circuit node in common with a pull-up résksm_and.sa-idusesondveontrol

signal functions to control said open collector device.
15. A transparent latch circuit in accordance with claim 13 and further including a
Schottky diode having an anode connected to the base of said third transistor and a

cathode connected to the collector of said third transistor.
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BIDIRECTIONAL BUFFER WITH
LATCH AND PARITY CAPABILITY

between first and second data buses includes a plurality of
bidirectional bit buffer circuits. Each of the bidirectional bit buffer cir-
cuits includes : a first data path comprising a data receiver, latch, and
driver connected in series between the first and second data buses,
respectively; a second data patch comprising a data receiver, latch and
driver connected in series between the second and first data buses,
respectively; control mechanism for controlling the drivers to selec-

tively place the output of the d'rivers in an active driving or high

impedance state; and controi mechanisms for controllling the data
latches to selectively latch or pass through data. A parity generating

circuit is connected at the output of the latch in the first data path of
each of the bidirectional bit buffer circuits for generating a parity bit

responsive to the data at the output of these latches. A transparent and
driver circuit with phase splitter are provided for increasing the speed
of the circuit without substantially increasing the power requirements.

Fig.: 2
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A circuit for buffering and parity checking digital data communicated



