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the bus with a very hlgh 1mpedance, essentially an open circuit.
One may achieve such tri-state operation by coupling the
20 output of a video driver to a bus by means of a mechanical relay.
Mechanical relays have excellent electrical characteristics for this
purpose in terms of on and off impedances but are relatively
expensive and may be relatively bulky, unreliable and slow. Solid
state switches, such as transmission gates, may be used for
25 selectively coupling video signals to a bus but typically exhibit a
- relatively high "on" resistance and the "on" resistance may also
vary with signal levels thus introducing undesirable signal
distortions. _
One solution to the problem of providing tri-state operation
30 which.  overcomes the problem of poor "on-state” characteristics of
solid state switches is described by Beyers, Jr. in US Pat. 4,581,645
- entitled DISTRIBUTED SWITCHED COMPONENT AUDIO/VIDEO
SYSTEM which issued April 8, 1986. In an exemplary driver
amplifier therein described, video coupling to a bus is provided by
35 means of a PIN diode. As explained by Beyers, Jr., such diodes
~ have excellent isolation characteristics at video frequencies but




2 have relatively poor "on-state" inpedance characteristics (e.g., a
relatively high and vari abl e i npedance when bi ased "on"). Beyers sol ved the
probl ém for PIN di ode swi tches by incorporating the PIN switching diode in
a negative feedback path with the driver 5 anplifier. The negative feedback
I's applied when the diode is biased "on" and effectively reduces and .
stabilizes the on-state di ode resi stan@ when coupling video signals .to the

bus. Provi sifive aekativwslg P@braml-kiﬂe"rﬁﬁpééﬁmdac bimaéterfrsﬁesd(fzg.e, when

I solating the VLdelo i}l.gﬁa s,from Bre .bus. . However tbhe use, of, &s eci al

swi t ching difSIRILVEEY Migh o aRd) varable, dmpadance, when,bigsed, jane )+ 8k to

the diode rewlvéd the probleani fioal PIPordibde switthes rty ciincotporafing eheanpl es

cort ai n appnh POHERINE iofs" B % Yy e. ToeaBick paBhPWif) she driybl

tri-stat e Sopenplifien. (themegativehdeedback dgeapplied nwhenethec slinde isode

rej ecti on aigigEatpd- Gt bAEUIRLIERIY? rbdies land shRifizBs 'AROGH g@fk t hat a

need existsé{ior a si,nplifiedg tri- iiate védeo,bus Jrlv r provi di ng bal anced

line drive «ipdsiTesistange whea,cqypling,¥ideq, signals; tdhesBEsi al swit ching

di odes or t(Rro¥@sions afe mgdd ifoe 4 krehrf@rswglcobﬁi_sttt& thfel diodesl y poor

on-state inpedance ¢ cterisiics. ne r exjst ok _reduc

gui escent pdﬂﬂ?nd'iﬁggapﬁﬁi[@ W’fiﬁ? then Fiﬁgfn ﬁi’gl ﬁu§‘t y%wgmf-’b@]eopg?rﬁ?estate

node. Thd (brspeeinl switohingndicddedi (RBY ediadesjreand rthet applicatéenisof 25 A

method of Prisadivi0 fEdbadie!® BRE SRR rbfry ifica_RUAtiELY Compleecor dance

with the i nve\rg,t Ion, conprlses deriving fi rs% and secon c)yorrpq ehent ary

currents fr SWHCRingciFewitt signal; devel oping a first signal in a first

| oad gi [Cuijt 1(‘) r onrh@e?iafmplesfwo%t relfeatwcsﬁtlbﬁmlt %ihgl?ﬁﬁﬂ?b'shﬁﬁa! inl a

second | oa ci.rcuit fromthe second cutrent: applyi ir i gna

to first out ia e second
stge” abplications; » 1" par g cenulicaiians & Jrepldd B desirhble, to

out put t drivipravide abalancede titi-state cmparationi 20 oobtainpphe i advartages caihd

signal to t] d t Lnal. Vj.a.a t I .
1nproen, it ofBEL PoiekiBn’ aTRirRd 63 Aol Wiation, .

transi stor an | FSt out put ) “eur _
transi stor; enaHiti isg hereinf recegniged séhasnal need exists for a simplified tri-

state video bus driver providing balanced line drive capability
and which does not require either special switching diodes or the

20 use of negative feedback to overcome the relatively poor on-state
impedance characteristics. A need further exists, for reduced
quiescent power dissipation when the driver is in its stand-by or
tri-state mode. The present invention is directed to meeting those
needs. ‘ '

25 A method of providing tri-state balanced-line ‘video bus
drive, in accordance with the invention, comprises deriving first
and second complementary currents from a video input signal;
developing a first signal in a first load circuit from the first '
current and a complementary second signal in a second load

30 circuit from the second current; applying the first signal to first.
output terminal via a voltage follower transistor and to a second
output terminal via a current source transistor; applying the
second signal to the second output terminal via a second voltage
follower transistor and to the first output terminal via a second

335 current source transistor; enabling the first and second

| complementary currents whereby said first, second, third and



conplenentary currents whereby said first, second, third and 3 fourth
transi stors ‘produce push-pull out put S|gnals at the output termnals; and
di sabling the first and second conplenentary currents for applying turn-off
bias to the first, second, third and fourth transistors via the | oad
circuits so as to isalate the output 5 termnals. Apparatus, for providing
tri-state bal anced video bus drive, in 8ccordance with the invention,

compri ses 2 dichirfi SRahdistSrd" pPOuES peh-pall WRitpit NSighale'a tariHeSS'ﬁﬁﬂiior

conpl ementary, _curr nt S np a | oad net wor
devel oping a tleﬂné’t‘ lH{Jt g@’[saﬂlﬁﬁalﬂ!‘? nHBStf ?Bat SF%%'E:d cTOMRISMEREANYt he fir st
current and fwndasefmplwpplym ec turh-offf (bias StIogmbé firsta seeond( thixdd aadr cui t

Signal to 1 f%%fﬁﬁ{&ﬁ{k‘%tgf%"nlésﬁt@é??v. off 81 0. 3870 Boldlf e SelHLr

to a second d@tl'putn & mnal via a current source 1 5 transistor and a

second out put CI rcA gl %rtg??ﬁﬁfﬂé‘dtr?%ttﬂ%t bal d tﬂdEBer‘ﬁCa?ﬂ,é)ut put |
termnal via seco t ower-transi stor an rst_out put
Lorm nal Vi o ik JCcornce ORR W oucnriany PS4 dUfeeatialnugent

Ci rg:u t, L esmcaefmo caarivmgt firsv edndf sexondntdomhp lﬁrﬁkb‘lﬂhrﬁ?@@hbﬂ@h éﬂﬂéﬁﬁt oOI :
enabl es the nti ce to e I Fst secon
conpl enment aryA ﬁ?g %\h@%@ij %@gﬁ‘ Z r?ﬁg gqr ?}&P’E amae p?o ed at the
out put t erln® nenitput Rignalr in sa dirst doadr oircmtr cfmmulsher €irpo csirrentt and forcond

| evel of thend”éfi{ég eﬁhgfggﬁgéﬁfdg lout Oﬁlgf ggéd:ﬂg #d‘ea Qebbid el%tahak{rﬁﬁftr ?mesour ce

from produci enment ary currents so
enabl e the | ong rcuregnts VA tuflﬁsbfqmb!l sircuit rappliess tt 3s@t§én§“tmﬁ| rd

and fourth trg ﬁalstterﬁrét%utpur %él%i’dﬁ!] ﬁl@olved i NGoltdpe FoilBWert er m nal s.
The foregoin and furt er f[eatures nvention .are illus rg&q%cgi in the

acconpanyi ng fne, 9 (# |Seken |8Hmt termungt Y4 SuFe
ref erence ldﬁsbrmsmrsandnd second odutpiit GiREnit appledl thek sdcond aoutprtr ti al |y

'eﬂbiﬁg.eﬂgt Itﬁ dighd 181 e skbond bfiphe! ARfififlal VIE ¥ SEDIS o fdgte FolidTef™

transistor and to the first output terminal via a second current
source transistor. A tri-state control circuit, responsive to a first
level of a control signal supplied thereto, enables the differential
20 current source to produce the first and second complementary
currents whereby push pull output signals are produced -at the
output terminals. The tri-state control circuit is responsive to a
second level of the control signal for inhibiting the differential
current source from producing the first and second
25 complementary currents so as to enable the load circuits apply
_tum-off bias to the first, second, third and fourth transistors for
tri-stating (isolating) the output terminals. |
The foregoing and further features of the invention are illustrated
in the accompanying drawing, wherein like elements are denoted
30 by like reference designators, and in which:
FIGURE 1 is a block diagram, partially in schematic form, of
a tri-state balanced line video bus driver system embodying the
invention; ' :
FIGURE 2 is a detailed circuit diagram illustrating a
35 modification of a tri-state balanced line- driver used in the
example of FIGURE 1; '



invention; FIGURE 2 is a detailed circuit diagramillustrating a 35

nmodi ficatibn of a tri-state balanced line driver used in the exanple of

FI GURE: 1; 4 FIGURE 3 is a sinplified block diagramillustrating a

nodi fication of the systemof FIGURE 1; and FIGURES 4, 5, 6 and 7
illustrate further nodifications of the tri-state balanced |ine driver used
in the systemof FIGURE 1. 5 The tri-state bal anced-1ine video driver
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whi ch, i nlthihavingirpipaiofofi supply dexminals 22 iand B4y veqrai cofo inpoat: slanrabr
tri-state opgéghidils' 12 WM& 4,18 tri-state control terminal 20 and a pair of
video signal output terminals 16 and 18. The supply terminals 22
and 24 are coupled to a source of supply voltage 36 (e.g., +12
volts) and to ground, respectively. The signal terminals 12 and 14
20 are coupled, respectively, in this example of the invention, to a '
baseband video signal source 30 for receiving a baseband video
input signal S1 and to a bias source 32, for receiving a bias voltage
(e.g., +3.5 volts DC bias, in this example of the invention). This
source configuration is for applications where the video source is
25 "single ended". (Later, in FIGURE 3, an example will be given for
differential video sources). The tri-state control terminal 20 is
coupled to a tri-state control signal source 31 which provides a
tri-state control signal S2 which, in this example of the invention,
varies between zero volts (for tri-state operation in which the
30 output terminals are isolated) to a positive value (e.g., 1.7 volts, in
" this example) which enables normal push pull operation of the
driver circuit.
The output terminals 16 and 18 provide balanced line drive
to a bus 50 when the tri-state control signal is high (+1.7 volts)
35 and are isolated from bus 50 when the tri-state control signal is
low (e.g., ground). The bus .50 is distributed to loads via twisted



30 output ternminals are isolated) to a positive value (e.g., 1.7 volts, in
this exanpl'e) which enabl es nornmal push:-pull operation of the driver
circui't. The output ternminals 16 and 18 provide balanced |ine drive to a
bus 50 when the tri-state control signal is high (+1.7 volts) 35 and are
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i npedance (i msequal to the characteristic inpedance of the tw sted pair

lines of 120 Advant ageously, the use of tw sted pair lines for video
di stribution can ilgads, mayy coppriss;cillustratively, atlgvisdan display 15
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may be of potentially lower cost.
Considering now the details of the tri-state bus driver 10
(outlined in phantom) there are provided: a differential current

20 source 51 (outlined in phantom); a pair of load networks 52 and
54 (outlined in phantom); and a pair of output circuits 56 and 58
(outlined in phantom). As will be explained in detail later, it is a
particular advantage of this embodiment of the invention that
when in the tri-state mode (1) there is zero quiescent power

25 dissipation in the output circuits, (2) there is zero quiescent power
dissipation in the load circuits, (3) there is also zero quiescent
power dissipation in the differential current source and (4) there
is zero quiescent power dissipation in the tri-state control
circuitry.

30 One function of the differential current source 51 is for
deriving first and second complementary currents (11,12) from
the video input signal (S1) during normal operation of the bus
driver 10. Another function is to force the output currents (I1 and
I2) to zero during tri-state operation which, as will be explained,

35 enables the load networks 52 and 54 to bias all four of the output



power dissipation in the differential current source and (4) there is zero
qui escent power dissipation in the tri-state control circuitry. 30

One function of the differential current source 51 is for deriving first
and second conpl ementary currents (11,12) fromthe video input signal (Sl)
during normal operation of the bus driver 10. Another function is to force
the output currents (11 and 12) to zerogduring tri-state operation which,
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the 1 nve
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source 51, in th1s specxflc examp e of the invention, includes
providing a pair of NPN transistors Q1 and Q2 having base
electrodes coupled to the tri-state input terminal 20, having
emitter electrodes coupled to supply terminal 24 (ground) via
20 respective resistors R1 and R2 and having respective collector
electrodes coupled together via a resistor R3 and to respective
emitter electrodes of differential amplifier transistors Q3 and Q4.
The differential amplifier transistors Q3 and Q4 have respective
base electrodes coupled to respective signal input terminals 12
25 and 14 and have respective collector electrodes for providing the
complementary output currents I1 (from transistor Q4) and I2
(from transistor Q3).
Transistors Q3 and Q4 simply provide differential
amplification of the input signals applied to the input terminals 12
30 and 14. Transistors Q1 and Q2 of driver 10, however, provide
dual functions. One function, during normal operation of the
driver 10, is of establishing the quiescent operating current level
for the differential amplifier (emitter coupled) transistors Q3 and
Q4. The quiescent current is determined by the value of the bias
35 applied to terminal 20 and the values of resistors Rl and R2. The
other function, during tri-state operation, is to force the



25 and 14 andqhave respective collector electrodes for providing the

conpl enentdry output currents 11 (fromtransistor 4) and 12 (from
‘transistor B). Transistors B and Q4 sinply provide differential
anplification of the input signals applied to the input termnals 12 30 and
14. Transistors QL and 2 of ‘driver 10 however, provide dual functions.

One function, during nornmal operation gf the drlver 10, is of establishing
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voltage is +12 volts.) The second load network 54 comprises a pair
of resistors R4 and R6 coupled from the collector of transistor Q3
to the supply terminal 22. As will be explained in detail later,

20 these two load networks bias four transistors (Q5-Q8) to provide
push pull (balanced) output signals at output terminals 16 and 18
when the currents I1 and I2 are present. When these currents are
inhibited as discussed above (i.e., zero valued), the two load
networks provide a different function of clamping the control

25 electrodes (bases) of the four output transistors (Q5-Q8) to the
positive supply terminal 22 thereby biasing all the transistors OFF
and thus isolating the output terminals 16 and 18 from the driver
transistors (i.e., "tri-stating” the outputs).

Driver 10 further comprises a pair of output circuits 56 and

30 58 (outlined in phantom). The first output circuit 56 applies the
in-phase signal V1 to first output terminal 16 via a voltage
follower transistor Q6 and applies the out of phase signal V2 to
the first ontput terminal via .a current source transistor Q8. The
second output circuit 58 applies the out of phase signal V2 to a

35 second output terminal 18 via a second voltage follower transistor




mhen the currents 11 and |2 are present. When these currents are inhibited
as di scussed above (i.e., zero valued), the two | oad networks provide a
di fferent function- of clanping the control 25 el ectrodes (bases) of the
four output transistors (®-@) to the positive supply term nal 22 thereby
biasing all the transistors OFF and thus isolating-the output termnals 16
and 18 fromthe driver transistors (i.e8, "tri-stating" the outputs).
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transistors (Q5-Q8) for tri-stating (1solat1ng) the output terminals
16 and 18.

20 Recall that in the overall system 5 of FIGURE 1 that the
twisted pair lines have a characteristic impedance of 120 Ohms.
The output impedance of the tri-state bus driver 10 is adjusted to
provide a differential output impedance of 120 Ohms and a
single-ended output impedance of 60 Ohms by including a pair of

235 series resistors RS1 and RS2 between the driver circuits 56 and 58
and the respective output terminals 16 and 18 for providing the
desired output impedance. The overall gain of the bus driver 10
may be controlled by selection of the values of the emitter
coupling resistor R3 which couples the emitters of differential

3 0 amplifier transistors Q3 and Q4 together and the value of emitter
coupling resistor R10 which couples the emitters of current source
transistors Q7 and Q8 together.

In the specific embodiment of FIGURE 1, with the exemplary
element values shown, the bus driver 10 provides a nominal

35 bandwidth on the order of 5 MHz or so and the ON impedance is
nominally 60 Ohms each leg or 120 Ohms differential. The




20 Recall that in the overall system5-of FIGURE 1 that the tw sted
pair |ipnes have a characteristic inpedance of 120 Chns. The out put

i npedance of the tri-state bus driver 10 is adjusted to provide a
differential output inpedance of 120 Chms and a single-ended out put

| npedance of 60 Chns by including a pair of 25 series resistors RS1 and RS2
between the driver circuits 56 and 58 agd the respective output termnals
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signal. In - and signal V 1s designated as bemg the out-of—p ase" 31gnal n
the CLAIMS which follow, the terms "in-phase" and "out-of-phase”
are defined as above. |
Advantageously, in addition to consuming no power at all in
20 the tri-state mode, the example of FIGURE 1 exhibits unconditional
stability with no tendency toward .oscillations. Consequently, rapid
video transients are easily handled by the system and transient
artifacts, such as overshoots, are avoided.
Various changes and modifications may be made to the
25 example of FIGURE 1. In FIGURE 2, for example, for the case of a
single-ended video source, a capacitor C1 has been added between
the emitter of transistor Q3 of the differential current source 50
and ground. In more detail, it has been found that a high
frequency limitation to the ideal differential output can occur with
30 a single ended input (not- differential input) drive signal as shown
in FIGURE 1. The collector to base capacitance of transistor Q3 can
cause a high frequency. current to flow directly into the collector
of Q3 from the input signal at terminal 12. One can cancel this
effect to a first approximation by adding the capacitor C1 from the
3 5 emitter of transistor Q3 to AC ground, as shown in FIGURE 2,
selecting as a value for capacitor C1 the value of the effective




the CLAIMS which follow, the terns "in-phase" and "out-of - phase" are

defi ned. as’ above. Advantageously, in addition to consuning no power at all
in 20 the tri-state node, the exanple of FIGURE 1 exhibits unconditional
stability with no tendency toward oscillations. Consequently, rapid video
transients are easily handl ed by the system and transient artifacts, such
as overshoots, are avoi ded. Varl ous &g es and nodifications may be made
to the 25 exanpl e, of FI.GURE 1. of a
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this differential source configuration will double the overall gain
(e.g., +6dB) the driver gain setting resistors R10 and/or R3 may be
adjusted for lower gain to compensate for the increase. As in the
20 previous examples, there is zero quiescent power dissipation in
the driver during tri-state operation since all the transistors are
biased off and there are no other paths for current flow in the
driver.
Various other changeés and modifications may be made to
25 the example of FIGURE 1 described above. For example, transistors
Q1 and Q2 are not necessary for forcing the currents I1 and 2 to
zero to achieve tri-state operation. In the alternative, for example,
transistors or transmission gates may be used to force the base
\roltages of transistors Q3 and Q4 to zero rather than cutting off
30 their emitter currents as shown. Such an arrangement is
illustrated in FIGURE 4 where switches 402 and 404 are used to
ground the bases of transistors Q3 and Q4 to thereby force the
collector currents I1 and I2 to zero for tri-state operation. This
alternative, as in all of the previous examples of the invention has
35 the advantage of reducing the driver 10 quiescent current to zero



source 30 and the bias source 32 have been del eted and replaced 15 by a

di fferential output base band video signal source 300 having output signals
bi ased at the previous levels (e.g., 3.5 volts). Since this differenti al
source configuration will double the overall gain (e.g., +6dB) the driver
gain setting resistors R10 and/or R3 may be. adjusted for lower gain to
conpensate for the increase. As in t he 12b previ ous exanples, there is zero
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circuits or in the driver circuits and there can be no power
dissipation in the differential current source either if the currents
are suppressed as previously discussed with regard to FIGURES 1-
20 4 and 6.
Other changes to the ‘example of FIGURE 1. For example, one
may change the transistor types from bipolar to MOS as shown in
FIGURE 6. Specifically, in this example of the invention, the NPN
bipolar transistors Q1-Q4 have been replaced by N-channel field
235 effect transistors N1-N4 and the PNP bipolar transistors Q5-Q8
have been replaced by P-channel transistors P5-P8. Owing to the
generally lower transconductaﬁces of MOS transistors, the
resistance values may be appropriately scaled. _
Another desirable modification may be called for in certain
30 applications where bipolar transistors are used as the voltage
follwer transistors Q5 and Q6 and wherein relatively large voltage
changes may be encountered which might exceed the Vber rating
(reverse bias base-emitter breakdown voltage) of the output
transistors Q5 and Q6. If, for example, an output terminal is
35 accidentally shorted to ground and the voltage driver transistor is
biased at a voltage above the maximum Vber rating of the



forcing the differential output currents 11 and |2 to zero may be used.
What is inportant, for purposes of the present invention, is that sone

sui tabl e nmeans be provided for forcing the differential 15 output currents
|1 and 12 to zero during tri-state operation. Wen this is done there can
be no power dissipation at all in. the load circuits or in the driver
circuits and there can be no power digsipation in the differential current
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Q6. Likewise, if terminal 18 is shorted to ground diode 700 will be.
reverse biased thereby providing Vber protection for the voltage

follower transistor QS5.
20




transistors as shown in FIGIRE 7. 1 0 In nore detail, in FIGURE 7 a
Vber protection diode 700 has been inserted in series with the emtter |ead
of transistor @ and a Vber protection diode 702 has b ' r

ed in
series with the emtter lead of transistor Q6. The di ode '
conduct current in the sane direction af) t he transi storsE\!mﬂﬂﬂmb“E““ﬂm“ 1
5 one accidently shorts output 16 to gr %nd, the di ode 7 W l'Tebet reverse
bi ased therebﬁlplmsf-enti ng Vber breakdown of transistor (6. Likew se, if
terminal 18 is shorted to ground diode 700 will be reverse biased thereby
provi di ng Vber prot ecy,an for the voltage follower transistor . 20
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compl ement fsY yansistor and for applying the first video output signal to the first

output terminal via a second current source transistor; and

a tri-state control circuit responsive to a tri-state control
signal supplied thereto for enabling and inhibiting the first and
second currents. .

20

)

2. Apparatus as recited in Claim 1 wherein said tri-state
control circuit is of a type dissipating no power when inhibiting
said first and second complementary currents.

25 3. Apparatus as recited in Claim 1 wherein said tri-state
control circuit comprises a pair of current source transistors
responsive to said tri-state control signal supplied thereto for
interrupting first and second operating currents supplied to said
differential current source for forcing said first and second

30 complementary currents to zero.

4. Apparatus as recited in Claim 1 wherein said tri-state
control circuit comprises a pair of switches arranged to ground
first and second inputs of said differential current source for

35 forcing said first and second complementary currents to zero
 during tri-state operation. '



25 3. Apparatus as recited in Caim 1 wherein said tri-state
control circuit conprises a pair of current source tranSTSTOTs—+{EHMMEﬂA&L__ :
to sai‘d tri-state control signal supplied thereto for |nt flrst

and second operating currents supplied to said different| E ”ﬂ
for forcing said first and second 30 conpl enentary currents

Apparatus as recited in aim1 whereipgsaid tri-state control CIrCUIt
conprises a pair of switches arranged to ground first and second i nputs of
said differential current source for 35 forcing said first and second
conpl enentary cur enfppasatusr as dredited tini laim el owbereinosaid triista

Apparat us. as cifftdl eirklliCeaBriselS! B 38! Swiches ekt '@ ol Teul
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conpl enent &r ¥aidir fifstt anto sé€ond de'ée ﬂn&htar?t Qufredde R izefo 5ur1 paiat us as
recited in Clﬁ%ml wherein: said differential current source includes two

input 1 0O t r SHCst PRLAQP £ Uy t her conprising a capacitor connected from an
emtter electrode of one transistor-to AC ground. 7. Apparat us as recited

in Caim1l wherei .Sl éﬂ)afréﬁr%t a¥°11etc?t%a EIT gpdvl\ﬁ.{t rvﬁﬂ??eﬁ said first

current source transi Sald second ower transistor and
sai d second cur r ersaid odifferentials curment aseuise anQMntwpamm& or type. 8.
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conprises a pai.r of ﬁm 20 or sour.ce cou tran I stors for providing
said first atPidtElof c&ﬂf‘fﬂ Ang, Vaeﬁlrsrt%'httg -tri-state control
circuit includes a pair of transistors coupled betmeen respective ones of
said emtter or seur r ol 0, g
commonly 25 conneg’fle%?’(?%}?ﬁ‘gl le ecit%gde'?]@mlx} \elceﬂbw éﬁssl‘é%llrl pﬁfylgg
control si gndpllower transistor, said first current source transistor, sald second
15 voltage follower transistor and said second current source
transistor are of a common transistor type.

8. Apparatus as recited in Claim 1 wherein:
said differential current source comprises a pair of emitter
20 or source coupled transistors for providing sa1d first and second
complementary currents; and
said tri-state control circuit includes a pair of transistors
~ coupled between respective ones of said emitter or source
electrodes to a supply voltage source and having commonly
25 connected control electrodes for receiving said tri-state control
signal. | |

30
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30 35 15 9. Atri-state video bus driver for balanMg
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35 terminal via a first PNP current source transistor;

15 a second output circuit for applying the second output signal
to a second output terminal via a second PNP voltage follower
transistor and for applying the first output signal to the second
output terminal via a second PNP current source transistor; and

a tri-state control circuit, coupled to the differential current

20 source for enabling the differential current source in response to
a first level of a tri-state control signal supplied thereto for
causing the first and second current source transistors and the
first and second voltage follower transistors to produce push-pull
output signals at the first and second output terminals;

25 said tri-state control circuit being responsive to a second
level of the control signal for disabling the differential current
source so as to enable the load networks to bias all of the
transistors off with bias provided by said supply voltage source

for electrically isolating the output terminals.
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16 10. A nethod of providing tri-state video bus driving, conprising::
deriving (@B, Q) first and second conpl enentary cur r-errt‘g‘(‘l’l’,T'Z)'—f’rFﬁqg
vi deo i nput signal (S1); 5 devel opi ng an i n-pha ' i a
first load circuit (52) fromthe first current and a,n1mﬂ“ mﬂmm‘u“&ml
(V2) in a second load circuit (54) fromthe second currents;, apphyihg * the
I n-phase signal (V1) to first output terginal (16) via a first voltage -

fol |l oner transistoga( Q) o) 1Q.:¢ ut ' ' first
current source tra;lg‘l S o?ﬁ?%%é;ogﬂ’gﬁgﬂﬁggt elq%% -o?ﬁﬁc;;sgewsid\éirgpg’(vm to

t he second ou@‘pmp_fi%im:nal (18) via a second voltage follower transistor
() and to the figetiving p(QS}@l)g‘ﬁﬁdt and) s¥tond Sehplsmentargntubeutse
transi stor'(_QBe' nd_ 15 ., enabl i ng. th {S]{ st and Second conpl enentary
currents (11, Illlil%)fg‘io‘%a%s'f‘ﬁ‘ﬁ°sgmptf ’rgé\aiv Jage fol | oner transistor, said
first currefit sourdevélopirsg samrin-pleise sigmald(Vd) tinge fiost dowd diransi(S2yr
and sai d seco re Q t ransh st u 1, u
signals at - tﬁgngm_hﬁu?.ﬁfgrcﬁrﬁ%rts ?ﬂgnéﬁ2§{'t$@'ﬁ{a§gi g@%‘??ﬁ@%e‘hf%%’t%g‘ﬁd
second conpl elaadt giscuitir(54t fromar thepsegond cumrentsf f bias said first vol tage
follover transi St%%%@?ihg f i tinChARN sigPdlr €V 197 /) Firsk Obutptti tbrififand
vol t age foIIo&/\fé te ;fs or gnd sgl (g second c,urrezhé our&e transi stor via
the load circlh®sVid &dinsy yaliaga dotlewes, fransister |4nd Jdg a secon
10 output terminal via a first current source transistor (Q7);
applying the out-of-phase signal (V2) to the second output
terminal (18) via a second voltage follower transistor (Q5) and to
the first output terminal (16) via a second current source
transistor(Q8); and
15 enabling the first and second complementary currents (I1,
I2) for causing said first voltage follower transistor, said first
current source transistor, said second voltage follower transistor
and said second current source transistor to -produce push-pull
output signals at -the output terminals; and
20 disabling the first and second complementary currents for
applying turn-off bias said first voltage follower transistor, said
first current source transistor, said second voltage follower
transistor and said second current source transistor via the load
circuits so as to isolate the output terminals.
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