-1-, 2181314 RADI O FREQUENCY SW TCH The present invention relates to
switches, and nore particularly, to swtches sujtable for handling high
radi o frequencies (RF) such as are used=fler tglfglibgdh@ﬁ carrier waves. In
tel evision systens, it is frequently convenient to couple a selected one of
a plurality of signal sources, such as an antenna, a video cassette
recordér, or a cable televisi oRAI0 FREQUENCYSWITEH ce, 10 such as a

tel evi dhdn receiver or a video cassette recorder. It is also frequently
convenient to couple a_non-selected one qf the_plurality of sources to an
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sel ectively L ng I gnal between 35 an input port and an out put port
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t he 15 Switches using series and shunt diodes are
commonly employed for RF switching between an input port
‘and an output port. Wwhen the switch is "OFF", i.e. not
passing a signal, the series diodes are reverse biased and
exhibit_a small capacitance, while the shunt diodes are
20 forward biased and exhibit a low resistance. High
attenuation in the "OFF" condition is desirable between
the input port and the ouput port and to achieve this, the
reverse-biased diode capacitance should be very small.
_ However, this generally requires a high reverse bias
U 25 voltage. Furthermore, the resistance of thé shunt diode
should be very low. The resistance is lowered by using a
relatively large forward bias current, though this has the
attendant disadvantage of requiring relatively large power
dissipation. In some cases it is found that a still lower
30 shunt resistance is needed to achieve the high attenuation
required for an RF signal switch than can be conveniently
achieved by using a shunt diode alone. '
In accordance with an aspect of the invention,
switch apparatus for selectively coupling a signal between
35 an input port and an output port in a first selectable
operating mode and for not coupling a signal between the
input port and the output port in a second selectable



i nput port and the output port in a second sel ectable -2- operating nDde
conprises a pair of diodes having respgstive first electrodes.of a first
type and respective second el ectrodes of a second type, the di odes being
coupled in series. The respective first electrodes are 5 coupled to a
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: 15 input for rece1v1ng a mode selection s1gnal ~The control
arrangement is responsive to the mode selection signal
selecting the.first_dperating mode for applying bias
potential tending to forward bias the pair of diodes and
tending to reverse bias the shunt diode. The control
20 arrangement is also coupled to the control electrode of
the transistor for applying control potential to the
control electrode of the transistor for rendering its
principal controllable conduction path substantially
‘non~-conductive. |
25 The control arrangement is respon51ve to the
mode'selectlon signal selecting the second operatlng mode
for applying bias potential tending to forward b1as the
shunt diode and tending to reverse bias the pair of
_ diodes. The control arrangement also applies control
30 potential to the control electrode of the transistor for
rendering its pr1nc1pal controllable conductlon path
substantlally conductlve. _
In accordance with a further aspect of the
invention, the control arrangement further 1nc1udes bias
35 control circuitry respons1ve to the state of conduct;on_of'
‘the prineipal controllable conduction path of the
transistor. The bias control circuitry applies forward
bias to the pair of diodes and reverse bias to the shunt




In accdrdance with a further aspect of the invention, the control
arrangement further includes bias 35 .G ntrol circuitry responsive to the
state of conduction of the principal comTollable conduction path of the
transistor. The bias control circuitry applies forward bias to the pair of
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20, 2118nd Z2lected one of its two operating modes. When a control

voltage exceeding a first logic level is applied to
control terminal 10, a signal applied to a first input ,
terminal 12 is not coupled further and a signal applied to
a second input terminal 14 is coupled to a first output

20 terminal 16. When the control voltage applied to control
-terminal 10 is below a second logic level, approximately
equal to ground potential, an input signal applied to
input terminal 12 is coupled to output terminal 16 and an
input signal applied to input terminal 14 is coupled to a

25 second output terminal 18.

. Signal coupling and decoupling is accomplished
by three basic switch sections which are indicated in the
FIGURE by the dashed line enclosures 20, 21 and 22,
respectively. The configuration of the switch sections is

30 in the form of a "Tee-section". In switch section 20, the
series-arms of the Tee comprise respective diodes 62 and
64 coupled "back-to-back! while the shunt arm comprises a
parallel combination of a diode 66 and the
collector-emitter path of a transistor 24, which is

35 preferably a bipolar transistor. Diodes 62, 64 and 66 are
preferably PIN (p-intrinsic-p) diodes, which are known to
provide desirable characteristics for switching at high
radio frequencies. When a signal is to be coupled through



respectively. The configuration.of the switch sections is 30 in the florm
of a "Tee-section" In switch section 4L, the series arns of .the, Tee ’
conpri se respectlve di odes 62 and 64 coupl ed - "back-to-back" while the shunt
arm conprises a parallel conbination of a diode 66 and the
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relatively high degree of signal attenuation in .

| cooperation with the relatively high impedance of reverse

biased diodes 62 and 64. Transistor 24 thus-controls the

20 impedance of the series and shunt arm diodes of the switch
section 20 as well as itself formlng part of the shunt arm
impedance. : L

Switch section 21 includes diodes 86, 82 and 94
and a transistor 42 which correspond to diodes 62, 64 and

25 66 and transistor 24 in switch section 20, respectively.
Howetver, switch section 21 differs somewhat in that a
low=-pass filter, compr1s1ng a series inductance 54 and
shunt capacitances 53 and 55, is interposed in the series
arm of the Tee. As will be explained in more detail

30 later, the low-pass filter has no significant effect when
a signal is to be coupled by switch section 21, whereas it
increases the attenuation when a signal is not to be
coupled. B _ : :

§ Switch section 22 is essentially similar to

35 switch section 20 and it includes diodes 88, 100 and 102, ..
and a transistor 108, corresponding to diodes 62, 64 and
66 and transistor 24, respectively. ' '




25 66 and transi'stor 24 in switch section 20, respectively. However,

Swi'tch section 21 differs sonewhat in that a | owpass filter, conprising a
series inductance 54 and shunt capaci t"ZRCes 53 and 55, is i nterposed in the
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Accordigglyfikg% %%H%&éé%r‘ﬁé‘vﬂl CL éghﬂféd to their respective
collector electrodes, as will be explained in more detail
later. When the control voltage applied to control
terminal 10 exceeds the first logic level, approximately
the potential of terminal 30, the collector current of

20. transistor 19 is cut off and transistor 24 is biased into

' saturation. Accordingly, the potential of conductor 36 is
'ldw;-approximately ground potential, since transistor 24
is saturated. When the control voltage applied'to control
terminal 10 is below the second logic level, the collector

25 current of transistor 24 is cut off and transistor 19 is

U biased into saturation, thus causing the potential of
conductor 36 to be high, approximately the potential of
‘terminal 30. Conductor 36 is bypassed to ground for AC
signals by way of capacitors 38 and 40. _ '

30 Conductor 36 is further coupled to the
respective base electrodes of transistors 42 and 44 by way
of respective current limiting resistors 46 and 48. The
emitters of transistors 42 and 44 are coupled to ground
and to positive supply terminal 30, respectively.

35 A second conductor 50 is coupled to the
collector of transistor 44 and to the collector of
transistor 42 by way of a resistor 52 in series with an
inductor 54. When the control voltage applied to terminal



| ow, approximately ground potential, since transistor 24 is ‘saturated. vheq
the control voltage applied to control_&grninal 10 is bel ow the second

| ogic level, the collector 25 current of transistor 24 is cut off and
transistor 19 is biased into saturation, thus causing the potential of
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the ahBde cRPacidoméditeddhe catthade aﬁtmoﬂasﬁ: diode r 62 dwhdee66 at a
circuit popRbdéSis coupled to the anode of a second diode 64 and the
cathode of a thlrd diode 66 at a c1rcu1t point 68.
Circuit point 68 is also coupled to conductor 36 by way of
a resistor 70 and is directly coupled to the collector of
20 transistor 24. The_cathode_of diode 62 is also coupled to
ground by way of a resistor 72 and to conductor 50 by way
of a resistor 74. The anode of diode 66 is coupled to
conductor 50 by way of a resistor 76 and is bypassed to
ground by way'of a capacitor 78. _ _ .
25 Output terminal 16 is coupled to ground by Way
of a’'resistor 80 and is also AC doupled by way of a
capacitor 61 to the respective cathodes of diode 64 and of
a fodrth'diode 82 whose anode ié'coupled to the collector
of transistor 42. _
30 Input terminal 14 is AC Eoupled by way of a
capacitor 84 to the respective cathodes of a fifth diode
86 and a sixth diode 88 at a circuit point 90 which is
coupled to ground by way of a resistor 92. The anode of
diode 86 is coupled to the junction of reszstor 52 and
35 inductor 54 and to the cathode of a seventh diode 94.
Inductor 54 is of sufficiently small 1nductance
to be conveniently formed by a small length of éondubto:,
© such as a conductive strip on a printed circuit board.
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Circuit point 68 is also coupled to conductor 36 by way of a resistor 70
and is directly coupled to the collector of 20 transistor 24. The

cat hode of diode 62 is also coupled to=-geound by way of a resistor 72 and
to conductor 50 by way of a resistor 74. The anode of diode 66 is coupled
to conductor 50 by way of a resistor 76 and is bypassed to ground by way of
a capadit or TH8. capacitance assoCiated wdthi Aaductors Sdods é@dl&aj-ﬁsﬁnd by
way of ‘8T e$js Gﬁﬁg ' I ughke y Raitiveh o the
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| 108 is coupled to conductor 50 by way of a resistor 110.
The anode of diode 102 is coupled to conductor 50 by way
of resistor 112 and is bypassed to ground by way of a
capacitor 114. The cathode of diode 100 is coupled to
20 conductor 50 by way of a resistor 116. It is also coupled
to ground by way of a resistor 118 and is capacitively
coupled fo output terminal 18 by way of a capacitor 120.
In operation, the logic level applied to
- terminal 10 is selected for the desired operating mode.
25 For the purpose of description, assume first that the
U logic level applied to terminal 10 exceeds, i.e. is more
positive than, the first logic level. As explained, this
causes transistor 24 to be in saturation and causes
conductor 36 to be approximately at ground potential and
30 conductor 50- to be approximately at the potential of
terminal 30. Diode 62 is therefore reverse biased and
diode 66 is forward biased by the'potential of conductor
50 and the ground potential of the collector of transistor
24. Diode 82 is forward biased by the potential of
35 conductor 50 coupled to its anode through resistor 52,
inductor 54, and resistor 80. This causes the cathodes of
diodes 64 and 82 to be at a positive potential which
causes diode 64 to be reverse biased since its anode is



coupl ed to conductor 36 by way of a resistor 106 and to thefcollector

el ectrode of a transistor 108 whose enLgler 15 el ectrode is .grounded.

The base el ectrode of transistor 108 is coupled to conductor 50 by way of a
resistor 110. The anode of diode 102 is coupled to conductor 50 by way of
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t en whi ¢h;.c, uses dlode 64 to e reverse blLased since its
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transi stor desumqoauh 41 ®F |smcn etrmilﬁé 1GFFo eaﬁha%lﬁlbﬁr mpagl 16 is
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reSé?sgrglasgy D i %?Hg?sﬁﬁﬁﬁﬁﬁaﬁ.f%e+%f€5 T@ERFSi t respective hi gh
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16 is coupled by way of diode 82.
It is noteworthy that translstor 24 performs a
triple role in ach;ev1ng high attenuation when it
20 saturates. First, the saturated collector voltage of
transistor 24 establishes the reverse bias voltages for
obtaining the high impedance'cbndition of series element
diodes 62 and 64. Second, transistor 24 establishes the
forward bias voltage for obtaining the low impedance .
25 condition of shunt diode 66. Third, the low saturation
resistance of transistor 24 is coupled in parallel with
that of shunt diode 66 to achieve the parallel combination
of particularly low impedance. |
Similarly, diode 100 is reverse biased and diode
30 102 is forward biased by the potential of conductor 50 and
the collector of transistor 108 which is at approximately
ground potentiéi because transistor 108 is saturated by
the base drive provided it by way of resistor 110 from
conductor 50. Diode 86 is forward biased by the potential
35 of conductor 50 through resistor 52 and resistor 92. This
causes the cathodes of diodes 86 and 88 to be at a |
.pOSitive potential which causes diode 88 to be reverse
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of which exhibit respective | ow i npedances and.forma 10 paral | el

:conbi nati on of particularly | ow inpedance. The path frominput term nal 12
to, output termnal 16 therefore exhlblbs-partlcularly hi gh attenuati on,
which is desirable in an RF switch inits "OFF" condition. An I nput S|gnal
‘on input termnal 12 is thereflore 15 substantially bl ocked from reaching
out put - t er nlbhasedesindeaits anoderbacappyosimptelyeati gazbubd, to which

Ler m nai16pbeeseupl cenbyuyyLRE dopictsr bf t3aR01E4RE! hYglhat Lransistor

24 perforns a triple ro I evin attenuation enit 20
saturates. First, thghQaPﬁFBt§H°@o¥PﬁEFo eywinadeldr tor audpytor 24
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the paral | atron o I'cu nagdanc
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and resi st ot Q2 roll sybiabipes Alesabiofes glofl odeanfBeang 88 to be at a

p05|t|ve poten caus -9- bi ased since

Kaﬁanode |¥x%aﬁ#%ﬁ@¥néQ$ypgxfgrm%ﬁuubblehe|ﬁungﬁlenghS@néléﬁﬂye@por of
transi st or gf$hsildeoPaid, fag;@rg%uggyrréﬁgiaiﬂeao output termnal 18 is

siml alré y in the for n}r?;];ug termn?aef tig nlsl coupled to output terminal
16 by way of the series connection of forward biased
diodes 86 and 82 and inductor 54. Transistor 42 which is
biased off by the approximately ground potential on '
conductor 36 coupled to the base of transistor 42 by way
20 of resistor 46 exhibits a high impedance to ground at its
collector which therefore has substantially no effect on
the path coupling input terminal 14 to output terminal 16.
The inductance of inductor 54 is selected to form a low
pass "pi" section in conjunction with capacitors 53 and 55
25  having a cut-off frequency above the highest frequency of
U the signals of interest.
' For the purpose of description, now assume that
the logic level applied to terminal 10 is less than, i.e.
is more negative than, the second logic level. As
30 explained, - this causes conductor 36 to be approximately at |
the pqtential of terminal 30 and conductor 50 to be at
approximately ground potential. The positive potential
applied to circuit point 68 by conductor 36 by way of
resistor 70 reverse biases diode 66, since its anode is at
35 approximately ground potential. Transistor 24 is biased
off by the approximately ground potential on terminal 10,
applied to its base by way of resistor 26. Diodes 62 and
64, whose cathodes are coupled to ground by resistors 74




5 which the series arns are reverse biased diodes 88 and 100 and which °
therefore exhibit high inpedances. The Qunt arm conprises the parall el
conbi nation of forward biased di ode 1027and saturated transistor 108, both
of which el enents exhibit respective |ow inpedances and forma 10
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path coupl RRFIHHR RekeRtial byt Eorvepdtbiasadndiods. 6‘!Ehe Dh@d@t&ﬁce of
Induct?r 5&533:1&@4@6@ ﬁé’xaéﬁé@ﬁ:.é@é\ﬂpasﬁ sPgnatesti Rpuk f’—%%ﬁ%%' 0{1 with
capacitors an avi requer; ve the -highes
frgquency &% (aﬂﬁfﬁ£§F?ﬁc?Vé£§€éF° £P?£ bﬂéé g HXSHFWpP%bn now
assund & hatfarwvarddiased clicges i €21 andt 64 nandl id0nbs teapledamo i.e. is

nore negati 1 , t e -second logic level. As 30 expl ai ned, -thi s causes
conduct or e aq;rOX|nately at the potential of termnal 30 and
conduct or 50 to be atDigfe B4 ris efgrvandrbiasednbyatheTpespbivei ve

potential itdrRd 410 dH ré‘dﬂdu@ﬁbf\tsé%ﬁmfaadest9£s3§neaews %k %&* stor 70
reverse blases |od%g$6 ince - jts ode Is
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rroxi ma é round\_J
botenti al | PRFORUIRTE LY hFTOWR aBﬁFﬁ%FFrgEeWP&PSgn 0
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62 and 64, f‘%‘i‘&z% rh%%eé t?j;etl'?é)%)o&gti@e %SEEStPXfSﬁ' 2 ductor 36
" applied by way of resistor 106 and approxlmately ground
'potential'applied by way of resistors 92 and 11le,
respectively. Transistor 108 is biased off by the
20 approximately ground potential applied to its base by way
of resistor 110. The anode of diode 86 is coupled by way
of inductor 54 to the collector of transistor 42 which is
in saturation and the resistance ratios of resistors 106,
92 and 116 are such that the potential difference which is
25 applied between the anode and cathode ‘of diode 86 causes
it tb be reverse biased. Diode 102 is reverse biased by
the positive potential on conductor 36 applied to its
cathode by way of resistor 106 and approxlmately ground
potential applled to its anode by way of resistor 112. A
30 signal at input terminal 14 is therefore coupled to output
terminal 18 by way of forward biased diodes 88 and 100.
Parasitic coupling of a signal from input
terminal 12 to output terminal 18 and of a signal from |
input terminal 14 to output terminal 16 is reduced to a
35 very low amount by the action of inductor 54 which forms
the series element of an attenuatlng network Inductor 54
exhibits a relatively high reactance in the frequency
range of interest in comparison with the corresponding



-10- and 80 respectively, are forward biased by the positive potential of

.circuit point 68. Transistor 42 is biased into saturation by the positive
potential on conductor 36 applied to itslbase by way of resistor 46. This

causes 5 its collector to apply approximately ground potential to the
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Lhi vely high reactance in the frequency range of interest’in
iii )lggmﬁm m“he correspondi ng shigg« | Npedance for either direction
* C signal coupling. For one direction of parasitic signa
coupling, the shunt inpedance is provided by the | ow i npedance of saturated

tLansistcw CRAIMS: t he other direction of 5 parasitic signal coupling, the
shunt inpedance I's provide e rya de 94
whi ch is bypassed to roung B&‘?%%héﬁ*%?ﬂgﬁﬂqu ﬁig?gge Bpre |atedﬂ*
thetl nvent mrsr,gnabeoutpdtv\pbh'ta @& fdontaral rlmt fori npgeivingod mde ;
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C;ﬂ 'VSa %Om ﬁfé’étsfé%grﬁhfié'cgﬁd%ni'ﬂfﬁlémﬂ mrfeaﬁdneelswadawt put
gvm tch appd® %ss?g?cEBBBI FSr %@rﬁg& eﬁm%ﬂnﬁg ggﬁf‘ a.g.n{qg }r#"gal d
OUEIIOUt ngﬁ%@aﬂgl abétwgﬁgoﬂﬁﬁ.at mﬁﬂ)?imexs ssidcseclond ope;mtamg. gn?ie d
gglg ;grts ﬁﬁeﬁ igFgegeEBniegi éﬂf {ké é§§€ éggﬁgehg res nséetgeggid
nmode sk ectsaidssijgnal s91tcbanppag;tnssnwmmmnappgsatus conprising: a pair
Second el eciy odas of 5 BaiE §e ?gﬁﬁéf‘?ﬁﬁ% fpetibel MEoAs [oopoctive
with said reteetredess pfse Sissl Jame AR gr%%‘I:EHVQSSeFG"Q circuit point
22? dsfilnd :eéPGE&MHegeéfnﬁ geRe@ A8 ri S8 @ 0@Pbadst BeingPetuplednas of
Pu g eries wlth said respective first electrodes being coupled ./
15 to a circuit point and said respective second electrodes
being coupled to respective ones of said input port and
said output port;
a shunt diode having a first electrode of sazd
first type and a second electrode of said second type,
20 said first and second electrodes of said shunt diode being
coupled to a point of reference potential and to said
circuit point, respectively;
transistor means having a control electrode and
having a principal controllable conduction path coupled
25 Dbetween said circuit point and said point of reference
potehtial; and W
control means coupled to said control input and
being responsive to said mode selection signal selecting
said first operating mode for applying bias potential
30 tending to forward bias said pair of diodes and tending to
reverse bias said shunt diode, and for applying control
potential to the control electrode of said transistor
means for rendering substantially non-conductive the
principal controllable conduction path thereof;
35 said control means being responsive to said mode
selection signal selecting said second operating mode for
applying bias potential tending to forward bias said shunt



sai d output port; a shunt diode having a flrst eIectrode’ﬁ’r'””—él—aﬂfﬂrrgfﬂ———~
and a second el ectrode of said second ti ' said firs mﬂ“‘mﬁﬂ\ \[\“‘)
el.ectrodes of said shunt diode bei ng ¢B gred to a point c&“

potential and to said circuit point, respectively; transistor® means haV|ng
a control electrode and having a principal controllable conduction path

coupled 25 between said circuit point and said point of reference
pot ent ited ; quﬂantennxngate reverse biasasdidopadia qﬁudnodaaj&nﬂng

Soarbiigd Vi nﬁ%r@gﬁtﬁ' ?Etﬁﬂgghﬂ”% iﬁke% F\?’glegil as sal i

node for ap I as E t endi ng r pai r of
di odes and Siadili teansis 9§r@ea§$a§°§a¥€n§ﬁﬁhngdB&h§tﬁﬂﬁ}ﬁ: Y appl yi ng

control pOE@ﬁdﬁ&tiﬁbtﬂﬁeCﬁﬁiﬁ@kp&ieééﬁEESIQEbiél@dﬂ&ﬁaﬂﬁaﬂ” d@ans for
renderinng igbstan ially non conductive the principal controllable -

conduct’ on er eof ; _ said control neans being responsive
to sai d node sel ection S|gnal sel ecting said second operating node for

appl ying bias potential , tos for bi i.d _shunt, . di ode
tending to reverse bi%‘s igél%%grl rapsof cﬁ,%{cféej;s aﬁi ggﬁqﬂ H’g%ﬁ‘ﬁﬁ‘%f %ﬁ%nt i al
to the contcositrdlkmeans Hartherd inabudesobimsacentmolr evedns ng

substanti al ﬁgﬂ%&g:l LPpgi Rel bl
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of said prig I%nglofofﬁﬂi'&%iégl‘EoCQHﬂECi:bQE' RF Aivdexidhd IS stor neans

for applyi formard bias to said | od es .and for applyl ng reverse
bjas to sméiﬂﬂﬁﬁﬁ g KFeverspchias; b pFPﬁglﬁg aﬁ%ﬁ? ction path

i &~subst antpirdldeipab- cmﬁncnablendoﬁdﬁcambhypaw wmdnastiﬂmi d shunt
non-conductive and for applying forward bias to said shunt
15 diode and for applying reverse bias to said pair of diodes
*  when said principal controllable conductlon path is
substantlally conductive.

3. A system as recitedin Claim 2 wherein said
20 transistor means comprises a blpolar transzstor and said
' diodes are PIN diodes. '

4. A syster as recitedin Claim 3 wherein said
control potential applied to said control electrode of
\_ 25 said transistor means for rendering substantially
' conductive the principal controllable conduction path
thereof causes said transistor to be saturated.

_ 5. A systesn as reCitéd‘in“CIaim 4 wherein said
30 respective second electrodes are coupled to respective
ones of said input port and said'output port by way of
respective capacitances.

6. A system as recitedin Claim 5 wherein said
35 second electrode of said shunt diode is capacitively
coupled to said point of reference potential.



15 diode and for a |ng reverse bias to said pair of di odes when sald

, wﬂwﬂmﬁﬂﬂ I abI e conduction path isjgubstantially conductive. 3. <A
|n Claim 2 wherein said 20 +transistor neans conprises a
blpolar tranS|s or and said diodes are PIN diodes. 4. A systemas recited
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in Clain®5 wherein said 35 second electrode. of said shunt diode is,
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| ow pass fl|§hﬁnteeﬂpadiﬁbr meanst em as recited in Claim7 wherein said

| ow-pass filter neans conprises series inductor nmeans, and shunt capacitor

means. 10

..9. A systemas recited in Cla|n18 wherein said
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16. A system as reczted 1n Claim 9 wherein said

'control means further 1ncludes bias control means

responsive to the state of conduction of said principal
controllable conduction path of said transistor means for
applying forward bias to said pair of diodes and for
applying reverse bias to said shunt diode when said
principal controllable conduction path is substantially
non-conductive and for applying forward bias to said shunt
diode and for applying reverse bias to said pair of diodes
when said principal controllable conduction path is
substantially conductive.

* . 11. A system as recited in Claim 10 wherein said
respective diodes are PIN diodes and sald transistor means
comprises a bipolar transistor.

12. A system as recited in Claim 11 wherein said
control potential applied to said control electrode of
said transistor means for renderlng substantially
conductive said principal controllable conduction path
thereof causes said transistor to saturate.

13. A system as recited in Claim 12 wherein said
bias potential is applied by said control means through
resistance means.

means for applylng forward bias to said
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saturated. 5@diodesysisccoupledtitedaid @iraudtwpeiatn byaway3®f rlanpepasse

y Way of respective capacitances. 6. A system as recited
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:ap")pl yi-ng reverse bias to said shunt di ode when said 20 pri
. control | abl e conduction path is sub_s_ltasa_nti al 'y non-conduct il llﬁlﬁﬂll" I““"Ill " ||||

appl ying forward bias to said shunt”"diode and for applying reVerse 'bids t'o
said pair of diodes when said principal controllable conduction path is
substanti al |y conduct iyye. . Cg [ i wher ei n
sai d respective di ode%‘ére%lsﬁscﬁeomdeaséaﬁ%ggﬁ {r?aér:]is?g?o?:s%gﬁ?eégnpri ses a-
bi pol akt ransiidt sespegtive second Elegtrpdesofissaidi padri pfCdiodes]
wher ei n:sai d,e0RL63k 1R j 3 4 t Ll £OOtERL sebeckL9de j8butai d
transi stor mgans For 1r emyi ngo sumst gﬁ% i%ﬁé‘g%nduc%ﬁvg sai % gri r%c?pal
control | abl @n8oRY¥EPMtoPOFAtSh t her eof causes said transistor to saturate. 35
13. A gystemas recited in Claim12 wherein said bias potential is applied
by said control neans _through resistance neans. -15- .14, = A_system as
recited in Claim13 \MJn%’r‘ei r§%§§13§ R | ARP IR B %ﬁ}géﬁaﬁéélaﬁ' 8%id pair
of di odes aneredpdeifbirecide seriberl] witH esdstenee ot@Sseétiand 20npift taved
out put ports. .5 15. Signal i tch apparatus substantially,as_ hereinbefore
descri bed WPPASr %f"@?’é'ﬁ%e qfo%ctﬁcﬁ?o'%?le%egg%Y’en?i gﬁfe%oofpltehe
acconpanyi ngecdoapang ingr drawimg ascawhylelg drawi ng as a whole. 10
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