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Field of the Invention

This invention relates to signal switching apparatus
and particularly to apparatus of the kind employing cascaded
switch sections for enhancing the off-state attenuation of high

kgroun he Invention

The attenuation provided by a switch when the switch
attenuation) is an important figure of
merit for a switching circuit and particularly so in applications
where the signal to be switched contains significant amounts of
As an example, when switching between
a number of video input signals for television apparatus (e.g.,
effects generators, etc.) it is
important that the video input signal that is not selected be
level to avoid interference with the
Generally speaking, it would be
desirable to attenuate the unselected video signal by at least 60
Such levels of attenuation at video

frequencies are not easily achieved with conventional integrated

to. the presence of parasitic
For this reason various methods have been
prbposed -for improving the off-state attenuation of integrated
One such technique, described in the following
is to connect switches in cascade so that their off-

A first example of switch cascading for improved off-
state attenuation is described by Nigborowicz et al. in U.S. Pat. No.
4,521,810 entitled VIDEO SOURCE SELECTOR which issued 4 June,
In a specific embodiment of this switching circuit, an
emitter follower is connected in cascade with an integrated circuit

S
frequency signal components being switched.
10
L is turned off ("off-state”
;
15 high frequency energy.
recorders, receivers,, monitors,
attenuated below a minimum
20 selected video input signal.
dB and preferably more.
circuit switches due, for example,
25 capacitances.
circuit switches.
two examples,
state attenuations are additive.
30
1985.
35

switch of the CMOS type and a clamping transistor is connected to
the base of the emitter follower transistor and controlled to
disable the emitter follower when the CMOS switch is opened.' By
this means the video signal being switched is attenuated both by
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10 Background of the Invention

The attenuation provided by a swtch when the switch . I's turned
of f ("off-state" attenuation) is an inportant figur®Roi 38962 for a
switching circuit and particularly so i applications where the
signal to be switched contains significant anmounts of 15 high

f rﬁguenc]}/ ether oisabhead a@nﬁulerrpfeuowiwn cirguichang st Vthe? CMOS switcha
nunoer or Vv - evl sl on apparatus (e.g.,
-recorders, ?’vglggl \k/@)ls&"?ggﬁgt g‘}él,%e?ﬁéct s generators, etc.) it is

i nportant that the vi8eocsecomd: example t ofit cascaded savidehing beircuits s

attenuat ed elcarbedt Byl DUSs eﬁebétesge%.: N, "uIE! 989C efeitfed BIGNAL 2 O
desi r abPe t%ggﬁféﬁﬁm&MS@Ihé@ e’és‘b"r%e%?griaa&ﬁa% b@&a{ol s spsgific
dB and predmbaldimenor disciosed lirvehe deisst pavedt on atdisddegwitch is
1 eauenct oo i FRSlde SPUR! S Ml HREEBIEA" Bl SRS The
capaci t ancegircuitFéncludies ar ddsoncironiti shat semdsodsrn-oaveurbemn through
proposed Tk ICHICY! §WitchN o Olle didkE SWikAUIAD i’ CIHGY" &flh is

10 closed. Another bias circuit applies reverse bias to the diode
switch when the CMOS switch is opened. For maximum off-state
attenuation Deiss recommends the use of a diode of the p-i-n type
as such diodes exhibit a very low junction capacitance and thus
minimize parasitic coupling when the diode is off.

15

Summary of the Invention

The foregoing two - examples of cascaded video switches
provide excellent attenuation performance. However, both examples
are relatively complex requiring a clamping transistor or a source of

20 reverse bias voltage for maintaining the off condition of the switch.

. The present invention is directed, in a first respect, to
providing a switch of the type employing a diode in which a separate
source of reverse bias is not required for maintaining the switch in an
off condition.

25 A switching circuit embodying the invention includes a
diode having a first electrode connected by a DC blocking capacitor to a
source of input signal to be switched and having a second electrode
connected via an output circuit to an output terminal. A bias control
circuit is coupled to the first and second electrodes of the diode for

30 providing a first operating mode for forward biasing the diode when
input signals are to be coupled to the output terminal and having a
second operating mode for providing DC isolation of the first electrode
of the diode so that the diode rectifies the AC input signal applied
thereto and in so doing generates a reverse bias for turning the diode

35 off. '

In accordance .with a further aspect of the invention the
output circuit comprises a non-additive mixer.
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circuit switches. One such technique. described in the follow ng
two exanples, is to connect switches in cascade so that their off-

state .attenuations are additive. 30 RCA /85.P62t exanple of
switch cascading for inproved off- state attenuation is
described by Ni gborowicz et al. in U S Pat. No. 4,521, 810

entitled VI DEO SOURCHmSEdEOTdrnodi viith sgatednotllemeispect of the inv@8don then

a specific

follower is

(ﬁlé@ﬁf”@i'f itOfncibles Wﬁlt‘ﬁ?ilﬁfér?iahau'ht nogazﬂiditiv.e mixer. emtter

nnected in cascade w an integrated circuit 35

switch of the CMOS type and a clanping transistor is connected to

the base of the emtter foll oweBriefaDek&tidtion Ghet DeAw to
di sable.the emtter fQll ower en t.he. sWtcC s opened. By. .
e o e o Ehg iV eRie S0 ﬁn“géavlﬁ LT ol B BPRR e drawing

10

15

20

25

30

35

wherein like elements are denoted by like reference designators dnd in
which:

FIGURE 1 is a circuit diagram of a switch embodying the
invention; and

FIGURE 2 is a block diagram, partially in schematic form, of
a color television receiver embodying the invention including
exemplary element values for the elements of the switch of FIGURE |
and including further features of the switch for the specific application
shown and described.

Detailed Description
' The switching circuit of FIGURE 1 includes an input terminal
10 for receiving an input signal Si to be switched and an output
terminal 12 for providing a switched output signal. A diode 14 is
provided having a first electrode 16 {(cathode) coupled via a DC blocking
capacitor 20 to the signal input terminal 10 and having a second

electrode 18 (anode) coupled via an output circuit (30 and 40) to the

output terminal 12. The output circuit comprises a cascade connection
of an amplifier 30 and a non-additive mixer 40. Amplifier 30
comprises an NPN transistor Q1 having a base electrode connected to
the second - electrode (anode) 18 of diode 14, having an emitter
electrode coupled to a source of reference potential (ground) via an
emitter resistor 32 and having a collector electrode coupled to a supply
voltage input terminal 25 via a collector load resistor 34. A positive
supply voltage Vs is applied to supply terminal 25. The non-additive
mixer 40 comprises a pair of NPN transistors Q2 and Q3 having the
collector electrodes thereof connected to the supply terminal 25 and
having the emitter electrodes thereof comnected to the output terminal
12 and coupled to ground via a current source 42. The current source
may be implemented as a resistor or it may be a transistor biased to
Operéte as a current source. The base electrode 44 of transistor Q2
serves as one input of the non-additive mixer 40 and is connected to
the output of amplifier 30 at the collector of tramsistor Ql. The base
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the disabled emtter follower circuit and by the CMOS switch when t he
swtch is turned off. A second exarrpl e of cascaded
switching circuits is described by Deiss in U S. R@a; 85062 4, 638, 181
entitled SIGNAL 5  SOURCE SELECTCR whi ¢h i ssued 20 January 1937 SWII tncﬁ »
connect od | FIEEIEE Bt 19ta LEMIRSIOH 07 aPEYeS] 1A8uld. S¥RQneh, inpHRe of the; Aenrt
includes a bdditivs rmiker ttmtt anénils dofinecosd CLy raNtin ItOttﬁ'hunal 50e CNpsttus
DA 12, B Shetitn PR YRE il Vo' o GRIEE s0
further example discussed later a second input signal to be
5 sthched is applied to input terminal S5O.
The remaining elements of FIGURE 1 comprise a bias control
circuit for diode 14 for providing a first operating mode in which diode -
14 is forward biased for coupling the input signal Si to output terminal
12 via amplifier 30 and non-additive mixer 40 and for providing a
10 second operating mode in which the first electrode (cathode) 16 of
diode 14 is DC isolated so that the diode rectifies the AC component of
the input signal Si supplied via DC blocking capacitor 20 and in so doing
generates a reverse bias voltage which "self-biases” diode 14 to an OFF
(non-conductive) state. As will be explained, amplifier 30 and non-
15 additive mixer 40 provide further attenuation of the input signal in
response to the self-biasing conditions of diode 14. The bias control
circuit comprises a first resistor 62 coupled between the supply
terminal 25 and the second electrode (anode) 18 of diode 14 and a
second resistor 64 coupled in series with a switch 60 between the first
20 electrode (cathode) 16 and a source of reference potential shown here
as being a ground point 66.
Operation of the switching circuit of FIGURE 1 will first be
described for the case where the control switch 60 is closed. For this
condition a DC path exists between supply terminal 25 and ground 66
25 through resistors 62, diode 14, resistor 64 and switch 60. Current flow
' in this path has two effects. = Firstly, it forward biases diode 14 and so
diode 14 couples the AC component of the input signal Si to the base of
transistor Q1 of amplifier 30. Secondly, resistors 62 and 64 and diode
14 form a potential divider which provides temperature compensated
30 DC bias to the base of transistor Q1 which biases the transistor for linear
operation, The temperature compensation effect results because
voltage changes of the base-emitter junctions voltage Vbe of transistor
Q1 are accompanied by similar changes of voltage across the P-N
junction of diode 14. Accordingly, in this mode of operation diode 14
35 serves the dual functions of (1) providing coupling of the AC component
of input signal Si and (2) providing Vbe temperature compensation of

transistor Q1 in amplifier 30.
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switch when the CMOS switch is opened. For maxi num of f-state

attenuation Deiss recommends the use of a diode of the p-i-n type as
such di odes exhibit a very |ow junction capacitance RGd $HhQ9s2 mnimze
parasitic. coupling when the diode is ofgf. 1 5

Summary of the Invention The foregoing two exanpl es of

cascaded vi deo swi t-chAsnplifier p3fbv&rdphénesetheerACacomjlmen()mﬁ)eheonm’(cmgnal
Hovever, bO&&@éﬁﬁwxﬁsdl?de e 'Phe! bl Yorc it e3¢/ i f%ﬁf“d &P %o

transistor of & sourc ever i as. Vo for .mai Nt al,hi ng f
condi ti on oAPRIOXiEdtiom by the ratio of the ?ngﬁms éﬂ@ PRIBAT §°§i§‘r°é%t£‘£i

hn S fi rss\hﬁmpgm rds@ectwel)pro\ll'ltib ngesasft@thh @bnjlhﬁct‘idrpev&ttplﬂw r[ggafblas

i ode i i C t

diode 4 WL S0i8aSSBAIAS base SPUEARSERCIST SH1d Relerelifle " ALY G
swi tching collector eohagqm@lch his ianfactor oto bmodqmmmd in thii cyperationngfa

first elect h%d?ogﬁ%%t Qﬂ)xp)(d %a%?%? %Qae%égﬁ Ie OA Itp?%ﬂ:rred bERUcERdMion

i nput signa Hegnd ving a's
for amplifier 30 is one which provides an output signal voltage that is

within a range defined by the supply voltage Vs applied to terminal 25

10 and the bias voltage Vb applied to terminal 50. Illustratively, one may
select DC bias for amplifier 30 such that the output voltage is about
three quarters of the supply voltage Vs and the bias voltage Vb may be
selected to be about one-half of the supply voltage Vs. Of importance to
the present invention is that the bias voltage Vb for the non-additive

15 mixer 40 is less than the supply voltage Vs for amplifier 30 and that
amplifier 30 is biased to a quiescent level between Vs and Vb. As an
example, for a 12 volt supply amplifier 30 may be biased to provide a
quiescent output voltage of 9 volts and the bias Vb applied to non-
additive mixer 40 may be 6 volts.

20 The amplified signal at the output (collector Q1) of amplifier
30 is applied to transistor Q2 of non-additive mixer 40. Transistor Q3,
being DC biased at a lower voltage than transistor Q2 as previously
explained, is therefore turned off and tramsistor Q2 and current source
42 function as an emitter follower to couple the amplified output signal

25 to output terminal 12,

Briefly summarizing the foregoing, closure of switch 60
forward biases diode 14 which then provides the dual functions of (1)
couphng the AC component of signal Si to amplifier 30 and (2)
generating a temperature compensated DC bias voltage for amplifier 30.

30 Amplifier- 30 amplifies the coupled signal and provides an output
voltage at a DC level which reverse biases transistor Q3 of the non-
additive mixer 40 and is coupled to the output terminal 12 via
transistor Q2 operating as an emitter follower.

Operation of the switching current of FIGURE 1 will now be

35 discussed for the case where control switch 60 is OPEN. For this
condition there is no DC path from the first electrode (cathode) 16 of
diode 14 to any point in the switching circuit. The DC isolation of the
first electrode (cathode) 16 of diode 14 has a number of significant
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connected via an output circuit to an output termnal. A bias control
circuit is coupled to the first and second el ectrodes of the diode for 3 0
providing a first operating node for forward biasi ngriche 85 842 when

i nput signals are to be coupled to the ogtput term nal and having a

second operating node for providing DC isolation of the first el ectrode

of the di odeffectshah the dirodit roperatiorsptdwionsly rdescribegnal Aapfifste@ffect is

E)Pferet 0 and (1 s d@élfcﬂn%‘gxggﬁggﬁgeax&fehqr4s?o {eﬁeri'ofshet %@' ngrﬁﬂﬁxeﬂk O&f Rl?t

a nven
t he outspgnalciSicand storpr thee geatified- é{QlﬁaG¢v@ﬂn¢&lé301t0f 0. The capacitor

20 is charged by current flow through resistors 62 and diode 14 when
5 input signal excursions are lower than the anode voltage of diode 14 but
there is no discharge path and so the accumulated charge reverse biases
diode 14 thereby attenuating the input signal. A second effect of
opening switch 60 is that resistors 62 and 64 no longer bias transistor
Q1 of amplifier 30 for linear operation. Instead current flow through
10 resistor 62 is completely diverted to the base of transistor Q1 and this
current effectively overdrives transistor Ql in to a non-linear mode in
which the transistor is at or at least near saturation. Full saturation is
not essential. What is important to the present invention is that the DC
bias for transistor Ql be charnged only enough to decrease the collector
15 wvoltage to a level sufficient to reverse bias tramsistor Q2 in non-additive
mixer 40. This level is any voltage less than the DC bias voltage Vb
applied to terminal 50. When this occurs transistor Q2 is reverse biased
and transistor Q3 operates in .conjunction with current source 42 as an
emitter follower to couple the bias signal Vb to output terminal 12.
20 Accordingly, in this mode (switch 60 open) the input signal Si is
attenuated by diode 14 (which generates its on turn-off voltage by
rectifying the input signal) and by amplifier 30 and by non-additive
mixer 40.
FIGURE 2 illustrates an application of the switching circuit of
25 FIGURE 1 for selectively switching two chrominance input signals in a
color television receiver. This FIGURE also shows exemplary element
values and voltages.
The color television receiver of FIGURE 2 includes a tuner -
and IF processing unit 200 of conventional design having an input
30 terminal 210 for receiving an RF modulated video input signal and an
output for providing a baseband demodulated video output signal.
Other baseband composite video input signals are provided by auxiliary
input connectors 212 and 214. An SVHS (super VHS) input connector
216 is provided for receiving a baseband video input signal of a
35 separated luminance (SVHS-Y) and chrominance (SVHS-C) format. A
four position selector switch 220 is provided for selectively coupling the
signals S1, AUX-1, AUX-2 and SVHS-Y to the input 222 of a comb filter
230. Channel selection for tuner 200 and signal selection by switch 220

This Sheet Has Been Rerlaced

R HAT




3 In accordance with yet another aspect of the invention

t he output circuit includes an anplifier and a non-add SHj?nve m xer.
Brief Description of the Drawing 5 TheR€hv 8t
illustrated in the acconpanying draw ng; wherel n I i ke el enents are

denoted by |ike reference designators and in
FI GURE 1 -i sin cantrelied dbyga santeel anitiddda engdww@ tfﬂéef 230 jhgsehtmingance

?g?ml gf (Y) and dﬂ:@dﬁlﬁa%cbs (@)blowipuls mdp%thaldxuebnpssmabc and

ncl uding  disPlayeiatt 358 Bherptvertitush desit B iuttestie o b Ping

FIGURE 1  color video images. The comb filter 230 is of a type having an emitter
S follower output stage for the chrominance signal. This stage is
represented in comb filter 230 by transistor Q3 and current source 42

with the base of transistor Q3 biased at about 6 volts. It will be noted

that these elements are identical -to those used in non-additive mixer

40. Advantageously, the presence of an emitter follower in comb filter

10 230 eliminates the need for this elemént in the SVHS chrominance

switch 280 as will now be described.

~The SVHS chrominance switch 280 corresponds to the switch
of FIGURE 1 with the following modifications. Firstly, an input signal
terminating resistor 282 is provided between input terminal 10 and

15 ground. This resistor terminates the SVHS chrominance signal provided

- by SVHS connector 216 in a standard characteristic impedance (75
Ohms). Electro-static discharge (ESD) protection is provided by an ESD
protection resistor 284 connected in series with capacitor 20. The
resistor 64 of FIGURES 1 is implemented by a series connection of a pair.

20 of 2.7K-Ohm resistors having the common connection thereof by-passed
to ground by a capacitor (470 pico-Farads). This network functions as a
low pass filter which provides the dual functions of (1) suppressing
noise from switch 60 from entering the chrominance signal processing
channel and (2) suppressing chrominance signals from entering switch

25 60 and thus interfering with other signals which may be switched by
switch 60. Another change in this embodiment is the inclusion of a bare
isolation resistor of 470 Ohms between the base of transistor Ql and the
anode of diode 14 for isolating parasitic capacitances associated with
transistor Q1. Switch 60 is controlled by controller 240.

30 In operation control unit 240 selects signals for display by
controlling switches 220 and 60. For example, when selecting video
signals S1, AUX-1 or AUX-2 control unit 240 sends corresponding
selection signals to switch 220 and simultaneously sends an inhibit
~signal to switch 60 which opens switch 60. This disables signal flow in

35 the SVHS chrominance signal path as previously explained. Briefly
reviewed, in this mode diode self-biases itself to an off state by
rectifying the SVHS chrominance signal (if any is present), amplifier 30
is driven to saturation (or near saturation) and the non-additive mixer
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and including further features of the switch for the specific application

shown and described. 1 5 iled
Description The switching circuit of CA éé%% i ncl udes an
i nput term nal 10 for receiving aminput signal Si to be swtched and

T4 To Do f0oselscus B wgmb rHikEE Siegu rudndlly' FEE ik Sy enat, Sofide
bl oc kidng 216I depseleceed 2?5";] contrel sumitalR40nphe S\ertnthQO_l@:oaiNeﬁa&giené‘éiIS
Polohe  lufifElceentl (@ %ggg%@gpggg %ha ik BVEY SirofinanceOsafil 40

to the € put circult_ conp 6ses a cascgg.e.
connect i oncoupledf taarpragessor | 230 3yia hiwdes fonamplifiey 30 npnd, neg-additive

Anpli figr 3Qixdr 540 CAMPpreRush dNplainedaiisithé odesetiptivn ©f EIGWREelectrode
connect ed toxr the  secon el ectrode (anode) ﬁ%8 of diode 14, having

an emtter el ectrode coupled to a source of reference potenti al
(ground) via an emtter resistor 32 and having a collector el ectrode

coupled to a.supply voltage input termnal 25 via a collector |oad
resistor 34. A positive :
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o S Pt e g et speed 1o ey tepmnat 2o ree HIRAHAIRAI VI
col l ector el ectrodes thereof connected to the suppl ;R‘-t?ér%’r?ék 25 and

having the emtter el ectrodes thereof conplected to the output term nal

12 and coupled'to ground via a current s%rce 42. The current source 3 5
may be inplenented as a resistor or it ﬂg&Ma transi stor biased to
operate as a.current source. The base electrode 44 of transistor @
serves as one input of the non-addit.ive mxer .40 and is connected to

the output of anplifidr A0SHICHRE WL AMBAS& nsistor QL.  The base
a diode (14) having a first electrode (16) connected by a DC

5 blocking capacitor (20) to a source of input signal (Si) to be switched

- . and having a second electrode (18) coupled via an output circuit (30,40)

to an output terminal (12) for providing a switched output signal;
characterized by '

a bias control circuit (62,64,60) coupled to the first (16) and

10 - second (18) electrodes of said diode (14) for providing a first operating

mode for forward biasing said diode (14) for coupling said input signal

(Si) to said output terminal (12) and having a second operating mode

for providing DC isolation of said first electrode (16) of said diode (14)

so that said diode (14) rectifies the AC component of said input signal

15 (Si) applied thereto via said capacitor (20) and in so doing generates a

reverse bias voltage for turning said diode (14) off. N

2. A switching circuit as recited in Claim 1 characterized in
that . said output circuit (30,40) includes a non-additive mixer (40).
20
3. A switching circuit as recited in Claim 1 characterized in
that said output circuit (30,40) includes an amplifier (30).

4, A switching circuit as recited in Claim 1 characterized in
25 that said output circuit (30,40) includes a cascade connection, in the
order named, of an amplifier (30) and a non-additive mixer (40).

5. A switching circuit as recited in Claim 4 characterized in
that said non-additive mixer (40) includes an input (44) connected to an
30 output of said amplifier (30) and a further input (46) to which a bias
voltage (Vb) is applied that is less than a supply voltage (Vs) applied to
said amplifier (30) and said amplifier (30) is biased to provide a
quiescent output voltage intermediate the values of said supply voltage
(Vs) and said bias voltage (Vb).
35 ' .
6. A switching circuit as recited in Claim 1 characterized in
that said diode (14) in said first operating mode provides temperature
compensated DC bias for an amplifier (30) in said output circuit (30,40).
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4 el ectrode 46 of transistor @B serves as a second i nput omllmtumr"m""””"
| L M s *

additive mxer 40 and is connected to an input t,erm'l{k?% §$°6g :
exanple of the invention a DC bias voltage Vb is app d 16 Term nal 50.

In a further exanple discussed |later a segond input signal to be 5
switched is applied to input term nal 50. The remai ni ng

el ements of FIGURE 1 conprise _a_bias control . cCircuit, for diode 14 for
providing a first opefatifAgswiding circuik as seeited in)Llaig tPHreharactgrizeddin

for couplingithaaidprdiodd qNa) § §HAOYIRY! op&ating?!mode provides2Wthpbifurs0
anpl non-additive m xe i,)(e)cand fo rovi.di r;g Pf‘lo aicond er at nglg mde .i n
whi ch the f FPEIPEASEESY oBIC ( Biphoted Saidormmplifigr o430 41 ssaid | Quiplt o Frecpit
that the di ¢31@,4@ctifies the AC conponent of

8. A switching circuit as recited in Claim 4 characterized in
that said diode (14) in said first operating mode provides temperature
compensated DC bias for said amplifier (30) in said output circuit

10 (30,40).
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the input signal Si supplied via DC bl OCkI ng capacitor 20 and in so doing
generates a reverse bias voltage which "self-bi ases'Rer 03153 &g to an G:F
(non-conductive) state. As will be explained, anpl g 8 nd non-
additive m xer 40 provide further attenuation of the input signal |n
response to the self-biasing conditions, of diode 14. The bias control
circuit conprises a first resistor 62 I88thet ween t he supply

term nal 25 and the second el ectrode (anode) 18 of d| ode 14 and a

d t 64 I i 1 1 0
SRt Siho AT S YRR L o
as being a grsoumce pfi mpw@6signal (Si) to be switchegr aua(mcgpa@m@r
circuit Of rﬁi‘é?ge& X sEbéﬁ& él‘éctrode (jfgi)crtbéﬁﬁff@fa e onfnft ‘é’ﬁl‘i:'il@t t he

control Is close

dit pC
otmbon Suski040hten Al owuén@rgusaﬂﬁ% 28 Bigs sARtrolociSuly ig%gﬁ' 80% e
14, resi st ogofifledntb Shiet diod¥) (145uprevides | #vfirst o gpteﬁatlfnlgl agdd Hinhadhichothe

the AC. comptind (b indied Siegh £ B0y B, By sl 60 36,08 e
of anplifieoutpit teSednall(l2)r e thereupmtacigceit a(dl,40pdand provides a
10 second operating mode in which the first electrode (16) of the diode
(14) is DC isolated so that the diode (14) rectifies the AC component of
the input signal (Si) and in so doing generates a reverse bias for self-

biasing the diode (14) to a non-conductive condition.
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14 forma potential divider which provides tenperature conpensated 3 0 DC +
bias to the base of transistor QL which biases the transistor for |inear
operati on. The tenperature conpensation effect results. because :
vol t age changes of the base-emtter junctions voltage Vbe of transistor

QL are acconpani ed by simlar changes of voltage across the P-N

junction of diode 14. Accordingly, ialg?is node of operation diode 14 3 5
serves the dual, functions of (1) prowvifddng coupling of the AC conponent

of input signal Si and (2) providing Vbe tenperature conpensati on of

transistor QL in anmplifier 30.

S0
Vb

a3
42

0z
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Amplifier 30 anplifies the AC conponent of the input signal

coupled via diode 14. The gain of anplifier 30 is given, to a good
approxi mation, by the ratio of the collector and emtter |oad resistors 34
and 32, respectively. The resistors, in conjunction with the DC bias

5 applied to the base of transistor QL also determne the quiescent
coll ector voltage which is a factor tzlgg'cqnsidered I n the operation of
the foll owi ng non-additive m xer stag A preferred bias condition
for.amplifier 30 is one which provides an output signal voltage that is
within a range defined by the supply voltage Vs applied to term nal 25

1 0 and the bias voltage Vb applied to termnal 50. [Illustratively, one
may
FIG.2
2/0 200 240
/ /) .
TUNER
&IF | CONTROL
‘ PROC.
-2/ -
9. l 222 230 (%9
AUX-1 ¢ L— ¥ Ve
SWITCH COMB | PROC. &
CHROMA DISPLAY
AUX-2 % b
2/ |SWSY  Cozo 1 Vo
‘Eé— ':')/?/6 Vs 55
- SVHS-C
39pF
1K
/0
4542/
(&
282 2750 ©
60—~ -
- I 260
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select DC bias for anplifier 30 such that the output voltage is afb-oemﬁt
~three quarters of the supply voltage Vs and the bias voltage Vb nay be
erte o-—{-)e_;ﬁbm-t ane- half of the supply voltage Vs. O inportance to
h pres%n’t ‘Frivertifors i s Sthat it he bias voltage Vb for the non-additive
ST XErTU0T TS 1eds pogad.hd supply voltage Vs for anplifier 30 and that
g I'i-fiér! 30 HS"ﬂblhseq:ﬁ!(‘ﬂﬁPqUI escent | evel between Vs and Vb. As an
%.gnpl g 00 rae . %@htndggwmy anplg\{,k Q‘ M@g provi de a
escemt: outqam’w)ltft &d)_t:_stol téA@éfﬁgﬁos to non-
}addltlve m xer 40 may be6vo|ts earrpllfled
S

|gna1 al ithengyt pedgjgcol | ect QL) of anplifier 30 is applied

o""t‘“r“a'ﬁSTST‘Ur“QE—eﬁfmh@h"' ve rg.xer %O. ransi st or (@@,

bei ng DC bi ased at a | ower vol tagg—ﬂ%ﬁ—%m%@ as previously

expl ai ned, Ps therefore Thimedavehtioandelatemstast signal switchingurapparasour ce
42 function as aad eurticelaripl t®WeppiarePupt etﬂ&ekﬁx'@ﬂf”drf\ff)%lﬁ’g’t Bi{cadegnal

25 t o out put ngl 1.zl ng the
f oregoi ng, cl os&ﬁemofsaes?\fmljoﬁ fgp enhancing the ( gffzstate b?@%’b'é rrgr%r i ch
then provides tFequeasy smlumponer(t;) being switched.
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10 Background of the Invention
The attenuation provided by a switch when the switch

is turned off ("off-state" attenuation) is an- important flgure of
merit for a switching circuit and particularly so in applications
where the signal to be switched contains significant amounts of

15 high frequency energy. As an example, when switching between

~ a number of video input signals for television apparatus (e.g.,
recorders, receivers,, monitors, effects generators, etc.) it is
important that the video input signal that is not selected be
attenuated below a minimum level to avoid interference with the

20 selected video input signal. Generally speaking, it would be
desirable to attenuate the unselected video signal by at least 60
dB and preferably more. Such levels of attenuation at video
frequencies are not easily achieved with conventional integrated
circuit switches due, for example, to the presence of parasitic

25 capacitances. For this reason various methods have been
proposed for improving the off-state attenuation of integrated
circuit switches. One such technique, described in the following
two examples, is to connect switches in cascade so that their off-
state attenuations are additive.

30 A first example of switch cascading for improved off-
state attenuation is described by Nigborowicz et al. in U.S. Pat. No.
4,521,810 entitled VIDEO SOURCE SELECTOR which issued 4 June,
1985. In a specific embodiment of, tl?s switching circuit, an
emitter follower is connected in cascade with an integrated circuit

35 switch of the CMOS type and a clamping transistor is connected to
the base of the emitter follower transistor. and controlled to
disable the emitter foliower when the CMOS switch is opened. By
this -means the video signal being switched is attenuated both by

.‘%r



coupling the AC conmponent of signal Si to anplifier 30 and (2)
generating a tenperature conpensated DC bias voltage for anplifier 30.
30 Amlifier 30 anmplifies the coupled signal and provides an output
voltage at a DC | evel which reverse biases transistor (B of the non-
additive mxer 40 and is coupled to the output termnal 12 via
transistor 2 operating as an emtter foIIovver

Qperation of the switching:-current of FIURE 1 will now be 35

di scussed fortheheigased Wa{terC3oN6@kr SWrd Gib B84 | 5y OREN.CMIE  {Wbiidh

condition ther e first electrode (cathode) 16 of
Shid lﬂ? %u{iﬁw zfnr %@ o

di ode 14 to any poin

c |n CII’CUIt The DC isol ati on of the

first electrode (cathod&) 5f8°’6‘4 Bt pRic1 A h&%s%dﬁﬁnﬁﬁl“cbf“%|Cgfﬁ“f”iscaht
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described by Deiss in U.S. Pat. No. 4,638, 181 entitled SIGNAL
SOURCE SELECTOR which issued 20 January 1987. In a specific
embodiment disclosed in the Deiss patent a diode switch is
connected in series with a CMOS integrated circuit switch. The
circuit includes a bias circuit that sends turn-on current through
the CMOS switch to the diode switch when the CMOS switch is
closed. Another bias circuit applies reverse bias to the diode
switch when the CMOS switch is opened. For maximum off-state
attenuation Deiss recommends the use of a diode of the p-i-n type
as such diodes exhibit a very low junction capacitance and thus
minimize parasitic. coupling when the diode is off.

Summary of the Invention

The ‘foregoing two examples of cascaded video switches
provide excellent attenuation performance. However, both examples
are relatively complex requiring a clamping transistor or a source of
reverse bias voltage for maintaining the off condition of the switch.

The prese-nt invention is directed, in a first respect, to
providing a switch of the type employing a diode in which a separate
source of reverse bias is not required for maintaining the switch in an
off condition.

A switching circuit embodying the invention includes a

. diode having a first electrode connected by a DC blocking capacitor to a

source of input signal to be switched and having a second electrode
connected via an output circuit to an output terminal. A bias control
circuit is coupled to the first and second electrodes of the diode .for
providing a first operating mode for forward biasing the diode when
input signals are to be coupled to the output terminal and having a
second operating mode for providing DC isolation of the first electrode
of the diode so that the diode rectifies the AC input signal applied
thereto and in so doing generates a reverse bias for turning the diode
off.

In accordance with a further aspect of the invention the
output circuit comprises a non-additive mixer.

- RETRE WY SHEET

[ 30 JUL 996

=




6 effects on the circuit operation previously described. A first
“effect is that his condition enables diode 14 to rectify the AC
sconponent of i nput signal Si and store the rectified voltage on
capacitor 20. The capacitor 20 is charged by current flow through
resistors 62 and di ode 14 when 5 I nput signal excursions are | ower than
t he anode vol tage of diode 14 but there is no discharge path and so
t he accunul ated charge reverse biases diode 14 thereby attenuating
the input signal. A second effect of 3 opening switch 60 is that

resistors 62 and 64 noid Y66FdaRLASwIhANE! Sidiner aspddt 8f ABPlvERGEn 3Aef OF
i near oper at&uq . nst ead rren [ esi stor I'S

11 ler L [c(ge t flgﬁ/ tr}lroggh 1 gd.
conpl etely di VEPPRE'EB L IS HdEs o a0 APPUHET A 30RONRAdItHYEs MIXeT. cyrrent
effectively overdrives transistor QL in to a non-linear node in " which
the transistor is at or at |easBrieéaDessgiptivat bOhe Drdhlingat uration is
5 The invention is illustrated in the accompanying drawing
wherein like elements are denoted by like reference designators and in
which: -

- FIGURE 1 is a circuit diagram of a switch embodying the

invention; and

10 FIGURE 2 is a block diagram, partially in schematic form, of
a color telcvisio’n receiver embodying the invention including
exemplary element values for the elements of the switch of FIGURE 1
and including further features of the switch for the specific application
shown and described.

15

Detailed Description
The switching circuit of FIGURE 1 includes an input terminal

10 for receiving an input signal Si to be switcHed and an output
terminal 12 for providing a switched output signal. A diode 14 is

20 provided having a first electrode 16 (cathode) coupled via a DC blocking
capacitor 20 to the signal input terminal 10 and having a second
electrode 18 (anode) coupled via an output circuit (30 and 40) to the
output terminal 12. The output circuit comprises a cascade connection

of an amplifier 30 and a non-additive mixer 40. Amplifier 30

25 comprises an NPN transistor Q1 having a base electrode connected to
. the second electrode (anode) 18 of diode 14, having an emitter
electrode coupled to a source of reference potential (ground) via an
emitter resistor 32 and having a collector electrode coupled to a supply
voltage input terminal 25 via a collector load resistor 34. A positive

30 supply voltage Vs is applied to supply terminal 25. The non-additive
mixer 40 comprises a pair of NPN transistors Q2 and Q3 having the
collector electrodes thereof connected to .the supply terminal 25 and
having the emitter electrodes thereof connected to the output terminal

12 and coupled to ground via a current source 42. The current source

35 may be implemented as a resistor or it may be a transistor biased to
operate as a current source. The base electrode 44 of transistor Q2
serves as one input of the non-additive mixer 40 and is connected to

the output of amplifier 30 at the collector of transistor Q1. The base
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not essential. Wlat is inportant to the present invention is that the DC

‘bias for transistor

QL be changed only enough to decrease the coll ector

15

voltage to a level sufficient to reverse bias transistor 2 in non-additive
m xer 40. This level is any voltage | ess than the DC bias voltage Vb
applied to terminal 50. Wen this occurs transistor @ is reverse biased
and transi stor (B operates in conjunction with current source 42 as an

emtter foll
Accordi ngly,

ower to couple the bias signal Vb to output termnal 12. 20

in this node (switch 60 open) the input signal Si is

attenuated by diode 14 (which generates its on turn-off voltage by
rectifying the input signal) and by anglifier 30 and by non-additive

m xer 40.
swi tching ci
chr oni nance

10

15

25

30

35

reé%(.‘i[fo Cf 4?5 of #TQ&JQE) (? | lSJlttsrtVr t%ssvglnile%g\%lhlt ?[ﬁ;d[on O het h\%n

iadgitivesi miar s49 nangd is cowc tte| avi iPyh %@en%?o 1*ﬁ| shiE] GURE
al so shows exaapipie yofethenvention a il bess antago|Magesapplied to terminal 350. The
col or televighon rﬁﬁﬁie\ferex%plfé GyREu&ednGhitdes aeuher input 31! o be
processing unit; 209 Q" .SRPTL’ ARRL (5Ring fpving an i nput

The remaining elements of FIGURE 1 comprise a bias control
circuit for diode 14 for providing a first operating mode in which diode
14 is forward biased for coupling the input signal Si to output terminal
12 via amplifier 30 and non-additive mixer 40 and for providing a
second operating mode in which the first electrode (cathode) 16 of
diode 14 is DC isolated so that the diode rectifies the AC component of
the input signal Si supplied via DC blocking capacitor 20 and in so doing
generates a reverse bias voltage which “self-biases” diode 14 to an OFF
(non-conductive) state. As will be explained, amplifier 30 and non-
additive mixer 40 provide further attenuation of the input signal in
response to the self-biasing conditions of ‘diode 14. The bias control
circuit comprises a first resistor 62 coupled between the supply
terminal 25 and the second electrode (anode) 18 of diode 14 and a
second resistor 64 coupled in series with a switch 60 between the first
electrode (cathode) 16 and a source of reference potential shown here
as being a ground point 66. *

Operation of the switching circuit of FIGURE 1 will first be
described for the case where the control switch 60 is closed. For this
condition a DC path exists between supply terminal 25 and ground 66
through resistors 62, diode 14, resistor 64 and switch 60. Current flow
in this path has two effects. Firstly, it forward biases diode 14 and so
diode 14 couples the AC component of the input signal Si to the base of
transistor Q1 of amplifier 30. Secondly, resistors 62 and 64 and diode
14 form a potential divider which provides temperature compensated
DC bias to the base of transistor Q1 which biases the transistor for linear
operation. The temperature compensation effect results because
voltage changes of the base-emitter junctions voltage Vbe of transistor
Q1  are accompanied by similar changes of voltage across the P-N
junction of diode 14. Accordingly, in this mode of operation diode 14
serves the dual functions of (1) providing coupling of the AC component

- of input signal Si and (2) providing Vbe- temperature compensation of

transistor Q1 in amplifier 30.
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3 0 termnal 210 for receiving an RF nodul ated vi deo input—ﬂ-i-gna-l-aaggn_._w
“outyput for providing a baseband denodul ated vi deo out put Rﬂ’ AGEMENT Skkgter
E=Rp Ut

51
baseband conposite video input signals are provided by auxiffrary :

connectors

provi ded for receiving a baseband video input signal of d

| um nance (SVHS-Y) and chrom nance (SVHS-C) format. A -f-eu%.t__l____r.oy
t he S

sel ector switch 220 is provided for selectively coupling
S1, AUX-1, AUX-2 and SVHS-Y to the input 222 of a conb fiTte&r

([d%)

212 and 214. An SVHS (super VHS) input connedqtdr LS
o3 O, E oG

Channel selection for tuner 200 and signal selection by switch 220
5 _
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Amplifier 30 amplifies the AC component of the input signal
coupled via diode 14. The gain of amplifier 30 is given, t0o a good

i gnal s

880

approximation, by the ratio of the collector and emitter load resistors 34.

and 32, respectively. The resistors, in conjunction with the DC bias
applied to the base of transistor Q1 also determine the quiescent
collector voltage which is a factor to be considered in the operation of
the following non-additive mixer stage 40. A preferred bias condition
for amplifier 30 is one which provides an output signal voltagé that is
«within a range defined by the supply voltage Vs applied to terminal 25
and the bias voltage Vb applied to terminal 50. [Ilustratively, one may
select DC bias for amplifier 30 such that the output voltage is about
three quarters of the supply voltage Vs and the bias voltage Vb may be
selected to be about one-half of the supply voltage Vs. Of importance to
the present invention is that the bias voltage Vb for the noa-additive
mixer 40 is less than the ‘supply voltage Vs for amplifier 30 and that
amplifier 30 is biased to a quiescent level between Vs and Vb, As an
example, for a 12 volt supply amplifier 30 may be biased to provide a
quiescent output voltage of 9 volts and the bias Vb applied to non-
additive mixer 40 may be 6 volts.

The amplified signal at the output (collector Q1) of amplifier
30 is applied to transistor Q2 of non-additive mixer 40. Transistor Q3,
being DC biased at a lower voltage than transistor Q2 as previously
explained, is therefore turned off and tramsistor Q2 and.current source
42 function as an emitter follower to couple the amplified output signal
to output terminal 12. '

Briefly summarizing the foregoing, closure of switch 60
forward biases diode 14 which then provides the dual functions of (1)
coupling the AC component of signal Si to amplifier 30 and (2)
generating a temperature compensated DC bias voltage for amplifier 30.
Amplifier 30 amplifies the coupled signal and provides an output
voltage at a DC level which reverse biases transistor Q3 of the non-
additive mixer 40 and is coupled to the output terminal 12 via
transistor Q2 operating as an emitter follower.

Operation of the switching current of FIGURE | will now be
discussed for the case where control switch 60 is OPEN. For this
condition there is mo DC path from the first elecirode (cathode) 16 of
diode 14 to any point in the switching circuit: The DC isolation of the

first electrode. (cath_odc)' 16 of diode 14 has a -number of significant .



7 is controlled by a control unit 240. The conb filter 230 has

| um nance (Y) and chrom nance (C) outputs coupled to a video
pfocessi ng and di splay unit 250 of conventional design for processing
and di spl ayi ng color video images. The conb filter 230 is of a type
having an emtter 5 fol |l ower output stage for the chrom nance signal
This stage is represented in conb filter 230 by transistor B and
current source 42 with the base ofgtransistor (B3 biased at about 6
volts. It will_ be noted t hat these elenents are |&ent|cal to _those
used in non- atfdEELs ven nibgefircuit opgratiod pIeN{oHLY RAasgTibe edBshcefemt sn

emtter foll oer hin codbidi kehabled dod3@ &t m:wfat e A crwmimf:mr of hnpuz
el ement in thegg §MH§105H@'§1&@“91@ recufxe%W'vBRE'ge?% @ﬁpé’&'x!dr E'@W e d &ﬁﬁ Eihed.
The SVHS chro nanc h 280e res rog’ rcs&Bg S % diode 4FVIV%URE 1
with the foll ] B0, et wstﬁ?x B, feslolfos” B2,
mput s:gnal excursions are lower than the anode voltage of diode 14 but
there is no discharge path and so the accumulated charge reverse biases
diode 14 thereby attenuating the input signal. A second effect of
opening switch 60 is that resistors 62 .and 64 no longer bias transistor
Q!l of amplifier 30 for linear operation. Instead current flow through
10 resistor 62 is completely diverted to the base of transistor Q1 and this
current effectively overdrives transistor Q1 in to a non-linear mode in
which the transistor is at or at least near saturation. Full saturation is
not essential. What is important to the present invention is that the DC
bias for transistor Q1 be changed only enough to decrease the collector
15 voltage to a level sufficient to reverse bias transistor Q2 in non-additive
mixer 40. This level is any voltage less than the DC bias voltage Vb
applied to terminal 50. When this occurs transistor Q2 is reverse biased
and transistor Q3 operates in conjunction with current source 42 as an
emitter follower to couple the bias signal Vb to output terminal 12.
20 Accordingly, in this mode (switch 60 open) the input signal Si is
attenuated by diode 14 (which generates its on turn-off voltage by
rectifying the input signal) and by amplifier 30 and by non-additive
mixer 40.
FIGURE 2 illustrates an application ‘)f the switching circuit of
25 FIGURE 1 for selectively switching two chrominance input signals in a
color- television receiver. This FIGURE also shows exemplary element
values and voltages.
The color television receiver of FIGURE 2 includes a tuner
and IF processing unit 200 of conventional design having an input
30 terminal 210 for receiving an RF modulated video input signal and an
" output for providing a baseband demodulated video output signal.
- Other baseband composite video input signals are provided by auxiliary
input connectors 212 and 214. An SVHS (super VHS) input connector
216 is provided for receiving a baseband video input signal of a
35 separated luminance (SVHS-Y) and chrominance (SVHS-C) format. A
four position selector switch 220 is provided for selectively coupling the
signals S1, AUX-1, AUX-2 and SVHS-Y to the input 222 of a comb filter
230. Channel selection for tuner 200 and signal selection by switch 220
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termnating resistor 282 is provided between input termnal 10 and 1 5
“ground. This resistor term nates the SVHS chrom nance signal provided

by SVHS connector 216 in a standard characteristic inpedance (75

Ohnms). Electro-static discharge (ESD) protection is provided by an ESD
protection resistor 284 connected in series with capacitor 20. The
resistor 64 of FIGURES 1 is inplenented by a series connection of a pair 20
of 2.7K-Chm resistors having the conmon connection thereof by-passed

to ground by a capacitor (470 pico- FaradB) Thi s netmork functions as a

ot se 1 rom swi fop BEHERLSY chrmidd FHE 200 ot Rark ek, ZHPHaf SBmifance
channel and (Y@ éé&?‘ﬁg“”@ﬁiaoﬁéha‘ﬁﬁé%sl FRUPLES r‘@maem‘t% IRJOSeASINGh 2P8 60
and t hus i nt erdiepiayg uwnitt 250t loér caivgnéibaalwiestgmefpr bproeesdichechdoydisplaying
switch 60. Anaidier ﬁ&WGﬁa%}k thige %‘ﬁﬂﬂlf{r@etzs@ i "6F LGl ShRAn fanael@j\%ﬁ
I sol ation Q@S|§ipr éﬁ é%@) e Qeg&e p} base of tran Lstoi Ol and the
anode of di“ode UBPL: 1'R8 as 85‘38??%1?10%@ 8ksocl BetoRe his
transi stor QL. YCBWSFEW 6@"|%°fébnfl tor | &P B&b’ dErnsiseor Q3 2ar@l cBrgnt source 42
I n operation cwithrtle bisel oR4ParistectQl Higedl at fabbudicSRbRY, D)t will be noted

that these elements are identical to those used in non-additive mixer

40. Advantageously, the presence of an emitter follower in comb filter

10 230 eliminates the need fos this element in the SVHS chrominance
switch 280 as will now be described.

The SVHS chrominance switch 280 corresponds to the switch
of FIGURE 1 with the following modifications. Firstly, an input signal
terminating resistor 282 is provided between input terminal 10 and

15 ground. This resistor terminates the SVHS chrominance signal provided
by SVHS connector 216 in a standard characteristic impedance (75
Ohms). Electro-static- discharge (ESD) protection is provided by an ESD
protection resistor 284 connected in series with capacitor 20, The
resistor 64 of FIGURES 1 is implemented by a series connection of a pair

20 of 2.7K-Ohm resistors having the common connection thereof by-passed
to ground by a capacitor (470 pico-Farads). This network functions as a
low pass filter which provides the dual functions of (1) suppressing
noise from switch 60 from entering the chrominance signal processing
channel and (2) suppressing chrominance signals from entering switch

25 60 and thus interfering with other signals which may be switched by

"~ switch 60. Another change in this embodiment is the inclusion of a bare
isolation resistor of 470 Ohms between the base of transistor Q1 and the
anode of diode 14 for isolating parasitic capacitances associated with
transistor Q1. Switch 60 is controlled by controller 240.

30 In operation control unit 240 selects signals for display by
controlling switches 220 and 60.- For example, when selecting video
signals S1, AUX-1 or AUX-2 control unit 240 sends corresponding
selection signals to switch 220 and simultaneously sends an inhibit
signal to switch 60 which opens switch 60. This Qisables signal flow in

35 the SVHS chrominance signal path as previously explained. Briefly
reviewed, in this mode diode self-biases itself to an off state by
rectifying the SVHS chrominance signal (if any is present), amplifier 30
1s driven to saturation (or near saturation) anq_lhg_ﬂgﬂjﬂguuxg_ﬂyler
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controlling swtches 220 and 60. For exanple, when selecting video
"sighals S1, AUX-1 or AUX-2 control unit 240 sends correspondi ng

selection signals to switch 220 and sinul taneously sends an inhibit

signal to switch 60 which opens switch 60. This disables signal flowin 3
5 the SVHS chrom nance signal path as previously explained. Briefly
reviewed, in this node diode self-biases itself to an off state by
.rectifying the SVHS chrom nance signal (if any is present), anmplifier 30
is driven to saturation (or near saturation) and the non-additive m xer.

8

40 selects the comb filter output signal. When the SVHS signal source

216 is selected by control unit 240 the switch 220 couples the SVHS

luminance signal to processor 250 and the SVHS chrominance signal is

coupled to processor 250 via diode 14, amplifier 30 and non-additive
S mixer 40 as previously explained in the description of FIGURE 1.

REPLACEMENT SHEET

30 JUL 996




8 40 selects the conb filter output signal. Wen the SVFHI&'WL]I'H)MHHIM
216 is selected by control unit 240 the switch 220 coupl es

'um nance signal to processor 250 and the SVHS chroninance signal

coupl ed to processor 250 via diode 14, anplifier 30 and non- addltlve 5

m xer 40 as previously explained in the description of FIGURE 1.

THIS SHEET HAS BEEN

9 REPLACED
CLAIMS

l. A switching circuit comprising:
a diode (14) having a first electrode (16) connected by a DC
5  blocking capacitor (20) to a source of input signal (Si) to be switched
and having a second electrode (18) coupled via an output circuit (30,40)
to an output terminal (12) for providing a switched output signal;
characterized by
a bias control circuit (62,64,60) coupled to the first (16) and
10 second (18) electrodes of said diode (14) for providing a first operating
mode for forward biasing said diode (14) for coupling said input signal
«(Si) to said output terminal (12) and having a second operating mode
for providing DC isolation of said first electrode (16) of said diode (14)
so that said diode (14) rectifies the AC component of said mput signal
15 (Si) applied thereto via said capacitor (20) and in so doing generates a
reverse bias voltage for turning said diode (14) off.

2. A switching .circuit as recited in Claim 1 characterized in
that said output circuit (30,40) includes a non-additive mixer (40).
20
3. A switching circuit as recited in Claim 1 characterized in
that said output circuit (30,40) includes an amplifier (30).

4. A switching circuit as recited in Claim 1 characterized in
25 that said output circuit (30,40) includes a cascade connection, in the
_order named, of an amplifier (30) and a non-additive mixer (40).

5. A switching circuit as recited in Claim 4 characterized in
that said non-additive mixer (40) includes an input (44) connected to an
30 output of said amplifier (30) and a further input (46) to which a bias
voltage (Vb)eis applied that is less than a supply voltage (Vs) applied to
said amplifier (30) and said amplifier (30) is biased to provide a
quiescent output voltage intermediate the values of said supply voltage
(Vs) and said bias voltage (Vb).
35
6. A switching circuit as recited in Claim I characterized in
that said diode (14) in said Ffirst operating mode provides temperature
compensated DC bias for an amplifier (30) in said output circuit (30,40).
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9 1. A switching circuit, conprising: a di J! u i
"first electrode (16) connected by a DC bl ocki ng capacitor Oic’*ﬂlncﬂm Qﬂﬂl
.source of an input signal (Si) to be switched and having a second
el ectrode (18) coupled via an output circuit (30, 40) to an output term nal

(12) for providing a sw tched output signal; a bias control
circuit (62, 64, 60) coupled to the first (16) and seco

)
THIS SHEET HAS BEEN
Lo REPLACED

7. A switching circuit as recited in Claim 3 characterized in
that said diode (14) in said first operating mode provides temperature
compensated DC bias for said amplifier (30) in said output circuit

5 (30,40).

8. A switching circuit as recited in Claim 4 characterized in
that said diode (14) in said first operating mode provides temperature
compensated DC bias for said amplifier (30) in said output circuit

10 (30,40).
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el ectrodes of said diode (14) for controlling conduction of said diode,
‘characterized by said output circuit (30, 40) including a transistor (Ql)
havi ng an i nput base el ectrode connected to said second el ectrode
(18) of said diode (14) for receiving DC bias therefrom said bias
control circuit conprising a first 11 resistor (62) coupled between
sai d second el ectrode (18) of said diode (14) and a first source
(25) of DC potential (+Vs) and a second resistor (64) in series W th
a switch (60) coupled between said fir r {d diode (14)
and a second §EETEEIB§ ﬁﬁ?ﬁﬁ?@“%ig}T%6§§§Ei§£ﬁ éﬁi%é%f%ﬁéﬁ?éﬁﬁnrol circuit
having a first operating node when said switch is cl osed for forward
bi asing said diode (14) and said transistor (QL) via said first resistor
(62) and said switch (60) thereby enablk?gtaﬁhd di ode and said transistor

to couple said input signal (Si) d output termnal (12);
said bias control circuit having a second operating node when said switch
i's open for prow dicde T4) S6! @rinedted asal dirki etdctridec(16)deherdsl) tof

eail 9 ode (hoife of input BhaP 5D 415 Lihed S { cibpefya0pile 00!
bi as vol t Age dopnegigddatisogeconds)eleetgode(d8) thereof; vimans oYIPUL QIFCHH t her eby
decoupl e sai d30M®yt tesiagnahtpgu® derinig4h SE2)] OAlt Biak control circuit (62,64,60),

coupled to the diode (14), provides a first operating mode in which the

diode (14) is forward biased for coupling the input signal (Si) to the

output terminal (12) via the output circuit (30,40) and provides a

10 second operating mode in which the first electrode (16) of the diode

(14) is DC isolated so that the diode (14) rectifies the AC component of

the input signal (Si) and in so doing generates a reverse bias for self-

biasing the diode (14) to a non-conductive condition.

Figure 2
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term nal Z12). 2. A switching circuit as recited in Claiml,

whetein Said output circuit (30, 40) includes a non-additive m xer (40)
¢onnected to an output el ectrode of said transistor (Ql).
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iy .
10 3. A switching circuit as recited in Caima1, wherein said
output circuit (30, 40) includes a cascade connection, in the order
haned, of said transistor (QlL) and a non-additive m xer (40). 4, A
switching circuit as recited in Caim3, wherein said non-additive
m xer (40) includes an input (44) connected to an out put el ectrode
of said transistor (Ql) and a furtherZVﬂbut (46) to which a bias
voltage (Vb) is applied that is | ess than a supply voltage (Vs) applied to

sai d transistor (Ql) and said transistor is biased to provide a
qui escent out put vol tage internedi ate the values of said supply
vol tage (Vs) and said bias vol tage (VDb).
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5. A switching circuit as recited in fﬂ wlualll M’I"\ﬂﬂrei n sidMd-gdi ode
(14) in said first operating node provides conpensat ed
DC bias for said transistor in said output Ci réuit ("30 40 )
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1. A switching circuit, comprising:
a diode (14) having a first electrode (16) connected by a DC blocking capacitor
(20) to a source of an input signal (Si) to be switched and having a second
electrode (18) coupled via an output circuit (30, 40) to an output terminal (12)
for providing a switched output signal;
a bias control circuit (62, 64, 60) coupled to the first (16) and second (18)
electrodes of said diode (14) for controlling conduction of said diode,
characterized by said output circuit (30, 40) including a transistor (Q1) having
an input base electrode connected to said second electrode (18) of said diode
(14) for receiving DC bias therefrom; said bias control circuit comprising a first
resistor (62) coupled between said second electrode (18) of said diode (14) and
a first source (25) of DC potential (#+Vs) and a second resistor (64) in series
with a switch (60) coupled between said first electrode (16) of said diode (14)
and a second source of DC potential (66);
said bias control circuit having a first operating mode when said switch is closed
for forward biasing said diode (14) and said transistor (Q1) via said first resistor
(62) and said switch (60) thereby enabling said diode and said transistor to
couple said input signal (Si) to said output terminal (12);
said bias control circuit having a second operating mode when said switch is
open for providing DC isolation of said first electrode (16) of said diode (14) so
that said diode (14) rectifies said input signal (Si) applied thereto via said
capacitor (20) for producing a reverse bias voltage for said diode (14) and said
transistor (Q1) to thereby decouple said input signal (Si) from said output
terminal (12).

2 A switching circuit as recited in Claim 1,
wherein said output circuit (30, 40) includes a non-additive mixer (40)
connected to an output electrode of said transistor (Q1).
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A switching circuit as recited in Claim 1,
wherein said output circuit (30, 40) includes a cascade connection, in the order
named, of said transistor (Q1) and a non-additive mixer (40).

A switching circuit as recited in Claim 3,

wherein said non-additive mixer (40) includes an input (44) connected to an
output electrode of said transistor (Q1) and a further input (46) to which a bias
voltage (Vb) is applied that is less than a supply voltage (Vs) applied to said
transistor (Q1) and said transistor is biased to provide a quiescent output
voltage intermediate the values of said supply voltage (Vs) and said bias
voltage (Vb).

A switching circuit as recited in Claim 1,
wherein said diode (14) in said first operating mode provides temperature
compensated DC bias for said transistor in said output circuit (30, 40).

REPLACEMENT SHEET

04 0CT 997




