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_1- SWTCH NG APPARATUS W TH CASCADED SW TCH SECTI ONS Thi's i nvent {4 7272 ™
relates to signal swi tching apparatus and-parti cul ar IRCho 8Sppsir at usT®4E t he

ki nd enpl oyi ng cascaded switch sections for enhancing the off-state
attenuation of high frequency signal conponents being switched. The

attienuati on pr qgRIFCHING APPARATUS WITH GASCADED SWITEH SECTIONS - st at e”
attenuatlon) is an inportant figure of nerit.-Tor a swtching circuit and
particularly so in applications where the signal to be switched contains

signi ficant anmobunts of Thighifdverimnaelatesr gy . sifaahsveitamplige applaeatuswi t chi ng
otoran 2 MERE patth Ry | (P Uppak AR B Ale SEnVLHGY AP URNGd © 9.
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m ni mum | evelﬁ-g@@w cglgﬂﬁler(j&ﬁﬁgﬁ@m\gn it deswaktpeged VI deo input signal.

General | y speaki ng, be desirabl e 1,0 attenuat el ect .ed video
signal by at |east 60 Jﬁﬁ’ar?d enuation, proyided, by &,swif Ee i on
at video frejweanched offe (Meoff- sw&l"l attaﬁha@dxe)i iwi & 3 ﬂﬁt cﬂi@hrel raifegrat ed
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switches in ca Ir of -state’ attenuati ons ar
first exanpl B“H? éHHPhg“g’E# Si fyr deley19PR- aEP%ﬁaé“%ttﬁee&uat ion i s

g%ﬁ%z bé‘éé@#&‘gﬂ@mw‘%‘%’g@' njomb#ss effaéts Menerhtbrsl, 8&0) emtist | edt Vi EEO
e un iment o
Chis sui t oh HOPerARh; hat offeC iaed Myt "gnal tBaf APt sefedi®dabhade wth an
i nt egr atled cattcuuateg!v\nhe&hwofa trhini®MDs lemed' tcarmfmdcﬁmﬁmgncc awsthsttbe i s
connected to r Stpry ntrolled to
di sabl e the seérrl?t8 &fiiﬁd?{) %/l\gﬁ“v\ﬁ Tth %ﬁk@\{f s;%é'a%rﬂﬁ% ggen y this nmeans
the video si@fgrapiéi g gnpn@mdth% unselonted cvideet Isignalt by ai S%Bécﬁ(bm tter

fol I ower cirgBi andngréfertdfly Cm&esvsﬁcqh 1ebeR bhea:%eﬁﬁa&rbn Satt videsl off. A
second exanple of cascaded svmtc I ac(;hllrcu ts.i’'s describp 1 YnDel ss.,n US

Pat. No. 4, 63§qUeB¢IES @EIE| AQt <f eved with conventlona tegrated
' 20 circuit switches due, for example, to the presence of parasitic

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
25 attenuations are additive.
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 this switching circuit, an
30 emitter follower is connected in cascade with an integrated circuit
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
35 the disabled emitter follower circuit and by the CMOS switch
~when the switch is turned off.
A second example of cascaded switching circuits is

described by Delss _in U8, Pat. No.. _4,63&,«.181 entitled SIGNAL
G IPLLAK Ty iy S TS o
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SOURCE SELECTOR whi ch issued 20 January 1987 . In a specgjf] nbodi ment
di sclosed in the Deiss patent a di ode switcedhris connegia"d $§} géri es with a.
CMOS integrated circuit switch. The circuit includes a bias circuit that
sends turn-on current throu'gh the CMOS switch to the diode switch when the

CMOS swit ch | SOURGCEISEMETHOR mwhich dissund 20alapupess 198Ver fr appecifis t he

di ode switch &%Bdirhen@ml%%a Cth ithe ODBIRUpafedi dBdioAENsRikchSiat e
~attenuation Delss recconmends the use S@Q&d ode of t.he ?rﬁ‘mtﬁf’y as such

di odes exhi bi¢onpegisd, IPoFEREHWVitBnach é‘HEéraéﬁ Ry arasitic
coupling V\Iherbli'dfkﬁtdirﬁdﬁde§ d hisiak ocrgaitnghinvgendamurasomfcuraswashrbwgiteo

oxanmpl o Sspdbfr FEADR, STHerala 3he FioBP L VRIS fhe, EIRSS awtteh 3377
protection. Iciosexit aﬁmothpplbmat trouit applienseverseo bias ttohthey diede nay
expect ”ans'ﬁi‘i’t cht@h QﬁCH{ ‘Q‘fﬁb@ﬂi)ﬁ&ﬁ'ﬂ%ﬁéﬂf& E@P' %}rﬂuhﬂ% _staggnal

sources and when turnin $he Sour ces 6N an 'S customary
practice for aHaRWaNANY 1§S ofeccpmendst the disecof ta zﬂigdégog € cRdsn t YPencl ude

sone form of ds”@ﬁ&hpﬂm&%t bﬁﬂﬂﬂt r@c\tdry nfwt _fiﬁlch@)heﬁhﬁé(ﬁ@arfdd ardt thide

pr ot ectlfﬁ provi.d % not. al ]ﬁ 3‘ |1§:| e(g The present invention
resi des pdmmFWzFeB 19 nGOUPING cWHER G, WRAS i ng circuit: (1) which
provi des a high off-st a'l‘heafdreguatg amo (ethpﬂesmﬂ cabcabed pidet sswortshdésor

CHT Y020 A3 LSSk LABRla 0T e’ HOSTRE! Bt 1t (9

a
conponent of exarpple ussp%&caﬁen aﬂﬁeemdtm pmbd¢m§eaelamgsm SA(Zile!

appar at us aCC\fB’l%JIQ éi té&lf‘orpr?ﬁe&rthi‘w% 1ieAtiohs, ShcANgs Seedd swidhihes are
connected _in cascade between a si I nput tgrm nal and a si nal @fj;spm

term nal L STheTs MRRY st PG L3RSt §stoar?ceuryw en CORRRALHE YidRO es
branch i ncl udongnmit stgmdamercemdawd skhhed fRramgh thacsicmlce‘@ cm tnmlaloff down

d A bi d to the att t th
br gk doun ddsle Eﬁr b, ST ERRERne PiBc bt B i BRRIRHS hTafidti | oo
when the seccmx:tmwartaiogsswpeheant;b aonclkuds! somleefdmmsof ampuhepmte@komom
devi ce for OQﬁf%ftl)Q”oﬁt the Hﬁ?ék%?éd“di?&x?' e V;S}'orté&?oﬂ e;‘ﬁ%w&@&”n{a@re mRcond

switch is cl
20 always be sufficient.

The present invention resides in part in recognizing
the need for a switching circuit: (I) which provides a high off-state
attenuation; (2) which includes provisions for over-voltage
protection for signal transients of either polarity; and (3) which
additionally has the capability of providing a predetermined DC
component of output voltage when the switch is closed.
In switching apparatus according to the present
invention, first and second switches are connected in cascade
between a signal input terminal and a signal output terminal. The
30 first switch ‘compriscs an L-type attenuator with a series branch
including an impedance and a shunt branch including a break-
down device. A bias network, coupled to the attenuator controls
the bias of the break-down device for operation at a
predetermined current conduction level when the second switch is

35 -open and controls the bias for the break-down device for
operation at a predetermined bias voltage level when the second
switch is closed. '
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- 3 - 1n a preferred enbodi nent of the invention, the first and second
switches are connected in the order naned between the signal i-nput and
output terminals. In another enmbodi ment, tBe order ofR€Ae8Swhdkhes is -
reversed. The foregoing and further features of the invention are
illustrated in the acconpanyin rawi ng wherein like elenents are denoted
by like reference desi drmataorpre&rmd rembodimert @fREhel inveationy cihiet fifistigr am

partially in a*?x'docs‘écB{?&”kr@fch%‘é"' Sfé“'c'bgm%ﬁ@cfs %”%heerﬁ}‘a@)“ HQmEEeble{WS&E' on,

FIGURE 2 is a current-vo t at I ng tain bias condltlons
occurring durthfgSignad aintmH @ﬂdt W@tatptpéﬁanw &f Ip gypailer_ embagraens,

are AC equi varget &f rthei §®idchkysSisr atvdrgegertai n aspects of operation of the
appar at us_of FI GURE 1; eV is a detai i rcuit ram partially in
bl ock fort illustrati nﬁ‘%eﬁ%{s&%ﬂl%& H’E‘%‘Bﬁs‘ceafurtﬂﬁe g 'S‘gré’t‘ﬁ??%?n FI GURE
1; and FlI GUREré illhstsatedt és thermabicoingpdrnyingotirdwinge nbhetieirntikef FIGURE | in
whi ch, inter o] e -
rever sed. The?é'lngpt% 8 Egp I&fﬁ)? c! }&Jlgsr&tj%él?g g&égﬂgﬁ)‘gg gxgca%{e tyigdg1 t hat
is, it conprises two s BE doimecciauitndiegrams pastiaibe inabkicknformanput
termnal 10 Jpd @wfdlﬂﬂal pé{hstgﬁ.ggdzﬁjg ézthé‘%n%ﬁﬁbﬂ”“ y expl ai ned,

e

cascadi nxg SW tches pro r Qv tate attenuation. since the
attenuatd 8ns of the sw rQe 18,00 uryent-yoliage shagram iMustratidg&ispect of

the inventi ogerdait® Bidssboﬁmii@ﬁs lstcatrihpe dafingadpefaiRiecéff @Reconpri ses an

"L" type attenuati’gu %v??@_ﬂi%egl es branch and a shunt branch. The series

branch conpri apparafuy ’nd a capacitor 18 connected in series

bet ween t he signal inpHIGERESNSE and émi'et AC aquivalent darcditsoilludtrating

attenuat or. h S ' tor device
LRg 80 %&?e@f ag %&Hﬁbg SP pi‘;ﬁa‘f%‘é“of qfafcﬁ?t ﬁﬂ“‘i

illustrated here nnect e anode t her eof
to a poilnd of referencé: gHJBﬁt Pais @gﬂ@tﬂh’@ﬂ girguis: diageamatpastally ndy eof to

the attenuat o8t R, illustrating certain modifications of the apparatus of
FIGURE 1; and

FIGURE 6 illustrates a modification of the embodiment

of FIGURE 1 in which, inter alia, the switch positions in the cascade
20 connection are reversed. _

The switching apparatus of FIGURE 1 is of the cascade
type, that is, it comprises two switches connected in series
between a signal input terminal 10 and a signal output terminal
12. As previously explained, cascading switches provides

25 improved off-state attenuation since the attenuations of the
switches are additive.

In accordance with an aspect of the invention, the first
switch 14 of the cascade connection comprises an "L type
attenuator %aving a series branch and a shunt branch. The series

30 ©branch comprises a resistor 16 and a capacitor 18 connected in
series between the signal input terminal 10 and the output node
20 of the attenuator. The shunt branch comprises a breakdown
semiconductor device illustrated here as being a Zener diode 22
connected at the anode thereof to a point of reference potential

35 (ground) and at the cathode thereof to the attenuator output
circuit node 20. Turn-on bias current for Zener diode 22 is
provided by a. current source 24 comprising a supply voltage
input terminal 26 and a resistor 28 coupled between termmal 26
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circuit node 20. Turn-on bias current for Zener diode 22 is provided by a
current source 24 conprising a supply vol tabe input tBGAnSS.588 and a

resi stor 28 coupl ed between termnal 26 -4- and the out put node 20 of
attenuator 14. The second switch 30 of the cascade connection is coupl ed
bet ween the aanénbet outpust podend@eo Gittemdiatdre 14i ghlad ssaopdt switchi 3@ of2 of

the sw tching, IRERGISEAYE %ﬁ&s&tﬁtﬁ R SBubRid RAReeH MK Aferdaclf WHARA bY a

| oad resistor si gnal *out put, ter m_ nal e source

of reference p@ﬂ%n?@aimq dhsusignal spuipyt  sEaNngln Jdt of ethei ﬁ&‘t"r’ n8oad _
resistor. 8 mayp a@.wpmdnizﬁ'fvma fd}p%nbﬁrdibaé| 23 Oisapgo@dedny zi\smdbrl ef

overvi ew cer g ature f the switch g g‘aratusﬁﬁ I t he
at t enuat or 4r‘?§‘8\9fd 4 CAUPlEsa betYRER | Stehabs Oytpyt ) teIpHR lrig”’t 8\‘7er al |
off-state attsouel of cefdrdite mmmﬁahg{owmd)voAha@ptmdl olngatcur r ent

protection fo

detail bel ow {%mlﬁ\gépi‘u%@éﬂ}cﬁ e$1 ’g)ﬁ%rb%l:t&?ﬁé :@ﬁ%ﬁgﬁ?%% 3(r:gsls§d a

provi ded by r tegminal 1@ andtgeolm;h es branch of the attenuator 14. This
resistor limts the inpuls i BRRE GwERvERWw 6f>rceﬁamefeaa94c§rbmef the i nput

“noThe sidht SVHRBING ARREERSARAORIOURE b PhénattenRion 4 REATEs: Bice. -
in the s t -] a C |

attenuat or Ougtwlt ﬂi{itzh@g@ &0 (t hte)Zemean%iﬁeaﬁ%mwtvﬁvﬂmmfmg%del mteaua?ten
maxi mum negatiye enuaj.or ou 0.Lhe forwardbia age
drop of the z&R&r(% HEQVIGIRS,PFFT el aCXET TR PP 10035-:‘ %2 al so
pI’O\F/)I des a cuinypant sigmﬂttragsrhntmtofon}%ﬁitpmianlty Anidiscusseds i detatlput
currents to 9o ]55? |veI rk{xfpeﬁkggr 10649 b2 }é)nts‘fﬁﬁ nfea?ﬁxrec%ts

therefore also € € cu rrent 0 suc
Briefly dtht eEIO\@dh@rbY tﬁmspreh@aubrt g4smeqorhm@édo yi §mtféwaéerals4

follows. WhenTay trefisast i1EmRPethe ahfmpfsxérm éufr’éﬁﬂtfto?f efthér qﬁ)IZﬂtW@N\B
e on .an a

t hrough di ode 22 .there Y, ating the d %
signal. The p c.lgeuat%leﬂagttmﬁq?%s@FWV&%P‘F@%W?&@ Bé?Yﬁd:% bel ow.
When switch 3byi Zen¢ostidde al2 of théieshumtr branche o'ﬁhsoubrmicd&ﬁuhsdcﬁmerted

through swtcp 30 38d maximum positive attenuator 'output voltage to the

20 Zener breakdown value and limits the maximum negative
attenuator output voltage to the forwardbiased voltage drop of
the Zener diode. It will be appreciated that Zener diode 22 also
provides a current limiting function in that it shunts excessive
input currents to ground and by limiting the voltage to

25 subsequent circuits therefore also effectively limits the current to
such circuits also.

Briefly stated, control of attenuator 14 is provided by
switch 30 as follows. When switch 30 is open, all of the current of
source 24 flows through diode 22 thereby turning the diode on

30 and attenuat'fng the input signal. The precise attenuation thus

| provided is discussed in detail below. When switch 30 is closed, all
of the current from source 24 is diverted through switch 30 and -
load resistor 32 to ground thereby turning diode 22 off. This
reduces the attenuation to a minimum value providing a

35 predetermined insertion loss and also develops a predetermined
DC output voltage at terminal 12 for establishing a quiescent DC
bias for subsequent load circuitry (e.g., an amplifier, not shown)
which may be connected to output terminal 12.
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| oad resistor 32 to ground thereby turning diode 22 off. This reduces the
attenuation to a m ni num val ue providi ng-a-predet er RGAd85srti on | oss and
al so devel ops a predeterm ned DC output voltage at terminal 12 for

est abl i shing a quiescent DC bias for subsequent load circuitry (e.g., an
anplifier, not shown) Imhihehspevifieeecaip B-pbeoFIrGURm Autswiechm3fabf 1the -5-

11 ustr at eq casCal APhatefipn esgﬁ%&m%t eh TeifRog sbefe FECRBIER Conai ¢ one
. This swit dfavimg Qmenofandhelqsedhmnwonsypél‘hxs rswili¢lc fmayske tofe theyer vol t age
protection n%@éﬂ’d’brﬁéalo“t%% O%a?énﬁx] ' bv%ltfdée r%rkﬁécltio?nat'0” devi ce

(not shown) e con to the si gnal output nal 12 of Ehe

A
swit chi ny aﬁﬁ&%?%so Ithealrb‘f‘-‘é’ﬁ&‘? engii| “ﬂﬁittl 6Iﬁ°ﬁ)fut’e P@I’gﬂq vifes(Mt ¢ he
i nvention t%ﬁo&ﬂﬁ)t ﬁ’ih)B(bd/V@bhde@L%da@oeﬂtﬁC%f mwutczbrmﬂh 12ayfhehee pl ural

I nd tructed
8|Osgzsged I éﬁéfﬁlégcag{’gf?@%azﬁl & 8?‘%’8?8%0@1)3{1?6“?‘1 p8€ ngthleoﬁanﬁl@%rsapéd
circuit swittht myesavionc th8kwitch t 3tht wexkihbee amheldznrmﬁct switthowdrichol t age
t ect th
P;\?ere(r:\ai Ogvgllri% ﬂf\ﬁe BM %ic}te (r?q{dhéﬁyfs CU&I orar ‘3 %{oglmgg on- ghl p" by
t he i ntleQr acigudy @mu %&a&macsun@cusm lasraigives epeexample of wsee of

SWi t ching agpgpa- #ésﬁfodzhﬁ‘t@?aﬂed""dlfcdipvgvmclg'a%c%%ﬁ% fhem Wgp switch 30
is in the OPEN cqQnditian ent source 14 suppli.e i as

cur
current |1 €3aDUNEr thE &Fé“%ﬂsmﬁ? ave- “xpliage; BERIeoton nPEOYIdRA, fwed fice
conductive predent G?ﬂmmbmaﬁ§nwmvbﬁesnhi‘lﬁcd uhet internhl bbwakiobagbe

Cavent on eﬁgﬁfregi‘%f*hiﬁﬁ s GRBRa b SRHEC" e TEn Tl et *f Pove
t hr oughl % he imegzatedi oGIHCEEt amdnnfamguoér.it is diverted to the signal input

termnal 10. Advantag I e al a] Y, eterm ne
t he the opera mggbl agq*éts)l&héga!?& S(ﬁﬁe&ﬁg%l% |8Peh%\l\§“qﬂﬁ3hf ?gg ﬁé oid

i npedance of! n%(!l AW clee dasgissed+ dVherpavhers Swikh 9015 Ilfl
feature of URERrcahgRIGYal miovmec@&ﬁe%uaidr@@ 4 O3(ippies by aiarsenuator 14

when di ode %121rr'ers1t quCt cnerngﬂl)de 22 which places diode 22 in a low

20 impedance conductive state. Capacitor 18 provides the function of
blocking the current I I in the series branch of attenuator 14. This
feature of the invention ensures that all of the Zener diode turn--
on current flows through the Zener diode 22 and none of it is
diverted to the signal input terminal 10. Advantageously, this

25 feature allows one to precisely determine the the operating bias
point for Zener diode 22 without regard to the impedance of the
" signal source coupled to input terminal 10.

It is a feature of the arrangement that the attenuation

provided by attenuator 14 when diode 22 is conductive may be

30 controlled by selection of the bias current I 1 and may be
determined with great precision by use of the AC equivalent
circuit of FIG. 3 in combination with the Zener diode characteristic
(conductance) curve of FIGURE 2.

In more detail, according to principles of voltage

35 division, the attenuation is equal to the impedance of the shunt
branch divided by the sum of the impedances of the shunt and
series branches. From the AC equivalent circnit of FIGURE 3 it is
apparent that the AC 1mpedance of the series branch is simply the
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controll ed by selection of the bias current 11 and may be determned with
great precision by use of the AC equivaleng-circuit ®CAl&5,581in °
conbination with the Zener diode characteristic (conductance) curve of
FIGURE 2. In nore detail, according to principles of voltage division, the

atten}yat ihon_i/slugquﬁl tﬁd)fsbhiQsif&hx@ﬂ@bCBGOind hﬁcsgnpédﬁw@g die/isﬂleﬁhh Eéy the
sum of the ippedances, of .the shunt series branches. Fraomt

equi val ent cgf% 1&6&&}3&& @ci Paﬁﬁﬁipﬁ% maq%to??ﬁ@sAée?l%gdg’ﬁcéngf t he
seri es brancthd onstemstancheof Zerfer daddes 2¥ (flbestssedebyr asresistor 140and t he
| npedance of e r ' t.Q. .t | {.el, C | | 0f. _Of bias
resi stor 28 9&1‘% tnzge}p(r}tr}]lu ?eg@yn?g?%ﬁ%%ﬁgs g‘%)ugg&géi 1?%'18%%%%% %bf g

resi st or 340) giveRe deairedhysluce i nitepundon aard tspscificuyzlegs dpbdber esi st ance
for a given gasibed MAldid 98, aAheBY¥aél @Quafidn SRGChE divak URSifthntd8is

resistors 16 and..28. An exact equation for the diode resistance is as
fol lows: [er?y 'RHO™Sn: R40 is the diode resistance to be determined K is
the attenuati on fRd0or KRIEER2E) As- (REZEpc U @16)[-eK(R2B) 36 is thd)
resi stance of thew\?\}]rrieﬁﬁ'br anch, and R28 is the output resistance of.
l )

current source 14 C in this exanple is given by the value of resistor

28. As dQractical natR40, is Hbeodigre resistatmec to obe tdeserminesht source 14
(resistor 28) may typigali ythgeaﬁeﬁﬁgiéﬁrﬁ‘étﬁs eﬁéf@%%é@daé"" 1;??%&3?01{ equi red

on-resi stancg . diode 40. I'n suc case, the equation ové for diode
resi stance s rfies to the following: [err] Once the desired di ode

resistance is determ nRdighgs (B UesiRtarddee ofi the Se¥ié€Brahdh mawdt hen be
determned fromthe Zeg S di oﬂe characteristic (gturve of FlI GURE % Thi s
curve (not to scale) r g' LB PUMUL FeSiPARCR t Un CHTERAr SRUTCEt 18 for a | ow

power 15 which,

| in this example is given by the value of resistor 28.

As a practical matter, the output impedance of the
current source 14 (resistor 28) may typically be quite large as -
compared with the required on-resistance of diode 40. In such a
20 case, the .equation (I) above for diode resistance simplifies to the

following:
R40 = K(R 16)/(1 -K) - (2)

Once the desired diode resistance is determined the
25 value of the bias current I 1 may then be determined from the
Zener diode characteristic curve of FIGURE 2. This curve (not to
scale) represents typical conductance charactistics for a low power
(e.g., one-half Watt) Zener diode having a threshold of about 6.2
volts. Three, operating points are shown. Point A represents the
30 diode conductance below cut-off. This operating condition is
discussed later. Points B and C represent the diode operating
points when the diode is forward biased at currents of about 1.0
and 2.5 mA, respectfully. The slope of the diode curve at a given
operating point represents the conductance of the diode. As is
35 seen, an increase in diode current 11 results in increased diode
conductance and thus a decrease in diode resistance.
The choice of a specific operating point (B or C)
depends on two factors, namely, the desired attenuation and the
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(e.g., one-half Watt) Zener diode having a threshold of about 6.2 volts.
Three operating points are shown. Point A-ffepresents R B%881conduct ance
bel ow cut-off. This operating condition is discussed |later. Points B and C
represent the diode operating points when the diode is forward bi ased at
currents of amamimin® expeczed mogativesgoinguexqursikms ofofhe dhpuhesignalie

curve at a gi 0 pahat L8nbh nEWC e i ode.
As is seen, a"r{{fdl}ﬁcr %égie’lcﬁﬂyafég edgﬁ% ﬁ ?nL g@?sﬂlﬂn?l ncre%ffsetghglogde
conduct ance atrTemi)s Showls: hea ddgh ne’éiwﬁib that theadiede e TEIANCHT 4

specific Operﬁtis'fﬂ:sp(@h@tdéﬁréﬁ ﬁerﬂﬁﬁﬁ?ﬁ?e@ﬂaﬁ@@s fpcéors abv@! dndt he
desired atten t|on

ect ed negativ o]
excur si ons ofI fe R Pegfiﬁﬁﬁl m%r élgé‘&gc?’f“?‘{féﬁ 15 dp,BoY; YR ﬁb% é‘?gﬁg
poi nt (in tergff, dFort uheseomeasonsenthers saitchihg telativelyolafget bignalhe(edgode on

that - peak naveredd; R’ SFTAD B dErashalactions sider 22 o BoB4R 7o,
these reasons"@hewhiohi i etativedy atametey framgthes kgeal of the (diodgasuabend vi deo
signals) it 'ﬁtﬂ?ére?ﬁéﬂeﬂ 281( i ege dévﬂﬁﬂ-: glg atf’veﬂ '&bseqm""fhéfkde% of

relatlvely renote from nee of t er than_at, point "

e cur
B' whi chli0s r@eacping.yYesgethendnpyfe Sl&ﬂﬂ?é &x thé‘”é‘Gh?é 1s\\@es@allh&ignaut
signal to be Wrt ChE R F Ssignalmf| a St Hundeed) - milfivolik) Sdpwadlo@fmayf bw

Char act er 's'tl%"eh b fbuRe R L R AP PRl fnaoae
to cut-off. Ausfolthermqmmmgnahtdrmngotha tdeod:dnaoceutabffa speci fic diode

operating point is the AYSHRL cgg@(,’mgioafifgﬁt@gnmh&tce\é\n&kl b&%%gd qidaat

power is dissipated in Tesis I's open and
power i sl&l scopiratingapeint as rtégu gveralbgower dissipatben.3dt vmréh bepinetRd30 s

cl osed. For g Wep%rdfﬁs&%@@tw%g@m@@ dnghapse tzhem@awsgwa@leratl ng

Provi di ng adcilda: GPER aLRESF Shciled) dissimaies g seNu0Gi #F cind desigon o
ensure that t3% whanmwitoRgd0i ise cledede Bbr trhmlm(mecp@der r¢s$1patlgmalondoes
o . "5 YRR ML SURAC oL A gy e 9 b
20 would meet the dual objectives of ( 1 prOVIgmo addequate
attenuation and (2) providing a margin of safety to ensure that
the maximum negative value of the expected input signal does not
turn the Zener diode off during normal operation of the switching
apparatus. A further consideration concerns switching speed. It is
25 generally faster to divert current from the Zener diode and its
associated parasitic capacitances to achieve turn-off if the current
is of a lower value. To summarize, the operating point for the
condition when Zener diode 22 is turned on depends on a number
of factors ipcluding: required attenuation, the maximum negative
30 value of the input signal to be switched, the overall power
dissipation and switching speed. For baseband video switching of
a nominal 1-V P-P (one volt peak to peak) video signal an
operating point of about 2.7 milli-Amperes (point C in FIG. 2) has
been found to be satisfactory for a typical 400 milli-Watt 5.6 Volt
35 Zener diode. :
Returning to FIGURE 1, when switch 30 is CLOSED the
load resistor 32 diverts the current I 1 from Zener diode 22
thereby turning dlode ZMd an input signal S 1 applied to
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generally faster to divert current fromthe Zener diode and its associ at ed
parasitic capacitances to achieve turn-off if the current is of a | ower

val ue. To summarize, the operating point fg. the condRgLongsken Zener diode
22 is turned on depends on a nunber of factors including: required
attenuati on, the maxi num negati ve value of the input signal to be swtched,

S tohing of Al 10 A8\ s N ilbT0 BARRGAL TRS BRSRAEr o) chistre
operating poithat cﬁmaﬁo%i is, ?“E&’Itlumﬂ\iﬁlff e&n? ﬂB?)ﬁtSpeze‘FtnnFlaé\ﬁ the g’ézu‘bégn

fR ound to be sgf:%&eémwrynom@ tehpi ggé_ﬁﬂﬁugtél of -tﬁ\atéuﬁgﬁt \Ibl sndZether di ode.
eturning to , en.sw t i S the Load resi

di verts the c‘iﬁ]PSnPf ﬂ]og‘c’i\?}:%t%ng i !)?fé %mt Eg?ew -G&%WHg%aﬁégé gg of f
and an i nfut diogeal2S Thispmphiydbe @xpressedninmathmifiicadly aasduct ed t o out put

termnal 12. In order to ensure t | 2 1is fully rned off one may
select Il and the val ue_of |oad rg?kgg%fgggsuch that t roduct of the

current 11 arherinyalluis dhel eurent Provided rurgentesuidtanl 4°'he br eak- down
vol tage of diode 22. ThrS2NRY the vk &FS et 18id Rkiseay |3Q; as: [err]

(3) wherein: 11 is the current. provided current sou 14: R32 i,§ the val ue
of the |oad resistor 3220Gn¥Z\is the f@?&sbﬂﬁté’ﬁ ﬁa&"vafé"g'E’rofimZén@?'di ode 22.
Advant agegusly, if equaAideantageouslysaifi sfuatdoho(3)t ie saisfisd dbr Hh&URE 1,

{ag | @) e sai |
feststor 32 et i FURECL, W U5 EhSpter; Wae allCof € clitedrrt Say Pad
current in tHee sivegedbtartbe boad desigtor232. Rkis 60l owissbeeauset capagiteih open
circutt. AcCOrgliyigbks e flbw S5 AtecPCiPMOTE heOkelies LHAACAT ol Catbar!

out put term na or }hls cond{t]on I ul 'y 1 ndependent of the series
branch i npedatoeWAk® 01,1 ESPHHEAIBh AN OPSP GHEUHY RCERT on'dft may be

present |8 thfuieSeutit D(Qnab@ﬂbheqbft olfapet predudetn at18utput mexmeindét ai |,
in a preferreg ah I{catloni t he ventlon?liqulﬁ sgptRIFy é’r()lt 3 ¥§ and the
val ues of resistiorstHs %ﬂ%dglfnm’% félillyeéf’%f’ t RhttPh &I ehet 2B Bde i s
bi ased at a patpsddanele ahdaboulsd indepsnidéren ofwathaite & IBCcosgnepdi nt A in
FI G may be present in the input signal applied to input terminal 10.
In more detail, in a preferred application of the
20 invention, the supply voltage Vs and the values of resistors 28
and 32 are selected such that the Zener diode is biased at a
potential of about 4 volts when switch 30 is closed (point A in FIG.
2). At this voltage the Zener diode 22 is completely turned off yet
the output voltage is positive with respect to ground and provides
a DC quiescent level suitable for biasing the input stage of a DC
coupled amplifier which may be coupled to output terminal 12.
This is shown and described in detail later with regard to. the
discussion of FIG. 5 and provides the advantage of the possibility
of completély eliminating the need for DC bias circuits for the
30 following DC coupled amplifier. In other words, the bias circuitry
for the diode switch serves a dual function of also providing
proper DC bias for a following amplifier thereby providing an
economy of parts and thus improved overall reliability of the
switching and amplifying circuit.
35 Consideration will now be given to the insertion loss of
the switching apparatus of FIGURE 1. FIGURE 4 is an AC
equivalent. circuit of the switching apparatus for the condition
where switch 30 is closed. To simplify the analysis of the

o
h
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2). At this voltage the Zener diode 22 is conpletely turned off yet t he

out put vokltage-is positive with respect to ground an 0
qui escent |evel suitable for biasing the i put stageﬁ(;?‘& é{%é%ioupl ed

anplifier which rray be coupled to output termnal 12. This is shown and
described in detail |ater w.th, re ard to the discussion of %Sg 5 and.
provi des t heCREAVAERSITRUIL HE 1504 ?lHPPijtS/h"’(Sf theo AN-EESAFLANEE | €i ng t he

neeg fothCbbwixethch tnechrgrbrehes I‘j@i eagthGheovulhedoﬁrméllfdadr I'n ot][ler
words, the bias. cirguyit t he dio serves a on o
al so provi di Hg! fﬁ%pg# &%m tl“% Cﬁssgmfp ﬁgaﬁﬁ%‘l‘?q‘?rer g#ﬁ?eﬁ ﬁtﬂovr di ng
an econony of$wpahirg aridcuihuis - cqpab\tedtlm/ecabtamcel ofthei shomtf brimch;vm t chi ng
and anpl isf yi Ul nghd ' i : % t i nsertion

| oss of the Q\%I ﬁlf\sngtgaagtgr g?ug{ %&@%R@vfagﬁgﬁg%% gn ﬁ% equi val ent .
circuit of tﬁ‘él%tﬂpﬁ%lﬁ’fg ﬁpﬁfé&%sbfﬁﬁﬁhtﬁésk‘,sb(?fdrltﬁ)oﬂndh shiittch 30 is

cl osed. To sbrachi yThixe map |U§I@({ﬁﬁs§dde as: 9 equivalent circuit it is -

assuned that the on;res ar ed

to the val ue of th@lﬁmg@)o @q%mﬂ&m&kg@%ﬁ@ﬁne tion

of the overall swWiudreig Ai ixuhe axsemmtai tEo/Ehe resistance of the shunt

branch %rdasr storsRZfi apsd ﬁ% é % ndi Vi den% b¥ #{Et% sum of the

. resi stances of the sgrl ed rangg gfé ? e&eslgfa rt‘d ¥ Thunt branch. This
may be expressed B28 is th¢RealueR® )th/e puqmltesjmaeeanq@m) ¢RIeNt(R28) (R32) |

(3) Werein A |SQ§§ @tggngaér%sggé 28% Outpls the val ue of the series

branch resi st or al ue ut i_npedance of current source-
14 (i.e., resist )5 ahe yadueof the lpad eSOk 3. | oad resistor -32. By
sel ectl ng val ues for tBg kekedtihgsvalues B ainel Ibhé fasisrtsﬂt325mﬂdcehd4

167 netaueraftfed BB 14 GERSRch O I 3hfess Sulh aPabekl BN SeeleS e
smal | . As a bBransch empedhkece afresissmr tli6)ntheo wvendll onisgrabmuloss. 2f diei s
gggai ned US'M&H&J Apparhdld £S5 5¢ Qhad@! YiGte RIAT2 A P Hrst RGP0 Onns
an insertion loss of only about 1.2- dB is obtained using the
following resistor values: R16=270 Ohms, R28=5600 Ohms and
20 R32=2700 Ohms. As another example, an insertion loss of less
than 3 dB is obtained when using the resistor values: R16=270
Ohms, R28=2200 Ohms and R32=1000 Ohms. This latter set of
resistor values has been used in implementing a presently
preferred embodiment of the invention shown in FIGURE 5.
FIGURE 5 presents further features of the invention
for providing switching between multiple sources and for
providing amplification of the switched signals. In this
embodiment of the invention the circuitry is simplified in that
only a single load resistor is needed for all the sources and the
30 feature of providing a predetermined output voltage is used to
advantage in providing DC bias for an output direct coupled
amplifier. The amplifier completely overcomes the insertion loss-
of the switch and provides additional gain as well. The advantages
which flow from the basic configuration of FIGURE 1 are thus
35 enhanced by improved reliability for switching multiple input
signals due to a reduction in the number of load resistors required
and a reduction in the number of parts wkich otherwise would be
required to establish DC bias for the amplifier. e e
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R32=2700 Chns. As another exanple, an insertion |oss of less than 3 dB is
obt ai ned when using the resistor values: R®S=270 Oh 52290 Chns and
R32=1000 Chns. This latter set of resisto:fp(?/al ues hg? gggsbsed in

i npl ementing a presently preferred enbodi nent of the invention shown in

FIGURE 5. FIGURE 5 presen furkhe ur | BV ' f provi di ng
swi tchi ng between nul tislg)I gétsaéur@gséﬁéﬁsieop?sg@vgﬁg g‘g aglgif%%c%gt ?é)r.n of the
swit ched si grselecting anei ©f efdrd imputt Sig‘naﬂ:hefgt rpresesangt by &itedeNisian i s
simplified i t@NbYc? & NokEcdrarf aerdcRiver, | £ MBRABE &Okpédihl t he
sources and t eature of providing.a p e%ete?m’ ned .ouj’ v b age is used
to advant age StFeGss o8 WickgODADS; A’S(GF gTﬁ%n{%’lﬁt HIHUtquIBHPat?gt#ﬂOég é Gfier.
The agpl iS'ijg_reta_@ﬁ”mlaﬁhﬁia&tcavbyc?iéﬁﬁi_lx_ihahﬁxg'd&&?{s&éx@n5\?%_35%143.1; IFdilefthhittCE aBd _
provides additional gdain as well,. e ant ages i ¢ ow framthe basic
confi.gur at i oifPEF? P‘—‘chm“iﬁé?lé fideo eﬁ‘ﬁaﬁﬁ’é’@’b G HPBiRane SN PTY v Por

SW tcgi ng nulselgdtedi tpuie sslighalys kighet athanr dlhjcdhigmtbristiheimpnﬂ&ncg‘oﬁ oad
resistors reqyir ugt i ' - gf opa i~¢h, 0 i se
woul d be reqilF cteral StebFnogh A Blary v AR ng) 8P of fa QIBEY! 8,
exanpl e of FlicprAapcesofiedd dMmss drhesseason figr cheosmg guslighPyt highetal s for

pr OPGSSi 19 b)feﬁnh?'cit?r\’& S}&E‘stﬂﬁ@érﬁaﬁs tﬁb‘cbo&%eaithﬁéaﬁﬂ&ﬁ risa tﬁQ@ed'vM@ﬂj, a
noni t or, e four inpu rm nal s

a special ,effects device or the. like T t
500-506 are dAEhSWHFRi FatBERYY AR ﬁgamﬁla'fe’sqa&t&&r%@% 410 1Bt i s
speci fic applihpat isi’ﬁnal\/itdﬂﬂilfal\d ik ngdditional eoaiinis ieffeatbelyt br paxabel
selected to he. sl ightl i h t c erd.st Lee.l d - L he
si gnal sourcé’%l,tﬁa xlmqa?{}%t&}ugﬂﬂepﬁﬁ ggaﬁfﬁt% t*‘%régfels:ggrgcg&?ﬁﬁlg ecl)ﬁllce of
75 Chms. The impeslancéoto ctheoshampctensiighimpedangieof t Srenisagnalngonees st ance
than th our, hopegdance i 0“3‘6'3- the switch is turned on an
addi ti oﬁla I ggglp:lé;&’pgﬁsfgﬁpgﬁa%%aﬁ[%e input signal termnal. Thi é ag | tional
load is effectively inhHeRRAGISWLA-3 %¢p Roupded stQringrys ¢ ANQ- uces

the e}‘ fectivenyerrd rtgft kiR shme@alnwu&@oﬁ@s eheraaenabiort 14 bMEIGURE df. tlhed
o i nput s SoGEaRbIAY AR PRBUES, 0 s P {SebRBHE o8re 18 2PRBRGSt or 14 of
FI GURE 1. Series. resistor: 270 Ohms
20 Series capacitor: 47 micro-Farads
Shunt Zener: 5.6 Volts, 1/2 Watt
~ Turn-on bias for each of the attenuators is provided
by a supply voltage terminal 530 which is coupled to the output
nodes 532-538 of attenuators 516-522 by respective resistors
25 540-546. An exemplary value for each of these resistors is 2200
Ohms.

The outputs 532-538 of attenuators 516-522 are
connected to respective inputs 552-558 of a four-input single
throw switch 550. This switch (outlined in phantom) includes four

30 individual sv;itches (A, B, C and D) controlled by a decoder 560
sich that one of the four switches is closed in response to a two-
bit binary control signal applied to the switch decoder inputs 562
and 564. The outputs of the four switches A-D are connected in
common and to an output terminal 556. An integrated circuit

35 analog multiplex switch having these features is the type CD-4052
which is. available from various manufacturers. See, for example,
the DATA BOOK entitled "RCA COS/MOS Integrated Circuits”
published by RCA Corporation in 1980 and incorporated herein by
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Exenmpl ary el enment values for the attenuators are as follows: Series
resistor: 270 Chns Series capacitor: 47 m cro-Farads Shunt Zener: 5.6
Volts, 1/2 Watt Turn-on bias for each of thk-attenuatREA i85.28bvi ded by a
supply voltage terminal 530 which is coupled to the output nodes 532-538 of
attenuators 516-522 by respective resistors 540-546. An exenplary value for
each of thesaefersingeorEh¢ sdstaobodkintncludes cuthputswiscle- gadigaraitaisnuat or s
SL6-b22 are eeBnespsp @PD@BE?WFPTR“E’M&%IE%F’ cBirfy 'BelinkBRtibn i Nol €
80 ncl

throw switch w tch (out ed In i f our

i ndi vi dual sv@ﬂthessu(tA essvetalw 3yrecameH abfeegrw otk RARUERSOUERTE it hat
one of the fC@M@sﬂ teeheslosy cdn@lseﬁl othet eippORNated Ciftuitaectindlokigsayy.gcontrol

signal ap dec r inputs 562 and 564. The out puts-of the
four swit ?M@Sa?y@gnﬂg {8Ro faﬁ)ecommn and to an output terninal 556. An
i nt egr at ed circuit analh«jvmﬂaigephsly soulycha singlagldddegesiseat Hoés needt he

exampl o, the 3&%&“@%@2 {’ ??' ol SR RS I S?lcfﬁc%? 2 The) i shed

by RCA Cor porc&mpenent Mg |th@ortmnmaéwmea@¢nuwon and ] CufiENér ence.
The data bookghpedsiaps t‘%hﬁméw'thShD@rUdtgﬁ'( Wﬁg% &€ t&mnﬁ'fsﬁ6 BT and
TPDT) sutbable for pract the inventi r su | e .swi chea are
avai | abl k0t r &6 $h%er2mgdof e O nti’elvf%’rt é’&?ﬂfoﬂ&j&? Saﬁ ag s seleqte

L\gt egr at ed c:rrammltyl,t@cmm dor ethe( epgclfxd\ll\faﬁlegPN&“ea%obepol ar) . )
S toh 280 oul put o m 1Y lipbP 356 B, Fpfien 380 T8CHindpag PRERGR R "
term nati on, thetiopust3dh efha DE ramphﬁonri& having e syppty waltageCimpatput
voltage al tqpihliph 55 eohhedRd! b ggfmg Perorik] 0530 Old Ml ahout

signals that 1's selected, % ]éﬁpem | C. va not ed
above. Thé o@miput gsgmamalsy cffOBHqué mg ax |amplétiad cputputo stghali nput 572

of a DC anpl lﬁm@hf’fo?'OSUGViﬂtgudeSSL&pﬁVPNOhﬁ@ﬂe tianRistot 978 ks by annect ed
to supply tet rgtgx?tlxalS cgvuper compr?smg resistors 580 and 582 connected in
series in the order named between a supply terminal 572 and
ground. The collector of transistor 578 is coupled to the base of an
20 output transistor 586 and to the supply terminal 574 via a load
resistor 584. The output transistor 586 is connected at the emitter
thereof to supply terminal 574 via an emitter load resistor 590
and is connected at the collector thereof to ouput terminal 576
and via a load resistor 592 to ground.
25 Exemplary values for the elements of amplifier 570
for ptoviding a gain of about 6 dB are as follows:
Resistor 580: 10 KOhms Resistor 582: IK KOhms
Resistor 584: 1.5 KOhms Resistor 590: 1 KOhms
Resistor 592: 2 KOhms Supply: 12 Volts
30 Advantageously, it will be noted that no internal DC
biasing provisions are needed for amplifier 570. This feature of
the invention results because the proper DC bias for this amplifier
is provided by the cumrent source resistors 540-546 and the load
resistor 560 of the switching circuit. As previously explained
35 these elements provide a DC output voltage of about 4 volts for
the exemplary element values. given. Since decoder 560 turns on
only one switch at a time the DC output of the switch 550 is the
same regardless of which of the input signals is selected. The
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output termnal 576 for providing an anplified output signal. Amplifier 570
i ncl udes an 'NPN i nput transistor 578 biased by a potential divider
conprising resistors 580 and 582 connect edy En seri es RirA hgs ggger named

bet ween a supply terminal 572 and ground. The collector of transistor 578
is coupled to the base of an output transistor 586 and to the supply

terninal 574 %’1%&1&&6‘@%F Siseh@laeBC Bifs UG tof WaAREE AP Bt

connect ed at emtter t termna via an emtter | oad
resistor 590 WEHCES b}lﬁnr?éﬁt?]é&eét C@ﬁe aeé| Faproyes Aty aeliabyityysipce dheital

576 and vi a aare0Fgwees! ah@rré@&ré@ w%ﬁﬂen@fﬂnﬂl@rmpﬁﬂéesaﬁ@rtﬁﬂe

el ements of a I i f| er g?O for I’OVI di.n n of about
foll ows: Resi fﬁﬂgﬁﬁﬁ?n 5%‘2"'61"1'?@%&?1@%3’? §$‘t‘)r 584:
1.5 KOhns5 d:m stor 590 1 KOhns Resistor 592: 2 KChns Supply: 12

Vol Ad ly,

brovi st one. ar o needed { i Wil PErFEAE: gote if Ol bR J HIOYRE,
resul ts becausethatetlyr ayaplifier bsapplyortexminal afp#i andrthes correntdsdursest he
curT et sour s 4ge8k8} oFt Q- AEnard S5O TSI ShiledER g6 bhe St ohi ng

circuit. As previousiy exp e nt.s pr.qvi t put vol t age
of about 4 voiQIBMIYY W%xé?f&?&?y‘eéméﬂﬂmsgsal}g%st s v mel r‘?(get coder 560

turns onyonl Vineeation tisd) RC didd fertihe @Eapqtﬂaulsmf thddedi b htH:é50 is the.
same regardl es? of which ,of, t 12-

elimnation grenualpty and &?Doﬁlg qusﬁgﬁ%?i@?hfadgﬁ.bc??fqa&ﬁcesﬁy 8t 3P8uces
the amplifi ervzrwnommdnl tipe osugpliyt soltefe akpplied/ toi tereninbbri8Gir e Statedr parts
o lr e hon SRREEE b AIRON 0 38 SVbiAU, SHBBLP VARG BegODL 01 10
enbodi ment ofcNpeRgatedt fer sinee amﬁqcrme dnpyipplyeraitage will deerease
current sgur agsth( BAOT@6buipift {BRaé té%'i‘@?st P64 3HO and ﬁ{eeﬁ@nﬂﬁé?rbﬁﬂcto a
comon supply vol tage. term Ls featur i nvent. on the DC
bi as for the RAHERE ﬁ?efrors%mﬁﬁi% 30 Bhok Miceu REraTorY, e | B oo
resistor is ramplifier” S78ckfl, asbiniear sppedating range notwithstanding
variations in the supply voltage, Vs.
In FIGURE 6 the positions of the switches are reversed,
20 that is, the attenuator 14 is placed after switch 30 in the cascade
connection rather than preceeding the switch 30. In this
embodiment the resistor 16 has been omitted. As will be
explained, the function formerly provided by resistor 16 of
providing a series impedance for the series branch of attenuator
25 14 is provided instead by switch 30 which, in the open condition,
represents a very high impedance comprising, mainly, capacitive
reactance due to parasitic coupling capacities associated with the
switch elements. Since the impedance of switch 30 when open is
very high compared with the "ON" resistance of diode 22, the
30 attenuation is very high also.
In more detail, in FIGURE 6 the signal input terminal
10 is coupled to ground via an input terminating resistor 8 (which
is optional, as previously explained) and is coupled via a DC
blocking capacitor 18 to the input of switch 30. The load resistor
35 32, previously connected at the output of switch 30 is now
connected between the input of switch 30 and ground. The
attenuator 14 output node 20 is coupled via resistor 28 to a
supply terminal 26 for receiving the supply voltage Vs and is
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variations in the supply voltage applied to termnal 530. Stated another
way, variations in the overall supply vol _tage are cow&sg% lfor since a
decrease in supply voltage will decrease both the DC out put™vol tage across
| oad 560 and the DC operating potentlal for arrpl ifier 570 and vice versa.

Thi tends t t ' .
0t vi t hot andt REPIES: ?%Bngét?]%H?hOF@ 5P Boder 25 nBlEhode U, AR s,
posi tions of groundsad tHhPE o Qd/éirl'%@dflelt,hmch §S amplifier dMibhodr FIA. S5

pl aced afterxsswmec&@ Ia@ izbelrfpaﬁcadqn@m&m:efl Sitbliernddanmrgegeedi ng the
swi tch 30. Inthlsa di nent the resistor r@?é? en omtted. As will be
|

expl ai ned, t RENRELIE Bh HOrapyy 1o AHtey ISV“I’ t 16 of. providing a
series i rﬂpedance for tﬂ‘eesgenemlbopaaho@f ofit e Uiadip 1&413 &nﬁél@vnhéedammst ead

by switch 30 t nts a mpeflpnce
conpri si ng, @13 Pg%égﬁf gr@%ﬁ??og‘b‘i Sé’sﬁ‘fl 59 d"BRA
capacities abﬂoﬂlyalhede wWWhen hswmuhtﬁﬁ sl epent $he Scurent Hd |ﬂmd@ahmﬁ°h
switch 30 whgn Ny& S \Y ce. of diode
22, the attenuaﬁagn”l;sm\?g? orﬂ Z%héi’?sﬁg@dfdlﬂthgréﬂﬁanrﬁbﬁdlﬁg ?&ﬁg 6 the

si gnal i nput impedancs Q@W@ncdgﬁl éﬁeﬂ’é}a@ﬂ’o&ﬂdthltar#ndn[ﬂ@?utlér M gt i ng

resi ston (B (¥bvre drfdsot)élmeablasaéoxﬁthﬁbhoh'ﬁé\\(meﬁo Ig%ﬂ inRdyAangr i"B cowpl ed via

a DC bl ockin i1 0K.18 to.f nput ofs 30. The l.0oad resistor 32,
previ ousl y cgmﬁ@ﬁé’; ’l%eSB’GFE‘u?'b QRF‘EC*H‘ ?énHBWIE’@ﬁﬁ@B?ee Eisbet ween
the input of amplifidr 300afs vga"rgumaeTbenﬁiatredluwimr tie impedinceodE @lddes
coupled via Si . t S Y4t I C supply
vol t age Vs a?]% c§§8{tuﬁ§@ a(?l aOf Hf)eoé t1 og{lﬁégfg(ﬂi&%éﬂé?ﬁéleﬁdé¥8§?%%§%22 t he
anode of whuglwunsi gr Ebndéﬁenwawcfmpltlm enpdlitfaneris given appreimdtebr |70
of FIG i j&e at its input to the attenuator output node 20 and
|ts g

fﬁ??eétxiﬂp?‘e s mich the Sane 86 A Zhd (Bt Zols oxelipl o of FIGLRE 1 and so
wi || be di scwheedionl y briefl ys hheeattdienionM E6JEi30 i s open, the current 11
fl-ow ng through resistor 28;{uj n%heOQmZp%%%cg'gtd%hgzsetnhe%r BEndl Wi {@iedn' OW
_ 30 open; and
20 Z4 is the impedance of Zener diode 22 for the
value of bias current 1 1 selected.
When switch 30 is closed the current Il is diverted
through switch 30 and load resistor 32 to ground thereby turning
Zener diode 22 off. Capacitor 18 prevents diversion of the current
25 ~1 to the iriput terminal 10 or to the input termination resistor 8.
As in the previous discussion, the values of the supply voltage Vs
and resistors 28 and 32 are selected to bias Zener diode 22 at a
predetermined voltage when switch 30 is closed to thereby
provide DC bias for the input of the amplifier 570. Resistor 16 is
30 not needed in this example because the impedance of switch 30
when open is quite high.
The benefits of over-voltage protection are retained in
this example of the invention to the extent that Zener diode 22
limits positive transients and negative tramsients appearing at the
35 output of switch 30 and thus protects the subsequent circuitry
(e.g., amplifier 570) from such transients.
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| npedance between the attenuator 14 output and ground. This corresponds to
the bias condition shown as points "A" or.{B. in FI GUREAR.8558¢e switch 30
i s open and the input inpedance of anplifier 570 is very |arge conpared
wi th the inpedance of diode 22, essentially all of the I'1l current flows

through diode 22 to groppg. ei@?ﬁpl%t bERIWURE isoaow'n%t%aa \Ms{ RiAd $tsOifVERD
approxi mately by.the equation rein: A

is the attenu%R ligatigny EFq“E;éngsmtq%EPl‘hﬂEﬁﬁnE@l iRghe é’érﬂé branch with
switch 30 opeapplivuticis ithbe tdyanmpleedfrBEGURE ends piefered2sinee sdwveerubl ue of

bi t 3 L th t

diverted t EroﬂaﬁCE% Niag &?emﬁﬁﬁr%aa&c&. 29'836%9953 S IEERE OB T i ng
Zener di ofe 2& shéwnCapELGURE 18 prevents diversion of the current ~1to
the input termnal 10 ofpif YR Cl))'f%QHt sh&WH Al q%sf:ﬁﬁé%t Hérﬁ  SRatr IE?e

previ ous di scussi gn, the val ues the suppl, tage ors 28 -
and 32 are sedlesPEichigghrRBATAIHE Ingivich ZEWA hgs pareg caseadatdovol t age when

switch 30 is jeh d off heaebarinitidn. Dﬁabttﬂas dmibodiiReaRRP¥hoWin,t féﬁie
anplifier 570 or 16 is pot needed in this exarrp:[rgf becay

D tnnce of iR nobothen easta GANREGHOD RoBIPIIsERs ABLLarHG Affenuator
over - vol 1 8ge witht actserins abrencht dncleding) ahiimpedanpeeand 4 hshumvénanen to

h |
{ranstents afeuidiig a2 g dinds T fned SRuip, bE FFGRRES, ACRaf 08 e, ©
subsequent ciimpgdange( ofgthe aﬁﬂpﬂ%fb&n@?o; proyndedichy t 2 aresissar swhereaS1 4-
The exanpl e gh E} ?;gﬂgogﬁ P‘I@UREaé' the hﬁ%@dbx}&?'o“f e @91}@'&& Qﬁ"hh@Hsis

requiring multi i cations

For
FIGURE 1 is pi’rréf’é‘?q‘g Eeoé’é"\‘ieg‘éﬂmgw chiéscﬁfy‘ Bec‘%%ﬁ‘ﬁﬁqfféﬂ a/atb‘ngﬁnectl ng
t hei r out Sut sdtagekhaetouided vihe nattd{ddebr SandTher ehehaghbeaswistlovef ahd

descri bed hergiip, gxapl fh.ith BhlGN WeBRAS R 'thr pdiaW LeNes are

cascaded for
specific current conduction level when the other switch of the

cascade connection is open and at a specific reverse bias voltage
condition when the second switch is closed whereby the apparatus
20 provides plural functions, such as: ( I enhancing the switch off-
state attenuation, (2) providing over-voltage and over-current
protection for input transients of either polarity and (3) providing
a predetermined output DC level when the second switch is closed
for establishing the DC bias of a subsequent circuit, such as ‘an
25 amplifier, the DC bids being so supplied being in a tracking
- relationship with the DC power supplied to the subsequent circuit.

e
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| nproved off-state attenuation. In the enbodi nents shown, one switch of the
cascade connection conprises an L-type attenuator with a series branch ’>
i ncl udi ng .an i npedance-and—a—shunt bramd®incl uding a Zener dGAe 851581 he \/

exanpl es of FIGURES 1 and ' ance of the series branch is provided
by a resistor whereaim “ﬁ&‘ﬂﬁ“‘mﬂof FIGURE 6 the inpedance of the
series brar@hﬂMﬁﬁ)ro . e ot hher switch of the cascade connection. A
bi as network, coupled to the attenuator and to the other switch of the

cascade connection cgntrgls the diode bias for operation at a specific
current conduction | ével SWAERINEAPRPHIUSWCOBPIHINEhe cascade connection is

open and at a speci f ifirst id) sendi seeond (3Qe sedietidsi eonnb@adt he &Reads

switch 4ds osed e at us .pravi.des, pl ural . f tions, such as:

(1 entﬁanc?’}lg&t%hg\@% ﬁ%ﬂéo‘ﬂf -bg@?%{% aatsﬂgﬂ@at‘?}&w, Q?rglm&l OC[R& AB%o¢er - vol t age
and over - corgnaht opipatetarminal di2);npnd @r bies eetwork coupied wolsaidty and (3)
provi di ng t ' u @Cﬁltg Vel : t h t I's closed

for establ ?gvﬁ{cﬁn@gt ﬁiﬂncD%ﬁgriogtgﬁgf §a§ su SGE&é%@?gPrggﬂi’ﬁ%gg%hﬁg% gﬁe anplifier,
the DC bi aSOPENeIEVE ostatey i saidhseagnd nswitcha dnidngvheseini onship with the DC
power supplied to theaiduifseauamitcki (1) bomr%is@'sAhP(Shttén atdM habidd a

appar atus, conprising: .fi,rst (14).and ’ seco 0) sw tches connected in
cascaged,J iﬁert"g% tg[aggﬁ Hb‘i’rﬁaméém ?S&%tgﬁail(q%nsepme@r etweep 183idand a
si gnal out gignal enpunaterial, (30) andoians impdovof ksaidupdashdt @udaitd (30ht ches
for controli bdaf L ] | r Wit DLt onducti,ve state
of said se%%%%@ﬂ?gﬁ;,kg% méég?&helsugﬁﬁgfgf'g%?%d&%e ?@Z? %%‘fﬁcjlf"’fises an
at t enuat or beiNgeRy said dnpus ofr sath seaonddswifch and sa soasestafr refdncoupl ed
bet ween sapshenitilal ah@put termnal (10)-and an input of said second swtch

(30) ?n.d havi ng a shunt gtanch i ncl uding a Zener diode (22) coupled between
sai d irput of said stENPI NN ORRJCATPEIES o2 oEUTTERErSOWEEE pAnt i al ; and

3ai g ]E)i ascmqﬂnd_rkocsaiﬂrm?radmrea(f?f PPl g %)}g{t@?ﬁ@kﬁ?né@ ﬁﬁh%@gner
i ode for yi p 1y ne rn- curren eret o when sai
second swi é#ggljlus tﬁ%eg% %ﬁgﬁ g%’ﬁldis??%‘?# SHIER Saln AR WRGR Fﬂeahﬁﬁ‘??rgsélq oad
resi stor (I32y.neugrkedneladimg cutlpad resistor (32) coupled to an output of
said second switch for diverting said predetermined current from
20 said Zener diode when said second switch is in a closed condition.

2. Switching apparatus as recited in Claim 1 further
comprising: ' '
a direct current blocking device (18) coupled in series
25 © with said series branch for preventing said predetermined turn-on
current from flowing through said first resistor (16).

3. Switching apparatus as recited in Claim 1 further
comprlsing: )
30 an" amplifier (570) D.C. coupled to said signal output
terminal; and wherein: . '
said current source (24) and said load resistor (32) are
selected to provide a predetermined DC component of output voltage
at said output terminal when said second switch is in said closed
35 condition for establishing a given quiescent DC operating point for
said amplifier. )
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sai d second—switch for d| vertl ng said predetermned current fromsaid Zener
di ode when s isin a cIo ed condition. 2. Sy t¢chi

appar at us asTﬂ@‘ﬁQ@@“‘““ﬂ&m\n 1 further! nprising: a direct gﬁ%SI

bl ocki ng devi cbupled in series with said seri es br anch for
preventing said predeter turn-on current fromfl rough said
first resistor (16). %3 \g: 1iCRing, APPICAUSt &% TRCItEd Ik a}rﬁ bg\‘fﬁ#‘%further
conpri si ngcodiprbiig:fier (570) D.C. coupled to'said signal out put term nal ;
and wherein: said current 4 oad. e5| st,or ) are

sel ected to provide gnp'f1 Zﬁg?rnf#(@ Q,éc%(ﬁ'ﬁgﬁ‘g #[0 5ft ugl‘cprlﬁl %f ge at said
out put ternpemainahen said second switch is in said closed conditi on for
establ isshing a given,q e e t d 22

Swi tChlsflg appar at us asy{r)‘g%%t gg %@p&? {'8&%@?68?92 cgugﬂe(??fsol n gﬁ)éhlf arrpl i fi er
(570) DC cHiuphiteermpingd of Saichaamplifisgt andrequpled to §Ot§ﬂ§§1)bfm§9bpl y vol t age
(530) coupi&¢hingl 3(5-749%‘1 Szﬂﬂubuh%hm fdrcef secH Othafrrsidxal@ﬁnaﬂd souweeed to a
supply |nput teralg é’ % @ iﬂgcé source such that said current
source anda8d tRiflolopd JEFISIY, PP ‘Eﬁfcé" UBREBARLHO o’f’“‘cﬂ‘x‘t‘pﬂ‘? & t age when
sai d second/heni el isscohdsewitthrisbichsdedg fonitdading! sdideamplifi&wi t chi ng

appar ths as recited in Claim1 wherein: said predetermned turn-on current

provi ded by said current source is selected to provide a pr edet er ni ned
i mpedance for said bbeakiiitphing, appardieh asSachmdcmﬁlam dhwhereim:sai d open

condi tion, said predghgf "ibr‘éﬁ@tét’i’iﬂ?&@ ”Qﬁrrp%'n“% ﬁﬁb'v?déd’ b§Ssafdran the
i npedance of said first dance of sal.d
current source rs se ected to prov1de a predetermmcd impedance for
said breakdown device when said second switch is in said open
15 condition, said predetermined impedance being substantially less

than the impedance of said first impedance of said shunt branch.

——————
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