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f) desl yn technique yleld~rtg high

dynamlr range videc, detectcm.s 15
de~cribed. Increased pc,wer handllng

capability is gjalned by ccmb i n I ng

multiple detectcir Cilnde% utlllzing a

dl=tributed element design apprc, ach fclr

the impedance matching 5tr Llct I.(r E?.

13anclwidth ratlcls greater than 10:1 with

upper passband extrerfle5 t c% 4UGHZ are
real izable. VSWR c,f less thar, 2:1 ha%
beer; !-@allied cc, vering the ent Ire
dynamic rarlge c,f the d et ec:t c{r wh lch
extends tm in excess c,f +ltrd13r\T ir,cidt?nt

power level. ‘rhe v i decl detectcm- 1%

cmmprlsed c,f an art Ific ial trarlernlssic, n

1 lne wherein the =hur,t capaeit ive

elements are spaced ‘aerrrlcanductur

detectc,r dlc,des and the Irltet.cc,rrr,ectirjq
bc,r!ds fc,pr,l the series eler,ler,k~.

SUMMGRY

K) desigrf apprcrach fcw brcladband

high dynamic range videa detectcrs has

beerl presented herein. The perfc,rmance

data shows that videm detection car, be

achieved fc,r input levels exceeding

+lG1313m maintaining excellent VSWR

perfc,rmance thrclughc,ut the dynamic

ranqe while retaining gnc,d sensitivity.

The data presented was taken frmm

designs implemented using MIC

cc,n=truct icin but MMIC implementaticm is
feasible and, perhaps, preferred.

Intrclduct, ic,n

13raadband high dynamic rartge

videc, detectcrs are required in modern

crystal videa receivers. This need

fclstered the develc,pmerk c, f the

distributed element (traveling wave )

detectcw described in this paper. The

fundamental design apprc,ach is tm share

the incident signal pawer arflcmgst

severs 1 dimdes and a lmad resistance,

thereby, increasing the detectc:r3 s

power har,dling capability. The diadevs

parasitic capacitance is incc,rpmrat ed,
intc, an artlfiezal delay 1 irle +.C,;

distribute the reactance averting
ree.trlcticm of the RF bandwidth.
Several cc,nfigurat icow. c1f the basic
design cc,ncept have been b,.{llt. TWCI
frequency ranges have been cciverecl; @. 5
tct 6.6 GH Z and p t c, 18 GHz.
F’erfc,rmance data presented herein
demcinstrat es that imprcwed power
har,dling in crystal videc, receivers can
be nbtair,ed utilizing the distributed
element desi gn rmncept. The desigr,
apprclach cart be implemented in either
MIC m- MMIC fc,rmat.

Technical Discussico-1

The fundamental relaticwlsh ips

gcwerning the behavicar c,f crystal video

detectcws are well knclwn. [References
i, 2, 3, 4, and 5. 1 The transfer
characterist ic c,f the detect lco-! prc,cess
is ger,erally divided intro twa regiczns
wh i ch are referred tc, as square law and
linear. The tvarraitic,r, between the twc,

regic,ns is gradual. R typical videcu
detectmr transfer characteristic is
depicted i n Figclre 1. The detected
current i i n the square law range is
represented by the relaticwship shctwn
in Equation 1.

i =@v2 Equation i

detected current

/= Figure c,f merit
v= RF rms voltage impressed

cm dic,de .junct icrn

The detected cuy.rer,t in the
linear range i= defined by the
relatic,nship given in Equatic,n Z.

The vclltage develc,ped acrc,ss a RF
lc,ad, RL, is given by the simple
relatic,nship ctf Equatic,n 3.

V*= PRL Equatic,n 3

where F1 = ir[cident. pctwer

RL = load resistance
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It fctllc,ws then that the detected
Capper, t i n the square law regian is as

given below. Equatic,n 4.

i =pF1R2Equatior,4

whereas the 1 inear range is given by

the expression in Equation Z.

i = ~’~L Eq,-~atior,3

1/ 1 1 I I I I
-30 -20 -10 0 +10 +20

W?UT PCIWER-CtBm

Cctrwenticcna 1 video detector
design approaches utilize the
barrier resistance of the diode as the
RF 1 ctad resistance. This apprclach

prc,duces rfiaximum sensitivity. fin

undesirable product of this design

approach is the fact that the barrier

resistance (RF 1 oad resistance) is a
function of the incident power level.

Exiting the square law regimn of the
detectic,n proce5s results in the c,nset
Clf drarnatical ly increased VSWR.

VSWR

%c,p

is detriments 1 to the cwerall

receiver perfc(rmance. la previous

apprc,ach cc,untering this problem

used a fixed resistor parallelir,g the
dic,de impedance to serve as the

primary RF laad [Reference 61. This

design apprcaarh is marginally

acceptable. Sensitivity is sacrificed

i n that same of the incident pc,wer

absorbed i n the fixed resistance and

ncrt available fclr the detection
process. Mc,re trc,ublesarne, hc,wever, is

the fact that the technique has RF

bar,dwidth limitations wh i ch are a

function of the parasitic elements of

the dictde.

The videc, detector design

approach described herein shares the

incident pclwer with multiple diodes in

addit ion to a fixed resistance.

Multiple diode detectors have been

previously reported [Reference 71.

The authors did not, hclwever, disclo5e

any attempt tcs distribute the parasitic

diode capacitance which is the hey to

wide bandwidth.

Embedding multiple diodes in a

distributed element 5tructure permits

them to be effectively paralleled.
This structure yields a high dynamic

range video detector with broad RF

bandwidth, wide video bandwidth

capability, excellent VSWR and gaad

sensitivity. Or,e example of a

distributed element rrrult i-dicsde

detector is shown in the schematic of

Figure i?. Periodically spaced diodes

i n an artificial transmission 1 i rse

structure are depicted.

FIGuRE2. SCHEMATIC DIAGRAM,C.DISTRIBUTED

D~ECTOR

The structure averts deleterious
accumul at ion c1f the parasitic junction
capacitance wh i ch ordinarily restricts
the RF bandwidth capability. The
equivalent circuit of this structure is
shclwn i n Fig\[re 3. Rny number of
diodes can be employed i n the
arrangement but an arbitrary practical
limit exists.

-’L
FIGURE3. RF EQUIVALENT CIRCUIT,DISTRIBUTED DETECTOR

Qs stat ed above, the primary RF
load is a fixed resistor rather than
the diode barrier resistance. This
aspect of the design reduces the input

impedance deper,der,cy c,n incident pciwer
level. Additionally, the dicldes can be
lightly biased reducing the generated
shcit no i se. The transmission 1 i ne
characteristic impedance shc,uld be as
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high as pcmeible from the viewpoint of
sensitivity, but if different from the

system impedance, a mismatch
develc,pes. Secc,ndly, mare c, f the
incident pc,wer is shared with the diode

‘barrier resistance Increasing the
detectcw-g s behavior sensitivity to the
incident power- level.

The network is formed using the

dic,de .JL(ncticm capacitance coupled with

an inductance taking the form cnf either

a lumped e 1 ement or secticm of high
impedance transmission 1 inc. Unless
the diodes are heavi ly bxased,
dictde~s

the
seri es resistance can be

ignc,red s i rice it proves ta be

negligible with respect to the barrier

impedance. Each sect icm cl f the
transmission 1 i ne fcillc,ws the
relatic,nship.

z=- Equation 6

The detected signal is develc,ped
acrc,ss the parallel combination of the
barrier rer%istances and
resistance a Y. was indicated in Figure

equivalent circuit from video

“’ir’sa5:
WTPUT =

I

FIGuRE4. VIDEO EQUIVALENT CIRCUIT,WSTRIB~ED
DETECTOR

Nc,t e t h“at the dlclde Impedances are

effectively ]. n parallel which red uces

the effective sc, urce Impedance.

Maxlrrrum sensitivity is, achieved wh erl

operat. ing int,~ a high impedance lc,ad

f4:,r vc,ltage ampllficat ion and Intc, a

shcwt clr-cu]$t impedance fcO- cur-rent

amplificaticm. Q schematic c, f the

equivalent vldecl clr-cult, when

lncludlng the? shctt nctise sc,urces, is

shown I n F i g ure 5. The Jc,hr,sc,n nc,ise

1s rlegligible in ccwflpariscw! tc, the shclt

nc,i=e, ther-efc,re, it is rick included.

S i nce the current sOurces are i n

parallel, the X current= sum ii-) the

fc,llawlng manner.

~ ~ ~ ~ Equatic,n 7

~=i +i + . . . i

nsum ni n~ rt x

Nat e that I ess noise Current is

prc,duced frcmfl a plur’allty c,f diodes in

parallel than from a single diode with

equal tatal bias current. This

cc,ndition results fronl the fact that

the phase of the rmise frc,m each diode

is random arid independent. The

‘b! RL

J
FIGURE5. NOISE EQUIVALENT CIRCUIT, DISTRIBUTED

DETECTOR

detected signal currents, hclwever, are
in phase. Thus, the resulting

tangential sensitivity is rwt

dramatically affected by the fact that

much of the incident rf signal is
dissipated In the fixed 1 oad
resistance rather thar, the diclde
.Junctic,ns. The noise current from each

generatc,r is given in Equaticm\ 8.
.,~

i2 = JqEr I Equatic,n B

q = charge c(f an electrc,n

1.6, x i@–19

1 = diode current – ampere%

B = vldec, bandwidth

Mlnimlzatlmrl mf the bla% current

p rc, d u c e s the least noise. l-he detector

car-l be C,perated over- a w~de range clf

blats current withclut markedly affecting

lt5 perfc,rmarlce. iirrod Vsldri 1s alscl

achieved ,:,v R r a wide ranye c,f bias

current. Ccwt~iderat icm must be qlven
t,:, the desired vldec, bandwidth

rc~qulremenk, hclwever, Since the bias

current select Ion affect5 the vldec,

sc, urce Impedance.

(J variety ,:, f clrcult

cc,nt”l yur-at Ions can be selected fc,r the

detectc,r L(51rlg the d~st?-lbLtted element

(2urlcept. While each diode repre%erlts

a rl Independent sc, urce c, f cletected

~,l~grgal, the detected vc,ltayes do rm,t
5 1.{r,t wher; they are paralleled. L’)

!21 r-c. u 1* cc,nf lyurat lc,n has beer,

dc~vlsed tn, 1 rt effect, have the

Vc, lt ages add ‘t c, develcqp a rl lmprmved

detectc,r figure-c,f-mer-i t. R schematic

ci lay ram c,F this cLrcult cc, nfzgu rat 14:IV1

15 >hc,wn lrr Fiqure_6. Fhe. cirrult IS a

FIGURE 6.

F =%’:::. ~
schematic DIAGRAM, DISTRIBUTED DETECTOR

OPPOSITE POLARITY DETECTOR

varlat Ion o f the voltage doubler
cc, ncept whlc~h ha5 existed f c1r many

years (Refererice 4, py. 66. ). The

scheme IUS, L.% ,:, ppc, si t e pcil ari t y d I ode% t,:,
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mbt a i rl the vmltage doubl ing feat ure.

This seherna prc,cluces a detect c,r

fi g,.l?.:a-l:, f-rile?. i t C,n the c! r d e r clf iuaul

r!lv/rflw.

The frequency respcwse and returri
10ss fmr varimus irrcider,t signal levels
are giver! i n Figures 7 thru i~. The
perfc,rrflance of a E–18 GHz detector is

giverf i rs Figures 7 ar[d B. Figures 9
and lkl depict the performance mf a @. 5

tcc 6.6 GHz detectc,r design. The +5dE(rn
aigr!al level represents the max i mum
Clut put level cl f the test apparatus.
The deteetclr has been exposed te~ pc,wer
levels i n excess c1f +~~ dlh with nc,
indicat ion c1f perfmrmar,ce degradatic,n
in the operat ing dynamic range.
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